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PREFACE 

——— 

I HAPPENED to be conversing, a few months ago, with a 

foreign gentleman of distinguished knowledge and abilities, 

on a circumstance which is observed by every foreigner who 

-is capable of making observations, and of which every native, 

whose information extends beyond the productions of his 

own country and one or two among the swarm of Parisian 

journals, must be sufficiently sensible: I mean, on the very 

slow and imperfect manner in which the improvements of 

literature and science, that are made in several countries 

abroad, become generally known in England; and to the 

accidental occurrence of this subject, the present publication 

entirely owes its rise. The train of such a conversation 

would naturally lead us to recollect. many names, among 

the philosophers of Germany and Sweden in particular, of 

whom it may be said, almost in the strict acceptation of the 

terms, 

‘Hpets d€ KA€os olov dkovoper, ovd€ Tu (Omer: 

7 with whose contributions to the sum of human knowledge, 

the Authors and Professors of Britain, how confident soever 

of their own superiority, might find it no disadvantage to be 

better acquainted than they in general appear to be. 

In a review of this kind, it was impossible to leave un- 

. noticed the merits of that original genius whose Essays are 
vii : 
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collected into this volume, and concerning whom it was well 

observed to me by a near relation of Bergmann, that the 

greatest of Bergmann’s discoveries was the discovery of Scheele. 

It was not long before I learned, during a continuance of 

our conversation, that my friend had, lying among his papers, 

most of the following Essays, which he had been induced to 

translate, at different periods, in consequence of the solicita- 

tions of different persons, who were eager to obtain fuller 

information concerning them than could be had from any 

English book. I was no sooner apprised of this treasure, 

than I became desirous of laying it open to public access; 

and accordingly offered, when he hesitated, because the trans- 

lation was for the most part written when his acquaintance 

with our language was very imperfect, and must therefore 

be altogether unfit for the press, to revise and correct it as 

well as circumstances would permit. And in performing 

this task of minute diligence, I have not contented myself 

with a bare perusal of the manuscript, but have almost 

constantly compared it with two German translations, one 

by Professor Kaestner of Gottingen, which is by no means 

free from inaccuracies and mistakes, and the other by Dr. 

Crell or some of his coadjutors, which, though for the sake 

of brevity some parts of different papers are omitted, and 

others abridged, I have found very exactly to convey the 

author’s sense. Hence, although the most careless reader 

of the following pages will undoubtedly be offended with 

many harsh constructions, and many phrases of foreign 

growth, yet I hope with some confidence, that few obscure 

passages will occur, and still fewer in which the meaning 

of the original has been misrepresented. The aids which 

I have just mentioned have enabled me to exhibit a faithful 

translation; but in order to have stood any chance for 

attaining correctness of language, I must have transcribed 
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the whole manuscript, a labour to which I would never 

have submitted, even if the various engagements which 

occupied my time had not rendered it impossible. 

 Thave just alluded to the Swedish Kssays as the original ; 

but the truth is, as I have been credibly informed, and it is 

a curious circumstance, that Mr. Scheele transmits his com- 

munications to the Stockholm Academy of Sciences, not in 

Swedish, but in German, his native language, from which 

they are translated by some member, in order to be inserted 

in the Zvansactions. This may perhaps account for the 

obscurity of one or two passages of no great moment, which 

I am obliged to leave as I found them, not being able to 

clear them up by the help either of the German or the 

French translation, as it occurs in the Journal de Physique. 

These passages, which are, I think, not above two in number, 

I intended to point out to the reader; but I neglected to 

note them, and cannot now discover them. 

I have, moreover, made some additions, such as the 

papers of Mr. Wiegleb and Mr. Meyer, together with those 

both of the author and of Dr. Crell, which occur at the 

end of the volume, and are chiefly taken from the most 

excellent of modern journals. Other sources, too, would 

perhaps have afforded other additions to the author’s dis- 

coveries and corrections of his opinions; but, having so lately 

annexed to Bergmann’s Dissertation on Elective Attractions, 

much of what it would have been proper to observe con- 

cerning Mr. Scheele’s experiments and deductions, as far 

as I am acquainted with it, I choose rather to refer to that 

publication, than repeat the same things in the present. I 

know not whether it can now be necessary to put any 

reader on his guard against the notions concerning the com- 

position of heat which run through most of the Essays, and 

are employed to explain the phenomena of phlogistic pro- 
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cesses, as they have been denominated — phenomena per- 
petually recurring in the operations of chemistry. Yet 
erroneous as this theory certainly is, it required for its 

formation no common talents; it is among the most strik- 

ing proofs of a genius for discovery, and implies nothing 

less than accuracy of observation, and equal sagacity and 

boldness in deducing conclusions. The necessity of some 

body which should supply both pure air and phlogiston, 

had never been so clearly stated, nor had this principle been 

applied in a systematical manner, to account for the appear- 

ances. ‘I'he reader needs only to substitute water for heat, 

and all will be conformable to the most accurate experiments 

with which we are even yet acquainted. Had the author 

but fortunately fixed upon another element, as it was sup- 

posed to be, his view of chemistry would perhaps have been 

as just as it was extensive. But what analogy led to this? 

and who, without the most direct experiments, would have 

allowed himself to imagine that water was more nearly 

allied to phlogiston than heat? I know, indeed, that this 

great discovery, confirmed as it has been by several philo- 

sophers,! countenanced by all the phenomena which appear 

in the least connected with it, and, with a fate very different 

from that of most of the great advances in science, seeming 

at once likely to meet with universal reception, without cavil 

or contradiction, has been lately called in question. But if 

the account of Mr. Fontana’s experiments, which has lately 

been given in a French journal (Jowrn. de Phys., September 

1785), be not exceedingly defective, it is certain that they do 

not in the smallest degree tend to invalidate the conclusions 

of Mr. Cavendish. They only show that Mr. Lavoisier has 

formed some opinions with too much precipitancy. 

1 Watt, Priestly, Lavoisier, even Mr. Kirwan, while he maintains an 
hypothesis seemingly quite inconsistent with it, seems to admit it. 



PREFACE xi 

The printer’s mark sufficiently intimates the design of 

continuing this collection. At present there are but few 

materials for a second volume; the continuation of the 

experiments on Prussian blue, and a few other papers of . 

very recent date, being, I believe, all that the author has 

published, except the contents of this volume, and the 

Treatise on Air and Fire. I can only, therefore, promise to 

gratify the impatience of the public as soon as possible, and 

shall be willing to publish the second volume in three or 

four different parts, of which the first shall appear as soon 

as the author himself shall have supplied materials for a 

few sheets. 

The essays of Mr. Scheele have been lately published 

in France, with notes by Mr. Morveau; but as I have not 

hitherto been able to procure that translation, I could not 

borrow any assistance from it; but whatever it contains, 

more than the present, of useful or curious matter, shall 

be added in the second volume. 
THOMAS BEDDOES. 

EpinpureH, February 12, 1786. 

P.S. Having fortunately procured the second part of 

the paper on Prussian blue since this preface went to the 

press, I have subjoined it at the end of the present volume, 

that the reader might not be left in a disagreeable state 

of suspense by the half-finished discussion of so interesting 

a subject. 





THE LIFE OF 

KARL WILHELM SCHEELE 

——> 

It has been well remarked that Scheele is one amongst the 

fortunate but exceptional few, who, of lowly origin, but of | 

the right grit and ability, have by sheer indomitable energy, 

pluck, and perseverance attained the zenith of scientific 

. eminence, even though they start in the race not only 

without a single advantage in their favour, but heavily 

handicapped by the humble surroundings of the domestic world 

into which they were born and the struggle for existence 

afterwards. In a druggist’s laboratory, with a few medicine 

phials, some tubes, and such like simple appliances, he made 

more original discoveries than all the chemists of his time 

put together. 

Karl Wilhelm Scheele was born on the 19th December 

1742, at Stralsund, the capital of Pomerania, which, though 

then included in the kingdom of Sweden, at the present day 

constitutes part of the German Empire. Scheele’s father was 

a tradesman or merchant in the town of Stralsund, and the 

boy-child, who was destined to become one of the most, if not 

the most, famous chemist the world has ever produced, was 

the seventh child of such a large family as that of eleven 

children. He does not appear to have distinguished himself 
xili 
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at school, exhibiting no taste whatever for languages. In 

regard to his mathematical abilities, history is, apparently, 

silent. Indeed, the whole bent of his mind, all his natural 

inclinations, seem to have been towards pharmacy. Happily, 

in his case, his parents allowed him to follow a profession in 

complete accordance with his most heartfelt desires. They 

wisely determined that they would not put a round stick into 

a square hole. At the age of fourteen, therefore, he was 

apprenticed to an apothecary named Bauch, in the far-away 

town of Gothenburg, some two hundred miles from his father’s 

residence, and to reach which he had to cross the Baltic 

and pass through the Sound and the Cattegat. Let us con- 

sider that the lad was far removed from home, and domiciled 

in the house of possibly a comparative stranger. How then 

did the young apprentice conduct himself under the roof of 

his master? History recordeth that here, by dint of per- 

severance, urged and stimulated by that kind of industry 

which only a strong natural love of the work one has in hand 

can induce, he soon acquired a valuable store of chemical 

knowledge, and that astonishing practical skill, combined with 

such highly exceptional manual dexterity, in the performance 

of chemical experiments which was so characteristic of him 

in after years. It is related of him that during the whole 

of his eight years’ stay in Gothenburg he was studious and 

reserved, but strictly punctual and exact in the discharge of 

the duties which devolved upon him. Conscientiousness and 

thoroughness were indeed the prevailing feature in the man’s 

character throughout the whole of his life, and it is due to 

this conscientiousness, and to this thoroughness, and to the 

fact that he took nothing for granted until he had proved it 

experimentally both analytically and synthetically, that he 

made such few mistakes, that he fell into so few of the pit- 

falls and snares which beset the man of science, the moment 

ee 
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he commences to generalise from unsound data or false. 

premises. Not only did he, at this period, devote his spare 

time to the chemical examination of the different substances 

with which his calling brought him in daily contact, but he 

largely encroached on the hours which ordinary persons would 

devote to sleep, for the purpose of carrying on these investiga- 

tions, and making an exhaustive study of the then standard 

works on chemistry and pharmacy. No doubt this self- 

imposed Spartan course of study, coupled with privation, told 

upon his constitution in -after years, and contributed in no 

small measure to his early death. Not that it ceased after 

this period ; he continued his Herculean labours and studies 

up to within a few days of his death. 

In 1765 he removed from Gothenburg to Malmo, where 

he resided for five years with a pharmacist named Kailstrom. 

From Malmo he removed to Stockholm, to one Scharenberg, 

also a pharmacist. It was here, at Stockholm, whilst with 

this same Scharenberg, that he wrote out a paper giving details 

of his experiments on cream of tartar, from which, as will be 

seen in the sequel, he isolated tartaric acid, and he sent this 

paper to Bergmann, the then leading chemist of Sweden. Un- 

fortunately, somehow or other, Bergmann overlooked it, and 

for a time Scheele was not inclined to intrude himself further 

on the notice of that man of science. Eventually, however, 

and mainly through the good influences of Retzius, it was 

communicated to the Academy of Sciences at Stockholm. 

In 1771 his Essay on Fluor Spar was published. 

In 1773 he left Stockholm for Upsala, where he became 

acquainted with Gahn, the Assessor of Mines at Fahlun, and 

through his good graces was at last presented to Bergmann, 

and it has well been said that the greatest of Bergmann’s 

discoveries was the discovery of Scheele. 

Bergmann became not only the patron but also the friend 
b 
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of Scheele, and it is to the honour and credit of Bergmann, 

that when Scheele’s reputation soared to such a height that it 

seemed to have a tendency to put his own in the shade, he 

was actuated by none of that petty jealousy so conspicuous 

in the case of Sir Humphrey Davy in his relations towards 

his assistant, the immortal gentle Faraday. Bergmann, on 

the contrary, is said to have become even more anxious, 

still more zealous, still more indefatigable on behalf of his 

' young friend. He was magnanimous enough not to look 

upon him in the light of a rival, but as a friend. He had 

the interests of science and of truth too much at heart to 

let his temper be soured and friendship marred by Scheele’s 

brilliant discoveries. 

In 1774, Scheele gave to the world the record of his 

investigations on the black oxide of manganese, on which he 

had been engaged for some years. 

In 1775 his memoirs on benzoic and arsenic acids were 

published. It was in this year that he left Upsala to at 

last settle down at the small village of Koping on the 

western extremity of Lake Malar. A  pharmacist’s shop 

being vacant there, he applied for it,.and is said to have 

passed a highly successful examination before the medical 

authorities, and secured the appointment. Scheele soon found, 

however, that he had been tricked; instead of a sound going 

but small business concern, the whole thing was in debt, 

and its affairs in a perfect muddle. Scheele, however, did not 

get faint-hearted, he put his shoulder to the wheel. He was 

a man of business as well as a man of science, and where 

formerly chaos and debt reigned supreme he soon brought 

system and order to bear, and prosperity to a certain extent 

followed as a natural sequence; so much so, that at the 

end of two years he was able to purchase the business from 

the relict. of the former proprietor. Let us again pause to 

eS Oe 
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reflect that, whilst struggling to make this losing business a 

paying concern, how hard Scheele must have laboured and 

struggled, for here, in face of debt and all sorts and manners 

of obstacles in front of him, he was able, in 1777, to publish 

his remarkable treatise on Air and Fire, one of the most 

famous works which has ever graced the annals of chemical 

literature, and that whether we regard it from the point of 

view of original research, its deductive reasoning, or the vast 

amount of experimental work which served as evidence upon 

which that reasoning was based. Bergmann at this time 

showed his friendship for Scheele in two very practical ways. 

In the first place, he wrote an introduction to the treatise in 

question, pointing out the advantages of experimental science ; 

and, in the second place, he was instrumental in obtaining 

a grant in favour of Scheele from the Royal Swedish Academy. 

Now mark what Scheele does with this grant. He kept 

only a paltry one-sixth for his own private use, and the re- 

maining five-sixths he used up in paying for the cost of fresh 

experiments. 

From this time forward, until the day of his death, there 

remains but little to be chronicled. He seems to have lived 

a very quiet life, attending to his business as an apothecary on 

the one hand, and to his experiments and corresponding with 

his brother scientists on the other. The papers and letters 

which he published are indeed the only historical evidence 

of his life at this period, until his death nine years afterwards. 

From his pen there came, annually, not one but two or three 

papers or essays, each giving full experimental details and 

numerical data of some new discovery of vital importance, 

of some new chemical reaction, of some new element or com- 

pound, or throwing a lurid light on some dark and misunder- 

stood problems or chemical phenomena. It was here, during 

the last nine and the best years of his life, that he attained the 
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zenith of scientific eminence; it was then that he reached the 

climax of his European fame as the most expert, the most 

deep thinking, and the most untiring single-handed experi- 

menter the world has ever known. 

To the sad loss of science, however, this bright northern 

star, whilst at its fullest effulgency, when it was shining 

more brilliantly than ever it had shone before, was suddenly 

extinguished, never to shine again except by the immortal 

light which, during its short existence, it had thrown upon 

some of the most complex substances and phenomena of 

nature. The precise cause of Scheele’s death is unknown: 

Some say that his early privation, together with the hard toil 

and study continued from his youth up to the day of his death, 

particularly his prolonging his studies and experiments during 

the night when he should have been at rest, had sapped 

and undermined his constitution. No doubt, during his experi- 

ments at night he would be exposed not only to draughts, of 

which, being absorbed in his work, he would pay no heed, but 

also to sudden alterations of temperature, from perspiring in 

a hot laboratory he would pass into a cold room. At any rate 

he is supposed to have been laid up with a rheumatic attack 

for a couple of months, at the end of which he breathed his 

last. He was, at the time of his death, engaged on some 

further researches on Prussian blue and prussic acid, and 

Girardin would almost assert that he fell a victim to prussic 

acid poisoning. Scheele apparently was not aware of the deadly — 

nature of that acid. Girardin says,“Scheele, qui a tant contribué 

a éclairer histoire de ce redoubtable composé, et qui est mort 

subitement dans le cours de nouvelles recherches sur cet acide, 

passe pour en avoir été la premicre victime.” But the com- 

piler of the present biography cannot find any corroboration 

of Girardin’s qualified assertion. Everything, indeed, points to 

the contrary. Scheele had in fact intended, as soon as his 

~~ tee = 
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position in life would enable him, to marry the widow of the 

former owner of his shop. His infirmities, however, increased 

daily, and it was only on the 19th May 1786, on his death- 

bed, that he fulfilled his intentions, and two days afterwards he 

died, leaving all he possessed to his wife. It is therefore pre- 

posterous, in view of the fact that Scheele evidently anticipated 

death, to make even the qualified assertion that his death was 

due to prussic acid poisoning, although his illness may have 

assumed an acute stage during his researches on that com- 

pound. But prussic acid as a poison leaves no time for 

marrying or giving in marriage. 

SCHEELE’S DISCOVERIES AND THEIR PRACTICAL VALUE. 

Preliminary. 

Attempts have been made to detract from the value of 

Scheele’s discoveries, by denouncing his theories and _ his 

erroneous conclusions. But away with theories, and let us 

get to actual facts. Take for example his Essay on Manganese. 

During his experiments on that ore, narrated in the essay in 

question, he inter alia discovered chlorine. Although he termed 

it dephlogistigated muriatic acid, that in no way altered the 

substance nor detracted from its practical value nor from the 

importance of the discovery. But, independent of his peculiar 

nomenclature, the light in which he regarded it, taking the 

state of scientific knowledge at the time, was remarkably 

correct, and perfectly easily understood in the present advanced 

state of chemical philosophy. All we have to do is to sub- 

stitute hydrogen for phlogiston and we get dehydrogenised 

muriatic acid, in one word chlorine; we then arrive at the 

additional fact established by Scheele, that muriatic acid is 

re-formed by the addition of hydrogen to chlorine, and that 
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hydrogen is eliminated by the abstraction of chlorine from 

muriatic acid. So much for the detractors of Scheele’s 

erroneous theories ! | 

Let us now glance at the more radical errors of the 

French school, the chief of whom was Berthollet, the man who 

was the first to make practical application of Scheele’s dis- 

covery, and, as is usually the case with such men, they pro- 

pound a theory of their own, so that some at least of the 

merit, if not all of the original discovery, may descend upon 

their own mantle. 

Berthollet termed chlorine, oxymuriatic acid,’ thereby 

insinuating that it was a compound of oxygen and muriatic 

acid, and, strange to say, his hypothesis superseded that of 

Scheele even up to 1811, when at last Sir Humphrey Davy, 

in a highly important essay on the subject, published in 

the Philosophical Transactions, not only conclusively demon- 

strated the errors of the French school of chemists, but 

revived the old doctrine of Scheele, and established it once 

and for all on a firm basis by a mass of proofs now regarded 

as altogether conclusive. But here again we must not be 

harsh or unjust against Berthollet, who had undoubtedly the 

distinguished honour of being the first to introduce the 

bleaching of cotton and linen goods by chlorine on a large 

scale. As Superintendent of the French Government Dyeing 

Establishments, he would naturally be the first to see the 

value of Scheele’s discovery, and put it into actual practice. 

He did not fail to rise to the occasion, let us therefore give 

credit where credit is due; moreover, his other numerous 

discoveries, such as the manufacture of chlorate of potash 

detonating powder, entitles Berthollet to our highest con- 
sideration. 

' Those interested in Berthollet’s theory will find it described in his E7ements 

of the Art of Dyeing, Ure’s Translation, 1826, vol. i. p. 190. 
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SCHEELE’S EARLIEST ESSAYs. 

Cream of Tartar—It is a notorious fact that chemical 

students of the present day are lamentably deficient in the 

history of chemistry. How many of them are aware that 

it is to Scheele that we owe the present methods of manu- 

facturing not only cream of tartar, but also tartaric acid, 

citric acid, oxalic acid, and all similar organic acids, by decom- 

posing their lime salts by sulphuric acid? He who makes two 

blades of grass grow where only one grew before, is said to be 

a benefactor to his country. To what extent, therefore, is the 

-world indebted to Scheele for the process for manufacturing 

these acids alone ? 

1771. Fluor Spar.—Scheele, however, was not so 

fortunate in his examination of fluor spar and fluoric acid. 

Here his acute faculties of observation failed him: he was in 

error in regard to actual facts ; in other words, his conclusions 

were wrong owing to faulty observation. It is a well-known 

fact, at the present day, that when powdered fluor spar is, so 

to speak, distilled with sulphuric acid, in a glass retort, the 

silica of the glass is dissolved by the acid of the fluor, and is 

carried over, in combination with it, as gaseous hydrofluosilicic 

acid; when this gaseous hydrofluosilicic comes in contact 

with the water, in the receiver, it is partially decomposed and 

a certain amount of silica is deposited. Now the error or 

trap into which Scheele fell was in inferring that silica was 

a decomposition product of fluoric acid itself, and, still strong 

in his own belief, he tries to show that the same reaction 

goes on in metallic vessels and therefore independent of glass. 

Without doubt there was silica present in the fluor spar which 

he was using, and which he did not take sufficient measures 

to eliminate. However that may be, his methods of analysis 

show the master mind of the man who, had his life not been 
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cut short in the prime of his manhood, it is now impossible 

to say what other discoveries he would have made—dis- 

coveries which may at.the present day still remain to be 

discovered. The inherent difficulties in the analysis of fluor 

spar are still great, and it is only within a few years ago that 

fluorine has been isolated, and even this isolation was doubted 

by sceptical English chemists, until the eminent French 

chemist Moissan convinced his doubting British confreres by 

ocular demonstration. 

His Later Essays. 

1774. Chlorine. Colowring and decolorising glass by Man- 

ganese.—His experiments on the black oxide of manganese 

were given to the world in this year. During these experi- 

ments he discovered chlorine, and, as we have already spoken 

on the importance of that discovery, little remains to be said. 

Suffice it to say that Tennant, Weldon, Deacon, etc., have only 

followed up Scheele’s discovery. Of the bleaching and disin- 

fecting properties of chlorine it is unnecessary to speak, and it is 

pleasing to notice that its merits in the form of chloride of lime 

are once more coming to the fore as a disinfectant ; and had a 

sufficient supply been sent to the army and medical authorities 

in South Africa in proper time, there would have been fewer 

deaths from enteric fever. Scheele, moreover, during his ex- 

periments on manganese discovered baryta, and differentiated 

between the green and purple compounds of manganese with 

potash, and was able to explain how manganese colours and 

decolorises glass. 

1775. Benzoic Acid.—In regard to this experiment the 

reader is referred to the Essay, p. 137, which speaks for itself. 

Arsenic Acid.—Scheele was the first to examine arsenic 

acid. 
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Quartz, Clay, Alum.—tThe reader is referred to the essays. 

Calcult.—Scheele was the first to separate lime and uric 

acid from urinary calculi. 

1777. The Treatise on Air and Fire not being included 

amongst the present Essays, does not call for detailed comment; 

suffice it to say that Scheele discovered independently that 

air consists of two bodies, one of which supports combustion 

and another which prevents combustion, and that he was not 

only able'to separate these two gases by chemical means, but 

also to re-form them. 

Sulphuretted Hydrogen. — During these experiments 

Scheele discovered sulphuretted hydrogen. 

Light and Heat, their action on Silver.—Scheele during the 

course of these experiments was the first to explain the action 

of light upon silver. 

1778. Calomel and Algaroth, new methods of making.— 

In this year Scheele described new methods of making calomel 

and algaroth. These are instances in which his experiments 

were devoted to improving the methods of making drugs, of 

his adhering more strictly to his own branch of the profession. 

Arsenite of Copper—Scheele’s Green.—But what has rendered 

Scheele’s name immortal more than anything else is the green 

pigment, the arsenite of copper, which he discovered in this 

year, and recommended it as a useful pigment in oil and 

water-colour painting. Unfortunately, it is highly poisonous 

—although its toxicological effects have without doubt been 

exaggerated. But, be that as it may, there is no advantage 

to be gained by its use, and, as a matter of fact, at the present 

day it takes its place amongst the long list of obsolete pig- 

ments, being of a dirty olive disagreeable ugly shade of green, 

lacking lustre and brilliancy, and if any one were so misguided 

as to have a preference for such a shade, there would be 

no difficulty in producing it from less harmful ingredients. 
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But what is worthy of notice is that this pigment was pro- 

duced by Scheele at a time when there were no brilliant greens. 

Schweinfurth or emerald green, it is true, had been pro- 

duced as far back as 1712 by Rusz and Sattler at Schwein- 

furt, a small Bavarian town, from which the pigment takes its 

name, but though more brilliant it has even less body than 

Scheele’s green itself, its brilliancy all depending upon its 

crystalline nature; and although Scheele’s green is duller, it 

has the advantage of being amorphous and miscible with oil, 

without losing but little of its original depth of shade, 

whereas the moment it is attempted to grind Schweinfurth 

green in oil the crystals to which it owes its colour are 

crushed, all its pristine brilliancy disappears, never to be 

recalled, and what remains is nothing but a mixture of 

crushed pigmentary transparent crystals and oil of a sickly 

pale pea-green colour, pitiful to look upon, compared with the 

original brilliant emerald tint of the dry uncrushed pigment. 

The exact method by which Schweinfurth green was first 

produced rests in obscurity ; but at the present day the first 

stage in the manufacture of emerald or Schweinfurth green 

- consists in the making of Scheele’s green, in the very same 

way as Scheele made it, and then converting the arsenite of 

copper thus produced into Schweinfurth green or the aceto- 

arsenite of copper by digestion with dilute acetic acid. The 

Schweinfurth green is extensively used in the United States 

of America to kill the Colorado beetle and such like insects, 

otherwise both pigments are practically obsolete. 

Molybdenite and Plumbago, differentiation between.— At this 

time he also examined a new mineral, Molybdene mitens, which 

was presumed to contain lead, but which Scheele showed was 

quite free therefrom, and he prepared molybdic acid from it. 

1779. Plumbago. —In this year he demonstrated that 

plumbago consists nearly altogether of carbon. 
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Decomposition of Neutral Salts by Unslaked Lime and Iron. 

—At this period he made several important observations 

during his investigation of this subject. 

Oxygen in the aivr—Daily percentage—During the same 

year he published a record of determinations of the amount of 

pure air, 7c. of oxygen contained in the atmosphere, which 

he made every day during the entire year of 1778. How 

many chemists of the present day would care to undertake 

such an onerous task. : 

1780. Milk, Sugar of Milk, Lactic Acid, Mucie Acid.— 

In this year he published his Essays on Milk, and Sugar of 

Milk. In these essays are detailed many reactions unknown 

to many of the chemists of the present day, who think 

a knowledge of the ringing of the changes on the coal tar 

colours the be-all and the end-all of chemistry, and think 

such a commonplace subject as the chemistry of milk beneath 

contempt. Nevertheless, these essays are amongst the earliest 

examples of the chemical examination of animal fluids, and 

any chemist desiring to enter upon the study of such fluids 

could not do better than to repeat Scheele’s experiments upon 

milk and sugar of milk. He showed the acidity of milk was 

caused by a peculiar acid we now know as the lactic acid; again 

he prepared mucic acid by boiling milk sugar with nitric acid. 

1781. Scheelite, Tungstate of Lime.—In this year he 

determined the composition of the mineral tungsten now 

known as scheelite. This he found to consist of lime in com- 

bination with a peculiar acid, tungstic acid. It may be 

mentioned here that tungstate of soda is much used in fire- - 

proofing muslin, etc. Here, then, is another benefit to 

humanity indirectly due to Scheele. 

1782. Hther.—We again find him in this year applying 

his experimental knowledge to perfecting the making of 

substances used in his profession. 
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1783. Glycerin—tIn 1783 he discovered glycerin, the 

sweet principle of oils. Next to chlorine, this was perhaps 

his most important discovery, and his description of it given 

in the Essays will well repay perusal by chemists of the 

present day. Here again a student of chemistry commencing 

the study of oils and fats could not do better than repeat 

the experiments by which Scheele obtained glycerin. The 

minor uses of glycerin are legion, it would take more than a 

page of this volume to even enumerate them; many of them 

are no doubt familiar to the reader, the glycerin barometer 

for example. Of the use of glycerin on the large scale we need 

only refer to the enormous consumption of it in the manu- 

facture of that formidable reagent nitroglycerin, which, when 

reduced with infusorial earth, forms the more safe dynamite. 

1782-83. Prussian Blue, Prussic Acid.—Nothing could 

be more difficult than to apportionate, with some degree of 

accuracy, its relative importance to each of Scheele’s investiga- 

tions; we shall be content, therefore, to remark that perhaps 

of all his experimental researches this is the one which 

displays Scheele and his remarkable genius at its very best. 

He passes from experiment to experiment with the most 

astonishing agility and facility. The object which he 

had in view was to discover the colouring principle of that 

pigment, and that object he never lost sight of throughout. 

He first of all demonstrates that the salt produced by digest- 

ing Prussian blue in caustic potash was a triple compound of 

(a) the colouring principle (0) iron and (c¢) potash, viz., what is 

known at the present day as yellow prussiate of potash or 

potassic ferrocyanide,—the iron being, as he imagined, the 

medium link or bond by which the colouring principle is 

attached to the alkali. This salt, viz. the yellow prussiate, he 

decomposed by distilling its aqueous solution with a small 

quantity of vitriolic acid, and the liquid which passed over 

———— a 



ome 

THE LIFE OF KARL WILHELM SCHEELE XXVll 

into the receiver carried with it a great portion of the colour- 

ing principle, viz. prussic acid, now termed in modern chemical 

nomenclature hydrocyanic acid or hydric cyanide. Scheele 

thus demonstrated that Prussian blue could not be formed 

without the intervention of this yellow prussiate, and that the 

active principle of yellow prussiate was a substance of the 

nature of an acid (prussic acid). He not only demonstrated 

the composition of this acid, and described its properties and 

compounds, but mentions its smell, and not only its smell but 

even its taste! Its deadly nature was happily or unhappily 

quite unknown, and his escape from being poisoned is quite 

miraculous. 

The speculations into which Scheele enters during his 

investigations into Prussian blue and the experiments by 

which he supports them are highly interesting. His con- 

clusions are wonderfully sound, considering the great difficulty 

and involved nature of the subject, and again demonstrate the 

far-seeing and far-reaching nature of the man. Unfortunately 

the last of the two essays on Prussian Blue was amongst his 

last contributions to science. 

1784-85-86. Vegetable Acids—In these years Scheele 

returned to the love of his youth, the vegetable acids, and dis- 

covered and described four new organic acids,—those now 

known to us as citric, malic, oxalic, and: gallic acids. 

The writer of this biography has looked more at the 

practical benefits to mankind at large of Scheele’s discoveries, 

than as to whether Scheele during his lifetime supported this 

or that theory, formed this or that conclusion. Americans, 

like other nations, have benefited by Scheele’s discoveries. 

They flock by their thousands every year to Stratford-on- 

Avon to visit Shakespeare’s birthplace, and perhaps to shed a 

tear over his grave-—a pardonable but sentimental feeling 

all the same for a man who, if he endowed the world with 
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sentiment, did not endow it, like Scheele, with material wealth ; 

he did not endow it with the means of warding off the most — 

obnoxious diseases to which the human and animal races are 

heir to,—yet how many people, of all the nations of the earth 

put together, visit in the course of the year the birthplace of 

Scheele (at Stralsund), if it be still in existence, or how many 

make a pilgrimage to his shrine in the obscure village of 

Koping on the western extremity of Lake Malar, where he 

died and where presumably his remains are interred ? 

The writer has striven to do justice to Scheele; if he has 

failed, it is not for want of appreciation of Scheele’s superb 

genius, nor of the stupendous obstacles in his path, over 
which he invariably triumphed. 

Requiescat im pace. 

JOHN GEDDES M‘INTOSH. 
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ESSAY LI. 

ON FLUOR MINERAL AND ITS ACID. 1771. 

SECTION I. 

FLuor mineral is a kind of stone, especially remarkable on 

‘account of the beautiful phosphoric light which it yields in 

a dark place when it has been heated. But its constituent 

parts are as yet little known. Im order to discover them, 

I made several experiments with this substance. I made 

use of two sorts, one of a green colour, found at Garpenberg, 

and a white species from Gislof in Scania. 

Section II. 

It is well known that fluor mineral, after having been 

once thoroughly heated, loses its power of becoming phos- 

phoric for ever after. In order to find out whether it 

thus loses any of its constituent parts, I exposed 3 oz. in a 

covered crucible to a strong fire, so that it was thoroughly 

heated. - It decrepitated, as soon as it grew red hot, with a 

loud noise, very like common salt. I took it out of the 

furnace, and found, after it was cooled, that it had lost 
1 
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hardly any of its weight, and that it appeared in every 

respect like fluor mineral which had not been burnt, only 

that it: (1) neither showed any signs of decrepitation nor 

phosphorescence on being heated anew; (2) that it was 

more friable than before; and (3) that the green sort had 

become reddish, and the white had lost its transparency. 

Section IIT. 

I put a piece of fluor heated to phosphorescence into cold 

water. It immediately lost a great part of its light, retain- 

ing, however, some glimmering for very near an hour. The 

same thing happened when it was put into: acids, instead of 

water; but the solution of fluor in acids, though made by 

boiling, showed no kind of phosphorescence. A_ piece of 

fluor in its luminous state, suspended by means of a brass 

wire in the vacuum of an air-pump, continued to emit light 

for about an hour, but it was faint during the last half- 

hour. 

Section LV. 

The following experiments were made in order to find 

whether the property of becoming phosphoric could be 

restored to the fluor after it had been once lost. 

Fluor mineral that had been thoroughly heated was 

stratified with powder of charcoal in a crucible, which, after 

being well closed, was kept hot for two hours. It was then 

taken out of the fire, cooled and heated again, but no light 

appeared. Burnt fluor was exposed to the sunshine for a 

whole day, and afterwards heated, with as little success. I 

therefore conclude that its phosphorescence does not depend 

upon a subtile inflammable matter. 
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SEcTION V. ErFrEctTs oF ACIDS ON FLUOR. 

I poured 2 oz. of concentrated vitriolic acid upon 

the same quantity of fluor, which had been previously 

powdered in a glass inortar, and then put into a retort, to 

which a receiver was adapted, and the juncture well closed 

with grey blotting paper. <A gentle fire was then applied ; 

the mass began immediately to effervesce and swell; invisible 

vapours penetrated everywhere through the joining of the 

vessels; and, towards the end of the process, white vapours 

rose, and formed a white matter on the whole internal 

surface of the receiver. The lute was so much corroded as 

to be quite friable between the fingers, but its colour was 

unchanged. The mass remaining in the retort was as hard 

as stone, and could not be taken out without breaking the 

vessel. 

Section VI. 

The process (Sec. V.) was repeated exactly in the same 

manner, excepting only that a quantity of distilled water 

was put into the receiver before the operation. When the 

mass began to grow warm and to swell, a vapour rose, 

which was condensed upon the surface of the water in the 

receiver, and formed just in the centre of it, immediately 

under the mouth of the retort, a white round spot. This 

spot continually increased till it at last occupied the whole 

surface of the water, forming a pretty thick crust, which 

prevented the communication of the water with the new 

vapours that came over; I therefore gently agitated the 

receiver, upon which this crust burst and fell to the bottom, 

and soon after a new crust like the former was produced. 
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At last the receiver, and soon after likewise the retort, were. 

become white in the inside. As soon as the vapours ceased 

to rise with a gentle fire, the vessels were permitted to cool. 

Their internal surface was found much corroded. The liquid 

in the receiver was a mixture of water and of an acid which 

the vitriolic acid had expelled from the fluor. The great 

quantity of white matter, which had settled at the bottom 

during the process, was separated from it by filtration. 

Section VIL. 

The mass remaining in the retort was reduced to a fine 

powder, and edulcorated with distilled water till no vestige 

of acid appeared. This lixivium was filtered, and a little 

evaporated by boiling. In a few days’ time selenite was 

deposited, with a little alum, weighing about 2 scruples. 

The lixivium was then evaporated anew, and its superfluous 

acid saturated with vegetable alkali; but no more crystals 

were deposited. 

Section VIII. 

The lixivium, thus inspissated by evaporation, became — 

blue on the addition of phlogisticated alkali. In both 

processes (Secs. v. Vi.), I used the green fluor. In order 

to know whether the solutions of every kind of fluor mineral 

showed signs of iron, I made an experiment with the white 

species, previously calcined with concentrated vitriolic acid 

in a crucible; but no Prussian blue was obtained by means 

of the same phlogisticated alkali; the green colour therefore 

is owing to iron, 
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SECTION IX. 

The remaining residuum of the former distillation, after 

being perfectly edulcorated by means of distilled water, was 

boiled repeatedly with rain-water, until seven cans of water 

were used, whereby everything soluble in water was dissolved, 

since nothing was precipitated from the last water employed, 

by adding alkali of tartar. The mass now remaining was 

one-fourth of the whole employed. It was reduced to fine 

powder, and calcined with acid of vitriol to dryness. In the 

beginning of this operation, a quantity of corrosive vapours 

were separated from the mass, which at the same time 

swelled considerably. After the vessel was cooled, I reduced 

the mass to a very fine powder, boiled it in pure water, and 

found it entirely dissolved. On part of this solution I 

poured some caustic volatile alkali, which produced no 

precipitation; but, by means of alkali of tartar, true cal- 

careous earth was precipitated. A can of the liquor, from 

which the precipitation was obtained, yielded upon evapora- 

tion vitriolated vegetable alkalii The alkali at the same 

time decomposed an earthy salt (selenite), which was 

dissolved in the water. The remaining fourth part, not 

soluble in water, was powder of fluor undecomposed. 

SECTION X. 

Fluor, therefore, consists principally of calcareous earth, 

saturated with a peculiar acid; the nature of which we 

shall investigate hereafter. Pure clay, or, as it is gener- 

ally called, earth of alum, and iron seem to be acci- 

dental ingredients. The following experiments will prove 

this synthetically. 
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I mixed diluted acid of fluor, obtained as in Sec. vr, 

with lime-water, upon which a white powder was immediately 

precipitated. When nothing more would precipitate, the 

water was found perfectly pure: The precipitate itself, 

though not of a crystalline form, proved, however, to be the 

same as fluor. It yielded phosphoric light when put upon a 

red hot stone in the dark, melted by means of the blowpipe, 

and still more readily by adding some gypsum. And when 

this fluor, thus artificially produced, was again decomposed 

by means of vitriolic acid, it showed itself to be the same as 

the native. 

SECTION XI. 

The white matter, which, during the processes (Sees. v. 

VI.), was deposited in the receivers, after being well 

edulcorated and dried, showed the following properties :—(1) 

It was rare, friable, and white. (2) It was not sensibly 

soluble in acids. (3) It did not make a tough paste with 

water, but was loose and incoherent after being dried. (4) 

It dissolved by boiling in lixivium tartari, and the solution 

on cooling assumed a gelatinous consistence. (5) In its pure 

state it suffered no change in the strongest heat; but, (6) 

When mixed with a little alkali of tartar, it frothed and 

boiled in a melting heat, and formed a glass. (7) This glass — 

with three parts of fixed alkali melted in the fire to a bluish 

mass, which, when powdered and put into a cellar, first 

deliquiated, and then became gelatinous. The acids pre- 

cipitated a powder from it. (8) It dissolved in borax without 

any intumescence. These several properties show it to be 

siliceous earth. 
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SECTION XII. 

That this siliceous earth was formed during the processes 

themselves, appears from several experiments. 

(a) I poured vitriolic acid upon powdered fluor in a 

cylinder of brass, which was closed by an exact cover, after 

having suspended over the mixture an iron nail and a bit of 

charcoal. Two hours afterwards I opened the vessel, and 

found the nail and charcoal unchanged. I now moistened 

them, and suspended them as before. ‘The cover was put on 

again, and, being removed in two hours, I found the nail, as 

well as the coal, covered with a white powder, which had all 

the properties of siliceous earth. In this experiment I made 

no use of glass vessels. The siliceous earth, therefore, 

obtained in the experiments (Secs. v., VI.) was not the 

earth of the glass dissolved by the acid of fluor, and 

afterwards precipitated, as one might otherwise suspect, 

from the internal surface of the glass being so much 

corroded. 

(b) The artificial fluor (Sec. x.) was treated in the same 

manner, by means of vitriolic acid, as the native (Sec. VI.), 

and distilled water was poured into the receiver for the 

condensation of the acid. As soon as the fumes reached the 

surface of the water, a white crust of siliceous earth was 

formed. When no more acid came over, I filtered the liquor 

contained in the receiver, and found it to be fluor acid 

diluted with water. By means of lime-water, I obtained 

a precipitate, which, like the former, was an artificial fluor, 

and its acid was extricated by the vitriolic, with the same 

phenomena as in the former experiment. Upon repeating 

this experiment five times in the same manner, I constantly 

found the siliceous earth and the acid diminish considerably, 
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so that, after the last essay, the water had hardly any mark 

of acidity. : 

Thence I conclude that all the fluor acid united itself 

by degrees with the vapours of water, and thus formed the 

siliceous earth. It may be objected that the fluor acid is 

perhaps already united, by nature, with a fine siliceous 

powder, which it volatilises and carries over in distillation, 

but leaves it as soon as it finds water to unite with, just as 

muriatic acid parts from the regulus of antimony when 

butter of antimony is dropped into water. But if this was 

the case, the fluor acid would leave the whole quantity of 

siliceous earth thus combined with it in the first distillation, 

and therefore show no mark of its presence in the following 

processes. 

(c) When I put spirit of wine into the receiver instead 

of water, no siliceous earth was produced; but the alcohol 

became sour. 

(d) When I put an unctuous oil into the receiver, all 

the fluor acid penetrated through the crevices of the lute, 

and did neither unite with the oil, nor produce a siliceous 

earth. | 

(¢) This also happened when acid of vitriol was put into 

the receiver. If, therefore, the siliceous earth was not a 

product of each distillation, but, being previously contained 

in the acid, was only deposited from it, in consequence of 

the union of the acid with a third substance, I think the 

siliceous earth ought equally to appear when alcohol was put 

into the receiver, with which it unites, as well as with 

water; but as this does not happen, I conclude that not 

all the siliceous earth, which is deposited upon the surface 

of water during the distillation of the fluor acid, was previ- 

ously dissolved in this acid. 
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SECTION XIII. 

I distilled one part of powdered fluor with two parts of 

concentrated nitrous. acid, one part of which went over, 

together with the fluor acid, and upon the water of the 

receiver there was a thick crust formed. The mass remain- 

ing in the retort was calcareous earth, saturated with nitrous 

acid, of a porous texture and reddish colour, which attracted 

moisture from the atmosphere. 

SECTION XIV. 

Two parts of concentrated muriatic acid being distilled 

with one part of the spar, the fluor acid passed over into the 

receiver with a large quantity of the muriatic. The internal 

surface of the receiver, as well as the surface of the water 

contained in it, was covered with a white crust. The 

residuum in the retort was reddish, attracted moisture from 

the air, and exhibited the properties of muriated lime (fixed 

sal ammoniac). 

SECTION XV. 

If there had appeared no siliceous earth, except when 

vitriolic acid was employed for expelling the fluor acid, it 

might seem as if this earth owed its generation to the 

vitriolic acid. (Becher and Stahl pretend that acid of 

vitriol contains siliceous earth.) The fluor acid, reduced 

into vapours, might be supposed, in this case, to deprive the 

vitriolic acid of this earth, and to lose that power again in 

proportion as its vapours are condensed and unite with 
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water; but as there is siliceous earth likewise produced 

when no vitriolic acid has been employed, it is evident that 

this earth has not been separated from the acid of vitriol 

during the distillation. 

Srorion XVI. 

I dissolved some spar in the nitrous and in the muriatic 

acid, in a sand bath. From these solutions, a calcareous 

earth, capable of effervescing with acids, was precipitated by . 

aérated or common fixed alkali. But if the precipitation 

was performed with caustic fixed, or with volatile alkali, the 

precipitate was fluor in fine powder. The same thing 

happened with aérated volatile alkali. When vitriolic acid 

was added to the above solutions, a precipitation took place 

immediately, and the precipitate was vitriolated lime. The 

same thing happens if vitriolated magnesia (Epsom salt), 

vitriolated vegetable alkali (vitriolated tartar), or vitriolated 

volatile alkali (Glauber’s sal ammoniac), were mixed with 

the above solutions. 

SECTION XVII. 

I digested powdered fluor with phosphoric acid, which 

dissolved a good deal of it. On distilling this solution, the 

fluor acid went over, together with the watery particles of 

the mixture; but the remaining mass in the retort had the 

properties of ashes of bones. 

It has been lately discovered that the earth of bones 

or -horns is calcareous earth combined with phosphoric - 

acid. 

Distilled vinegar and acid of tartar had no effect in 

decomposing the fluor. 
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SECTION XVIII. Wirn ALKALIES. 

I melted one part of fluor with four parts of caustic- 

fixed alkali in a crucible, upon which I afterwards poured 

water, in order to dissolve all the soluble parts. I found 

the alkali had not in the least united with the fluor; this 

latter remaining unchanged after the water had dissolved 
the alkali. | 

SECTION XIX. 

I melted one part of powdered fluor with four parts of 

aérated fixed alkali, and then poured water upon it, which 

dissolved all that was soluble; there remained at the 

bottom calcareous earth, which effervesced with acids. The 

liquor before mentioned was evaporated, and contained fixed 

alkali united with fluor acid, which remained dry in the 

air. 

SECTION XX. WITH NEUTRAL SALTS. 

I distilled one part of powdered fluor with two parts 

of muriated volatile alkali (sal ammoniac). At first, caustic 

volatile alkali passed over, then sal ammoniac, at last yellow 

flowers, which attached themselves to the internal surface of 

the vessel with the sal ammoniac. The residuum in the 

retort was fluor unchanged. | 

The iron contained in the fluor was most probably the 

cause of the small decomposition of the sal ammoniac which - 

took place at first. 
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SECTION XXI. 

I sublimed one part of powdered fluor with two parts of 

vitriolated volatile alkali (secret ammoniac of Glauber); and 

obtained, first, some caustic volatile alkali, then a kind of 

sal ammoniac. The residuum in the retort was vitriolated 

lime (selenite); the acid of fluor consequently united in this 

process with the volatile alkali, forming a kind of sal 

ammoniac; and its earth remaining in the retort, united 

with the vitriolic acid of the vitriolated volatile alkali. I 

dissolved this kind of sal ammoniac in lime-water, and 

obtained a precipitate, which was regenerated fluor. On 

mixing some of the same sal ammoniac with a solution of 

vitriolated magnesia, a precipitation likewise took place. 

SECTION XXII. 

I exposed equal quantities of powdered fluor and 

corrosive sublimate to sublimation. The mercurial salt 

rose unaltered; but a small quantity of muriatic acid went 

over towards the end of the process. The residuum in the 

retort was fluor unchanged. The muriatic acid obtained 

in the receiver had been probably first disengaged from 

the corrosive sublimate by the iron contained in the fluor; 

but was afterwards again separated from it by the too great 

degree of heat, and was thus carried over into the receiver. 

SECTION XXIII, 

I exposed equal quantities of powdered fluor and 

vitriolated mercury in a close vessel to the fire, and 
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obtained first a liquid; but soon after, when the retort 

became red hot, some fluor acid went over, and some 

globules of quicksilver adhered to the neck of the retort. 

The residuum was of a reddish colour. The small de- 

composition which took place here was likewise owing to 

the iron contained in the fluor; for, after the iron had 

united with a part of the acid of the vitriolated mercury, 

some quicksilver was necessarily disengaged, and- rose; but 

on increasing the heat, the vitriolated iron was again de- 

composed, and its acid left at liberty to unite with the 

calcareous earth of the fluor, and thus expel the acid of fluor. 

SECTION XXIV. WitH SULPHUR AND ARSENIC. 

Fluor exposed to fire in close vessels, with an equal 

quantity of arsenic, suffered no change. The same thing 

happened with sulphur. 

Section XXV. ON THE AcID oF FLUOR. 

The effects produced by fluor acid upon other bodies is 

very remarkable. By the smell alone it is not distinguish- 

able from the muriatic acid; but the experiment in Sec. 

xIv. evidently shows that these two acids are very different. 

Besides this, the fluor could not be fixed, permanent, and of 

a transparent and crystalline appearance, but would be 

constantly liquid, like muriated lime. The fluor acid, in 

some experiments, acts like muriatic acid; in others like 

acid of tartar; but in others it shows phenomena peculiar 

to itself. 
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SECTION XX VI. 

The fluor acid, obtained in the manner described in Sec. 

v1, was filtered, and rectified in a glass retort, by means of 

a gentle fire. The whole liquor which ascended at first was 

of a sourish taste; at the end of the process the vapours 

were concentrated fluor acid; they formed a white crust 

upon the more diluted acid which came over first. After 

those vapours had done rising, I found the internal surface 

of the retort much corroded by the concentrated acid, and, 

at the bottom of the retort, some siliceous earth was left 

behind, which had been before dissolved in fluor acid, and 

may be separated from it besides by another method, of 

which I shall speak hereafter. 

The siliceous earth thus produced towards the end of the 

process was separated by filtration from the rectified acid, 

with which I then repeated,the same process. At the end 

of it I again found siliceous earth in the retort, as well as 

in the receiver. After a third rectification, I obtained the 

same. Thence it seems to follow with certainty, that the 

acid also, by itself, might be changed entirely, with vapours 

of water, into siliceous earth, if the distillation was repeated 

with water always in the receiver. 

SECTION XX VII. EFFECTS PRODUCED BY THIS ACID ON 

ALKALIES. 

The solution of alkali of tartar in fluor acid immediately 

formed a gelatinous mass, almost without taste. I filtered 

and evaporated it, but was not able to bring it to crystallisa- 

tion. I evaporated it then to dryness, and obtained a saline 
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mass, which only was in weight the sixth part of the fixed 

alkali dissolved; did not change the colour of syrup of 

violets, but precipitated lime-water. The liquid above this 

precipitate was a solution of pure alkali in water. The 

same salt likewise precipitated the solutions both of 

muriated lime and vitriolated magnesia. The precipitate 

obtained from the lime-water and solution of muriated lime 

was regenerated fluor. | 

The gelatinous solution of fixed alkali in ‘fluor acid was 

well edulcorated, dried, and exposed to the fire in a close- 

covered crucible. It melted without any ebullition. I then 

took it out and powdered it. The taste was -caustic. 

Exposed in a cellar, it deliquesced, and showed itself in 

every respect to resemble the liquor silicum. 

SECTION XXVIII. 

With mineral alkali, fluor acid yielded exactly the same 

products as with the vegetable. 

SECTION X XIX. 

Volatile alkali dissolved in fluor acid likewise formed 

a jelly, which, when it was separated from the liquid, and 

well edulcorated, I found to be real siliceous earth. The 

supernatant liquid had a taste resembling that of the 

vitriolated volatile alkali, and yielded crystals, though indeed 

very small, with which I tried the following experiments :— 

(a) By sublimation, I at first obtained a little volatile 

alkali, and afterwards sal ammoniac, of a taste rather acid. 

(6) Upon distillation, with a mixture of powdered chalk 

and water, all the volatile alkali came over immediately. 
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(c) On the addition of lime-water, regenerated fluor was 

instantly precipitated. 

(d) A precipitate of the same nature as the former was 

obtained, when the compound of fluor acid and volatile alkali — 

was put into a solution of muriated lime. The liquor was a 

solution of common sal ammoniac. 

(e) Regenerated fluor was likewise precipitated by a 

solution of lime in: nitrous acid. 

(f) A powder was precipitated from the solution of silver, 

which, by means of the blowpipe, was reduced to silver, . 

losing at the same time its acid, which partly flew off, and 

in part united with the watery particles of the flame, 

generated siliceous earth, which appeared in the form of a 

white circular spot upon the charcoal, round the reduced 

silver. 

(g) A mass was precipitated from the solution of quick- 

silver in nitrous acid, entirely volatile in heat; but a solution 

of corrosive sublimate remained unchanged. 

(ih) All the lead was precipitated from its solution in 

nitrous acid. 

(c) A solution of vitriolated magnesia became turbid. 

(k) Vitriolic acid, mixed with the solution of this kind of 

sal ammoniac, and distilled in close vessels, yielded pure fluor 

acid, which formed at the same time a thick crust upon the 

water in the receiver. 

Regenerated fluor, obtained in the manner as mentioned 

(c), (d), (e), is decomposed by digestion with aérated vegetable 

alkali. The acid of fluor unites with the alkali; but the 

calcareous earth, thus freed, uniting at the same time with 

the aérial acid, falls to the bottom of the vessel. 

When the experiment was made with aérated volatile 

alkali, no decomposition ensued. 
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SECTION XXX. ON ABSORBENT EARTHS. 

(a) A solution of lime in fluor acid remained clear till 

the acid was saturated; but then the whole quantity of 

dissolved earth united with the acid into a mass, which 

partly precipitated and partly congealed with the liquid into 

a jelly in the open air, and proved to be regenerated fluor. 

(b) Magnesia, dissolved in the fluor acid, partly pre- 

cipitated immediately with it, and in part formed a jelly. 

(c) Pure clay, or earth of alum, formed with the fluor acid 

-a sweet solution, which also formed a jelly. 

SECTION XXXI. ON METALS. 

The under-mentioned metals were digested with fluor 

acid in separate glass vessels for six hours. The liquor was 

made to boil towards the end. They showed the following 

phenomena :— 

(a) Gold was not attacked. The fluor acid showing in 

some particulars a resemblance with muriatic acid, I was 

induced to try whether it would dissolve gold, when mixed 

with nitrous acid, as muriatic acid does; but without success. 

(6) Neither did silver undergo any change. The calx 

of silver, precipitated by an alkali, was partly dissolved ; 

but the remainder united with the fluor acid into an insoluble 

mass, which lay at the bottom of the vessel. On pouring 

vitriolic acid upon it, the fluor acid was expelled, under its 

common form of a corrosive vapour. 

(c) Quicksilver was not dissolved; but the calx of 

quicksilver, precipitated from nitrous acid by fixed alkali, 

was dissolved in part. The remaining insoluble part united 

with the acid, and formed a white powder, from which the 
2 
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vitriolic expelled the fluor acid in the form of vapour. The 

same powder formed, by means of the blowpipe, a yellowish 

glass, which, however, evaporated by degrees, leaving at the 

end a small globule of fixed glass behind. 

(d) Lead was not dissolved; but with its calx the acid 

formed a sweet solution, from which the calx could be 

precipitated by vitriolic or muriatic acid, as also by sal 

ammoniac. After digesting a quantity of acid with calx 

of lead, which, having been previously digested with the same 

calx, of course held some of it already dissolved, a spon- 

taneous precipitation took place. The vitriolic acid expelled 

that of fluor from the precipitate, in the form of corrosive 

vapours. It was easily brought into fusion by means of the 

blowpipe, when the acid flew off, and the calx of lead was 

reduced. Part, however, of the glass remained fixed in the 

fire. 

(ce) Copper was partly dissolved; for the acid, after 

digestion with this metal, grew bluish on the addition of 

volatile alkali. The calx of copper was readily soluble. 

This solution was gelatinous; yielding, however, blue crystals, 

partly of a cubic, partly of an oblong form, from which the 

acid could not be separated but by heat. 

(f) Iron was attacked with violence. The vapours which 

- arose during the solution were inflammable. The solution 

had a taste like vitriol of iron; it congealed during the 

evaporation, but was not reducible into crystals, forming 

only a hard mass after all the liquid was evaporated. 

Vitriolic acid expelled from this mass the fluor acid 

under the form of vapours. The same effect was like- 

wise produced by simple heat; and in this case a red 

ochre or calx of iron was left behind. The calx of iron 

was likewise soluble in this acid; the solution had a 

taste like alum; it could not be reduced to crystals; upon 
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the addition of alkali, it was decomposed, and the calx 

precipitated. 

(g) Tin was not soluble; but the calx was easily dis- 

solved; the solution became gelatinous; it had a nauseous 

taste. 

(1) Bismuth was not dissolved ; but its calx was dissolved 

by the acid, with the very same phenomena as the calx of 

lead. 

(7) Zine produced the same effects as iron with the fluor 

acid, excepting that the solution seemed to be more inclined 

to crystallise. 

(k) The regulus of cobalt was not soluble; but its calx 

dissolved and formed a yellow gelatinous matter. 

(2) The regulus of antimony was not attacked ; neither 

was powdered crude antimony (antimonium sulphuratum) 

sensibly dissolved. 

SECTION XXXII. WitH SoLutTions oF SALrTs. 

(a) Fluor acid precipitated something from a solution of 

silver. The small quantity of precipitate, thus obtained, 

neither melted nor evaporated under the blowpipe. 

(6) Quicksilver, dissolved in nitrous acid, yielded pre- 

cipitate, which melted upon the charcoal under the blow- 

pipe, and was afterwards evaporated. The solution of 

- corrosive sublimate was not changed by the fluor acid. 

(c) The solution of lead in nitrous acid was not 

changed; but, from the solution of this metal in vinegar, 

all the lead was precipitated by the fluor acid. Upon 

adding more of this acid than was necessary for precipitat- 

ing the calx of lead, the calx was dissolved, and found to 

be soluble afterwards in distilled vinegar. 



20 ESSAY I. 

(d@) The solutions of vitriolated iron, copper, and zine 

of alum and vitriolated magnesia, were but little affected 

by the fluor acid. : 

- SECTION XX XITI. 

From what has been said of the fluor acid hitherto, 

it follows— 

(a) That it dissolves siliceous earth (Sec. XXVI.). 

(6) That it parts from this earth as soon as it finds 

some other substance, alkali (Secs. XXVII., XXVIII, XXIX.),. 

absorbent earths (See. Xxx.), metals (Sec. Xxx), to unite 

with. 

(c) That the fluor produced by art (Sec. xX.) was not 

quite pure, but mixed with siliceous earth; which, however, 

does not militate against the assertion mentioned in that 

Section; for the siliceous’ earth is obliged to remain 

always behind when it is decomposed, together with the — 

gypsum that is formed at the same time. 

(d) That the fluor acid will hardly ever be obtained 

pure, but always combined with some siliceous earth, which 

may be separated from it by volatile alkali. 

(ec) That if pure fluor acid is to be combined with 

some other substance, the surest way to effectuate this is 

to make first a kind of sal ammoniac by uniting it with 

volatile alkali. 

ig f) A compound of fixed alkali and fluor acid is capable 

of combining with finely divided siliceous earth, wa hwmida — 

(Sec. XXVIL.). 



ESSAY IL 

ON FLUOR MINERAL. 1771. 

Section I. 

In the year 1771, I had the honour to present to the 

Royal Society some experiments made with fluor mineral, 

which were inserted the same year in the Z'’ransactions, and 

by which I proved that the constitutent parts of this fossil 

are calcareous earth, and a peculiar acid, to which I gave 

the name fluor acid. Two years afterwards, Mr. Boullanger,} 

in a little treatise, endeavoured to show that this acid was 

nothing else than muriatic -acid, intimately combined with 

some earthy substance. A short time after this again, Mr. 

Monnet? brought forward some experiments, made by himself 

upon the same substance. He maintains that the acid 

which I obtained from fluor mineral is only vitriolic acid, 

volatilised by means of some extraordinary combination 

with fluor. 

Section II. 

Thus we have three different opinions on the origin of 

this acid. A natural philosopher who seeks for truth 

will naturally wish to know which of these opinions he is 

to follow. Far from adhering tenaciously to the pro- 

positions advanced in my former paper, I shall shortly 

1 Kapériences et observations sur le spath vitreux, ow fluor spathique, 
par M. Boullanger, 1773. 

2 Observations de phys. de M. VAbbé Rozier, tom. x. p. 106. 
21 
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examine the arguments adduced by both these chemists in 

favour of their respective opinions. 

Section III. 

Mr. Boullanger maintains that fluor acid precipitates 

the solutions of silver and quicksilver, yielding with the 

former muriated silver (vulgo luna cornua); and he asserts 

that, by subliming half an ounce of the second precipitate, 

he obtained mercurius dulcis. It is indeed true that the 

fluor acid percipitates silver and quicksilver, as I mentioned 

likewise in my Dissertation on the Fluor Mineral; but the 

precipitate obtained is in very small quantity (for the 

fluor mineral, as well as all other mineral substances of a 

calcareous nature, is adulterated with a small quantity of 

muriatic acid)’; but the greatest abundance of the remain- 

ing acid will not precipitate the above-mentioned metallic 

solutions ; which, however, should happen if Mr. Boullanger’s 

opinion was true. He must have also made use of a very 

large quantity of fluor acid, in order to obtain such a con- 

siderable precipitate ; for, from the quantity of acid which 

I obtained from 2 oz. of perfectly pure fluor, I procured only 

half a drachm of luna cornua; but I shall show how to 

separate this small quantity of muriatic acid from that of 

the fluor. A solution of silver made with nitrous acid is 

to be precipitated with alkali of tartar; and upon the 

precipitate, after being edulcorated, so much acid of fluor 

is to be poured as is requisite for giving an excess of acid, 

and then the solution is to be filtered. Of this solution 

of silver, so much is dropped into the fluor acid till no 

more precipitation ensues, then the acid is filtered through 

grey paper, and afterwards evaporated to dryness in a 

glass retort. Water first comes over into the receiver ; 
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this is followed by fluor acid, which covers the inside of 

both the vessels, together with the surface of the water 

in the receiver, with a thick siliceous crust. The acid, 

thus rectified, does not precipitate the solution of silver, 

and shows not the least mark of muriatic acid. Were 

Mr. Boullanger’s opinion just, the acid, notwithstanding 

it has been thus purified, should still precipitate the 
solution of silver, because he maintains that, if the 

terrestrial part can but be separated from the acid, we 

should have nothing left but pure muriatic acid Now 

we know that this terrestrial part of fluor acid is a 

siliceous powder; if, therefore, Mr. Boullanger is able to 

compose fluor acid with this powder, or any other siliceous 

substance and muriatic acid, I shall immediately give my 

assent to his opinion, but not before. Why does not fluor 

acid mixed with nitrous acid dissolve gold? Why is no 

corrosive sublimate produced when fluor acid is distilled 

with vitriolated mercury? Why do we not obtain plumbum 

cornuum on dropping this acid into a solution of lead 

made with nitrous acid? ete. Would not all this happen 

if muriatic acid was contained in pure fluor acid? I 

readily believe that Mr. Boullanger was not able to expel 

the fluor acid from the spar by the strong concentrated 

nitrous and muriatic acid. Had he made use of those 

acids a little less concentrated, or diluted as they com- 

monly are, he would have surely seen the fluor mineral 

decomposed, as well as it was in my experiment; for these 

acids have not so strong an elective attraction for lime 

as vitriolic acid has; a small quantity of water is there- 

fore required, and then the fluor is decomposed by means 

of a double elective attraction. 

1 Kap. et obs., par M. Boullanger, p. 29. 
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SECTION LY. 

I now come to Mr. Monnet’s essay, who maintains, in 

opposition as well to mine as to Mr. Boullanger’s experiments, 

that fluor mineral contains neither acid nor lime, but that 

this substance, being volatilised when united with a sufficient 

quantity of vitriolic acid, forms the acid called fluor acid. 

The residuum in the retort, or the crystallised salt which I 

and Mr. Boullanger call selenite, is in his opinion quite a 

different substance, since both this salt and the crust which 

is sublimed want only a small quantity of vitriolic acid in 

order to be changed into fluor acid. Such are the con- 

clusions of Mr. Monnet. Thus we have a new kind of 

earth hitherto unknown to chemists, and which will probably 

remain unknown to them to all eternity. It must be a 

curious kind of earth which is fixed by itself, but notwith- 

standing is able, without the assistance of fire, to volatilise 

the vitriolic acid; so that both united together form a kind 

of air, which even retains its elasticity in the cold. If I 

justly think that fluor acid contains not the least vestige 

of vitriolic acid, and if all the vitriolic acid made use of for 

the process is found in the retort after the distillation, 

united with the basis of the fluor; and if this basis is lime 

or pure calcareous earth ;—if I shall be able to prove this, — 

I say, Mr. Monnet’s theory must fall of itself. 

SECTION V. 

Upon 1 oz. of pure levigated fluor with alcohol, I 

poured 3 oz. of concentrated acid of vitriol, and distilled 

the mixture in a sand-bath, having previously put 12 

oz. of distilled water into the receiver. Then I took 
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three other ounces (as exactly weighed as the former) of 

the same acid of vitriol, diluted with 24 oz. of water, to 

which I afterwards added lixivium tartari (liquid fixed 

alkali) previously weighed, till I attained the exact point of 

saturation; then I weighed again the remaining lixivium 

tartari, after the end of the distillation, which was continued 

for eight hours with such a degree of heat that none of the 

vitriolic acid was carried over; I carefully broke the retort, 

took out the mass, and reduced it to powder in a glass . 

mortar; it was then boiled in a glass vessel, with 24 oz. 

of water, for some minutes; after which, I added just as 

much lixivium tartari as I had found before to be requisite 

for the saturation of 3 oz. of the vitriolic acid, and con- 

tinued the boiling for a few minutes longer. When I at 

last came to examine the solution, I found it to be perfectly 

neutralised, neither the acid nor alkali prevailing. It was a 

perfect vitriolated vegetable alkali (vitriolated tartar), and 

consequently not a drop of ‘the vitriolic acid had passed over 

into the receiver. I afterwards lixiviated all the saline 

matter with hot water, dried the lime, and found it to weigh 

9}drms. I dissolved 2 drms. of this lime in diluted muriatic 

acid; there remained something which was insoluble, and 

seemed to be undecomposed fluor; it weighed, after being 

dried, 9 grs. Upon one part of this solution I poured some 

acid of sugar, which immediately produced a precipitation 

of saccharated calcareous earth. To another part I added 

vitriolic acid, upon which small crystals immediately pre- 

cipitated, which were found to be vitriolated lime or gypsum. 

The third part of the solution was evaporated to dryness, 

whence a salt was obtained, which was deliquescent in the 

air. The remaining part of’ the aérated lime being put into 

a crucible and burned in a strong fire, I obtained a real 

quicklime, which made with water a perfect lime-water ; and, 
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when it was boiled with sulphur, dissolved it. It is probably 

unnecessary to adduce any more arguments in order to prove 

that lime is the basis of fluor. After having thus shown that 

the whole quantity of vitriolic acid employed was retained by 

the lime, it would appear unnecessary to mention all the 

experiments which I made,-in order to ascertain, whether 

fluor really contains vitriolic acid. But, in order to show 

the falsehood of Mr. Monnet’s assertion on this side also, I 

shall relate a few of them :—(1) Pure acid of fluor does not 

precipitate the solution of the terra ponderosa. (2) Neither 

does it precipitate the solution of lead in nitrous acid. (3) 

Acid of fluor, saturated with alkali of tartar, and evaporated 

to dryness, then mixed with charcoal-powder, and melted, 

does not yield hepar sulphuris. Not to mention that 

several other acids have the power of expelling the acid 

from fluor. Mr. Monnet, however, might very easily say, in 

answer to this, that fluor mineral has the property of 

volatilising all acids, the fixed acids of phosphorus and of 

arsenic not even excepted. But no good chemist can 

possibly allow that the crust, sublimed into the neck of 

the retort and into the receiver, as likewise the selenitic 

mass remaining in the retort, distilled anew with vitriolic 

acid, is altogether converted into acid of fluor. 

SECTION VI. 
\ 

Mr. Monnet, in order to give further proof that fluor 

contains no calcareous earth, adduces the following experi- 

ments:—He melts equal quantities of alkali and fluor 

together, and observes that this mineral is thereby little or 

not at all changed; for, after having lixiviated the alkali 

employed, he dissolved the fluor remaining in the filter in 

nitrous acid; and to the solution he added vitriolic acid ; 
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and because he obtained no precipitate, he thinks it fully 

proved that fluor contains no lime. I maintain, on the 

contrary, that all solutions of fluor yield a precipitate of 

gypsum whenever vitriolic acid is added to them. 

Were I to attempt an explication of Mr. Monnet’s experi- 

ment, I should be induced to think that he diluted his 

solution with too great a quantity of water. But why does 

he take equal quantities of alkali and fluor, whereas, in my 

Dissertation on Fluor, I say that I took four parts of alkali to 

one part of fluor? I likewise mentioned in the same Disserta- 

tion, that fluor, melted with caustic alkali, undergoes no 

change. Now, Mr. Monnet undoubtedly knows that alkali, 

when exposed to a strong fire without fusing, becomes 

caustic, the very thing which happens in his experiment. 

The result is quite different if the experiment be made with 

four parts of alkali; here the fluor is decomposed by means 

of a double elective attraction; and this is the reason that 

Mr. Monnet obtains pure lime in the filter. Mr. Monnet 

is further of opinion that fluor may be precipitated by the 

phlogisticated alkali, because he obtained from its solution a 

much larger quantity of Prussian blue, though of a paler 

colour than was to be expected from the small quantity of 

iron contained in the fluor. Thus we should have, according 

to Mr. Monnet’s idea, a new discovery concerning the con- 

stituent parts of the fluor, viz. a new metallic earth, quite 

different from all others, since metallic calxes alone have the 

property of being precipitated by phlogisticated alkali. If 

a chemist, however, speaks of the lxivium sanguinis, or 

phlogisticated alkali, he always understands a lixivium where 

the alkali does not predominate, but where it is perfectly 

neutralised ; but of such an alkali Mr. Monnet probably did 

not make use in this experiment; for I can affirm with 

certainty, that phlogisticated alkali does not precipitate the 
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fluor. Lastly, Mr. Monnet pretends, in contradiction to all 

those who have distilled the acid of fluor, that he has never 

observed the glass attacked by this acid. Every chemist 

who has any fluor acid standing in a glass vessel, must be 

convinced of the contrary by his’ own ocular testimony. 

And thus, I hope,,I have demonstrated that the acid of fluor 

is and remains entirely a mineral acid swe generis. 



ESSAY III. 

CHEMICAL INVESTIGATION OF FLUOR ACID, WITH A VIEW 

TO THE EARTH WHICH IT YIELDS, BY MR. WIEGLEB. 

SECTION I, 

THE observation communicated by Mr. Margraaf to the 

Academy of Sciences at Berlin in 1768, that a peculiar 

volatile earth might be obtained by distillation from fluor, 

to which vitriolic acid had been added, probably gave occasion 

to Mr. Scheele to make some experiments with a view to 

this. They have served to show the truth of what Margraaf 

had said concerning the volatile earth. But Mr. Scheele 

has attempted to advance farther, and to explain the 

singular phenomenon which this earth exhibits. 

Section II. 

It appears from his Essay that he does not consider 

the earthy matter as coming from the fluor, from which 

there is only a very peculiar acid swt generis expelled by 

the vitriolic acid. He supposes that the fluor acid, which 

arises in the form of vapour, combines with the water as 

soon as it reaches its surface, and thus changes it into earth, 

constituting the crust which appears on the surface of the 

water during the operation.. At the same time he takes 

it for granted, without expressly mentioning it, that another 

1 Memoires, tom. xxv. for 1768. 
29 
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portion of the acid is condensed, and forms with the water 

an acid liquor. 

Section III. 

Having, moreover, observed that the liquor separated by 

filtration from the earthy crust, coagulated on the addition 

of alkaline salts, and, when it was more diluted, yielded a 

semitransparent, gelatinous, and viscid precipitate, he con- 

sidered the coagulation as a property of the acid itself, not 

imagining that there took place a separation of any earthy 

substance that was combined with the proper acid. He 

therefore looked upon the gelatinous matter, which, after 

edulcoration and desiccation, was found to possess the most 

distinguishing properties of siliceous earth, as newly formed 

from the water and acid. In short, Mr. Scheele considers 

both the crust which forms upon the water during the dis- 

tillation of the spar and the siliceous earth obtained by pre- 

cipitation as an earthy substance originating from the acid of 

fluor and water. 

Section IV. | 

Since the appearance of Mr. Scheele’s Essay, many hands 

have been set in motion by the singular phenomena related 

in it. Boullanger was probably led by the volatility of this — 

acid, and the strong smell of pure marine acid, which the 

liquor emits after distillation, to look upon the acid of fluor 

as an acid of sea-salt. Monnet and Priestley, on the other 

hand, declared in favour of the vitriolic acid. With respect 

to the earth, Margraaf and Achard supposed that it must 

proceed from the fluor itself, and constitute an unknown 

species. Professor Weigel maintains that it has its origin in 

a decomposition of the acid. Such are the principal opinions 
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hitherto formed concerning the earthy matter which appears 

on this occasion. 

SECTION V. 

Mr. Scheele’s explanation of the phenomena appeared to 

me, on the first reading of his Essay, somewhat bold and 

improbable. For we are not acquainted with any instance 

in which water is thus changed into an earth by an acid, 

and still less with a transmutation of this liquid into siliceous 

earth. I endeavoured, therefore, to discover its origin by 

experiment. Having therefore first repeated several experi- 

ments in the way described by Mr. Scheele, accurately 

observed all the phenomena that occurred, and thus fallen 

upon a track which promised to lead to the solution of the 

whole problem, I proceeded to something which Mr. Scheele 

had neglected, and from which I hoped that it might be 

ultimately determined whether the earth proceeded from the 

fluor, or was formed of the acid and water. 

Section VI. 

For this purpose I first weighed the retort destined for 

the experiment in a very accurate manner, and found that its 

weight was 2 oz.5drms. I then put into it 2 oz. of calcined 

fluor in powder, and added, by means of a glass tube, 24 oz. 

of oil of vitriol. The retort was then placed on the furnace, 

and a receiver, which, when empty, weighed 2 oz. 2 drms. and 

30 grs., and now contained 2 oz. of distilled water, luted to 

it. The distillation was conducted with all possible care, 

and at last pushed till the retort grew red hot. A few 

vapours could not be prevented from penetrating through 

the lute. The next day, the retort being separated from the 

receiver, was found to weigh, together with its contents, 



a2 ESSAY ITI. 

5 oz. 5 drms. and 30 grs.; it had therefore lost 1 oz 3 

drms. and 30 grs. ‘The receiver, which, with the water, had 

originally weighed 4 oz. 2 drms. and 30 grs., now weighed 

5 oz. and 8 drms., and had therefore gained 1 oz. and 30 

ers. This gain, compared with the loss of the retort, shows 

that the retort lost more by 3 drms. than the receiver 

gained. These 3 drms. must have inevitably passed out of 

the vessels in the form of vapour. 

SECTION VII. 

But from this inference we can deduce nothing towards 

the determination of the point in dispute; it was necessary 

to examine more narrowly what had happened in the vessels. 

But, before I give any account of that, I shall, for the sake 

of perspicuity, briefly state what has been just said :— 

oz. drms. grs. 
The empty retort weighed > See : 2 5 0 
The calcined fluor 2 0 0 
The oil of vitriol 2 4 0 

Total weight before distillation : ; ; lite 0 
After it ; ‘ ; : 5 5 30 

Loss 1 3. 30 

The empty receiver weighed o 2 2a 
The water put into it 2 0 0 

Total weight ; 4 2 30 
Weight after distillation . 5 a 

Gain 1 0 30 

If we now deduct this gain from the above loss, 3 drms. . 

will be missing; and they must have es dissipated in the. 

form of vapour. 



ee ee a 

: 7 

ON FLUOR ACID oa 

SEecTION VIII. 

I now broke the retort, and, in the first place, separated, 

as accurately as possible, the dry earth, both in the neck and 

arch of the retort; it weighed 3 drms. Then the residuum 

in the retort was tried, and found to weigh 3 oz. 2 drs. 

and 40 grs. Now, as the mass in the retort had originally 

weighed 4 oz. and 4 drms., it appears, by deducting the re- 

siduum, to have suffered, upon the whole, a loss of 1 oz. 1 

drm. and 20 grs. 

SECTION IX. 

In order to determine the loss more accurately, I made 

the following calculation :— 

oz. drms. grs. 
(a) The white earth, separated from the neck and 

arch of the retort, amounted to. 8) 3 0 

(b) The gain of the receiver . 1 0 30 

(c) Lost in vapour ) 3 0 

Total 1 62 BOs 

Here, to my great astonishment, the matter that had 

come from the retort amounted to more by 5 drms. 10 grs. 

than the mass in the retort had lost of its original weight 

(Sec. vi1.). Now, nothing remained for the illustration of this 

circumstance but to weigh the retort and receiver themselves. 

The retort, or, more properly speaking, the pieces of it, which 

had been carefully preserved, weighed 1 oz. 7 drms. and 

50 grs.; whereas, before the process, the weight of the retort 

was 2 oz. 5 drms.; and hence it was obvious that it had 

lost 5 drms. 10 grs., the precise quantity which the products 
3 

. 
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of the whole operation had gained, and by which they ex- 

ceeded the loss of the matter in the retort. 

SECTION X. 

This began at once to throw light on the controverted 

point. For where are the 5 drms. 10 grs. which the glass 

of the retort had lost, but in the products obtained out of 

the retort? In order to examine these, the fiuid in the 

receiver was diluted with 4 oz. of distilled water, and poured 

on a filter, that the clear liquor might be separated from the 

earthy crust which floated in it; fresh water was poured on 

the filter as long as the earth retained any sour taste. The 

empty receiver was found, upon weighing, to have lost no ~ 

sensible part of its original weight. The earth remaining on 

the filter weighed, after it had been dried, 57 grs. 

SECTION XI. 

The clear liquor was then diluted with more distilled 

water, and afterwards precipitated with spirit of sal 

ammoniac, prepared with fixed alkali and water, which was 

added till the smell of volatile alkali indicated the point of 

saturation. Before any precipitate began to fall, there was 

a brisk effervescence, that continued for some time. The 

precipitation itself took place without effervescence; there 

was present, therefore, a quantity of unsaturated acid. The 

semitransparent gelatinous precipitate not having quite 

reached the bottom the next day, the whole was poured 

upon a filter, and when the liquor had passed through, 

fresh water poured upon the precipitate as long as it 

retained any saline taste. After drying, it weighed exactly 

2 drms. 
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Section XII. 

i If we add together the three kinds of earth obtained in 
_ the above process, viz.— 

oz. drms. grs. 
(1) The earth in the neck and arch of the retort. 0 3 0 
(2) The earth that had formed a crust on the 

water . ‘ 0% 1h oie 
(3) The earth that was + precipitated out of the 

fluor acid. : : o DET Se ee 

It amounts upon the whole to. : : Mie yaa eh 

and therefore only to 47 grs. more than the retort had lost 

of its weight; which small excess is to be attributed in part 
to the acid inhering in it, and partly to some moisture 

- attracted by it. To ascertain this, I made each by itself red 

hot in a small. crucible, after which 

oz. drms. gts. 
(1) Weighed. f ehald ey as iO" Seas 
(2) secu ea elena Mi Rains rt ashe 
ete tht Siar ey ee RS 

In all 0 4°. 63 

"which is less by 18 grs. than the loss of the substance of the 

retort (Sec. 1x.); they must certainly have escaped in the 

4 13 drms. of vapour. 

Section XIII. 

Hence, I think, the origin of the earth which makes its 

appearance during the distillation of fluor, rendered quite 
evident. It proceeds neither from the spar itself, and still 

aa 

j E 

= 
a 
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less, as Mr. Scheele supposes, from the fluor acid and water, 

nor does it originate in any other way but from the solution 

of the glass. , 

SECTION XIV. 

Hence the idea of the fluor acid assumes a totally 

different form. It is true that fluor contains an acid 

before unknown, and totally different from every other, 

which has the singular property not only of dissolving 

glass, but of carrying it off in the form of vapour. And 

moreover, that this acid forms, with all the alkaline salts, 

very peculiar neutral salts, of which the ammoniacal salt 

arising from the precipitation (Secs. x1. and xvr.) furnishes 

an instance. 

SECTION XV, 

I cannot leave untouched the singular property of this 

last salt, in which the fluor acid, though in the form of a 

perfect neutral salt, yet retains its power of dissolving glass 

unchanged; for, upon evaporating to dryness in a cup of 

Misnia porcelain, the liquor of (Sec. xu.) which, by its 

smell, showed an excess of volatile alkali, I obtained 4 drms, 

1'To this Iam induced, by my own experience, to accede. In distil- 
ling fluor with oil of vitriol, I have found the retort, as well as the 
receiver, very much corroded. I poured the acid obtained by the process 
into a phial furnished with a glass stopple, and observed, after some time, 
a considerable deposition. I then poured the liquor into another phial 
like the former; and that it might neither, on the one hand, attack the 
glass, nor, on the other, compose siliceous earth with the particles of 
water, according to Mr. Scheele’s hypothesis, I added highly rectified 
spirit of wine. I saw, however, after some time, another considerable 

deposition. This seemed also to proceed from the glass that had been 
before dissolved, which the acid let fall in consequence of the gradual 
combination with the spirit of wine; otherwise we must suppose, what 
to me appears incredible, that the acid decomposes the spirit, attracts the 
water, and forms the earth, OCRELL, 
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_ 40 grs. of an ammoniacal salt in thin prismatic crystals; but, 

fe “upon examining the cup, I found all the glazing corroded, 

and the bottom as rough as a file. During the evaporation, 

the cup was covered with white paper, which, when dry, 

_ appeared full of small crystals of an acid taste, easily 

_ distinguishable with the naked eye. These, as well as the 

- ammoniacal salt, forcibly attracted moisture from the air. 

SECTION XVI. | 

From the properties of fluor acid, with which we are now 

become acquainted, all Mr. Scheele’s other observations may 

be quite naturally explained: as, for instance, that regenerated 

fluor still continues to yield siliceous earth when it is distilled 

with vitriolic acid; that fluor acid, by being merely rectified, 

__ always leaves behind siliceous earth, and yet passes over still 

loaded with that earth; that the ammoniacal salt, in the 

_ formation of which the siliceous earth is separated by volatile 

_ alkali, yet yields an acid, when it is mixed with vitriolic 

acid and distilled, that contains this earth. But the know- 

ledge of so singular an acid may lead to much further in- 

struction, as we are already certain that it completely and 

abundantly dissolves flint, quartz, and glass, the only refractory 

_ bodies. From this quality, it must also be apparent to every 

one that the present can neither be the acid of salt nor of 

vitriol, but one totally different from all before known, and 

- peculiar to fluor. 

At the same time, we must perceive the almost insuper- 

able difficulty of obtaining it pure, and ascertaining its effects 

on other bodies. 
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ESSAY IV. 

ADDITIONAL INFORMATION CONCERNING FLUOR 

MINERAL! By Mr. Meyrr. 

SEcTION I. 

It is always of advantage to chemistry, when new and im- 

portant experiments are controverted soon after their publi- 

cation. If any mistakes, as so easily happens in chemical 

researches, be committed in the experiments themselves, or 

if a false theory be founded upon them, the error is not 

continued half a century, nor does it pass from one element- 

ary book into another, till at last some sceptic thinks of 

inquiring more narrowly into the matter. 

If the experiments be exact, and the theory founded 

on them true, such a controversy commonly gives occa- 

sion to new researches which otherwise would not have 

been made, and the subject is placed in a clearer point of 

view. 

It were indeed to be wished that both parties held. 

truth strictly in view; that they brought no false experi- 

ments into the dispute, and observed and explained the 

phenomena no otherwise than a friend to truth, uninterested 

in the controversy, would do, and advanced contradictory 

assertions with as much caution as possible. It is by no 

means rare for a man, eager to convict his adversary of a 

1 Meyer’s Beytraage eur Kenntniss des flusspaths. Schriften der Ber- 
linischer Gesellschaft Natur-forscherder Freunde. B. 2. t. 319. 

38 
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mistake, to commit another in the very same experiment 

by which he thinks to attain his purpose. 

Truth, however, let the dispute be carried on in what- 

ever manner, is commonly a gainer; and this is no small 
advantage. 

SECTION II. 

This has been the fate of the fluor acid, a substance 

made publicly known by that excellent chemist Mr. Scheele, 

in the Swedish Zransactions. 

Many doubted. concerning it, but its most zealous 

avowed opposers were, as far as I know, Mr. Boullanger 

and Mr. Monnet. Though I had made but few experiments 

with it when I read Mr. Monnet’s essay, yet I easily per- 

ceived that, while he charged Mr. Scheele with having 

observed wrongly, his own observation had been still more 

faulty. 

I resolved to defend my friend; but, learning that he 

was himself making experiments in order to refute his 

adversaries, I willingly relinquished the task to his masterly 

hand. I read with satisfaction the experiments published 

by him, with this view, in the first quarter of the Swedish 

Transactions for 1780; and, moreover, translated them, in 

order to communicate them to my countrymen in some 

journal. 

Hence I was led to repeat a few experiments, and 

these again suggested others; and, as I think them likely 

to contribute somewhat to a more intimate knowledge of 

this remarkable stone, I lay them before the Society. 



40 ESSAY IV. 

Section III. 

Among Mr. Scheele’s experiments, I was particularly 

struck by one in which he obtained no earthy crust on 

distilling fluor with vitriolic acid, when he had put spirit 

of wine into the receiver. I repeated this experiment, in 

hopes that, by putting but little spirit into the receiver, 

I might procure a new kind of ether. 

With this view, I put 1 oz. of finely powdered fluor, 

that had been before heated red hot, into a glass retort, 

and added 3 oz. of white English oil of vitriol; the receiver 

contained 3 oz. of highly rectified French brandy. 

I had continued the distillation for three hours in a 

gentle heat, when the acid, having made its way through 

the bottom of the retort, put a stop to the process, part 

of the mixture running into the sand. 

On the surface of the spirit I could not observe the 

least trace of any crust; but in the place where the receiver 

had been in contact with it, there was a thin ring of 
transparent jelly. 

The same mixture of fluor and oil of vitriol was again 

put into a retort of very strong glass, and the same spirit, 

as in the former experiment, set in the receiver. The dis- 

tillation was continued in a sand-bath for two hours, at 

first with a gentle, but afterwards with a stronger heat. 

When the distillation was half over, the spirit of wine 

began to change into a thin jelly; and at the end of the 

process I found some firmer pieces at the bottom. These I 

washed with some spirit of wine; and, in order to obtain 

the spirit, together with the acid, in a pure state, I poured 

it into a large retort; as the retort grew warm, the opal- 

coloured spirit grew clear and swelled; what passed over 
~ 
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became again gelatinous. A good deal of earth remained 

behind, but did not adhere firmly to the retort, which was 

smooth in the inside, and yet full of broad shallow ex- 

cavations; and it was evident that it is not a mere crust 

which fixes itself to the glass in treating fluor mineral with 

oil of vitriol, but that the glass is actually corroded, which 

Mr. Monnet, contrary to all experience, denies. 

Secrion IV. 

I gave over my attempt to procure ether, thoroughly 

edulcorated the jelly and the earth that remained in the 

retort after the rectification, and precipitated the earth that 

was dissolved by the water with spirit of sal ammoniac. 

The quantity of earth amounted in all to 2 drms., and that 

which had separated spontaneously from the spirit was 

semitransparent. 

Neither of these earths suffered any change under the 

blowpipe, but they both flowed on the addition of a little 

salt of tartar. 
This was a large quantity of earth from 2 oz. of fluor; 

and it could not be estimated as the whole, since the first 

process was cut short before it was completed. 

As this earth showed the properties of siliceous earth, 

and the glass, which was so much corroded, consists in 

great measure of it, the greatest part might come from 

the glass, and the rest perhaps be a constituent part of 

the fluor itself. 

SECTION VY. 

In order to ascertain this, it was necessary to obtain 

the fluor acid quite free from siliceous earth. I therefore 

exposed the ley, which I had procured by the precipitation 
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of the earth with sal ammoniac, to a gentle evaporation in 

a slightly covered glass vessel. The product was 1 drm. 

56 grs. of an ammoniacal salt; the glass did not appear to 

have been attacked. 

I sublimed half a drachm of this salt in a small retort, 

which, towards the end of the operation, I laid upon the 

bare fire. No crust appeared upon the surface of the water 

in the cover. At the bottom of the retort lay a little 

flocculent earth, of a light grey colour, above which the 

internal surface was covered with a white pellicle that 

reflected various colours, and in the neck there was a 

sublimate. 

The thin pellicle easily separated in many places from 

the glass, which was quite smooth beneath, though it was 

not without small furrows. 

I poured water both upon the ammoniacal salt and 

the crust, in consequence of which it acquired a very sour 

taste, and coloured the tincture of turnsol red. ' 

The white crust that was left undissolved behind 

weighed 5 grs., and under the blowpipe ran without addition 

into a green glass. This was nothing but the glass that 

had been corroded by the fluor acid; but, as this acid can 

be set loose only by a strong heat, it had done no more 

than corrode the glass, without passing over along with it 

in the form of vapour, and then depositing it again on the ~ 

water. For, upon pouring 2 drms. of oil of vitriol upon 

half a drachm of this ammoniacal salt, a little moistened, 

and placed in a glass retort, a great foam arose, and the 

thick vapours that ascended covered the water in the 

receiver with a white crust. 

A scruple of the salt on solution left behind 1 gr. of 

earth, which, as I conjecture, it had taken up during the 

evaporation in the glass vessel. 
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SECTION VI. 

In order to prevent this, I distilled half an ounce of 

fluor with 1 oz. of oil of vitriol for five hours. The crusts 

were separated from the water; they weighed, after being 

well washed and dried, 11 grs.; they were white and very 

flocculent ; 32 grs. of siliceous earth were precipitated from 

the filtered water; the ley was then evaporated in a leaden 

vessel, and yielded 80 grs. of salt. 

Glass vessels were no longer to be trusted; a piece of a 

gun-barrel furnished with a cover and terminated by a bent 

tube, intended to serve instead of the neck of a retort, 

was used in the following experiments, and the distillation 

was performed in a sand-bath. In this apparatus, to half a 

drachm of the newly procured ammoniacal salt I added 

2 drms. of oil of vitriol, and distilled for two hours into a 

glass receiver containing 1 oz. of water. 

No vestige of a crust could be perceived on the water ; 

but I saw some earth in the receiver, where the vapours 

having ascended through the tube came into contact with 

the wet glass; and here the surface was become sensibly 

rough, _ 

On the addition of volatile alkali, a few flocculi of 

siliceous earth, amounting only to one-fourth of a grain, were 

thrown down out of the water. 

Again, I added 1 drm. of oil of vitriol to 14 drm. of the 

salt in the same apparatus; but I now used a receiver of 

lead containing 1 oz. of water. 

At the close of the distillation, I found no crust on the 

water which had an unpleasant smell; and, on the addition 

of spirit of sal ammoniae, let fall a little grey earth that 

weighed half a grain. 
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A scruple of this salt, mixed with an equal quantity of 

white sand in fine powder, and distilled in the iron apparatus 

with 14 drm. of oil of vitriol, 1 oz. of water being put into 

the leaden receiver, showed no vestige of a crust. The 

water had a putrid smell, and left on the filter 24 grs. of 

grey earth, which ran under the blowpipe into 1 gr. of lead ; 

and, by volatile alkali, 5 grs. of grey earth were precipitated, 

which melted on the addition of a little salt of tartar into a 

black globule, though the blowpipe alone produced no change 

on it. This probably arose from some dissolved lead; but 

as there was a more copious precipitate here than in the 

preparation of the ammoniacal salt without siliceous earth, 

. it must unquestionably have arisen from a portion of that 

earth being dissolved and carried over by the fluor 

acid. 

My ammoniacal salt being expended, I prepared more 

from a weaker acid, which I had remaining from another 

experiment, in a leaden vessel, but procured only 13 grs. 

To this quantity I added 1 drm. of oil of vitriol in the 
above-described apparatus, putting in moreover 2 scruples 

of green glass in small pieces. Scarce had the iron tube 

grown warm, when I perceived on the water in the leaden 

receiver a great spot of siliceous crust; and I saw the same 

appearance on the moist sides of the vessel. I continued 

the distillation for two hours; but there did not seem | 

to be any increase of the siliceous crust; 14 gr. remained 

on the filter, partly consisting of grey earth, partly of 

white films, which ran under the blowpipe into a greenish 

glass. 

It seems therefore certain, that the earth which passed 

over in these experiments comes not from the stone, as any 

constituent part of it, but that it is siliceous earth dissolved 

by the acid. Did the stone contain an earth which so 
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wonderfully altered acids, it must be thrown down by the 

volatile ley. 

Section VII. 

To set the matter in a still clearer light, I used a 

different species. Some yellow cubical fluor from Saxony 

being heated and pounded, and then distilled in the iron 

tube, with a double quantity of oil of vitriol, and with 1 drm. 

of water in the leaden receiver, yielded a thin pellicle, of the 

appearance of lead, but no siliceous crust. By precipitation 

with volatile alkali I got 24 grs. of grey earth. 

1 drm. mixed with the same quantity of pulverised sand 

afforded a pellicle of lead, interspersed with a few particles 

of white crust, which ran into glass under the blowpipe. 

Volatile alkali precipitated 8 grs., a striking difference. 

1 drm. mixed with an equal quantity of green glass 

reduced to powder, swelled a good deal, and yielded a thick 

siliceous crust. 

Section VIII. 

Not yet satisfied with these experiments, I added to 1 dr. 

of green fluor, that had been heated and pounded, 2 drms. of 

oil of vitriol, still employing the iron tube. I also suspended 

a piece of wet charcoal in the inside, fixed a cover upon the 

tube, heated it in a sand-bath, and found, upon taking off 

the cover, in the space of fifteen minutes, that the charcoal 

was dry, and had no earth upon it. I now added a scruple 

of sand in fine powder, wetted the charcoal, and replaced it ; 

but found after the same time nothing more than at first. 

Some bits of green glass were now thrown into the mixture, 

when it began to foam so vehemently, that it ran over; and 

I did not now hang the charcoal in the tube, as it was no 
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longer clean, nor was this at all necessary; for, after I had 

held it a few seconds over the orifice, it was covered with a 

white powder. . 

Mr. Scheele, in his first Essay, says that he observed the 

white powder on a piece of charcoal that had been moistened 

and suspended over fluor, to which vitriolic acid was added. 

As this experiment was made in metallic vessels, I conjecture 

that the mortar used for reducing the fluor to powder was 

of soft glass, and that some particles being abraded by the 

trituration had occasioned the phenomenon. 

The glass was therefore the chief cause of the production 

of the siliceous pellicle on the surface of the water in the 

receiver. | 

SECTION IX. 

In order to ascertain whether, when a quantity of glass 

sufficient for the saturation of the acid is added to it, it can 

carry over much more along with it, to half an ounce of 

fluor, 1} oz. of white oil of vitriol was added in a retort of 

glass, and 5 oz. of water put into the receiver. The retort 

was corroded through in an hour’s time, and the crust on the 

water weighed 10 grs. The water was filtered and divided 

into two equal parts, of which the one being precipitated 

with caustic volatile alkali afforded 25 grs. of siliceous earth, 

and the other with aérated vegetable alkali yielded 58 grs. of 

a precipitate which flowed under the blowpipe, ran into the 

pores of the charcoal, and gave out strong vapours of fluor 

acid. 

In this case, therefore, the siliceous earth was precipitated 

in a state of purity by the volatile alkali; but the precipitate 

by fixed alkali was a’ mixture of siliceous earth, fluor acid, 

and alkali, as Professor Bergmann has already observed, 



ON FLUOR 47 

SECTION X. 

To a mixture of half an ounce of fluor, and the same 

quantity of glass in powder, 14 oz. of oil of vitriol being 

added in a retort that was thus half filled, the in- 

gredients acted so violently on each other, that in a short 

time the mixture rose to the neck of the retort. It was left 

exposed to the open air on account of the vapour, and the 

next day I found the rim of the retort covered with 

fasciculated crystals as with hoar-frost. 

The same mixture being on another occasion made in a 

capacious retort, and thoroughly blended by agitation, became 

a thick mass, and swelled like dough in fermentation ; the 

bottom of the retort grew very hot, and the siliceous crust 

appeared on 3 oz. of water which had been put into the 

receiver. 

At the end of the distillation, which was continued three 

hours, I found 16 grs. of siliceous earth on the surface of 

the water, and the precipitate by volatile alkali weighed 56 

grs. The retort was not nearly so much corroded as usual. 

On distilling 30 gers. of this precipitate in a glass retort 

with 14 drm. of oil of vitriol, I saw no siliceous earth on the 

water in the receiver, nor sublimate, nor did spirit of sal 

ammoniac throw down anything, either out of the water in 

the receiver, or that with which the earth was edulcorated. 

I mixed the ley of fluorated volatile alkali with a solution of 

chalk in nitrous acid, till no more precipitation took place. 

The mixture was passed through nitrous acid, and the 

precipitate edulcorated; it weighed, when dry, 2 drms. 

o6 grs. 

2 drms. of oil of vitriol being added to 1 drm. of this 

precipitate contained in a glass retort, the precipitate was - 
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attacked in the cold, yet no crust appeared; but heat was 

scarce applied, when the whole surface of the water was 

covered, and all the phenomena which the natural exhibits 

were shown by this regenerated fluor. 

This shows that Mr. Scheele’s theory of fluor acid is true, 

and that such an acid actually exists, 

SECTION XI. 

My first experiments were communicated to Mr. Scheele, 

with a request that he would repeat them; by which means 

I hope to guard against any new mistake. That worthy 

philosopher informed me, that he had long observed that a 

mixture of fluor, as transparent as mountain crystal, and 

of oil of vitriol in a metallic cylinder, produced no appear- 

ance of siliceous earth on a wet sponge suspended in the 

inside. 

At my request he made a new experiment, which con- 

sisted in adding oil of vitriol to portions of fluor of this trans- 

parent kind that were placed in two tin cylinders; some 

siliceous earth was put into one, a wet sponge suspended 

in both, and a cover fixed on them. The next morning the 

sponge that was suspended over the mixture to which 

siliceous earth had been added was covered with that earth, 

while the other exhibited no such appearance. 

However contrary this may appear to my experiment 

(Sec. vil.), I have no doubt of the fact, having often ex- 

perienced my friend’s accuracy; I might have committed a 

mistake before. 

SECTION XII. 

The experiment was therefore repeated, but no heat was 

applied to the mixtures in the tin cylinders. After the ex- 
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piration of fifteen minutes, neither sponge had any earth 

adhering to it; but after continuing suspended for a 

whole night, the result was exactly such as Mr. Scheele 

described. 

Here, therefore, the siliceous earth alone, on mixture with 

fluor, had yielded the dry siliceous earth which I observed 

only when I added glass. Hence it became necessary to 

attempt a few more experiments. 

SECTION XIII. 

1 drm. of fluor, mixed with a double quantity of oil of 

vitriol in the iron apparatus, afforded, after a distillation of 

two hours, a thin film of lead on the surface of the water 

in the receiver, but no siliceous earth. While I was washing 

it out, | perceived some few particles, which were like the 

siliceous crust, but they were too inconsiderable to be 

weighed. If the mixture had been treated in glass vessels, 

the siliceous earth would have amounted to 24 grs., which, 

on account of its rarity, makes a tolerable bulk. In order to 

be better able to observe it, the same mixture was disposed in 

the same manner, except that, instead of the leaden receiver, 

one of glass, with 34 oz. of water, was so applied, that the 

mouth of the iron retort nearly touched the surface of the 

water. In the beginning of the distillation, a small spot 

appeared under the neck of the retort, and the mouth 

itself was covered with white powder. But it all soon 

disappeared, and I saw no more of it, though the process 

was long continued. 

The empty part of the receiver was corroded, yet I 

procured, after edulcoration, but half a grain of earth. 

This seems further to show that nothing but the glass 

has any share in the production of the siliceous earth. 

4 
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SECTION XIV. 

It follows from these experiments, that uncombined fluor 

acid dissolves siliceous earth, and carries it up into the water 

in the receiver. If no water be present, it ascends in the 

form of a dry vapour; a remarkable fact, considering the 

fixity of this earth. May not this serve to illustrate the 

volatility of the diamond? I think it probable that fluor 

acid is a constituent part of this gem. | er 

The origin of the siliceous crust on the surface of the 

water may be explained, by supposing either that the acid 

dissolves an excess of the earth which is present in the glass, 

and already half prepared for solution, and that, being over- 

saturated, it lets fall a part which it cannot retain when 

mixed with water, or that the alkali in the glass comes into 

action. 

In Mr. Scheele’s experiment, the siliceous earth was 

deposited on the sponge, without any other circumstance 

to promote the volatilisation. But it is at the same time to 

be noticed how slowly this happened; for it doubtless did 

not begin to take place till the small quantity of water 

contained in the sponge was saturated with the siliceous 

earth dissolved in the acid. Fluor acid, which I have kept 

above a year in a phial, has corroded the glass in many 

points, which are surrounded with concentric circles, and 

deposited a powder that adheres to the bottom. 

This remarkable fossil may still furnish a subject for 

many experiments. Golden vessels would, in my opinion, 

be the most convenient in such an undertaking, as also for 

keeping the acid.? 

1 These experiments so clearly point out the origin of the siliceous 
crust, that Bergmann, who had adopted Mr. Scheele’s opinion concerning 
its formation during the process, candidly deserted it. (Opuse, vol. ili. 
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p. 397.) That this subject might not remain in obscurity for want of 
investigation, Mr. Wenzel of Dresden likewise made a number of 
experiments on fluor, which coincide in every essential point with those 
of Mr. Meyer, though they differ in a few particulars. The title of his 
pamphlet is, G. Wenzel’s Chymische Untersuchung des Fluss-spaths. 
Dresden bey Gerlach. 1783. 4to. 

Mr. Wenzel, in order to obtain the fluor acid free from siliceous earth 

performed the distillation in a leaden retort provided with a glass 
receiver ; there appeared, however, upon the water in the receiver a 
variegated crust, and the acid, with fixed alkali, yielded a gelatinous 
precipitate. Upon examining the receiver, he found that the vapours had 
corroded its internal surface, so that it appeared as if it had been rubbed 
with coarse sand. Mr. Wenzel, however, accomplished his purpose, by 
substituting a balloon of lead in the place of a glass receiver, and by 
distilling with a gentle heat. At the end of the operation, there was no 
appearance of any earthy crust, either in the retort or on the surface of 
the water in the receiver: the acid liquor gave no jelly on the addi- 
tion of alkali, though there was a precipitation of iron and earth of 
alum. 

To complete his proof of the origin of the siliceous earth, he mixed 
fluor, quartz, and vitriolic acid, and performed the distillation in hi 
apparatus of lead. But he now found the usual crust upon the acid 
liquor, and obtained a gelatinous precipitate on the addition of alkali. 

Moreover, Mr. Wenzel observed that 2 oz. of fluor lost upon calcina- 
tion in open vessels only 2 grs. When this experiment was performed 
in an air apparatus, some inflammable air was obtained, and a very small 
quantity of fluor acid, which attacked the glass. Fixed alkali threw 
down a precipitate, amounting, after proper edulcoration, to 1 0z. 22 grs., 
from the acid expelled by oil of vitriol from 2 oz. of fluor. This pre- 
cipitate was very fusible, and yielded fluor acid with oil of vitriol. 
Both fire alone and vitriolic acid expelled a little acid of fluor from the 
earthy crust. When the precipitation from the same quantity of acid 
was made by volatile alkali, 2 drms. and 53 grs. of an infusible substance 
were obtained, which likewise, on addition of vitriolic acid, yielded 
some fluor acid. It appears, then, that a portion of it is contained in the 
earthy crust, and that even fixed alkali is not capable of separating it 
completely from siliceous earth, but it remains united with some 
siliceous earth and alkali after precipitation. 

The residuum, after distillation, contains calcareous and aluminous 
earth ; this at least was the case with the German species examined by 

Mr. Wenzel. 
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ESSAY V. 

ON MANGANESE, MANGANESIUM, OR MAGNESIA 

VITRARIORUM. 1774. 

Section I. 

Tuoucn the different species of manganese have attracted 

the attention of chemists of late years, the result of their 

experiments has gone no further than to disclose such of 

their qualities as serve to distinguish them from other 

minerals; at least nothing has been published to elucidate 

their nature any further, except a dissertation by Mr. 

Westfeld, in the year 1767, in which this author first 

examined their constituent parts. My experiments, however, 

will show that his conclusions were too hastily made. I 

think it unnecessary to enumerate all the different kinds of 

manganese which I have examined, as they all agree in their 

principal qualities. 

SEcTION II. EFFeEcTs OF VITRIOLIC ACID ON MANGANESE. 

(a) 2 drms. of manganese, levigated in a glass mortar, 

were digested with 1 oz. of diluted acid of vitriol for several 

days. No effervescence ensued, neither had the acid lost any 

of its taste, nor was the manganese diminished in quantity. 

I, notwithstanding, filtered the liquor, and saturated the acid 

with alkali of tartar, whence I obtained a yellowish white 

precipitate. (6) Upon the remaining manganese I poured 
52 
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another ounce of diluted acid of vitriol; which, however, 
appearing to have no action upon it, I put another half 
ounce of levigated manganese into the mixture, and boiled 
it. The solution still retained some acid taste; but on 

adding 2 drms. more of levigated manganese its taste grew 

bitter. : 

(c) I exposed 1 oz. of powdered manganese, mixed with. 

as much concentrated acid of vitriol as to reduce the mass 

to the consistence of honey, in a glass retort to the fire, till 

it became red hot, during which operation some vitriolic acid 

mixed with water came over in the receiver. After breaking 

the retort, the mass was found hard, white in the inside, and 

red on the surface; it weighed 12} drms. This mass was 

reduced to powder, and distilled water poured upon it; in 

consequence of which a great heat was generated, and a 

great deal of it dissolved. The solution, after being filtered, 

was edulcorated. Afterwards, when it was dry, it appeared 

of a dark grey colour, and weighed 1§ drm. This residuum 

was calcined in an open crucible with concentrated vitriolic 

acid, till no more vapours arose; then it was put into water, 

when 1 drm. remained undissolved, which was again calcined 

with concentrated vitriolic acid, and the undissolved residuum 

was a white powder, weighing half a drachm. (d) This white 

residuum was further insoluble in the vitriolic acid. During 

its fusion with borax, it made an effervescence, and yielded 

a transparent brown glass; it likewise effervesced with fixed 

alkali, changing into a brown mass, which yielded an hepatic 

smell with acids, becoming, at the same time, a gelatinous 

mass. (¢) The solution of manganese obtained by calcination 

was evaporated, and, in the first place, a few small crystals 

were deposited, which were nothing but vitriolated lime 

(selenite). Afterwards, some very fine large crystals, of an 

oblique parallelopiped form, were deposited, which increased 
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in number as long as there was any liquid remaining. ‘Their 

taste was very much like the taste of vitriolated magnesia 

(Epsom salt). Mr. Westfeld pretends that they are alum; 

but they resemble alum in no other respect, except in con- 

taining the same acid. 

Section III. Errects oF PHLOGISTICATED VITRIOLIC ACID. 

I dipped, according to Stahl’s prescription, some rags 

into a solution of fixed alkali of tartar, and, after saturating 

them with the acid of burning brimstone, I put them into a - 

retort, poured some acid of tartar upon them, and luted on a 

receiver which contained water and levigated manganese, 

The retort was put into a sand-bath, and, after a warm 

digestion of one day, the liquid of the receiver had become 

as clear as water, and a little fine powder was precipitated 

to the bottom, consisting for the most part of siliceous earth. 

SECTION IV, Errects oF Pure Nitrous Actp.! 

~ (a) I poured 1 oz. of pure colourless nitrous acid upon 

2 drms. of levigated manganese. After this compound had 

been kept in a heat of digestion for several days, the 

menstruum was found to have lost nothing of its acidity, 

nor was there any appearance of effervescence. I abstracted 

the acid by distillation, poured the distilled liquor again 

upon the residuum, and distilled it over again, but very 

slowly. The residuum was but very little dissolved. I 

again poured the distilled acid upon it, and afterwards added 

1 Under the name of pure nitrous acid I understand colourless nitrous 
acid—the fuming acid distilled in a gentle heat, till the mass remaining 
in the retort appears colourless, and yields white vapours when heated. 
Nitrous acid of this quality must be preserved in a glass vessel, furnished 
with a ground stopple, in a dark room. 
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as much powdered manganese as was necessary for the 

perfect saturation of the acid, and-found that 9 drms, were 

_required for this purpose. (b) The solution of manganese, 

being by these means saturated, was filtered and divided into 
two equal portions. Into one of these I poured some drops 

of vitriolic acid, whereby a fine powder was _ precipitated, 

which, however, did not settle at the bottom till after some 

hours had elapsed. This powder was neither soluble in 

boiling water nor in acids. The limpid solution, after being 

evaporated, yielded some small crystals of selenite or gypsum ; 

but would afford no others. (c) From the other half of this 

solution, after it had been evaporated in a gentle heat, I 

- obtained small shining crystals, which, as well as the solution 

itself, were of a bitter taste, and weighed about 10 grs. On 

pouring some drops of vitriolic acid into this solution, 

inspissated by a gentle heat, no precipitation ensued, except 

of a little selenite; but as soon as it was inspissated to the 

consistency of honey, some fine acicular crystals, verging 

towards the same centre, began to form, but they greW soft 

and deliquesced in a few days afterwards. 

SECTION V. EFFECTS OF PHLOGISTICATED Nitrous ACID. 

As this acid shows, in several experiments, quite different 

phenomena from those which the pure nitrous acid shows, 

I purposed to try its effects also upon manganese. I 

therefore put a little levigated manganese, mixed with some 

water, into a large receiver, to which I luted a tubulated 

retort, and poured through the opening some ounces of 

common nitrous acid, and added, at several different times, 

some iron filings, taking care to close the vessel always with 

a glass stopple. The nitrous acid thus combined with the 

phlogiston of the iron went over into the receiver, and there 
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united with the black mass above mentioned. The manganese 

was thus entirely dissolved in a few hours’ time; the solution 

was as limpid as water, a little fine earth excepted, which 

was siliceous. There began now to precipitate a white 

earth, of the same kind as that mentioned in Sec. Iv. (0). 

In other respects, this solution agreed with that made in 

pure nitrous acid, as it is described in the preceding 

paragraph. 

SECTION VI. Errects oF Common MuriaAtic ACID. 

(a) I poured 1 oz. of purified muriatic acid upon half an 

ounce of levigated manganese. This acid, after standing ~ 

quiet for an hour’s time, grew dark brown. A portion of 

this solution was digested in an open glass vessel in heat. It 

yielded a smell like warm aqua regia. In a quarter of an 

hour the smell was gone, and the solution became clear and 

colourless. (b) The rest of the brown solution was digested, 

with ‘a view to see whether the muriatic acid would be 

saturated with manganese. As soon as it grew warm, the 

smell of aqua regia was considerably stronger, and an 

effervescence ensued, which lasted till the next day, when 

the solution was found saturated. Upon the residuum which 

was not dissolved I poured another ounce of muriatic acid, 

which was followed by the very same phenomena, and the ~ 

manganese was entirely dissolved, a small quantity of 

siliceous earth remaining. (c) This yellow solution was 

divided into two portions. Into the one I poured some 

drops of vitriolic acid, and the solution in a few minutes 

turned white, and a fine powder was precipitated, which was 

not soluble in water. After the solution was evaporated, 

some small selenitic crystals formed, and the residuum 

exhibited the same phenomena as are described above with 
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the mixture of nitrous acid and manganese. (d) The other 

half was evaporated, and some small angular shining crystals 

were obtained, which, with regard to their crystallisation, 

agreed with those obtained by the nitrous acid. 

-Srection VII. Errects or Fruor AcIp. 

But very little of the manganese, after being digested 

with this acid for several days, was dissolved; and it was 

necessary to add a very large quantity of levigated manganese 

before the acid was saturated. The solution had hardly any 

sensible taste; a little precipitation took place on adding 

alkali. But if a neutral salt, composed of this acid and 

volatile alkali, be added to the solution of manganese in any 

one of the above-mentioned acids, a double decomposition 

takes place, and the manganese, uniting with the fluor acid, 

is precipitated. 

SECTION VIII. Errects or PHospHoric ACID. 

1 drm. of phosphoric acid being boiled with half a drachm 

of powdered manganese, dissolved but little of it; and, 

though evaporated to dryness, the remainder had a very 

sour taste. At last, however, by adding more manganese, 

the acid was saturated. On adding microsmic salt to a 

solution of manganese, a decomposition follows like that 

effected by the fluor acid. 

Section IX. Errects or Acrip oF TARTAR. 

Pure acid of tartar, digested in the cold with manganese, 

produced a brown solution; but, on digesting in heat, more 

was dissolved with a kind of effervescence; the whole 
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quantity, however, was not dissolved, but the acid was at 

last saturated by the addition of more manganese. On 

adding tartarised fixed alkali to a solution of manganese, a 

double decomposition happens, as Secs. VII., VIII., IX. 

SECTION X. EFFECTS OF DISTILLED VINEGAR. 

In a boiling heat little of the manganese was dissolved 

by vinegar; but, after distilling the spirit of verdigris 

several times from manganese, the acid was saturated. On 

adding vitriolic acid, I obtained a little white precipitate 

(Sec. Iv. (0)). Of the remaining manganese hardly any 

sensible quantity was dissolved by concentrated vinegar, 

though repeatedly distilled over it. The product of the 

solution upon evaporation to dryness was deliquescent in 

the open air. 

SEcTION XI. Errects oF Acip oF LEMON. 

2 drms. of levigated manganese were digested with 1 oz. 

of the acid of lemon. The mixture, when cold, acquired a 

brown colour; but on the application of heat the liquid 

began to effervesce, which continued till the acid was 

saturated, when it had lost its brown colour. In the same 

manner the remaining manganese was dissolved. More acid — 

was poured upon it, and thus’ the whole was in a few hours 

dissolved, a white earth excepted. 

SECTION XII. Errects or AERIAL ACID. 

I saturated cold water, which contained a little snow 

unmelted, with aérial acid, and then put a little levigated 

manganese into it. The phial which contained this mixture 
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was carefully closed and left for several days in the cold, 

during which time it was now and then agitated. The 

liquor was afterwards filtered and alkali added to it, upon 

which a white powder precipitated. The manganese like- 

wise separated from its solution on standing a few days in 

the open air. 

SECTION XIII. 

Such are the effects of acids upon manganese. What is 

most remarkable in them is, that some of the acids, such 

as the volatile sulphureous, the phlogisticated nitrous, the 

common muriatic acids, and the acid of lemon, completely 

dissolve it. Others during the solution cause a considerable 

effervescence ; others again produce the solution quietly, and 

others dissolve a part of the manganese only. Before I 

enter upon any explication of these singular phenomena, it will 

be necessary to point out the general properties of manganese. 

SECTION XIV. 

(1) Manganese has a strong elective attraction for all 

phlogistic substances. (2) This attraction becomes stronger 

if there be a menstruum present which at the same time can 

unite with the phlogisticated manganese. In this situation 

the manganese is able to attract phlogiston more strongly than 

the nitrous acid does vid humidd. (3) When manganese 

is saturated with phlogiston, it loses its black and assumes 

a white colour, which however disappears as soon as the 

phlogiston is separated from it again. (4) Without com- 
bining it with phlogiston, there is no way of producing a 

colourless solution of manganese in any acid; and whenever 

phlogiston is wanting, the solution becomes blue or red. 

By means of these four general qualities of manganese, 
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discovered by a train of experiments, all its known effects 

are easily explicable, as will appear from the followin 

observations. 

SECTION XV. 

Diluted vitriolic acid dissolves manganese only in part, 

whether digested or boiled with it (Sec. 1. (a)). This part 

therefore ought to be separated from the rest, because the 

solution of manganese is never colourless, except when 

combined with phlogiston (Sec. xiv. (4)). Whence it follows 

that this soluble part of it is united with phlogiston. 

That manganese naturally contains but little phlogiston, has 

been some time ago taught by Mr. Westfeld; but the cause 

he assigns is not to be admitted till it is confirmed by other 

arguments, especially as nitre, without the addition of 

phlogiston, may become alkalescent, and that the sooner if 

there be a body present which is capable of uniting with the 

alkali, in which case a heat only half as strong is requisite. 

This happens in the calcination of manganese with nitre ; 

for if the mixture is distilled, nitrous acid is obtained in the 

receiver; but that some phlogiston really enters into the 

composition of manganese, the following experiments will 

show :—(a) If the solution of manganese in vitriolic acid 

(See. m. (a), (b)) be evaporated to dryness, and then the 

residuum distilled in the open fire in a glass retort, with a | 

receiver applied to it, the vitriolic acid does not separate from 

the manganese till the retort begins to melt; but it is then 

changed into volatile sulphureous acid. The residuum is black, 

and nothing but common manganese. (b) Let the solution of 

manganese in nitrous acid (Sec. Iv. (a)) be put into a glass © 

retort, all the liquid abstracted, and when it begins to foam, 

let a receiver, with some water in it, be applied. By a slow 

fire, the nitrous acid employed for the solution will be driven 
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over in the form of blood-red vapours, and yield green 

volatile nitrous acid. In the retort there will remain like- 

wise real black manganese. (c) A solution of manganese in 

vitriolic or pure nitrous acid (Secs. 11. (0), Iv. (a)), precipitated 

by alkali of tartar, retains its colour; but when calcined 

in the open air, grows black (Sec. xiv. (4)). Hence it 

follows that manganese contains phlogiston; and since the 

residuums in the retort have lost their phlogiston, by means 

of which they were united with the acids, they were no 

longer soluble in pure acids. If, therefore, vitriolic acid be 

poured upon the residuum (a), little or nothing of it will be 

dissolved; but if the volatile vitriolic acid which was driven 

over into the receiver be poured upon it, it will again 

dissolve it, a small portion excepted, for want of a sufficient 

quantity of acid; for there is some of the acid lost during 

the distillation through the lute.. The same thing happens 

with the distillation and solution of manganese in nitrous 

acid (0). ) 

SECTION XVI. 

Now, since only a part of this mineral is dissolved by the 

vitriolic acid, it may be asked, why the remainder does not 

dissolve? To this I answer: The undissolved portion has 

parted with the little phlogiston it naturally possessed, to 

that portion of manganese which is taken up by the vitriolic. 

acid during the first digestion; for, without that principle, 

manganese is insoluble. That the remaining manganese loses 

its phlogiston is evident from this, that if nitrous acid be 

abstracted from it, there appears little or no red vapour. 

That manganese, according to its second general property, 

attracts phlogiston more strongly when it is combined with 

some acid, the following experiments will show:—(a) Levigated 

manganese digested or boiled with a solution of sugar, honey, 
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gum-arabic, hartshorn, jelly, undergoes no change. But on 

mixing the manganese with some diluted vitriolic or pure 

nitrous acid first, afterwards adding some of these substances 

and exposing the whole to digestion, you perceive with 

admiration how the black colour vanishes by degrees, and 

the solution becomes as limpid as water. During this 

phenomenon, a quantity of air-bubbles is discharged with a 

violent effervescence; they are found to be aérial acid. 

Nay, manganese, in such a combination, shows such a strong 

attraction for phlogiston, that metals, not even the’ noble 

ones excepted, render it soluble in these acids in a limpid 

form; and what is still more remarkable, the volatile alkali, 

as well as the above-mentioned vegetable and animal sub- 

stances, is entirely destroyed. But of this I shall speak more 

fully hereafter. At present I conclude from these experi- 

ments, that the superficial particles of levigated manganese, 

on touching an acid, acquire a great attraction for phlogiston ; 

and if such an acid contains no phlogiston, nor the manganese 

so much as is requisite for its entire solution (Secs. Il. (a), 

Iv. (a)), those superficial particles attract as much of the 

phlogiston as is required from the particles next adjacent to 

them, which have not yet come in contact with the acid. 

This is the reason why the external particles dissolve in 

vitriolic or nitrous acid; and the internal, or those lying 

nearest under the external ones, having been deprived of © 

their phlogiston, remain undissolved; but these likewise dis- 

solve as soon as the requisite phlogiston is communicated 

to them from the above-mentioned substances, such as 

sugar, ete. 

Section XVII. 

We now come to speak of the effects of concentrated 

vitriolic acid on manganese (Sec. 11 (c)). It is remarkable 
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that this acid dissolves the manganese entirely without the 

addition of any phlogiston. It would be difficult to compre- 

hend whence the phlogiston in this case should come, if we 

were not certain that several substances, which have a great 

attraction for phlogiston, can attract it in a red _ heat. 

Quicksilver, and silver when dissolved in the purest nitrous 

acid, really lose the phlogiston (Sec. Iv.) which is a con- 

stituent part of these metals. This appears from the red 

vapours under the form of which the nitrous acid arises; 

and the dissolved metallic earth cannot be again reduced to 

its metallic form till it has again acquired the lost phlogiston, 

which is effected either by precipitation with complete metals, 

or else by means of heat alone. It is known that nitrous 

acid, when combined with a little phlogiston, adheres after- 

wards to absorbent bodies so loosely that it may be expelled 

from them by vegetable acids. If a small glass retort filled 

with nitre is kept upon the fire till the nitre shall have been ~ 

in a red fusion for half an hour, it is found, after cooling, 

to have acquired some phlogiston. For, when rubbed with 

tamarines, a strong smell of aquafortis rises; and it likewise 

deliquesces in the open air, though there is no mark of any 

superabundant alkali. And what else can be the cause, that 

fuming nitrous acid, when distilled, rises at last, when the 

retort is nearly of a white heat, in blood-red vapours, whereas 

it ascends during the distillation in a limpid form like water ? 

I could adduce many more experiments to prove that 

phlogiston is contained in fire,if I was not afraid of rendering 

this dissertation too long. This, however, I may add, that the 

following objection is void of foundation: Why, if what I 

assert was really the case, the calxes of the ignoble metals 

are not equally reducible by heat? since all bodies have not 

an equal degree of attraction to phlogiston. 

Thus manganese can attract the quantity of phlogiston 
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necessary for its solution, by means of concentrated vitriolic 

acid, from heat. It is not probable that the concentrated 

acid undergoes a decomposition in this degree of fire; for if 

you saturate half an ounce of this acid with alkali of tartar, 

and afterwards calcine in a retort, with a, receiver applied, 

14 oz. of powdered manganese, with an equal quantity of the 

same vitriolic acid, then dissolve the calcined mass in distilled 

water, and likewise wash well the receiver, which contains 

some drops of vitriolic acid, which are also to be added to the 

solution, and lastly, add the same quantity of alkali, there 

will be no mark either of abundant alkali or acid. Thence 
it may be concluded that the phlogiston in the vitriolic acid 

(if there really exists any in it) contributes nothing to the 

solution. But the manganese, precipitated with alkali, 

contains a considerable quantity of it; in consequence of 

which it is afterwards. entirely soluble in acids, without the 

_ addition of any phlogiston. 

Section XVIII. 

Manganese is often mixed with heterogeneous earths, 

which are not to be reckoned as its constituent parts. 

Among these are (1) a little iron ochre. This was the reason 

why the mass in the retort, after distillation, was red on the 

outside (Sec. I. (c)), because it was there exposed to the 

greatest heat; whence the vitriolic acid that was combined 

with the iron, quitted it. Calx of iron is besides easily 

obtained from the solutions of manganese in acids. If a few 

drops of a solution of alkali are dropped in, the iron will be 

precipitated first, because it has less attraction for the acid 

than the phlogisticated manganese has. That this small 

quantity of calx of iron is only mechanically mixed with 

manganese, has been proved by Mr. Pott, and afterwards by 
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Mr. Rinman, though Mr. Westfeld looks upon it as a 

constituent part of manganese. (2) Some siliceous earth is 

likewise found mixed with manganese, but it does not enter 

into the solution (Sec. 1. (d)). That the siliceous earth is 

not pure, appears from experiment; but it may be obtained 

quite pure by means of proper acids. (3) A little calcareous 

earth, which, as far as I know, has riot hitherto been taken 

notice of. It is this with which the separated siliceous 

earth is mixed (Sec. 1. (d@)); and, in consequence of its 

absorbent nature, combining with the vitriolic acid, it forms 

a neutral salt, which is soluble in water, and forms with 

_ borax a brown glass (Sec. 1. (d)), on account of the sulphur 

produced during the fusion; of which I shall speak more 

particularly hereafter, Sec. XxxI. 

a SrcTion XIX. 

¥ If the salt, consisting of vitriolic acid and manganese 

(See. 11. (¢)), be again dissolved in distilled water, and after- 

wards crystallised, it will be obtained in a state of purity, 

containing nothing of the admixtures mentioned in the 

preceding paragraph. From it manganese, saturated with 

phlogiston, may be precipitated by alkali of tartar. That 

this manganese is really saturated with phlogiston appears 

from this, that it cannot be united with more phlogiston, so 

as to yield any metallic substance. If Mr. Westfeld had 

examined this precipitate a little more, he certainly would not 

have pronounced it to be the earth of alum. The earth 

thus obtained is without the least particle of iron, and is 

besides endowed with all the properties which mineralogists 

ascribe to manganese, after the phlogiston has been separated 

from it by calcination in the open air (Sec. Xv. (¢)). Thence 

I infer that Mr. Westfeld’s dissertation affords no instruction 

whatsoever. 
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SECTION XX. 

The effects of volatile sulphureous acid on manganese 

clearly prove what has been asserted (Sec. m1.). The 

manganese attracts the phlogiston contained in this acid, 

which is the cause of its great volatility, and which renders 

the manganese soluble in the now pure vitriolic acid. If 

this solution be mixed with concentrated vitriolic acid and 

distilled, no volatile sulphureous acid is obtained; and if it 

be precipitated by means of fixed vegetable alkali, vitriolated 

tartar is obtained. This proves that manganese has a 

stronger attraction for phlogiston than for vitriolic acid 

in the moist way. 

SECTION XXI. 

The effects of nitrous acid on manganese coincide, upon 

the whole, with those of vitriolic acid. If this acid could 

support such a degree of heat as the other in a state of 

concentration, it would also entirely dissolve the manganese 

without the addition of any phlogiston. But as this is not 

the case, it is necessary to supply the defect of phlogiston. 

The extraneous substances mixed with it appear in this 

process more clearly, Sec. xvi. Here the pure siliceous 

earth remains undissolved at the bottom; but another 

unknown earth unites with the nitrous acid, and yields 

crystals, Sec. Iv. (c). It likewise may be precipitated by 

the vitriolic acid; and this is the precipitate mentioned in 

the same place (0) as insoluble in water. The calcareous 

earth, with vitriolic acid, forms gypsum, and the small 

portion of iron is readily separated by means of a few 

drops of alkali of tartar (Sec. xvi. (1)). 



ON MANGANESE 67 

SECTION XXII. 

All this appears still more clearly with phlogisticated 

nitrous acid. The manganese decomposes this acid for the 

same reason as it does the volatile sulphureous acid (Sec. xx.), 

That the phlogiston of the acid really combines with the 
manganese appears from this, that on adding to such a 

Solution some vegetable acid, there is no smell of aquafortis 

observed (Sec. xvit.), and the distillation with pure vitriolic 

acid yields limpid, by no means yellow, nitrous acid. There 

appears no effervescence here, as happens with the solution 

in pure nitrous or vitriolic acids, on adding a little gum or 

sugar (Sec. xvi. (@)). It is well known that a great quantity 

of aérial acid is constantly developed in the decomposition of 

- any animal or vegetable substance. Now, since manganese, 

assisted by acids, has the same effect upon those substances 

as air and other bodies have, which extract from them their 

phlogiston, there must necessarily be in this process a 

separation, or perhaps a generation of aérial acid. But, 

in the present case, with phlogisticated nitrous acid, no 

such effervescence can take place, because it is combined 

with pure phlogiston; and if this be again separated, I do 

not see why aérial acid should be extricated. Moreover, 

manganese, when united with nitrous acid and metals, 

arsenic or oil of turpentine, is entirely dissolved without 

showing any effervescence. 

Section XXIII. 

The sixth paragraph shows the effects of muriatic acid. 

In this case, perhaps, it does not immediately appear whence 

manganese should obtain its phlogiston; no phlogiston being 
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added here, and the entire solution taking place without 

heat. There occurs, indeed, here a circumstance, which 

certainly proves that muriatic acid contains some phlogiston ; 

a property which one should have attributed to the nitrous 

acid, chemists having been of opinion that this principle 

was present in a pretty large quantity, as one of its con- 

stituent parts. But this we now reverse, and attribute 

phlogiston to the muriatic acid. 

Muriatic acid, when digested in the cold with manganese, 

assumes a dark brown colour (Sec. xv. (@)); for, since this 

substance never affords a _ colourless solution without 

phlogiston, the present solution will be either blue or red 

(Sec. xiv. (4)), though the muriatic acid is capable of 

dissolving manganese without the addition of the in- 

flammable principle. In this case the colour has more 

of brown than red, on account of the fine particles of the 

manganese floating in the solution and not easily sinking 

to the bottom; for, without these particles, the solution is 

red; and red mixed with black yields a brown colour. 

Manganese adheres here loosely to the muriatic acid; so 

that it may be precipitated by water; and the precipitate 

shows the same properties as common manganese. When- 

ever I exposed the mixture of manganese and muriatic acid 

to digestion, an effervescence ensued with a smell of aqua 

regia (Sec. vi. (0)). 

In order to set this new discovery in a clear light, I 

tied to the neck of a retort, which contained a mixture of 

manganese and muriatic acid, an empty bladder, and put 

it into hot sand. An effervescence ensuing, the bladder was 

filled. When the acid no longer occasioned any effervescence, 

which was a sign of its saturation, I took the bladder off, 

and found that the air had rendered the bladder yellow, as 

nitrous acid would have done; but there was not the least 
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mark of aérial acid, only a very sensible pungent smell, 

highly oppressive to the lungs, and resembling the smell of 

warm aqua regia. The solution in the retort was clear and 

of a yellowish hue, which was owing to the iron contained 

in it. If you wish to be convinced that the manganese, 

thus dissolved, likewise contains phlogiston, you should 

‘precipitate the solution with alkali of tartar, edulcorate 

the precipitate, and treat it in the manner above mentioned 

(Sec. xvi. (a), (0), (¢)). But whence did it acquire its phlogiston ? 

From the muriatic acid. The matter of heat has no share 

here, because the solution becomes limpid without it, if it 

be only exposed to the air for a few hours. The following is 

the theory of the solution :—The manganese is first attacked 

by the acid, and thus we have a brown solution. The 

manganese, when dissolved, acquires, by means of the acid, 

a strong attraction for phlogiston (Sec. xiv. (2)), and 

really attracts it from the particles with which it is 

combined. These particles having thus lost one of their 

constituent parts, and being but very loosely combined with 

the phlogisticated manganese, are expelled from it by the 

remaining muriatic acid, which has not yet suffered any 

decomposition, and now appear with an effervescence as a 

highly elastic air; the brown colour has now disappeared, 

and the solution is become limpid. 

SECTION XXIV. 

The marine acid separated from phlogiston, one of its 

constituent parts, unites with water in a very small quantity 

only, and gives it a slight acid taste; but whenever it is 

enabled to combine with phlogiston, it assumes its former 

nature, and again becomes a true muriatic acid. In order 

to discover the properties of this aérial fluid, it is best to 
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examine it in its elastic state. Common muriatic acid is 

to be mixed with levigated manganese in any quantity in 

a glass retort, which is to be put into warm sand, and a 

glass receiver applied, capable of containing about 12 oz. of 

water. Into the receiver put about 2 drms. of water; the 

joints are to be luted only with a piece of blotting paper tied 

round them. In a quarter of an hour, or a little longer, a 

quantity of elastic acid, going over into the receiver, gives 

the air contained in it a yellow colour, and then it is to be 

separated from the retort. At this time, if the paper has 

been closely applied, a portion of the aérial fluid will rush 

out with some force; and you therefore must have a cork 

ready to close it immediately; and then another receiver, 

with 2 drms. of water in it, should be applied to the retort 

as before; and thus several such vessels may be filled with 

dephlogisticated muriatic acid. In the process care should 

be taken that the retort be fixed in such a posture, that if 

a few drops should rise into its neck, they may run back 

into the body. The water put into the receivers serves to 

condense the vapours of marine acid should any go over. 

I fill several glasses at once, in order to get a good quantity, 

and to avoid the trouble of repeating the process as often 

as I want some of the fluid for my experiments. It is 

better to make use of small vessels for receivers, because 

a great part of the acid is lost every time the cork is taken — 

out. 

SECTION XX YV. 

The bodies which I wished to expose to the action of 

this dephlogisticated aérial fluid were fixed in a glass tube 

which passed through the cork of the receiver. I observed 

that the corks (a) became yellow within the receiver, as 

from aquafortis, and the lute was likewise corroded during 
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the distillation. (0) Paper coloured with lacmus became 

nearly white; all vegetable red, blue, and yellow flowers 

grew likewise white in a short time; the same thing 

happened to green vegetables. Meanwhile, the water in 

the vessel was changed in a weak but pure muriatic acid. 

(c) The former colour of the flowers, or of the green 

vegetables, could not be recovered either by alkalies or 

acids; (d) expressed oils and animal fat, whether dropped 

into the tube, or smeared upon it, grew in a short time as 

tenacious as turpentine. (¢) Cinnabar grew white upon 

the surface, and when it was washed in water a pure 

solution of corrosive sublimate was obtained; but sulphur 

was not changed; (/) vitriol of iron grew red and de- 

liquescent ; vitriol of copper and zine remained unchanged ; 

(7) iron filings put into the tube were dissolved. The 

solution, after being evaporated to dryness, and then 

distilled with the addition of some concentrated vitriolic 

acid, again yielded pure marine acid, in which gold re- 

mained undissolved. (A) All the metals were attacked; 

and with regard to gold it is remarkable that its solution 

in this dephlogisticated muriatic acid yields with volatile 

alkali, aurum fulminans. (7?) When some volatile alkali, 

prepared from sal ammoniac and quicklime, was dropped 

upon the tube, a white cloud was produced, and a great 

number of air-bubbles were discharged from them, which 

on bursting yielded a vapour. (%) Fixed alkali was changed 

into common salt, which decrepitated, but did not detonate 

in the fire. (/) Arsenic became deliquescent in this vapour ; 

(m) insects instantly died in it; () and fire was instan- 

taneously extinguished. 
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SECTION XX VI. 

This sufficiently shows how strong an _ attraction 

dephlogisticated muriatic acid has for phlogiston. Perhaps 

Stahl obtained such a dephlogisticated muriatic acid by 

means of iron, and, from the yellow colour of the cork, 

was led to suppose that the muriatic had been changed 

into the nitrous acid. If you make a mixture of manganese, 

muriatic acid, or diluted vitriolic acid and alcohol, and after 

digesting it in a well-closed phial for some days, distil it 

by a gentle fire, no effervescence ensues; but the spirit of 

wine goes over, and, what is very remarkable, has a strong 

smell of nitrous ether. The remainder in the retort will 

have lost its acidity, and be saturated with manganese. 

If metals, sugar, linseed, or oil of turpentine be combined 

with a mixture of pulverised manganese and muriatic acid, 

no such dephlogisticated muriatic acid is produced; because 

in this case a sufficient quantity of phlogiston is present 

for the elastic acid to unite with. It is remarkable of 

quicksilver that a great part of it enters into the solution, 

and may be afterwards again obtained by crystallisation 

with all the properties of corrosive sublimate. If plates 

of pure gold be put into a mixture of pulverised manganese 

and pure muriatic acid, it will afterwards appear that gold 

as well as manganese is contained in the solution. 

SECTION XX VII. 

As fluor acid yields a precipitate with manganese 

(Sec. VIL), it is easily understood why it dissolves so little; 

for the salt forms a fine pellicle round the particles of 

the manganese, and thus prevents the acid from penetrating 

any farther. The same thing happens with the acid of 
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phosphorus (Sec. vill.); for microcosmic salt likewise 

produces a precipitation. 

SEcTION XXVIII. 

The effects produced on manganese by the acid of 

tartar are remarkable, on account of the effervescence. 

Manganese does not enter with any acid into a colour- 

less combination, without being first united with phlogiston. 

The small portion of phlogiston which it naturally contains 

(Sec. xv. (a), (0), (c)) may serve to render it soluble in all 

acids ; but this only in very small quantity. The effervescence 

which happens in the present case shows that a part of 

the acid of tartar is entirely destroyed, in consequence of 

the combination of its phlogistic part with the manganese, 

as is explained in Sec. xxi., in which the destruction of 

animal and vegetable substances is described. To this 

it may be added, that if you make the solution with a 

proper proportion of sugar, gum, etc., there will not remain 

the least mark of those substances (Sec. xvi. (a)). This 

is easily proved; for if such a solution be filtered, in- 

spissated, and slowly calcined with concentrated vitriolic 

acid, there should necessarily appear some blackness from 

the burned sugar, which however does not take place. 

During this decomposition of sugar or gum, there arises a 

vapour that vellicates the nose; and if it be collected in 

a receiver, it appears to be pure vinegar. From diluted 

vitriolic acid, sugar and manganese, this acid is obtained 

in its purest state. 

SECTION XXIX. 

Among the vegetable acids, distilled vinegar combines 

most loosely with absorbents; for the acids of lemon and 
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tamarinds expel it from its union with fixed alkali 

in acetated vegetable alkali (terra foliata tartari). Its 

inflammable part is more closely united than in the rest 

of the vegetable acids, since it arises with it into the 

receiver, which is not the case with the other acids, which 

are destroyed, except the volatile dry acids of benzoin 

and amber. Hence it appears that vinegar acts upon 

manganese in no other manner than diluted nitrous and 

vitriolic acid do (Secs. xv.—xx1.). If this acid had a greater 

attraction for phlogisticated manganese, or if its phlogiston 

was not so closely combined, the manganese would decom- 

pose it, as really happens with phlogisticated vitriolic acid, 

with volatile nitrous acid, and the acids of tartar and 

lemon. 

SECTION XXX, 

The acid of lemon is likewise decomposed by manganese, 

as well as that of amber. During putrefaction and com- 

bustion the acid of lemon also yields a great deal of aérial 

acid, which is here the real cause of the effervescence 

during the solution. The brown colour assumed at first 

by the solution is a proof that the acid of lemon can 

dissolve the manganese without its being first united with 

phlogiston. The acid of tartar produces likewise in the 

beginning a solution of a somewhat brown colour. The 

cause of this colour is the very same with that assigned 

with respect to the muriatic acid. 

SECTION XX XI. 

The twelfth paragraph shows that aérial acid too has 

some effect upon manganese. I have related this ex- 

periment to show that, from a solution in any acid, if there 
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be an excess of the acid, all the manganese is not pre- 

cipitated by vegetable alkali, though it be added till the 

acid is completely saturated; for the aérial acid, which is 

extricated from the alkali, dissolves part of the manganese. 

SECTION XXXII. 

The peculiar kind of earth found in all the limpid 

solutions of manganese, and mentioned in Sec. xvi. (4), 

remains to be more carefully examined. I shall here 

speak of a few particulars in which it differs from others. 

(a) The small crystals which appear on the evaporation 

of the solution of manganese in nitrous and muriatic acids, 

Sec. Iv. (¢), Sec. vi. (d), consist of this earth combined with 

those acids. They are easily soluble in water, and may 

be freed from the adhering solution of manganese by 

repeated evaporation and crystallisation. They are in- 

soluble in spirit of wine, have an austere taste, and do 

not attract moisture from the atmosphere. (0) Dissolved 

in water, they are neither precipitated by fixed nor 

volatile caustic alkalies, nor by lime-water; but, on addition 

of the mild, fixed, and volatile alkalies, an earthy precipitation 

takes place. (c) This precipitate, after being edulcorated 

and dried, is white, and effervesces with all the acids. If 

calcined, it grows a little bluish, and produces no effervescence 

with acids, but is dissolved by them when heat is applied. 

It is not soluble in water, but expels the volatile alkali 

from sal ammoniac. (d) Exposed to the blowpipe, it is 

at last changed into an opal-coloured glass, which is again 

soluble in acids. (e) With fixed alkali it undergoes no 

change. (jf) Borax dissolves it with effervescence, and 

thus forms a glass, which is colourless and transparent 

as long as it continues hot, but opaque when cold. (g) The 
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solution of this earth in nitrous or muriatic acids is not 

precipitated either by phosphoric, tartar, or fluor acid, 

though it is by all ammoniacal salts containing these 

acids. (i) This solution is precipitated by vitriolic acid, 

and the precipitate is insoluble in water (Secs. Iv. (0), VI. (¢)). 

It is likewise precipitated by vitriolated vegetable, fossil, 

volatile alkalies, and lime; as also by iron, copper, and- 

zinc, combined with the same acid. (¢) The vitriolic 

acid is not separable from this earth, either by alkali, 

lime, or solution of silver or quicksilver. The only means to 

_ effect this separation is to convert the acid into sulphur. 

This may be done by mixing the edulcorated precipitate 

with alkali of tartar and a little charcoal powder, fusing 

the mixture, afterwards dissolving the mass in water, 

and edulcorating the powder that lies at the bottom, 

which then may be again dissolved in nitrous acid, and 

thus purified from the charcoal. (x) By fusing it with 

black flux and powder of charcoal I obtained no metallic 

substance. 

Hence it’ appears that this earth differs from all other 

earths hitherto known. But I am also convinced, from 

experiments, that this earth is not found in manganese 

alone: for, when you lixiviate potashes made of trees, 

or other smaller vegetables, in order to free them from 

vitriolated tartar, and afterwards dissolve them in pure 

nitrous or muriatic acid, filter the solution, and dilute it 

with water; then, on pouring into it some drops of 

vitriolic acid, you obtain, in a quarter of an hour’s time, 

a fine white precipitate, which consists of this earth and 

vitriolic acid, and is exactly the same with the precipitate 

of (0). 
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— #£Section XXXIII. MANGANESE UNITED WITH PHLOGISTON, 

! In order to obtain the manganese in this state pure, 

_ it ought to be precipitated from limpid colourless solutions 

by alkali of tartar. The shortest way to obtain it in 

_ this manner has been already mentioned (Sec. xIx.). It 

is white like chalk, and I shall call it for the future 

phlogisticated manganese. That this precipitate contains 

_ phlogiston has been already evinced by several experi- 

ments; and it has been likewise mentioned that it loses 

its white colour by calcination in an open fire. The 
same circumstance is observed when the solution of 

_ manganese is precipitated by fixed or volatile caustic 

3 alkalies; for thus a white precipitate is obtained, which, 

_ when exposed to the air, soon grows dark brown, but 

retains its colour when kept in a close glass vessel. The 

manganese, however, precipitated by fixed vegetable alkali, 

retains its white colour in the open air. The reason of 

this is, because it is united not only with phlogiston, 

but likewise with aérial acid; the precipitate is con- 

sequently, properly speaking, a salt. No solution of 

manganese in acids is decomposed by air alone; whence 

it appears that the acids enhance the attraction of 

manganese for phlogiston. The manganese, therefore, of 

which Mr. Rinman speaks in his essay, must be a white 

manganese prepared by art. 

SECTION XXXIV. 

(a) If you dilute’a solution of manganese with a good 

deal of water, and afterwards precipitate it with caustic 

alkali, the precipitate from the very beginning is brown, and 
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has all the properties of pure manganese. Here it evidently 

appears that the air contained in the water is sufficient to 

attract the phlogiston of the manganese as soon as it is 

separated from the acid. For the same reason, manganese 

precipitated from its solution by lime-water is brown; but 

on adding more of a concentrated solution of manganese, and 

afterwards some caustic alkali, the precipitate is white; — 

because the air contained in the water, being already 

saturated with phlogiston, is not able to combine with any 

more. 

(6) On distilling 1$ oz. of phlogisticated manganese 

in a glass retort with a strong fire, a great quantity of 

aérial acid, with some drops of water, came over. The retort 

being still warm, I poured the manganese out upon a piece 

of paper, when it immediately grew red hot, and set the 

paper on fire. 

(c) The same experiment was repeated with 1 drm.; and 

an empty bladder was tied to the neck of the retort; the 

distillation was continued with a strong fire as long as the 

bladder was distended by the air. 

This air occupied the space of 3 oz. of water. The 

residuum in the retort afterwards weighed 35 grs., was of 

a light grey colour, dissolved in acids, without the addition 

of phlogiston, with a great heat. At that degree of heat 

at which sulphur smokes, but does not take fire, it grew 

black and began to turn red hot. From these experiments, 

it follows that, in close vessels, phlogiston does not separate 

from manganese, if the access of air be prevented (Sec. 

XIV. (3)). 

SECTION XXX YV, 

In Sec. xv. I observed that manganese decompounds 

nitre, and that the acid passes over, This does not happen 
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till the mixture grows red hot. (a) If phlogisticated man- 
_ ganese be mixed with an equal quantity of pure nitre, and 

| distilled in a glass retort provided with a receiver, it is 

_ observable that the mixture begins to grow black before the 

_ retort becomes red hot, but no nitrous acid goes over. If 

_ it be afterwards lixiviated, there appears no mark of any 
_ uncombined alkali in the lixivium; but, on mixing the 

_ solution with tamarinds, an odour of aquafortis immediately 

arises. (b) If three parts of phlogisticated manganese, 

mixed with one part of finely powdered nitre, be distilled 
in the same manner, but the distillation be stopped as 

soon as the mixture grows black, the nitre is found to be 

 alkalised; no nitrous acid, however, is found in the receiver. 

All this ‘proves clearly that phlogiston is contained in 

_ Manganese. | 

SECTION XXXVI. 

I likewise examined the effects produced on manganese 

by unctuous oils and inflammable bodies. 

(a) One part of finely powdered manganese digested with 

four parts of olive oil underwent no change; but as soon as 

the oil grew hotter, the mass began to effervesce violently, 

which is owing to the extrication of aérial acid. After the 

mass was become cold, the manganese was found to be 

dissolved, and had the consistence of salve. (b) A mixture 

of finely powdered manganese and charcoal was distilled in 

a small glass retort, to which an empty bladder was tied. 

When the retort began to melt, a quantity of aérial acid was 

extricated, and filled the bladder (Sec. xxu.). The remainder 

in the retort was for the greatest part soluble in spirit of 

vitriol, without the addition of any phlogiston. Spirit of 

wine, ether, oil of turpentine produced no change upon 

manganese by themselves. 
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SECTION XXX VII. 

Half an ounce of powdered manganese mixed with 2 

drms. of pounded sulphur were exposed to distillation in 

a glass retort. A part of the sulphur rose to the neck of 

the retort, and some of the volatile acid penetrated through 

the lute; at last the retort melted. After the residuum 

was cold, it weighed 54 drms., and appeared of a yellowish 

grey colour. It dissolved in spirit of vitriol with effer- 

vescence and with an hepatic smell; when it was filtered, 

some sulphur remained on the filter. It is insoluble in 

water. Upon calcination in the open air, the sulphur was 

volatilised, and the mass assumed a brown colour. After 

this process a good deal of the mass dissolved in water and 

shot into crystals, which were exactly like those of Sec. xxi. 

The insoluble residuum, being calcined with more sulphur 

in the same manner, was at last entirely reduced to such 

crystals. This has also been observed by Mr. Westfeld ; 

but he supposed them to be alum, to which I can by no 

means assent. 

SECTION XXXVIII. Witn NItTRE AND FIxED ALKALI. 

(a) Nitre triturated with manganese to a fine powder. 

and strongly calcined in a crucible loses its acid, and the 

manganese combines with the alkali, forming a dark green 

mass, which is soluble in water, communicating to it a green 

colour. The colour is in reality blue (Sec. xiv. (4)); for, 

after the solution has been kept for a few days in close 

vessels, a fine yellow powder precipitates by degrees, which 

for the greatest part is nothing but crocus martis, and the 

solution afterwards turns blue. (0) In such a solution the 
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manganese is very loosely combined with the alkali; for it 

can be separated from it by water alone. This mixture is 

at first of a violet colour, grows afterwards red, and when 

the red particles come into closer contact with one another, 

the red colour disappears, and the powder precipitated has 

the natural colour of manganese. (¢) The same thing 

happens if the blue solution of manganese be mixed with a 

few drops of an acid, or if the solution has been exposed for 

a few days to the open air; the caustic alkali in this case 

unites with the aerial acid, which is present in large quantity 

in the atmosphere, and for this reason the manganese must 

also fall down. (d) Probably the fine particles of manganese 

have naturally a dark red colour, which becomes visible 

when they are separated from one another, without, however, 

being perfectly dissolved in a menstruum. (¢) The precipit- 

ate produced by an acid is still real manganese a part of 

which is soluble in acid of vitriol, but not the whole (Sec. 

Il. (@)), unless there be added some phlogiston. Hence it 

follows that nitre is not capable of depriving the manganese 

of its natural small quantity of phlogiston (Sec. xv.); con- 

‘sequently the alkalisation of nitre cannot be ascribed to the 

natural phlogiston of the manganese. (/) If the solution 

(a) be mixed with diluted vitriolic acid to saturation, the 

red colour disappears, and the solution grows colourless. 

The reason of this is, because there is always some undecom- 

posed nitre in the alkali of nitre, the acid of which has taken 

some phlogiston from the red heat (Sec. vu.). This phlogistic- 

ated nitrous acid is in the present case separated from its 

alkali by the vitriolic acid, and dissolves the manganese 

according to the reasons mentioned in Secs. XX., XXII. (g) 

Manganese fused with alkali of tartar has nearly the same 

properties with that treated with nitre, the last excepted 

from the want of sulphur. (4) If charcoal in powder be 

6 
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mixed with the melted green mass, an effervescence ensues 

(Sec. Xxxv1. (0)), and the mass assumes a light grey colour ; 

it likewise yields a white solution with water; what remains 

on the filter is phlogisticated manganese. (7) If finely 

powdered arsenic be added to such an alkaline solution of 

manganese during its state of fusion, the green colour also 

disappears, and a white one is produced. If the mass be 

dissolved in water, phlogisticated manganese is precipitated. 

This is certainly a very remarkable phenomenon. I here 

see that phlogiston actually enters into the composition of 

arsenic. The same thing likewise follows from Sec. XXIL., in 

which I mentioned that arsenic is capable of rendering the 

solution of manganese in acids limpid. I here also recollected 

the volatile nitrous acid that is produced by means of arsenic. 

I thought, if the arsenic could be deprived of its phlogiston, 

quite different properties would appear. The experiments 

which I made according to this conjecture were crowned 

with success, and I found out two ways of resolving arsenic 

into its constituent parts, which are a peculiar acid, and the 

universal inflammable principle. 

Section XXXIX. Errects oF SAL AMMONIAC. 

(a) Half an ounce of phlogisticated manganese, mixed 

with an equal quantity of powdered sal ammoniac, was 

distilled in a glass retort. I obtained in the receiver dry 

volatile alkali, and towards the end sal ammoniac in the 

neck of the retort. (0) Half an ounce of pure phlogisticated 

manganese (Sec. XxIVv. (0), (¢)), mixed with 2 drms. of pounded 

sal ammoniac, were exposed to distillation, and I obtained 

caustic liquid volatile alkali. Both the residuums in the 

retort were fused; they were soluble in water. (¢) 1 oz. 

of well-triturated manganese was distilled with half an ounce 
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of sal ammoniac, when a liquid volatile alkali came over, the 

same as that which is prepared by means of quicklime. 

There likewise sublimed a little sal ammoniac; the residuum 

was put into water, but there remained a good deal of 

manganese undissolved. As manganese is not soluble in 

acids without being combined with phlogiston, a question 

arises, whence the manganese obtains the phlogiston in this 

process? (d) If finely pounded manganese be exposed with 

pure nitrous acid and some volatile alkali to digestion for 

several weeks, you will observe a great number of air-bubbles 

rise to its surface. This kind of air, collected in a bladder 

tied to the neck of the flask, is not aérial acid, but of a quite 

different nature. During the digestion, the volatile alkali 

is entirely decomposed; for if the solution be mixed and 

distilled with a sufficient quantity of quicklime, not the 

_ least smell of volatile alkali appears in the receiver. In 

this process, the phlogiston, one of the constituent parts of 

volatile alkali, has combined with the manganese, and thus 

rendered the acid.of nitre capable of acting upon the 

manganese. The elastic fluid, collected in the bladder, has 

been either separated from the volatile alkali, and is then 

its other constituent part, or it is a product arising from its 

decomposition. That the nitrous acid has no share here, 

is clearly proved by the following process :—(¢) I repeated 

the very same distillation with manganese and sal ammoniac, 

as in (c); but instead of the receiver, I applied an empty 

bladder, which in these experiments is always to be fastened 

very exactly to the neck of the retort. It happened here 

as I expected; I obtained the same kind of air in the 

bladder as in the preceding experiment; and now I under- 

stand the nature of the process in (¢), and how this process 

is to be explained. The manganese had combined with the 

phlogiston of the sal ammoniac (resolved by the heat into 
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vapours), that is, the phlogiston of the volatile alkali; and 

thence arose the elastic fluid; and the muriatic acid which 

was before united with the volatile alkali could not now but 

unite with the phlogisticated manganese. But since this 

alkali contains more phlogiston than the manganese requires 

to be combined with, in order to be soluble in muriatic acid 

(for nitrum flammans will deflagrate, but not a solution of 

phlogisticated manganese in nitrous acid, after being 

evaporated to dryness), the rest of it combines with 

another’ portion of the manganese, which, being thus 

phlogisticated, causes the alkali to go over in a caustic 

state, for the reason assigned in Sec. XxxIx. (0); and thus 

it likewise appears whence the air-bubbles come which are 

obtained from caustic volatile alkali (Sec. xxv. (1)), viz. the 

dephlogisticated marine acid in this process combines, in 

consequence of its great attraction for phlogiston, with that 

of the volatile alkali, and thus a part of this salt is neces- 

sarily decomposed. 

Section XL. Errects oF ARSENIC, ORPIMENT, AND 

ANTIMONY. 

(a) Powdered manganese, mixed with an equal quantity 

of arsenic, was distilled, when all the arsenic came over, and 

the manganese remained behind unchanged. (6) Manganese, — 

distilled with an equal quantity of orpimient, yielded some 

volatile sulphureous acid, which was followed by a small 

portion of yellow sublimate, and at last a little red sublimate. 

I increased the fire by degrees, till the retort began to melt ; 

but the orpiment remained attached to the manganese. (¢) 

The same thing happened when manganese was treated with 

an equal quantity of antimony, which likewise yielded a 

pungent sulphureous acid, but no sublimate. In this 
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process, as well as when united with sulphur alone (Sec. 

XXXVII.), the manganese bears a very strong resemblance to 

a metallic substance. It seems as if it cannot combine with 

sulphur before it is united with phlogiston; it therefore first 

attracts the phlogiston of the sulphur, and the vitriolic acid, 

still retaining some of this principle, goes over in the form 

of volatile sulphureous acid, and the remaining sulphur is 

afterwards fixed by the phlogisticated manganese. By 

calcination in the open air, this is decomposed, as well as — 

the compounds with orpiment and antimony, and the 

vitriolic acid unites with the phlogisticated manganese 

(Sec. XXXVII.). 

SECTION XLI. WitH CINNABAR AND CORROSIVE 

SUBLIMATE. 

(a) A portion of finely pounded manganese was mixed 

and distilled with an equal quantity of powdered cinnabar. 

A penetrating volatile sulphureous acid came over, and a 

little cinnabar was sublimed into the neck of the retort, 

which was followed by quicksilver. The residuum showed 

the same properties as that mentioned, Sec. xxxvu. — (0) 

Manganese, distilled with an equal quantity of corrosive 

sublimate, underwent no change; (c) but, mixed with an 

equal quantity of mercurius dulcis and sublimed, there arose 

first corrosive sublimate, and then mercurius dulcis, into the 

neck of the retort. Now, as mercurius dulcis contains crude 

mercury united with phlogiston, but corrosive sublimate 

consists of calx of mercury and muriatic acid, it follows 

that, if part of the phlogiston of the mercurius dulcis is 

taken away, a kind of corrosive sublimate will be produced ; 

and this portion of phlogiston is taken away in the present 

case by the manganese. 
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SECTION XLII. With Guass FLUXEs. 

All the phenomena hitherto observed with manganese 

I have explained from the four general properties laid down 

in Sec. xtv.; and from the same principles I think the 

phenomena it shows with glass fluxes may be deduced. A 

colourless glass flux becomes constantly more or less red on 

addition of manganese, according to the quantity (Sec. XXXVI. 

(d)). If the flux be a little alkaline, the colour will approach 

to violet (Sec. xxxvil. (a)). It is well known that arsenic, 

gypsum, and calx of tin destroy the red colour in those 

glasses, and thus render them clear and colourless. As to 

the arsenic, the reason appears from its constituent parts 

(Sec. xxxvil. (7)); for in this case the phlogiston of the 

arsenic unites with the manganese that is dissolved in the 

red glass, and thus takes away the colour; and the acid of 

arsenic unites with the alkali of the glass (Sec. xiv. (3)). 

It is to be observed here that the experiment likewise 

succeeds in a covered crucible, but it never succeeded with 

me when it was made in that way with gypsum and calx of 

tin; but on adding powdered charcoal an effervescence 

ensues, the red colour disappears, and the glass becomes 

colourless. Thence it may be concluded that the ex- 

periments made with a view to change the red colour were — 

made upon charcoal with the blowpipe; and the phlogiston 

of the charcoal is therefore the cause of the destruction 

of the colour. The preceding effervescence is a necessary 

consequence of the separation of the phlogiston from the 

charcoal (Sec. XxI1.). 

(a) If glass coloured red by manganese be mixed with 

charcoal powder in a crucible and fused, the colour 

disappears during the effervescence, without the addition of 
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gypsum or calx of tin. (>) But on keeping the glass for a 

long time in fusion upon charcoal, by means of the blowpipe, 

the colour does not disappear. Nay, if the colourless glass 

(a) is kept in this state for a short time upon charcoal, by 

means of the blowpipe, it grows red again. (c) If to such 

a red glass globule a little sulphur be added, the colour 

disappears. The same thing happens on adding ‘a little of 

any metallic calx, and any neutral salt containing vitriolic 

acid. Here it is to be observed that all metals of which 

the calxes colour glass, as for instance copper, iron, cobalt, 

give their peculiar colour to the glass, while they deprive it 

of the red colour communicated by manganese. (d) If to 

such a colourless glass nitre be added, though even in the 

smallest quantity, it immediately grows red again. The 

same thing happens if such a colourless glass globule is 

_ kept in fusion upon an iron plate for a few minutes. (¢) 

The appearance and disappearance of the red colour may be 

produced at pleasure: by only keeping the colourless glass 

apart from all phlogistic matter and in fusion for a few 

minutes, it will grow red; and then, by setting it upon 

charcoal, it will effervesce and grow colourless again. These 

last phenomena, however, will not succeed if the glass (a) 

be made use of. 

From these experiments the following questions may 

be answered :—Whence does it happen that the additions 

mentioned at letter (¢) so suddenly destroy the natural red 

colour of the manganese, since, sulphur excepted, they do 

not contain any considerable portion of phlogiston that can 

be separated from them, which, however, is necessary for the 

destruction of the colour? And why does not the red 

glass upon the charcoal become colourless by itself under 

the blowpipe, as happens on the addition of charcoal in 

the crucible ? 
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Without contact the manganese cannot combine with the 

phlogiston of the charcoal, and the glass globule touches the 

coal only in one point, and thus takes the phlogiston only 

from that point; all the remaining points are in contact 

with the surrounding atmosphere, which deprives it of much 

more phlogiston (Sec. xv. (c)) than it is able to get from a 

single point of the charcoal, and thus the natural colour 

of the manganese must remain (0). The case is quite 

different in a crucible (a); for here the atmosphere touches 

only a part of the globule, and the whole mass receives a 

sufficient quantity of phlogiston from the surrounding char- 

coal powder to repair the loss, whence a colourless glass 

flux is produced. The same is the case when any vitriolic 

salt or metallic calx is added to a borax-glass globule in 

fusion under the blowpipe, and coloured red by manganese 

(c). For, since these substances attract the phlogiston with 

sufficient force from the charcoal, though they are dissolved 

in the glass, as is well known from the conversion of the 

vitriolic acid into sulphur, and the reduction of the metallic 

calxes, and since manganese is able to separate the phlogiston 

from metals (Secs. XVI., XXXVII.), it follows that in such a 

glass globule there is much more matter present which 

attracts the phlogiston from the point of the charcoal, upon 

which the globule rests, as is likewise sufficiently evident 

from the effervescence that takes place. If manganese - 

comes into contact with any such substance when it is on 

the point of being converted into sulphur, or reduced, it 

is in the same circumstances as if it were in contact with 

an equal quantity of charcoal powder. Hence, therefore, 

the glass must become colourless; and though the air 

every moment takes away phlogiston from the surface of 

the globule that is exposed to its action, the manganese 

will have, notwithstanding, a sufficient number of points 
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through which the want of phlogiston is constantly supplied. 

This is proved by the constant effervescence which takes 

place as long as the glass globule remains in a liquid state 

upon the charcoal (Sec. xxit.). 

SECTION XLIII. 

From this explanation it plainly appears how manganese 

purifies glass. If the colour of the glass were to depend 

on a kind of carbonaceous matter, it would be imprudent 

to add more of the manganese than is required to saturate 

the phlogiston of that matter, for the natural colour of the 

manganese would certainly be produced. With regard to 

the green colour of the common bottle-glass, I was not yet 

fully convinced that it depended upon iron, and I therefore 

_took this opportunity to examine whether I could separate 

iron from it. (a) I melted green glass with alkali of tartar 

by the blowpipe upon a piece of the same substance (for 

in using a crucible one may be deceived by the iron it 

contains). Upon this mass I poured a large quantity of 

pure muriatic acid, and added some drops of lixivium san- 

guinis, when the mixture grew a little bluish, and there 

is consequently some iron in the green glass. (0b) This 

iron must be present nearly in a metallic form; for the 

calx of iron renders glass always yellowish. It is therefore 

the phlogiston to which the green colour is owing. As long 

as the iron retains part of its phlogiston, it also gives such 

a green colour to its solution in acids. But if manganese 

be added to such a solution, the green colour disappears 

during digestion, and a yellowish one is seen in its place. 

Nitrous acid likewise takes away this green colour during 

digestion. (c) If nitre be added to green glass in fusion, 

the green colour also disappears. Manganese added in due 
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proportion produces the same effect. If Mr. Westfeld had 

not added nitre in his experiment, by which the green colour 

of the glass was destroyed, he certainly never would have 

effected any change of the glass, nor would he have ascribed 

this property to the earth of alum. (d) But such a glass © 

purified by manganese should have become somewhat 

yellowish ; for manganese was incapable, in my experiment, 

of taking away the colour of glass tinged by calx of iron; 

and that a real calx of iron is present in this glass, though 

to all appearance pure, I have already shown by the above 

experiment (a). I performed the fusion upon a plate of 

colourless glass. What can be the cause that it becomes 

clear and colourless under these circumstances? I believe 

that the too small quantity of the calx of iron is the reason 

why its natural yellow colour cannot be distinguished. It 
is remarkable that the rays of light passing through such 

an uncoloured glass when it is heated nearly red hot appear 

yellow. Something like this is observed in red colours 

that are not changeable by fire; such as minium, crocus 

martis, cinnabar, red precipitate, which, during the time 

they are heated, appear of a black colour. Before I con- 

clude, the following observations may deserve a place. 

SECTION XLIV. PRESENCE OF MANGANESE IN POTASHES. 

Chemists have often observed that alkaline salts, when 

calcined, assume a bluish or greenish colour. ‘The cause of 

this has been said to be phlogiston present in the alkali; 

but I have constantly found some nitre in the fixed nitre 

which was prepared with charcoal powder by a strong fire. 

Its presence was immediately discovered by the aquafortis 

smell that ensued on pouring some vitriolic acid upon the 

mass. To the common opinion, therefore, there arises an 
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immediate objection ; which is, that the green colour in this 

ease should have been destroyed by the nitre still remaining. 

I observed that such a green alkali fused with nitre did not, 

however, lose its colour. When fixed alkali is made to run 

over the crucible by a strong fire, the part that attaches 

itself to the outside acquires a dark green colour, in con- 

sequence of the ashes uniting with it. If one part of alkali 

of tartar be mixed with one-fourth of fine sifted ashes, and 

one-eighth of nitre, a dark green mass is obtained, which, 

when dissolved in water, yields a beautiful green solution, 

and, when filtered, turns red on adding a few drops of 

vitriolic acid (Sec. xxxvitt. (0), (c)). Some days afterwards I 

found a brown powder precipitated, which, though in a small 

quantity, appeared on experiment to be precisely the same 

substance as manganese. 7 

Ne A sufficient quantity of sifted ashes was dissolved in 

muriatic acid in a sand-heat. During the digestion, the 

same smell of aqua regia that arises from manganese and 

muriatic acid was perceptible. Some hours after I mixed 

a certain quantity of vitriolic acid with this solution, in 

order to precipitate the greater part of the calcareous earth 

that was present. The second day I filtered it, and what 

passed through the filter had a yellow colour, and with 

alkali of tartar afforded a yellowish precipitate. This 

powder being edulcorated, dried, and calcined in the open 

air upon an iron plate placed on burning charcoal, assumed 

a dark grey colour. It should have been quite black like 

manganese if an extraneous earth had not still been mixed 

with it (Sec. xv. (c)). This calcined powder was not entirely 

soluble in pure nitrous acid; but on adding a little sugar 

a clear solution was instantly procured. When mixed with 

alkali it yielded a green mass before the blowpipe; with 

glass of borax it assumed a yellow colour. From this latter 
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phenomenon, however, it does not follow that it contains no 

manganese; the yellowness of the glass is a sign that iron 

is at the same time present, which is likewise confirmed by 

the yellow colour of the solution in muriatic acid. Now, 

since the calx of iron has the same property as gypsum and 

calx of tin (Sec. xLu. (c)), the red ‘colour must also here dis- 

appear. If only a little nitre be added to the yellow glass, 

it becomes immediately dark red (Sec. xLu. (d)). Thence it 

is evident that manganese really enters into the composition 

of ‘potashes. In the ashes of thyme (thymus serpillum), 

however, I have observed very little; ashes from wood 

yield more. 

SECTION XLV. 

I shall now conclude with an account of some experi- 

ments which | made with a view to discover the constituent 

parts of manganese. But not having yet been able to 

produce manganese by art, or to confirm by synthesis what 

I have learnt by analysis, I am uncertain whether my 

conclusions, though founded on experiments, are just. I 

have observed that from phlogisticated manganese, dissolved 

by vitriolic acid, there separates, after every calcination in 

the open fire, a quantity of gypsum. The gypsum is indeed 

in very small quantity ; but I was curious to know whether 

the manganese loses of its weight in proportion? ‘This led 

me to make the following tedious and troublesome experiments 

with the utmost accuracy :—I calcined half an ounce of 

phlogisticated manganese, purified from all foreign particles, 

as described (Sec. xIx.), upon a finely polished iron plate till 

it grew quite black. I then dissolved it in diluted vitriolic 

acid, with the addition of a little sugar, in a sand-heat, till 

the solution became limpid. After it was cooled, a fine 

shining powder precipitated, which proved to be selenite; 
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this I separated by filtration; then diluted the solution with 

6 oz. of distilled water, and precipitated it with purified 

alkali of tartar; but as in this process there is always a 

certain quantity of aérial acid expelled from the alkali by 

the acid, which may dissolve some manganese (Sec. Xxxt.), 

it was necessary to place the whole mixture, with its 

precipitate, in an open vessel upon hot sand, in order to 

expel the aérial acid. In the space of a few hours it was 

filtered, and what remained in the filter was edulcorated 

with hot distilled water. This phlogisticated manganese was 

afterwards dried, and exposed again to calcination in the 

same manner. All this was done with proper care not to 

lose anything; on which account the draught of air was 

carefully avoided. The manganese, when deprived of its 

phlogiston, was again dissolved in diluted vitriolic acid, with 

the addition of a little sugar, by which means I obtained as 

much selenite as before; the solution was then made to pass 

through the same filter, on which the selenite remained 

behind mixed with that of the preceding operation. The 

filtered solution was precipitated by alkali of tartar, and, by 

means of heat, deprived of the aérial acid; it was afterwards 

purified, as before, from the vitriolated tartar, by means of 

the same filter, edulcorated, then dried, and again deprived 

of its phlogiston by a new calcination. This operation I 

repeated eleven times, till I grew tired of it. I dried the 

phlogisticated manganese which was last obtained upon the 

same blotting paper which had served as a filter, then, 

subtracting the weight of this paper, which I had ascertained 

before the experiments were begun, I found the weight of 

the manganese to be 3 drms. and 5 grs., the selenite obtained 

49 ors. It is impossible to avoid some loss in the edulcora- 

tion. The phlogisticated manganese thus obtained had the 

same property as in the beginning, and yielded, after the 
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last calcination and solution, as much selenite as after the 

first. It therefore seems as if it was entirely changeable 

into calcareous earth, if the same operation was long enough 

continued. Mr. Westfeld found it easy to fix his opinion 

about the constituent parts of manganese; but how near he 

advanced to the truth, those may determine who shall make 

experiments in the method just described. How this change 

of manganese into calcareous earth is produced, I dare 

not undertake to explain, having been, notwithstanding all 

possible trouble, never able to unite phlogiston with calcareous 

earth. I shall add but one observation, really remarkable 

in itself, and very well adapted to be inserted here. Having 

once abstracted muriatic acid from minium, I found that the 

acid had not only the smell of aqua regia, but that it also 

was capable of dissolving gold. If finely pounded minium 

be dissolved in pure nitrous acid, diluted with a triple 

quantity of water, a black powder remains, which is not 

soluble without the addition of a little sugar, upon which a 

clear solution is immediately obtained. If this black powder 

be digested with diluted vitriolic acid, no change happens ; 

but on adding some sugar the powder grows white, and 

contributes to produce vitriol of lead. If muriatic acid be 

poured upon the black powder, an effervescence arises in a 

warm place, and the acid grows yellowish; the colour 

afterwards disappears, and a strong smell of aqua regia 

rises; but the black powder grows white, and is changed 

into muriatic lead (plumbum corneum). If the black powder 

be distilled by itself in a glass retort, it grows yellow again, 

but not till it comes near the degree of heat at which it 

melts. This yellow powder shows in every respect the same 

properties as common yellow calx of lead, is entirely soluble 

in nitrous acid, and, on being mixed with muriatic acid, 

yields no further smell of aqua regia;—a proof of the 
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presence of phlogiston in heat (Sec. xvu.). It seems as if 

the black powder was nothing else but calx of lead, which, 

having lost its phlogiston entirely, or for the most part, 

during a gentle and slow calcination, has thus acquired such 

a strong tendency to unite again with it, as to be able to 
decompose muriatic acid. 

SUPPLEMENT TO THE FOREGOING DISSERTATION ON 

MANGANESE. By T. Brereman. 

Mr. Scheele, after having examined the composition of 

fluor, undertook, at my request, the examination of manganese, 

and has offered to the Society what he has learned upon the 

subject by his numerous and ingenious experiments, which 

were continued during the space of three years. After he 

had finished these experiments, I informed him that Mr. 

Sage supposes manganese to be nothing else than a mineralised 

mixture of cobalt and zinc. He immediately made several 

experiments for this purpose, but found not the least mark 

of either of those metals. 

Manganese has been classed by all mineralogists among 

the iron ores. Mr. Pott, however, thought the iron to be 

mixed only accidentally; and at last Mr. Cronstedt, in his 

Essay on Mineralogy 1758, placed it among the earths. For 

my part, however, I must own there are several circumstances 

which make me think that it is a metallic substance. 

No pure earth colours glass; but all metallic calxes have 

this property. Manganese, therefore, in this respect shows 

a great resemblance to the latter, which is further increased 

by its specific gravity, and its strong attraction for phlogiston. 

But what principally confirms me in my conjecture, is the 

following experiment, which I made with a view to determine 

its nature more particularly. It is well known that fixed 
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alkali, by a certain treatment with dried blood, vid siced, or, 

what is more convenient, with Berlin blue in the moist way, 

may be almost completely neutralised. Phlogiston, it is 

true, is generally assigned as the cause of this change; but 

in all probability the whole depends principally on an 

animal acid. There appears at least, on the addition of 

Berlin blue, an evident effervescence, and the solution may 

be reduced to crystals. Alkali, thus changed and dissolved 

in water, is generally called lixivium sanguinis, and pre- 

cipitates all metals dissolved in acids; but does not pre- 

cipitate in the least any of the earths, except as far as there 

is any superfluous alkali present, which may be easily avoided 

by adding some distilled vinegar. Now, if a quantity of 

this alkali be added to a solution of manganese, a light 

yellowish grey earth immediately precipitates, which is not 

soluble in any of the mineral acids: both which circum- 

stances happen only with metals, and thus clearly show the 

nature of the precipitate. But what kind of metal it is 

which manganese contains is not so easily ascertained. The 

solution of cobalt does not lose its colour on adding sugar, or 

any other phlogistic substance; and zine does not impart 

any colour to acids; these two substances consequently differ 

from manganese, which does not, indeed, entirely agree with 

any other of the known metallic earths. I have, however, 

great reason to conjecture that it must be platina, the earth — 

of which is not yet known; or a new metal, which at least 

would agree with platina in the great difficulty with which 

it fuses. To ascertain this, a series of experiments is begun, 

which, if they shall confirm my conjecture, will make 

manganese a still more remarkable substance. 
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ADDITIONAL REMARKS UPON MR. SCHEELE’S ANALYSIS 

OF MANGANESE. By Gustavus v. ENGEstTRomM. 

The experiments I made on manganese and its colour 

seem to differ in some measure from Mr. Scheele’s. Hence 

it will perhaps appear how difficult it is to measure the 

degree of fire in experiments with the blowpipe. 

I melted manganese and borax together upon charcoal 

‘by means of the blowpipe. The glass at first assumed the 

common colour of manganese; but this colour I destroyed 

without any addition, and imparted it again to the glass; 

and this I did repeatedly to the same globule without adding 

anything. During the operation I observed the following 

phenomena :— 3 

(1) If I took a small quantity of manganese, the colour 

was light; if a larger portion, it became so dark as to appear 

black. This dark or light colour, which manifested itself 

during the first melting, appeared again in a second operation 

upon the same mass. 

(2) Manganese, on being melted with borax, unites with 

a violent effervescence, which, however, ceases as soon as the 

manganese is dissolved. 

(3) If the glass of borax was coloured by manganese, 

and I wished to make the colour disappear, I always directed 

the blue flame of the candle upon the glass, and that equally 

and constantly, but not very violently. As soon as I blew 

more faintly, and allowed the brown flame to touch the place, 

the glass grew dark again. According as the globule was 

larger or smaller, more or less coloured, it required a longer 

time to make the colour disappear. About the time when 

the glass becomes colourless, a kind of a section or partition — 

is observed in it; and as soon as the colour disappears the 
— 

( 



98 ESSAY VY. 

blowing must be immediately discontinued, in such a manner 

that the brown flame shall not touch the glass. When it is 

afterwards taken out with the forceps, it appears perfectly 

colourless. 

(4) This destruction of the colour does not seem to 

happen suddenly and at once, but by degrees; for when I 

now and then discontinued the blowing, before the true mark 

had appeared, I found the glass generally lighter than it was 

before, and this more or less according as I had blown 
longer or shorter time. 

(5) After putting this colourless glass again upon the 

charcoal, and melting it by the brown flame of the candle, it 

again assumed its former colour, though I kept it melted for 

a long time in the brown flame. 

This change of colour I have effected several times with 

the same glass, always with the same success; but I cannot 

say whether it may be repeated often. Such an experiment 

would be too difficult to make. There is some room to 

doubt of this ;—at least if the phenomenon in the following 

experiment was not owing to some accident. 

(6) Having already twice discharged the colour, I forced 

the blue flame with violence against the glass, in order to 

make the colour of the manganese the sooner disappear. I 

observed some little vesicles to rise in the glass, which after- 

wards burst, and at the same time dispersed a number of 

very small glass globules around. I had now continued the 

blowing for a whole hour, and had been blowing very 

violently, I therefore was obliged, after a short blast, to 

desist for two or three minutes. 

I found the glass somewhat lighter than it was before; 

but on continuing the blowing with equal force, I found it 

impossible to expel the colour from the glass. After I had 

given over blowing, the mass appeared to be somewhat 
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diminished, and was as dark as at first; but of the small 

globules dispersed around upon the charcoal some were clear 

and colourless, others were white and opaque. 

I attempted to give them colour by means of the blow- 

pipe alone, but without success. 

(7) In one experiment I had taken a much larger 

quantity of manganese in proportion to the borax, and 

happening to give it a very violent heat, so as to cause an 

_ explosion of small particles, I found that the larger globule 

constantly retained a red colour, till at last it likewise grew 

clear and transparent during the blowing. On stopping 

suddenly, the glass was clear as long as it remained warm ; 

but as soon as it began to grow cold,a dark cloud made its 

appearance upon the surface, which by degrees spread over 

the whole. On melting it suddenly anew, it recovered its 

~ transparency ; but as it grew cold the same phenomenon as 

before appeared; and the oftener I repeated this, the more 

cloudy appeared the globule. As soon as it had become 

cold, I observed that it had lost its glassy splendour, and 

had assumed a very dry appearance, and was of a greyish 

red colour. The same thing happens likewise with glass of 

borax and lime; if the latter be added in too large quantity, 

the glass of borax loses its glassy appearance nearly in the 

same manner. 
That the small globules separated by the violent heat 

(6) remained colourless, though the great globule became 

red, seems to show that manganese, or at least its colouring 

part, has a strong attraction for a small portion only of 

borax; and that by means of a violent heat the superfluous 

part may be separated, and the rest unite more closely with 

the earthy particles. The same thing happened likewise 

with the small globules which sometimes remained after the 

mass was taken away, fixed to the charcoal by the violence 
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of the flame. If this is really the case, it would follow that, 

by repeating the experiment, some of these particles would 

always separate if a sufficiently strong flame were applied, 

and it would be impossible to expel the red colour afterwards. 

I dare not, however, advance this conjecture, though it is 

grounded on some experiments, as a matter of certainty. 

Accidents may sometimes make a thing appear in a quite 

different light from what it really is, especially in experi- 

ments upon such a small scale, where one cannot be careful 

enough in forming conclusions. 

More experiments would elucidate this point; but it 

would perhaps hardly be worth while to make them, since 

they seem to be more curious than useful. 

Quite different is the case with regard to the destruction 

and restoration of the colour of manganese itself by means 

of the simple flame; for the several experiments I made all 

agreed in the same result. In order to confirm them the 

more, I have made experiments lately with manganese from 

Upton Pine, near Exeter, in England, and have observed no 

difference. 

The brown flame of the candle has probably more 

phlogistic particles than the blue one. 

The presence of phlogiston seems in most cases to 

communicate colour. Mineral substances, which contain 

little phlogiston, are often with great difficulty deprived of 

it; a violent and long-continued heat is frequently required 

for this purpose ; sometimes, however, we succeed on adding 

more phlogiston, and by means of certain management with 

regard to the fire itself. 
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DESCRIPTION OF A NEW SPATHIFORM SPECIES OF 

MANGANESE FROM THE IRON MINES OF KLAPPERUD, 

IN THE PARISH OF FRESKO IN DAHLLAND. By Srven 

RIUMAN. 

This species was sent me by Baron Hermelin. It is not, 

as far as I know, mentioned in any system of mineralogy, 

unless that of Baron Born, entitled Magnesia texturd lamellosd, 

lamellis nitentibus, from Hirschberg (Index Foss. p. 47), 

belong to it. The present species at first view resembles a 

brown blend, or an impure calcareous spar. It consists of 

irregular cubes of the colour of colophony, or common resin ; 

the thin lamelle are semitransparent, and of a brownish red 

colour; the surface has more splendour than that of blend 

or caleareous spar, and in this respect it is most like 

mountain-pitch. The specimens that I received were dis- 

tinguishable, with respect to external appearance, into two 

varieties— | 

(1) Sparry, shining, of the colour of colophony. 

(2) Compact, irregular in the fracture, with a duller 

surface, and of a darker colour. 

The following general properties might moreover be 

distinguished :— 

(a) The smooth surface, already described, is a sufficient 

intimation that it does not soil the hands; but, upon a part 

of the fossil there appears a dark brown calciform powder, 

seemingly produced by exposure to the atmosphere, which 

does soil the hands. 

(6) Between the divisions of this sparry manganese there 

are a few calcareous particles of a bright yellow. 

(c) Against steel or the knife, it has no more hardness 

than common loose calcareous spar, and, when pulverised, 

affords a bright brown powder. 



102 ESSAY V. 

(d) Placed on a piece of charcoal, and heated with the q oF 

blowpipe, it at first resembles zeolite, fusing with some 

effervescence and intumescence of the particles, which after-_- 

wards coagulate into a light grey porous scoria, that is not 

fusible of itself by means of the blowpipe. 3 

(e) It fuses easily with borax into a dark red or garnet- 

coloured glass, and the fusion is accompanied with a brisk 

effervescence; but in order to be transparent it must be 

diluted with a good deal of borax, and it then appears of a 

beautiful red opposite the light. 

(f) When heated red hot in a test in an assay-furnace, it 

turns black with small shining scales; but in a stronger heat 

_ the black colour passes away in part, and the powder becomes 

brown. 

(7) The magnet does not attract any sensible quantity, 

either before or after roasting. 

(h) This species of manganese in its crude state, and 

reduced to a fine powder, does not make any effervescence 

with strong aquafortis; but-in a gentle heat it is almost 

entirely dissolved without imparting any colour to the 

solution. 

(7) Fixed vegetable alkali precipitated a white powder 

out of this solution, which, when washed and dried, effervesced 

a little with acids, turned black upon being heated red hot ; 

and, when treated by the blowpipe upon charcoal with glass 

of borax, gave it a red colour. 

(k) The roasted powder (/) effervesced still less with 

aquafortis; a great part of it, however, by gentle boiling, 

was dissolved, and yielded in like manner a white precipitate 

on the addition of vegetable alkali. This precipitate, when 

heated moderately red hot, grows as black as soot, and gives 

a garnet colour to borax. The residuum which did not 

dissolve in aquafortis was as black as before. | 
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‘2 ~-(2) When mixed with a large quantity of common 

enamel, consisting of siliceous powder and litharge fused 

together, so as to form a clear yellow glass, and exposed to 

a Stream of air in a close crucible for a quarter of an hour, 

zB ‘the roasted powder (/') yielded only a clear olive-coloured 

47 

glass, in which many little grains of reduced lead were to be 

observed. That it did not assume a garnet colour, I 

ascribe to the too great violence of the heat. The reduction 

of some of the lead indicates the presence of phlogiston in 

the pulverised manganese. — 

(m) Some of this roasted manganese was rubbed in a 

glass mortar with a quantity of the above-mentioned enamel, 

to which a little more siliceous powder and some fixed alkali 

were added. With this mixture a piece of Cologne clay 

burnt white was covered, then placed in a heated assay- 

furnace, and taken out as soon as the enamel began to melt. 

It had acquired a clear and more beautiful colour than I 

could have produced with other manganese. 

(n) One part of the roasted powder, mixed with two of 

siliceous powder, and four of white potashes, fused in a 

crucible, placed before the bellows, in seven minutes. It 

effervesced at first with violence, and afterwards yielded a 

clear violet-coloured glass, with which the crucible was like- 

wise glazed. 

The small quantity of which I was possessed, and the 

shortness of the time, would not permit me to make any 

more experiments. From those which I have related, it 

appears that this species has nearly the same properties with 

that examined by Mr. Scheele. There are, however, some 

points of difference to be noticed: as its showing the same 

phenomena as zeolite under the blowpipe without addition ; 

its containing in all probability but little iron ; and its yielding 

a very beautiful violet-coloured enamel, for which, and 
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especially for painting upon vioroalline it will be of great use, 7 

since, according to my information, the mine will yield a_ 

sufficiently large quantity. 

It is to be observed of every species of manganese, that ‘ 

the colour is the deeper the more violently it is roasted or 

calcined. Hence that which is used for enamel or glazing 

should be exposed for a long time to a strong heat. 



ESSAY VI. 

ON ARSENIC AND ITS ACID. 1775. 

SECTION I. 

ArTER I had found, by my experiments on manganese, that 

the inflammable principle is not only present in arsenic, but 

that it may really be separated from it, I asked myself, 

What were the other constituent part or parts of arsenic ? 

I found that it was an acid. Mr. Macquer has given us 

_ some very satisfactory information concerning the properties 

of this mineral; but whether any one else has since made any 

experiments upon it, I know not. 

SECTION II. ANALYSIS OF THE WHITE ARSENIC. 

First METHOD. 

Put 2 oz. of arsenic, reduced to a fine powder in a 

glass mortar, into a retort of the same matter; pour 7 oz. 

of pure muriatic acid! upon it, and lute on a receiver. The 

mixture is immediately to be made to boil, and kept in this 

state till the arsenic is dissolved; then, while the solution is 

still warm, 34 oz. of pure nitrous acid? are to be added to it, 

together with the acid which has already gone over into the 

1 The specific gravity of this acid to water isas 10: 8. Ifa bottle of 
water weighs 1 oz., a quantity of muriatic acid occupying the same space 
will weigh 10 drms. 

* Of the same specific gravity as the muriatic acid above mentioned. 
. 105 
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receiver. The receiver is then to be applied again, but not 

luted. The mixture soon begins to foam, and volatile red 

nitrous acid goes over. Meanwhile the distillation is to be 

continued till no more red vapours appear; when again 1 oz. 

of finely powdered arsenic is to be added, the receiver applied 

as before, and a gentle ebullition continued, till this be like- 

wise dissolved; and afterwards 14 oz. of nitrous acid is to 

be added, whereupon a new effervescence and red vapours 

will arise; the recipient is to be applied, and the whole 

distilled to dryness; there will remain a white mass ;— 

and, lastly, the fire is to be increased so far as to make this 

mass thoroughly red hot. The acid obtained in the receiver 

during the operation may serve for the same purpose several 

times. After the retort has grown cold, it is to be broken, 

and the white mass is to be put into a closed vessel, with 

this signature, Dry acid of arsenic ; or if you please you may 

reduce it to coarse powder in a glass mortar, put it into a 

glass retort, pouring a double quantity of distilled water upon 

it, apply a receiver, and boil it for a few minutes till the 

acid is dissolved ; the water that goes over is to be poured 

back into the retort. The solution is then to be filtered 

through blotting paper, which has been previously washed in 

hot water, and then to be preserved in a phial with a glass 

stopple, under the name of Liquid acid of arsenic. 

It is to be observed that arsenic must necessarily be. 

deprived of its phlogiston before the acid can be obtained ; 

this is principally effected by the nitrous acid. It may seem 

as if it should be sufficient to distil the nitrous acid from 

the arsenic, after which the acid of arsenic would remain 

behind; but in this manner only a very small portion of 

arsenic will be decompounded; for this salt requires first to 

be dissolved in water, in order that the nitrous acid may act 

upon it in all its points; but nitrous acid dissolves only a 
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small quantity of arsenic, and that only in proportion to the 

water contained in the acid; the fuming nitrous acid dissolves 

still less; but muriatic acid has a strong attraction for 

arsenic, and the less water it contains the more it dissolves 

and carries over into the receiver. The above-mentioned 

quantity of muriatic acid is necessary, in order to keep the 

arsenic dissolved with the aid of heat. Now, if to such a 

solution nitrous acid be added, the arsenic will be calcined, 

because its phlogiston is taken away by that acid, as 

sufficiently appears from the red elastic vapours; whence 

likewise the attraction of the muriatic acid, for the now 

dephlogisticated arsenic is diminished, so that it is capable of 

dissolving more arsenic. Aqua regia might be poured upon 

arsenic at first, but then the great effervescence carries the 

arsenic up to the surface, and thus prevents it from being 

perfectly attacked by the menstruum. After all the acid 

has been distilled over, the fire ought to be increased, in 

order, if there should be any aqua regia remaining in the 

mass, to expel it entirely; the remaining acid weighs nearly 

as much as the arsenic employed for the experiment. One 

would hardly believe that it was an acid, because it has no 

taste; but after some days it grows moist in the air, 

and at last deliquesces, and then it has the appearance of 

vitriolic acid. As the deliquescency of this acid is very 

slow, I dissolve it in a certain quantity of water, when 

a small quantity of white powder remains undissolved, 

which comes from the retort, which is found much corroded 

after the process, and is therefore nothing but siliceous 

powder. This powder ought to be carefully separated from 

the acid, which may be effected by filtration ; and in order to 

prevent the glue of the blotting paper from mixing with the 

acid, which might lead to a different result, the paper ought 

to be, as I said above, previously lixiviated with hot water. 
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SEecTION III. ANOTHER METHOD. 

A second method of decomposing arsenic is by means of 

manganese. Take one part of powdered manganese and 

mix it in a tubulated retort with three parts of the above- 

described muriatic acid. This mixture should fill one-fourth 

of the retort; a receiver containing one-fourth of white 

powdered arsenic, diluted with one-eighth of distilled water, 

is to be luted on, and the retort put into a sand-bath. The 

dephlogisticated muriatic acid going over into the receiver is 

immediately absorbed by the arsenic. Some hours afterwards 

the arsenic will be dissolved, and two different liquid strata, 

which will not mix together, be perceived in the receiver. 

This solution is now to be put into a clean glass retort, and 

distilled to dryness, and the fire at the end so much increased 

that the whole remaining mass may be perfectly red hot. 

In this process also two different liquids go over into the 

receiver, which do not unite together. 

Of this operation it is to be remarked that the muriatic 

acid yields its phlogiston to the manganese; and as the 

dephlogisticated acid attracts the phlogiston again, wherever 

it meets with it, very powerfully, it deprives the arsenic of 

its phlogiston, and hence it reassumes the nature of common 

muriatic acid. This acid dissolves a portion of the arsenic, 

and thus forms with it a liquor called butter of arsenic ; but 

the other portion of the arsenic that has been decomposed, 

remains dissolved in the water which was placed in the 

receiver together with a little muriatic acid, and forms a 

liquid specifically lighter than the butter, which remains at 

the bottom. If these two liquids be now rectified, the 

undecomposed portion of the arsenic rises along with the 

muriatic acid, and goes over into the receiver in the form of 
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an heavy oil, while the acid of arsenic remains behind in the 

retort. The acid obtained in this way has precisely the 

same qualities with that obtained by the former process. 

It is, however, remarkable that the butter of arsenic does 

not combine with the muriatic acid when it is somewhat 

concentrated. 

SECTION IV. 

Before I subjected this acid to my experiments, I was 

curious to know whether it is as fatal as arsenic itself. I 

therefore mixed a little of it with honey, and exposed it to 

the flies, when I found that it killed them in an hour. I 

gave 8 grs. of the powdered acid, enclosed in a piece of meat, 

to a cat, which, two hours afterwards, seemed to be at the 

point of death; I then gave it some milk, upon which it 

~_ vomited violently, and afterwards ran away. 

Section V. EFFECTS OF THE ACID OF ARSENIC UPON 

INFLAMMABLE SUBSTANCES. 

(a) If 1 oz. of dry acid of arsenic be exposed by itself 

in a small glass retort to such a degree of heat that it be- 

comes nearly red hot, it flows into a clear liquid, which, 

when cold, is of a milky colour; but if the heat be increased 

‘to such a degree that the retort begins to melt, the acid 

begins to boil, and a little arsenic rises into the neck of the 

retort. The longer the boiling is continued, the more arsenic 

is obtained. After I had kept up this degree of heat for an 

hour, the retort melted, and the acid ran into the fire. 

After the whole was cooled, I found that the acid had risen 

up the side of the retort as high as the neck. (6) The 

same quantity of dry acid of arsenic, melted in a close 

erucible in a strong fire, boils violently, and disappears in 
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the form of vapours in a quarter of an hour; if the crucible, 

during the time the acid is evaporating, be put under a 

convex glass vessel, the inside will be covered with a white 

powder, which is arsenic, and not acid of arsenic. In the 

crucible there remains a little clear and difficultly fusible 

glass, with which the crucible is likewise covered ; it consists 

of clay and acid of arsenic. (¢) Acid of arsenic digested 

with charcoal powder undergoes no change; but if this 

mixture be put into a retort, the moisture all driven off, a 

receiver then luted on, and the heat increased till the bottom 

of the retort begins to grow red hot, the whole mass takes 

fire with violence, and all the acid is reduced and sublimed 

into the neck of the retort; a shining regulus is obtained, 

mixed with a little arsenic and charcoal dust. A few drops 

of water are found in the receiver, but they do not contain 

a particle of acid. The same thing happens when the acid 

of arsenic has been prepared with manganese. (d) The acid, 

after some days’ digestion with oil of turpentine, unctuous 

oil, and sugar, becomes thick and black. If some muriatic 

acid be abstracted with a gentle heat from this mass, and 

then a few drops of nitrous acid dropped into it, and the 

abstraction repeated, a little arsenical acid will remain | 

behind. It appears from this that the arsenical acid attracts 

a little phlogiston from these oils, in consequence of which 

some arsenic is regenerated and carried over by the muriatic — 

acid into the receiver. Spirit of wine undergoes no change, 

whether it be digested or distilled with arsenical acid. (¢) 

Six parts of the acid, digested with one of sulphur, suffer no 

change; but when the mixture is evaporated to dryness, and 

distilled from a glass retort provided with a receiver, a 

violent combination takes place, as soon as the mixture is 

heated to that degree at which sulphur melts. The whole 

mass rises almost at the same instant, in the form of a red 
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sublimate ; and in the receiver there is found a penetrating 
volatile sulphureous acid. 

It follows from these experiments that the acid of 

arsenic has considerable fixity (a), and a strong attraction 

for phlogiston, without which it cannot, be reduced to 

arsenic; whence it follows, that heat must necessarily 
contain phlogiston, since it is capable of reducing the 

arsenical acid (0). That it resembles metallic calxes in this 

respect, that it is incapable of uniting with sulphur, except 

in a reguline state, appears from the volatile sulphureous 

acid found in the receiver (c); for when the arsenic has 

attracted as much phlogiston as is necessary to that state, 

the vitriolic acid that is extricated retains so much of this 

principle as to form volatile sulphureous acid. That this is 

really the case, appears moreover from the sulphureous acid 

which arsenic, changed by sublimation with sulphur into red 

arsenic, affords. 

SecTION VI. EFFECTS OF SALINE SUBSTANCES ON ARSENIC. 

FIXED VEGETABLE ALKALI. 

(a) When acid of arsenic is saturated with alkali of 

tartar, a neutral salt is obtained, which cannot be reduced 

to crystals; but, after being evaporated to dryness, and — 

exposed to the open air, deliquesces. This neutral salt turns 

‘syrup of violets green, but produces no change on the 

solution of lacmus. (0) But if as much acid be added as 

shall produce no change on syrup of violets, and yet redden 

lacmus, the solution will afford fine crystals, resembling 

Macquer’s arsenical neutral, salt, both in form and other 

properties. (c) I have kept this salt in fusion for an hour 

in a crucible, exposed to a strong heat, upon which another 

was luted; after the whole had grown cold, the crucible was 
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found to be covered in the inside with a white glazing; a 

salt still remained, which, after being dissolved in water 

and evaporated, appeared to be the same salt, with excess 

of acid, as before. (d) This neutral salt, as it is called, was 

mixed with one-eighth of charcoal powder, and distilled in 

a glass retort. When it began to grow red hot, it set to 

boil violently, without taking fire, and a very fine regulus 

of arsenic was sublimed. The black residuum, when dissolved 

in water, proved to be of an alkaline nature, and showed no 

vestige of the acid of arsenic. Mr. Macquer thinks that 

his neutral salt is an alkali mixed with arsenic in some 

peculiar manner; but it now appears that it is only one 

of the constituent parts of arsenic with which the alkali is 

combined. And this is likewise. the reason why acids do 

not precipitate any arsenic from this salt. 

Section VII. MINERAL ALKALI. 

(a) If mineral alkali be saturated with the acid of 

arsenic, crystals are obtained, the form of which is entirely 

the same with that of those just mentioned; but they do 

not change lacmus, and they make syrup of violets green. 

(b) If acid of arsenic be added, no crystallisation ensues, 

but the mass, after being evaporated to dryness, grows 

moist again in the air. 

SecTion VIII. VouatTiue ALKALI. 

(a) Volatile alkali, saturated with the acid of arsenic, 

affords, upon evaporation in the open air, an arsenical sal 

ammoniac, which in its form is very like the foregoing 

salts. This salt does not change lacmus, but turns the 

syrup of violets green; it loses its transparency when 
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exposed to a gentle heat, and a part of the volatile alkali 

flying off, it afterwards shows a superabundance of acid. 

(6) When it is thus supersaturated with acid, it forms 

long radiated acid crystals, but deliquesces again in the air. 

(c) Arsenical sal ammoniac, when distilled, yields a liquid 

volatile alkali; it then flows, and arsenic is sublimed; a 

white mass remains, which likewise melts in a stronger 

heat, and proves to be the acid of arsenic. Since the acid 

of arsenic cannot be converted into arsenic without phlo- 

giston, and such a change during the distillation cannot be 

ascribed to the heat, because the arsenic is sublimed before 

the residuum or acid begins to flow, it follows that the acid 

of arsenic must decompound part of the volatile alkali 

during the process. In my experiments on manganese, I 

observed that a peculiar kind of air is obtained whenever 

volatile alkali is decompounded. (See Diss. on Manganese, 

_ Sec. xxxix.). The same thing happens here: I distilled 

1 oz. of arsenical sal ammoniac in a small retort, and applied 

a dry bladder instead of a receiver. Immediately, as the 

arsenic rose into the neck of the retort, the bladder was 

filled. This air is perfectly the same with that which is 
obtained from manganese and sal ammoniac. 

SecTION IX. VITRIOLATED VEGETABLE AND Fossin ALKALI. 

(a) I dissolved one part of finely powdered vitriolated 

_ vegetable alkali by boiling it in a retort in three parts of 

acid of arsenic; the liquid was first distilled off, then a 

dry receiver was applied, and the fire increased. When 

the retort grew red hot, the mass melted into a transparent 

liquor, but no acid went over into the receiver; however, 

on increasing the fire still further, till the retort began to 

‘melt, the mass began to boil, and concentrated acid of vitriol 
8 
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went over. It had the smell of volatile sulphureous acid ; 

no arsenic was sublimed. (0) Vitriolated fossil alkali, or 

Glauber’s salt, was likewise decomposed, but seems not to 

require so much heat as vitriolated vegetable alkali. 

SECTION X. NITRE. 

I distilled a mixture of one part of purified nitre and 

three parts of acid of arsenic. As long as there remained 

any humidity in the acid, pure water went over into the 

receiver; but when the mass grew dry, nitrous acid rose, 

and the matter in the retort flowed clear. When no more 

acid came over with this degree of heat, I let the retort 

cool. The nitrous acid I obtained was not so volatile 

as that which is obtained from arsenic and nitre. The 

residuum, dissolved in water and evaporated, yielded crystals, 

perfectly agreeing with the neutral salt obtained by Macquer, 

together with a little undecomposed nitre. 

Arsenic certainly could not decompose nitre, except by 

the power of a double elective attraction, viz. in consequence 

of the alkali of the nitre uniting with the acid of arsenic, 

and the acid combining with the phlogiston of the arsenic, 

by which this acid is rendered very volatile. If muriatic 

acid had a greater affinity with phlogiston, arsenic would 

likewise decompose common salt, as really happens with 

cubic nitre. Macquer obtained no neutral salt in the 

crucible, but alkali of nitre containing a little arsenic. I 

have found that this salt may likewise be prepared in a 

crucible. Let nitre be melted for this purpose in a crucible, 

which is to be red hot only at the bottom, then let as much 

as will stand on the point of a knife of powdered arsenic 

be added, and, after the red vapours and effervescence are 

over, as much more arsenic is to be added, and so on till 
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the nitre begins to grow thick, and will no longer flow in 

the same degree of heat. If a part of the mass thus 

obtained be dissolved in water, it will redden paper stained 

with laemus. After evaporating the solution, a quantity of 

arsenical neutral salt is obtained with a little nitre. But 

if the fire is a little increased, the mass begins to boil and 

yield red vapours. When it grows thick, and the boiling 

with this degree of fire is over, a solution of it in water 

will not change paper coloured by lacmus, but syrup of 

violets will be turned green; yet no alkaline taste will 

be perceived. This solution does not shoot into crystals 

(Sec. VI. (@)). 

If at last the fire be increased to such a degree that 

the crucible and the saline mass are perfectly red hot, a 

new ebullition begins, and a smell of aquafortis is perceived ; 

at last the whole melts into a transparent mass. If this 

be dissolved’ in water, it proves to be strongly alkaline; but 

it contains as much acid of arsenic as the first solution. If 

one part of arsenic be exposed with two parts of nitre in 

a glass retort to such a degree of heat as melts the retort, 

no neutral arsenical salt is obtained, but an alkaline mass 

mixed with some acid of arsenic. From this experiment it 

appears that Mr. Macquer applied too strong a heat, and 

obtained, therefore, no neutral arsenical salt in the crucible. 

But it will be asked, Why a greater degree of heat alkalises 

the mass, whereas nitre in an equal degree of heat, or neutral 

arsenical salt in a still greater, is not alkalised (Sec. vr. (¢)) ? 

The following experiment gives the solution of this problem. 

If acid of arsenic be saturated with alkali of tartar till 

the solution of lacmus is no longer reddened, and the 

solution be afterwards evaporated to dryness, and then dis- 

tilled with double the quantity of nitre in a glass retort 

furnished with a receiver, the nitrous acid will be expelled 



116 ESSAY VI. 

as soon as the mass enters into fusion; this acid will be very 

volatile. If the distillation be continued with a strong fire 

till no more acid goes over, the residuum in the retort 

proves to be very alkaline. If a solution of hepar sulphuris 

be mixed with this imperfect neutral salt, the sulphur will 

be precipitated ; in like manner, a solution of soap is rendered 

turbid by it. It is hence evident that the acid of arsenic 

may be combined with a greater quantity of alkali than is 

necessary to its saturation; and that, in consequence of this, 

the nitrous acid is expelled, whence an arsenical salt, with 

a superabundance of alkali, arises. This attraction, however, 

has likewise its limits; for when a mixture of one part of 

acid of arsenic and six parts of nitre is melted in a covered | 

crucible in a strong fire till all ebullition ceases, there will 

be found, besides the arsenical salt, a considerable quantity 

of undecompounded nitre. But concerning the alkalisation 

of nitre with arsenic, there is one principal point to be 

noticed, viz. that nitre always attracts a certain small 

quantity of phlogiston from the heat itself, and that this 

phlogisticated nitrous acid forms with the alkali but a loose 

union, so that vegetable acids are able to expel it from 

its basis. This property of nitre is the reason why acid of 

arsenic, by virtue of its attraction for the superfluous alkali, 

expels the nitrous acid phlogisticated by heat; whence it 

likewise follows that, since common salt undergoes no 

change in the fire, the acid of arsenic is not able to alkalise 

it, as will appear from the following paragraph. 

Section XI. Muriarep Foss, ALKALI, oR Common Satr. 

One part of common salt was distilled with three parts 

of acid of arsenic. Water first went over; when the mass 

was dry, I changed the receiver, and increased the fire till 
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the retort grew red hot, when the mass began to flow and 

to boil. This degree of heat was continued till the ebullition 

was over, when I found that some fuming muriatic acid had 

gone over into the receiver. After the residuum in the 

retort was cool, I dissolved it in water; the solution being 

filtered and evaporated, yielded crystals of common salt; 

but there remained a thick mass, which changed the colour 

of lacmus to red, and would not crystallise. In Sec. VI. it 

has been observed that mineral alkali, supersaturated with 

acid of arsenic, will not crystallise ; wherefore I diluted this 

magma with distilled water, adding finely powdered chalk, 

till the solution showed no more mark of acidity; I then 

filtered it. After evaporation in the open air, crystals were 

obtained, perfectly agreeing with the neutral salt (Sec. Vil.). 

SEcTION XII. Upon SAn AMMONIAC. 

One part of sal ammoniac was distilled with three parts 

of acid of arsenic. A portion of muriatic acid went over 

with the water; I then changed the receiver, and increased 

the heat, when fuming muriatic acid came over, and the 

mass entered into fusion. Immediately after this, the receiver 

was filled with a white smoke, and a white powder was sub- 

limed into the neck of the retort; at last a pungent volatile 

alkali passed over into the receiver; and a residuum remained 

in the retort, which was acid of arsenic. The powder sub- 

limed. into the neck of the retort was dissolved in water, 

and the solution was filtered, when there remained a white 

powder, which proved to be arsenic. The liquor which 

passed through the filter contained sal ammoniac. 

I repeated the same experiment, applying only a bladder 

instead of the receiver. When the heat became so strong 

as to drive the white powder into the neck of the retort, 
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the bladder was distended. The air it contained is entirely 

the same with that of which I spoke (See. vim. (c)). Hence it 

follows that part of the arsenical acid has combined with — , 

a portion of the phlogiston of the volatile alkali, and that 

the arsenic sublimed into the neck of the receiver has been 

thus produced. Hence, too, the bladder was necessarily filled 

at the same instant with that air which arises from the — 

decomposition of volatile alkali. Heat expels the volatile 

alkali from arsenical sal ammoniac (Sec. vill. (c)); and as 

any acid converted into vapour, when it meets with volatile 

alkali, always produces a smoke, it is evident why the bladder 

at the end of the process was filled with it. 

SecTION XIII. VirrioLatep LimE (GYPSUM), AND 

SPATHUM PONDEROSUM. 

(a) One part of powdered gypsum was mixed with two 

parts of dry acid of arsenic and exposed to a red heat, when — 

some vitriolic acid came over, with a strong smell of volatile 

sulphureous acid, and the mass entered into fusion. After 

the distillation was over, it had the appearance of a milky 

glass. (b) Spathum ponderosum produced the same pheno- 

mena, only the vitriolic acid was not expelled till the retort 

melted. The residuum was a little reddish. See Sec. xx. 

Section XIV. Upon Fivor MINERAL. - 

One part of powdered fluor was mixed with four parts 

of acid of arsenic and distilled, a little water being put into 

the receiver. When the retort grew red hot, first a yellow, 

and afterwards a red substance was sublimed. Volatile 

sulphureous acid went over, but no acid of fluor. The 

residuum, which was of a grey colour, was divided into two 
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equal parts. Of these one was mixed with charcoal powder, 

and distilled with a strong fire; but neither arsenic nor 

regulus was sublimed. Whence it appears that I took too 

small a quantity of acid of arsenic to decompose this fluor, 

which contained a small quantity of pyrites (Sec. v. (¢)). The 

other half was mixed with four parts of acid of arsenic, and 

the mixture was distilled. When the mass grew dry, a 

little yellow sal ammoniac was sublimed, whereupon the 

water in the receiver was covered with a white crust. I 

frequently shook the receiver, in order to make this crust 

' fall to the bottom, and continued the distillation as long as 

any crust formed upon the water. This crust was siliceous 

earth, and the water contained acid of fluor. 

Section XV. EFFECTS OF THE ACID OF ARSENIC UPON EARTHS. 

LIME. 

(a) When acid of arsenic is dropped into lime-water, the 

lime precipitates, in combination with the acid of arsenic. 

If more acid be dropped in, the precipitate is again dissolved. 

If the solution be evaporated, small crystals shoot. If these 

be dissolved in a little water, and some vitriolic acid dropped 

into the solution, a precipitation of vitriolated lime takes place. 

(6) If the acid of arsenic be diluted with water, and some 

powdered chalk added, it will at first dissolve; but, on 

adding more chalk, the whole solution will coagulate into 

small crystals. (c) The acid of arsenic does not precipitate 

the solutions of nitrated, muriated, and acetated lime; 

neither are these solutions precipitated by the neutral 

arsenical salt of Mr. Macquer; but the arsenical salts 

(Sees. vi. (4), Vil. (a), vil. (a)) decompose these solutions, and 

form a precipitate which is not soluble in water, though it 

is of easy solubility in acids. (d) If the precipitate of 
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lime, combined with acid of arsenic, be edulcorated, and 

afterwards strongly calcined for an hour in a close crucible, 

it will form a thick flux; but it still retains the acid of 

arsenic. (¢) If it be mixed with the same quantity (in 

measure) of charcoal powder, and exposed to a strong fire 

in a retort, a shining regulus of arsenic will be sublimed, 

The residuum is quicklime mixed with charcoal, still how- 

ever containing some arsenic. 

SecTION XVI. Upon MAGNESIA. 

(a) Magnesia dissolves in acid of arsenic; but when the 

solution comes to the point of saturation, the mass coagulates. 

This coagulum being dissolved in a larger quantity of acid of 

arsenic, and evaporated, the solution grows gelatinous; if the 

jelly be lixiviated with water, filtered and evaporated, a 

viscid mass remains, which will not crystallise. (6) The 

solutions of magnesia in vitriolic, nitrous, muriatic, and 

acetous acids are not precipitated by the acid of arsenic, 

but very readily by the neutral arsenical salts (Secs. vi. (a), 

Vil. (a), Vil. (a)). The precipitate is easily soluble in acids, 

but not in water. (c) Exposed to the fire in a crucible 

with charcoal, it shows the same phenomena as the pre- — 

cipitate of lime (Sec. xv. (d), (¢)). 

SECTION XVII. Upon Eartit or ALUM. 

(4) The earth which is precipitated from a solution of 

alum by alkali of tartar, after being washed with boiling 

water, is easily soluble in the acid of arsenic, till it becomes 

quite dry. The solution coagulates as soon as it arrives at 

the point of saturation. (b) Dissolved in the vitriolic, 

nitrous, and muriatic acids, it is not precipitated by the 
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acid of arsenic, but it is, when dissolved in vinegar. The 

above solutions are precipitated by neutral arsenical salts; 

the precipitate easily dissolves in acids, but not in water. 

(c) Treated in the crucible, it shows the same phenomena 

as the precipitate of lime (Sec. xv. (d)). (d) If the solution 

(a) be evaporated to dryness, and then mixed with a little 

charcoal powder, and exposed to distillation with a strong 

fire, a little yellow sublimate rises into the neck of the 

retort, as likewise some shining regulus; volatile sulphureous 

acid passes over into the receiver. The residuum dissolves 

with difficulty in vitriolic acid; some crystals of alum, how- 

ever, will form in the space of two months. 

Section XVIII. Upon WHITE CuayY. 

One part of white clay reduced to powder was mixed 

with four parts of acid of arsenic, and digested for a 

fortnight; but the acid would not dissolve any part of it. 

The mass was put into a retort, and distilled to dryness, and 

the fire increased till the retort began to melt. It was con- 

verted into a thick flux, and a little arsenic was sublimed. 

The residuum, powdered and mixed with a little charcoal 

powder, was exposed to distillation in the same degree of 

heat, when a shining regulus was sublimed. 

SEcTION XIX. Upon SILEX. 

Liquor silicum was precipitated by vitriolic acid, and 

lixiviated with boiling water. While it was siill moist, 

acid of arsenic was added, and the mass was exposed to 

digestion for fourteen days, but no solution ensued. I 

afterwards evaporated it, and calcined the product, till the 

retort which I used began to melt. A little arsenic rose 
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into the neck of the retort; then the residuum.was boiled 

in water, upon which the acid dissolved, but the silex 

remained at the bottom unchanged. 

SECTION XX. Upon TERRA PONDEROSA. 

The earth in the ponderous spar is not lime, as is 

generally believed, but a peculiar kind of earth. It is 

the same with that of which I related some experiments 
in my Dissertation on Manganese. Mr. I. G. Gahn after- 

wards informed me that he found that this earth was the 

basis of the ponderous spar. Incited by this, I procured a 

larger quantity of it, in order to make more experiments. 

I shall here only mention the effects of acid of arsenic. 

(a) Terra ponderosa dissolves readily in the acid of arsenic ; 

but as soon as it has obtained its point of saturation it 

again precipitates, combined with the arsenical acid. (0d) 

Neither is its solution in nitrous, muriatic, acetous acid 

precipitated by the acid of arsenic; but the arsenical 

neutral salts (Secs. VI. (a), VII. (a), VII. (@)) precipitate these 

solutions. (¢) In the crucible this precipitate shows the 

same phenomena as the precipitate of lime; as also when 

treated with charcoal powder. (d) The solution of ponderous 

earth in acid of arsenic is again precipitated by the acid of 

vitriol, in the form of a salt insoluble in water, viz. re- — 

generated ponderous spar. 

SECTION XXII. THe EFFECTS OF THE AcID OF ARSENIC 

_ UPON METALS. 

As the acid of arsenic cannot be kept long in the 

crucible without being converted into arsenic, in which 

state it sublimes (Sec. v. (0)), and as in a retort it continues 

= a 
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long unchanged, and consequently acts longer upon metals, 

I rather chose to conduct my experiments in the latter way. 

In long-necked flasks I added four parts of the acid of 

arsenic to one part of filings of metals. After the water was 

evaporated, I poured fresh upon the mixture. This method 

I pursued in all the following experiments. 

SECTION XXII. Upon Go.p. 

(a) The acid of arsenic has no effect upon gold in the 

heat of digestion. I put the mass into a retort, and 

abstracted all the liquid, then increased the heat till the 

acid flowed, and continued the same degree of heat for half 

an hour, during which time a small quantity of arsenic was 

sublimed. When the retort was grown cool, I poured a little 

water into it, and placed it in sand. The acid was dissolved ; 

but the remaining gold, being washed and dried, was found 

to be nearly of the same weight as at first. The retort was 

marked with red and yellow spots, which could not be taken 

off by any menstruum. (0) The solution of gold was mixed 

with acid of arsenic, but no precipitation ensued; the mass 

was then abstracted in a retort to dryness, and the fire 

increased till it was in a perfectly fluid state; the gold was 

reduced, and some dephlogisticated muriatic acid came over 

into the receiver. The retort was spotted red and yellow. 

(c) The mixture of acid of arsenic and muriatic acid has no 

effect upon gold, neither has a mixture of acid of arsenic and 

nitrous acid. 

SECTION XXIII. Upon PLAtINa. 

(a) Platina digested in the acid of arsenic is not attacked. 

After all the humidity was abstracted, I increased the fire 
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till the retort melted. The platina lay at the bottom in the — 

fused acid; a little arsenic was sublimed. After it was cool, — 

I poured some water into the retort, which dissolved the acid. . 

This acid was rendered opaque by a white powder, which 

was afterwards lixiviated with water, and then dried. It 

grew black upon charcoal before the blowpipe, had a smell 

like arsenic, and was attracted by the loadstone. The 

platina, after it was dried, had hardly lost anything of its 

weight. Pure platina, consequently, is not attacked by the 

acid of arsenic. (b) The solution of platina in aqua regia 

is not precipitated by the acid of arsenic, but readily by the 

arsenical neutral salts. The precipitate in this case is 

yellow; it is soluble in a large quantity of water; but it 

contains no mark of acid of arsenic. A mixture of acid of 

- arsenic and muriatic acid has no effect upon platina, neither 

has a mixture of nitrous acid and the acid of arsenic. 

SECTION XXIV. Upon SILVER. 

(a2) Pure silver is not attacked by the acid of arsenic in 

digestion. After the whole of the liquid was abstracted, I 

increased the fire till the acid came into fusion. Here more 

arsenic was sublimed than in the foregoing experiments with 

gold and platina. This degree of heat being continued for 

half an hour, the: silver dissolved. After the retort was 

grown cold, I broke it, and found that it contained a 

colourless glassy mass, nearly transparent. The retort was 

covered with a glazing of a flame-colour, which could not 

be separated from the glass by any solvent. (bd) Upon the 

vitreous mass, after it was pounded, I poured some distilled 

water, and exposed it to a sand-heat, upon which it 

immediately lost its transparency, and assumed a brown- 

red colour; the acid of arsenic was dissolved, and a brown 
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powder remained at the bottom. The acid contained a little 

of the silver in solution; for, on adding muriatic acid, some 

luna cornua was precipitated. (c) The brown powder was 

dried, and exposed to such a degree of heat that the retort 

melted. The powder entered into fusion, but no arsenic . 

was sublimed. When the retort was cooled, I broke it, and, 

upon taking the mass out, I found it transparent at the 

margin. (d) As calx of silver is reducible without the 

addition of phlogiston, as is likewise the case with acid of 

arsenic (Sec. v. (b)), I tried what a greater degree of heat 

would effect. I therefore put the glassy mass into a 

erucible, over which I luted another, and afterwards applied 

as strong a heat as silver requires for being melted. After 

the apparatus was cooled, the silver was found reduced, and 

surrounded with a little white glass. (e) The solution of 

silver is precipitated by acid of arsenic, but not entirely ; 

the precipitate is of a brown colour. More is precipitated 

by the neutral arsenical salt of Mr. Macquer; but as this 

salt is supersaturated with acid, some silver is retained in 

the solution. The neutral arsenical salts (Secs. VI. (a), VII. 

(a), viIl. (a)) decompose the solution entirely. (/) If this 

precipitate of silver be digested in muriatic acid, the acid 

of arsenic is expelled, and it is changed into muriated silver. 

In the same manner this brown precipitate is soluble in 

spirit of sal ammoniac* prepared with lime. (g) Though 

neither the acid of arsenic nor the muriatic acid alone 

attack silver, a mixture of them has considerable action 

upon this metal. If the solution of silver in nitrous acid 

be precipitated by copper, and the precipitate well washed 

with hot water, and afterwards digested for fourteen days 

in a close vessel, with two parts of acid of arsenic, and two 

parts of muriatic acid, the silver is changed into a white 

powder, which, after being edulcorated and dried, is found 



126 ESSAY VI. 

to be muriated silver. If the acid liquor be then distilled 

off, muriatic acid goes over, which contains arsenic; for, 

when mixed with a little nitrous acid, and again abstracted, — 

a little acid of arsenic remains behind. Hence it follows — 

that the muriatic acid attacked the earth of silver during 

the digestion, while the acid of arsenic attacked its 

phlogiston; whence the arsenic was produced which the 

muriatic acid afterwards took over with it into the receiver. 

SECTION XXV. UPON QUICKSILVER. 

(a) Quicksilver was not acted upon by the acid of 

arsenic during digestion. I next put the mixture into a 

retort, abstracted all the watery part, and then increased 

the fire. The mass grew yellow, quicksilver rose into the 

neck, with a little arsenic, and a little yellow sublimate. 

The fire was then increased till the retort was near melting, 

but the mass would not enter into fusion. Of 6 drms. of 

quicksilver which I took for this experiment, I obtained 

34 drms. in the receiver. Thus the acid of arsenic con- 

tained 24 drms. of fixed quicksilver. (0) After the retort 

was cold, I took the mass, which was a little yellow, out of 

it, and divided it into two parts. One I boiled in distilled 

water, but none of it was dissolved. Diluted nitrous and 

vitriolic acids had hardly any effect upon it, but muriatic 

acid dissolved it very readily. This solution being evaporated 

to dryness, then put into a retort and distilled, corrosive — 

sublimate rose into the neck. The residuum flowed upon 

applying a strong fire, and proved to be acid of arsenic.. The 

other portion I mixed with two parts of common salt, 

and distilled it. Corrosive sublimate rose into the neck of 

the retort. (c) Calcined quicksilver and arsenical acid being 

reducible by heat without any addition of phlogiston, this 
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residuum (a) must likewise be reducible by a sufficient. 

degree of heat alone. One part of quicksilver was mixed 

with six parts of acid of arsenic, and after all the humidity 

was driven off, the fire was increased, and though the mass 

was heated white, it, however, lay unchanged in the retort; 

but. when the retort melted, it ran likewise into fusion; the 

quicksilver was reduced, and rose, together with the arsenic, 

into the neck of the retort, a little quicksilver remaining 

behind. (d) It is known that quicksilver digested with 

muriatic acid is not attacked. But if two parts of muriatic 

acid, two parts of acid of arsenic, and one part of quicksilver, 

be exposed to digestion in a close phial for fourteen days, 

the acid acquires the taste of quicksilver, and that metal is 

changed into a.yellow powder. If the acid be now distilled, 

muriatic acid impregnated with arsenic goes over. If the 

residuum in the retort be urged by a strong heat, corrosive 

sublimate rises, and the superabundant acid of arsenic 

remains behind in the retort. The yellow powder is 

turned black by lime-water and alkalies; if sublimed, it is 

changed into mercurius dulcis. (e) The solutions of quick- 

silver in vitriolic and nitrous acids are precipitated by the 

acid of arsenic in the form of a yellow powder; but the 

solution of corrosive sublimate is neither precipitated by 

the acid of arsenic, nor by any of the neutral arsenical 

salts; but arsenicated volatile alkali (Sec. vil.) precipitates 

the solution in the form of a white powder. (/) The acid 

of arsenic, when sublimed with corrosive sublimate, under- 

goes no change. But if, instead of corrosive sublimate, 

mercurius dulcis is employed, corrosive sublimate rises, and 

the residuum is the same as that of letter (a). Some writers 

assert that arsenic distilled with corrosive sublimate yields 

butter of arsenic; but they are mistaken. I have distilled 

such a mixture in different proportions, but have always 
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obtained at first corrosive sublimate in the neck of the 

retort, and afterwards arsenic. Hence it would follow that, 

as the quicksilver in the corrosive sublimate is calcined, the 

muriatic acid has a stronger attraction for arsenic than for 

the calx of quicksilver. In order to ascertain this point, I 

mixed butter of arsenic with calcined quicksilver, and 

distilled the mixture. I first obtained some drops of the 

butter in the receiver, then corrosive sublimate rose into 

the neck of the retort, which was at last followed by 

arsenic. But the case is quite different with the regulus 

of arsenic; for if it be mixed with an equal quantity of 

corrosive sublimate and distilled, smoking butter of arsenic, 

mercurius dulcis, and a little quicksilver, are obtained. 

Hence it follows that mercurius dulcis is decomposed by 

a double elective attraction, that of the phlogiston of the 

regulus for the calx of mercury, and that of the muriatic 

acid for the calcined regulus of arsenic, whence the quick- 

silver is reduced, and butter of arsenic is produced. The 

same thing happens with a mixture of orpiment and 

corrosive sublimate. 

SECTION XXVI. Upon CoppER. 

(a) Copper is attacked by the acid of arsenic during 

digestion. The solution is of a green colour. A quantity — 

of light blue powder is deposited, and attaches itself to the 

copper. This powder consists of acid of arsenic: and calcined 

copper. (0) One part of filings of copper was mixed with 

two parts of dry acid of arsenic, reduced to a fine powder. 

The mixture was exposed to distillation, and the fire 

increased till the retort melted. Here some arsenic rose 

into the neck, the mass entered into fusion, and turned 

blue. After the retort was cooled, I poured some water 



ON ARSENIC 129 

upon it and boiled it; the solution was like that of letter 

(a). In the retort there remained a little copper which 

was not dissolved, and the bottom of the retort was tinged 

with brown, red, and yellow spots, which were insoluble in 

any menstruum. (¢) Copper dissolved in mineral acids 

was ‘not precipitated by the acid of arsenic; but when it 

is dissolved in vinegar a precipitation ensues. Neutral 

arsenical salts precipitate the solution of copper in the 

form of a blue powder, which I edulcorated, dried, and 

exposed to a strong fire for an hour. After the mass was 

cooled, the powder appeared to be changed into a brown 

scoria, which had covered the whole internal surface of the 

crucible with a yellow enamel. (d) The scoria was finely 

powdered, mixed with a little lamp-black, and exposed in a 

small glass retort to the fire till it melted, when a fine 

regulus of arsenic was sublimed, and the copper in the 

residuum was found tobe reduced. 

SecTION XX VII. Upon Iron. 

(a) Iron is attacked by the acid of arsenic during 

digestion, and at last the whole solution grows gelatinous. 

(6) But if the digestion be performed in a close phial, so 

that the air has no access to it, it does not grow gelatinous. 

One portion being exposed to the open air, in a couple of 

hours afterwards the solution was grown so gelatinous upon 

its surface that the phial might be inverted without any- 

thing running out of it. Another portion was mixed with 

alkali of tartar, whence a quantity of a whitish green powder 

was precipitated, which being edulcorated and distilled in 

a glass retort by a gentle fire, some arsenic was sublimed, 

and the residuum was red ochre. (¢) One part of iron 

filings was distilled with four parts of acid of arsenic. The 
9 
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mass made a great effervescence towards the end, and when 

it became dry it took fire in the retort upon increasing the 

heat, and then both arsenic and regulus of arsenic were 

sublimed. After it was grown cool, the residuum was 

found to be black; it was friable, and contained but little 

acid of arsenic. The retort was covered with yellowish 

brown spots. (d) Solutrons.of iron in mineral acids are not 

precipitated by the acid of arsenic, but iron dissolved in 

vinegar is precipitated in the form of a dark brown powder. 

Neutral arsenical salts precipitate all solutions of iron. The 

precipitated powders, if exposed to a strong fire, enter into 

fusion with an arsenical smell, and are changed into black 

scorize, which, when mixed with charcoal powder and 

calcined, yield copious vapours of arsenic, and are after- 

wards attracted by the loadstone. 

SECTION XXVIII. Upon LEap. 

(a) Lead digested with acid of arsenic turned black at 

first. Some days afterwards it was surrounded with a light 

greyish powder, which is mixed with a little arsenic, but 

this may be sublimed by a gentle fire. The-acid contains 

no lead dissolved. (%) One part of shavings of lead was 

distilled with two parts of dry acid of arsenic reduced to 

powder. The lead was dissolved, and the mass flowed clear, 

a little arsenic rising into the neck of the retort. After the 

retort was grown cold, I found a milky glass in it, which I 

boiled in distilled water, and thus a quantity of white powder 

was separated ; the superfluous acid of arsenic was dissolved 

in the water. (c) This powder was edulcorated, then put 

into a little retort and kept in fusion for half an hour, but 

no arsenic was sublimed. I put some small pieces of 

chareoal into the retort, upon which a violent ebullition 
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took place, and some regulus of arsenic was sublimed.  (d) 

Lead dissolved in nitrous or muriatic acid or vinegar is 

precipitated by the acid of arsenic. This precipitate shows 

the phenomena mentioned at (c). 

SECTION XXIX. Upon TI. 

(a) Tin digested with acid of arsenic grows at first black, 

and is. afterwards covered with a white powder; at last the 

whole mass grows gelatinous. ()) One part of tin filings 

was mixed with two parts of acid of arsenic and distilled. 

When the mass became red hot, it took fire in the retort, 

and immediately after both arsenic and a little regulus of 

arsenic were sublimed. The tin was dissolved, and formed 

a limpid flux, which, after growing cold, was of a milky 

eolour. Upon this mass I poured’ water, and exposed it to 

heat, in order to dissolve the acid. A quantity of white 

powder was separated, which was insoluble in any acid, and 

contained very little acid of arsenic. (c) The solutions of 

tin in mineral acids are not precipitated by the acid of 

arsenic, but its solution in vinegar is. Neutral arsenical 

salts precipitate the solutions of tin. This precipitate is 

very difficult of fusion. When it is mixed with charcoal 

powder, regulus of arsenic is sublimed. 

SECTION XXX. Upon. ZINC. 

This is the only one of all the metals and semimetals 

that effervesces when digested with acid of arsenic. (a) 

The zine grows black, and the transparency of the acid is 

destroyed by a quantity of black powder. If this powder 

be separated, edulcorated, and dried, and then put upon an 
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iron plate, heated nearly red hot, in a dark place, it burns 

with a blue flame and a white arsenical smoke, and leaves 

a white powder behind; it is consequently for the most part 

regulus of arsenic. The effervescence soon ceases, because 

each particle of zinc is surrounded with the regulus, which 

hinders the acid from having any effect upon it. (0) In 

order to ascertain what kind of air it is which rises during 

the solution, I tied an empty bladder to the phial in which 

the mass was contained. The air which I obtained had the 

following properties :—(1) It would not unite with water, nor 

did it precipitate lime-water. (2) Mixed in a glass vessel 

with two-thirds of common air, it was not absorbed. (3) 

When a burning candle was brought to the mouth of the 

vessel, the air in the vessel was inflamed with detonation ; 

the flame took its direction towards the hand, which was 

thereby coloured brown: the matter that produced this 

colour proved to be regulus of arsenic, and left a disagreeable 

arsenical smell behind; the internal surface of the vessel too 

was covered with a brown pellicle. The air, therefore, which 

holds the regulus of arsenic in solution is of the inflammable 

kind. (c) One part of filings of zinc was mixed with two 

parts of dry and finely powdered acid of arsenic and distilled. 

When the bottom of the retort began to be red hot, a violent 

inflammation, accompanied with a very bright light, took 

place in the retort, which burst with an explosion. In the 

neck were found regulus of arsenic and flowers of zine. (d) 

Zine dissolved in mineral acids is not precipitated by the 

acid of arsenic, but its solution in vinegar is precipitated. 

Neutral arsenical salts decompose all the solutions, and a 

white precipitate is obtained, which, when well edulcorated , 

fuses in a retort on the application of a strong heat, 

and, when mixed with charcoal powder, yields regulus of 

arsenic, . 
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SECTION XXXIJI. Upon BISMUTH. 

(a) Bismuth, during digestion with acid of arsenic, is 

covered with a white powder; water precipitates the solution. 

The powder consists of calcined bismuth and acid of arsenic. 

(0) One part of bismuth was distilled with three parts of dry . 

acid of arsenic. The mass entered into fusion, the bismuth 

was calcined, but remained at the bottom undissolved; a 

little arsenic rose into the neck ; after the retort became cool, 

water was poured upon the residuum, which dissolved the 

acid, but the calx of bismuth remained unchanged. (ce) 

Bismuth dissolved in nitrous acid was precipitated by the 

acid of arsenic. This precipitate, as well as the calx (0), are 

very difficult of fusion; but on adding a little charcoal 

powder they melt immediately; the arsenic goes off in 

vapours,'and the bismuth is reduced. 

SECTION XXXII. Upon ReGuLus ofr ANTIMONY. 

(a) During its digestion with the acid of arsenic, a 

quantity of white powder is separated from the regulus of 

antimony. If a little of the clear solution be dropped into 

water, a white powder is likewise precipitated, which consists 

of calcined regulus of antimony and of acid of arsenic. It 

is soluble only in muriatic acid, and may be again precipitated 

by water. (b) One part of regulus of antimony was distilled 

with three parts of arsenical acid; as soon as the mass 

entered into fusion, an inflammation ensued, and regulus of 

arsenic and a little red sublimate were sublimed. A little 

volatile sulphureous acid came over into the receiver. The 

residuum was boiled in water, upon which the acid was 

dissolved ; a white shining powder remained behind, which 
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was mixed with charcoal powder and distilled. An ebullition 

took place, some regulus of arsenic rose into the neck of the 

retort, and the’ antimony was reduced. (c) Butter of 

antimony was not precipitated by the acid of arsenic, but 

readily by the neutral arsenical salts. The solutions of glass 

of antimony in vinegar and cream of tartar are precipitated 

by the acid of arsenic. 

SECTION XX XIII. Upon Copatt. 

(a) The acid of arsenic digested with cobalt assumed 

a rose colour, but a great deal of the cobalt remained un- 

dissolved. (>) I put the whole mass into a retort, and 

abstracted it to dryness; then, on increasing the heat, it 

entered into fusion, and a little arsenic was sublimed. After 

the mass was grown cool, it had a semitransparent violet 

colour. I then poured water upon it, and put it into hot 

sand; the acid was dissolved, the violet colour disappeared, 

and the solution turned dark red. The bottom of the retort 

was blue, and no menstruum was capable of taking this 

colour out of the glass. (c) Neither the solutions of cobalt 

in mineral acids nor vinegar are precipitated by the acid of 

arsenic; but the arsenical neutral salts produce a precipita- 

tion of a rose colour. This precipitate is difficult of fusion 

in the crucible, and has the appearance of a dark blue scoria. 

SECTION XXXIV. Upon NICKEL. 

(a) The acid of arsenic digested with nickel assumes a 

green colour; a quantity of green powder mixed with arsenic 

is precipitated. The arsenic may be separated from it by a 

gentle heat. (0) One part of nickel was mixed with two 

parts of dry acid of arsenic and distilled by a strong fire. 

The mass melted with an appearance of inflammation, and 
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some arsenic was sublimed. After it was grown cool, it 

proved to be a yellow mass, upon which a number of grey 

elevated streaks appeared; they were like a vegetation, and 

were formed during the distillation. This yellow mass was 

boiled in water, when the acid dissolved, and a yellow powder 

remained behind, which, when treated with charcoal powder, 

yielded a regulus of arsenic, but was not reduced itself, (c) 

The solutions of nickel in acids are not precipitated by the 

acid of arsenic, neither is there any precipitation from its 

solution in vinegar ; but the neutral arsenical salts precipitate 

a whitish green powder. 

SECTION XXXV. Upon MANGANESE. 

(a) The acid of arsenic dissolves a little manganese 

_ during digestion; fixed alkalies precipitate a white powder 

from it. (6) When distilled with acid of arsenic, a little 

arsenic was sublimed. The mass entered into a kind of 

fusion, but the acid contained no more of the manganese 

than it did before. (c) Phlogisticated manganese dissolves 

readily in acid of arsenic; but whenever the acid arrives at 

the point of saturation, the solution coagulates to little 

erystals. (d) The solutions of manganese in the mineral 

acids are not precipitated by the acid of arsenic, though 

they readily are by the neutral arsenical salts. Manganese 

dissolved in vinegar is precipitated by the acid of arsenic. 

(ec) These precipitates, which consist of phlogisticated man- 

ganese and of acid of arsenic, were distilled in such a heat 

that the retort at last melted, but no arsenic was sublimed, 

nor would they enter into fusion, but retained their white 

colour; however, when mixed with charcoal powder in a 

crucible, they flowed, and regulus of arsenic arose in the 

form of vapour, while the manganese remained behind. 
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SECTION XXXVL Upon REGULUS OF ARSENIC. 

(a) The regulus of arsenic digested with acid of arsenic — 

was covered with a white powder, which proved to be 

arsenic. (b) One part of the regulus was mixed with two 

parts of dry acid of arsenic, and distilled. The regulus rose 

into the neck, and the acid entered into fusion. (ce) If small 

pieces of regulus of arsenic be put, one after another, into a 

retort where the acid of arsenic is in a state of fusion, an _ 

- inflammation takes place, and arsenic is sublimed. (d) The 

regulus of arsenic is dissolved by unctuous oils in a boiling 

heat; the solution is black, and, after it grows cold, of the 

consistence of salve. 

) 
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ESSAY VIL 

REMARKS UPON SALT OF BENZOIN. 1775. 

THE common way to obtain the salt from benzoin is by 

sublimation. This salt is sold in the shops under the name 

of flowers of benzoin. I proposed to determine with exact- 

ness how much salt a given proportion of benzoin yields by 

sublimation. For this purpose I distilled 1 lb. of benzoin 

in a retort, and, after having perfectly separated the 

empyreumatic oil by lixiviation, I obtained between 9 and 

12 drms. of flowers. This salt may be likewise obtained 

by simply lixiviating the benzoin with water; but the salt 

thus obtained is less in quantity, and if the ley be made too 

hot, the resin easily runs together, and the whole labour is 

lost. The reason why simple lixiviation yields so little salt 

is easily assigned. The resinous’ particles of the benzoin do 

not transmit the water; the solution, therefore, takes 

place only on the surface of the particles of the powdered 

benzoin. 

I further boiled pounded chalk and benzoin in water, 

and then filtered the decoction, but on its cooling obtained 

no crystals; but on pouring some drops of vitriolic acid into 

this liquor, the salt of benzoin soon afterwards precipitated ; 

for this salt, which is an acid, was united with the chalk. 

The quantity of salt obtained, however, was not greater than | 

that obtained by lixiviation. I then fell upon the idea of 

communicating to the water the power of acting upon the 
' 137 
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resinous particles of the benzoin, and thought thus to extract 

all the salt existing in this resin. I therefore boiled pounded 

benzoin with alkaline ley, and afterwards saturated it with — 

an acid. I thus obtained the salt of benzoin by precipita- 

tion; but I here likewise met with this inconvenience, that 

the powder of benzoin ran together during the boiling, and 

tloated on the surface in the form of a tenacious resin. 

There remained one way more to be tried, viz. to boil 

the benzoin with quicklime. As the particles of the lime, 

by interposing themselves between the particles of the 

benzoin, might prevent their running together, and as lime 

has likewise the property of acting upon the resinous 

particles, this promised to be a good way of extracting the 

salt from the benzoin. The salt thus obtained is perfectly 

free from empyreumatic oil, with which the flowers of benzoin 

are commonly contaminated, it is consequently also free from 

the smell which they otherwise yield. An equal, if nota 

greater quantity of salt is obtained by this process than by 

distillation. 1 1b. of the resin yielded from 12 to 14 drms. 

of salt by this new method, which is as follows :— 

Upon 4 oz. of unslaked lime pour 12 oz. of water, and, after 

the ebullition is over, add 8 lb. more (1 lb. = 12 oz.) of water ; 

then put 1 lb. of finely pounded resin of benzoin into a tinned 

pan, pour upon it first about 6 oz. of the above lime-water, mix 

them well together, and thus successively add the rest of the 

lime-water. If it be poured in all at once, it will not mix with 

the benzoin, which will likewise coagulate, and run together 

into a mass. This mixture ought to be boiled over a gentle 

fire for half an hour with constant agitation; then take it 

from the fire, let it stand quiet for an hour, in order that it 

may settle; pour off the supernatant limpid liquor into a 

glass vessel. Upon the remainder in the pan pour 8 lb, 

more of lime-water; boil them together for half an hour, 
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then take it from the fire and let it settle; add the 

supernatant liquor to the former; pour upon the residuum 

some more lime-water, boil it as aforesaid, and repeat the 

same process once more. At last, put all the residuum 

upon a filter, and pour hot water several times upon it. 

During this process the calcareous earth combines with the 

acid of benzoin, and separates it from the resinous particles 

of this substance. A small quantity of the resin is dissolved 

by the lime-water, whence it acquires a yellow colour. All 

these yellow leys and decoctions are to be mixed together 

and boiled down to 2 lb., which are then to be re-strained 

into another glass vessel. 

These lixivia are inspissated thus much, because super- 

fluous water would hold much salt in solution, which must 

afterwards be precipitated. Besides, a small quantity of the 

resin, suspended by the lime-water, likewise separates during 

© the evaporation, not being soluble in a small quantity of 

water; it therefore remains in the strainer. After the 2 lb. 

of the evaporated leys are grown cold, muriatic acid is to 

be added, with constant stirring, till there be no further 

precipitation, or till the mass tastes a little sourish. As 

vegetable acids have in general a weaker attraction for 

absorbent earths than mineral acids, the muriatic acid com- 

bines with the calcareous earth, and the acid of benzoin, 

which requires a large quantity of water to its solution, 

must fall down; the solution, which had before but a very 

weak smell of flowers of benzoin, acquires by this precipita- 

tion a very strong one. 

The precipitated coagulum is then to be put into a filter, 

and, after being well dried, it is to be edulcorated sufficiently, 

by repeatedly pouring cold water upon it; it should be dried 

afterwards in a gentle heat. But as the water made use 

of for the edulcoration contains a little of the salt of 
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benzoin dissolved, it ought to be evaporated, and afterwards  _ 

set by to crystallise. If you wish to give this salt a shining 

appearance, dissolve it in a sufficient quantity—in 6 oz., for 

instance—of water by gentle boiling, then strain it immediately, 

while it is yet warm, through a cloth, into a glass vessel 

which has been heated before; you will thus have the | 

satisfaction to see a number of fine crystals shoot as soon as 

the solution is grown cold. The water is then to be strained 

from the crystals, and the rest of the salt, still suspended in 

this water, is obtained by repeated evaporation and crystallisa- 

tion. But as the flowers of benzoin are, on account of their 

lightness, not easily pulverised, it may be best to keep the 

‘salt in the form of a precipitate, which is always the finest 

powder. To this consideration it may be added, that during 

the crystallisation a great deal of salt is lost. 

I have recommended cloth for filtering the warm solution, 

because I found it answer best. If blotting paper be used, 

the salt sometimes crystallises in the filter itself, and — 

obstructs it. The filtration itself might be omitted, if it 

were not unavoidable in order to purify the salt from about 

2 grs. of resinous substance, which, having been mixed with 

it during the preceding boilings, remain united with it during 

the rest of the process. 



ESSAY VIIL 

ON SILEX, CLAY, AND ALUM. 1776. 

From the writings of Mr. Baumé, it appears that he takes 

the earth of alum to be nothing else than silex, and common 

clay to be siliceous earth, combined with a little vitriolic 

acid. Alum he supposes to be the same earth, super- 

saturated with vitriolic acid. With regard to chemical 
Opinions, it is my custom not to credit any, till I have 

brought them to the test of experiment. I therefore was 

obliged to try Mr. Baumé’s assertion, that silex is soluble in 

vitriolic acid, by this test. _I took 1 oz. of mountain crystal 

reduced to powder, mixed it with 3 oz. of alkali of tartar, 

and fused the mixture by a strong fire. This alkaline mass 

I afterwards dissolved in 20 oz. of water, and poured as much 

diluted vitriolic acid to it as was more than sufficient to 

saturate it; I then filtered the liquor, collected, edulcorated, 

and dried the precipitated silex which remained on the 

filter. From the filtered liquor, after it was evaporated, I 

obtained, besides a subacid vitriolated tartar, about 14 drm. 

of alum. The question now was, Whether the precipitated 

silex, repeatedly fused with alkali, would still yield alum ? 

If this was the case, Mr. Baumé’s system would gain a strong 

confirmation ; but if it did not, a suspicion would arise that 

some clay was mixed with the mountain crystal; I therefore 

dried the precipitate, and mixed it with a triple quantity 

of alkali, and, proceeding in the same manner as in the 
141 
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foregoing experiment, again obtained alum. This laborious — 

experiment I repeated seven times, and always obtained 

alum; I now thought it reasonable to believe that Baumé 

was right. But, behold! on examining the crucibles employed 

for these repeated fusions, I found them everywhere uneven 

in the inside, and full of little excavations, which they had 

not before the experiment. This created a suspicion that 

the alkali had perhaps dissolved part of the clay of these 

crucibles, and thus, with the superfluous vitriolic acid, 

produced alum; I therefore now took an iron crucible, and 

prepared the liquor silicum, which I treated in the same 

manner as before, and obtained no alum. How easily may 

one err in making experiments! Thus all the alum I 

obtained came from my crucibles, and I was in a fair way 

to obtain conviction of a falsehood. Undoubtedly the same 

thing led Mr. Baumé into the mistake. I afterwards took 

precipitated siliceous earth while it was moist, and digested 

it for a fortnight with diluted vitriolic acid, in order to find 

out whether, as Mr. Baumé asserts, anything is dissolved, but 

could find not the least mark of solution. 

The siliceous earth, therefore, still remains a peculiar 

earth. Mr. Baumé pretends that clay contains a_ little 

vitriolic acid, and is on this account soluble in a large 

quantity of boiling water. I likewise tried this experiment, 

but found that, of several kinds of pure argillaceous earth, 

not the smallest quantity was dissolved, which is easily — 

ascertained by means of alkali of tartar. I here likewise 

made different experiments, in order to obtain vitriolic acid 

from pure argilla, but without success. I could never obtain 

any hepar by means of alkali of tartar, nor by means of 

powder of charcoal; neither have I obtained with clay a 

vitriolic neutral salt from the residuum of the distillation of 

muriatic and nitrous acid. ; 
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I have made several experiments with alum, in order to 

ascertain its effects when mixed with other substances. A 

solution of alum is decomposed (a) by lime-water. If no 

more lime-water be added than is exactly requisite for the 

precipitation, the earth of alum forms a_ transparent 

precipitate, of the appearance of boiled starch. If the clear 

water is filtered, it proves to be a solution of gypsum. (0) 

If more lime-water be added to the solution of alum than is 

requisite for its precipitation, a white precipitate is formed, 

but nothing gelatinous, as in the foregoing experiment. If 

the whole be left together for a quarter of an hour, and 

frequently agitated during this time, and if it then be 

filtered, no gypsum, nay, not even lime, is found in the 

supernatant water, unless there has been added too much 

lime-water ; but it will be found to be pure water. I was at 

first at a loss to imagine what was become of the gypsum. 

(c) On examining the precipitate, I found it to consist of 

earth of alum, selenite, and lime; for, after putting it to 

dissolve in muriatic acid, the gypsum, which is not so easily 

soluble, remained behind. The clear solution being saturated 

with caustic volatile alkali, a transparent gelatinous earth, 

which was the earth of alum, was precipitated. Upon 

straining it again, and pouring lixivium tartari to it, I 

obtained a precipitate, which was lime. Hence I saw that 

the lime and gypsum had separated from the water and 

united with the earth of alum. 

In order to acquire a more distinct idea of this 

phenomenon, (@) I precipitated a solution of alum with a 

quantity of caustic volatile alkali, more than sufficient to 

saturate the acid, in order that I might be quite certain of 

separating all the vitriolic acid which might perhaps still 

adhere to the precipitate. The precipitated earth was 

edulcorated, and mixed with a solution of gypsum, that I 
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might see whether the gypsum would separate from the 

water and precipitate with the solution of alum; but this 

did not happen. (e) I further wished to know how lime- 

water would act upon the earth of alum. I found that it 

very soon lost its caustic taste, and that the clear earth 

of alum grew opaque. I strained part of this water, and 

dropped some lixivium tartari into it, but it remained clear ; 

neither was there any precipitate formed by "corrosive 

sublimate. I afterwards added muriatic acid to the last- 

mentioned precipitate, when it dissolved entirely without 

leaving any gypsum behind. Thus the earth of alum had 

united itself with lime, and formed a peculiar compound. 

I now thought that this compound of the earth of alum 

and lime might separate gypsum from water; (/) I therefore 

prepared a large quantity of this compound earth, mixed it 

with a solution of gypsum, and set it to rest for a quarter of 

an hour, when I saw, to my surprise, that the gypsum 

remained suspended in the water, and that the precipitate 

was still soluble in muriatic acid, without leaving any gypsum 

behind. (g) I now mixed a solution of gypsum with lime- 

water, adding also pure earth of alum. This mixture 

perfectly agreed with that mentioned at (0). The precipitate — 

was white, and contained gypsum as well as lime. From 

these experiments I conclude—(1) That the vitriolic acid in 

gypsum is able to combine with more lime than is requisite 

for its perfect saturation. (2) That calcareous earth is 

capable of uniting with the earth of alum. (3) That gypsum 

cannot combine with the earth of alum; but if a superfluous 

quantity of lime be united with vitriolic acid, it then will 

serve as a means of union to combine gypsum with the 

earth of alum, and thus form a combination consisting of 

three earths. Pure clay has no effect upon lime-water. 



HSSAY IX. 

ANALYSIS OF THE CALCULUS VESICA. 1776. 

HAVING collected a _ sufficient number of calculi, taken 

from persons of both sexes, I undertook an inquiry into their 

nature, and I now communicate some observations, which, to 

my knowledge, have not hitherto been communicated to the 

public. 

All the calculi which I have examined, whether flat and 

polished, or rough and angular, were of the same nature, and 

_ consisted of the same constituent parts. 

SECTION I. 

I put a quantity of calculus, reduced to powder, into a 

small glass retort, poured some diluted vitriolic acid upon it, 

and exposed it to digestion, but the powder was not at all 

attacked. After the humidity was abstracted by distillation, 

the concentrated acid began to attack the powder, and the 

stone was dissolved. After the acid was abstracted to dryness 

by an increased heat, a black coal remained ; the liquid which 

passed over was vitriolic acid with a’ strong smell of the 
volatile acid of sulphur. 

SEcTION II. 

Neither concentrated nor diluted muriatic acid had any 

effect upon the calculus, not even when boiled with it. 
10 
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SECTION IIL. 

(a) The diluted nitrous acid, or aquafortis, had some 

effect upon the calculus, even in the cold. On the application 

of heat, an effervescence ensued, and red vapours arose; the 

calculus was entirely dissolved. If the experiment be made 

in a retort, and lime-water be put into the receiver, it will be 

precipitated. 

(6) This solution is acid, though the menstruum be boiled 

with a superabundant quantity of powder, so that there may 

remain a portion of it undissolved. 

(c) This yellow solution produces deep red spots upon the 

skin in half an hour after it is applied. If the saturated 

solution be a little more evaporated, it assumes of itself a 

blood-red colour, which, however, disappears on dropping in — 

a single drop of nitrous acid. : 

(d) A solution of ponderous earth in muriatic acid 

precipitates nothing from this solution. 

(¢) Metallic solutions are not sensibly changed by this 

solution. 

(f) It is not precipitated by alkalies, but only grows a 

little yellower when the alkali is superabundant, and then 

this mixture, in a strong digesting heat, likewise assumes a 

rose colour, and produces spots of the same colour very 

quickly, and without any sense of burning upon the skin. 

This mixture likewise precipitates metals of different colours : 

vitriol of iron, black; vitriol of copper, green; silver, grey ; 

corrosive sublimate, zine, and lead, white. 

(7) Lime-water decomposes this solution, and precipitates 

a white powder from it, which I have edulcorated and dried. 

This precipitate is soluble in muriatic and nitrous acids 

without any effervescence. Though there be an excess of the 
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precipitated powder, the solution will be acid. (The same 

thing happens likewise with animal earth and fluor spar, if 

they be dissolved in the same acids.) If the solution be 

evaporated to dryness, it will at last take fire. If the 

precipitate be heated only to a dull red heat in a close 

crucible, it grows black, smells like burnt alum, and 

effervesces with acids. Before the blowpipe it changes into 

quicklime. 

(i) Neither the acid of sugar nor salt of sorrel precipitate 

this solution. The alkaline mixture (/) is also not pre- 

cipitated by these acids. 

SecTion IV. 

The calculus, when pounded and boiled with a solution of 

_ alkali of tartar, remains unchanged. But perfectly pure or 

caustic alkali, such as shows not the least mark of aérial 

acid, dissolves the calculus, even in the cold. The solution 

is yellow, and tastes sweetish ; it is precipitated by all the 

acids, even by the aérial. Lime-water is not precipitated by 

this solution, but metallic solutions are decomposed. Iron is 

precipitated brown ; copper, grey ; silver, black ; zine, corrosive 

sublimate, and lead, white. If there be a little superabundance 

of alkali in the solution, it yields a smell of volatile alkali. 

Dry volatile alkali has no effect upon the stone, but the 

caustic prepared with quicklime dissolves it; a pretty large 

quantity, however, is required for this purpose. 

SECTION V. 

Lime-water likewise dissolves the stone by means 

of digestion. 12 grs. of calculus require 4 oz of 
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lime-water. The lime-water thereby loses its caustic taste. =z 

On adding acids to this solution, the calculus is partly 
precipitated. 

SEcTION VI. 

Pure water dissolves the calculus entirely, but a large 

quantity is requisite for this purpose. If 8 grs. of finely 

powdered calculus be boiled for a short time with 5 oz. 

of water, they will be dissolved. The tincture of lacmus — 

is turned red by this solution. Lime-water is not pre-— 

cipitated. As it grows cold, the greatest part of the calculus — 

separates again in the form of fine crystals. 

Section VII. 

On distilling, in a small glass retort, 1 drm. of calculus — 

in the open fire, I obtained a volatile alkaline liquor, like 

that from hartshorn, but no oil. In the neck of the 

retort there was a brown sublimate. Upon heating the 

retort thoroughly red hot, and then leaving it to cool, I 

obtained a black coal, weighing 12 grs., which, when put 

upon red-hot iron in the open air, retained its black 

colour. The sublimate, which seemed to have been some- 

what fused, weighed 28 grs., and on being purified by a 

new sublimation, it grew white. It had no smell, but a 

somewhat sourish taste, and was easily soluble in boiling 

water. It also dissolved in spirit of wine, but a larger 

quantity than of water was requisite for this purpose. 

Lime-water was not precipitated. The sublimate seemed 

to agree in some respects with the sal succini. 

From these experiments I conclude that, since the 

terra ponderosa (Sec. im. (d)) is not precipitated, which 
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would, however, be a necessary consequence if vitriolic 

acid were a constituent part of the calculus; and since 

the acid of sugar (Sec. 1m. (4)) does not produce any pre- 

cipitation, which certainly would take place if lime were 

a constituent part of it——I conclude, I say, that calculus 

is neither calcareous nor gypseous, but consists of an oily, 

dry volatile acid united with some gelatinous matter. The 

calculus is an oily salt,:in which the acid prevails a little, 

since it is soluble in pure water (Sec. v1), and imparts 

to the tincture of lacmus a red colour. That it contains 

phlogiston, appears by its solution in caustic alkalies and 

lime-water (Secs. IV., V.), but especially from the effects 

produced by means of nitrous acid, from which it acquires 

quite different properties than from being dissolved in 

_ alkalies, nor can it be precipitated from this solution 

~ (Sec. mt. (/)). The animal gelatinous substance appears on 

distillation, by which a liquor is obtained resembling spirit 

of hartshorn, and a fine coal is left behind. 

SecTION VIII. 

I have found calculus dissolved in all urine, even in 

that of children. If four cans of limpid fresh urine 

be evaporated to 2 oz., a fine powder is deposited as it 

cools, and a part firmly adheres to the glass. This 

powder dissolves very readily in a few drops of caustic 

alkali, and has moreover all the properties of a calculus 

vesice. The lateritious sediment, which is deposited from 

the urine of those who labour under an ague, is of the 

Same nature. I suspected in the beginning that there 

was an unknown menstruum in this urine, which, being 

volatile in the open air, was the cause of such a large 

quantity of this powder being kept suspended in the 

/ 
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urine; but as such urine likewise grows turbid, and 

deposits the same sediment when kept in close vessels, 

and redissolves it again on being exposed to a sufficient 

degree of heat, it appears evident that such a menstruum 

is neither present nor requisite. 

SECTION IX, 

All urine contains some animal earth or lime combined 

with phosphoric acid, and by the superabundance of acid 

this earth is kept dissolved. It is owing to this super- 

abundance that urine imparts a red colour to paper coloured 

with lacmus. If this superabundant acid be saturated 

with volatile caustic alkali, a white powder is precipitated. 

34 drms. of this powder, when dried, are obtained from 

four cans of urine. I dissolved it in nitrous acid; on 

adding vitriolic acid some gypsum was precipitated. After 

all the nitrous acid was evaporated, an acid remained, 

which precipitated lime-water, and, when mixed with lamp- 

black, yielded phosphorus on distillation; consequently 

this powder really contains lime and phosphoric acid. 

SECTION X. 

According to these experiments, all urine contains, 

besides the substances already known (viz. sal ammoniac, 

common salt, digestive salt, Glauber’s salt, microcosmic salt, 

sal perlatum, and an oily extractive matter), a concrete acid, 

hitherto unknown, or the calculus, and animal earth. It 

is remarkable that the urine of the sick is more acid, 

and contains more animal earth than that of healthy 

persons. 
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SUPPLEMENT TO THE FOREGOING DISSERTATION. 

By T. BerGMAN. 

Without knowing anything of Mr. Scheele’s analysis of 

the calculus vesice, I was employed at the same time upon the 

same subject. My experiments lead nearly to the same con- 

clusion, viz. that these animal stones consist of a concrete 

acid. There are, however, some circumstances in which 

they differ from those of Mr. Scheele.- Perhaps the calculi 

on which we made our experiments were really different 

in their nature; but as the differences I remarked were 

constant with all the calculi on which I made experiments, 

I thought it worth while to communicate them to the 

public, especially as they relate to a matter so interesting 

to mankind. 

I could not succeed in entirely dissolving stones of the 

bladder or kidney, either in distilled water or in nitrous 

acid; though it is true that the undissolved part is the 

less the more finely the calculus has been previously 

pounded ; but even in this case a part remains undissolved, 

as appears clearly when the experiment is made in a small 

cucurbit; so that, after the mass is cooled, the undissolved 

part may settle at the bottom in one place. This appears 

in the clearest manner, if small pieces or small calculi, of 

a few grains weight only, be put into a superabundant 

quantity of menstruum, and be kept in a degree of heat 

very near to that which makes water boil. Here it will 

be observed that the greatest part of the piece is dissolved, 

but that at the same time some small white spongy 

particles remain, upon which water, spirit of wine, acids, 

or caustic volatile alkali, have no sensible effect. If the 



152 ESSAY IX. 

heat be increased to full boiling, these particles divide 

into white rare flocculi, and become almost imperceptible, 

but without being dissolved, at least not entirely. I have 

not been as yet able to collect a sufficient quantity of them 

in order to determine exactly their nature. This, however, 

I know, that, when exposed to fire, they are reduced to a 

coal, which burns slowly to ashes, and is not soluble in 

diluted nitrous acid. 

When calculus vesice is dissolved in nitrous acid, no 

precipitation ensues on adding the acid of sugar; whence, 

one is readily induced to conclude that there is no 

calcareous earth present,. because this experiment is the 

surest way to discover it. But I have found, in a variety 

of experiments concerning elective attractions, that the 

addition of a third substance, instead of disuniting two 

already united, often unites with both very closely. That 

the same thing happens here, I had the more reason to 

believe, because the acid of sugar contains some phlogistic 

matter, though of so subtile a nature, that, on being 

burned, it does not produce any sensible coal; and the 

event of my experiment has shown that I was not 

mistaken in my conjecture. In order to ascertain this 

point, I burned coals of the caleulus to ashes, which were 

quite white, and showed in every respect the same 

phenomena as lime, caused some effervescence during their 

solution in acids, united with vitriolic acid into gypsum, 

were precipitated by the acid of sugar, and were partly 

soluble in pure water, ete. Notwithstanding this, there 

remains about one-hundredth part of the ashes insoluble 

in aquafortis; the remainder of the above-mentioned 

substance, which, together with the concrete acid, con- 

stitutes the calculus. If the calculus be dissolved in 

nitrous acid, the solution filtered, and evaporated to 
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dryness, and the dry mass calcined to whiteness, a 

calcareous powder is thus likewise obtained. 

_As pure vitriolic acid contains no phlogistic matter, 

I expected that it would, in the present case, immediately 

show the presence of lime, a circumstance which really 

happened. I dropped some pure concentrated vitriolic 

acid into a solution of calculus in nitrous acid, and found 

that, when the solution was saturated, some small crystals 

immediately separated from it. They proved, on examina- 

tion, to be gypsum; and, after being dissolved in distilled 

water, they were precipitated by the acid of sugar. When 

the solution of the calculus was very much diluted, there 

appeared no change in the beginning; but after a little 

evaporation the above-mentioned crystals began to appear. 

Some calculi of the bladder or kidneys at least certainly 

contain lime, but seldom more than one-half in a hundred 

parts, or one in two hundred parts. | 

Concentrated vitriolic acid dissolves the calculus, when 

assisted by heat, with effervescence; the solution is dark 

brown. If a little water be afterwards added, there seems 

to take place a kind of coagulation; but on adding more 

water all grows clear again, and assumes a yellowish brown 

colour. 

The muriatic acid seems to have no effect upon it. I 

am, however, in doubt whether it will not extract at least 

a portion of the calcareous earth, and shall for this 

reason make some further experiments to determine this 

point. 

The red colour which the solution of the calculus in 

aquafortis may be made to assume is remarkable A 

saturated solution discovers no smell of nitrous acid, and, 

if evaporated by itself in a large open vessel, the liquor 

assumes at last a deep-red colour, and it hardly contains 
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any nitrous acid; for, on the one hand, paper tinged with 

lacmus scarce shows any signs of its presence; and, on 

the other hand, the colour is destroyed by the addition 

of any acid, without being ever afterwards recoverable, 

either by alkalies or any other means known to me. If 

the solution be quickly evaporated upon a heated furnace, 

it at last swells into innumerable bubbles. This foam grows 

redder and redder, and, after it is quite dry, it appears 

dark red. This dark mass communicates its colour to a 

much larger quantity of water than before, and dissolves 

very readily in all acids, even in such as have no action 

on the calculus; but they entirely destroy the colour, and 

that the more quickly the stronger they are. Even alum, 

with its small excess of acid, has this effect. Caustic 

alkalies dissolve the colouring matter, and destroy it, but 

more slowly. | 

The nitrous acid has a peculiar effect upon all phlogistic 

substances; and as the colour of bodies is especially de- 

pendent on phlogiston, it appears why no other acid has the 

power of educing such a colour from the calculus. But in 

order to obtain it, a proportional quantity of acid is requisite. 

The diluted acid of nitre ought therefore to be made use of, 

in order not so easily to transgress the proper limits; for if 

too much be used, it will not produce the proper effect; but, 

in proportion to its superabundance, goes farther, and 

destroys more or less, or the whole of it. If it be poured 

undiluted upon powdered calculus, it is converted in a few 

moments, and without any assistance of heat, into a mere 

foam. 

The acid of calculus is the more easily separated from 

the aquafortis by evaporation, as the latter is rendered more 

volatile by the inflammable particles of the former. Alkali 

added to them both united does not produce any precipita- 

: 
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tion, a circumstance which is generally observed when two 

acids are combined; but both the acids unite with the 

alkali, according to the law of their attraction. The red 

mass obtained after desiccation is, however, very different 

from the concentrated acid, such as is contained in the 

calculus ; for it is of a darker colour, and very diliquescent ; 

the least particle gives to a considerable quantity of water a 

rose colour; it is attacked by the muriatic and other strong 

acids with violence, which sooner or later produce a quite 

colourless solution. Such ’a remarkable change depends, as 

much as I have hitherto been able to ascertain, more 

on the action of the nitrous acid upon the inflammable 

part than upon anything remaining behind. Such red 

spots as are produced upon the skin by the solution 

are likewise produced upon bones, glass, paper, and other 

substances; but then more time is required before they 

become visible, which, however, may be a little accelerated 

by heat. 

I pass over a number of other experiments, made partly 

in a different manner from those of Mr. Scheele, which, 

however, prove no more than may be learned from his 

excellent paper. I was also prevented from finishing some 

of them by other engagements. I have been these several 

years collecting the different stony concretions of animal 

bodies, in order to investigate their component parts; I have 

been promised still more of them, and hope to be assisted in 

this matter, so interesting to medical science, by such as 

have collections of this kind. The only thing from which 

we may reasonably expect the discovery of proper remedies 

for the relief of people labouring under this complaint, is the 

just knowledge of the nature of the calculus. Did we not 

already know from experience that lime-water and the 

caustic lixivium are among the best remedies against the 



tS ee ae ee ee 
a ee eS ae 

fat ae rahe 
e . am ho, 

TEOo | ESSAY IX. ha 
Sag ==! Taal 

stone of the bladder or kidneys, we might conclude this fre 

its properties, as they are now discovered. From a furth 
inquiry, we may perhaps be led to find out a still mo 

convenient remedy. Whether all urinary calculi are of the | 

‘same nature, I hope to ascertain soon. (om aa 
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METHOD OF PREPARING MERCURIUS DULCIS VIA 

HUMIDA. 1778. 

SEctTIon I. 

TAKE half a pound of quicksilver,‘and as much pure common 

aquafortis, pour it into a small cucurbit, with a pretty long 

neck, stop the mouth with a little paper, and put it into 

warm sand. Some hours afterwards, when the acid appears 

no longer to act upon the quicksilver, the fire is to be so 

much augmented as nearly to make the solution boil. This 

heat is to be continued for three or four hours, and the 

vessel now and then to be shaken.! Towards the end, 

regulate the heat so that the solution shall gently boil for a 

quarter of an hour.2 In the meantime, dissolve 44 oz. of 

' One would imagine that, when the acid no longer effervesces with 
the quicksilver, it should be saturated ; but this is far from being the 
case. Ifthe heat is increased, this solution is still able to dissolve a 
great quantity ; with this difference, however, that whereas the quick- 
silver in the beginning is calcined, a great deal of quicksilver, in a 
metallic form, is afterwards dissolved as appears clearly from this, that 
not only no more elastic vapours ascend, but also that with fixed and 
volatile caustic alkalies a black precipitate is obtained, otherwise, when 
the solution contains only calcined quicksilver, the precipitate is yellow. 
If the black precipitate be gently distilled, quicksilver arises, and there 
remains a yellow powder, which is precisely that part of quicksilver 
which, in the beginning of the operation, was calcined by the acid of 
nitre. : 

* The fire must necessarily be augmented, in order to keep the 
nitrated mercury dissolved, which is very much inclined to crystallise, 
even in the heat. There commonly remains some undissolved quick- 

167 
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pure common salt in 6 or 8 lb. of water; pour this solution, 

still boiling, into a glass vessel, and immediately afterwards 

mix with it the above-mentioned solution of quicksilver, 

which must also be boiling, in small quantities at a time, 

with constant agitation. When the precipitate has settled, 

decant off the clear liquor and pour hot water again on the 

precipitate, with which it is to be edulcorated till the water 

standing upon it shall be entirely tasteless. Put the whole 

obtained by these means together; filter and dry it in a 

mild heat. 

Section IT. 

If we consider how mercurius dulcis is obtained in the 

dry way, or by sublimation, it will not be difficult to account 

for the method I have proposed. Mercurius corrosivus albus 

is a middle salt, and consists, as is well known, of marine 

acid, combined with calx of mercury. This salt can dissolve 

a good deal of quicksilver in its metallic form. In order to 

this, they must meet one another when separated into their 

smallest particles, which happens when, by means of heat, 

they are converted into vapour. The same thing takes 

silver; but it is always better to take too much than too little, for 
the more metallic substance the mercurial solution contains, the more 
mercurius dulcis is obtained. 

1 The mercurial solution must be cautiously poured into that of the 
common salt, that no mercury may follow. 2 oz. of salt would be 
suflicient for the precipitation of all the quicksilver ; but when so small 
a quantity is used, it may easily happen that some superabundant 
corrosive sublimate may adhere to the precipitate, which water alone is 
incapable of entirely separating ; this is doubtless the reason why it is 
generally supposed that white precipitate is corrosive. I have found 
that common salt, as well as sal ammoniac, is capable of dissolving a 
considerable quantity of corrosive sublimate. It is on this account that 
I take 4} oz. of salt, in order completely to separate all the corrosive 
sublimate. From the above-mentioned quantity of quicksilver, about 
84 oz. of mercurius dulcis are commonly obtained. 
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place with the solution of mercury that is obtained in the 

method above described. This contains the calx of mercury 

and quicksilver, divided into its finest particles. If there be 

now added marine acid, or, to save expense, common salt, 

the marine acid will unite with the calx of mercury, by 

which genuine mercurius corrosivus albus is produced; and 

as the solution contains quicksilver in its metallic form, it 

immediately attracts as much of the corrosive salt as is 

necessary to its saturation; and thus is produced a real 

mercurius dulcis, which, on account of its insolubility in 

water, must be precipitated. 

Section III. 

Experiments prove that this precipitate is nothing else 

than a good mercurius dulcis; as (1) it is entirely tasteless. 

(2) I have sublimed the precipitate, and examined what 

ascended in the beginning of this process, which ought to be 

corrosive, if the precipitate contained this salt in abundance, 

because it is well known that corrosive sublimate rises 

sooner than mercurius dulcis; but this, as well as that 

which was afterwards sublimed, was pure mercurius dulcis, 

and entirely like to that obtained in the common manner. 

(3) IL also mixed the precipitate with one-fourth part of quick- 

silver (thinking that, if it had contained too much mercurius 

corrosivus, it ought now to be able to unite with more quick- 

silver), and sublimed it, when I found my quicksilver again 

with its former weight undiminished. (4) It is known that 

caustic alkalies and lime-water give mercurius dulcis a black 

colour. The same thing appeared with mine. The black 

colour is nothing else than quicksilver divided into very 

minute particles. 
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SECTION LV. 

That the method above described is really more ad- — 

vantageous than that usually employed, I cannot doubt; — 

because (1) The mercurius dulcis can be prepared with less 

difficulty, with less expense, and without employing mer- 

curius corrosivus. (2) It can never become either more or — 

less corrosive, if it be only well edulcorated, and consequently 

it is always safe. (3) One is never exposed to the vapour 4 

which rises in the old method during the saturation of _ 

corrosive sublimate with quicksilver, and which is so 

dangerous to the health. (4) This mercurius dulcis is 

much finer than the common, which never can be reduced 

to so fine a powder, however long it is triturated. 



ESSAY XL 

A CHEAPER AND MORE CONVENIENT METHOD OF 

PREPARING THE PULVIS ALGAROTHI. ‘1778. 

THE preparation of this powder, as has hitherto been prac- — 

tised, is an operation very difficult, and dangerous to the 

health. As this powder is requisite in order properly to 

prepare antimonial or emetic tartar, I resolved to try whether 

the preparation would not succeed without corrosive subli- 

mate, by which means two considerable advantages would 

be gained: the chemist would be out of danger, and the 

great quantity of the first-mentioned mercurial preparation, 

which is now employed for making this powder, would be 

saved. Both these purposes we obtain by preparing mer- 

curius dulcis via humida. For the objection, that no cin- 

nabar of antimony is obtained, is groundless; because this 

cinnabar, purified by sublimation, is in no respect different 

from the common pure cinnabar. 

Before I proceed to describe the new process for pre- 

paring the pulvis algarothi, it will be necessary to inquire 

into the theory which has been hitherto received concerning 

the production of butter of antimony when regulus of anti- 

mony is distilled with corrosive sublimate. It is said that 

the decomposition of the corrosive sublimate, which in this 

case happens, takes place because the elective attraction of 

the regulus of antimony for the muriatic acid is greater 

than that of the quicksilver for the same acid; that it there- 

11 
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fore leaves the acid, and that this latter uniting with the 

regulus goes over into the receiver in the form of butter; 

that at last, on increasing the heat, the mercury goes over — 

by itself, or that it is sublimed in union with the sulphur of 

antimony, under the name of cinnabar of antimony, provided 

crude antimony (antimonium sulphuratum) be taken for this — 

purpose instead of the regulus. 

This explication does not agree with the late observa- 

tions in chemistry; for the butter of antimony, or, as it is 

sometimes called, the antimonial caustic, contains not the 

least regulus of antimony; but the portion of antimony 

which it contains is half-calcined, and this calcination cannot — 

be owing to the muriatic acid. But as it is well known 

that the mercury in the corrosive sublimate is not in a 

reguline form, but in the state of a calx, and that the 

mercurial calx in this metallic salt may be reduced by 

being put upon live coals; that fuming muriatic acid goes — 

over, if the corrosive sublimate is distilled with phlogistic 

substances ; and, further, that the corrosive sublimate is by 

no means decomposed when distilled with pulvis algarothi, 

or with a half-calcined regulus of antimony; it follows that, — 

in the present process, the mercurial calx, as one constituent 

part of the corrosive sublimate, attracts the phlogiston neces- 

sary for its reduction from the regulus of antimony, whereby 

the muriatic acid is set free, and then attacks the regulus 

of antimony, which is dephlogisticated in the same propor- 

tion, and goes over united with it in the form of a thick 

substance, resembling butter. 

The butter of antimony consists, therefore, of concen- 

trated muriatic acid, and of a_ half-calcined regulus of 

antimony; and it is from this partly dephlogisticated regulus 

that the antimonial tartar is obtained when it is united with 

cream of tartar. The regulus of antimony must be only 
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partially calcined, in order to be soluble either in the 

_ muriatic acid, or by cream of tartar; for in its metallic 

form it is entirely insoluble; and the bezoar mineral proves 

that this is also the case if the metal be entirely dephlo- 

gisticated ; consequently, if regulus of antimony, partially 

dephlogisticated, be digested in muriatic acid, this acid is 

not able to dissolve more of it than what has already under- 

gone that degree of calcination, or what has lost so much 

phlogiston as the regulus of antimony generally loses when 

it is distilled with corrosive sublimate. 

It is a known fact that emetic tartar may be prepared 

from liver of antimony and cream of tartar; and that when 

this emetic tartar is dissolved in muriatic acid, and the 

solution distilled, the causticum antimoniale is generated ; 

there must therefore be contained in the liver of antimony 

a regulus so far calcined as to be fit for this purpose; and 

we should gain our end completely if the half - calcined 
regulus contained in the hepar could be entirely freed from 

the hepar. This is the more requisite, as the solution by 

the cream of tartar in the other case is not only very slow, 

but likewise contains (if the emetic tartar, which is thus 

prepared, be not contaminated with superfluous cream of 

tartar) vitriolated tartar, which, though it be lixiviated with 

boiling water, cannot be extracted from the vitrified regulus 

with which it has been united by fusion. The most proper 

menstruum for extracting the half-dephlogisticated regulus 

is muriatic acid, which afterwards quits the antimony if the 

butter be diluted with boiling water. If this solution be 

distilled, butter of antimony is likewise obtained; as, how- 

ever, the hepar prepared with equal parts of antimony and 

nitre contains not only antimony still undecomposed, but 

likewise hepar sulphuris, as easily appears when this hepar 

is digested with muriatic acid, not only from the hepatic 

——————————— Se “ 
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smell, but also from the remaining insoluble black powder, — 

it is necessary to add more nitre; and instead of muriatic © 

acid, which is dearer, a mixture of diluted vitriolic acid and 

common salt should be poured upon it, with which it is 

afterwards to be digested. Thus a real butter of antimony 

is obtained, from which, when diluted with water, the pulvis 

algarothi is precipitated. The salts contained in this anti- 

monial solution, viz. Glauber’s salt and vitriolated tartar, 

remain behind in the water, and do not in the least change 7 

the precipitate. 

The process is therefore the following :—Take of powdered 

crude antimony 1 lb., powdered nitre 14 1lb., which, after 

being well dried and mixed, are to be detonated in an iron 

mortar. The hepar obtained in this manner is to be 

powdered, and 1 lb. of it to be put into a glass vessel, on 

which first a mixture of 3 lb. of water and 15 oz. of vitriolic 

acid is to be poured, and afterwards 15 oz. of powdered 

common salt are to be added; the glass vessel is then to be 

put in a sand-bath, and kept in digestion for twelve hours, — 

during which period the mass is to be constantly stirred. 

The solution when cool is to be strained through linen. 

Upon the residuum one-third of the above-mentioned men- 

struum is to be poured, the mixture digested and strained. 

From this solution, when it is diluted with boiling water, 

the pulvis algarothi precipitates, which is to be well edul- 

corated and dried. 

se Ai os ai th Oa a eae : 
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EXPERIMENTS UPON MOLYBDANA.. 1778. 

I po not intend to treat here of the common molybdena 

which is to be met with in the shops, for that is very 

different from the sort concerning which I am now com- 

municating my experiments to the Royal Society. Mine is 

that kind which Cronstedt in his mineralogy calls molybdena, 

membranacea, nitens, and with which Mr. Quist and several 

others made their experiments. The specimens, which I had 

an opportunity to examine, were taken from different places, 

but were all found to be of the same nature, and to consist of 

the same. constituent parts. 

Section I. 

I first wished to know what effects molybdena would 

produce in the moist way. It was necessary for this 

purpose to have it very finely powdered. This being 

impossible to effect without some addition, on account of its 

flexible lamellee, I triturated it in a glass mortar, with some 

pieces of vitriolated vegetable alkali, and thus I at last 

reduced it to a fine powder ; upon which, after it was sifted, 

I poured hot water, stirring the mass well together. After 

the molybdena had sunk to the bottom, I poured off the 

Solution, and repeated the same process several times, till 

all the vitriolated tartar was entirely washed off; I then 

dried the powder that remained. 
165 
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Section II. 

I both digested and boiled this mineral in all the known — 7 

acids ; but among them all I found but two which have any 

effect upon it, viz. the acid of arsenic and the acid of nitre. — 

The molybdena is not attacked by the acid of arsenic till the — 

water is evaporated. If then the heat be increased a little, 

_ arsenic rises into the neck of the retort, and towards the end ~ 

yellow arsenic or orpiment is sublimed. Volatile sulphureous 

acid goes over into the receiver. 

I poured two parts of concentrated nitrous acid upon 4 

one part of powdered molybdena. The mixture was hardly 

lukewarm in the retort, when it passed all together into the ~ 

recipient with great heat, in the form of dark red vapours. 

I doubt not but this mixture would have taken fire if its 

quantity had been larger; and therefore thought it more — 

advisable to repeat the experiment with diluted nitrous 

acid. | 

SECTION ILI. 

I poured 6 oz. of diluted acid of nitre on 14 oz. of 

powdered molybdeena, and put it into a glass retort, provided 

with a luted recipient, and placed it in a sand-bath. During 

the digestion the acid had no effect upon the powder; but 

as soon as the mixture began to boil, red elastic vapours rose 

with a great intumescence; the retort therefore ought to 

be taken large enough. The distillation was continued to 

dryness. Upon the residuum in the retort, which was now 

of a grey colour, I poured the same quantity of diluted acid 

of nitre, when the mass began to effervesce considerably as 

before. After the mixture was again distilled to dryness, 

the residuum appeared to be of a whiter colour than before. 
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I poured upon it the same quantity of the same acid, 

distilled and abstracted it as before, and repeated the same 

operation the fourth and fifth time, till at last a powder as 

white as chalk remained in the retort. This residuum, after 

being edulcorated with hot water till it was poured off per- 

fectly tasteless, was dried. At this time it weighed 64 drms. ; 

I shall call it terra molybdene. The limpid liquor obtained 

from the edulcoration was evaporated to half an ounce; it 

then assumed a fine blue colour, and grew thick; it contained 

a little iron, but was, besides, chiefly acid of vitriol. On 

diluting the acid with water, the colour disappeared; fixed 

and volatile caustic alkalies have no effect upon molybdena in 

the moist way. 

SECTION LV. 

From the fine experiments of Mr. Quist on molybdena, 

we know that this mineral contains sulphur, and is almost 

entirely volatile in the open fire. A small piece of it 

exposed upon a silver plate to the blowpipe makes a 

beautiful appearance, when the white vapours attach them- 

selves to the plate in the form of small shining scales, in the 

direction of the flame. This white sublimate becomes blue 

whenever it is in contact with the blue flame, but disappears 

and changes again to white whenever the extreme point of 

the flame is directed agamst it. This white sublimate is the 

same earth that is obtained with the acid of nitre (Sec. 11), 

and shows the same phenomena in the flame of the blow- 

pipe. 

SECTION V. 

1 oz. of pulverised molybdena was mixed with 4 oz. 

of purified nitre, and detonated in a_ crucible heated 

thoroughly hot. The mass thus obtained was of a reddish 
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colour; I dissolved it in water; the solution was clear and 

colourless; to the bottom of the vessel a small quantity of 

red powder subsided, which, after being dried, weighed 11 grs., 

and proved to be an iron ochre. From the solution I 

obtained, upon evaporation, both vitriolated tartar and nitre 

in crystals; but a good deal of lixivium remained, which 

refused to crystallise, though there was no mark of super- 

fluous alkali. I mixed it with a little water, to which I 

afterwards added diluted acid of vitriol, till there appeared no 

more precipitation. This precipitate, when edulcorated with 

lime-water and dried, weighed 3 drms. If too much acid of 

vitriol is added in the foregoing process, the precipitate will 

be redissolved, and the water itself retains a part of it in 

solution. Nay, while the solution is hot, no precipitation 

ensues. A precipitate is likewise obtained by means of 

nitrous or muriatic acid. 

Section VI. 

In order to become better acquainted with this kind of 

earth, I first examined that obtained by means of nitrous 

acid, via humida (See. 111). 

(a) I reduced 1 scruple of it in a glass mortar to a very 

fine powder, and boiled it with 2 oz. of distilled water 

for a quarter of an hour. The +liquid was then poured — 

into another vessel, and the remainder again boiled with 

2 oz. more of water, which, when poured off, had a_ 1 

peculiar acid and somewhat metallic taste. I therefore 

repeated the same process ten times over, always with 2 oz, 

of fresh water, and found at last that nearly the whole was 

dissolved. (bd) Thinking that perhaps some vitriolic acid 

might have adhered to the earth, and thus be the cause of its 

solubility in water, I exposed part of the terra molybdene 
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in a glass retort to the open fire, till the retort was very 

near beginning to melt, and really found in the recipient 

some smell of sulphureous acid. Afterwards I exposed the 

earth in a crucible, upon which another inverted one was 

luted to the fire for a quarter of an hour, when, on opening 

the crucible, the earth was found to be melted, and im- 

mediately a smoke ascended, which fixed itself to a cold 

iron plate, that was held over it, in the form of small shining 

white and yellowish scales. As soon as the covercle was 

put on, the fumes ceased; but as soon as the air had access 

to it, the earth melted, and began again to fume, on which 

account I could not collect any flowers in the upper crucible. 

The melted earth was poured upon a plate, when it assumed 

a light grey colour, with rays emanating from the centre to 

the circumference. , 

Under the blowpipe this earth is soon absorbed by 

charcoal; but when placed upon a silver plate it melts, and 

yields vapours with the same phenomena as molybdena 

(Sec. rv.). I was now desirous to know whether this 

melted earth was still soluble in boiling water. (c) It was 

therefore pulverised, and a little of it boiled in water, as 

before (a); but it exhibited the same phenomena, and 

the solution acquired the same taste. This fused earth of 

molybdiena I made use of for all the following experiments. 

The flowers which attached themselves to the iron plate» 

showed the same phenomena as this earth. 

Section VII. 

The earth of molybdena is of an acid nature. The 

solution (Sec. vi. (¢)) reddens lacmus, coagulates the solution 

of soap, and precipitates hepar sulphuris. (0) It has likewise 

some effect upon metals. If it be boiled with filings of all 
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the ignoble metals, the solution is of a bluish cast. (c) If — 

there be added to it a little alkali of tartar, the earth 

becomes soluble in greater quantity in water, and after 

evaporation shoots into small confused crystals. This small — 

quantity of alkali prevents the earth from being volatilised 

in the open fire (Sec. vi. (0)). (d) This solution, while hot, — 

more clearly shows its acid property, and tinges lacmus of a 

deeper red. It effervesces with chalk, with magnesia, and — 

with earth of alum, with which earths it forms neutral — 

salts, which are very difficult of solution in water. (¢) — 

It precipitates silver, quicksilver, and lead dissolved in — 

nitrous acid, as also lead dissolved in marine acid. These — 

precipitates are reduced upon charcoal, and the melted 

earth runs into the pores of the charcoal. The other 

metals are not precipitated, nor is corrosive sublimate. (/) — 

It also precipitates the earth of the ponderous spar from — 

nitrous or marine acid. This precipitate is not a regenerated : 

spar, because it is soluble in cold water, a property which — 

regenerated ponderous spar does not possess; the solutions | 

of other kinds of earth are not precipitated. (g) This © 

solution also expels the aérial acid from the fixed -and 

volatile alkalies, and forms with them neutral salts, which — 

precipitate all metallic solutions. Gold, corrosive sublimate, — 

zinc, and manganese are precipitated in the form of a white 

powder; iron and tin, from their solution in marine acid, of — 

a brown; cobalt, of a rose colour; copper, blue; the solutions — 

of alum and quicklime, white. If the ammoniacal: salt 

formed by the earth of molybdena and volatile alkali be 

distilled, the earth parts with its alkali in a gentle heat, 

and remains itself in the retort, in the form of a grey ~ 

powder. | 
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Section VIII. 

(a) Concentrated vitriolic acid dissolves, with the assist- 

ance of heat, a great quantity of this kind of earth. The 

solution acquires a very fine blue colour, and becomes thick 

on cooling; the colour disappears on the application of heat, 

but returns again when it grows a little cool; as also in 

water (Sec. 1.). In a stronger heat the earth parts with 

the vitriolic acid, and remains behind unaltered. (6) The 

nitrous acid has no effect upon it; (¢) but when boiled with 

muriatic acid it dissolves in considerable quantity ; and when 

this mixture is distilled to-dryness, there remains a dark 

blue residuum. If the heat be increased, there arise white 

flowers with a little blue sublimate, and in the receiver is 

found smoking muriatic acid. The residuum is grey. The 

sublimate and the flowers moisten in the open air, stain 

metals wetted with the solution blue, and are only earth of 

molybdeena volatilised by muriatic acid. (d) If one part of 

this earth be distilled with two parts of vitriolated tartar, 

there goes over at last, when the heat is very strong, a 

little vitriolic acid. The remaining earth is more soluble in 

water than before. (e) Distilled with two parts of nitre, it 

expels smoking nitrous acid. The residuum dissolved in 

water is a neutral salt which precipitates all metallic, 

solutions, and resembles the salt of Sec. vi. (g). (/) When 

it is distilled with two parts of pure common salt, the acid 

is expelled in a fuming state, and there arise into the neck 

of the retort white, yellow, and violet - coloured flowers, 

which become moist in the air; and when sprinkled on 

metals give them a blue colour (c). 
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SECTION IX. 

That this metal is not incapable of attracting phlogiston, 

appears from the blue colour which the sublimate receives 

from the flame of a candle; that it attracts it also via 

humida, the blue colour likewise evinces (See. vir. (0)). (a) In 

order to acquire more certainty on this point, the earth of 

molybdzena was dissolved in boiling water, with the addition 

of a little alkali. Into this solution were poured some drops 

of muriatic acid, and it was divided into several parts; into 

each part there were put filings of different metals; the 

solutions soon acquired a bluish colour, which grew deeper 

and deeper, and in an hour’s time, during which the bottle 

was now and then shaken, the colour became a very fine and 

dark blue. That this colour depends upon phlogiston, may 

be concluded from the following considerations :—(1) If, 

instead of the metals, you take the different calxes, no 

change of colour takes place. (2) If there be dropped 

into the blue solution a few drops of acid of nitre, and 

the solution be then put into a warm place, the colour 

disappears. It is therefore not a matter of surprise that 

both silver and quicksilver should be attacked, since a 

double attraction takes place, the muriatic acid uniting 

with the metallic calx and the earth of molybdena with 

the phlogiston of the metals; gold, however, is not attacked. 

(6) If too much muriatic acid be added to the solution, it 

acquires not a blue, but a yellowish colour, which at last 

turns brown if the metallic mixture be digested. Here the 

earth seems to attract more phlogiston; for if this solution 

be added to a solution of earth of molybdeena, the phlogiston 

is more divided, and the mixture grows blue. (c) Lixivium 

sanguinis, in which the acid prevails, precipitates this earth 
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dissolved in water, brown, and the infusion of galls, dark 

brown. 

SECTION X, 

I have tried the earth of molybdena with black flux and 

charcoal, in order to see if I could reduce it; as also with 

glass of borax and charcoal, but in vain. I could not dis- 

cover the least metallic principle. I conjectured that 

inflammable bodies might have the same effect upon earth 

of molybdeena as the air, viz. to volatilise it (Sec. vi. (0)). I 

therefore moistened some of this earth with olive oil, put . 

the mixture into a glass retort, and continued the fire till 

the retort began to melt. But here arose no sublimate; 

the residuum in the retort was like a black powder. Some 

of this powder was put into a crucible, and exposed to a 

strong fire, when it became red hot, and sublimed in the 

form of white flowers. I then put the other part into a 

crucible, and luted on it another inverted crucible, which 

was likewise exposed to a strong fire. An hour afterwards, 

when the whole mass was grown cool, I opened the crucibles, 

but the earth was found with its black colour unchanged, 

without any sign of fusion. This black powder showed the 

following phenomena:—(1) It did not dissolve in boiling 

water; (2) nor, when alkali was added, and the boiling 

heat continued, did it dissolve, notwithstanding alkali on 

other occasions so readily dissolves it (Sec. vil. (g)). (3) But 

when mixed with a triple quantity of alkali of tartar, and 

exposed to fusion into a crucible, there arose a strong 

effervescence. If the mass be then dissolved in water, and 

the superfluous alkali saturated with nitrous acid, the product 
will be a neutral salt, consisting of the earth of molybdena . 

and alkali, which decomposes all other neutral salts (Sec. 

vil. (g)). (4) Nitrous acid attacks the phlogisticated earth 
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very violently in digestion, and deprives it of its phlogiston, J 

upon which it grows white, and regains its former property. — 

Vitriolic and muriatic acids have no effect upon it. 

SECTION XI. 

The earth of molybdena which is procured by nitre 

(See. v.) is in several circumstances different from that just 

mentioned. (1) It requires much more water for its 

solution; 2 oz. of water, dissolved by continued boiling, 

1143 scruples. (2) It expels not the vitriolic acid from 

vitriolated tartar. (3) It is more easy of fusion. (4) It — 

does not sublime in an open crucible. (5) When fused with 

charcoal powder, it affords a solution with water, containing a 

neutral salt, which precipitates all other neutral salts. 

SECTION XII. 

The cause of this great difference les in the alkali, of 

which this precipitate obstinately retains a part. That it 

contains alkali, though it be purified by repeated solutions 

and crystallisations, is easy to infer from the following 

experiments :—(1) When to a hot solution some concentrated 

nitrous acid is added, and the boiling continued, the greatest  _ 

part of the dissolved earth falls to the bottom in the form — 

of small crystals. If afterwards the clear liquor is evaporated, 

some nitre is obtained. These small crystals have the same — 

properties with that earth of molybdena that is procured by 

nitrous acid (Sec. 11.). (2) The salt which is obtained by 

fusion (Sec. x1. (5)) proves the same. This neutral salt is 

produced in the following manner:—The earth which con- 

tains only a small quantity of alkali, and yet operates like 

an acid, because it changes the colour of lacmus to red, 
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attracts phlogiston from the charcoal powder that is added ; 

but alkali prevents as much earth from entering into this 

union as is necessary to its saturation. It appears from 

Sec. x. (3), that alkali more strongly attracts the earth than 

the earth does phlogiston. This is a neutral salt, which is 

soluble in water, and is entirely like the salt of Sec. vir. (9); 

the charcoal which remains after the lixiviation yields 

vapours in an open crucible, and gives a sublimate con- 

taining phlogisticated earth of manganese. (3) This alkali 

fixes the earth in the open fire (Sec. x1. (4)). (4) Hence 

appears likewise the reason why this earth does not expel 

the vitriolic acid from vitriolated tartar; for its attractive 

power for the alkali must diminish in proportion as it comes 

nearer to the point of saturation; and as the pure earth 

contains no alkali, it attracts a little from the vitriolated 

tartar, consequently there can appear but a slight vestige of 

vitriolic acid (Sec. vu. (d)). This small quantity of alkali 

occasions its more easy solubility in water. The same earth 

is found in Sec. VII. (¢). 

SECTION XIII. 

Having now analysed molybdena, by means of the 

experiments which I have communicated, it still remained 

to be able to recompose this mineral of its proximate con- 

stituent parts. That molybdzna contains sulphur is already 

known, and my experiments show the same thing. Some 

very fine pulverised earth of molybdena (Sec. vi. (¢)) was 

mixed with three parts of sulphur. The mixture was 

distilled in the open fire in a glass retort, furnished with a 

luted recipient. The retort was placed in the beginning in 

such a manner that the sulphur which rose to the neck 

should run back again; but at last this substance was 
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entirely driven off. The recipient, besides the sulphur, 

was filled with a stinking smell of volatile spirit of sulphur. 

The residuum in the retort resembled a black powder, which, 

when rubbed between the fingers, stained them of a shining 

black colour, and showed the very same phenomena, in every 

other respect, as native molybdzena itself. We have then a 

kind of earth in molybdeena which has probably to this time 

been unknown, and which one may properly call acid of 

molybdzna, as it has all the properties of an acid. But 

I think I already. hear it objected that it may be some 

metallic earth, combined with an acid hitherto unknown, 

or else vice versd. I am content to let this opinion rest 

upon its own merit, as long as it remains unconfirmed by 

convincing proofs, deduced from unequivocal experiments ; 

and although in certain circumstances it resembles a metallic 

earth, I believe with confidence that molybdena consists of 

_ an acid mineralised by sulphur. 



ESSAY XIIL 

EXPERIMENTS ON PLUMBAGO. 1779. 

I AD the satisfaction of seeing my experiments on molyb- 

dena inserted in the third quarter of the Transactions of 

last year; and as, in the beginning of that paper, I advanced 

that the black-lead or plumbago which is generally known 

in commerce is very different from molybdena, I shall now 
show by experiments that this is really the case. The 

mineral of which I am to speak at present is called by 

Cronstedt, Molybdena texturd micaced et granulatd. 

SECTION I. 

Finely levigated and sifted plumbago, after being digested 

and boiled in all the known acids, both concentrated and 

diluted, showed no sign of decomposition, excepting that 

the menstrua were impregnated with a small portion of 

iron. The acid of arsenic is the only acid which has any 

effect upon this mineral, but it produces it only in the dry 

way. I mixed two parts of dry acid of arsenic with one 

part of pulverised plumbago; and, after having distilled this 

compound in a retort, found the neck of the vessel filled 

with arsenic. That this reduction of the acid of arsenic 

was not owing to the heat, I shall show in the sequel of 

this paper. 
12 
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SEcTION II. 

(a) Corrosive sublimate had likewise no effect upon 

plumbago when they were subjected to sublimation together. 

(6) With sal ammoniac by the same operation, I obtained 

flores martiales and a little caustic volatile alkali. The 

remainder was unchanged. (ce) When I mixed plumbago ’ | 

with a double quantity of sulphur, and again separated it 

by sublimation, I found the weight of the plumbago to be 

the same as before. (d) Upon fusing it with four parts 

of vitriolated vegetable alkali in a covered crucible, I obtained 

hepar sulphuris. (¢) When one part was exposed to the 

action of heat with eight parts of litharge in a close crucible, | 

the calx of lead was reduced; but no reduction followed 

when it was treated with glass of antimony. That the calx 

of lead acts more powerfully upon phlogiston than the calx — 

of antimony, appears upon mixing and fusing litharge with 

regulus of antimony; for by this means regulus of lead 

and black glass of antimony are obtained. (/) By distilla-_ 

tion with common salt none of the acid was expelled. (g) 

On distillation with nitre no detonation took place in the 

retort. 

Section III. 

(a) I put 2 drms. of levigated plumbago, together with 

1 oz. of purified nitre, into a red hot crucible. At first a 

strong effervescence and afterwards a violent detonation 

took place. There remained in the crucible a black shining 

liquid matter, which still contained a great deal of plumbago. 

(6) I then mixed one part of levigated plumbago with six 

parts of nitre, and the same detonation followed. The mass 

remaining in the crucible was exactly the same as the 
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former. (c) The same process was repeated with eight 

parts of nitre, and here a little plumbago remained which 

was not calcined by the nitre. All the masses remaining . 

in the crucible were dissolved in water, when a good deal 

of undecomposed plumbago fell to the bottom. The limpid 

solution neither contains hepar nor vitriolic acid; conse- 

quently there is no sulphur in pure plumbago. (d) At last 

I mixed one part of levigated plumbago with ten parts 

of nitre, and put it into a red hot crucible; a detonation 

followed, and after it was kept for a few minutes in a state 

of fusion, a white alkaline mass appeared, which I poured 

out upon a copper plate, and afterwards dissolved it in 

water, upon which a little brown powder was precipitated. 

From 1 oz. of plumbago thus calcined with nitre, I obtained 

15 grs. of this brown powder, which I found to be ochre 

of iron. Upon pouring some vitriolic acid into the alkaline 

solution, an effervescence ensued, and the air expelled was 

aérial acid mixed with nitrous air (acidum nitri phlogisticatum), 

and the whole mixture became gelatinous. I filtered the 

whole together, and found that what remained in the filter 

was siliceous earth mixed with a little earth of alum. The 

saturated solution yielded, after evaporation, nothing but 

vitriolated vegetable alkali. (e) But not being convinced 

by this experiment of the existence of clay in plumbago— 

for I have elsewhere more particularly shown (Dissertation 

on Silex, Clay, and Alum) how unsafe all experiments of this 

kind are in common crucibles—I made the same detonation 

with plumbago and nitte in an iron crucible, and found that 

I was right in my suspicion, for not the least mark of clay 

was now to be discovered. | 
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Section IV. 

My. J. G. Gahn, in roasting plumbago upon a test, ex- 

perienced a loss of ninety parts in a hundred of plumbago, _ 

without any visible smoke; and Mr. P. J. Hjelm, upon ~ 

repeating the same experiment, obtained the same result. 

The remainder is nothing but ochre of iron. One should be 

easily tempted to believe that whatever has been volatilised — 

during the ustulation was nothing but phlogiston! For 

(1) there is not any sulphureous smell perceived from pure 

plumbago, and the calcination requires the free access of air ; 

and (2) from its detonation with nitre, etc. But then the 

phlogiston would, according to this supposition, constitute a 

the greatest part of the weight of the plumbago; but it is 

‘not probable that such a small quantity of iron should fix 

such a large quantity of phlogiston; which would then be 

present in a much larger quantity in plumbago than even in 

chareoal; for five parts of nitre are sufficient to decompose 

one part of charcoal; whereas ten parts of nitre are required 

to produce the same effect upon one part of plumbago. This 

induced me therefore to examine the vapours which arise 

from it in such large quantity during detonation. 

SECTION YV. 

One part of levigated and sifted plumbago was mixed 

with ten parts of powdered nitre, and a little of this mixture 

was put at intervals into a red hot tubulated retort, to which 

a large glass receiver was adapted. At last the receiver was 

found full of nitrous air, and covered with a white crust, 

which was easily soluble in water, and proved, on an exact 

examination, to be nothing else than nitre. Thence it is 
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evident that, during the ustulation and distillation of plum- 

bago, no sublimate or anything like a sublimate is driven off. 

SEcTION VI. 

There was one circumstance observable which deserves 

the greatest attention, viz. the aérial acid which was expelled 

during the saturation of the fixed alkali (Sec. 111. (d)). I 

was led by this to mix 15 gers. of levigated plumbago with 

8 scruples of nitre, and to put it into a small retort of thick 

glass. A large empty bladder was adapted to the retort, 

and it was placed upon live coals. As soon as the nitre 

entered into fusion, the mass in the retort took fire, and the 

bladder became distended. After the whole was cooled, I 

detached the bladder from the neck of the retort, and found 

that the air contained in it occupied as much room as 36 oz. 

of water. Lime-water absorbed one-third of this air, and 

by the remainder flame was supported. Plumbago therefore 

contains likewise aérial acid ; a great part of which is attracted 

by the alkali of nitre. 

Section VII. 

One might perhaps suppose that this aérial acid arose 

from the nitre itself. To this I answer, if such was really 

the case, we should obtain aérial acid in all other detonations 

with nitre. I therefore mixed (a) half a drachm of tin filings 

with 2 drms. of nitre, and detonated the mixture in the 

manner above mentioned. I thus obtained as much air as 

occupied the space of 44 oz. of water; but this air contained 

not the least mark of aérial acid; it did not extinguish a 

candle. (b) From 1 drm. of regulus of antimony, detonated 

with 2 drms. of nitre, a quantity of air was obtained, which 
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- occupied the space of 8 oz. of water; it contained no aérial — 

acid, but extinguished flame; neither in the detonation of — 

brimstone is there any atrial acid obtained. But, in order to _ 

remove all doubts and objections, I contrived to decompose 

plumbago without nitre. (c) For this purpose I repeated — 

the experiment already mentioned with the acid of arsenic — 

(Sec. 1.). I applied an empty bladder to the retort instead — 

of a receiver. When the arsenic rose into the neck of the ~ 

retort, the bladder was distended, and I obtained pure aérial 

acid. (d) I mixed four parts of calcined quicksilver with | 

one part of pulverised plumbago, and distilled this mixture 

in the same manner as before. The quicksilver was reduced, 

and the bladder distended with air. This air was aérial acid, 

and mixed with one-third of pure air. (¢) One part of 

litharge reduced to glass,! and then ground to powder, mixed 

with two parts of plumbago, was reduced in the retort, and 

the bladder contained pure aérial acid. (jf) One part of 

powdered plumbago, mixed with caustic fixed alkali, and 

exposed to distillation by a strong fire, yielded inflammable 

air. The mass remaining in the retort had lost its causticity, 

and made a strong effervescence with acids, — 

Section VIII. 

Hence I am convinced that plumbago is a kind of 

mineral sulphur or charcoal; the constituent parts of which 

are aérial acid and a considerable quantity of phlogiston. 

The small quantity of iron can hardly be taken into the 

account ; for (1) it seems to be mixed with it only mechaniec- 

ally; and (2) I have treated plumbago, from which I ob- 

tained, after calcination, a little more ochre of iron than 

. Litharge generally containing a little aérial acid, at’ was requisite to 
fuse it first, in order to separate the air. 
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usual; and when one part of this kind of plumbago was 

detonated with six parts of nitre, I have found some hepar 

at last. When therefore plumbago, during calcination, yields 

a sulphureous smell, it must be mixed with a little pyrites. 

That pure plumbago does not enter into any union with 

sulphur, appears from Sec. I. (¢); and that it contains no 

sulphur, appears from Sec. 1.; for if this were the case, I 

should have certainly obtained in the neck of the retort 

either a red or a yellow sublimate. See likewise Sec. Il. (c). 

If cast-iron be dissolved in diluted vitriolic acid, a black 

mass remains, which is insoluble in acids, and which has 

been supposed to be plumbago. I shall. therefore: take 

this opportunity to relate the experiments I made with 

this residuum. I extracted 1 oz. of it by means of aqua 

regia, which thereby acquired a dark yellow colour. After 

‘having decanted the solution, I poured some new menstruum 

upon the residuum, and continued in the same manner, till 

there appeared no more iron in the menstruum. I dried 

the residuum, and found that it had a shining black colour, 

and between the fingers it felt lke plumbago. It now 

weighed no more than 33 drms. Mr. P. J. Hjelm, having 

roasted this residuum under .the muffle, found that it 

calcined somewhat more quickly than plumbago. The 

remainder of this calcination was a very small quantity of 

white ashes. 

One part of the above-mentioned residuum of cast-iron 

was mixed with five parts of nitre, and put into a red hot 

crucible; a detonation followed, as with plumbago; the 

alkaline mass remaining in the crucible, which was of ‘a 

white colour, I dissolved in water, whence after some time 

a little white sediment precipitated, which however was not 

sufficient for making any decisive experiment. The solution 

or lixivium effervesced with acids, and showed the same 
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effects as the lixivium of Sec. mt. (d), The air separated — 
during this detonation was also collected. It appeared to — 
consist of three parts of atrial acid and one part of foul or — 

corrupted air. Hence I conclude that this residuum of © 

cast-iron is plumbago; but as less nitre is requisite for its — 

decomposition than for the decomposition of plumbago, it — 

must contain less phlogiston than that substance. 
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METHOD OF PREPARING A NEW GREEN COLOUR. 1778. 

CHEMISTRY is well known to be indispensably. necessary in 

the preparation of colours for painting, and it often discovers 

new ones. It was the desire of the Royal Academy that 

the green colour which I observed during my experiments 

on arsenic might be made more generally known, together 

with the mode of preparation. In compliance with this 

desire, I give the present account of it, and that with the 

-greater pleasure, as I have found the colour useful both in 

oil and water painting, and as it has not undergone the 

slightest alteration in the course of three years. 

Dissolve 2 lb. of vitriol over the fire in a copper vessel, 

in six cans of pure water, and as soon as it is dissolved 

take the kettle from the fire. 

Then dissolve in another copper kettle 2 lb. of dry 

white potashes and 11 oz. of pounded white arsenic,’ 

in two cans of pure water over the fire. When all is 

dissolved together, strain it through linen into another 

vessel. 

Of this arsenical ley a little is to be poured at a time 

into the above-mentioned solution of vitriol of copper, while 

1 It is always better to pound the arsenic one’s self than to buy it 
ready pounded ; for this is often adulterated with gypsum, of which 
any one may readily convince himself by laying a little with the point 
of a knife upon a red hot coal. If the whole evaporate without leaving 
any residuum, the arsenic is pure. 

185 
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it is kept constantly stirred with a wooden spoon.t When 

the whole has been added, the mixture should be left to 
stand still for a few hours, during which the green colo r 

will be deposited at the bottom. The clear ley is then to 

be poured off, and a few cans of hot water added under 
continual agitation. When the colour has fallen again to 

the bottom, the clear water is to be poured off. This lixi- 

viation with hot water should be repeated a second time. 

When the matter has been thus well washed,? the whole 

together is to be shaken out on a stretched linen cloth; 

and when the water has all dropped away, the colour is to 

be placed in small lumps on grey paper, and dried by a — 

gentle heat. From the quantities above prescribed, 1 lb. 

1 As an effervescence takes place in this operation, the vessel in- 
which the mixture is made should not be too small. It should contain — 
about sixteen cans. , 

2 The water with which the colour is lixiviated contains a little. 

arsenic, and must therefore be thrown out in a place to which cattle 
have no access. 



ESSAY XY, 

OF THE DECOMPOSITION OF NEUTRAL SALTS BY 

UNSLAKED LIME AND IRON. 1779. 

It is looked upon as a demonstrated truth in chemistry, 

that fixed alkalies have a stronger attraction for acids than 

absorbent or metallic earths, and that the latter are precipit- 

ated by the former. There seem to be only two exceptions 

to this rule, namely, in favour of ponderous earth, which 

has a stronger affinity for all acids, and lime, which unites 

__ more readily with most acids than alkalies do. That the 

foregoing tenet should be still further limited, I have dis- 

covered by the following experiments. 

I once found in a cellar a wooden vessel hooped with 

iron hoops, and containing salted turnips. The iron hoops 

were covered over with a salt which appeared perfectly to 

resemble mineral alkali. This accident appeared very 

singular, as I well know that the acid of salt has a weaker 

attraction for iron than for mineral: alkali; I could not 

therefore believe that the common salt, oozing out through 

the wood, could be decomposed by the iron hoops. To 

resolve this doubt, a clean plate of iron was dipped into a 

saturated solution of common salt, and hung up in a moist 

cellar. In fourteen days mineral alkali was found on the 

plate. There appeared also some yellow drops containing 

iron, which was precipitated when a little of the alkali that 

was beside them was brought close to them. I afterwards 

covered over another iron plate with a saturated solution 
187 
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of Glauber’s salt, and hung it up for some weeks in the 

cellar. The result was that the fossil alkali effloresced on 

its surface like wool. The same thing happened upon — 

repeating the experiment with a solution of cubic nitre a 

but when I used plates of lead, tin, copper, or silver, no ; 

decomposition took place. I afterwards prepared a mass, 

consisting of unslaked quicklime moistened with a solution 

of common salt, and placed it in a moist cellar; in a fort- — 

night afterwards the surface was covered over with mineral 

alkali, which I scraped off, and left the remainder in the ~ 

cellar. In another fortnight more alkali was visible on the 

surface, which was scraped off. Water was poured on the — 

remaining mass, and it was well stirred and filtered. The — 

solution had a strong taste of lime-water, on which account — 

I let it stand a few days in the open air, by which means — 

the lime was precipitated. And to determine with more 

certainty whether the lime was all precipitated, I poured on — 

it a solution of corrosive sublimate, which remained colour- — 

less. The whole was then filtered, and a solution of the 

efflorescent mineral alkali added to it, by which a consider- ; 

able quantity of aérated lime was precipitated. 

In the same manner I made a mass of quicklime and 

solution of Glauber’s salt and cubic nitre, when the same 

effect was produced, and an efflorescence of fossil alkali was 

observed. But this did not happen when, instead of quick- 

lime, aérated or calcined magnesia or aérated lime were used 

instead of unslaked lime. 

It is certain that fossil alkali always precipitates solu- 

tions of iron and lime; and it is a consequence of this that 

fixed alkalies more readily combine with acids than these 

substances. The experiments, however, which I have related, 

point out a limitation in certain cases. It is therefore. 

probable that alkalies have a stronger attraction for acids 

t 
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when they contain a certain quantity of water; but when 

this is diminished, it is-not impossible that an earth or a 

metal should obtain the superiority, especially if the alkali 

which is separated should at the instant of its separation 

meet with a weaker acid with which it can unite. Such is 

the aérial acid in this case, which is always present in 

considerable quantities in cellars. 

It appears strange that the fossil alkali efflorescing 

upon the iron plate should not be able to precipitate the 

drops of the martial solution resting upon it. But the 

cause is this, that the solution of iron in muriatic acid, 

when it has become dry, strongly attracts moisture, and the 

alkali which is then separated and effloresces, cannot after- 

wards produce any effect upon it. 

If vegetable alkali, like the fossil, had the property of 

___ efflorescing, the neutral salts into which it enters would 

probably be decomposed in the same manner; but as they 

have not this property, this does not happen. 



ESSAY XVI. 

ON THE QUANTITY OF PURE AIR WHICH IS DAILY 

PRESENT IN OUR ATMOSPHERE. 1779. 

It is a known fact that our atmosphere ought not to be — 

considered as a simple fluid substance, for, when freed from 

all heterogeneous admixture, it is’ found, according to the ; 

late discoveries, to consist of two very different kinds of — 

air; the one is called corrupted air, because it is very — 

dangerous and fatal, as well to living animals as vegetables; 

it constitutes the greatest part of our atmosphere. The 

other is called pure air, fire air. This kind of air is 

salutary, supports respiration, and consequently the cireula-— 7 

tion; without it we could form no distinct idea either of 

fire or how it is kindled. It constitutes but the smallest 

part of the whole atmosphere. Now, as we know that this 

air is of the most immediate necessity for the support of our 

health, but as it is uncertain whether there is always the 

same quantity of it present in the atmosphere, I proposed — 

to make observations upon it through the course of a whole | 

year. ; | 

When this pure air meets with phlogiston uncombined, © 

it unites with it, leaves the corrupted air, and disappears, 

if I may say so, before our eyes.’ If, therefore, a given 

quantity of common atmospheric air be included in a vessel, 

and meet there with some loosely adhering phlogiston, it 

1 That light arises from this union, I have already proved in my 
treatise on air and fire. 

190 
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will at once appear, from the quantity of corrupted air 

remaining, how much pure air was contained in it before. 

Though there is a variety of inflammable substances and 

mixtures fit for this purpose, I however found a mixture of 

iron filings and sulphur the most serviceable. | 

I reduced 1 lb. of sulphur to very fine powder, and 

mixed it with 2 lb. of iron filings, which were not rusty, 

moistening the whole with a little water. This mixture I 

immediately afterwards put into several small flasks, which 

I corked very exactly,! taking care at the same time not to 

press the powder too hard into the flask; for, in twelve 

hours, in which time the union of iron and sulphur takes 

place, as the black colour which it assumes shows, the space 

occupied by this compound is greatly increased; the flask, 

therefore, would burst if it were pressed too hard. I shall 

now take the liberty to describe my apparatus. 

In a pedestal of lead (6) placed in the middle of a vessel 

(a), I fixed a glass tube; upon the top of the tube was 

fastened a flat piece of wood, such as would support a small 

vessel filled with the above-mentioned mixture of iron and 

sulphur. This apparatus was covered with an inverted 

glass cylinder (d), and the vessel (a) was filled with water.’ 

When the cold was so intense as to freeze the water, I made 

use of brandy. The glass cylinder (d) was capable of con- 

taining 34 oz. of water. The little vessel (c), with its 

mixture of iron and sulphur, and its stand, occupied the 

space of 1 oz. of water. There remained, therefore, room 

for 33 oz. 

‘The phials must be frequently opened, and if one contained the 
whole mixture, it would be soon spoiled by the fresh air that is 
admitted. 

* The original essay is accompanied with a figure of this apparatus ; 
but such assistance is perfectly unnecessary, as no one can be at a 
moment’s loss to comprehend so very simple a contrivance. TT. 
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Having already learned, from the experiments of others 

as well as my own, that pure air never constitutes more than — 

one-third of the whole atmosphere, I. pasted on the outside 

of the glass cylinder a piece of paper, which was equal in — 

length to one-third of the contents of the glass, or 11 oz- 

measures of water. I divided this paper into equal parts, — 

which I marked with black lines and small ciphers, so 
that each line showed one - thirty - third part of the space 

in the glass. The whole piece of paper I varnished over — 

with oil-varnish, in order to prevent the effect of water — 

upon it. 

On the 1st of January 1778, I began my observations. — 

After having filled the vessel (c) with the mixture of iron 

and sulphur, I inverted the cylinder over it, observing the — 

degree of the barometer and thermometer. The water 

began slowly to ascend into the cylindrical glass. After — 

eight hours it stopped at No. 9. Though I left the glass — 

for six hours longer in the same situation, the water did 

not rise any higher. In the meantime the barometer and — 

thermometer had undergone no change. The next day I 

repeated the experiment, by admitting fresh air into? the 

cylinder; but the water remained at the same mark. The 

3rd of January the air was the same. The 4th, upon 

making a new experiment, the water rose more slowly, and 4 

arrived only at its former height in fourteen hours’ time; — 

whence I concluded that the mixture in the vessel (c) had 

lost most of its loosely adhering phlogiston; I therefore 

afterwards filled, on occasion of every fourth experiment, 

- 

1 In order to be sure that there may not be any corrupt air remaining 
from the first experiment, I always fill the vessel with water, whereby 
the air is entirely expelled. This water I afterwards pour out in the air. 
When I make experiments upon air enclosed in a chamber, I proceed in 
the same manner, and pour the water out of the glass into a vessel in the 
same room, 
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the vessel with a new mixture. With these experiments I 

continued daily the whole of January, filling the glass often, 

even in the night-time, with new air, but constantly found 

the same proportion of pure air contained in our atmosphere. 

Sometimes the water rose a little higher, sometimes it was 

lower; but this seemed to depend on the rise or fall of the 

barometer and thermometer. I was led to think it sufficient 

to make my experiments for the following months only four 

times a week. In the month of February the air appeared 

to be the same as in January, but on the 25rd of March the 

water rose only to No. 8, which was the more remarkable, 

as the cold had increased, and the barometer had risen. The 

19th of April the water rose to No. 10, though neither the 

thermometer nor barometer suffered any change during that 

time. Thus the air continued till the 21st, after which the 

water remained every day at No. 9. In May and June, 

between Nos. 8 and 9. The 30th of June it rose to No. 

10. The whole month of August it was between Nos. 8 

and 9. But from the 3rd to the 15th of September at 

No. 9. The 6th of October it again rose to No. 10. It 

afterwards kept, during a continuation of very tempestuous 

weather, between Nos. 8 and 9: till the 4th of November, 

when it rose no higher than to No. 8. The same was the case 

on the 5th of November, though the barometer rose very 

high. After this it kept between Nos. 8 and 9. On the 

10th it rose to No. 10, when the barometer was as high as 

the 4th and 5th. The 21st it rose only to No. 8. - After- 

wards it kept between Nos. 8 and 9 till the 8th of December, 

when it rose to No. 9, the barometer being low; but after- 

wards, till the 31st, it rose no higher than between Nos. 

8 and 9. 

Our atmosphere therefore contains always, though with 

some little difference, nearly the same quantity of pure or 
13 
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fire air, viz. nine-thirty-thirds, which is a very or 

able fact; and to assign the cause of it seems difficult, as a 
quantity of pure air, in supporting fire, daily enters into 

new union; and a considerable quantity of it is likewiaall 

corrupted, or changed into aérial acid, as well by plants as 

by respiration; another fresh proof of the great care of our 
Creator for all that lives. 



ESSAY XVIL 

ON MILK AND ITS ACID. 1780. 

Section I. 

It is well known that milk contains butter, cheese, sugar of 

milk, some extractive matter, and a little salt; the rest is 

water. But we are yet far from having a just chemical 

knowledge of this substance. I shall first consider a little 

the separation of the cheese from the serum, etc., and after- 

wards inquire into the acid, and the properties which whey 

or milk acquires in a warm place. 

Section II. 

(a) If any vegetable or mineral acid be mixed with milk, 

it is well known that the separation of a cheesy matter 

ensues. This cheese becomes perfect, if the mixture be 

assisted by the application of heat, since in this case the 

cheesy particles all coagulate into one mass. Mineral acids 

yield less cheese than the vegetable. 

(6) If you put into boiling milk as much of any neutral 

salt as will dissolve in it, the cheesy parts will also separate 

from the serum or whey. The same thing happens with all 

earthy and metallic salts, and likewise with sugar and gum- 

arabic. 
195 
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Section III. 

Caustic alkalies will dissolve the curds by the aid of a 

boiling heat; and it may be again precipitated by acids. — 

Hence one may easily be induced to conjecture that.the — 

cheesy part is dissolved in the milk by means of an alkali, — 

In order to find out whether this was really the case, I ~ 

coagulated some milk with a little nitrous acid, filtered and — 

evaporated the whey, but not the least mark of nitre was § 

- discovered in it, but only the common sugar of milk. The 
coagulation of the milk by acids must consequently oe q 

owing to some other cause. 

| SECTION IV. 

(a) The curds obtained by means of mineral acids always 3 

manifest signs of acidity. It is likewise partially soluble in — 

boiling water. ; | 

(>) If with eight parts of water mixed with one part of — 

precipitated, but not dry curds, so much mineral acid be | 

mixed that the water acquires a sourish taste, and it be 

afterwards boiled, the cheese will be dissolved. Vegetable | 

acids and the acid of milk dissolve little or nothing of the 4 

curds. Hence it appears why more curds are obtained by — 

vegetable than by mineral acids (Sec. 1. (a)). Hence it is — 

likewise evident why milk coagulates with acids. The curds 

attract a certain quantity of acid, and this compound requires 

much more water in order to be kept in solution than the 

milk contains. 
(c) If milk be mixed with ten parts of water, no curds 

are obtained by mineral acids. . 

(d) If to these acidulous solutions of curds a small 
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quantity of some concrete mineral acid be added, the greatest 

part of the curds will be again precipitated. They also 

precipitate on the addition of alkalies and lime-water; but 

if too much of these latter be added, the curds will be 

redissolved. ) 

(ec) If curds dissolved in paaiien or caustic alkali be 

precipitated by vinegar, a disagreeable hepatic smell is 

produced. 

The reason why neutral salts, whether saline or terrestrial, 

gums, and sugar, produce a coagulation of milk (Sec. u. (0), 

lies probably in the stronger attraction of water for those 

salts than for the curds. Infusions of vegetable astringents 

always show marks of an uncombined acid. It is easily 

understood why milk is coagulated by them, and many, if 

not all vegetables, contain some caseous substance. It thence 

likewise appears why emulsions are coagulated by decoctions 

of the bark of the cinchona officinalis. 

SECTION V. 

As to the constituent parts of curds, they are probably, 

like all animal gelatinous substances, still involved in 

obscurity. This much is certain, that the earth of cheese is 

_ the universal animal earth, and consists of phosphoric acid 

supersaturated with lime. For, after several times abstracting 

nitrous acid from curds, I at last obtained a white residuum, 

which was nitrated lime and animal earth. The same earth I 

obtained from the residuum remaining after the distillation 

of curds and its further calcination in a crucible by means 

of nitre: for without nitre this residuum proves very 

difficult to be reduced to ashes.. Thirty parts of dried curds 

contained about three parts of animal earth. 
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SEecTION VI. 

No substance is more like curds than the white of eggs 

boiled. It is indeed nothing else but pure cheese. The 

white of eggs coagulated by heat dissolves by means of 

boiling in very diluted mineral acids, which solution is again 

precipitated on adding some concentrated acid. During this 

precipitation, there is likewise a smell, exactly like that of 

hepar sulphuris, produced, which is a very singular pheno- 

menon. Silver is coloured by it, and acetated lead rendered 

black,—properties all of which are likewise common to the 

curds of milk (See. 1v.). It is also a singular fact, though it 

be generally known, that heat alone coagulates the white of 

eggs, and this without any loss’ of its weight. The true 

cause of this is, as far as my information reaches, hitherto 

unknown, but seems to me to be the following :—As curds 

and the white of eggs combine with acids, and are thereby 

coagulated, and as all the substances which enter into a 

union with acids may be likewise combined with the matter 

of heat, a circumstance in which this principle often resembles 

acids, it is very probable that it enters into a chemical union 

with the white of eggs, and is thus the cause of coagulation. — 

What confirms me more in this opinion is, that I have. 

observed such a coagulation of the white of eggs produced 

in the following manner :—I mixed one part of white of eggs 

with four parts of water, and added a small quantity of a 

solution of caustic alkali, mixing at the same time as much 

muriatic acid as was necessary for its saturation; the white 

of the egg then coagulated like curds. I mixed the water 

with the white of eggs, with the view of preventing the heat 

which is expelled by acids from caustic alkalies from becoming 
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sensible, to which the whole phenomenon otherwise might 

easily be ascribed. Here therefore a double decomposition 

takes place, the alkali uniting with the muriatic acid, and 

the principle of heat with the white of the eggs. If aérated 

alkali be employed instead of the caustic in the same process, 

no coagulation takes place. 

Section VII. 

It is a known fact that milk in a short time grows sour 

and thick during the summer. This sourness daily increases, 

and is the strongest after a fortnight has elapsed. If the 

whey be then filtered and evaporated to one-half of its 

quantity, a few curds settle to the bottom. If it be filtered 

again, and a little acid of tartar be added, some time after- 

wards a great number of small crystals are generated, which 

fall to the bottom, and appear on examination to be tartar. 

The origin of this tartar I cannot ascribe to the small 

quantity of muriated vegetable alkali which the milk always 

contains, for this salt exists in milk in too small a quantity 

to produce any effect here; it is rather to be ascribed to an 

essential salt contained in the milk. This is further evident 

from this, that when whey evaporated by itself to dryness, 

and afterwards reduced to charcoal in a crucible, by which 

process this essential salt is destroyed, it is found that this 

coal contains vegetable alkali, mixed with a little muriated 

vegetable alkali, which may be obtained by lixiviation with 

water. The whey also contains in solution a portion of - 

animal earth, as may be seen when it is saturated with 

caustic volatile alkali, as also with lime-water. Thus the 

acid of milk contains an essential salt, animal earth, sugar 

of milk, a little muriated vegetable alkali, and some 
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mucilaginous matter. We have only then to separate all 

these heterogeneous bodies from the acid in order to obtain 

it as pure as possible. Distillation would indeed be the © 

shortest way, but this will not answer ; for, though some — 

vestiges of an acid appear in the receiver, which acid isa — 

kind of very weak vinegar, and the cause of the sourish | 

smell of the whey, almost all the acid remains in the retort ; : 

and if the heat be increased, this acid will be decomposed; — 

I therefore make use of the following process :— ' 

R 

Section VIII. 

I evaporated sour whey till one-eighth only remained. 

The cheesy part being then perfectly separated, I strained 

the acid. In order now to obtain the animal earth, as I~ 

knew that this kind of earth is precipitated by lime-water 

(Sec. vi1.), I saw no other way than to saturate the acid with 

lime. I then filtered the solution, and diluted it with a 

triple quantity of water. To separate the lime again from 

its solvent, the acid of sugar was a most excellent medium. 

I therefore: dissolved a quantity in water, and afterwards 

added this solution to the solution of lime, till no more 

saccharated lime precipitated, observing carefully not to add 

more acid of sugar than was requisite, which I could easily — 

discover by means of lime-water. There now remained the 

other substances to be separated from the acid of milk. For 

this purpose I evaporated it to the consistence of honey, 

then dissolved it in highly rectified spirit of wine, and thus 

separated from it both the sugar of milk and the remaining 

heterogeneous substances. The acid alone being thus dis- 

solved in spirit of wine, I filtered it, and then mixed some 

pure water with this acid solution; and after separating the 
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spirit of wine by distillation, the acid of milk remained in 

the retort, as pure as in my opinion it ever can be got by a 

chemical process. 

SECTION IX. 

The nature of this acid, and its effects upon earths, 

alkalies, and metals, I found to be as follows :—(1) Evaporated 

to the consistence of a syrup, it yields no crystals; and when 

evaporated to dryness it deliquesces again. (2) When dis- 

tilled, water first comes over, then a weak acid, like spirit of 

tartar; afterwards, some empyreumatic oil, with more of the 

same acid, aérial acid, and inflammable air; in the retort 

there remained a coal. (3) Saturated with fixed vegetable 

alkali, it yields a deliquescent salt, soluble in spirit of wine. 

_ (4) A salt of the same kind is obtained with fixed mineral 

alkali, which does not crystallise, but dissolves in spirit of 

wine. (5) Combined with volatile alkali, it produces a kind 

of sal ammoniac, which, however, deliquesces, and, when 

distilled, yields a great deal of its volatile alkali before the 

acid is destroyed by the heat. (6) Combined with terra 

ponderosa, lime and clay, it forms deliquescent neutral salts ; 

but with magnesia it yields small crystals, which, however, at 

last are again deliquescent. (7) This acid of milk has no 

effect either in a digesting or a boiling heat on bismuth, 

cobalt, regulus of antimony, tin, quicksilver, silver and gold. 

_ This acid, however, having been digested with tin, precipitated 

the gold from its solution in aqua regia, in the form of a 

black powder. (8) It dissolves iron and zine, and produces 

inflammable air. The solution of iron was brown, and 

yielded no crystals; but the solution of zine crystallised. 

(9) Copper communicated to this acid first a blue, then a 

green, and at last a dark blue colour, without crystallising. 
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(10) Lead was dissolved after some days’ digestion; the 
solution had a sweet astringent taste, and would not crystallise. 

I observed afterwards a small, quantity of a white sediment 

in this solution, and found it to be vitriol of lead. Thus 

there is likewise some vestige of vitriolic acid in milk. : 

SECTION X. 

From these experiments it appears that the acid of milk — 

is an acid of a peculiar kind; and though it expels the — 

vinegar from the acetated vegetable alkali, yet it seems 

destined, if I may so speak, to be vinegar; but from the — 

want of such substances as, during fermentation, produce — 

some spirituous matter, it seems not to be volatilised, though 

a portion of it indeed arrives at this point, and really becomes — 

vinegar; for without a previous spirituous fermentation, or — 

without brandy, there never arises any vinegar. But that — 

the milk enters into a complete fermentation, though there is 

no sign of brandy present, appears from the following experi- — 

ment :—If a bottle full of fresh milk be inverted intoa vessel 

containing so much milk that the mouth of the bottle reaches 

below the surface, and if you expose this bottle to a degree of — 

heat a little greater than our summer heat, you will find, in the 

space of twenty-four hours, that the milk is not only coagulated, 

but likewise diminished in the bottle, and that in a couple of 

days afterwards the aérial acid extricated from the milk 

will have expelled the greater part of it out of the bottle. 

I said above that the acid of milk cannot be converted into 

vinegar, from the ‘want of such substances as, during 

fermentation, produce brandy. ‘This appears to be evident 

from this: If to a can of milk you add five spoonfuls 

of good brandy, and expose the vessel, well corked, to heat, 
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ON THE ACID OF SACCHARUM LACTIS. 1780. 

Section I. 

THE sugar of milk is an essential salt which is contained in — 

solution in milk, and which, on account of its sweetish taste, — 

has been called sugar. The taste of milk is the sweeter and — 

the more agreeable the more sugar it contains. Pharma- — 

ceutical chemistry teaches the manner of preparing it. , 

Section II. 

Sugar of milk yields by distillation the very same a 

products as other sugars do. There is, however, one remark- — 

able circumstance, that the empyreumatic oil smells somewhat _ 

like the salt of benzoin. We know that common sugar 

contains an acid which, on account of its strong attraction 

for all kinds of earths, especially for lime, is indispensably 

necessary in chemical experiments. The origin of this acid 4 

is the dephlogistication of the sugar by means of nitrous 

acid. What effects are produced on the sugar of milk by 

the latter acid, the following experiments will show :— 

Section III. 

I poured 12 oz. of diluted nitrous acid upon 4 oz. of 

finely powdered sugar of milk, contained in a glass retort, 
204 
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to which a receiver was annexed. The retort was placed in 

a sand-bath. As soon as this mixture acquired a certain 

degree of heat, it began to effervesce violently; I therefore 

took the retort out of the sand, with the receiver, and put 

if upon the table. The mixture, however, grew hotter and 

hotter, and the effervescence stronger and stronger, with dark 

red vapours, and continued to do so for about half an hour 

upon the table, without any fire. A considerable quantity of 

nitrous air and aérial acid were extricated during that time. 

Whoever, therefore, wishes to repeat this experiment, must 

not take too small a retort, nor lute the retort too tight to 

the receiver. After the effervescence had subsided in some 

measure, the retort was again placed in the sand-bath, and 

the nitrous acid was thus distilled off, till the mass acquired 

a yellowish colour; whereupon the retort was immediately 

taken out of the fire. In two days’ time the solution seemed 

to have undergone no remarkable change ; there was no appear- 

ance of crystals; I therefore added 8 oz. more of the same 

nitrous acid, and exposed it to the same degree of sand heat. 

As soon as the mass grew warm, the yellow colour dis- 

appeared, an effervescence ensued as before, though it was 

not so strong. After it was over, I again abstracted the 

nitrous acid, till the solution, which meanwhile had been 

rendered opaque by a white powder, assumed a yellowish 

colour, whereupon the retort was removed from the sand. 

_ After it was grown cool, I found the mass in the retort 

inspissated ; I therefore redissolved it in 8 oz. of water, and 

passed the whole through a filter. There remained on the 

filter a white powder, which, after being eduleorated and 

dried, weighed 74 drms. The solution which passed through 

the filter was very sour; I now evaporated it to the con- 

sistence of a syrup, poured 4 oz. more of nitrous acid on it, 

and evaporated it again in a sand heat. After the whole 
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was cool, some small long acid crystals were found, together 

with a small quantity of white powder, which I separated — 

from it, and then poured some more nitrous acid upon the 

remaining mass, and, on evaporation, more such crystals 

appeared. The same process was repeated several times, by — 

which means the whole mass was at last changed into such — 

crystals, which weighed about 5 drms. This salt showed in 

every respect phenomena like those produced by the acid of — 

sugar. 

Section LV. 

The above-mentioned white powder, which weighed 74 

drms., I took at first to be saccharated lime, because I 

thought that as milk always contains a little lime, it might 

enter into the sugar as one of its constituent parts, and 

then, by combining with the acid of sugar, would consequently 

form the saccharated lime. But two experiments which I 

made with it show that I was mistaken in my conjecture. 

I poured a solution of acid of sugar into a solution of sugar 

of milk, but no precipitation ensued. I further found that 

this powder burned in a red hot crucible like oil, without 

leaving any mark of ashes behind. 

SECTION V. 

Lime-water seemed to have no sensible effect upon this | 

powder; but boiling water dissolved some of it, though but 

a very little; for one part of this powder required sixty parts 

of boiling water for its solution. After the solution was © 

cooled, one-fourth part of the powder separated again from 

the water in the form of very small crystals. The remaining 

mass being then collected by evaporating the water from it, 

a small quantity of acid of sugar, constituting about one-tenth 
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of the powder, remained, which at first was not so exactly 

separable by edulcoration. I now found that this powder 

was a salt, because it was soluble in water ;—it was now 

purified by means of the solution and crystallisation. The 

_ properties of this salt are the following :— 

Section VI. 

Half an ounce of it was dissolved in a glass vessel in 30 

oz. of boiling water; and after the solution was cool it was 

filtered. It had the sourish taste. The tincture of lacmus 

was reddened by it. It made an effervescence with chalk. 

2 drms. of this salt were exposed to an open fire in a glass 

retort, when it immediately melted, grew black, and frothed 

very much. Into the neck of the retort a brown salt was 

found sublimed, which smelled like a mixture of the salt of 

benzoin and salt of amber. 11 grs. of coal remained in the 

retort. The receiver contained a brown liquid, without any 

mark of oil; its smell was like the sublimed salt; it also 

contained some of this salt dissolved, which was separated 

from it by a gentle evaporation. The salt that was sublimed 

weighed 35 grs., had a sour taste, was easily soluble in 

spirit of wine, more difficultly in water, and burned in the 

fire with a flame. Concentrated vitriolic acid exposed to 

distillation with this salt became black, frothed very much, 

and decomposed the salt entirely. All these circumstances 

show that this salt is to be classed among the vegetable 

acids, under the title of Acid of sugar of milk. 

SecTIon VII. Its Errects UPON ALKALIES. 

I poured depurated acid of sugar of milk, in small 

quantities at a time, into a hot solution of alkali of tartar, 
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till there appeared no more effervescence. A coagulation 

immediately took place, in consequence of the formation of : 

small crystals, which required eight times the quantity of 

boiling water for their solution. After it was cold the 

greatest part of the crystals separated again from it. With 

mineral alkali this acid showed the same phenomena, with 

this difference, that the neutral salt thus arising requires — 

only five parts of boiling water for its solution. If to a 

solution of it a solution of alkali of tartar be added, a 

number of small erystals will be soon formed at the bottom — 

of the vessel, on account of the greater affinity of this acid 

with the latter alkali. Both these salts are perfectly neutral. 

—Saturated with volatile alkali it forms a kind of sal — 

ammoniac, which, after being gently dried, has a sourish 

taste. When distilled, the volatile alkali is first separated, — 

the lime-water precipitates ; the acid remaining in the retort 

afterwards yields, with a stronger heat, the same products as q 

in Sec. VI. 

Section VIII. Wirn EARTHS. 

The acid of the sugar of milk forms, with all the earths, 

salts insoluble in water. I shall therefore only relate the 

experiments which I made with it in the way of precipitation. 

If a solution of the ponderous earth in muriatic or nitrous 

acid be dropped into a cold solution of our acid (Sec. v1.), the 

earth is immediately precipitated in combination with this 

acid. With the same solutions of lime this acid exhibits 

the same phenomena; but the solution of gypsum remains 

undecomposed. The same thing happens with the solutions 

of magnesia in vegetable or mineral acids, and with earth of 

alum; all of which, however; are decomposed by the neutral 

salts above mentioned. 
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SECTION IX. WitH METALS. 

It produces the same effects with the metals as with the 

earths. With regard to the weakness of the menstruum, 

since the water dissolves so little of our acid, it has no 

sensible effect upon metals; but with the metallic earths, 

salts are formed very little or not at all soluble in water. 

Argentum nitrated silver is precipitated by our acid in the 

form of a white powder; and in the same manner is the 

nitrated mercury and lead. Vitriolated iron, copper, zinc, 

and manganese are not hereby precipitated. Muriated tin 

and mercury are not hereby decomposed, but muriated lead 

is precipitated. By the neutral salts (Sec. vil.) all metallic 

solutions are decomposed. 

14 
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ON THE CONSTITUENT PARTS OF LAPIS PONDEROSUS, _ 
OR TUNGSTEN. 1781. 

Ir is probable that the constituent parts of this species of fossil — 

have been hitherto unknown to the chemists. Cronstedt 
enumerates it among the ferruginous stones, under the name — 

of Ferrum caleiforme terra quadam incognita intimée miatum. 

That which I employed in my experiments was of a pearl — 

colour; it was taken from the iron mines of Bitsberg; and — 

as I made many experiments upon it, and have discovered 4 

its constituent parts, I take the liberty of communicating — 

the following account to the Royal Academy :— | 

Section I. 

(a) In the fire tungsten does not undergo any perceptible 

change, nor does glass of borax produce any sensible effect 4 

upon it; (0) but with microcosmic salt it forms, by means — 

of the blowpipe, a glass of a sea-green colour. If the globule — 

be kept in fusion at the extreme point of the flame, the 

colour gradually disappears; a very little nitre also very soon 

destroys the colour; but it returns whenever the blue part | 

of the flame is driven on the globule; consequently it is the 

phlogiston of the flame which is the cause of the colour. 

(c) One part of tungsten, reduced to a fine powder in a glass 

mortar, was mixed with four parts of alkali of tartar, and 

placed in the fire in an iron crucible. The mixture, when 
210 
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melted, was poured out on an iron plate, and dissolved in 

twelve parts of boiling water. After standing some hours, 

the lixivium was poured off from a portion of white powder 

which had subsided to the bottom. (d) This powder was 

edulcorated, and nitrous acid added to it, till no more 

effervescence could be perceived, by which operation great 

part of it was dissolved. (e) The undissolved part of the 

powder was dried, and, being again mixed with four parts of 

alkali of tartar, was fused as before. This mass being also 

dissolved in water, and nitrous acid poured upon the remain- 

ing powder, only a very small portion of grey powder was 

left behind undissolved. (jf) The ley (¢) was saturated with 

nitrous acid; it grew thick by the precipitation of a white 

_ powder, which was afterwards washed with cold water and 

dried. (g) The solution in nitrous acid (d) afforded, on the 

addition of alkali of tartar, a white precipitate, which was 

dried. 

Section II. 

(a) Boiling water has no action upon tungsten reduced 

to powder. (0) On one part of finely powdered tungsten 

were poured two parts of concentrated acid of vitriol, and 

the mixture was distilled. The acid passed over unchanged ; 

and the residuum, which was of a bluish colour, was boiled a 

short time in distilled water, which was then filtered off, 

and upon cooling deposited some vitriolated lime. (¢) On 4 

scruples of tungsten, reduced to a very fine powder, were 

poured 12 scruples of common nitrous acid, or pure 

aquafortis; no effervescence ensued; the mixture was then 

exposed to a strong digesting heat, whereupon the powder 

soon assumed a citron-yellow colour. The acid was then 

decanted off into a separate phial; and the yellow powder, 
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having been edulcorated with water, was put into another 4 

phial. (d) On this yellow powder I poured 8 scruples | 

of caustic volatile alkali, and exposed the phial to heat; 

the yellow colour presently vanished, and the powder became — 

white. This solution was then in like manner poured into 

a separate flask, and the powder edulcorated. As the matter 

was sensibly diminished by these operations, I repeated them 

many times on the same powder, digesting it first in the 

nitrous acid, and then in the volatile alkali, till at length 

the greatest part of it was dissolved. What remained un- 

dissolved weighed 3 grs., and seemed to be siliceous earth. 

Muriatic acid produces the same effect upon tungsten as the 

nitrous, but the solution was of a deeper yellow. 

Secrion III. 

(a) The solutions made in the foregoing manner with 

the nitrous acid being all mixed together, some drops of 

phlogisticated alkali were added, upon which about 3 grs. of 

Prussian blue were precipitated. (>) The mixture was then 

saturated with caustic volatile alkali; but as no precipitate 

appeared, some solution of alkali of tartar was added; a white 

powder now fell to the bottom, which, when washed and 

dried, weighed 2 scruples and 5 grs.,and was found to be 

aérated lime unadulterated; so also is the earth obtained 

(See. 1. (g)). (¢) The extracts procured by volatile alkali were — 

precipitated with: nitrous acid; the precipitate was washed 

with cold water and dried; it is exactly the same as that 

mentioned in Sec. 1. (f). (ad) It is of an acid nature, not 

easily soluble in water, for near twenty parts of boiling water 

are required to one of the precipitate; it colours the tincture — | 
of litmus red, and has an acid taste. 
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Section IV. 

Now, as the earth separated from tungsten by the nitrous 

acid is calcareous (Sec. 11. (0)), it became necessary to try 

whether the above-mentioned acid, combined with calcareous 

earth, would constitute a regenerated tungsten. Having this 

in view, and knowing that tungsten is not soluble in boiling 

water (Sec. 11. (a)), I mixed one part of the acid solution 

(Sec. m1. (d)) with six parts: of clear lime-water, upon which 

the mixture became a little turbid; but as, after an interval 

of some hours, there was no deposition, the mixture was 

made to boil, when immediately a white heavy powder | 

separated, which, after being dried, gave a sea-green colour 

to glass of microcosmic salt, became bluish on being boiled in 

the vitriolic acid, and of a lemon colour with the nitrous and 

marine acids, and consequently was pure tungsten. 

SECTION V. 

To ascertain more completely the nature of this acid, the 

following experiments were made :—(a) Under the blowpipe 

the dry acid became first of a reddish yellow colour, then brown, 

and at last black. It neither smoked nor gave any signs of 

fusion. (0b) With borax it produced a blue, and with 

microcosmic salt a sea-green glass. This colour is subject to 

the same changes as are related of the glass (Sec. 1. (0)). (¢) 

When pulverised acid of tungsten is boiled with a small 

quantity of the nitrous or marine acids, the powder becomes 

yellow; and with the acid of vitriol, bluish. (d) If the 

solution of the acid of tungsten in water (Sec. 11. (d)) be 

saturated with alkali of tartar, a neutral salt is obtained in 

very small crystals. (e) With volatile alkali this acid forms 
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an ammoniacal salt, in shape like the points of small pins. — 

This salt, on distillation, yields its alkali in a caustic state ; 7 

the acid remaining behind in the retort in the form of a dry . 

powder of a yellow colour. This ammoniacal salt decom- 

pounds nitrated lime, in consequence of which regenerated 

tungsten is produced. (f) With magnesia the acid of — 

tungsten forms a neutral salt of difficult solubility in water, — 

(7) It produces no change on solutions of alum or lime, but 

it decompounds acetated ponderous earth, and the precipitate 

is altogether insoluble in water. (Hh) The following metallic 

solutions are precipitated of a white colour by the acid of 

tungsten, viz. vitriolated iron, zinc, and copper, nitrated 

silver, quicksilver, and lead, as also muriated lead; but tin, 

‘combined with the same acid, is precipitated blue; and 

corrosive sublimate and the solution of gold undergo no 

change. 

Section VI. 

When the acid of tungsten is calcined in a crucible, it 

loses the property of being soluble in water. That the acid 

is much disposed to attract phlogiston, appears from the 

blue colour it acquires with fluxes (Sec. v. (a), (0)). This 

circumstance induced me to mix the dry acid with a little 

linseed oil, and to expose the mass to a strong fire in a luted 

crucible. When it was grown cold, I found the acid black, 

but in other respects quite unchanged. I also mixed one 

part of the dry acid with two parts of sulphur, and distilled 

off the latter; I then mixed with the residuum two parts 

more of sulphur, and again distilled it off. The acid had 

acquired a grey colour, but was in other respects unaltered. 

Solution of liver of sulphur was precipitated of a green colour 

by acid of tungsten, but the phlogisticated alkali white; the 
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latter precipitate is soluble in water. If a few drops of 

marine acid be added to a solution of the acid of tungsten 

in water, and the liquor be spread on polished iron, zinc, 

or even tin, the acid acquires a beautiful blue colour; and 

the same thing happens if these metals be put into the 

acid. 

SecTIon VII. 

As the acid of molybdiena likewise acquires a blue colour 

from these metals, it might be natural to suppose that the 

acid of tungsten is the same as that of molybdena; but as 

in other respects it shows very different properties, it must 

be of a totally different nature. For (1) the acid of 

molybdzena is volatile, and melts in the fire,t which is not 

the case with the acid of tungsten (Sec. v. (a)). (2) The 

~ former of these acids has a stronger attraction for phlogiston, 

as appears from its combining with sulphur and the change 

it undergoes on calcination with oil. (3) Lime combined 

with the acid of molybdeena is not turned yellow by the acid 

of nitre, and is readily soluble in it. With tungsten it is 

quite the contrary. (4) Ponderous earth, combined with 

the acid of molybdeena, is soluble in water; but the combina- 

tion of the ponderous earth with the acid of tungsten is_ 

insoluble. And (5) the acid of molybdena has a weaker 

attraction for calcareous earth than the acid of tungsten has ; 

for if the combination of lime and acid of molybdena be 

digested in a solution of the above-mentioned ammoniacal 

salt (Sec. v. (a)), a regenerated tungsten will be obtained. 

The iron procured from some sorts of tungsten is to be 

considered as accidentally present. 

1 See the Dissertation on Molybdeena. 
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SUPPLEMENT TO THE FOREGOING ESSAY. By T. Buremay. 

Several years ago I began an investigation of the © 

constituent parts of tungsten. Its great specific gravity — 

induced me to seek for ponderous earth in it; but 

the process by which this earth is usually extracted — 

gave, instead of it, common calcareous earth; and when 

the first alkaline solution, made in the moist way, was — 

poured off, and an acid added to the solution, it gave — 

on saturation a white precipitate of an acid nature. I 

need not relate the experiments, as I obtained the same 

results as Mr. Scheele. Some small differences, however, 

in my experiments with the blowpipe, deserve to be 

mentioned. | 

Tungsten, by itself, decrepitates with the blowpipe, 

but does not melt. 

In a small gold or silver spoon it unites with mineral 

alkali with some effervescence, and the bit of tungsten — 

falls into powder. 

With microcosmic salt it effervesces a little at first, 

and then leaves a residuum of difficult solubility; but the 

glass globule assumes a bright sky-blue colour, without 

the least sign of that redness when it is held between 

the eye and the light which is produced when cobalt is 

used. If more tungsten be added, the globule becomes 

brownish, but remains still transparent; with a further 

addition, it becomes black and opaque. 

Borax dissolves it without motion, and almost without 

colour; but when the globule is overloaded with tungsten, 

it at length becomes brown or white, and opaque in 

cooling. 
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The acid earth by itself produces some effervescence 

with mineral alkali With microcosmic salt it gives a 

globule which is at first light blue, more of the acid makes it 

dark blue, but it still remains free from redness.by refraction ; 

with a further addition it becomes brown. Borax acquires 

a slight tinge of blue, and with more of the acid becomes 

of a yellowish brown colour; but remains transparent, pro- 

vided no further addition be made. 

This ultimate brown colour I have not been able 

to drive off, either with nitre or the point of the 

flame. 

A very easy method of distinguishing tungsten from all 

other fossils hitherto known, is to pour upon it, when it 

is reduced to powder, aquafortis or marine acid, and to set 

the mixture in a digesting heat. It will soon be perceived, 

especially when the latter acid has been employed, that 

the powder gradually acquires a fine light yellow colour. 

This happens not only with the species from Bitsberg, 

but likewise with all the foreign sorts I have hitherto 

had an opportunity of trying. What is usually called 

white tin ore, in clusters like grapes, often belongs to this 

species. 

With respect to the nature of the acid earth, it is nearly 

allied to that obtained from molybdena; and both are in 

a state much resembling that of white arsenic. It is well 

known that arsenic, in its semimetallic state, is nothing 

but a peculiar acid, saturated with phlogiston; and that 

the white calx is in an intermediate state between acid and 

metal, containing just phlogiston enough to coagulate the 

acid; but remaining still soluble in water, and showing 

signs of acidity. If a conclusion from analogy be admissible, 

all the other metals should consist in a combination of the 

Same nature of the different radical acids, which, with a 
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certain quantity of phlogiston, are coagulated to a dry 

earthy substance, and, on complete saturation, are brought 

to the state of complete metals. , 

The reasons which induced me to suppose that the | 

above-mentioned acid earths are metallic acids, reduced by _ 

phlogiston to that form of metallic calxes in which the 

acid is still perceptible, are the following :— 

(1) They both show a striking resemblance to white 

arsenic in form, in producing effects like acids, and in their 

little solubility in water. 

(2) Their specific gravity ; that of white arsenic is 3750, 

that of the earth of molybdena 3460, and that of the 

acid earth of tungsten about 3000. 

(3) Their precipitation with phlogisticated alkali. None 

but metallic substances are hitherto known to be pre- 

cipitated by this alkali. Moreover, arsenic, properly dis- 

solved in the marine acid, gives with the phlogisticated alkali 

a precipitate soluble in water, just as the acid earth of 

tungsten. | . 

(4) Their property of tinging vitreous fluxes. Metallic 

calxes, but, as far as I know, no other substances, have the 

property of communicating a colour, each according to its 

peculiar kind, to clear glass. The effect of white arsenic 

in this respect is well known; that of the earth of 

tungsten has been described above; and the earth ex- 

tracted from molybdena is not less powerful, for it gives 

to microcosmic salt a beautiful green colour, and borax 

well saturated with it appears grey when viewed by the 

reflected rays, but, by the refracted, of a dark violet 

colour. 

These reasons have induced me to consider the acid 

earths obtained from molybdena and tungsten as metallic 

calxes.. Other occupations have hitherto prevented me 
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ESSAY XX. 

EXPERIMENTS AND OBSERVATIONS ON ETHER. 1782. 

UnvER the term ether chemists understand a very volatile, | : 

penetrating, colourless oil, which has an aromatic smell, — 

and is soluble in water. The first method of preparing E 

this oil from vitriolic acid and spirit of wine has been — 

long known. In later times, several methods of preparing 

a liquor of the same kind from nitrous and marine acids, 

with alcohol, have been proposed; but it has been observed 

that this latter acid was not of itself strong enough for 

this purpose, but that, in order to produce the desired — 

effect, it must be united with tin, or with regulus of 

antimony. The theory of the generation of ether is still 

very imperfect, from the want of sufficiently decisive 

experiments. The following may perhaps contribute to 

elucidate this intricate subject :-—- 

SECTION I. 

(a) If, in the preparation of vitriolic ether, a large 

retort be made use of, and the fire be much increased 

towards the end of the process, it is found that the 

volatile sulphureous acid in the receiver is mixed with 

vinegar, without any mark of aérial acid, either in the 

cavity of the retort or of the receiver. (0) If 1 oz. of 

pulverised manganese be put into a retort, with 4 oz. of 
220 



ON ETHER 221 

vitriolic acid, and 1 oz. of rectified spirit of wine, and 

this mixture be exposed to a sand heat, in a few minutes 

it will begin to grow hot, and will soon boil by itself. 

During this time some ether, of a most agreeable smell, 

goes over into the receiver. If the fire be increased, 

towards the end a small quantity of vinegar will pass 

over, without any mark of volatile sulphureous acid. The 

air in the receiver is now found to be mixed with aérial 

acid, and in the retort there will remain a residuum of 

vitriolated manganese, without any excess of acid. (¢) If 

two parts of pounded manganese and one-half part of 

vitriolic ether be mixed with one part of vitriolic acid, 

and the process carried on as in (0b), the mixture will 

likewise grow hot of itself in about an hour’s time. ‘The 

ether, which, a small portion excepted, is again obtained 

after the process, has a finer smell than before. There is 

likewise obtained some vinegar and some aérial acid. 

Section II. 

In order to ascertain whether the vitriolic acid is to be 

looked upon as a real constituent part of the vitriolic ether, 

the superfluous vitriolic acid ought to be separated from it. 

In order to effect this, I found the rectification of the ether 

with dry alkaline salt insufficient, because the alkali does not 

touch the ether in all its points. I therefore dissolved 

caustic alkali in spirit of wine, and in this alkalised spirit 

I dissolved as much ether as it would take up. I then 

distilled the mass again by means of a gentle heat. Upon 

the ether thus obtained, after it was rectified, I cautiously 

poured two. parts of pure concentrated nitrous acid. The 

mixture had perfectly the smell of nitrous ether. I 

evaporated the whole to within a few drops, and then 
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added a little of the solution of terra ponderosa, which ~ 

instantly grew white; consequently a regenerated spathum — 

ponderosum was here produced. This I think will be quite 

sufficient to prove that vitriolic acid is a constituent part of 

vitriolic ether. 

SECTION Tif. 

That calx of zine, dissolved in muriatie acid, and that 

butter of antimony and smoking spirit of libavius, on distilla- 

tion with spirit of wine, produce ether, is a known fact, and 

my experiments confirm it. I shall only add here, that in 

all these distillations no aérial acid is produecd. Why no 

ether can be produced from muriatic acid and spirit of wine 

alone, the following experiment may teach:—(a) I mixed 

1 oz. of pulverised manganese with 4 oz. of common 

muriatic acid and 2 oz. of rectified spirit of wine, and 

put this mixture, after I had covered it well, aside for 

seven whole months, during which period it was now and 

then agitated. This mixture at last yielded an odour of 

nitrous ether, and I saw some drops of oil floating upon it. 

From this observation I was led to put into a tubulated 

retort 2 oz. of common salt, and- as much vitriolic acid; 

and after luting on a receiver, which contained 3 oz. of 

spirit of wine, I placed it in a sand-bath. After some time 

I poured this spirit, which was now fuming, into a retort — 

which contained 3 oz. of powdered manganese. The 

mixture instantly assumed a fine green colour, but a few 

minutes afterwards it grew hot, upon which I immediately 

applied a receiver. The heat increased so much that the 

mass began to boil of itself, and at the same time the green 

colour disappeared. After the ebullition had ceased, I put 

the contents of the receiver into a flask, into which I had 

previously poured a_ little water, the ether instantly 

2 
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separated; it resembled in its smell nitrous ether, when 

it is mixed with dephlogisticated muriatic acid. I luted 

the receiver again to the neck of the retort, and continued 

the distillation to dryness, by which operation I obtained 

more ether; some of which floated upon the surface, and 

the rest kept at the bottom. (0) I then distilled a mixture 

of 3 oz. of powdered manganese, 1 oz. of vitriolic acid, and 

3 oz. both of common salt and of spirit of wine, and observed 

the same phenomena, and obtained the same products as 

in (a). (c) I mixed 3 oz. of powdered manganese with the 

same quantity of common muriatic acid in a retort, placed 

the mass in warm sand, and applied a receiver, which con- 

tained 3 oz. of spirit of wine. The muriatic acid now went 

over in a dephlogisticated state into the spirit of wine, which 

soon grew very warm, though the neck of the retort was 

cold. Some time after all the effervescence had subsided 

in the retort, I poured the spirit out of the receiver into 

another retort, and distilled it by a gentle heat. At first 

some ether went over, having the smell of nitrous ether. 

At the end of the process, another kind of ether, or rather 

oil, came over, which sunk to the bottom, and at last 

muriatic acid passed over. (d) I dissolved some bismuth 

in aqua regia, consisting of three parts of muriatic and 

one part of nitrous acid. This solution I evaporated to 

the consistence of a syrup, then mixed it with an equal 

quantity of spirit of wine, and distilled the mass by a gentle 

fire. At first pure spirit of wine passed over, which was 

followed by some ether that had exactly the smell of 

vitriolic ether. (¢) Iron was the last among the metals 

by means of which I could produce ether with muriatic 

acid. I saturated muriatic acid, by boiling it with crocus 

martis (for with iron filings no ether can be produced). 

The solution I evaporated to the consistence of honey, and 

ee 
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then proceeded as in (d). The ether thus obtained was — 
perfectly like the preceding. I several times poured spirit 

of wine as well upon this residuum as upon the residuum of 

bismuth, and constantly obtained some ether upon a new 

distillation. In this distillation no aérial acid is generated. 

SECTION IV. 

In order to determine with certainty, whether the 

muriatic acid is to be looked upon as a constituent part 

of this ether, it was first necessary to free it from the 

superfluous muriatic acid as well as possible; and with 

this view I proceeded with this ether as I had done before 

with the vitriolic (Sec. m.). The ether, thus purified from 

muriatic acid, was mixed with a solution of silver; but 

observing no precipitation to take place, I poured the whole 

mass into a glass vessel, and set it on fire after the ether 

was consumed; I found the solution of silver turbid, and 

as it were coagulated by the muriated silver; consequently — 

my conjecture that the muriatic acid was a constituent part 

of this ether was well founded. | 

SECTION V. 

The action of nitrous acid upon spirit of wine is well 

known; on which account I shall take no further notice 

of it; but the action of the fluor acid upon spirit of wine 

I was curious to learn. (a) For this purpose I mixed 

powdered fluor with an equal quantity of vitriolic acid in © 

a retort, to which I luted a receiver, containing 3 oz. of 

spirit of wine, and placed the retort in warm sand. The 

day following I poured the spirit, which now smoked, into 

another retort, and distilled it in the common manner. 
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The fluor acid penetrated everywhere through the lute, 

but no mark of ether was perceptible. (6) I then mixed 

the spirit which was contained in the receiver with fluor 

acid air as before; and, having poured the mixture into a 

retort upon 3 oz. of pounded manganese, I subjected it to 

distillation. [I here obtained a quite different result; no 

acid penetrated through the lute; I only perceived the 

smell of ether through it; and, after I had driven over 

all the spirit, I poured it into another retort, rectified it 

by a gentle heat, and by this means obtained a small 

quantity of ether of a very agreeable smell, resembling 

nearly that of nitrous ether. 

SEcTION VI. 

In order to procure a sufficient quantity of concentrated 

vinegar, I distilled the acid vinegar from acetated copper, 

and rectified it by, another distillation. My view was 

to prepare and to examine the acetous ether of Count 

Lauragais; but notwithstanding all the trouble I bestowed 

for this purpose, I was not able to produce the least 

vestige of such an ether. The same disappointment I 

met with when I used vinegar obtained by distillation 

from acetated vegetable alkali. It is singular enough that 

so many of our modern chemists should have acquiesced in 

the assertion of the Count as an indisputable certainty. 

Upon communicating my unsuccessful experiment to 

Professor Bergman, he had the kindness to inform me 

in answer, that Dr. Pdérner was’ the only chemist who 

had not blindly admitted the Count’s assertion, and had 

asserted that he had not been able to obtain any ether 

according to the Count’s process. But though this be 

certainly true, I however found the means of obtaining 
15 
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such an ether; it requires only the addition of a little — 

mineral acid before the distillation. Add, for instance, 

(a) to 1 oz of concentrated vinegar (which may be 

obtained from verdigris, crystals of verdigris, saccharum — 

saturni, or acetated vegetable alkali, by means of vitriolic: q 

acid), 2 oz. of spirit of wine, and 2 drms. of common 

muriatic acid. Distil this mixture till all the spirit has 

been driven over, and then, upon distilling it off a second 

time to one-half into a receiver, which should contain a _ 

little water, acetous ether will be obtained. If, instead 

of the muriatic acid, vitriolic, nitrous, or fluor acid be 

employed, the same ether will be produced. This ether — 

is obtained in a larger quantity than any other, and may 

be prepared in several different ways. (0) If 1 oz. of alkali 

saturated with vinegar be dissolved in 3 oz. of spirit of 

wine, and then as much of any of the above-mentioned 

four mineral acids be added as is requisite not only to — 

decompose the acetated alkali, but that there shall like- 

wise be some superfluous mineral acid, and the mass be 

then distilled, the same ether will be obtained. (c) If 

acetated lead be triturated with a sufficient quantity of 

muriatic acid, then mixed with spirit of wine and distilled ; 

(d) if crystals of verdigris be dissolved in a sufficient 

quantity of muriatic acid and distilled with spirit of wine ; 

(c) if one part of concentrated vitriolic acid be mixed with 

three parts of spirit of wine, one part of common salt, and 

one-half part of powdered verdigris, and distilled, an ether 

of the same kind is likewise obtained. In the same manner, 

if (f) one part of vitriolic acid be mixed with four parts of 

concentrated vinegar and four parts of spirit of wine, then 

put aside in a well-corked phial for a few days, if to this 

mass some water be added, the same sort of ether will be 

separated. All the ether obtained floats upon the water, 
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but is not near so volatile as nitrous or vitriolic ether; it 

burns with a blue flame like spirit of wine. The union of 

the component parts of the acetous ether is much easier 

_destroyed than that of the other kinds, as the following 

experiments will prove :—(g) I dissolved one part of acetous 

ether in as much water as was necessary for the solution, | 

and afterwards. added two parts of caustic fixed alkali. On 

distilling it by a gentle fire, I hardly obtained the eighth 

part of the ether dissolved. The acetous ether, thus 

depurated, did not indeed any longer affect tincture of 

-lacmus as it did before; but on pouring some drops of it 

upon blue paper, it immediately turned it red. I dissolved 

this ether anew in a weak alkaline ley, and distilled the 

solution again. Here it disappeared entirely; the first liquor 

that went over retained only a faint smell of ether. I 

~ saturated the remainder in the retort with vitriolic acid, 

and obtained by distillation acetous acid. 

Section VII. 

Some phosphoric acid which was prepared by burning 

phosphorus was mixed with two parts of spirit of wine. I 

distilled the mixture in the common way, till there was 

nothing remaining in the retort but the acid. The spirit 

which came over into the receiver had a disagreeable smell. 

I rectified it, in order to get the ether, by a more gentle 

degree of heat, but I obtained not a vestige of it. On mixing 

water with this spirit it grew white like milk, and some days 

afterwards I found a white powder precipitated, which was 

pure phosphorus. Should the phosphoric acid. perhaps con- 

tain always a small quantity of phosphorus undecomposed, 

the spirit of wine would be a good medium to separate it. 

The disagreeable smell, as it would seem, arose from the 
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phosphorus dissolved in the spirit; but that the spirit of 

wine should carry over along with it into the receiver acid of 

phosphorus, as Mr. Morveau'! maintains, is not in the least 

probable, as I found not the slightest mark of it in the spirit : 
thus distilled. 

Scrion VIII. 

The crystallised acid of benzoin mixed with spirit of | 

wine yielded no ether; but on distilling one part of the acid — 

of benzoin with three parts of spirit of wine and one-half © 

part of common muriatic acid, pure spirit first came over, - 

whereupon I observed two different liquids in the retort, one . 

white, the other brown. I therefore changed the receiver ; 

and on continuing the distillation, afterwards obtained an 

ether, one portion of which floated upon water, while the 
other, which was the larger portion, subsided to the bottom. 

This ether had the smell of salt of benzoin, was not more 

volatile than acetous ether, burned with a clear fiame and 

with smoke. When dissolved in alkalised spirit of wine, and 

then distilled, it was as easily decompounded as acetous ether ; 

and on dissolving the remainder in the retort in water, and 

adding some acid, the whole mixture was coagulated by the 

precipitation of salt of benzoin. 

SECTION IX. 

I must not conceal the rest of my unsuccessful experi- 

ments made upon this subject, as they may perhaps afford 

some illustration with regard to the theory of the generation 

of ether. The acid of tartar had no effect upon spirit of 

wine, not even when a mineral acid was added; neither did 

the addition of manganese afford any ether. Concentrated 

1 Zlemens de Chemie Théorique et Pratique, tom, iil. p. 338, 
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acid of lemon gave, in every respect, the same result. 

Neither does the acid of borax afford any ether, either with 

or without manganese. The acid of amber acts in the same 

manner, as likewise does the phosphoric acid with manganese, 

with concentrated vinegar and acid of tartar, with concentrated 

vinegar and manganese. These substances distilled with 

spirit of wine yield no ether. The same thing takes place 

with the following salts :—-Acetated zinc, acetated mercury, 

muriated mercury and iron, muriated manganese, nitrated 

silver, muriated magnesia, salt of benzoin and manganese, 

fixed caustic alkali and manganese, acid of arsenic, acid of 

_ arsenic and manganese. 

SECTION X. 

From the foregoing experiments I should be unwilling to 

attempt an explanation of the generation of ether; for 

though it might be concluded, with some degree of certainty, 

that there is always required a substance to attract the 

inflammable principle of the spirit of wine, because all the 

experiments coincide in showing this; yet still I do not see 

how this opinion can be held with regard to ether of vinegar 

and benzoin, as these two vegetable acids have as little affinity 

with phlogiston as fluor and muriatic acids have. But if you 

were even to allow that they attract phlogiston, though but 

weakly, a question still remains: In what manner does this 

oil of spirit of wine or ether separate from the water with 

which it was so intimately united? Perhaps, however, this 

phenomenon might be explained upon the same principle as 

the separation of sulphur from hepatic air. It is known that 

this air is, like spirit of wine, soluble in water,and that it 

consists of phlogiston, the matter of heat and sulphur. If 

any substance be added which disunites the phlogiston from 
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this air, the matter of heat flies off, and the sulphur — 

precipitates. This I apply to the explication of the generation 

of ether; and we know beforehand that manganese, when q 

united with an acid, has a strong attraction for phlogiston. 

Now, if this metallic calx, spirit of wine, salt and vitriolic 

acid, be mixed, the manganese will unite with a part of the 

phlogiston of the spirit of wine, and the matter of heat, 

which becomes so evident in this process that the mixture 

boils of itself (Secs. 1. (a), 1. (a)), is set free, by its 

separation from the phlogiston ; and thus the oil of spirit of 

wine, or ether, is separated from the water. The ether, in 

this case, commonly carries along with it a small admixture 

of the acid, which served to its separation from the water 

(Sees. IL, Iv.) ; but this small quantity of acid is so insignificant 

in rectified ether, that it cannot be maintained with certainty 

that there exists no ether at all without some mineral acid. 

The small portion of vinegar and aérial acid which I observed 

in some distillations (Sec. I. (c)), arises from the total 

decomposition of a small portion of ether; for it is very 

probable that the oil of spirit of wine consists of acetous 

acid and phlogiston; whereas calx of iron, dissolved in 

muriatic acid (Sec. 1. (¢)) and distilled with spirit of wine, 

yields ether; whence it appears why the tinctura ferri of the 

Pharmacopeeia Suecica in time acquires a smell like nitrous 

ether. 
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OBSERVATIONS ON A METHOD OF PRESERVING 

VINEGAR. 1782. 

Ir is a fact generally known that vinegar, of whatever 

kind, will not keep long; but, in the course of a few weeks, 

especially in the warm temperature of summer, grows turbid, 

and that its surface is covered with a thick mucilaginous 

substance; during which period the acid disappears by 

degrees, and at last is entirely lost; whence the vinegar 

must very often be thrown away. Now, in order to avoid 

this corruption of the vinegar, four methods have been 

discovered. The first is, to prepare the vinegar very strong 

and sour at first.. It is well known that such vinegar keeps 

for several years; but as there are few people who prepare 

their own vinegar, and as most content themselves with 

buying it as it is to be had in the shops, there are of course 

but few who can make use of this method. The second 

method is to concentrate the vinegar by congelation; after 

which a hole is made in the crust of ice which covers it, 

through which the part that is not congealed is let out 

and afterwards put into bottles. This manipulation answers 

well enough; but as nearly one-half is lost, because that 

which forms the crust of ice is, for the most part, nothing 

but water, good economists dislike it. The third method is 

to prevent the access of air, viz. to fill the bottles full, and 

keep them perfectly well corked. Though vinegar by this 
231 
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method keeps very long, it is not much employed; probably, | 

because it is troublesome to fill the bottle immediately again, — 

every time you have made use of part of its contents, with 

clear vinegar from another bottle ; after which, the vinegar in 

the bottle that is not full, and to which consequently the air 

has access, soon grows turbid and vapid. The fourth method 

is to distil the vinegar. Such vinegar suffers not the least 

change, though exposed to a warm air for years; but, being — 

more expensive than that which is not distilled, this method 

is seldom made use of, especially as the following method to 

preserve vinegar is the easiest of all :— 

It is only necessary to put your vinegar into a well-tinned 

kettle, and make it boil for a quarter of a minute overa 

strong fire. It is then to be immediately bottled carefully ; 

or, if any one should be afraid of tin being pernicious to 

health, he may fill his bottles first, and then put them into a 

kettle full of water upon the fire. After the water has 

boiled for about an hour’s time, the bottles are taken out of 

the pot and corked. The vinegar thus boiled keeps for 

several years, as well in open air as in half-filled bottles, 

without growing turbid or mucilaginous. It likewise may be 

used with advantage for pharmaceutical purposes, instead of 

common vinegar; for the preparation of the compound 

vinegars, which, if not prepared with distilled vinegar, soon 

grow turbid and lose their acidity. 
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ESSAY XXIL 

EXPERIMENTS ON THE COLOURING MATTER IN BERLIN 

OR PRUSSIAN BLUE. 1782. 

Towarps the beginning of the present century, Mr. Diesbach, 

a manufacturer of colours at Berlin, with the assistance of 

Dr. Dippel, accidentally discovered the blue colour since 

called Berlin or Prussian blue. They kept this preparation 

with great secrecy, till Woodward published the whole 

process in 1724. After this period, several chemists have 

endeavoured as well to improve the colour as to give an 

explanation of its origin. Brown, both the Geoffroys, and 

the Abbé Maynan, are known on account of their papers 

written upon this subject; but it was reserved for Macquer, 

who published a dissertation upon it in 1752, to represent 

the whole in a connected view. After him several have 

attempted to determine the nature of the matter which in 

general unites with the metallic calxes, when they are 

precipitated from their solutions by the lixivium sanguinis, 

and which in the preparation of the Prussian blue gives to 

the iron a blue colour; but they have advanced no further. 

Some are of opinion that it is phlogiston which comes into 

- action here, and thence the name phloyisticated alkali. Others 

think that it is an animal acid. The cause of this uncertainty 

is, that there has been hitherto no method discovered to obtain 

this colouring matter in a perfectly pure state, it being 

hitherto always united with some heterogeneous substance. 
233 
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Having at last, after many repeated trials, found means to — 
obtain it in this pure state, and unmixed, so that I was 

able to make several experiments with it, I now take the 

liberty of presenting an account of them to the Royal — 

Society. 

SECTION I. 

(a) If the lixivium sanguinis, the preparation of which is — 

universally known, be exposed for some time to the open air, — 

it loses its property of precipitating the iron of a blue © 

colour; and the precipitate thus obtained is entirely dissolved — 

in the acid. Now, in order to ascertain whether the air 

had hereby undergone any change, I put some recently 

prepared lixivium into a glass vessel, which was well sealed 

lee with rosin; but some time afterwards I found the enclosed 

, air as before, and the lixivium sanguinis unchanged; whence 

I conclude that the colouring matter is not absolutely simple 

phlogiston.1. It occurred to me that the aérial acid, which 

was not present in sufficient quantity in air confined as in the 

preceding experiments, but exists in a much larger quantity 

in the open air, might be the principal cause of the separa- 

tion of this colouring matter from the lixivium. (0) I there- 

fore filled a glass vessel with atrial acid, and poured a little 

lixivium sanguinis into it, carefully preventing the access 

of the external air. On examining this lixivium the day 

after, I found that my conjecture was well founded ; for calx 

} of iron, precipitated with this lixivium, was entirely soluble 

| in acids. (c) I further tried whether other acids had the 

same effect upon the lixivium sanguinis. For this purpose 

I supersaturated that preparation with all the known acids, 

1 Le bleu de Prusse est unprécipité de fer, avec surabondance de 
phlogistique. Macquer, Dict. de Chemique, 2de edition. 
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adding afterwards a solution of vitriolated iron to them; 

but neither did I now obtain any precipitate. 

Section II. 

(a) I now inverted my experiments; I mixed a little 

vitriolated iron with lixivium sanguinis, which immediately 

grew yellow; I then poured some of this mixture into 

a glass vessel filled with aérial acid. The day after, I poured 

this lixivium into a solution: of vitriolated iron, then super- 

saturated the lixivium with acid, and obtained a considerable 

quantity of Prussian blue. (0) To the same lixivium 

sanguinis, in which I had dissolved a little vitriolated iron, 

I added of the other acids somewhat more than was necessary 

for saturation; and, on mixing afterwards a solution of 

vitriol with them, I instantly obtained Berlin blue. (¢) I 

precipitated a solution of vitriolated iron with alkali, and 

boiled the greenish precipitate for some minutes in lixivium 

sanguinis, which dissolved part of it; I then filtered the 

lixivium. This lixivium underwent no change when 

exposed to the open air or to the aérial acid; it precipit- 

ated the solution of iron of a blue colour, as well before as 

afterwards; and although the lixivium was supersaturated 

with acid, and some vitriolated iron was added, a very 

beautiful Prussian blue was obtained. Hence it appears 

that the calx of iron in some manner fixes the colouring 

matter in the lixivium; so that neither aérial acid nor 

any other acid is capable of separating this matter from the 

alkali. This is likewise the reason why the colouring neutral 

salt, which is formed on boiling alkali with Prussian blue, 

does not so easily lose its power of precipitating iron of a 

blue colour, either by the action of the aérial or any other 

acid. (d) But if lixivium sanguinis be boiled with a 
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perfectly calcined calx of iron (which I prepared for this 

purpose from vitriolated iron, by boiling it in nitrous acid, | 

and precipitating with caustic alkali), no part of it is 

- dissolved; for if the lixivium be afterwards supersaturated — 

with acid, and vitriolated iron added to it, no Prussian blue — 

is obtained., The same thing happens if such a solution of 

perfectly calcined iron be precipitated with lixivium sanguinis, — 

and some acid be afterwards added to it. Hence it likewise — 

appears how much the small quantity of phlogiston which 

the calx of iron retains in the vitriol contributes to the 

fixing of the colouring matter. 

Section III. 

(a) In order now to learn whither the colouring matter had 

gone in the experiments (Sec. I. (a), (0), (c)), I poured some 

lixivium sanguinis into a glass vessel filled with aérial acid ; 

it was kept well corked during the night, and the next day 

I fixed to the cork a piece of paper that had been dipped 

in a solution of vitriolated iron, and then pencilled it over 

with a couple of drops of a solution of alkali in water. 

The piece of paper was soon covered with precipitated iron. 

A couple of hours afterwards I took the paper again out of 

the vessel, and besmeared it with some muriatic acid, when, 

to my great surprise, I saw it immediately covered with the 

most beautiful Prussian blue. (0) The same experiment was 

repeated with lixivium sanguinis, supersaturated with vitriolic 

acid. This mixture was put into a glass vessel, and the 

piece of paper treated as in the last-mentioned experiment, 

(a). I here likewise observed that the air was filled with the 

colouring matter; for the piece of paper became blue on 

applying muriatic acid to it. (¢) Though acids expel this 

matter from alkali, a considerable quantity of it nevertheless 
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remains in the lixivium sanguinis supersaturated with acids ; 

for the same mixture, removed into another vessel, imparts 

to the air the colouring quality, and that repeatedly, 

according to the quantity of air. (d) When I applied upon 

the pieces of paper a solution of perfectly dephlogisticated 

calx of iron, instead of a solution of vitriol, no Prussian blue 

was formed; but the muriatic acid dissolved the calx 

entirely. This agrees with what is said in Sec. I. (@). 

SECTION IV. 

Being now aware that acids really attract the alkali more 

strongly than the colouring matter does, I wished to know 

what effect would be produced by distillation. (a) I there- 

fore poured lixivium sanguinis, supersaturated with vitriolic 

acid, into a glass retort, luted on a receiver closely, and 

distilled by a gentle fire. When about one-third of the mass 

had passed over, I changed (0) the receiver, and distilled till 

half of the remainder went over. (¢) The watery liquor, 

which came over first, had a peculiar smell and taste. The air 

in the receiver was filled with the same colouring matter as 

the glass vessels (Sec. 111.) had been; paper tinged with lacmus 

was turned red by this liquor; but upon discovering after- 

wards, by means of the solution of terra ponderosa, some 

vitriolic acid in it, I perceived that I could not depend upon 

this phenomenon for any conclusion. I mixed with one 

part of this water a little phlogisticated calx of iron, or 

what comes to the same thing, a little precipitate from 

vitriolated iron; and a short time afterwards I added some 

drops of vitriolic acid to it, by which I obtained a fine 

Prussian blue. (ad) Part of this water being exposed for 

some hours to the open air, entirely lost its colouring quality. 

(¢) The water obtained by the second distillation (0) pro- 
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duced the same effects as pure water mixed with a little 

vitriolic acid. 

Section V._ 

When I had thus discovered the possibility of obtaining 

the colouring matter in its greatest purity, I proceeded to 

make some experiments, in order to obtain it separate from — 

the blue itself; and this with a view partly to procure a 

larger quantity of it than the lixivium yields; partly also — 

to avoid the troublesome calcination of the blood and pre- 

paration of the lixivium. This matter, though it may be 

separated from the Prussian blue by distillation, yet it is — 

would not serve my purpose. On examining several sorts | 

of Berlin blue, I found in them marks of sulphur, volatile 

alkali, vitriolic acid, and volatile sulphureous acid, which 

substances are found as well in the lixivium sanguinis as in 

the lixivium of soot, and adhere to the precipitate in the 

preparation of Prussian blue. On distilling one sort of this 

preparation, I obtained in the receiver a liquid which had 

a smell of spiritus cornu cervi, precipitated vitriolated iron, 

and, on the addition of an acid, was changed into Prussian 

blue. In the neck of the retort there was a sublimate, 

which proved to be a kind of neutral salt, consisting of 

volatile alkali and volatile sulphureous acid; the air in the 

receiver was full of aérial acid, volatile alkali, and the colour- 

ing matter. The remainder in the retort was black, obedient 

to the loadstone, and yielded hepatic air with acids. Being 

unable by these means to attain my purpose, I resolved to 

examine a little more closely a neutral salt known in 

chemistry, which is formed when lixivium tartari is boiled 

with a sufficient quantity of Prussian blue. This salt 

consists of the colouring matter of the lixivium, of calx of 
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iron, and of alkali, and is especially made use of for discover- 

ing iron in mineral waters; but is not entirely to be de- 

pended upon for this purpose, as long as chemistry is unable 

to free it perfectly from iron; and this cannot be effected 

without decomposing this salt, of which the iron is constantly 

a constituent part, and is the medium by which the colour- 

ing matter is attached to the alkali (Sec. 1. (¢)). The 

lixivium sanguinis is more to be depended upon for this 

purpose, though it likewise, as well as the lixivium of soot, 

shows marks of the presence of iron. Though I have 

mentioned (Sec. 1.) that on supersaturating lixivium §san- 

guinis with an acid, and then adding vitriolic acid, no sign 

of. Prussian blue is perceived; but as blood and soot contain 

a little iron, there is no reason to be surprised that lixivium 

sanguinis should contain iron; whence it happens that, in 

such cases, there may really appear some mark of Prussian 

blue, and this the more readily if the calcined mass be 

boiled in an iron vessel. But if the vitriol be first put into 

the lixivium, and then an acid be added to it, a great differ- 

ence is found with regard to the quantity of Prussian blue 

obtained. If a perfectly pure lixivium sanguinis be taken, - 

supersaturated with an acid, and vitriolated iron be added 

to it, not the least mark of blue appears. Such a pure 

lixivium is not obtained in the common way, but on mixing 

the colouring matter in its purest state (Sec. x.) with alkali 

of tartar. 

Section VI. 

To return to the above-mentioned neutral salt, I dis- 

solved 1 oz. of it in a glass retort in 4 oz. of water, adding 

3 drms. of concentrated vitriolic acid (other acids produce 

the same effect, but I prefer the vitriolic acid in this process), 

and distilled this mixture into a luted receiver by a gentle 
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fire. As soon as the mass began to boil, it grew thick, from — 

the production of a great quantity of Prussian blue, which 

was separated. I perceived, at the same time, a smell which - 

penetrated through the lute, and perfectly resembled the 

smell of water impregnated with the colouring matter (Sec. 

Iv. (c)). I continued the distillation till 1 oz. had passed 

over into the receiver, and then poured the water containing 

the colouring matter into a phial. The air in the receiver | 

had likewise absorbed this colouring matter, which I detected 

as in Sec. 11. (a). The blue mass remaining in the retort I~ 

put upon a strainer, and into the liquid which passed 

through I put a piece of vitriolated iron, in order to see 

whether there was still remaining any of the neutral salt — 

undecomposed. But no Prussian blue was produced, and 

thus the salt was decomposed during the boiling. The blue 

which now remained on the filter, and was free from the 

neutral salt, I again boiled with lixivium tartari; the — 

solution was freed by filtration from its ochre of iron, and 

the mass was then distilled a second time, with the addi- 

tion of vitriolic acid in excess. It now showed the same — 

phenomena as at first; for as soon as it began to boil, 7 | 

Prussian blue was again separated, though in less quantity, 

and the colouring matter came over into the receiver. 

After one-third of the mass had passed over, I added it to 

that obtained by the first distillation, and then separated 

the regenerated Prussian blue from its acid, which I again 

extracted by lixivium tartari, and then distilled it the © 

third time. Here I again obtained some blue; and it thus 

evidently appears that, by repeated extractions and distilla- 

tions, all Prussian blue might at last be entirely decomposed. 

It is not difficult to account for the series of phenomena 

that occurred in this whole process. The neutral salt 

consists of alkali, a little iron, and the colouring matter ; 
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it is therefore a triple salt. Now, when an acid is added 

to this salt, the colouring matter, in consequence of the 

stronger attraction of acids for alkalies, must be expelled, 

which immediately, on account of its volatility, goes over 

into the receiver during the distillation. But as the acids 

are not capable of expelling this colouring matter from the 

iron, the calx of iron will contain as much as is requisite 

for its saturation, or, what comes to the same, as much as 

is requisite for the production of Prussian blue; and this 

is the part which separates from the salt during the distilla- 

tion. If Berlin blue be extracted by lime or terra ponderosa, 

these extracts show the same phenomena during distillation 

with vitriolic acid. 

Section VII. 

If Prussian blue be extracted by volatile alkali, a com- 

pound arises, which likewise constitutes a kind of triple 

neutral salt, consisting of volatile alkali, iron, and the 

colouring matter. With vitriolic acid it shows the same 

phenomena as the salt of Sec. vi. If this neutral salt be 

distilled by itself, after having been dissolved in water, the 

solution grows thick, in consequence of the separation of 

Berlin blue, and a volatile alkaline liquor goes over into the 

receiver. If the distillation be continued till but little 

liquid remains with the Berlin blue in the retort, no more 

salt will be found in the retort, but all will have gone over 

into the receiver. The liquor in the receiver consists of 

volatile alkali and the colouring matter. It is not pre- 

cipitated by lime-water; but vitriolated iron is decomposed 

by it, and, on adding an acid, Prussian blue is generated. 

If a piece of paper dipped into a solution of vitriolated iron 

be suspended in the receiver, this solution is soon decom- 

posed, the air of the receiver being impregnated with volatile 
16 
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alkali. If afterwards the same paper be pencilled over with — 

muriatic acid, it grows blue. If the whole liquor of the — 

receiver be exposed to the open air, it all evaporates, leaving ! 

behind’ pure water. 

SECTION VIII. 

Among several other fruitless attempts to separate this — 

colouring matter from the Prussian blue in a more com- 

modious way, I found that calcined quicksilver afforded 

an excellent medium for accomplishing this purpose. I 

observed that mercurius dulcis grew black in air impregnated — 

with this colouring matter. The same thing likewise 

happened if it was put into the tinging water (Sec. rv. (¢)); — 

and this water thence acquired an acid quicksilver taste. 

Hence it was probable that this matter had united with the | 

sublimate in the mercurius dulcis, or at least with the calx, 

which is its basis, and expelled the muriatic acid, which 

~ would give rise to the acid taste; and as quicksilver in its 

metallic state is not soluble in muriatic acid, it must there- 

fore separate from it; and this is the cause of its black : 

colour. I therefore boiled the liquor with corrosive subli- — 

mate, and the mixture hardly began to boil, when the blue — 

colour had already disappeared. I then boiled calcined 

mercury or red precipitate with Prussian blue and water. | 

The colour disappeared entirely, and the filtered solution had 

a strong taste of quicksilver; it contained no iron, and, — 

what is remarkable, it could not be precipitated either by 

acids, lime, or alkalies; but, by a long digestion with metals, 

the mercury was reduced to its metallic state by means of 

a double elective attraction. If the union of the colouring 

matter with metals be prevented, it becomes free and un- 

combined, and may be easily separated by distillation. This 
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may be effected by means of an acid. After different trials, 

I found the following method the best :— 

SECTION IX. 

To 2 oz. of powdered Prussian blue, and 1 oz. of calx 

of quicksilver, prepared by means of nitrous acid, I added 

6 oz. of water in a cucurbit; I boiled this mass for some 

minutes with constant agitation, when it assumed a yellowish 

grey colour. I then poured it out on a filter, and upon © 

what remained in the filter I poured 2 oz. of hot water, 

in order to elixiviate the whole thoroughly. The strained 

mercurial solution was then poured upon 14 oz. of iron 

filings, free from rust, and contained in a glass vessel, there 

being added 3 drms. of concentrated vitriolic acid. The 

whole mass was well agitated, during which, in a few 

minutes, it was turned quite black by the reduced quick- 

silver, and thereby completely lost its quicksilver taste. It 

at the same time acquired the peculiar smell of the colouring 

matter. I left the mixture a few minutes at rest; then 

poured off the clear liquor into a retort; and distilled the 

fourth part of it off into a well-luted receiver. Here I 

obtained the same colouring matter as from the neutral salt, 

Sec. vi. It is sufficient to distil off one-fourth; for this 

matter is much more volatile than water, and goes over 

first. 

SECTION X. 

A slight vestige of vitriol easily appears in this (See. 

1x.), a8 well as in the preceding distillation of the neutral 

salt, Sec. vi. This little vitriolic taint must consequently 

be likewise separated from the colouring matter. I have 

remarked (Sec. I.) that aérial acid is capable of dislodging 



244 ESSAY XXII. 

this matter from alkali and lixivium sanguinis. The same 

thing happens if this matter be combined with lime. It is 

therefore not difficult to separate the vitriolic acid from it. 

I mixed a little pounded chalk with the distilled water 
impregnated with this matter, and distilled the mass a 

second time by a gentle fire. The vitriolic acid united 

during this process with the chalk, and the colouring matter 

went over in its greatest purity. In order to hinder as 

much as possible the escape of this volatile matter through 

the lute, and in order to prevent the air in the receiver from 

absorbing too much of it, I make use of a small receiver, 

pouring a little distilled water into it, and place it so that 

the greatest part of the receiver, during the operation, shall 

be immersed in cold water. This matter has a peculiar but 

not disagreeable smell, a taste somewhat approaching to 

sweet, and warm in the mouth, at the same time exciting 

cough. Of its nature and constituent parts, as. likewise of | 

its action upon other substances, I shall speak in the second 

part of this Dissertation. ; 



ESSAY XXIIL 

ON THE INFLAMMABLE PRINCIPLE IN CRUDE. 

CALCAREOUS EARTH.! 

You entreat me, my worthy friend, to communicate to you 

my thoughts on Dr. Weber’s publication, entitled Zhe Nature 

and Properties of Lime and Caustic Substances newly discovered. 

I cannot but wonder that the controversy concerning fixed 

air and the acidwm pingue should not yet have ceased with 

_ you. That this acid is a mere chimera, is acknowledged 

both by Dr. Weber and, I believe, by all chemists. But it 

would appear that the Doctor wishes, by his phlogiston, to 

supplant fixed air, as this has supplanted the acidum pingue. 

‘Whoever is desirous of attempting satisfactorily to prove 

any opinion in chemistry, ought to be thoroughly acquainted 

with the bodies with which he makes his experiments, and 

on which he rests his proofs. But when this knowledge is 

wanting, how easily may wrong conclusions be drawn! I| 

do not indeed by any means flatter myself that we are 

acquainted so completely as could be wished with the 

constituent parts of all bodies, but so much is certain, that 

all oily compounds, derived from the animal and vegetable 

kingdoms, yield, when they are entirely destroyed, an 

inflammable principle, a mild acid in an elastic form, or the 

1 This is a letter from Mr. Scheele to Mr. Meyer of Stettin. The 
original was published in Crell’s Newesten Entdeckungen, Th. 1, 

p- 30, etc, 
245 
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true aérial acid (to which the author assigns the old 

appellation, fixed air), more or less, or no humidity; as also, 

more or less, or no earth. Could Dr. Weber decompound 

pure fixed air, and show, demonstrably, that phlogiston 

actually is one of its constituent parts, his opinion would 

acquire much weight. Were this effected (which it can 

never be by conjectures), it-will next be asked, What is 

the other principle contained in fixed air? The author’s 

supposition, that it is the electrical fluid, is a mere 

hypothesis, just as much as if I were to suppose that it is 

some acid of a stronger nature. The author can by no means 

establish his opinion concerning the presence of phlogiston in 

fixed air, by saying that the vapours of fixed air, extricated 

from chalk by muriatic acid, have a smell; fixed air separated 

from magnesia alba by vitriolic acid is inodorous, and the 

same fluid expelled from lapis suillus by muriatic acid has a 

stinking smell; and yet both these species of air coincide 

entirely with respect to their principal qualities. Dr. 

Black’s experiments are so solid. and convincing that it 

seems to me impossible to form any objection against them. 

He has indeed pushed his conclusion rather too far in saying 

that the explosion of fulminating gold, and the increase of 

weight in metallic calxes, prepared by heat, are owing to 

fixed air; but the chief discovery does not suffer from these 

mistakes! Dr. Weber cannot maintain, upon the authority 

of his first and second experiments, that crude calcareous 

earth contains phlogiston as a constituent part; for, in the 

first place, that which appears is to be deduced from a small 

residuum of decaying mineral substances; and, in the second, 

saltpetre can be alkalised by being kept long in a red heat, 

1 It is but justice to this great philosopher, whose lectures not only 
teach the principles of a science and the operations of an art, but contain 
likewise a system of practical logic, that he never contended strenuously 
forjthese conjectures, and that he has long abandoned them. T. 
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provided some body be mixed with it to prevent its fusion. 

Neither will his opinion that, in the distillation of crude 

caleareous earth (Experiment 3), the phlogiston it contains 

passes over along with the moisture and precipitates the 

lime-water in the receiver, easily find admittance. Will any 

reflecting chemist readily suffer himself to be persuaded that 

pure phlogiston parts from a body, without at the same time 

being in immediate contact with another body for which it 

has a stronger attraction. We cannot show that water has 

the smallest disposition to attract phlogiston, considered in a 

state of purity; and we find, in general, that acids must be 

employed as the means of effecting such a union. The 

theory of Dr. Black explains this precipitation so clearly, 

that nothing can be objected to it. When the author allows 

the lime-water to remain in the receiver to the end of the 

process, while there is at the same time an excess of chalk 

in the retort, he finds that the lime-water redissolves the 

regenerated calcareous earth. Now, if we assume with him 

that phlogiston in excess can dissolve even crude calcareous 

earth in water, his phlogiston must either be an acid or not 

an acid; in either case a few drops of nitrous acid must 

precipitate the solution (he must grant this, as, according 

to his first experiment, nitrous acid is capable of attracting 

it from lime in the fire); but no such thing happens. I 

have scarce any inclination to advert to the 4th experiment, 

as it contradicts all experience. The fixed air expelled by 

nitrous acid from a quarter of a pound of calcareous earth, 

does not precipitate more that 1 qt. of lime-water. In the 

5th experiment, the author precipitates lime-water with an 

alkaline spirit obtained from horns; but finds that the 

earth, after it has been dried, is lighter than the lime 

employed. It cannot be unknown to the author that the 

fixed air separated from the alkaline spirit during the 
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precipitation (for express mention is made of an efferves- 

cence), has the properties of an acid, and can therefore 

dissolve part of the lime. The lime dissolved in this 

manner will not fall down until a good quantity of alkaline 

spirit is added; and why is so much required? because it 

is the caustic part only of this spirit which effects a 

precipitation, as it has a stronger attraction for the super- 

fluous fixed air which holds the earth in solution. His 

supposed reciprocal attraction has no place here. Alkaline 

spirit obtained from horns and hoofs should never be used 

in exact chemical experiments. That from common sal 

ammoniac is the best for these purposes; and this is the 

reason why the author, after he had saturated the spirit 

from hoofs with muriatic acid, and distilled the ammoniacal 

salt with spirit of vitriol, obtained at the last a volatile spirit 

in the receiver which effervesced with acids. Had the 

author distilled pure but common sal ammoniac with oil of — 

vitriol, his volatile spirit would certainly not have effervesced 

with acids. But why did the spirit obtained by the author 

effervesce ? because it contained some oily matter, which was 

destroyed by the vitriolic acid on the application of the heat ; 

as, during the decomposition of oil, fixed air is always 

separated (let any one distil oil of vitriol with a little fat, 
he will easily discover fixed air in the receiver); and as it 

combines with the spirit driven over into the receiver, the 

spirit must of course effervesce with acids. That the 

vitriolic acid should remain in the retort is owing to its 

fixity, a property which it has in common with other known 

acids, which are more or less fixed as the phosphoric and 

arsenical acids, and sedative salt. The author certainly 

does not know that a quantity of fixed air is separated 

from coal during its combustion, as being one of its 

constituent parts, otherwise he never would have related 
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his 6th experiment. As the atmosphere always contains some 

uncombined fixed air, what wonder that quicklime should 

_ return in time to crude calcareous earth? Putrid vapours 

contain a far greater quantity of this fixed air, consequently 

we know that phlogiston must be combined in the air with 

some substance; for were it uncombined, so that it could 

unite with lime (I very much question, however, whether 

phlogiston can unite with pure lime), it would much sooner 

combine with pure air, for which it has a very strong 

attraction; but we know that in this case the air becomes 

unfit for respiration, and therefore the earth must have long 

since lost its inhabitants. He thinks that the 10th experi- 

ment is so clear and convincing, that no doubt can remain 

respecting his new doctrine. But had he been better 

ented with oils, he would not have looked on _ his 

_ experiment as incontrovertible; for as the vitriolic acid in 

_ sulphur fixes the phlogiston, even so does the fixed air in 

oils fix the same principle. As when we mix lime with 

sulphur, phosphorus, or regulus of arsenic, and afterwards 

separate those inflammable bodies from the lime by burning, 

and obtain in the first gypsum, in the second animal earth, 

and in the third lime combined with arsenic; so also must 

lime, when linseed oil is burned with it, exhibit a combination 

of lime and fixed air. With respect to the 13th experiment, 

I can assure the author that iron dissolved in vitriolic acid 

yields but very little fixed air; the air is mostly inflammable. 

The author must not then compare this with that air-which 

is extricated from chalk by acids; for the inflammable air 

is formed during the solution of the metal in vitriolic or 

marine acid; but fixed air is present beforehand in chalk. 

That the air which is expired from the lungs carries along 

with it fixed air, is absolutely certain, on which account 

lime-water is precipitated by this air. Fixed air is actually 
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a constituent part of the atmosphere; and the more exactly ; 

the phlogiston combined with it is separated from it, the 

more pure air must make its appearance. Fixed air is also 

present in putrefying water. That the earth in lime-water 

is restored to its crude state by phlogiston, the author can 

neither persuade me nor any intelligent chemist. Had the 

author examined a little less carelessly the precipitate which 

appears on pouring lime-water into human urine, he never 

would have pronounced it to be calcareous earth, as in 

Experiment 19. I can assure him that this precipitate 

does not effervesce with any acid, but is animal earth, 

precipitated by the phosphoric acid in urine. The same 

may be said of the 20th experiment, which the author made 

very unnecessarily. No exact chemical experiments should 

be made with the volatile alkali from putrid bodies. Other 

chemists, as well as myself, have obtained by sublimation 

good sal ammoniac from volatile alkali separated from sal 

ammoniac by lime, and afterwards saturated with muriatic 

acid. Neither is the fixed nor. volatile alkali in neutral 

salts caustic; neither is the lime contained in fixed ammoniac, 

as it is called. These substances are caustic only in con- 

sequence of being combined with a considerable portion of 

the matter of heat, which separates as soon as an acid is 

poured on them, the acid having a stronger attraction for 

the bodies than heat. I need not touch upon the 25th 

experiment. When the lime does not slake, it can only 

make the ley a little caustic; for, in the last case, or when — 

the ley is to be thoroughly caustic, it must touch the corrosive 

sublimate in all possible points. As the matter of heat 

consists of phlogiston and pure air, while metallic calxes, — 

prepared by heat, contain much heat, which must be heavier — 

than phlogiston alone, what wonder that a metallic calx 

should be heavier than the perfect metal? Such a calx 
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does not, as Dr. Black supposes, contain fixed air. When 

it is reduced by means of charcoal, the fixed air is to be 

deduced from the charcoal, and not from the metallic calx. 

As long as the author considers fixed air as phlogiston and 

ether, he will easily be able to explain why dry volatile 

alkali, abstracted from a metallic calx, becomes caustic. But 

a prudent chemist will not so lightly yield his assent, much 

less will he reason so much at random; for in this case we 

have a double attraction, the fixed air, which is united with 

the volatile salt, and constitutes with it a kind of sal 

ammoniac, since it is a species of acid—the fixed air, I say, 

uniting with the metallic calx, as at other times it does with 

lime, and the matter of heat in the calx joining the alkali. 

In Experiment 31 the author distilled sal ammoniac, prepared 

with volatile spirit of urine and oil of vitriol, and he obtained 

an alkaline spirit which effervesced with acids. I have 

repeated the experiment, with this difference, that I used 

spirit of sal ammoniac and not oily spirit of urine for 

saturating the vitriolic acid. My Glauber’s ammoniac 

melted during the distillation, and I obtained caustic 

volatile alkali, which neither rendered lime - water turbid 

nor effervesced with acids. The residuum in the retort was 

vitriolic acid; some of the ammoniac was also sublimed. 

The 40th experiment, too, proves nothing. He burns terra 

foliata tartari, or acetated vegetable alkali, and obtains a 

salt which effervesces with acids. The injudicious and 

uninstructed may indeed be easily led into mistakes by 

such experiments as this. He should know that there are 

oily particles in vinegar, and that if they were away it 

would be no vinegar at all. These oily particles, an 

essential part in all vegetable acids, are destroyed by the 

heat; upon which the fixed air, the other constituent part 

of this oil, and indestructible in the fire, combines with the 
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alkali; and what wonder that this elastic acid should be ~ 

expelled by a stronger? Experiment 34 is very easy to be 

explained; (for, if the author’s assertions were admitted, 

calx of iron would have a stronger attraction for phlogiston 

than nitrous acid). Alkalies as well as nitre, when they are 

mixed with metals or metallic calxes, in order to prevent 

their fusion, lose their acids on a long-continued calcination, — 

and immediately afterwards the matter of heat unites with 

the alkalies, which is the only cause of their causticity. 

Lead is a metal which contains very little phlogiston ; 

for I have observed scarce any sensible mark of liver of 

sulphur upon stratifying it with vitriolated tartar in a close 

crucible. Should vegetable alkali have reduced any calx 

of lead, this might have arisen from the glue that the ley 

carried along with it on being filtered through bibulous 

paper, or perhaps from some impurity adhering to the | 

alkali or minium. Why is nota solution of lead reduced ~ 

by alkali in the humid way? Experiments 42 and 43 — 

have turned out very differently, when made by all other 

chemists, even by the late Mr. Meyer himself, as well as by 

me; for caustic fixed alkali always precipitates a solution — 

of calcareous earth in a caustic state. The author here 

did not pay attention enough. Experiments 44, 45, and 
46 are also insignificant. According to the 47th, ashes 

adhering to red hot coals should have lost their phlogiston, 

But if so, why do they effervesce with acids? For, accord-— . 

ing to the hypothesis, the earths effervesce because they — | 

contain phlogiston. The author mentions some phenomena 

(pp. 137 and 145), which in his opinion cannot be ex- 

plained at all; as for instance that alkali does not totally 

precipitate vitriol; that vitriolated tartar does not entirely 

precipitate the solution of quicksilver; as also that the 

mother ley of common salt cannot be completely precipitated 
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: to experiment, finds no difficulty in assigning the causes of 

3 phenomena to the author so incomprehensible; but as they 

do not belong to the present subject, I pass them over. 

4 . These observations will, I hope, my very worthy friend, 

convince you that the doctrine of Black is not only applicable 

to all the experiments, but that it will maintain its ground 

in the principal points, and is consequently true. Refer to 

the author’s analysis of sea salt, and you will find (p. 160) 

that Glauber’s salt, together with the lime dissolved by 

“marine acid, are to be separated by crystallisation. In like 

‘manner, he supposes (p. 167) that Epsom salt and Glauber’s 

salt are contained in the mother ley, together with calcareous 

earth, dissolved by marine acid. He speaks, too, of these 

salts at p. 175. Now it has been known since the time of 
Neumann that vitriolic acid, and the neutral salts into 

which it enters, separate calcareous earth from the muriatic 

as well as other acids. 

a 
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SOME INCIDENTAL REMARKS ON THE AFFINITY OF 

BODIES.! | 

THE few following observations on Mr. Wenzel’s doctrine 

of the affinity of bodies are not made with a view to 

detract from his merit, but to show both my attention to 

his valuable book, and how necessary it is to repeat the — 

experiments of others, when they do not coincide with 

the principles of chemistry. 

P. 9. That metals dissolved in acids are unchanged, 

and remain just in their former state, is contrary to all 

experience in chemistry; which shows that they lose their 

inflammable principle during solution. 

P. 14. The position that salts do not act, onigae in” 

solution, fails in many cases. When powdered chalk, for 

instance, is boiled with Prussian blue, reduced likewise to 

powder, the former attracts the colouring matter of the 

latter, and yet chalk is insoluble in water. 

P. 40. Mr. Wenzel does not explain the decomposition 

of vitriolated tartar right. For if the fixed alkalies had — 
1 The name of the excellent Mr. Scheele, a German, and at present 

settled as an apothecary at Koping, in Sweden, will serve as a sufficient 
recommendation to all his productions. The present remarks, though 
they have a reference only to Mr. Wenzel’s Doctrine of the Affinity of 
Bodies, bear, like all his other works, the stamp of acuteness and truth ; — 
and as they are delivered with proper candour, they rather do honour 
to Mr. Wenzel, to whose merits I here subscribe my testimony. CRELL, 
Chem. Journ., Th. 4 
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not the property of combining with vitriolic acid in excess, 

_ the nitrous and marine acids would neither change vitriolated 

tartar nor Glauber’s salt into acid neutral salts, and there- 

fore one should never be able to pour off the vitriolic acid 

from the crystals of nitre; but it is always combined with 

mote ony 

fixed alkali, and cannot be separated by any nitrous acid. 

P. 41. I have great difficulty in believing that caustic 

volatile alkali precipitates the solutions of lime and lead. 

Spirit of sal ammoniac is always obtained when that salt 

is distilled with chalk and water. Simple experiments 

give sufficient testimony in this case. 

P. 54. Both alkaline salts have not an equal affinity 

for vitriolic acid. Pour oil of tartar, per deliquium, into 

a solution of Glauber’s salt, and vitriolated tartar will fall 

to the bottom in the course of a few minutes. 

Pp. 72. and 73. The inflammable air of the zinc and 

iron should have been taken into the account in the 

weighing. 

P. 81. This earth of alum can scarce be without 

vitriolic acid; for we know that a part of this acid is 

very difficult to be separated from it; and on this account 

it could not attract any fixed air. Were the author to 

dissolve his earth in distilled vinegar, and then to add 

a few drops of a solution of terra ponderosa, the vitriolic 

acid would immediately show itself. 

P. 95. If coals consist of phlogiston and a little earth, 

where does the quantity of fixed air, which makes its 

appearance during their decomposition, reside? This must 

contribute very much to their weight. 

P. 133. The solution of magnesia becomes a little 

turbid on the addition of caustic volatile alkali. How, 

indeed, should it be otherwise? Since there is formed a 

triple salt, consisting of the earth, the vitriolic acid, and 
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the volatile alkali; and since as much of the earth must 

be disengaged as the acid attracts of the alkali. If some: 

Glauber’s ammoniac be first added to the solution of 

magnesia, no precipitate will be occasioned by the caustic 

alkali. | 

‘P. 135. In my experiments, iron has never been pre- 

cipitated, in its metallic form, from its solution in muriatie 

acid by zine. 

P. 149. The calx precipitated from the butter of 

antimony by oyster shells is not a pure precipitate; but, 

according to my experiments, still contains some muriatic 

acid. I could not accomplish the dulcification of muriatie 

acid in the way mentioned by the author. 

P. 155. If much nitrous acid be taken for the solution 

of quicksilver, and the whole be boiled together, the quick- ; 

silver is completely calcined, and then it affords a white 

precipitate, on addition of spirit of sal ammoniac. The ~ 

quicksilver in corrosive sublimate is in a calcined state; 

the black matter is nothing but exceedingly fine revivified — 

mercury. 

P. 177. It is said that platina is not precipitated by — 

mineral alkali; but although many agree in this opinion ~ | 

with the author, a precipitation does actually take place. 

P. 248. As the neutral salt consisting of lemon juice 

and fixed alkali is capable of dissolving iron, it is no wonder 

that alkali does not cause a precipitation. The same thing 

has been observed by the author (p. 303) concerning the — 

solution of iron in tartar, and the reason is the same. 

P. 273. The want of fixed air is said to be the cause 
why acetated lead, prepared from minium, does not — 

crystallise; but it is totally different. The author has 

not mentioned that his solution, after he had introduced | 

fixed air to it by means of his apparatus, became white, 
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though this was really the case. This white matter in 

the solution of lead is nothing but calx of lead saturated 

with fixed air; that is to say, real white lead. If this 

superfluous calx is separated from the solution, the com- 

pound of lead and vinegar will immediately crystallise ; 

and this may be effected by the addition of gum-arabic, 

or by adding more vinegar, in order to dissolve the abundant 

ealx of lead. Fixed air is seldom necessary to bring the 

difficultly crystallisable salt to shoot. Too much is 

attributed to this mild acid; and I cannot agree with 

the author in thinking that the explosion of gold is 

owing to it. 

P. 286. It would be difficult to show that all the 

fixed air obtained by Mr. Lavoisier came from the minium. 

Part, indeed, does; but as we know that charcoal consists 

ef phlogiston and aérial acid or fixed air, to abide by the 

author’s appellation, I ask, What becomes of that fixed 

air which those particles of the charcoal that part with 

their phlogiston to the lead, yield? Recent minium gives 

out much fixed air when it is distilled with charcoal. 

P. 193. When speaking of tartar, Mr. W. mentions 

an inflammable earth, which is separated on saturating 

tartar with alkali. But the tartar contains some calcareous 

earth, which, with the acid of tartar, constitutes a salt very 

difficult of solution; on which account it falls to the 

bottom. Acid of tartar contains much oily matter, where- 

fore a compound of that acid and lime must burn. 

P. 297. We obtain caustic alkali, and not a neutral salt, 

as the author affirms; for the latter is obtained only when 

chalk is boiled with tartar; in which case it is not surpris- 

ing that the caustic alkali should crystallise on the addition 

of an acid. 

P. 366. It is said that fixed air is the cause of the 

17 
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crystallisation of the neutral salt prepared from nitre and ~ 

arsenic; and as Mr. W. could not have been acquainted 

with arsenic and its constituent parts, he is not to be 

blamed for entertaining such an opinion. | | 
P. 379. The fixing of arsenic by caustic spirit of sal 

ammoniac is truly remarkable. But it is certain that 

caustic volatile alkali always contains some lime. It 

appears, when it is kept long in glasses that are frequently 

opened, in the form of a hard pellicle deposited on the 

glass. Is it not this lime which adheres to the arsenic 

and fixes it? If not, and the experiment be exact, the 

problem is one of the most difficult in chemistry. 

P. 404. It is said that volatile alkali easily dissolves 

precipitated magnesia; but the solution is entirely owing 

to the water in which alkali is dissolved. . The separation 

of the earth, when the solution is exposed to the open 

air, arises not from the evaporation of the volatile alkali, 

but from the escape of the aérial acid which held the 

earth in solution in the water; for from 1 lb. of Epsom 

salt, dissolved in 64 Ib. of water, no precipitate can be | 

obtained by pure potashes without boiling; but when the 

air is driven off by boiling, the magnesia is obtained. 

P. 423. “ Fixed alkalies precipitate a solution of silver 

prepared with volatile alkali.” How is that possible? It 

is indeed true that a precipitation takes place; but what 

a great quantity of fixed alkali must be added before all ~ 

the silver is precipitated. With what does the alkali 
combine? It has no attraction for the volatile alkali : ft 

and, without a new combination, it is impossible to conceive — 

a precipitation. Saturate pure salt of tartar with abstracted 

vinegar, or even precipitated nitrous acid, and you will ~ 

find that the solution of silver yields some precipitate. I — 

have never met with alkali which did not show some 
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vestiges of muriatic acid. When the author comes to 

examine the precipitate again, he will not fail to recognise 

it for luna cornea, 

P. 472. Mr. W. has no doubt of the presence of a 

great quantity of fixed air in nitre. For my part, I 

entertain many doubts whether fixed air can be obtained 

from nitre, and still more, from nitrous acid. I have 

already observed that a great deal of fixed air is procured 

from charcoal distilled with recently prepared minium ; 

and the same thing holds when the phlogiston of the 

charcoal unites with the acid of the nitre. Why is no 

fixed air obtained when metals are deflagrated with nitre ? 

In this case corrupted air is obtained, which does not 

precipitate lime-water. Moreover, only one-sixth part of 

the air obtained from gunpowder is fixed air; the rest 

— is corrupted air. 

P. 480. Mr. W. maintains, after Beaumé, that calcareous 

earth may be converted by a very violent fire into a vitri- 

form earth; but in this point I can neither give credit 

to Mr. Beaumé nor the author. 

LETTER FROM MR. SCHEELE TO DR. CRELL. 

I have often prepared the colouring neutral salt con- 

tained in lixivium sanguinis in the following manner :—I 

extract Prussian blue with thoroughly caustic-fixed alkali. 

To the liquor containing the extract, after it has been 

filtered, I add highly rectified spirit of wine, upon which the 

salt falls in the form of flocculi to the bottom.t With 

1 Truth obliges me to mention that, three months before I received 
this letter, Mr. Westrumb described the same experiment for purifying 
the lixivium sanguinis. I can say nothing further to decide the priority 
of the discovery. Crell. 

For an account of Mr. Westrumb’s method, see the notes on Bergmann’s 
Dissertation on Elective Attractions, p. 337. T. 
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respect to every other method for the purification of the 

lixivium (those of Scopoli and Westrumb! not excepted), I 

am convinced that they are imperfect; for it is only necessary 

to boil a sufficient length of time their yellow solution with 

vitriolic or muriatic acid, and Prussian blue will be separated. 

My salt continues unaltered, even when exposed to the open 

air; for the iron strengthens the connection between the 

colouring acid and the alkali, and fixes it so that the aérial 

acid cannot expel it; which otherwise will happen in a few 

days, provided it be not combined with iron or some other 

metal in the colouring ley. I have not yet observed whether 

the tinging acid, for such is the name which Professor 

‘Bergmann has bestowed upon it, saturated with alkali or lime, 

will yield crystals? If you desire to know this, the 

combinations and evaporations must be performed in close 

vessels. 

ON THE CRYSTALLISATION OF THE ACID OF LEMONS? 

It has hitherto been a matter of doubt whether the 

juice of lemons could be reduced to the form of crystals; 

for it appeared, from a great variety of experiments, that 

this juice, though evaporated to the consistence of a syrup, 

would not shoot into crystals. I was led to make some 

trials upon this subject, which I have communicated to our 

Academy of Sciences, and which point out the method by 

which I at length accomplished my purpose. I conjectured 

at first that the mucilaginous matter in the juice prevented 

its crystallisation ; on which account I mixed the inspissated 

juice with strong spirit of wine, and thus produced a coagula- 

1 Mr. Scheele means here the method proposed by Mr. Westrumb in his 
“ ssay on the Constituent Parts of the Blood and the Lixivium Sanguinis ” 
(Crell’s Neueste Entdeck.), and not that alluded to in the last note. T. 

2 Crell’s Chemische Annalen, Th. vii. 8. 3. 
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tion of the whole. I then poured it out upon a filter, and 

evaporated the acid liquor which passed through; but it 

could not be made to shoot by these means. 

I therefore concluded the great quantity of saponaceous 

matter which the spirit holds in solution is the impediment 

to crystallisation. In order to separate it, I employed the 

same* method that is followed when the essential acid of 

tartar is to be obtained from cream of tartar. I saturated 

the lemon juice, as it was boiling in the cucurbit, with 

pulverised chalk, the weight of which was observed; the 

compound fell immediately to the bottom in the form of a 

middle salt, nearly resembling tartarised lime. The water, 

at the bottom of which the precipitate lies, contains the 

Saponaceous and mucilaginous matter, and the pure acid 

remains in combination with the calcareous earth. The 

precipitate is to be edulcorated with lukewarm water, till it 

appears colourless on being poured off. The compound 

agrees with gypsum, in being very sparingly soluble in water. 

There is next to be added to it a quantity of English oil of 

vitriol, diluted with ten times its bulk of water, equal in 

weight to the chalk used for saturating the juice. This 

mixture is to be boiled in the cucurbit for a few minutes. 

When the whole has grown cold, the acid is to be separated 

from the gypsum by means of the filter, and to be treated 

in the same way as the acid of tartar. It- is, however, 

necessary to try, by evaporating the acid to the consistence 

of a thin syrup, whether it still contains any calcareous 

earth. This appears upon mixing a small quantity with 

oil of vitriol, as in that case there will be a precipitation 

of gypsum; and it will be necessary to add more oil of 

vitriol to the whole quantity of acid, as the presence of a 

small quantity of lime in solution totally prevents the 

crystallisation. The crystals will shoot just as well in a 
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hot temperature as in the cold; and should there be any 

superfluous vitriolic acid, it will be found in the residuum. 

This crystallised acid of lemons cannot be changed by the 

action of nitrous acid into acid of sugar; but the saponaceous 

extract may be totally converted into that acid. 

DISCOVERY OF A PECULIAR SWEET AND VOLATILE 

MATTER, WHICH IS A CONSTITUENT PART OF EX- 

PRESSED OTLS AND THE FAT OF ANIMALS.1 

Several years ago, upon dissolving litharge in olive oil, 

I observed a peculiar sweet matter, distinct from the oil, 

floating on the surface, which, when inspissated and treated 

with nitrous acid, appeared to be a modification of the acid 

of sugar. I have since more particularly examined this 

peculiar phenomenon, and have discovered the sweet matter 

as well in linseed oil, oil of almonds, and of rape-seed, as In * 

oil of olives; and, still more lately, both in hog’s grease and 

butter. In my experiments, I made use of the following 

process :—One part of pulverised litharge was dissolved in 

two parts of some one or other of the unctuous substances 

above mentioned and some water, the mixture being made 

to boil all the time. As soon as it was inspissated to the 

thickness of salve, the whole was left to cool, and then the 

water was poured off. The water is found to contain the 

sweet matter in question; and it is to be evaporated to the 

consistence of syrup. If the oil or fat be fresh, there does 

not appear any sign of dissolved calx of lead, on addition of 

the vitriolic acid; but should either the one or the other be 

old and rancid, some calx will then be dissolved, and should 

be precipitated by a proper quantity of vitriolic acid. If 

1 This is taken from the second part of Crell’s Chemische Annalen, 
p- 99. 
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this inspissated matter be strongly heated, the vapours that 

arise will take fire on the application of a candle. In order 

to make it pass over from the retort into the receiver, a 

degree of heat is requisite equal to that which must be 

employed for the distillation of vitriolic acid. Half of the 

sweet matter goes over unaltered, in the form of a thick 

syrup, and still retains its sweet taste; what rises afterwards 

has an empyreumatic smell, and this is followed by an oil of 

a brown colour, which smells like spirit of tartar. There 

remains in the retort a light spongy coal, which does not 

contain the smallest particle of lead. This sweet matter 

-cannot be made to crystallise; nor, when mixed with water 

and set in a warm place, does it run into fermentation ; for, 

after the mixture had stood for four months, tincture of 

turnsol did not undergo the least change when mixed with 

it. It will mix with tincture of caustic vegetable alkali, 

though neither simple syrup nor honey will do this; but 

they attract the alkaline salt from the spirit of wine, and 

then fall to the bottom, in the form of a thick mucilage. If 

nitrous acid be abstracted from off this unctuous sweet 

substance, it is at last, after many repetitions of the operation, 

converted into acid of sugar, and the nitrous acid is very 

much phlogisticated. It would seem to follow from these 

experiments, that the sweet matter in question is combined 

with more. of the principle of inflammability than sugar and 

honey. 

I have also boiled litharge with olive oil separated from 

soap by vitriolic acid, with the same result; for I here 

likewise obtained the sweet matter. I likewise separated 

the oil from the common salve (empl. simp.'); which must 

1 The author means, undoubtedly, the emplastrum commune of the 
Pharm. Suecica, in which there is no salve with the denomination simplex. 
The empl. conim. is prepared from two parts of oil of olives and one of 
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be done in consequence of the laws of double attractions. 

Let the salve be sliced and rubbed in a glass mortar, with a 

mixture consisting of eight parts of strong spirit of wine — 

and one part of oil of vitriol. This white mixture is to be 

poured on a filter, and water is to be added to the liquor 

that runs through, upon which the oil that was contained in 

the salve will be separated. I wished to recompose salve by 

_ boiling this oil again with litharge, but it grew thick before — 

it could be made to boil. From the water, which I took 

care to decant, I obtained some of the sweet matter so often 

mentioned, though indeed but in very small quantity. | 

LETTER FROM MR. SCHEELE TO DR. CRELL.? 

It seems as if the opinion maintained by many chemists 

and philosophers, that fixed air is a combination of pure or 

dephlogisticated air, with a certain portion of phlogiston, is 

not yet so completely proved. Many rather suppose that 

the pure air must be further dephlogisticated, in order to 

become aérial acid; and that, when it is totally free from 

phlogiston, it constitutes nitrous acid. Pure air, fit for 

supporting of combustion, is a kind of sulphur, consisting of 

phiogiston and the matter of heat. 

In my Essay upon Ether, I have related a great number 

of experiments made with manganese, spirit of wine, and 

acids. I have at the same time shown that acetous ether 

is never generated without the assistance of muriatic or 

nitrous acid. 

In your New Discoveries (Part 8, p. 111), there is an 

observation on my method of preparing the flowers of 

litharge, which are boiled over a slow fire, with continual agitation and 
the addition of a little boiling water now and then, till they combine. 
Pharm. Suec., 1779, p. 74... 'T. 

1 Chemische Annalen, Th. viii. S. 123. 
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 benzoin.! Lime-water is directed in the Swedish Pharma- 

copeia ; but in the original paper (7Zvansactions of the Royal 

Academy), | have mentioned milk of lime; for the particles 

_ of the lime not only dissolve the acid of benzoin, but prevent, 

in consequence of the boiling, the gum from adhering to it, 

which happens when alkaline salts are employed. I have 

by no means made use of the vitriolic acid for separating the 

F salt of benzoin, but have directed the muriatic acid for this 

purpose; and in this manner are flowers of benzoin prepared 

here. 

There does indeed (as Mr. Gren afterwards observes) 

take place a separation of mineral alkali when Glauber’s 

salt is boiled with unslaked lime. We obtain, however, but 

1 This observation comes from Mr. Gren of Bernburg, and is to the 
following purport :— 

Mr. Scheele’s method of preparing flowers of benzoin, by boiling the 
resin in lime-water, and then precipitating them with vitriolic acid, is 
not. without its difficulties, since the precipitated acid of benzoin is mixed 

_ with the selenite that is produced, and it becomes necessary to separate 
it by boiling water; but the hot water that is requisite for this purpose, 
dissolves a considerable quantity of the selenite, by which the salt of 
benzoin is rendered impure. Mr. Gottling has therefore proposed 
(Almanack for Chemists, 1782, p. 157) to use vegetable alkali instead of 
lime-water ; no great advantage will result from this change, as long as 
vitriolic acid is used for separating the salt of benzoin from the alkali, 

__as the vitriolated tartar is difficult of solution in cold water ; and there- 

fore hot water must be used for the edulcoration of the salt of benzoin, 
which at the same time dissolves a considerable portion of it. If, then, 
the vegetable alkali is to be used for the extraction, it will be necessary 
to use some other acid for the separation, in order to form a salt which 
cold water will carry off by solution from the acid of benzoin. In order 
to extract this acid, I use mineral alkali. I boil sixteen parts of benzoin 
with two or three of the alkali, adding a sufficient quantity of water. I 
then allow it to settle; repeat the boiling with fresh alkali and water ; 
filter the solution while it is hot, and evaporate it till it becomes a little 
thick. After it has grown cool, I add vitriolic acid as long as any salt of 
benzoin is seen to precipitate. I separate this salt by means of the filter 
from the ley which contains Glaubev’s salt, and edulcorate it with cold 
water. T. 
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a very small quantity of caustic alkali; for the greater part 

of the Glauber’s salt shoots again into crystals. If they be 

again boiled, some alkali will indeed be obtained, and so on 

continually ; but, with what immense trouble is this mode! 

of proceeding attended ? 4 

Concerning what Mr, Hermbstaedt has said (Part 9, p. 

66) on the subject of lapis infernalis, it may be remarked — 

that the dark colour of this caustic arises from copper; for 

even the finest silver-leaf contains copper, which is dissolved 

at the same time; but in the melting heat the copper loses 

its solvent sooner than the silver, and being then in the 

state of a calx, it acquires its natural dark colour; and for 

this reason it is that lapis infernalis is commonly black. If 

it be dissolved in water, a black powder will remain behind, 

which is nothing but calx of copper. 

LETTER FROM THE SAME TO THE SAME! 

I believe that the volatile sweet matter contained in 

various oily and fat substances (p. 262) may be totally — 

destroyed by repeated distillations. I have at least obtained, 

after every rectification, a product resembling spirit of tartar, 

and the sweet substance became every time more acrid and 

bitter. The strong heat which is necessary in order to drive 

over, is the cause of this destruction. i 

Mr. Kirwan’s experiments, which are adduced to prove 

that the aérial acid consists of phlogiston and pure air, seem 

liable to some objections, as long as iron-filings are used for 

the revivification of red precipitate, and a burning-glass for 

the calcination of iron in pure air; for iron commonly 

contains some aérial acid, as it is more or less mixed with 

plumbago, and as this mineral consists of phlogiston and 

1 Chemische Annalen, St. x. p. 328. 
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“aérial acid! If these experiments were repeated with 

copper, they would be more convincing; but the filings of 

copper must be free from dust and all other impurities. 

1 Mr. Cavendish has likewise made the same observation on this 
experiment ; and Mr. Kirwan, when he came to repeat the experiment 
himself, for it was not originally his, as Mr. Scheele seems to suppose, 
but Dr. Priestley’s, found upon distilling recent and clean iron-filings 
with red precipitate, or precipitate per se, in the proportion of two to one, 
that no aérial acid nor any other air is produced, but the whole unites 
with the iron which is calcined, while the mercury passes over. (Journal 
de Phys., Aott, 1785, p. 146.) 

Upon this Dr. Metherie observes, that the appearance of air depends 
on the quantity of precipitate and iron-filings employed. I have distilled, 
says he, equal quantities of these substances in a mercurial apparatus ; 
and a little air has appeared, which might probably have been that con- 
_ tained in the vessels ; it was, however, more impure than atmospheric air. 
The mercury was revivified, and arose into the neck of the retort. There 
was neither any extrication nor absorption of air, and the neck of the 
retort was covered with a considerable quantity of moisture ; the filings 

_ were calcined, and lime-water introduced into the retort was precipitated. 
On repeating the experiment, with 2 oz. of precipitate and 72 grs. of 
filings, a quantity of air was extricated, which contained a little aérial 
acid, but consisted chiefly of pure air. T. 
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UPON THE RESEMBLANCE WHICH VEGETABLE ACIDS 

BEAR TO ONE ANOTHER, PARTICULARLY THOSE OF 

MUST AND SUGAR.! By Dr. CRE LL. 

Tue acids that exist in the vegetable kingdom differ in many 

respects from one another. They may be divided into the 

Essential, the Fermented, and the Empyreumatic. 

The essential are almost entirely pure, as those of lemons, — 

sorrel, and sorrel-dock ; or but little altered by the admixture’ 

of other matters, as the acids of cherries, barberries, apples, | 

unripe grapes, gooseberries, currants, tamarinds, ete. They 

are so much covered as to be hardly distinguishable in many 

sweet fruits when they are ripe, in grapes, in various roots, 

as carrots, parsnips, in sugar, etc. These latent acids become 

more evident, partly in consequence of fermentation, by 

which almost all plants (a few, particularly those which 

bear cruciform flowers, excepted) are made to yield vinegar, | 

and partly by dry distillation. In the two last operations, 

all vegetables, however different from one another in taste 

and other sensible qualities, seem to yield products very 

nearly resembling one another. But however alike, on the 

1 Chemische Annalen, St. vii. p. 89. 
The obscurity and importance of this subject would alone justify me, 

in the eyes of the intelligent chemist, for adding this and the two follow- 
ing papers ; but Mr. Scheele has had so great a share in the discovery of 
the new acids, that they form a peculiarly proper addition to his Essays. 
It was another strong inducement with me to subjoin them, as they form 
an excellent supplement to what is said, both by Bergmann himself in 
his Essay on Attractions, and in the notes, p. 334. T. 

268 
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one hand, the results may be when different plants are 

4 treated in the same manner, the products, on the other, 

_ which are obtained from the same plant by different opera- 

tions are as widely different. How different are the qualities 
_ of sugar when it is dissolved in water, and left to ferment 

1 under proper management till it is converted into vinegar, 

| when it is distilled dry by itself} and when the acid of sugar 

i 3 is obtained by means of nitrous acid?” In order to be 

thoroughly convinced of this, it is only necessary to com- 

 pare,in the two last cases, the experiments made by Mr. 

_ Schrickel and Professor Bergmann on earths, alkalies, and 

metals with one another. I intend to treat, on some other 

oceasion, of the causes of the different products that are 

obtained from the same plant, treated in different ways. I 

_ shall at present confine myself to the extrication of the same 

constituent parts from different vegetables when the same 

method is applied to each. 

7 The acid which passes over in dry distillation, along with 

_ an empyreumatic oil, is scarce perceptible beforehand, though 

' it is procured from very various plants. All vegetables that 

run into the acetous fermentation yield a vinegar which has 

in all cases the same essential qualities. This gave rise, in 

i the minds of many chemists, to this very natural conjecture, 

- that the acid diffused through the whole vegetable kingdom 

from the different proportion of oily and mucilaginous 

particles intermixed with it. Thus it is said by Mr. 
~ Morveau3 among others, that the acid basis is probably 

the same in all plants, and only modified by the various 

constituent parts by which it is neutralised. Most chemists 

1 Schrickel, Diss. de salibus saccharin. vegetab. ex sacch. albt analyst 
acidoque hujus spiritu speciatim. Giesse, 1776. 

2 Bergmann, Opusc., vol. i. p. 251. 
3 Klemens de Chemie Theor. et Prat., t. 11. p. 9. 

may be of the same kind, and the species may proceed only’ 
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maintain that vinegar is the basis of the essential vegetable 

acids. Others, as Mr. Westrumb, suppose that the acid 
of sugar, or rather,? as Mr. Hermbstaedt, that the acid of 

tartar constitutes the essence of the other vegetable acids. 

We have not, I believe, facts enough to ascertain this matter; 

neither do I think that, as yet, the case of two specifically 

different acids, coexisting in one plant, has been considered ; 

but their properties have been constantly deduced from one 

single acid. This, however, seems frequently to take place. 

Thus Mr. Scheele was not able to convert the crystallised 

acid of lemons into acid of sugar by means of nitrous acid ; 

though he perfectly succeeded in effecting this with the 

saponaceous extract, which accompanied the acid before it 

was crystallised. Mr. Hermbstaedt, in analysing the juice 

of four cherries, obtained acid of sugar with a middle salt 

containing an excess of acid, which was probably tartar. 

In order to answer this question, it would be proper to f 

inquire, Whether the constituent parts and the products of — 

sugar, and the constituent parts of wine, the purest source 

of vinegar, are in reality so very much alike (as is taken 

for granted, and commonly supposed to be proved by too 

few circumstances)? or, Wherein they differ ? | 

The first question then would be, Whether sugar can be 

extracted from the expressed must, in the same way as 

but little doubt, since the same chemist asserts that he has — 

obtained sugar from very fine raisins. It is, moreover, 

necessary to submit this sugar of wine, or at least the must, ~ 

after it has been properly purified and evaporated, to a dry 

distillation, in order to see whether these substances would 

1 New. Entdeck., Th. xi. 8. 109. 
2 Others hold the acid of sugar to be an artificial product, and not a 

natural salt. See Mr. Wiegleb, Chem. Ann., Th. vii. S. 12; and Mr. 
Hermbstaedt, N. Hntdeck., Th. ix. S. 17. 
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| _ afford the same products as sugar; and whether the acid 

that is obtained acts upon alkalies, earths, and metals in the 

_ manner which Mr. Schrickel has particularly described with 

respect to his acid. The sugar of wine, or the must, should 
be treated with nitrous acid, in order to determine whether 

acid of sugar can be obtained from it in equal quantity; I 

say, in equal quantity; for some of this acid may well be 

expected, as wine contains tartar, which, according to Mr. 

_ Hermbstaedt, may be converted into acid of sugar. On the 

other hand, a kind of wine, according to the proper way of 

proceeding, must be obtained from sugar. Preserve it care- 

fully in vessels, and take notice whether any tartar is 

deposited from it. Another part of the fermented sugar 

must be allowed to. pass into vinegar, and = afterwards 

combine the vinegar with all the common salts, earths, 

and metals in order to compare the effect of vinegar 

obtained from wine upon the same substances, and to 

determine how far both kinds of vinegar coincide. The 
first kind of experiments with must may be very easily 

made in countries that produce wine; the last, with sugar, 

any one may make who has opportunity, patience, and time. 

These points, however, if they were clearly decided, would 

not furnish an answer quite satisfactory to the question. 

Concerning the circumstances which it would be further 

q necessary to ascertain, I shall take the liberty of giving my 

q opinion on~some future occasion. 

ON THE CONVERSION OF VINEGAR INTO ACID OF 

TARTAR, OR OF SUGAR.! By Dr. CRELL. 

I have already thrown out some reflections, both on the 

resemblance between the acids contained in must and in 

1 Chemische Annalen., St. viii. 85. 
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sugar, and on the difference between them. Now, when 

must has undergone the fermentative process, its acid 

appears under the two forms of vinegar and of tartar. Are 

both these acids newly generated by the process? or but — 

one? or are they only separated? To the production of 

tartar, fermentation is not necessary; for, according to- 

Rouelle (Bucquet Introd. a Vétude des corps natur., t. ii. 

p. 177), it may be procured from the juice of unripe | 

grapes. Pure acid of tartar consists, after distillation per 

se, of an empyreumatic acid, and the coal that is left behind — 

of oily particles and calcareous earth (Bergmann, de tubo 

Jerrum, Sec. X11.), may not then the acetous acid be mere — 

acid of tartar, which did not meet with alkaline salt and — 

earth enough with which it might combine and become 

more fixed; but, on the contrary, attracted more subtile 

oily particles, and thus became more volatile? That fixed 

vitriolic acid is converted by phlogiston into the sulphureous 

acid which is so volatile that the acetous acid may acquire 

its characteristic properties, from the want of fixed con- 

stituent parts with which it might unite, may be deduced 

from the changes which it undergoes when combined with 

some fixed matter, and then distilled. Acetated vegetable 

alkali (terra foliata tartari) yields, according to Mr. Beaumé 

(Chym. exp. et raison, t. i. p. 21), on distillation by 

itself, but «to of pure acid. All the rest of the acid 

employed for saturation is totally destroyed, and the 

residuum, both in the retort and receiver, quite alkaline, 

just as the acid of tartar is almost wholly destroyed by 

dry distillation, the empyreumatic acid which is obtained 

being very weak. According to Beaumé (t. i. p. 315), if 

calcareous earth, egg-shells for example, be dissolved in 

vinegar, and the crystallised salt be distilled, ¢? of a red 

and very spirituous and inflammable fluid, that smells like 
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empyreumatic acetous ether, and reddens tincture of turnsol, 

is got. This also shows the change that has been wrought, 

and the reduction of the strength of the former acid. The 

acid in sugar of lead is in like manner entirely destroyed 

by distillation (Macquer’s Dict., vol. i. p. 328 of the German. 

translation). It is still further in confirmation of this that 

must, distilled even before fermentation, yields nothing but 

an empyreumatic acid, a kind of spirit of tartar. Whoever 

shall doubt of the great difference which the close com- 

bination or absence of earthy particles occasions in an acid, 

would do well to compare lime combined with somewhat of 

an excessive portion of vitriolic ‘acid, with the same acid 

uncombined (Beaumé, loc. cit., p. 273). Let him at the same 

time imagine the earth to be so intimately combined as to 

be inseparable. In this manner may, I think, tartar be 

conceived, since, according to Bergmann’s experiment, it 

contains caleareous earth; but it is united with acid in 

excess, tastes sour, and is soluble. The contrary appears 

when acid of tartar is completely saturated with lime; for 

the selenite is exceedingly difficult of solution, and has 

Scarce any taste. 

Is it then a conjecture altogether improbable that vinegar 

and tartar have for their basis the same species of acid, and 

that this acid is only combined with a greater quantity of 

subtile oil in one case, and with more earth in the other ? 

Will it not be possible to bring vinegar again in some 

measure nearer towards the state of tartar? In order to 

accomplish this, we must endeavour to take away the fine 

volatilising phlogiston of the former, to combine it with 

more fixed matter, and to restore its grosser oil. The latter 

seems to be extremely difficult, nor will the former be easily 

effected. Mr. Westrumb (Chem. Ann, St. ii. S. 340), in 

_ examining whether vinegar did not contain acid of sugar, 

18 

om 

~~ 
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added nitrous acid to if in various proportions; but he only 

produced a phlogistication of the nitrous acid, and rendered — 

the vinegar more free from phlogiston. The properties of © 

vinegar so much dephlogisticated, elude, he adds, further — 

examination, as it would be impossible entirely to separate | 

the one acid from the other. I think, however, that this 

might have been done by vegetable alkali, lime, and . heavy 

earth. The nitrous acid, combined with vegetable alkali, — 

would have shot into the ordinary hexangular crystals; the — 

acetous acid, had it remained unchanged, would have formed 

the difficultly crystallisable compound ; and, had it approached 

to acid of sugar, it would still have constituted a neutral salt 

that does not readily crystallise. Nitrous acid only forms 

difticultly crystallisable compounds, while the crystals vinegar 

forms with it are so little lable to deliquesce, that they 

effloresce in the open air.t The effects produced by these 

acids on heavy earth would have been directly opposite, the 

nitrous acid forming salts difficult of solution, the acetous 

such as deliquesce (Bergm. Op., vol. iil. p. 391). But should 

the latter have approached to the nature of acid of sugar, 

transparent crystals would immediately have fallen down 

(loc. cit., p. 392). I think, therefore, that one might several 

times distil off nitrous acid from vinegar; and when the 

former, upon being newly added, yields no more red vapours, 

saturate with calcareous or heavy earth, and. separate the 

ley that will not shoot from the crystals. The nature of 

the salt which does not contain nitrous acid may be more 

certainly determined by its figure, or the effects of other 

salts, in consequence of a double elective attraction. One 

might add fresh nitrous acid to the separated salt, or to the 

whole mixture, without any separation of the nitrous salt, 

1 Perhaps also spirit of wine would separate nitrated from acetated 
lime. ~ ; 
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till the earthy salt which does not contain nitrous acid be 

saturated. Were the vinegar unaltered, it would distil off; 

if it were converted into acid of sugar, it would not ‘be 
dislodged from the lime by nitrous acid. 

In like manner, distilled or Westendorf’s vinegar should 

be saturated with chalk; the compound should be reduced 

to crystals, and then exposed to as strong a fire as it can 

bear without the expulsion of the acid, in order to ‘separate 

some of the phlogistic particles. Next, let it be dissolved, 

filtered, and set to crystallise again; then let it be treated 

with nitrous acid. The vinegar may perhaps, by such a 

combination, acquire more fixity; so that the nitrous acid 

shall be able to produce a greater change. Should it pass 

over again in the form of vinegar, let it be combined once 

more with calcareous earth, and let the foregoing experiment 

be repeated, in order to try whether some sensible change 

will not ensue. Should this method fail, let the opposite 

-be tried; endeavour to add more gross phlogistic matter to 

the vinegar; try to combine strong vinegar, and that of 

Westendorf, with unctuous oils (see Macquer’s Dict., Th. ii. S. 

126, G. T.), as for instance with oil from tartar, by means 

of digestion or distillation; and afterwards it may be joined 

with calcareous earth. Thus we might attempt to bring it 

nearer to tartar, and again, by means of nitrous acid, to 

convert it into acid of sugar. 

EXTRACT OF A LETTER FROM DR. CRELL TO MR. 

D’ARCET.? 

The chemists have always been much occupied in the 

investigation of the nature of the vegetable acids; and the 

discovery of their constituent parts would certainly be an 

1 Journal de Physique, October, 1785, p. 297. 
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highly interesting event. I think I can show that they may 

all be converted into one; and that this primitive acid is 

contained in the purest spirit of wine. The following are 

my proofs :— 3 

(1) If the residuum of dulcified spirit of nitre be boiled 

with a large quantity of nitrous acid, care being at the same 

time taken to condense the vapours by a proper apparatus ; 

and if the liquid which has passed over be saturated with 

vegetable alkali, nitre and terra foliata tartari will be 

obtained. If the latter be separated by means of spirit of 

wine, the vinegar may be got by the ordinary process. 

(2) Upon boiling the residuum over again with nitrous 

acid, the same products are obtained. The oftener this 

process is repeated, the less is procured of acid of sugar, 

and at length no vestige of it is to be found. 

(3) If pure acid of sugar, completely formed, be boiled 

with twelve or fourteen times its quantity of nitrous acid, — 

the former disappears, and the receiver is found to contain — 

phlogisticated nitrous acid, vinegar, aérial acid, phlogisticated 

air; and in the retort there remains a little calcareous 

earth. 

(4) If acid of sugar be boiled with six times its quantity 

of vitriolic acid, there are found in the receiver, vinegar, 

phlogisticated vitriolic acid, aérial acid, and in the receiver 

pure vitriolic acid. 7 

(5) By saturating the residuum of dulcified spirit of 

nitre with chalk, there is formed an insoluble salt, which, 

on being treated with vitriolic acid, yields a real acid of 

tartar; for, with vegetable alkali, it constitutes cream of 

tartar. 

(6) If the liquor from which the tartarised lime 

(tartareous selenite) was procured be evaporated, there 

will remain a dark-coloured matter, which yields, on 
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distillation, empyreumatic acid of tartar and a spongy coal. 

Hence it appears that spirit of wine consists of acid of 

tartar, of water, and phlogiston; so that it is a native 

dulcified acid; and nitrous acid, on being mixed with it in 

moderate quantity, dislodges the acid of tartar. If more 

nitrous acid be added, the acid of tartar is converted into 

acid of sugar and phlogiston; and by adding a new portion 

of nitrous acid the acid of sugar is changed into vinegar. 

(7) If one part of acid of sugar, together with one 

and one-half part of manganese, be boiled with a sufficient 

quantity of nitrous acid, the manganese will be almost 

entirely dissolved, and vinegar, with phlogisticated nitrous 

acid, pass over into the receiver. 

(8) If acid of tartar and manganese be boiled with 

vitriolic acid, the manganese will be dissolved, and vinegar, 

with vitriolic acid, be obtained. 

(9) When acid of tartar, manganese, and nitrous acid 

are boiled together, the manganese is dissolved, and vinegar, 

together with phlogisticated nitrous acid, is obtained. 

(10) If acid of tartar and spirit of wine be digested 

together for several months, the whole is converted into 

vinegar, and the air in the vessel becomes partly fixed and 

partly phlogisticated air. 

(11) If spirit of wine be boiled with vitriolic acid and 

manganese, it will be converted into vinegdr and phlogistic- 

ated air. 

(12) Spirit of wine, by being distilled upwards of twenty 

times from off caustic alkali, was changed into vinegar, and 

a considerable quantity of water was obtained. 

Hence it follows that the acids of tartar and sugar and 

vinegar are modifications of the same acid, as it contains 

more or less phlogiston. The acid of tartar has the greatest 

quantity ; the acid of sugar, a little less; and vinegar has 
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the smallest quantity. In these experiments, it is necessary 

to employ nitrous acid and fixed alkali, without any admixture 

of marine acid; otherwise the observer will be led into 

mistakes. 

(13) By distilling vitriolic acid from off manganese, an 

acid is obtained which is alone capable of dissolving gold, 

silver, and mercury very readily. 

The analysis of camphor has been entered upon. By 

several distillations with red bole, a substance like an 

ethereal oil is obtained. It has all the properties of such 

an oil, being soluble in spirit of wine, and separable again 

on the affusion of water. 

On distilling dephlogisticated nitrous acid eight times with 

camphor, a salt is obtained in the form of a parallelopiped, 

having an acid and bitter taste, and, changing the juice of 

violets and turnsol to red. This salt, when combined with 

vegetable alkali, assumes an hexagonal form, yields regular 

crystals with fossil alkali; and, with volatile alkali, 

constitutes partly crystalline masses and partly acicular 

and prismatic crystals; with magnesia, it forms a white 

powder, which dissolves in water. It dissolves copper and 

iron. The latter solution yields, upon evaporation, a yellowish 

white powder, which is insoluble. It likewise dissolves zinc, 

bismuth, arsenic, and cobalt. With manganese, it forms 

crystals of which the planes are parallel, and which in some 

measure resemble basalts. It does not precipitate lime 

from the marine acid, a circumstance which, together with 

its effects on iron and magnesia, distinguishes it from acid 

of sugar. 

According to Mr. Westrumb’s analysis, a resin may be 

obtained from the residuum of vitriolic ether, which contains 

vitriolic acid, vinegar, Glauber’s salt, selenite, calcareous 

earth, silex, iron, and phosphoric acid. 
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Three varieties of zeolite have been discovered in the 

mountains of the Hartz and the Tourmalin, or Mount 

Gothard in Switzerland. 

In Cornwall, two mines have been found extremely rich 

in the new mineral or acid, tungsten, which the experiment 

of Bergmann and Scheele have rendered so famous. 

Prussian blue is half composed of iron, although Berg- 

mann has maintained the contrary. 

Mr. Scheele has just discovered that the salt obtained 

from urine, and known under the name of acidum perlatum, 

is not a peculiar acid; but that it is only phosphoric acid, 

disguised by a small quantity of fossil alkali that is united 

with it. The analysis is confirmed by synthesis; for by 

combining fossil alkali with phosphoric acid the author has 

obtained a true perlate acid. Journal de Physique, p. 316, 

{ — October, 1785. | | . 



DISSERTATION ON PRUSSIAN BLUE. Part II. 1783. 

SECTION XI. 

(a) The colouring liquid rectified as directed in the 

preceding paragraph (p. 244) appears to be neither acid nor 

alkaline; for it neither reddens paper dyed with lacmus, nor | 

does it restore the colour of such paper after it has been 

made red; but it renders turbid the solutions of soap and 

hepar sulphuris. (0) The same liquor, mixed with fixed 

alkali, produces a compound which, though it contains a 

superabundance of the colouring matter, restores the blue ~ 

colour of paper reddened by an acid. If this compound be 

distilled to dryness, there goes as much of the colouring 

matter over as can disengage itself from the alkali. The 

residuum is soluble in water, and the solution has all the 

properties of the best lixivium sanguinis. This solution is 

decomposed by all acids, even by the aérial acid (Sec. 11). 

(c) Combined with caustic volatile alkali, it forms a kind of — 

ammoniacal salt, which has the smell of volatile alkali, though : 

the colouring matter be superabundant in the compound. 

This salt instantly rises by distillation, and there remains — 

nothing but pure water in the retort. I doubted at first g 

whether this matter could enter into a union with the 

volatile alkali; but was soon convinced, when I saw that the — 

solution of magnesia in the colouring matter was precipitated — 

by volatile alkali. Besides, this ammoniacal salt showed the — 

same phenomena in the precipitations as the pure lixivium 
280 
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sanguinis does. (d) Magnesia, precipitated from Epsom salt 

by caustic volatile alkali, was found dissolved in the 

colouring matter, after they had been allowed to stand 

together for several days in a well-closed bottle. When this 

solution was exposed to the open air, the magnesia separated 

from it, on account of its greater elective attraction for the 

aérial acid, and formed on the surface of the water a pellicle 

like that of cream of tartar. This solution was likewise 

decomposed by alkalies and by lime-water. (¢) This matter 

dissolves but a very small quantity of terra ponderosa (barotes 

of Mr. Morveau), which may be afterwards precipitated by 

vitriolic acid, and even by aérial acid. (/f) Pure clay, or the 

basis of alum, is not attacked by it. (yg) Lime is dissolved in 

a certain quantity by this matter. The superabundant 

portion should be separated by means of the filter; and as 

__ the liquor contains, besides the combined lime, the portion 

which water itself is able to take up, in order to free it from 

this, precisely the same quantity of water, impregnated with 

‘aérial acid, is to be added as is requisite for precipitating an 

equal quantity of lime-water. The colouring matter, thus 

saturated with lime, is to be filtered again, and then to be 

preserved in a well-closed bottle, in order to prevent the 

access of the aérial acid. All acids, even the aérial, and the 

fixed caustic or pure alkalies, decompose this solution. More- 

over, if it be distilled to dryness, a portion of the colouring 

matter is disengaged at the very beginning of the distillation 

from the lime; and there remains at the end of the 

distillation nothing behind but pure lime. As it appeared to 

me that the colouring matter was, if I may say so, completely 

neutralised by the lime, in the manner just mentioned 

(though this solution, as well as that of magnesia and terra 

ponderosa, still restores the blue colour of turnsol which has 

been turned red), I resolved to employ it, in preference, for et aniline 



282 ON PRUSSIAN BLUE 

precipitating all the metallic substances; and I shall con- — 

sequently call it the precipitating nae. 3 

SEcTION XII. 

(a) The colouring matter has no sensible action, either 4 

upon metals or upon metallic solutions, except upon nitrated 

silver, which is precipitated in the form of a white powder ; 

nitrated mercury, which is precipitated in the form of a black 
powder; and the solution of iron in aérial acid, which is 

precipitated first of a sea-green colour, but at last changes to 

a blue colour. The other metallic solutions undergo no 

change. (0) This matter has a more sensible action upon the 

calxes and metallic precipitates. All the calxes, however, are 

not attacked; for it produces no effect upon the calxes of 

platinum, tin, lead, bismuth, iron, manganese, and antimony ; ] 

as little does it act upon the acids of molybdena and of — 

arsenic. The following are the phenomena which it presents 

with the other metallic calxes :—Gold, precipitated by aérated 

alkali, becomes white. From silver, precipitated by the same 

alkalies, it disengages the aérial acid with a slight effervescence, 

but the calx preserves its white colour. It dissolves the 

calx of quicksilver, and yields crystals by means of a gentle 

evaporation. The calx of copper, precipitated by aérated 

alkali, effervesces, and assumes a faint citron colour. . Calx . 

of iron, precipitated from its solution in the vitriolic acid by — 

the same alkali, effervesces, and assumes a dark blue colour. 

Precipitated cobalt shows some signs of an effervescence, and 

changes into a yellowish brown colour. Calx of manganese, 

precipitated from its solution by aérated alkali, is not 

attacked, 
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SECTION XIII. 

The precipitating liquor (Sec. xr. (g)), acting upon the 

metallic solutions by means of a double elective attraction, 

must present phenomena with these solutions different from 

those which the pure colouring matter produces. (a) If a 

quantity of this liquor be poured into a_ well - saturated 

solution of gold, the gold precipitates in the form of a white 

powder; but if it be added in excess, the precipitate will be 

redissolved. This solution is colourless, like water. The 

precipitate is not soluble in acids. (0) The solution of 

platinum is not changed. (c¢) Silver is precipitated of a 

white colour, and of a consistence like that of cheese. If 

more of the liquor be added, the precipitate is redissolved. 

| This solution is not decomposed either by sal ammoniac or by 

muriatic acid. The white precipitate is insoluble in acids. 

(d) Corrosive sublimate seems to undergo no change on 

pouring this liquor into a solution of it, though it is really 

decomposed, being, of all the metallic calxes, the only one 

which can be dissolved by the colouring matter (Sec. XII. (0)). 

(¢) Mercury dissolved in nitrous acid, without the application 

of heat, is precipitated in the form of a black powder, which 

is reduced mercury. (/) Tin dissolved in aqua regia is 

precipitated of a white colour; but as the mixture gave out 

a smell very much resembling the smell of the colouring 

matter, I examined the precipitate, and found that it was 

nothing but the pure calx of tin soluble in acids. (g) The 

solution of bismuth showed the same phenomena. (h) The 

liquor also produced the same effects upon the solution of 

butter of antimony ; (7) as likewise upon the solution of well- 

dephlogisticated calx of iron. (k) Vitriolated copper, dis- 

solved in water, was precipitated of a yellow citron colour. 
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If more of the precipitating liquor be added, the precipitate 

will be redissolved, and this solution will be colourless. 

This precipitate likewise dissolves in volatile alkali without 

any colour. If more of the solution of vitriolated copper be 

added, the precipitate likewise disappears, and the solution 

assumes a green colour. Acids dissolve a portion of this 

precipitate, and what remains of it is white. The muriatic 

acid dissolves the yellow precipitate completely; but it is 

again precipitated by water. (/) The solution of vitriol of — 

zinc in water yields a white precipitate, which is not redissolved 

on adding more of the precipitating liquor; but it is soluble 

in acids. These solutions have the smell of the colouring 

matter, which latter may really be separated from them by 

distillation. (m) Vitriol of iron is first precipitated of a — 

yellowish brown colour, which soon changes to green, and 

then becomes blue on the surface. Some hours afterwards — 

the precipitate subsides to the bottom of the vessels, and 

then the whole mixture turns blue; but on adding any acid 

the precipitate becomes instantly blue. If a very small 7 

quantity of vitriolated iron be put into the precipitating — 

liquor, the precipitate entirely dissolves, and imparts to the — 

mixture a yellow colour (Sec. 1. (a), (c)). (mn) From the 

solution of cobalt a brown-yellow precipitate is thrown down, 

which does not dissolve on adding more of the precipitating 

liquor ; neither will it dissolve in acids. (0) Lead dissolved 

in vinegar is precipitated in the form of a white powder, 

which more liquor does not dissolve; but when well 

edulcorated it is soluble in acids. If the solution be 

distilled, the colouring matter goes over into the receiver. 

(p) Vitriolated manganese suffers no decomposition. 
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Section XIV. ON tHE ConstiTuENT Parts oF THE CoLoUR- 

ING MATTER. 

I met by accident with a very remarkable phenomenon : 

As I was one evening about to pour the liquor of the first 
distillation of the colouring matter out of the receiver into a 

bottle (Sec. vi.), and a burning candle happened to be 

standing near the orifice, the air contained in the receiver 

instantly took fire, without, however, any explosion. As long 

as the mass continued warm in the receiver (for the 

distillation was forced rather a little too much), I was able 

to inflame this air several times, till at last it would no more 

take fire. As all the phlogistic substances, from the 

vegetable as well as animal kingdom, contain aérial acid as 

one of their constituent parts, I wished to know whether 

there was any of this acid contained in the colouring matter. 

I therefore filled a small retort half-full with this latter, and, 

after applying a receiver, gave it immediately a pretty strong 

heat. The receiver soon grew hot, and as it was at the 

same time filled with thick vapours of the colouring matter, 

I separated it from the retort, and presented to its orifice a 

little burning sulphur, which I introduced even into its 

cavity. The air in the receiver took fire instantly. I 

afterwards poured some very clear lime-water into it, which 

was immediately precipitated. Hence it may be concluded 

that aérial acid and phlogiston exist in this colouring 

matter. But several chemists having asserted that the 

Prussian blue constantly yields volatile alkali upon dis- 

1 When we make use of acandle for this purpose, we can never be sure 
that the aérial acid does not come either from the tallow or from the 
wick. I was thus deceived several times, on setting fire to inflammable 
air. It is therefore better to use a little brimstone fixed upon the end 
of an iron wire. 

a a 
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tillation, in order to verify this observation, I prepared on 

purpose some perfectly pure Prussian blue from vitriol of 

iron, and from the precipitating liquor. 

SECTION XY. 

(a) I distilled this Prussian blue in a glass retort, to which — 

I adapted a receiver, in which I had put a little distilled — 

water. I pushed the fire till the bottom of the retort was 

red hot. After the distillation was over, I found that the 

water in the receiver contained colouring matter and volatile — 

alkali, but no oil. The air in the receiver was impregnated — 

with the same matter, and with atrial acid. What remained — 

in the retort was black, and obeyed the loadstone. It — 

therefore appears that the volatile alkali enters into the com-— 

position of the colouring matter. I thought it, however, of - 

importance to examine what phenomena the other metallic ~ 

precipitations, prepared with the same precipitating liquor, 

would show when distilled in the same manner. (0) The — 

yellow-brown precipitate of cobalt (Sec. x1. ()) yielded just 

the same products as the precipitate of iron. The residuum — 

in the retort was black. (c) The yellow precipitate of copper 

took fire, and emitted from time to time slight sparks — 

during the distillation. It yielded but a very smail quantity 

of colouring matter; but much more aérial acid and volatile 

alkali than the precipitates before mentioned. There was 

likewise a sublimate in the neck of the retort; but in too 

small a quantity for making .experiments. The residuum 

in the retort was reduced copper. (d) The precipitate of — 

zinc showed the same phenomena as Prussian blue. (e) The 

precipitate of silver yielded likewise volatile alkali and 

aérial acid, but chiefly colouring matter. There was like- 

wise a little sublimate in the neck of the retort, which 
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contained some silver in combination. The residuum was 

‘reduced silver. (jf) The compound tormed by the calx of 

mercury dissolved in the colouring matter, and crystal- 

lised (Sec. xt. (0)), yielded, by means of distillation, a little of 

the colouring matter, but hardly any mark of volatile alkali. 

In the neck of the retort there was likewise some mercury 

sublimed, with a portion of the original compound. 

(g) Hence I was disposed to believe that the con- 

stituent parts of the colouring matter were volatile alkali 

and an oily substance. In this opinion I was the more con- 

firmed, when I saw that, on dissolving martial vitriol in 

spirit of hartshorn, recently distilled, and adding to it 

muriatic acid, I obtained Prussian blue. I however distilled 

ox’s blood till nothing more would pass over into the 

receiver, and the retort was red hot. I filtered the liquor 

of the receiver in order to separate from it the empyreu- 

- matic oil, and then dissolved a little martial vitriol in it, and 

added a superabundant quantity of acid; and thus likewise 

Obtained Prussian blue. (A) I then resolved to make 

several experiments, the principal purpose of which should 

be to unite the volatile alkali with some oily substance. 

For this purpose I distilled a mixture of concrete volatile 

alkali and unctuous oil; a mixture of the same alkali with 

animal fat; and, on another occasion, with oil of turpentine ; 

a mixture of quicklime, sal ammoniac, and axunge; the 

same mixture with oil of hartshorn; likewise a mixture of 

potashes, sal ammoniac, and empyreumatic oil; the same 

mixture with axunge ; but all in vain. The liquors obtained 

in the receiver, which consisted of phlegm mixed with volatile 

alkali and oil, never yielded even the slightest mark of 

Prussian blue. ‘Hence I concluded that, though aérial acid 

and phlogiston are obtained every time any oil is decomposed, 

it at.the same time contains water intimately combined with 
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the other constituent parts, and that it is absolutely — 

necessary that this water should be separated from them, — 

before a perfect union of the volatile alkali can take place, — 

We know that charcoal powder, brought into fusion with — 

fixed alkali, yields likewise a kind of lixivium sanguinis, — 

though weak. I digested the colouring matter with con- 1 

centrated vitriolic acid, and the mixture remained colourless. 

If this matter had contained any oily principle, the mixture — 

would have become black or brown. Having reduced some 

pulverised blood, by calcination, to a coal, viz, the residuum — 

in the retort (Sec. xv. (g)), I mixed with it an equal quantity 

of alkali of tartar, and exposed this mass in the ordinary 

manner to a red heat, and thus I obtained a very good 

lixivium sanguinis. It is hence evident that no oily 

matter is required for the production of the colouring ~ 

matter. 

SECTION XVI. 

Lastly, I made the following experiments, which con- — 

vinced me of the truth of my conclusion. I mixed three 

tablespoonfuls of charcoal powder with an equal quantity 

of pulverised alkali of tartar, and put the mixture into a 

crucible. I filled another crucible with a like mixture, and 

placed both of them at the same time upon burning char- 

coal. I kept them red hot for a quarter of an hour, and then 

threw one of the portions, which was perfectly red hot, into — 

8 oz. of water. At the same time I put into the other half 

1 oz. of sal ammoniac, in small pieces, agitated the whole 

briskly together, taking care at the same time to push the 

sal ammoniac down towards the bottom of the crucible, which 

I then again placed in the fire: Observing, a couple of 

minutes afterwards, that there arose even then no more 

ammoniacal vapours, | threw the whole mass, red hot as it 
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was, into 8 oz. of water. I now filtered the first lixivium, 

and trying it in the ordinary way, with vitriol of iron and 

acids, it yielded little or no Prussian blue (or at least not 

any sensible quantity); but it would perhaps have yielded a 

little if the fire had been pushed till the mass ran into 

fusion. I now filtered the second lixivium, and tried it in 

the same manner, with vitriol of iron, which immediately 

grew yellow, as if lixivium sanguinis had been added; and 

on adding a sufficient quantity of acid the same phenomena 

were observed as the best lixivium sanguinis would have 

produced, and a great quantity of Prussian blue was pro- 

eured. I mixed plumbago with the same alkali, and, pro- 

ceeding in the same manner with sal ammoniac, obtained a 

middling lixivium. From these experiments it appears 

that the volatile alkali is capable of uniting with the 

carbonaceous matter, after it has been subtilised by a strong 

heat; that it thus acquires the remarkable property of com- 

bining so firmly with alkali of tartar, as to be able to support 

the most violent degree of heat (Sec. x1. (b)); and when this 

alkali is dissolved in water, there is obtained lixivium 

sanguinis, as it is called. It is now easy to explain what 

happens in the distillation of Prussian blue, as well as of the 

other above-mentioned metallic precipitates (Sec. xv. (a)-(/)). 

In the distillation of Prussian blue, for instance, the calx of 

iron attracts a portion of phlogiston from the colouring 

matter. The aérial acid being thus disengaged, must go over 

into the receiver with the volatile alkali, which is set free at 

the same instance; but as the calx of iron in the heat of 

this distillation cannot unite with more phlogiston, a portion 

of the colouring matter, not decomposed, must likewise 

arise. If the calx of iron could combine with the whole of 

the phlogiston, there would come nothing over into the 

receiver but aérial acid and volatile alkali. In order to 

19 
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prove this, I distilled a mixture of six parts of manganese, } 

finely powdered, and one part of pulverised Prussian blue, — 

and I obtained in the receiver nothing but aérated volatile — 

alkali, without the least mark of colouring matter. 

It may be observed, (1) That it is probable that this q 

matter may be made to assume aérial form; though I have | 

hitherto not been able to effect this. 

(2) It is remarkable that our colouring matter, after it 

has united with the alkali, or with the lime, forms a men- — 

struum, capable not only of dissolving metallic calxes, but — 

also of constituting a triple salt, which is not decomposed by 

the aérial acid, as happens with the lixivium sanguinis and © 

the precipitating liquor, when exposed to the free access of 

air. Iron is not the only metal which has the property of 

fixing the colouring matter (Sec. 1. (c)), the same quality — 

belongs likewise to gold, silver, copper, and- probably to — 

several other metallic calxes; for if, after these calxes have — 

been precipitated, a sufficient quantity of precipitating liquor 

be added, in order to redissolve them, the solution remains — 

clear in the open air, and in this state the aérial acid does — 

not precipitate the metallic calx. 

(3) It is another remarkable circumstance that, except : 

nitrated silver, nitrated mercury, and aérated calxes (See. 

xu. (a)), this matter does. not decompose metallic solutions 

by a single elective attraction. Now, as we know that — 

Prussian blue is not soluble in acids, it naturally follows 
that the colouring matter has a greater affinity with iron than — 

acids have, notwithstanding there is no precipitation per- 

ceived when this matter is mixed with the solution of vitriol — 

of iron. It may not be an easy matter to give a satisfactory 

explication of this phenomenon, 

a 
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illustrations of the rusting of iron, prepared in the course of a series of personal experiments 
on the formation of rust.”—/Journal of Gas Lighting. 
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with the corrosion of iron and its protection against corrosion. . . . The book is an exceed- 
ingly useful record of what has been done in connection with iron preservation, and will 
undoubtedly prove to be of much value to railway engineers, shipowners, etc.”—Fairplay. 

“Herr Andés’ book, written purely from a scientific standpoint, will be particulariy useful 
to iron manufacturers, shipbuilders and shipowners. ... The book is beautifully printed on 
good paper, and its appearance does credit to the publishers; the work of translation has been 
remarkably well done, the language bearing none of those irritating traces of Teutonism which 
disfigure so many English versions of German technical works.”—The Ivonmonger. 

“This knowledge is conveyed with characteristic German thoroughness in this useful work 
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book is a welcome contribution to technological literature, and will be found worthy of the 
careful study of all who are professionally engaged in the arrangement or superintendence of 
the class of work dealt with.”— Western Datly Mercury. 

‘The author explains the nature of rust and its formation, and the text is illustrated from 
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the best methods of applying anti-corrosive substances and the various pigments most effi- 
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phases, and the vast fund of information afforded not only regarding rust formation and its 
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valuable to the large class interested, while additional importance is given to the book by the ~ 
numerous illustrations which were prepared by the author in the course of a series of personal 
experiments on the formation of rust.”—Buitlders’ Reporter. 
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A. Table of Baume’s Hydrometer—B. Table of Thermometric Degrees—C. Table of Specific 
Gravities of Oils—Index. 

Press Opinions. 

“ The book is well printed, and is a credit alike to author, printer and publisher.” —Tevxtile 
Mercury. 

“Tt will be a valuable addition to the technical library of every steam user’s establishment.”’ 
—Machinery Market. 

‘Mr. Hurst has in this work supplied a practical treatise which should prove of especial 
value to oil dealers, and also, though in a less degree, to oil users."—Textile Manufacturer. 

“This is a clear and concise treatment of the method of manufacturing and refining lubri- 
cating oils. . . . The book is one which is well worthy the attention of readers who are users 
of oil.’—Textile Recorder. 

“* We have no hesitation in saying that in our opinion this book ought to be very useful to 
all those who are interested in oils, whether as manufacturers or users of lubricants, or to 
those chemists or engineers whose duty it may be to report upon the suitability of the same 
for any particular class of work.”—Engineer. 

“The author is widely known and highly respected as an authority on the chemistry of oils 
and the technics of lubrication, and it is safe to say that no work of similar interest or equal 
value to the general oil-selling and consuming public has heretofore appeared in the English 
language.”’—Drugs, Oils and Paints, U.S.A. 

“This valuable and useful work, which is both scientific and practical, has been written 
with a view of supplying those who deal in and use oils, etc., for the purpose of lubrication 
with some information respecting the special properties of the various products which cause 
these various oils to be of value as lubricants.”—Industries and Iron. 

“A mere glance at the table of contents is sufficient to show how various are the conditions 
to which these materials have to be applied, how much knowledge is required for the selection 
of the right kind for each particular purpose, ard how by processes of mixture or manufacture 
the requisite qualities are obtained in each case.""—Manchester Guardian. 
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THE MANUFACTURE OF VARNISHES, OIL’ RE- 
FINING AND BOILING, AND KINDRED INDUS-— 
TRIES. Describing the Manufacture of Spirit Varnishes 
and Oi] Varnishes; Raw Materials: Resins, Solvents and Colouring 
Principles; Drying Oils: their Properties, Applications and Prepara- 
tion by both Hot and Cold Processes; Manufacture, Employment and 
Testing of Different Varnishes. Translated from the French of Acn. 
LivacHE, Ingénieur Civil des Mines. Greatly Extended and Adapted 
to English Practice, with numerous Original Recipes. By JOHN 
GeDDES McIntosh, Lecturer on Oils, Colours and Varnishes, Regent 
Street Polytechnic. | Twenty-seven Illustrations, 400 pp. 1899. 
Price 12s. 6d.; India and Colonies, 13s. 6d.; Other Countries, 15s. ; 
strictly net, post free. ‘ 

Contents. 
1. Resins: Gum Resins, Oleo Resins and Balsams, Commercial Varieties, Source, Collec 

tion, Characteristics, Chemical Properties, Physical Properties, Hardness, Adulterations 
Appropriate Solvents, Special Treatment, Special Use.—II. Solvents: Natural, Artificial, 
Manufacture, Storage, Special Use—IIJ. Colouring: Principles, (1) Vegetable, (2) Coal Tar, 
(3) Coloured Resinates, (4) Coloured Oleates and Linoleates.—Gum Running: Furnaces, 
Bridges, Flues, Chimney Shafts, Melting Pots, Condensers, Boiling or Mixing Pans, Copper 
Vessels, Iron Vessels (Cast), Iron Vessels (Wrought), Iron Vessels (Silvered), Iron Vessels 
(Enamelled), Steam Superheated Plant, Hot-air Plant.—Spirit Varnish Manufacture: Cold 
Solution Plant, Mechanical Agitators, Hot Solution Plant, Jacketted Pans, Mechanical 
Agitators, Clarification and Filtration, Bleaching Plant, Storage Plant.—Manufacture, Char- 
acteristics and Uses of the Spirit Varnishes yielded by: Amber, Copal, Dammar, Shellac, 
Mastic, Sandarac, Rosin, Asphalt, India Rubber, Gutta Percha, Collodion, Celluloid, Resin- 
ates, Oleates.— Manufacture of Varnish Stains.—Manufacture of Lacquers.—Manufacture of 
Spirit Enamels.—Analysis of Spirit Varnishes.—Physical and Chemical Constants of Resins. 
—Table of Solubility of Resins in different Menstrua.— Systematic qualitative Analysis of 
Resins, Hirschop’s tables.—Drying Oils: Oil Crushing Plant, Oil Extraction Plant, Individual 
Oils, Special Treatment of Linseed Oil, Poppyseed Oil, Walnut Oil, Hempseed Oil, Llamantia 
Gil, Japanese Wood Oil, Gurjun Balsam, Chmatic Influence on Seed and Oil.—Oil Refining 
Processes, Thenard’s, Liebig’s, Filtration, Storage, Old Tanked Oif—Oil Boiling: Fire Boil- 
ng Plant, Steam Boiling Plant, Hot-Air Plant, Air Pumps, Mechanical Agitators, Vincent's 
Process, Hadfield’s Patent, Storer’s Patent, Walton’s Processes, Continental Processes, Pale 
Boiled Oil, Double Boiled Oil, Hartley and Blenkinsop's Process.—Driers: Manufacture, 
Special Individual Use of (1) Litharge, (2) Sugar of Lead, (3), Red Lead, (4) Lead Borate, 
(5) Lead Linoleate, (6) Lead Resinate, (7) Black Oxide of Manganese, (8) Manganese Acetate, 
(9) Manganese Borate, (10) Manganese Resinate, (11) Manganese Linoleate, Mixed Resinates 
and Linoleates, Manganese andl Lead, Zinc Sulphate, Terebine, Liquid Driers.—Solidified 
Boiled Oil.—Manufacture of Linoleum.—Manufacture of India Rubber Substitutes.—Printing ' 
Ink Manufacture — Lithographic Ink Manufacture.—Manufacture of Oil Varnishes.—Running 
and Special Treatment of Amber, Copal, Kauri, Manilla—Addition of Oil to Resin.—Addition 
of Resin to Oil—Mixed Processes.—Solution in Cold of previously Fused Resin.—Dissolving 
Resins in Oil, etc., under pressure.—Filtration.—Clarification.—Storage.—Ageing.—Coach- 
makers’ Varnishes and Japans.— Oak Varnishes.—Japanners’ Stoving Varnishes.—Japanners’ 
Gold Size.—Brunswick Black,—Various Oil Varnishes.—Oil-Varnish Stains.—Varnishes for 
“ Enamels ”.—-India Rubber Varnishes.—Varnishes Analysis: Processes, Matching.—Faults in 
Varnishes: Cause, Prevention.—Experiments and Exercises. 

Press Opinions. 
“There is no question that this is a useful book.”—Chemist and Druggist. 
“The different formulz which are quoted appear to be far more ‘ practical’ than such as 

are usually to be found in text-books; and assuming that the original was published two or 
three years ago, and was only slightly behindhand in its information, the present volume gives 
a fair insight into the position of the varnish industry.”—The Ivonmonger. 

Letter from the Teacher of a Technical Class. 
As a teacher?]-have often been consulted as to the best work on Varnish Manufacture 

and kindred industries, and have been at a loss in recommending a really practical one, It is 
therefore with pleasure that I can now testify as to the merits of the book on these subjects 
by A. Livache and J. G. McIntosh recently published by Messrs. Scott, Greenwood & Co. In 
my opinion no varnish maker ought to be without it: moreover, it is the best text-book that 
could be put into the hands of trade students or beginners. It has also the merits of being 
thoroughly up-to-date and of possessing a remarkably comprehensive index. I can conscien- 
tiously recommend it to my students and trade friends.".—CHARLES HARRISON, Lecturer on 
- cae ‘colar of Painters’ Oils, Colours and Varnishes, Borough Polytechnic, Borough 

oad, S.E. 
“23rd May, 1899." 
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THE MANUFACTURE OF LAKE PIGMENTS FROM 
ARTIFICIAL COLOURS. By Francis H. Jennison, 
F.I.C., F.C.S, Fifteen Plates with coloured patterns. 135 pp. 1900. 
Price 7s. 6d.; India and Colonies, 8s.; Other Countries, 8s. 6d. ; strictly 
net, post free. 

Contents. 
Chapters I., Introduction.—II,, The Groups of the Artificial Colouring Matters.—III., The 

‘Nature and Manipulation of Artificial Colours,—IV., Lake-forming Bodies for Acid Colours.— 
V., Lake-torming Bodies’ Basic Colours.—VI., Lake Bases.—VII., The Principles of Lake 
Formation.—VIII., Red Lakes.—IX., Orange, Yellow, Green, Blue, Violet and Black Lakes.— 
X., The Production of Insoluble Azo Colours in the Form of Pigments.—XI., The General 
Properties of Lakes Produced from Artificial Colours.—XII., Washing, Filtering and Fin- 
ishing.—XIII., Matching and Testing Lake Pigments.—Index. 

Press Opinion. 

“The book is well written and full of just such information as will enable 4 young man to 
put ‘brains’ into his work. The various classes of colouring matters are carefully described 
and the process by which the lakes are produced fully discussed.""—Northern Daily Telegraph. 

THE TESTING AND VALUATION OF RAW MATE- 
RIALS USED IN PAINT AND COLOUR MANU. 
FACTURE. By M. W. Jonss, F.C.S. A Book for the 
Laboratories of Colour Works. 88 pp. 1900. Price 5s.; India and 
Colonies, 5s. 6d.; Other Countries, 6s.; strictly net, post free. 

Contents. 
Aluminium Compounds. China Clay. Iron Compounds. Potassium Compounds. Sodium 

Compounds. Ammonium Hydrate. Acids. Chromium Compounds. Tin Compounds. Cop- 
per Compounds. Lead Compounds. Zinc Compounds. Manganese Compounds. Arsenic 
Compounds. Antimony Compounds. Calcium Compounds. Barium Compounds. Cadmium 
Compounds. Mercury Compounds. Ultramarine. Cobalt and Carbon Compounds, Oils 
Index. 

Press Opinions. 
“Though this excellent little work can appeal only to a limited class, the chemists in colour 

works, yet it will appeal to them very strongly indeed, for it will put them on the track of 
short, rapid, and yet approximately, accurate methods of testing the comparative value of 
competing samples of raw material used in paint and colour manufacture.”—North British 
Daily Mail. 

“This little text-book is intended to supplement the larger and more comprehensive works 
on the subject, and it embodies the result of Mr. Jones’ experiments and experiences, extend- 
ng over a long period. It gives, under separate headings, the principal ingredients and im- 

purities found in the raw materials, and is a handy work of reference for ascertaining what is 
valuable or detrimental in the sample under examination.’’"—Blackburn Times. 

“There is no attempt at literary adornment nor straining after literary effect, but the 
jessons are imparted in simple and concise language. This is just what a text-book should 
be. ... The treatise is certainly most useful, and bears internal evidence of being the results 
of actual work in a busy manufactory and not of ephemeral cramming in a technical school. 
The chapter arrangement is good, the index satisfactory, and the book is altogether one which 
the practical chemist should keep as accessible as his crucibles and filter paper."—Manchester 
Courier. 

THE CHEMISTRY OF ESSENTIAL OILS AND ARTI- 
FICIAL PERFUMES. By Ernest J. Parry, B.Sc. 
(Lond.), F.I.C., F.C.S. Illustrated with Twenty Engravings. 400 pp. 
1899. Price 12s. 6d.; India and Colonies, 13s. 6d.; Other Countries, 
15s.; strictly net, post free. 

Contents. 
Chapters I., The General Properties of Essential Oils.—Il., Compounds occurring 

in Essential Oils.—III., The Preparation of Essential Oils.—IV., The Analysis of 
Essential Oils.—V., Systematic Study of the Essential Oils.—VI., Terpeneless Oils. — 
VIL, The Chemistry of Artificial Perf'umes.—Appendix : Table of Constants. 
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Press Opinions. ; 
“ There can be no doubt that the publication will take a high place in the list of scientifie 

text-books.’’—London Argus. 
“We can heartily recommend this volume to all interested in the subject of essential oils 

from the scientific or the commercial standpoint.”— British and Colonial Druggist. 
““Mr. Parry has done good service in carefully collecting and marshalling the results of the 

numerous researches published in various parts of the world.”—Pharmaceutical Journal. 
‘‘A most useful appendix is inserted, giving a table of constants for the more important 

essential oils. . . . This, in itself, is of sufficient importance and use to warrant the publication 
of the book, and, added to the very complete classification and consideration of the essential oils 
which precedes it, the volume becomes of great value to all interested.”—Glasgow Herald. 

“ At various times monographs have been printed by individual workers, but it may safely 
be said that Mr. Parry is the first in these latter days to deal with the subject in an adequate 
manner. His book is well conceived and well written. . . . He is known to have sound practi- 
eal experience in analytical methods, and he has apparently taken pains to make himself au fatt 
with the commercial aspects of the subject.”"—Chemist and Drugegist. 

“Mr. Parry’s reputation as a scientist is fully established, and we can therefore accept any 
work emanating from his pen as being of the greatest practical value. We have perused the 
work before us with much care, and are convinced that the contents will be found most service- 
able and its publication most opportune. ... He avoids unnecessary details, but includes 
everything that is essential to systematic treatment, while he attempts no more ‘than to give 
an outline of the principles involved’. . . . We congratulate Mr. Parry on the scientific value 
of his work, and hope that if the progress of the colonies in the manufacture of essential oils 
and perfumes equals what we are justified in expecting, it will become an Australian hand-book, 
everywhere appreciated."—The Australian Brewers’ Journal. 

DRYING OILS, BOILED OIL AND SOLID AND 
LIQUID DRIERS. By L. E. Anpés. Forty-two Illustra- 
tions. A Practical Work for Manufacturers of Oils, Varnishes, Printing 
Inks, Oilcloth and Linoleum, Oilcakes, Paints, etc. Expressly Written 
for this Series of Special Technical Books, and the Publishers hold the 
Copyright for English and Foreign Editions. [In the Press 

Contents. 
Chapters I., General Chemical and Physical Properties of the Drying Oils; Cause of the 

Drying Property; Absorption of Oxygen; Behaviour towards Metallic Oxides, etc.—II., The 
Properties of and Methods for obtaining the Drying Oils.—ILI., Production of the Drying Oils 
by Expression and Extraction; Refining and Bleaching; Oil Cakes and Meal; The Refinin 
and Bleaching of the Drying Oils; The Bleaching of Linseed Oil—IV., The Manufacture 
Boiled Oil; The Preparation of Drying Oils for Use in the Grinding of Paints and Artists’ 
Colours and in the Manufacture of Varnishes by Heating over a Fire or by Steam, by the Cold 
Process, by the Action of Air, and by Means of the Electric Current; The Driers used in 
Boiling Linseed Oil; Tinie Manufacture of Boiled Oil and the Apparatus therefor; Livache’s 
Process for Preparing a Good Drying Oil and its Practical Application ——V., The Preparation 
of Varnishes for Letterpress, Lithographic and Copperplate Printing, for Oilcloth and Water- 
proof Fabrics; The Manufacture of Thickened Linseed Oil, Burnt Oil, Stand Oil by Fire Heat, 
Superheated Steam, and by a Current of Air—VI., Behaviour of the Drying Oils and Boiled 
Oils towards Atmospheric Influences, Water, Acids and Alkalies.—VII., Boiled Oil Substitutes. 
—VIII., The Manufacture of Solid and Liquid Driers from Linseed Oil and Rosin; Linolie 
Acid Compounds of the Driers.—1X., The Adulteration and Examination of the Drying Oils 
and Boiled Oil. 

GLUE AND GLUE TESTING. By Samuev Ripeat, D.Sc. 
Lond., F.I.C. Fourteen Engravings. 144 pp. 1900. Price 10s. 6d.; 
India and Colonies, 11s.; Other Countries, 12s.; strictly net, post free. 

Contents. 
Chapters I., Constitution and Properties: Definitions and Sources, Gelatine, Chondrin 

and Allied Bodies, Physical and Chemical Properties, Classification, Grades and Commercial 
Varieties.—II., Raw Materials and Manufacture: Glue Stock, Lining, Extraction, Washin, 
and Clarifying, Filter Presses, Water Supply, Use of Alkalies, Action of Bacteria and 
Antiseptics, Various Processes, Cleansing, Forming, Drying, Crushing, etc., Secondary Pro- 
ducts.—III., Uses of Glue: Selection and Preparation for Use, Carpentry, Veneering, 
Paper-Making, Bookbinding, Printing Rollers, Hectographs, Match Manufacture, Sandpaper, 
etc., Substitutes for other Materials, Artificial Leather and Caoutchouc.—IV., Gelatine : 
General Characters, Liquid Gelatine, Photographic Uses, Size, Tanno-, Chrome and Formo- 
Gelatine, Artificial Silk, Cements, Pneumatic Tyres, Culinary, Meat Extracts, Isinglass, Medi- 
cinal and other Uses, Bacteriology.—V., Glue Lohse Review of Processes, Chemical 
Examination, Adulteration, Physical Tests, Valuation of Raw Materials.—VI., Commercial 
Aspects. 
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Press Opinions. 

“This work is of the highest technica! character, and gives not only a full and practical ac- 
count of the raw materials and manufacture of glues, gelatines and similar substances, but 
gives many hints and information on the use of such substances in veneering, carpentry and 
many other purposes. Many tests are given for glue in different stages of the progress of its 
manufacture, and the commercial value of a commodity so much in general use is exemplified 
by statistics and figures. it is certainly a valuable treatise upon an article for which very 
little literature in any form has previously been obtainable."—Carpenter and Builder. 

~ “Books on the art of glue making are more than usually scarce, and users of that article, 
as well as those who may be tempted to embark in the industry, should therefore welcome 
this book by Dr. Samuel Rideal, a Fellow of the Institute of Chemistry, and a leading authority. 
In this book he has collected the more important facts connected with the manufacture of glue 
and allied products, and stated the experience he has gained in examining various commercial 
samples during the past ten years. . . . Dr. Rideal’s book must be regarded as a valuable con- 
tribution to other technical literature, which manufacturers, merchants and users may study 
with profit.’—British Trade Journal. 

“This volume is the latest addition to the excellent series of special technical works for 
manufacturers and professional and commercial men issued by the well-known publishers of 
The Oil and Colourman’s Journal. The volume in every way fully maintains the high standard 
of excellence of the whole series,and deals with the subject of glue making and glue teSting in 
a thoroughly exhaustive manner. Chapters are given on the constitution and properties, and 
raw material and manufacture, and of the uses of glue, and in this latter respect it will doubtless 
be information to many readers to learn to what extent glue enters into the manufacture of 
many commercial products not apparently associated with glue. Exhaustive chapters on the 
processes and methods of glue testing, and on its commercial aspects, complete this useful and 
most carefully prepared volume.”—Carriage Builders’ Journal. 

RESINS AND BALSAMS. [In the Press, 

PURE AIR, OZONE AND WATER. A Practical Treatise 
of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. By W. B. CowELi. Twelve Illustrations. 1900. 
Price 5s.; India and Colonies, 5s. 6d.; Other Countries, 6s.; strictly 
net, post free. 

Contents. 
Chapters I., Atmospheric Air; Lifting of Liquids; Suction Process; Preparing Blown Oils; 

Preparing Siccative Drying Oils.—II., Compressed Air; Whitewash.—III., Liquid Air; Retro- 
cession.—lV., Purification of Water; Water Hardness.—V., Fleshings and Bones.—VI., Ozon- 
ised Air in the Bleaching and Deodorising of ‘Fats, Glues, etc.; Bleaching Textile Fibres.— 
Appendix: Air and Gases; Pressure of Air at Various Temperatures; Fuel; Table of Com- 
bustibles; Saving of Fuel by Heating Feed Water; Table of Solubilities of Scale Making 
Minerals; British Thermal Units Tables; Volume of the Flow of Steam into the Atmosphere; 
Temperature of Steam.—Index. 

Press Opinions. 

“This is a valuable work in little space.... In arrangement it is a commendable work, 
and its value is increased by the index which brings the little volume to a close.”"—Newcastle 
Daily Journal. 

“The book is written solely for manufacturers, who, without doubt, will find it exceedingly 
practical and useful. The volume contains an appendix wherein is given a great many tables, 
etc., which manufacturers in the trades referred to will find of inestimable value.’—Blackburn 
Times. 

THE MANUFACTURE OF MINERAL AND LAKE 
PIGMENTS. Containing Directions for the Manufacture 
of all Artificial, Artists and Painters’ Colours, Enamel, Soot and Me- 
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists 
and Painters. By Dr. JoseF BerscuH. Translated from the Second 
Revised Edition by ARTHUR C. WriGHT, M.A. (Oxon.), B.Sc. (Lond.),, 
formerly Assistant Lecturer and Demonstrator in Chemistry at the 
Yorkshire College, Leeds. Forty-three Illustrations. Price 12s. 6d. ; 
India and Colonies, 13s. 6d.; Other Countries, 15s.; strictly net, post 
free. [Nearly Ready. 

[See next Page 
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Contents. 

Chapters I., Introduction.—II., Physico-chemical Behaviour of Pigments.—III., Raw 
Materials Employed in the Manufacture of Pigments.—IV., Assistant Materials.—V., Metallic 
Compounds.—V1., The Manufacture of Mineral Pigments.—VII., The Manufacture of White 
Lead.—VIII., Enamel White.—IX., Washing Apparatus.—X., Zinc White.—XI., Yellow 
Mineral Pigments.—XII., Chrome Yellow.—XIII., Lead Oxide Pigments.—XIV., Other 
Yellow Pigments.—XV., Mosaic Gold.—XVI., Red Mineral Pigments.—XVII., The Manu- 
facture of Vermilion.—XVIII., Antimony Vermilion.—XIX., Ferric Oxide Pigments.—XX., 
Other Red Mineral Pigments.—XXI., Purple of Cassius.—XXII., Blue Mineral Pigments.— 
XXIII., Ultramarine.—XXI1V., Manutacture of Ultramarine.—XXV., Blue Copper Pigments. 
—XXVI., Blue Cobalt Pigments.—XXVII., Smalts.—XXVIII., Green Mineral Pigments.— 
XXIX., Emerald Green.—XXX., Verdigris—XXXI., Chromium Oxide.—XXXII., Other 
Green Chromium Pigments.—XXXIII., Green Cobalt Pigments.—XXXIV., Green Man- 
ganese Pigments.—XXXV., Compounded Green Pigments.—XXXVI., Violet Mineral Pig- 
ments.—XXXVII., Brown Mineral Pigments.—XXXVIII., Brown Decomposition Products.— 
XXXIX., Black Pigments.—XL., Manufacture of Soot Pigments.—XLI., Manufacture of 
Lamp Black.—XLII., The Manufacture of Soot Black without Chambers.—XLIII., Indian 
Ink.— XLIV., Enamel Colours. — XLV., Metallic Pigments. — XLVI., Bronze Pigments.— 
XLVII., Vegetable Bronze Pigments. 

PIGMENTS OF ORGANIC ORIGIN.—Chapters XLVIII., Lakes.—XLIX., Yellow Lakes.—L., 
Red Lakes.—LI., Manufacture of Carmine.—LII., The Colouring Matter of Lac.—LIII., Saf- 
flower or Carthamine Red.—LIV., Madder and its Colouring Matters.—LV., Madder Lakes.— 
LVI., Manjit (Indian Madder).—LVI1., Lichen Colouring Matters——LVIII., Red Wood Lakes. 
—LIX., The Colouring Matters of Sandal Wood and Other Dye Woods.—LX., Blue Lakes.— 
LXI., Indigo Carmine.—LXII., The Colouring Matter of Log Wood.—LXIII., Green Lakes.— 
LXIV., Brown Organic Pigments.—LXV., Sap Colours.—LXVI., Water Colours.—LXVII., 
Crayons.—LXVIII., Confectionery Colours.—LXIX., The Preparation of Pigments for 
Painting.—_LXX., The Examination of Pigments.—LXXI., Examination of Lakes.—LXXII., 
The Testing of Dye-Woods.—LXXIII., The Design of a Colour Works.—LXX1V.—Commercial 
Names of Pigments.—Appendix: Conversion of Metric to English Weights and Measures.— 
Centigrade and Fahrenheit Thermometer Scales,—Index. 

THE RISKS AND DANGERS OF VARIOUS OCCUPA- 
TIONS AND THEIR PREVENTION. By Leonarp 
A. Parry, M.D., B.S. (Lond.). 196 pp.,demy 8vo. 1900. Price 7s. 6d. ; 
India and Colonies, 8s.; Other Countries, 8s. 6d.; strictly net, post free. 

Contents. 

Chapters I., Occupations which are Accompanied by the Generation and Scattering of 
Abnormal Quantities of Dust.—II., Trades in which there is Danger of Metallic Poisoning.— 
IlJ., Certain Chemical Trades.—IV., Some Miscellaneous Occupations.—V., Trades in which 
Various Poisonous Vapours are Inhaled.—VI., General Hygienic Considerations.—Index. 

‘This book contains valuable information for the following trades—Aérated Water Manu- 
facture, Alkali Manufacture, Aniline Manufacture, Barometer Making, Brass Founders, Bromine 
Manufacture, Bronze Moulders, Brush Making, Builders, Cabinet Makers, Calico Printing, 
Chloride of Lime Manufacture, Coal Miners, Cocoa-nut Fibre Making, Colour Grinders, 
Copper Miners, Cotton Goods Manufacture, Cotton Yarn Dyeing, Cutlery Trades, Dry Clean- 
ing, Electricity Generating, Electroplaters, Explosives Manufacture, File Making, Flint 
Milling, Floor Cloth Makers, Furriers, Fustian Clothing Making, Galvanised Iron Manufacture, 
Gassing Process, Gilders, Glass Making, Glass Paper Making, Glass Polishing and Cutting, 
Grinding Processes, Gunpowder Manufacturing, Gutta-percha Manufacture, Hat Makers, 
Hemp Manufacture, Horn Goods Making, Horse-hair Making, Hydrochloric Acid Manufacture, 
India-rubber Manufacture, Iodine Manufacture, Ivory Goods Making, Jewellers, Jute Manu- 
facture, Knife Grinders, Knife Handle Makers, Lace Makers, Lacquering, Lead Melters, Lead 
Miners, Leather Making, Linen Manufacture Linoleum Making, Lithographic Printing and 
Bronzing, Lithographing, Masons, Match Manufacture, Melanite Making, Mirror Making, 
Needle Grinders, Needle Making, Nitro-benzole Making, Nitro-glycerine Making, Paint 
Makers, Paper Making, Philosophical Instrument Makers, Photographers, Picric Acid Making, 
Portland Cement Making, Pottery Manufacture, Printers, Quicksilver Mining, Rag Pickers, 
Razor Grinders, Red Lead Making, Rope Making, Sand Paper Making, Saw Grinders, Scissors 
Grinders, Shoddy Manufacture, Shot Making, Silk Making, Silver Mining, Skinners, Slag, Wood 
Manufacture, Steel Makers, Steel Pen Making, Stereotypers, Stone Masons, Straw Hat Makers, 
Sulphuric Acid Manufacture; Sweeps, Table-knife Grinders, Tanners, beeps aie Monee Textile 
Industries, Tin Miners, Turners, Type Founders, Umbrella Makers, Wall Paper Making, 
White Lead Making, Wood Working, Woollen Manufacture, Wool Sorters, Zinc Oxide 
Manufacture; Zinc Working, etc., etc. 

[See next Page. 
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Press Opinions. 
“The language used is quite simple, and can be understood by any intelligent person en- 

gaged in the trades dealt with.”"—The Clarion. 
“This is an appalling book. It shows that there is scarcely a trade or occupation that has 

not a risk or a danger attached to it.’—Local Government Journal. 
“Dr. Parry has not only pointed out the ‘risks and dangers of various occupations’; he has 

Fe ahest means for their prevention. The work is primarily a practical one.” —Colliery 
fanager. 
“This is a most useful book which should be in the hands of all employers of labour, 

foremen, and intelligent workmen, and is one of great utility to sanitary inspectors, and even 
ot: occasion to medical men.”—Health. 

“The writer has succeeded in collecting a large amount of information, and though one 
could wish he had presented it in a rather more attractive style, he has certainly condensed it 
into a very small space.""—Physician and Surgeon. 

“The little book before us is one which will be found exceedingly useful to manufacturers 
and even factory inspectors. ... No attempt is made to show how diseases when originated 
are to be cured, but, acting on the sound principle that prevention is better than cure, means 
ave stated how to avoid the harm.”—Byisto/ Mercury. 

“The author has endeavoured to treat the question in simple rather than in technical lan- 
guage, and he has lucidly catalogued the most dangerous trades and their symptoms, and in 
each case specified the best methods of dealing with them. . . . To those for whom the volume 
is specially designed, Dr. Parry’s treatise should be a useful handbook.” —Sheffield Independent. 

“ A very useful manual for employers of labour, foremen, intelligent workmen, and, in spite 
of the author's modesty, for medical men. We have the peculiar risks and dangers of all the 
dangerous trades carefully described; the mode of action of various chemicals, etc., used in 
rent industries given, with full directions how to minimise unavoidable risks.”—Leeds 
fercury. 

“Most of the trades in the country are alluded to, and upon those that are dangerous the 
necessary attention is bestowed, and means are recommended whereby danger may be pre- 
vented or lessened. The author has evidently studied his subject with care, and has made full 
use of the experience of others who have had a larger insight into the industries of the country,” 
—British Medical Journal, 

‘The work is well written and printed, and its verbiage such as to be comprehensible to the 
workman no less than to the master. The careful and general perusal of a work of this nature 
cannot but be attended by beneficial results of a far-reaching nature, and we therefore heartily 
recommend the book to our readers. Medical Officers of Health and Sanitary Inspectors 
especially should find the work of great interest."—Samitary Record. 

“It is written in simple language, and its instructions can be easily followed. ... There 
are some employers, at any rate, who are more ignorant of, than indifferent to, the slow murder 
of their workpeople, and if the facts so succinctly set forth in this book were brought to their 
notice, and if the Trade Unions made it their business to insist on the observance of the better 
conditions Dr. Parry described, much might be done to lessen the workman’s peril.”"—Weekly 
Times and Echo. 

DRYING BY MEANS OF AIR AND STEAM. Explana- 
tions, Formulz, and Tables for Use in Practice. Translated from the 
German of E. HAUSBRAND. Two Diagrams and Thirteen Tables. 

[In the Press. 
Contents. 

Preface.—Chapters I., Introduction.—I1., Estimation of the Maximum Weight of Saturated 
Aqueous Vapour which can be contained in 1 kilo. of Air at Different Pressure and Tem- 
peratures.—III., Calculation of the Necessary Weight and Volume of Air, and of the Least 
Expenditure of Heat, per Drying Apparatus with Heated Air, at the Atmospheric Pressure: 
A, With the Assumption that the Air is Completely Saturated with Vapour both before Entry 
and after Exit from the Apparatus.—B, When the Atmospheric Air is Completely Saturated 
before entry, but at its exit is only 3,4 or 4 Saturated.—C, When the Atmospheric Air ts not 
Saturated with Moisture before Entering the Drying Apparatus.—IV., Drying Apparatus, in 
which, in the Drying Chamber, a Pressure is Artificially Created, Higher or Lower than that 
of the Atmosphere.—V., Drying by Means of Superheated Steam, without Air.—VI., Heating 
Surface, Velocity of the Air Current, Dimensions of the Drying Room, Surface of the Drying 
Material, Losses of Heat. 

BONE PRODUCTS AND MANURES. By Tos. Lambert. 
Illustrated by Twenty Plans and Diagrams. [In the Press. 

Contents. 
Analysis of Raw and Finished Products. Skin and Bone Gelatine. Uses and Analysis of 

Glue, Gelatine, and Size. Natural and Artificial Manures. Raw Phosphates, Guanos and 
Guano Phosphates. Mineral Manures. Prepared Nitrogenous Manures. Superphosphates, 
Special or Mixed Manures. Valuation of Manures. Analysis of Manures, and Tables. 
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Leather Trades. 

THE LEATHER WORKER’S MANUAL. Being a Com- 
pendium of Practical Recipes and Working Formule for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers, and all Persons engaged in the Manipulation 
of Leather. By H. C. STanpace. 165 pp. 1900. Price 7s. 6d. ; 
India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net, post free. 

Conte nts. 

Chapters I., Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe 
Leather.—l]., Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top 
Powders and Liquids, etc., etc.—III., Leather Grinders’ Sundries.—lV., Currier’s Seasonings, 
Blacking Compounds, Dressings, Finishes, Glosses, etc.—V., Dyes and Stains for Leather.— 
VI., Miscellaneous Information.—VII., Chrome Tannage.—I ndex. 

Press Opinions. 

“The book being absolutely unique, is likely to be of exceptional value to all whom it con- 
cerns, as it meets a long-felt want.”—Birmingham Gazette. 

“This is a valuable collection of practical receipts and working formulz for the use of those 
engaged in the manipulation of leather. We have no hesitation in recommending it as one of 
the best books of its kind, an opinion which will be endorsed by those to whom it appeals.”— 
Liverpool Mercury. 

“We think we may venture to state, so far as the opinion of the leather trade under the 
Southern Cross is concerned, that it will be one of approval. As practical men, having a long 
and wide experience of the leather trade in Australia, we are certain that there are many 
tanners and curriers carrying on business in remote townships of the colonies to whom such a 
manual of practical recipes will be invaluable. . . . This manual is not a mere collection of re- 
cipes for the various purposes to which they may be applied, but it is also replete with instruc- 
tions concerning the nature of the materials recommended to be used in making up the recipes. 
. .. We think every intelligent leather man should avail himself of the manual. It is un- 
doubtedly a valuable contribution to the technology of the leather trade.’’—A ustralian Leather 
Journal.and Boot and Shoe Recorder. 

PRACTICAL TREATISE ON THE LEATHER IN- 
DUSTRY. By A. M. Vitton. A Translation of Villon’s 
‘““Traite Pratique de la Fabrication des cuirs et du Travail des Peaux ”’. 
By FRANK T. ADpDyYMAN, B.Sc. (Lond.), F.1.C., F.C.S.; and Corrected 
by an Eminent Member of the Trade. 500 pp., royal 8vo. 1901. 123 
Illustrations. Price 2ls.; India and Colonies, 22s.; Other Countries, 
23s. 6d.; strictly net, post free. 

Contents. 
Preface—Translator’s Preface—List of Illustrations. 
Part I., Materials used in Tanning—Chapter J., Skins: I., Skin and its Structure; II., 

Skins used in Tanning; III., Various Skins and their Uses—Chapter II., Tannin and Tanning 
Substances: I., Tannin; IJ., Barks (Oak); III., Barks other than Oak; IV., Tanning 
Woods; V., Tannin-bearing Leaves; VI., Excrescences; VII., Tan-bearing Fruits; VIII., 
Tan-bearing Roots and Bulbs: IX., Tanning Juices; X., Tanning Substances used in Various 
Countries; XI., Tannin Extracts; XII., Estimation of Tannin and Tannin Principles. 

Part IJ., Tanning—Chapter J., The Installation of a Tannary: I., Tan Furnaces; II., 
Chimneys, Boilers, etc.; I1]., Steam Engines—Chapter II., Grinding and Trituration of 
Tanning Substances: I., Cutting up Bark; IJ., Grinding Bark; III., The Grinding of Tan 
Woods; IV., Powdering Fruit, Galls and Grains; V., Notes on the Grinding of Bark—Chap- 
ter IIJ., Manufacture of Sole Leather: I., Soaking; II., Sweating and Unhairing; III., 
Plumping and Colouring; IV., Handling; V., Tanning; VI., Tanning Elephants’ Hides; 
VII., Drying; VIIJ., Striking or Pinning—Chapter IV., Manufacture of Dressing Leather: 
I., Soaking; II., Depilation; I1I., New Processes for the Depilation of Skins; IV., Tanning; 
V., Cow Hides; VI., Horse Hides; VIJ., Goat Skins; Manufacture of Split Hides—Chap- 
ter V., On Various Methods of Tanning: I., Mechanical Methods; IJ., Physical Methods 
I]J., Chemical Methods; IV., Tanning with Extracts—Chapter VI., Quantity and Quality : 
I., Quantity; II., Net Cost; III., Quality of Leather—Chapter VII., Various Manipulations 
of Tanned Leather: I., Second Tanning; IJ., Grease Stains; III., Bleaching Leather; IV., 
Waterproofing Leather; V., Weighting Tanned Leather; VI., Preservation of Leather— 
Chapter VIIL, Tanning Various Skins. 
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Part III., Currying—Chapter 1., Waxed Calf: I., Preparation; II., Shaving; IIL, 
Stretching or Slicking; 1V., Oiling the Grain; V., Oiling the Flesh Side; VI., Whitening and 
Graining; VII., Waxing; VIII., Finishing; IX., Dry Finishing; X., Finishing in Colour; 
XI., Cost—Chapter II., White Calf: I., Finishing in White—Chapter III., Cow Hide for 
Upper Leathers: I., Black Cow Hide; II., White Cow Hide; III., Coloured Cow Hide.— 
Chapter IV., Smooth Cow Hide—Chapter V., Black Leather—Chapter VI., Miscellaneous 
Hides: J., Horse; II., Goat; III., Waxed Goat Skin; IV., Matt Goat Skin—Chapter VII., 
‘Russia Leather: I., Russia Leather; II., Artificial Russia Leather. 

Part IV., Enamelled, Hungary and Chamoy Leather, Morocco, Parchment, Furs 
and Artificial Leather—Chapter J., Enamelled Leather: I., Varnish Manufacture; II, 
Application of the Enamel; III., Enamelling in Colour—Chapter II., Hungary Leather: I., 

| Preliminary; II., Wet Work or Preparation; IIJ., Aluming; IV., Dressing or Loft Work; 
fe V., Tallowing; VI., Hungary Leather from Various Hides—Chapter IIJ., Tawing: 1., Pre- 

paratory Operations; II., Dressing; IIJ., Dyeing Tawed Skins; IV., Rugs—Chapter IV., 
Chamoy Leather—Chapter V., Morocco: I., Preliminary Operations; II., Morocco Tanning ; 
IIJ., Mordants used in Morocco Manufacture; IV., Natural Colours used in Morocco 
Dyeing; V., Artificial Colours; VI., Different Methods of Dyeing; VII., Dyeing with Natural 
Colours; VIII., Dyeing with Aniline Colours; [X., Dyeing with Metallic Salts; X., Leather 
Printing; XI., Finishing Morocco; XII., Shagreen; XIIIJ., Bronzed Leather—Chapter VI., 
Gilding and Silvering: I., Gilding; IJ., Silvering; III., Nickel and Cobalt—Chapter VII., 
Parchment—Chapter VIII.. Furs.and Furriery: I., Preliminary Remarks; II., Indigenous 
Furs; Ill., Foreign Furs from Hot Countries; IV., Foreign Furs from Cold Countries; V., 
Furs from Birds’ Skins; VI., Preparation of Furs; VIJ., Dressing; VIII., Colouring; IX., 
Preparation of Birds’ Skins; X., Preservation of Furs—Chapter IX., Artificial Leather: I., 
Leather made from Scraps; I1., Compressed Leather; III., American Cloth; IV., Papier 
Maché; V., Linoleum; VI., Artificial Leather. 

Part V., Leather Testing and the Theory of Tanning—Chapter I., Testing and Analysis 
of Leather: I., Physical Testing of Tanned Leather; II., Chemical Analysis—Chapter II., 
The Theory of Tanning and the other Operations of the Leather and Skin Industry: I., 
Theory of Soaking; Il., Theory of Unhairing; III., Theory of Swelling; IV., Theory of 
Handling; V. Theory of Tanning; VI., Theory of the Action of Tannin on the Skin; VII., 
Theory of Hungary Leather Making; VIII., Theory of Tawing; IX., Theory of Chamoy 
Leather Making; X., Theory of Mineral Tanning. 

Part VI., Uses of Leather—Chapter I., Machine Belts: I., Manufacture of Belting; II., 
Leather Chain Belts; III., Various Belts; IV., Use of Belts—Chapter II., Boot and Shoe- 
making: I., Boots and Shoes; II., Laces—Chapter III., Saddlery: I., Composition of a 

= Saddle; II., Construction of a Saddle—Chapter I1V., Harness: I., The Pack Saddle; II., 
Harness—Chapter V., Military LEquipment—Chapter VI., Glove Making—Chapter VII., 
Carriage Building—Chapter VIII., Mechanical Uses. 

Appendix, The World’s Commerce in Leather—I., Europe; II., America; III., Asia; 
IV., Africa; Australasia—Index 

Car A 
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Books on Pottery, Glass, etc. 

THE MANUAL OF PRACTICAL POTTING. Second 
Edition, Revised and Enlarged. 200 pp. 1897. Price 17s. 6d.; India 
and Colonies, 18s. 6d.; Other Countries, 20s. ; strictly net, post free. 

Contents. 
Introduction. The Rise and Progress of the Potter’s Art.—Chapters I., Bodies. China 

and Porcelain Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Mortar Bodies, 
Earthenwares Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, 
Coloured Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, 
Body Stains, Coloured Dips.—Il., Glazes. China Glazes, Ironstone Glazes, Earthenware 
Glazes, Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours.—IIL, 

Gold and Cold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel! Coloured 
Bases, Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum 
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours, 
Flow Powders, Oils and Varnishes.—lV., Means and Methods. _ Reclamation of Waste 
Gold, The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold.—V., Classification 

and Analysis. Classification of Clay Ware, Lord Playfair’s Analysis of Clays, The Markets 
of the World, Time and Scale of Firing, Weights of Potter’s Material, Decorated Goods 
Count.—VI., Comparative Loss of Weight of Clays.—VII., Ground Felspar Calculations.— 

VILL, The Conversion of Slop Body Recipes into Dry Weight.—IX., The Cost of Prepared 

Earthenware Clay—X., Forms and Tables. Articles of Apprenticeship, Manufacturer's 

Guide to Stocktaking, Table of Relative Values of Potter’s Materials, Hourly Wages Table, 

Workman's Settling Table, Comparative Guide for Earthenware and China Manufacturers in 

the use of Slop Flint and Slop Stone, Foreign .Terms applied to Earthenware and China 

Goods, Table for the Conversion of Metrical Weights and Measures on the Continent of South 

America. Index. 
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CERAMIC TECHNOLOGY: Being some Aspects of Tech- 
nical Science as Applied to Pottery Manufacture. Edited by CHARLES 
F, Binns. 100 pp. 1897. Price 12s. 6d.; India and Colonies, 13s. 6d. ; 

Other Countries, 15s. ; strictly net, post free. 

Contents. 

Preface.—Introduction.—Chapters I., The Chemistry of Pottery.—II., Analysis and Syn- 
thesis.—II[., Clays and their Components.—IV., The Biscuit Oven.—V., Pyrometry.—V1., 
Glazes and their Composition.—VIIL., Colours and Colour-making.—Index. 

RECIPES FOR FLINT GLASS MAKING. By a British 
Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. British manufacturers have kept up the quality of 
this glass from the arrivals of the Venetians to Hungry Hill, Stour-_ 
bridge, up to the present time. The book also contains remarks as 
to the result of the metal as it left the pots by the respective metal 
mixers, taken from their own memoranda upon the originals. 1900. 
Price for United Kingdom, 10s. 6d.; Abroad, 15s.; United States, 44; 

strictly net, post free. 

Contents. 

Ruby—Ruby from Copper—Flint for using with the Ruby for Coating—A German Metal— 
Cornelian, or Alabaster—Sapphire Blue—Crysophis—Opal—Turquoise Blue—Gold Colour— 
Dark Green—Green (common)—Green for Malachite—Blue for Malachite—Black for Meta- 
chite—Black—Common Canary Batch—Canary—White Opaque Glass—Sealing-wax Red— 
Flint—Flint Glass (Crystal and’ Demi)—Achromatic Glass—Paste Glass—White Enamei— 
Firestone—Dead White (for moons)—White Agate—Canary—Canary Enamel—Index. 

COLOURING AND DECORATION OF CERAMIC 
WARE. By Atex. Brononiart. With Notes and Additions 
by ALPHONSE SALVETAT. Translated from the French. 200 pp. 1898. 
Price 7s. 6d.; Abroad, 8s.; strictly net, post free. 

Contents. 

The Pastes, Bodies or Ceramic Articles Capable of being Decorated by Vitrifiable Colours 
—The Chemical Preparation of Vitrifiable Colours—Composition and Preparation of Vitrifiable 
Colours—The Oxides—Preparation of Oxides—Preparation of Chromates—Preparation of 
other Colours—Composition and Preparation of Fluxes—Muffle Colours—Recipes for Colours 
—Use of Metals—Lustres—Preparation and Application of Colours—Composition of Coloured 
Pastes—Underglaze Colotrs—Colours in the Glaze—Overglaze Colours—Painting in Vitri- 
fiable Colours—Gilding—Burnishing—Printing—Enlarging and Reducing Gelatine Prints— 
Muffe Kilns for Vitrifiable Colours—Infuence of the Material on the Colour—Changes Re- 
sulting from the Actions of the Fire—Alterations Resulting from the Colours—Alterations in 
Firing. 

HOW TO ANALYSE: CLAY. Practical Methods for Prac- 
tical Men. By HoLpEN M. Asusy, Professor of Organic Chemistry, 
Harvey Medical College, U.S.A. Twenty Illustrations. 1898. Price 
2s. 6d.; strictly net, post free, home or abroad. 
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| Contents. 
List of Apparatus—List of Atomic Weights—Use of Balance, and Burette, Sand Bath, and Water Bath—Dessicator—Drying Oven—Filtering—Fusion—Determination of Water, Organic Matter, Iron, Calcium, Alkalies, Limestone, Silica, Alumina, Magnesium, ete.—Mechanical Analysis—Rational Analysis—Standard Solutions—Volumetric Analysis—Standards for Clay 

ANDALYSI Pp s 

Architectural Pottery. 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 
melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By LEON LEFEVRE. 
With Five Plates. 950 Illustrations in the Text, and numerous estimates. 
500 pp., royal 8vo. 1900. Translated from the French by K. H. Birp, 
M.A.,,and W. Moore Binns. Price 15s.; India and Colonies, 16s. ; 
Other Countries, 17s. 6d.; strictly net, post free. 

Contents. 
Part I. Plain Undecorated Pottery.—Chapter I., Clays: § 1, Classification, General Geo- 

logical Remarks.—Classification, Origin, Locality; § 2, General Properties and Composition: 
Physical Properties, Contraction, Analysis, Influence of Various Substances on the Properties 
of Clays; § 3, Working of Clay-Pits—I. Open Pits: Extraction, Transport, Cost—II. Under- 
ground Pits—Mining Laws. Chapter II., Preparation of the Clay: Weathering, Mixing, 
Cleaning, Crushing and Pulverising—Crushing Cylinders and Mills, Pounding Machines— 
Damping: Damping Machines—Soaking, Shortening, Pugging: Horse and Steam Pug-Mills, 
Rolling Dose in ea te of the Above Machines. Chapter III., Bricks: § 1, Manufacture 
—(1) Hand and Machine Moulding.—I. Machines Working by Compression : on Soft Clay, on 
Semi-Firm Clay, on Firm Clay, on Dry Clay.—II. Expression Machines: with Cylindrical Pro- 
pellers, with Screw Propellers—Dies—Cutting-tables—Particulars of the Above Machines— 
General Remarks on the Choice of Machines—Types of Installations—Estimates—Plenishing, 
Hand and Steam Presses, Particulars—(2) Drying, by Exposure to Air, Without Shelter, and 
Under Sheds—Drying-rooms in Tiers, Closed Drying-rooms, in Tunnels, in Galleries—De- 
tailed Estimates of the Various Drying-rooms, Comparison of Prices—Transport from 
the Machines to the Drying-rooms, Barrows, Trucks, Plain or with Shelves, Lifts—(3) Firing 
—I. In Clamps—II. In Intermittent Kilns. 4A, Open: a, using Wood; 6 Coal; b’, in Clamps; 
b’', Flame—B, Closed: c, Direct Flame; c’, Rectangular; c’’, Round; d, Reverberatory—III. 
Continuous Kilns: C, with Solid Fuel: Round Kiln, Rectangular Kiln, Chimneys (Plans and 
Estimates)—D, With Gas Fuel, Fillard Kiln (Plans and Estimates), Schneider Kiln (Plans and 
Estimates), Water-gas Kiln—Heat Production of the Kilns; § 2, Dimensions, Shapes, Colours, 
Decoration, and Quality of Bricks—Hollow Bricks, Dimensions and Prices of Bricks, Various 
Shapes, Qualities—Various Hollow Bricks, Dimensions, Resistance, Qualities; § 3, Applications 
—History—Asia, Africa, America, Europe: Greek, Roman, Byzantine, Turkish, Romanesque, 
Gothic, Renaissance,’ Architecture—Architecture of the Nineteenth Century: in Germany, 
England, Belgium, Spain, Holland, France, America—Use of Bricks—Walls, Arches, Pavements, 
Flues, Cornices—Facing with Coloured Bricks—Balustrades. Chapter IV., Tiles: § 1, His- 
tory; § 2, Manufacture—(1) Moulding, by Hand, by Machinery: Preparation of the Clay, Soft 
Paste, Firm Paste, Hard Paste—Preparation of the Slabs, Transformation into Flat Tiles, into 
Jointed Tiles—Screw, Cam and Revolver Presses—Particulars of Tile-presses—(2) Drying— 
Planchettes, Shelves, Drying-barrows and Trucks—(3) Firing—Divided Kilns—Installation of 
Mechanical Tileworks—Estimates: § 3, Shapes, Dimensions and Uses of the Principal Types 
of Tile—Ancient Tiles: Flat, Round, Roman, Flemish—Modern Tiles—With Vertical Inter- 
rupted Join: Gilardoni’s, Martin’s; Hooked, Boulet’s Villa; with Vertical Continuous Join: 
Muller's, Alsace, Pantile—Foreign Tiles—Special Tiles—Ridge Tiles, Coping Tiles, Border 
Tiles, Frontons, Gutters, Antefixes, Membron, Angular—Roofing Accessories: Chimney-pots, 
Mitrons, Lanterns, Chimneys—Qualities of Tiles—Black Tiles—Stoneware Tiles—Particulars 
of Tiles. Chapter V., Pipes: I. Conduit Pipes— Manufacture — Moulding : Horizortat 
Machines, Vertical Machines, Worked by Hand and Steam—Particulars of these Machines 
—Drying—Firing—1l]. Chimney Flues—Ventiducts and “ Boisseaux,”’ “* Waggons "—Particulars 
of these Products. Chapter VI., Quarries: 1, Plain Quarries of Ordinary Clay; 2, of Cleaned 
Clay—Machines, Cutting, Mixing, Polishing—Drying and Firing—Applications—Particulars of 
pied Chapter VII., Terra-cotta : History—Manufacture—Application : Balustrades, 
olumns, Pilasters, Capitals, Friezes, Frontons, Medallions, Panels, Rose-windows, Ceilings 

—Appendix: Official Methods of Testing Terra-cottas. 
Part Il. Made-up or Decorated Pottery.—Chapter I|., General Remarks on the Deco- 

ration of Pottery: Dips—Glazes: Composition, Colouring, Preparation, Harmony with 
Pastes—Special Processes of Decoration—Enamels, Opaque, Transparent, eres vere, 

[See next Page. 
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glaze, Over-glaze—Other. Processes : Crackling, Mottled, Flashing, Metallic Iridescence, 
Lustres. Chapter II., Glazed and Enamelled Bricks—History: Glazing—Enamelling—Appli- 
cations: Ordinary Enamelled Bricks, Glazed Stoneware, Enamelled Stoneware—Enamel 
Tiles. Chapter III., Decorated Quarries: I. Paving Quarries—l, Decorated with Dips—2, 
Stoneware: A, Fired to Stoneware; a, of Slag Base—Applications; 6, of Melting Clay— 
Applications—B, Plain or Incrusted Stoneware; a, of Special Clay (Stoke-on-Trent)—Manu- 
facture—Application—b, of Felspar Base—Colouring, Manufacture, Moulding, Drying, Firing 
—Applications.—II. Facing Quarries—1, in Faience—A, of Limestone Paste—B, of Silicious 
Paste—C, of Felspar Paste—Manufacture, Firing—2, of Glazed Stoneware—3, of Porcelain— 
Applications of Facing Quarries.—III. Stove Quarries—Preparation of the Pastes, Moulding, 
Firing, Enamelling, Decoration—Applications—Faiences for Fireplaces. Chapter IV., Archi- 
tectural Decorated Pottery: § 1, Faiences; § 2, Stoneware; § 3, Porcelain. Chapter V., 
Sanitary Pottery: Stoneware Pipes: Manufacture, Firing—Applications—Sinks—Applications 
—Urinals, Seats and Pans—Applications—Drinking-fountains, Washstands.. Index. ; 

Press Opinions. 

“The work is profusely illustrated, and contains a large amount of useful information, and 
should be of great value to manufacturers.”—Burton Chronicle. 

“Should have a huge sale amongst those interested in enamelled terra cottas, ordinary and 
incrusted quarries, stoneware mosaics, faiences, and architectural stoneware.’—Newark 
Advertiser. 

“The fame of M. Lefevre’s monumental work has already reached this country, and the 
capable translation now produced will be cordially welcomed. Apart from its technical 
value, the incitement which the work will give to architectural pottery is a factor that should 
not be ignored... . The chief value of the work is that all modern processes advocated are 
not only clearly explained, but are shown to haye justified themselves. In other words, they 
represent the survival of the fittest.”—Manchester Courier. ; 

THE ART OF RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Howartu. Second Edition. 
1900. Price 1s. net; by post, home or abroad, Is, 2d. 

Contents. 
Tools and Materials Required—Wire Used for Rivets—Soldering Solution—Preparation 

for Drilling—Commencement of Drilling —Cementing—Preliminaries to Riveting—Rivets to 
Make—To Fix the Rivets—Through-and-through Rivets—Soldering—Tinning a Soldering-Iron 
—Perforated Plates, Handles, etc.—Handles of Ewers, etc.—Vases and Comports—Marble 
and Alabaster Ware—Decorating—How to Loosen Fast Decanter Stoppers—China Cements. 

PAINTING ON GLASS AND PORCELAIN AND 
ENAMEL PAINTING. A Complete Introduction to the 
Preparation of all the Colours and Fluxes used for Painting on Porce- 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamels. On the Basis of Personal Practical Experience 
of the Condition of the Art upto Date. By FeLttx HERMANN, Technical 
Chemist. With Eighteen Illustrations. 300 pp. Translated from the 
German. Second and Enlarged Edition. 1897. Price 10s. 6d.; India 
and Colonies, 1ls.; Other Countries, 12s.; strictly net, post free. 

Contents. 
History of Glass Painting.—Chapters I., The Articles to be Painted: Glass, Porcelain, 

Enamel, Stoneware, Faience.—II., Pigments: 1, Metallic Pigments: Antimony Oxide, Naples 
Yellow, Barium Chromate, Lead Chromate, Silver Chloride, Chromic Oxide.—III., Fluxes: 
Fluxes, Felspar, Quartz, Purifying Quartz, Sedimentation, Quenching, Borax, Boracic Acid, 
Potassium and Sodium Carbonates, Rocaille Flux.—IV., Preparation of the Colours for Glass 
Painting.—V., The Colour Pastes.—VI., The Coloured Glasses.—VII., Composition of the 
Porcelain Colours.—VIII., The Enamel Colours: Enamels for Artistic Work.—IX., Metallic 
Ornamentation ; Porcelain Gilding, Glass Gilding.—X., Firing the Colours: 1, Remarks on 
Firing: Firing Colours on Glass, Firing Colours on Porcelain; 2, The Muffle—XL., Accidents 
occasionally Supervening during the Process of Firing.—XII., Remarks on the Different 
Methods of ‘Painting on Glass, Porcelain, etc.—Appendix: Cleaning Old Glass Paintings. 

. {See next Page 
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Press Opinions. 

“Mr, Hermann, by a careful division of his subject, avoids much repetition, yet makes 
sufficiently clear what is necessary to be known in each art. He gives very many formule; 
and his hints on the various applications of metals and metallic lustres to glass and porcelains 
will be found of much interest to the amateur.”—A rt Amateur, New York. 

“For the unskilled and amateurs the name of the publishers will be sufficient guarantee for 
the utility and excellence of Mr. Hermann’s work, even if they are already unacquainted with 
the author. . . . The whole cannot fail to be both of service and interest to glass workers and 
to potters generally, especially those employed upon high-class work."—Stafordshire Sentinel. 

“In Painting on Glass and Porcelain the author has dealt very exhaustively with the 
technical as distinguished from the artistic side of his subject, the work being entirely devoted 
to the preparation of the colours, their application and firing. For manufacturers and students 
it will be a valuable work, and the recipes which appear on almost every page form a very 
valuable feature. The author has gained much of his experience in the celebrated Sevres 
manufactory, a fact which adds a good deal of authority to the work.’—Bwilders Journal. 

“The compiler displays that painstaking research characteristic of his nation, and goes at 
length into the question of the chemical constitution of the pigments and fluxes to be used in 
glass-painting, proceeding afterwards to a description of the methods of producing coloured 
glass of all tints and shades. ... Very careful instructions are given for the chemical and 
mechanical preparation of the colours used in glass-staining and porcelain-painting ; indeed, 
to the china painter such a book as this should be of permanent value, as the author claims to 
have tested and verified every recipe he includes, and the volume also comprises a section de- 
voted to enamels both opaque and translucent, and another treating of the firing of porcelain, 
and the accidents that occasionally supervene in the furnace.”—Dazily Chronicle. 

“In Dr. Hermann’s hand-book—if such a term is fitting for so erudite and masterly a treatise 
—the student is first delighted by an interesting historical introduction, after which an ex- 
haustive description follows of the metallic oxides and salts, the earths and earthy bodies and 
the free metals used in the composition of the pigments. All who take an interest in the 
colouring properties of matter will not fail to be instructed in this section of the work. ... 
Exhaustive recipes are given in separate chapters for the composition of the colours and 
fluxes for every shade and tint in the painting of glass, porcelain, enamel, faience, and stone- 
ware, for the preparation of coloured pastes, for the application of metallic ornamentation, for 
the colouring of the foundation in the ‘frit’ or ‘charge’ stage, and for the encaustic opera- 
tions in the kiln... . In every district of England where art porcelain and glass is manu- 
factured, this treatise should be widely circulated, and its contents made familiar to all engaged, 
in whatever capacity, in the trade.”"—Leeds Mercury. 

A Reissue of 

THE HISTORY OF THE STAFFORDSHIRE POTTER- 
IES; AND THE RISE AND PROGRESS OF THE 
MANUFACTURE OF POTTERY AND PORCELAIN. 
With References to Genuine Specimens, and Notices of Eminent Pot- 
ters. By SIMEON SHaAw. (Originally Published in 1829.) 265 pp. 
1900. Price 7s. 6d.; India and Colonies, 8s.; Other Countries, 8s. 6d. ; 

strictly net, post free. 

‘Contents. 
Introductory Chapter showing the position of the Pottery Trade at the present time 

(1899).—Chapters I., Preliminary Remarks.—Il., The Potteries, comprising Tunstall, 
Brownhills, Greenfield and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Long- 

rt and Dale Hall, Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penkhull, 
enton, Lane Delph, Foley, Lane End.—III., On the Origin of the Art, and its Practice 

among the early Nations.—IV., Manufacture of Pottery, prior to 1700.—V., The Introduc- 
tion of Red Porcelain by Messrs. Elers, of Bradwell, 1690.—VI., Progress of the Manu- 
facture from 1700 to Mr. Wedgwood’s commencement in 1760.—VII., Introduction of Fluid 
Glaze.—Extension of the Manufacture of Cream Colour.—Mr. Wedgwood’s Queen’s Ware.— 
Jasper, and Appointment of Potter to Her Majesty.—Black Printing.—VIII., Introduction 
of Porcelain. Mr. W. Littler’s Porcelain—Mr. Cookworthy’s Discovery of Kaolin and 
Petuntse, and Patent.—Sold to Mr. Champion—resold to the New Hall Com.—Extension of 
Term.—IX., Blue Printed Pottery. Mr. Turner, Mr. Spode (1), Mr. Baddeley, Mr. Spode 
(2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton.—Great Change in Patterns of Blue 
Printed.—X., Introduction of Lustre Pottery. Improvements in Pottery and Porcelain 
subsequent to 1800. 
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Press Opinions. 
“There is much curious and useful information in the work, and the publishers have rendered 

the public a service in reissuing it.”—Buvton Mail. 
“Copies of the original work are now of considerable value, and the facsimile reprint now 

pa cannot but prove of considerable interest to all interested in the great industry.”—Der. 
ervcury. 
“ The book will be especially welcomed at a time when interest in the art of pottery manu- 

facture commands a more widespread and general interest than at any previous time.”— 
Wolverhampton Chronicle. 

“This work is all the more valuable because it gives one an idea of the condition of affairs 
existing in the north of Staffordshire before the great increase in work and population due to 
modern developments.” —Western Morning News. 

“. .. The History gives a graphic picture of North Staffordshire at the end of the last and 
the beginning of the present century, and states that in 1829 there was ‘a busy and enterprising 
community ’ in the Potteries of fifty thousand persons. ... We commend it to our readers 3s 
a most entertaining and instructive publication.”—Staffordshire Sentinel. 

A Reissue of 

THE CHEMISTRY OF THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon SHaw. 
(Originally published in 1837.) 750 pp. 1900. Price 14s.; India and 
Colonies, 15s.; Other Countries, 16s. 6d.; strictly net, post free. 

Contents. 
PART L, ANALYSIS AND MATERIALS.—Chapters I., Introduction: Laboratory and 

Apparatus; Elements: Combinative Potencies, Manipulative Processes for Analysis and 
Reagents, Pulverisation, Blow-pipe Analysis, Humid Analysis, Preparatory Manipulations, 
General Analytic Processes, Compounds Soluble in Water, Compounds Soluble only in Acids, 
Compounds (Mixed) Soluble in Water, Compounds (Mixed) Soluble in Acids, Compounds 
(Mixed) Insoluble, Particular Analytic Processes.—II., Temperature: Coal, Steam Heat for 
Printers’ Stoves.—III., Acids and Alkalies: Boracic Acid, Muriatic Acid, Nitric Acid, Sul- 
phuric Acid, Potash, Soda, Lithia, Calculation of Chemical Separations.—IV., The Earths: 
Alumine, Clays, Silica, Flint, Lime, Plaster of Paris, Magnesia, Barytes, Felspar, Grauen (or 
China Stone), China Clay, Chert.—V., Metals : Reciprocal Combinative Potencies of the Metals, 
Antimony, Arsenic, Chromium, Green Oxide, Cobalt, Chromic Acid, Humid Separation of 
ee from Cobalt, Arsenite of Cobalt, Copper, Gold, Iron, Lead, Manganese, Platinum, Silver, 

in, Zinc. 
PART II, SYNTHESIS AND COMPOUNDS.—Chapters I., Sketch of the Origin and © 

Progress of the Art.—II., Science of Mixing: Scientific Principles of the Manufacture, Com- 
binative Potencies of the Earths.—III., Bodies : Porcelain—Hard, Porcelain—Fritted Bodies, 
Porcelain—Raw Bodies, Porcelain—Soft, Fritted Bodies, Raw Bodies, Stone Bodies, Ironstone, 
Dry Bodies, Chemical Utensils, Fritted Jasper, Fritted Pearl, Fritted Drab, Raw Chemical 
Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar, Raw Drab, Raw Brown, Raw Fawn, 
Raw Cane, Raw Red Porous, Raw Egyptian, Earthenware, Queen’s Ware, Cream Colour, Blue 
and Fancy Printed, Dipped and Mocha, Chalky, Rings, Stilts, ete—IV., Glazes: Porcelain— 
Hard Fritted, Porcelain—Soft Fritted, Porcelain—Soft Raw, Cream Colour Porcelain, Blue 
Printed Porcelain, Fritted Glazes, Analysis of Fritt, Analysis of Glaze, Coloured Glazes, Dips, 
Smears and Washes; Glasses: Flint Glass, Coloured Glasses, Artificial,Garnet, Artificial 
Emerald, Artificial Amethyst, Artificial Sapphire, Artificial Opal, Plate Glass, Crown Glass, 
Broad Glass, Bottle Glass, Phosphoric Glass, British Steel Glass, Glass-Staining and Painting, 
Engraving on Glass, Dr. Faraday’s Experiments.—V., Colours: Colour Making, Fluxes or 
Solvents, Components of the Colours; Reds, etc., from Gold, Carmine or Rose Colour, 
Purple, Reds, etc., from Iron, Blues, Yellows, Greens, Blacks, White, Silver for Burnishing, 
Gold for Burnishing, Printer’s Oil, Lustres. 

PART IIL, TABLES OF THE CHARACTERISTICS OF CHEMICAL SUB- 
STANCES.—Preliminary Remarks, Oxygen (Tables), Sulphur and its Compounds, Nitrogen 
ditto, Chlorine ditto, Bromine ditto, lodine ditto, Fluorine ditto, Phosphorous ditto, Boron ditto, 
Carbon ditto, Hydrogen ditto, Observations, Ammonium and its Compounds (Tables), Thorium 
ditto, 'Zirconium ditto, Aluminium ditto, Yttrium ditto, Glucinum ditto, Magnesium ditto, 
Calcium ditto, Strontium ditto, Barium ditto, Lithium ditto, Sodium and its Compounds, 
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Potassium ditto, Observations, Selenium and its Compounds (Tables), Arsenic ditto, Chromium 
ditto, Vanadium ditto, Molybdenum ditto, Tungsten ditto, Antimony ditto, Tellurium ditto, 
Tantalum ditto, Titanium ditto, Silicium ditto, Osmium ditto, Gold ditto, Iridium ditto, Rhodium 
ditto, Platinum ditto, Palladium ditto, Mercury ditto, Silver ditto, Copper ditto, Uranium ditto. 
Bismuth and its Compounds, Tin ditto, Lead ditto, Cerium ditto, Cobalt ditto, Nickel ditto, 
Iron ditto, Cadmium ditto, Zinc ditto, Manganese ditto, Observations, Isomorphous Groups, 
Isomeric ditto, Metameric ditto, Polymeric ditto, Index. 

Press Opinions. 

“The atomic weights have been more accurately determined, and experiments in synthetic 
chemistry have given us readier methods of producing certain materials requisite, but the 
fundamental principles were always discovered, and for all practical purposes the book is ag 
valuable now as when first published.”—Longton Times and Echo. 

“This interesting volume has been kept from the pencil of the modern editor and reprinted 
in its entirety by the enterprising publishers of The Pottery Gazette and other trade journals, 
‘ here is an excellent historical sketch of the origin and progress of the art of pottery 
which shows the intimate knowledge of classical as well as (the then) modern scientific litera- 
ture possessed by the late Dr. Shaw; even the etymology of many of the Staffordshire place- 
names is given.” —Glasgow Herald. 

“The historical sketch of the origin and progress of pottery is very interesting and instruc- 
tive. The science of mixing is a problem of great importance, and the query how the natural 
products, alumina and silica can be compounded to form the best wares may be solved by the 
aid of chemistry instead of by guesses, as was formerly the case. This portion of the book may 
be most suggestive to the manufacturer, as also the chapters devoted to the subject of glazes, 
glasses and colours.”—Birmingham Post. 

“Messrs. Scott, Greenwood & Co. are doing their best to place before the pottery trades 
some really good books, likely to aid the Staffordshire manufacturers, and their spirited enter- 
prise is worthy of encouragement, for the utility of technical literature bearing upon the 
practical side of potting goes without saying.... They are to be congratulated on their 
enterprise in republishing it, and we can only hope that they will meet with the support they 
deserve. It seems to be a volume that is worth looking through by both manufacturers and 
operatives alike, and all local institutions, at any rate, should secure copies.”—Staffordshire 

Sentinel. 

Paper Making. — 

THE DYEING OF PAPER PULP. A Practical Treatise for 
the use of Papermakers, Paperstainers, Students and others. By 
Jutius Errurt, Manager of a Paper Mill. Translated into English 
and Edited with Additions by JuLius Hisner, F.C.S., Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 
Illustrations and 157 patterns of paper dyed in the pulp. Royal 8vo, 
180 pp. 1901. Price 15s.; Abroad, 20s.; strictly net, post free. 
Limited edition. 

‘Contents. 

'.. L., Behaviour of the Paper Fibres during the Process of Dyeing, Theory of the 

Mordant—Cotton ; Flax and Hemp; Esparto; Jute; Straw Cellulose; Chemical and Mechani- 

cal Wood Pulp; Mixed Fibres; Theory of Dyeing.—IL., Colour Fixing Mediums (Mordants) 

—Alum; Aluminium Sulphate; Aluminium Acetate; Tin Crystals (Stannous Chloride) ; Cop- 

ras (Ferrous Sulphate); Nitrate of Iron (Ferric Sulphate) ; Pyrolignite of Iron (Acetate of 

rn: Action of Tannic Acid; Importance of Materials containing Tannin; Treatment with 

Tannic Acid of Paper Pulp intended for dyeing; Blue Stone (Copper Sulphate); Potassium 

Bichromate: Sodium Bichromate; Chalk (Calcium Carbonate) ; Soda Crystals (Sodium Car- 

bonate); Antimony Potassium Tartrate (Tartar Emetic).—III., Influence of the Quality of 

the Water Used.—IV., Inorganic Colours—1. Artificial Mineral Colours: Iron Buff; Man- 

anese Bronze; Chrome Yellow (Chromate of Lead); Chrome Orange (Basic Chromate of 

ad); Red Lead; Chrome Green; Blue with Yellow Prussiate ; Prussian Blue; Method for 

Producing Prussian Blue free from Acid; Ultramarine—2, Natural Minera! Colours (Eartk 

[See next Page. 
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’ Colours): Yellow Earth Colours ; Red Earth Colours; Brown Earth Colours; Green, Grey and 
Black Earth Colours; White Earth Colours; White Clay (China Clay): White Gypsum; 
Baryta; Magnesium Carbonate; Talc, Soapstone.—V., Organic Colours—1. Colours of 
Vegetable and Animal Origin: (a) Substantive (Direct Dyeing) Colouring Matters: Annatto; 
Turmeric; Safflower ; (b) Adjective (Indirect Dyeing) Colouring Matters : Redwood; Cochineal; 
Weld; Persian Berries; Fustic Extract; Quercitron; Catechu (Cutch); Logwood Extract—2, 
Artificial Organic (Coal Tar) Colours: Acid Colours; Basic Colours; Substantive (Direct 
Dyeing) Colours; Dissolving of the Coal Tar Colours; Auramine°°; Naphthol Yellow S°; 
Quinoline Yellow®; Metanil Yellow®; Paper Yellow®; Azoflavine RS°, S°; Cotton Yellow 
Gxx and Rxx; Orange II°; Chrysoidine A°°, RL°°; Vesuvine Extra°°; Vesuvine BC°°; Fast 
Brown’,Naphthylamine Brown® ; Water Blue IN°; Water Blue TB® ; Victoria Blue B°° ; Methy- 
lene Blue MD°°; Nile Blue R°°; New Blue S°°; Indoine Blue BB°°; Eosine 442 Nx; Phloxine 
BBN ; Rhodamine B°°; Rhodamine 6G°°; Naphthylamine Red G°; Fast Red A°; Cotton 
Scarlet°; Erythrine RR°; Erythrine X°; Erythrine P°; Ponceau 2 R°; Fast Ponceau G° and 
B°; Paper Scarlet P°°; Saffranine PP°°; Magenta Powder A°°; Acetate of Magenta°® ; 
Cerise D 10°°; Methyl Violet BB°°; Crystal Violet®°; Acid Violet 3 BN°, 4 R°; Diamond 
Green B°°; Nigrosine WL°; Coal Black°°; Brilliant Black B°.—VI., Practical Application 
of the Coal Tar Colours according to their Properties and their Behaviour towards 
the Different Paper Fibres—Coa! Tar Colours, which rank foremost, as far as their fastness 
to light is concerned ; Colour Combinations with which colourless or nearly colourless Back- 
water is obtained; Colours which do not bleed into White Fibres, for Blotting and Copyin 
Paper Pulp; Colours which produce the best results on Mechanical Wood and on Unbleached 
Sulphite Wood; Dyeing of Cotton, Jute and Wool Half-stuff for Mottling White or Light 
Coloured Papers; Colours suitable for Cotton; Colours specially suitable for Jute Dyeing; 
Colours suitable for Wool Fibres.—VII., Dyed Patterns on vations Pulp Mixtures— 
Placard and Wrapping Papers; Black Wrapping and Cartridge Papers; Blotting Papers; 
Mottled and Marbled Papers made with Coloured Linen, Cotton and Union Rags, or with 
Cotton, Jute, Wool and Sulphite Wood Fibres, dyed specially for this purpose; Mottling with 
Dark Blue Linen; Mottling with Dark Blue Linen and Dark Blue Cotton; Mottling with Dark 
Blue Cotton; Mottling with Dark Blue and Red Cotton; Mottling with Dark Red Cotton; 
Mottling of Bleached Stuff, with 3 to 4 per cent. of Dyed Cotton Fibres; Mottling with Dark 
Blue Union (Linen and Wool or Cotton Warp with Wool Weft); Mottling with Blue Striped 
Red Union; Mottling of Bleached Stuff with 3 to 4 per cent. of Dyed Wool Fibres; Monae 
of Bleached Stuff with 3 to 4 per cent. of Dyed Jute Fibres; Mottling of Bleached Stuff wit 
8 to 4 per cent. of Dyed JSulphite Wood Fibres; Wall Papers; Packing Papers.—VIIL., 
Dyeing to Shade—Index. 

Enamelling on Metal. 

ENAMELS AND ENAMELLING. An Introduction to the 
Preparation and Application of all Kinds of Enamels for Technical and 
Artistic Purposes. For Enamel Makers, Workers in Gold and Silver, 
and Manufacturers of Objects of Art. By PauL Ranpau. Translated 
from the German. With Sixteen Illustrations. 180 pp. 1900. Price 
10s. 6d.; India and Colonies, 11s.; Other Countries, 12s.; strictly net, 
post free. 

Contents. 
i., Introduction.—II., Composition and Properties of Glass.—III., Raw Materials for the 

Manufacture of Enamels.—IV., Substances Added to Produce Opacity.—V., Fluxes.—VI., Pig- 
ments,—VII., Decolorising Agents.—VIII., Testing the Raw Materials with the Blow-pipe 
Flame.—IX., Subsidiary Materials.—X., Preparing the Materials for Enamel Making.—XL., 
Mixing the Materials—XII., The Preparation of Technical Enamels, The Enamel Mass.— 
XIII, Appliances for Smelting the Enamel Mass.—XIV., Smelting the Charge.—XV., Com- 
position of Enamel Masses.—XVI., Composition of Masses for Ground Enamels.—XVIL., 
Composition of Cover Enamels.—XVIII., Preparing the Articles for Enamelling.—XIX., 
Applying the Enamel.—XX., Firing the Ground Enamel.—XXI., Applying and Firing the 
Cover Enamel or Glaze.—XXII., Repairing Defects in Enamelled Ware.—XXIII., Enamelling 
Articles of Sheet Metal—XXIV., Decorating Enamelled Ware.—XXV., Specialities in Ena- 
melling.—XXVI., Dial-plate Enamelling—XXVII., Enamels for Artistic Purposes, Recipes 
for Enamels of Various Colours.—Index. 
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Press Opinions. 

“ Should prove of great service to all who are either engaged in or interested i 
-enamelling.”— idler: and Watchmakers' Trade A auasxer: . me ac 

“TI must inform you that this is the best book ever [ have come across on enamels, and it is 
worth double its cost.”—J. MINCHIN, Jr., Porto, Portugal, 22nd July, 1900. 

“This is a very useful and thoroughly practical treatise, and deals with every branch of the 
-enameller’s art. The manufacture of enamels of various colours and the methods of their 
application are described in detail. Besides the commoner enamelling processes, some of the 
more important special branches of the business, such as cloisonné work are dealt with. The 
~work is well got up, and the illustrations of apparatus are well executed. The translator is 
eocany # pan well acquainted both with the German language and the subject-matter of the * 

.”'—Invention. 
““ This is a most welcome volume, and one for which we have long waited in this country. 

For years we have been teaching design applied to enamelling as well as to several other 
crafts, but we have not risen to the scientific side of the question. Here is a handbook dealing 
with the composition and making of enamels for application to metals for the most part, but 
.aiso for other allied purposes. It is written in a thoroughly practical way, and its author— 
Paul Randau—has made its subject a very particular study. The result, like almost all things 
which come from the German chemical expert, is a model of good workmanship and arrange- 
ment, and no one who is in search of a handbook to enamelling, no matter whether he is a 

-¢raftsman producing his beautiful translucent colours on gold, silver and copper, or the hollow- 
ware manufacturer making enamelled saucepans and kettles, can wish for a more useful 
practical manual.”—Birmingham Gazette. 

THE ART OF ENAMELLING ON METAL. By W. 
NormMAN Brown. Twenty-eight Illustrations. 60 pp. 1900. Price 
2s. 6d.; Abroad, 3s. ; strictly net, post free. 

Contents. 
Chapters I., History—Cloisonné—Champs Levé—Translucent Enamel—Surface_ Painted 

Baamels.—l1., Cloisonne—Champs Levés—Translucent—Painted.—III., Painted Enamel—_ 
“Coheed ee and Muffles for Firing.—IV., The Copper Base or Plate—Planishing— 

isons—Champ Levé Plates.—V., Enamels—Trituration—Washing—Coating a Plate with 
Eaamel—Firing Ordinary Plaques for Painting—Designing—Squaring off.—VI., Designs for 
Cloisonné—Designs for Painted Enamels—Technical Processes—Brushes, etc.,—Colours— 
Grisaille—Full-coloured Designs. 

Ne Press Opinion. 
“ The information conveyed in The Art of Enamelling on Metal is as complete as can be ex- 

pected in a manual of ordinary length, and is quite ample in all respects to start students in a 
«most interesting branch of decorative art. All necessary requisites are fully described and 
dilustrated, and the work is one, indeed, which any one may pursue with interest, for those who 
.are interested artistically in enamels are a numerous body.”—Hardware Metals and Machinery. 
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Books on Textile and Dyeing : 
‘Subjects. | { 

THE TECHNICAL TESTING OF YARNS AND TEX 
TILE FABRICS. With Reference to Official Specifica- 
tions. Translated from the German of Dr. J. HERZFELD. Sixty-nine’ 
Illustrations. 200 pp. 1898. Price 10s. 6d.; India and Colonies,. 
1ls.; Other Countries, 12s.; strictly net, post free. 

Contents. 

Yarn Testing. IliI., Determining the Yarn Number.—!V., Testing the Length of 
Yarns.—V., Examination of the External Appearance of Yarn.—VI., Determining the 
Twist of Yarn and Twist.—VII., Determination of Tensile Strength and Elasticity.— 
VIII., Estimating the Percentage of Fat in Yarn.—IX., Determination of Moisture: 
(Conditioning).—A ppendix. 

Press Opinions. 
“Tt would be well if our English manufacturers would avail themselves of this important 

addition to the extensive list of German publications which, by the spread of technical infor- 
mation, contribute in no small degree to the success, and sometimes to the supremacy, of 
Germany in almost every branch of textilé manufacture.”—Manchester Courier. 

“This is probably the most exhaustive book published in English on the subject dealt with. 
. . . We have great confidence in recommending the purchase of this book by all manu- 
facturers of textile goods of whatever kind, and are convinced that the concise and direct wa 
in which it is written, which has been admirably conserved by the translator, renders it 
peculiarly adapted for the use of English readers.”—Textile Recorder. 

“ A careful study of this book enables one to say with certainty that it isa standard work on 
the subject. Its importance is enhanced greatly by the probability that we have here, for the- 
first time in our own language, in one volume, a full, accurate, and detailed account, by a prac- 
tical expert, of the best technical methods for the testing of textile materials, whether in the- 
raw state or in the more or less finished product.”—Glasgow Herald. 

“The author has endeavoured to collect and arrange in systematic form for the first time: 
all the data relating to both physical and chemical tests as used throughout the whole of the: 
textile industry, so that not only the commercial and textile chemist, who has frequently to. 
reply to questions on these matters, but also the practical manufacturer of textiles and his. 
subordinates, whether in spinning, weaving; dyeing, and finishing, are catered for. . . . The 
book is profusely illustrated, and the subjects of these illustrations are clearly described.”— 
Textile Manufacturer. 

DECORATIVE AND FANCY TEXTILE FABRICS. 
With Designs and Illustrations. By R. T. Lorp. A+ Valuable Book 
for Manufacturers and Designers of Carpets, Damask, Dress and all 
Textile Fabrics. 200pp. 1898. 132 Designs and Illustrations. Price 
7s. 6d.; India and Colonies, 8s.; Other Countries, 8s. 6d.; strictly net, 
post free. 

Contents. 
Chapters I., A Few Hints on Designing Ornamental Textile Fabrics.—II., A Few Hints on 

Designing Ornamental Textile Fabrics (continued).—III., A Few Hints on Designing Orna-- 
mental Textile Fabrics (continued)—IV., A Few Hints on Designing Ornamental Textile 
Fabrics (continued).—V., Hints for Ruled-paper Draughtsmen.—VI., The Jacquard Machine,— 
VII., Brussels and Wilton Carpets.—VIII., Tapestry Carpets.—IX., Ingrain Carpets.—X.,. 
Axminster Carpets.—XI., Damask and Tapestry Fabrics.—XII., Scarf Silks and Ribbons.— 

_ XIII., Silk Handkerchiefs.—XIV., Dress Fabrics.—XV., Mantle Cloths.—XVI., Figured Plush. 
—XVII., Bed Quilts—XVIII., Calico Printing. 

Press Opinions. 
“The book can be strongly recommended to students and practical men.”—Textile Colourist. 
“Those engaged in the designing of dress, mantle tapestry, carpet and other ornamental’ 

textiles will find this volume a useful work of reference.”—Leeds Mercury. 
“The book.is to be commended as a model manual, appearing at an opportune time, since 

every day is making known a growing desire for development in British industrial art.”— 
Dundee Advertiser. 
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_ * Designers especially, who desire to make progress in their calling, will do well to take the 
‘hints thrown out in the first four chapters on ‘Designing Ornamental Textile Fabrics '.”— 
Nettingham Daily Guardian, 
_ “The writer's avocation is that of a designer for the trade, and he therefore knows what he 
4S writing about.... The work is well printed and abundantly illustrated, and for the author's 
“share of the work we have nothing but commendation. It is a work which the student designer 
will find thoroughly useful.”"—Textile Mercury. 

POWER-LOOM WEAVING AND YARN NUMBERING, 
According to Various Systems, with Conversion Tables. An Auxiliary 
and Text-book for Pupils of Weaving Schools, as well as for Self- 
Instruction and for General Use by those engaged in the Weaving 
industry. Translated from the German of ANTHON GRUNER. With 
Twenty-two Diagrams in Colours. 150 pp. 1900. Crown 8vo. Price 
7s. 6d. ; India and Colonies, 8s.; Other Countries, 8s. 6d. ; strictly net, 
post free. 

Contents. 
L., Power-Loom Weaving in General. Various Systems of Looms.—Il., Mounting 

‘and Starting the Power-Loom. English Looms.—Tappet or Treadle Looms.—Dobbies.— 
Ifl., General Remarks on the Numbering, Reeling and Packing of Yarn.—Appendix.— 
Usetul Hints. Calculating Warps.—Weft Calculations.—Calculations of Cost Price in Hanks. 

Press Opinions. 
“ A long-felt want in the weaving industry has been supplied by the issue of a cheap volume 

dealing with the subject.”"—Beljast Evening Telegraph. 
“The work has been clearly translated from the German and published with suitable 

pee etione. ... The author has dealt very practically with the subject."—Bradford Daily 
elegvaph. | 
“The book, which contains a number of useful coloured diagrams, should prove invaluable 

ito the student, and its handy form will enable it to become a companion more than some cum- 
‘brous work.”’—Cotton Factory Times. 

“The book has been prepared with great care, and is most usefully illustrated. It is a capital 
‘text-book for use in the weaving schools or for self-instruction, while all engaged in the weaving 
industry will find its suggestions helpful."—Northern Datly Telegraph. 

““The various systems are treated in a careful manner: also the different looms and their 
manufacture, as well as the whole processes of the work. Yarn numbering according to various 
‘systems, with conversion tables and numerous coloured diagrams, materially assist to a clear 
‘comprehension of the subject.”—Northern Whig. 

“It will be found most useful by those who have not time to go through the large standard 
werk, and the volume may be aptly described as a nutshell of power-loom weaving. Yarn 
mumbering according to various systems is dealt with, and conversion tables included, and we 
have no hesitation in commending the book to our readers.”—Oldhain Standard. | 

“The ‘inside’ managers of our textile mills in which the work is complex or greatly varied, 
and where yarns of different materials are in use, will find this work convenient for reference its 
case of novelty or difficulty. We may also say the same in relation to the textile student. Its 
‘description of the parts of the loom and their functions will be of use to the latter, being of the 
"most elementary kind.”—TJextile Mercury’. 

“The author attempts to fill a gap in weaving literature caused by the neglect of many 
‘obscure points connected with the industry. A short review is given of the power-loom as a 
whole, followed by a description of the different parts of the machinery with their advantages 
-and defects. . . . The book is severely technical, but must on that account be very valuable to 
tthe pupil who is determined to master this industrial art."—Cheshire County News. 

“It is clear and concise, and gives just that knowledge in quality and amount which any 
‘student of the weaving industry ought to consider as a minimum necessary for his thorough 
comprehension of his future profession. The handiness and variety of the information com- 
prised in Section III., dealing with the numbering and reeling of yarns employed in the various 
‘systems in different countries, struck us as particularly useful."—North British Daily Matl. 

“This work brings before weavers who are actually engaged in the various branches of 
fabrics, as well as the technical student, the different parts of the general run of power-looms in 
‘such a manner that the parts of the loom and their bearing to each other can be readily under- 
‘stood. . . © The work should prove of much value, as it is in every sense practical, and is put 

 tbefore the reader in such a clear manner-that it can be easily understood.” —Tevxtile Industries. 
“ The book under notice is intended as an instructor to those engaged in power-loom weaving, 

and, judging by its compilation, the author is a thorough master of the craft. It is not over- 
foaded with details, and he manages to compress in a book of some 150 pages all that one can 
possibly wish.to know about the different parts of the machinery, whether of English or foreign 
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make, and for whatever kind of cloth required. A comprehensive summary is also included of 
the various yarns and methods of numbering them, as well as a few useful hints and a number 
of coloured diagrams for mandarin weavings. The book is printed in bold, legible % , on 
good paper, has a copious index, and is well and strongly bound.”’—A shton-under-Lyne Herald. — 

“In dealing with the complicated parts of various classes of power-looms, the writer, who is. 
one of the professors at the Royal Weaving School of Asch, brings to the work a thoro 
knowledge of the subject, and, what is of great value, he has the gift of communicating his — 
knowledge in a way which is easily understood. The smallest details of loom-setting are  __ 
entered into, and a full explanation of problems, which are a source of anxiety to many en- 
gaged in overlooking, is given. Students will find the work an admirable text-book, and all 
who are interested in weaving will see in it a valuable addition to the literature on this subject. 
core The book is in small compass, and is crowded with valuable information.”-—Bradyoa b 
Observer. 

“A short and valuable review is given of the power-loom as a whole, and this is followed by 
a description of the mounting of the different parts of the machinery, with their advantages 
and defects. In preference to illustrations—the readers being presumed to already possess a 
suitable acquaintance with the subject—the various systems of numbering yarn are explained, 
together with certain calculations useful in weaving. ».. How power-loom weaving has 
advanced in recent years is explained at some length in this book, which will prove invaluable 
to intending students of practical weaving, and will also be found very useful to those whose 
knowledge of the subject is more, advanced, to whom the calculations, which give. evidence: 
of careful study, will frequently come in handy.”’—Stockport A dvertiser. 

COLOUR: A HANDBOOK OF THE THEORY OF 
COLOUR. By Georce H. Hurst, F.C.S. With Ten 
Coloured Plates and Seventy-two Illustrations. 160-pp. 1900. 
Price 7s. 6d.; India and Colonies, 8s.; Other Countries, 8s. 6d. + 
strictly net, post free. 

Contents. 

Chapters I., Colour and Its Production. Light, Colour, Dispersion of White me 
Methods of Producing the Spectrum, Glass Prism and Diffraction Grating Spectroscopes, The: 
Spectrum, Wave Motion of Light, Recomposition of White Light, Hue, Luminosity, Purity 
of Colours, The Polariscope, Phosphorescence, Fluorescence, Interference.—II., Cause of’ 
Colour in Coloured Bodies. Transmitted Colours, Absorption Spectra of Colouring 
Matters.—III., Colour Phenomena and Theories. Mixing Colours, White Light from 
Coloured Lights, Effect of Coloured Light on Colours, Complementary Colours, Young- 
Helmholtz Theory, Brewster Theory, Supplementary Colours, Maxwell's Theory, Colour 
Photography.—IV., The Physiology of Light. Structure of the Eye, Persistence of Vision,. 
Subjective Colour Phenomena, Colour Blindness.—V., Contrast. Contrast, Simultaneous 
Contrast, Successive Contrast, Contrast of Tone, Contrast of Colours, Modification of Colours 
by Contrast, Colour Contrast in Decorative Design.—VI., Colour in Decoration .and@ 
Design. Colour Harmonies, Colour Equivalents, Illumination and Colour, Colour and 
Textile Fabrics, Surface Structure and Colour.—VII., Measurement of Colour. Colour: 
Patch Method, The Tintometer, Chromometer. 

Press Opinions. 

“This useful little book possesses considerable merit, and will be of great utility to those for- 
whom it is primarily intended.”—Birmingham Post. 

“It will be found to be of direct service to the majority of dyers, calico printers and colour: 
mixers, to whom we confidently recommend it.’’-—Chemical Trade Journal. 

‘It is thoroughly practical, and gives in simple language the why and wherefore of the many 
colour phenomena which perplex the dyer and the colourist.”—Dyer and Calico Printer. 

‘‘ We have found the book very interesting, and can recommend it to all who wish to master- 
the different aspects of colour theory, with a view toa practical application of the knowledge so. 
gained.”—Chemust and Druggist. 

“Mr. Hurst's Handbook on the Theory of Colour will be found extremely useful, not only to. 
the art student, but also to the craftsman, whose business it is to manipulate pigments and 
dyes.”—Nottingham Daily Guardian. : 

“This is a workmanlike technical manual, which explains the scientific theory of colour im 
terms intelligible to everybody. . . . It cannot but prove both interesting and instructive to alll 
classes of workers in colour.’’"—Scotsman. 
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THE COLOUR PRINTING OF CARPET YARNS. A 
Useful Manual for Colour Chemists and Textile Printers. By Davip. 
PaTERSON, F.C.S. Seventeen Illustrations. 132 pp. 1900. Price 
7s. 6d.; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net, 
post free. 

; Contents. 
Chapters I., Structure and Constitution of Wool Fibre.—II., Yarn Scouring.—II1., Scouring 

Materials.—IV., Water for Scouring.—V., Bleaching Carpet Yarns.—VI., Colour Making for- 
Yarn Printing —VII., Colour Printing Pastes.—VIII., Colour Recipes for Yarn Printing.— 
IX., Science of Colour Mixing.—X., Matching of Colours.—XI., ‘‘Hank” Printing.—XIL.,. 

_ Printing Tapestry Carpet Yarns.—XIII., Yarn Printing.—XIV., Steaming Printed Yarns.— 
XV., Washing of Steamed Yarns.—XVI., Aniline Colours Suitable for Yarn Printing.—XVII.,. 
Glossary of Dyes and Dye-wares used in Wood Yarn Printing.—Appendix. 

Press Opinions. 
“The book is worthy the attention of the trade.”— Worcester Herald. 
“The treatise is arranged with great care, and follows the processes described in a manner 

at once clear and convincing.”—Glasgow Record. 
“A most useful manual dealing in an intelligible and interesting manner with the colour 

printing of carpet yarns.”—Ktdderminstey Times. 
“ An eminent expert himself, the author has evidently strained every effort in order to make 

his work the standard guide of its class.”—Leicester Post. 
“The book, which is admirably printed and illustrated, should fulfil the need of a practical 

guide in the colour printing of carpet yarns.—Nottingham Express, 
“The subject is very exhaustively treated in all its branches. . . . The work, which is very 

well illustrated with designs, machines, and wool fibres, will be a useful addition to our textile 
literature.”’—Northern W hig. 

“Tt gives an account of its subject which is both valuable and instructive in itself, and likely 
to be all the more welcome because books dealing with textile fabrics usually have little or 
nothing to say about this way of decorating them.”’"—Scotsman. 

“The work shows a thorough grasp of the leading characteristics as well as the minutz of 
the industry, and gives a lucid description of its chief departments. ... As a text-book in 

~ technical schools where this branch of industrial education is taught, the book is valuable, or 
it may be perused with pleasure as well as profit by any one having an interest in textile in- 
dustries.”—Dundee Courier. 

“The book bears every mark of an extensive practical knowledge of the subject in all its. 
bearings, and supplies a real want in technical literature. Chapters IX. and X., on the science 
of colour mixing and colour matching respectively, are especially good, and we do not remem- 
ber to have seen the bearing of various kinds of light, and of the changes from one kind of light 
to another on the work of the colourist, so well treated elsewhere.”—Dyer and Calico Printer. 

“It is thoroughly practical, and contains much information which has not hitherto appeared 
in book form. It is pleasing to note that the practical part is not crowded out with purely 
‘practical recipes’. A few typical examples are given, and the rest is left to the common sense 
and judgment of the printer or works’ chemist. Another pleasing feature is the accounts given 
here and there of the author’s own researches on the subject. The work will be of interest to. 
printers of wool generally, and to those engaged in the dyeing of this fibre.”—Journal of the 

Society of Dyers and Colourists. Wolt 

A PRACTICAL TREATISE ON THE BLEACHING OF 

- LINEN AND COTTON YARN AND FABRICS. By 
‘L. TaiLFer, Chemical and Mechanical Engineer. Translated from the 

French by Jonn Geppes McIntosh, Lecturer on Chemical Technology, 

London. 1901. Price 12s. 6d.; India and Colonies, 13s. 6d.; Other 

Countries, 15s.; strictly net, post free. 

Contents. 
Chapter I. General Considerations on Bleaching. Chapter II. Steeping. Chapter III. 

Washing: Its End and Importance—Roller Washing Machines—Wash Wheel (Dash Wheel)— 

Stocks or Wash Mill—Squeezing. Chapter IV. Lye Boiling—Lye Boiling with Milk of Lime 

—Lye Boiling with Soda Lyes—Description of Lye Boiling Keirs—Operations of Lye Boiling 

—Concentration of Lyes. Chapter V. Mather and Platt’s Keir—Description of the Keir— 

Saturation of the Fabrics—Alkali used in Lye Boiling—Examples of Processes. Chapter VE. 

Soap—Action of Soap in Bleaching—Quality and Quantity of Soaps to use in the Lye—Soap. 
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Lyes or Scalds—Soap Scouring Stocks. Chapter VII. Bleaching on Grass or on the Bleach- 
ing Green or Lawn. Chapter VIII. Chemicking—Remarks on Chlorides and their 
‘eolourising Action—Chemicking Cisterns—Chemicking—Strengths, etc. Chapter IX. Sou: 
—Properties of the Acids—Effects Produced by Acids—Souring Cisterns. Chapter 
Drying—Drying by Steam—Drying by Hot Air—Drying by Air. Chapter XI. Damages 
Fabrics in Bleaching—Yarn Mildew—Fermentation—Iron Rust Spots—Spots from Conta 
with Wood—Spots incurred on the Bleaching Green—Damages arising from the Machines. 
‘Chapter XII. Examples of Methods used in Bleaching—Linen—Cotton. Chapter XIII. The 
Valuation of Caustic and Carbonated Alkali (Soda) and General Information Regarding these 
Bodies—Object of Alkalimetry—Titration of Carbonate of Soda—Comparative Table 
Different Degrees of Alkalimetrical Strength—Five Problems relative to Carbonate of Soda _ 
—Caustic Soda, its Properties and Uses—Mixtures of Carbonated and Caustic Alkali—Note 
“on a Process of Manufacturing Caustic Soda and Mixtures of Caustic and Carbonated Alkali 
(Soda), Chapter XIV. Chlorometry—Titration—Wagner’s Chlorometric Method—Prepara- _ 
tion of Standard Solutions—Apparatus for Chlorine Valuation—Alkali in Excess in De- 
colourising Chlorides. Chapter XV. Chlorine and Decolourising Chlorides—Synopsis— — 
Chlorine—Chloride of Lime—Hypochlorite of Soda—Brochoki’s Chlorozone—Various De- — 
colourising Hypochlorites—Comparison of Chloride of Lime and Hypochlorite of Soda, — 
Chapter XVI. Water—Qualities of Water—Hardness—Dervaux's Purifier—Testing the © 
Purified Water—Different Plant for Purification—Filters. Chapter XVII. Bleaching of 
Yarn—Weight of Yarn—Lye Boiling—Chemicking—Washing—Bleaching of Cotton Yarn, — 
‘Chapter XVIII. The Installation of a Bleach Works—Water Supply—Steam Boilers—Steam 
Distribution Pipes—Engines—Keirs—Washing Machines—Stocks—Wash Wheels—Chemick- 
ing and Souring Cisterns—Various—Buildings. Chapter XIX. Addenda—Energy of De- 
colourising Chlorides and eit 5 by Electricity and i feecieaipreena of Decolourising _ 
Chlorides—Chlorides—Production of Chlorine and Hypochlorites by Electrolysis—Lunge's — 
Process for increasing the intensity of the Bleaching Power of Chloride of Lime—Trilfer’s 
Process for Removing the Excess of Lime or Soda from Decolourising Chlorides—Bleaching _ 
‘by Ozone. > 
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THE SCIENCE OF COLOUR MIXING. A Manual in- 
tended for the use of Dyers, Calico Printers and Colour Chemists. By — 
Davip PaTEeRSON, F.C.S. Forty-one Illustrations, Five Coloured Plates, _ 
and Four Plates showing Eleven Dyed Specimens of Fabrics. 1900. — 
Price 7s. 6d.; India and Colonies, 8s.; Other Countries, 8s. 6d.; _ 
strictly net, post free. a 

Contents. 
Chapters I., Colour a Sensation; Colours of Illuminated Bodies; Colours of Opaque and 

‘Transparent Bodies; Surface Colour.—II., Analysis of Light; Spectrum; Homogeneous 
Colours; Ready Method of Obtaining a Spectrum.—III1., Examination of Solar Spectrum; 
‘The Spectroscope and Its Construction; Colourists’ Use of the Spectroscope.—lV.. Colour by — 
Absorption ; Solutions and Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight.—V., Colour 
Primaries of the Scientist versus the Dyer and Artist; Colour Mixing by Rotation and Lye 
Dyeing; Hue, Purity, Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours.— _ 
VI., Colour Mixing ; Pure and Impure Greens, Orange and Violets; Large Variety of Shades 
from few Colours; Consideration of the Practical Primaries: Red, Yellow and Blue.—VIL., — 
Secondary Colours; Nomenclature of Violet and Purple Group; Tints and Shades of Violet; 
Changes in Artificial Light.—VIII., Tertiary Shades; Broken Hues; Absorption Spectra of 
‘Tertiary Shades.—Appendix: Four Plates with Dyed Specimens Illustrating Text.—Index. _ 

Press Opinions. 
“The work has evidently been prepared with great care, and, as far as we can judge, should 

‘be very useful to the dyer and colourist.”—Halifax Courier. 
“The volume, which is clearly and popularly written, should prove of the utmost service to 

all who are concerned with. the practical use of colours, whether as dyers or painters.’— 
Scotsman, : 

“To the practical colourist, and also to technical students, Mr. Paterson’s new work will be 
very welcome We are often asked to recommend books on different subjects, and have no 
hesitation in advising the purchase of the present volume by dyers and calico printers, as con- 
taining a mass of most useful information at a nominal price.”’—Irish Textile Journal. a 

“Mr. Paterson’s work not only clearly deals with the theory of colour, but supplies lucid 
directions for the practical application of the theory. His work will be found pepe i), 
helpful, not only to the practical colourist, but also to students in our textile colleges, by 
forming a useful complement to their class lectures. There are several exquisitely coloured 
plates and a large number of other illustrations of theory and practice in colour blending, and 
also a series of plates with specimens of dyed fabrics attached, in explication of the author's 
views.” —Wakefield Express. ’ 
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“Mr. Paterson has little to say upon the experimental aspect or on its esthetics, but much 
upon the theory of colour, especially as it bears upon the question—an all-important one to- 
dyers, calico printers and artists, who have to produce such a variety of shades and tints—of 
the admixture of one colour upon another. ... The author is a dyer, and in his concluding 
chapters keeps well before him the special wants and requirements of dyers. He writes- 
pleasantly and lucidly, and there is no difficulty in following him, although here and there a 
lapse into ambiguousness occurs. The book is well printed, generously supplied with coloured 

_ plates, very nicely if not brightly got up; and the dyed patterns at the end enhance the value: 
of the book to the dyer.” —Textile Mercury. 

“For some time the proprietors of The Oil and Colourman’s Journal have been engaged in 
the publication of a series of practical handbooks intended for the use of those interested in 
certain branches of technology, and the present volume is the latest addition to their list.. 
The feature which the works have in common—and it is an all-important one in treatises of 

_ this sort—is their eminently practical character. The primary aim of the publishers is to 
provide scientific text-books which will be helpful to those who are either actively engaged in 
the practice of the arts in question, or who are studying with that immediate end in view... . 
Mr. Paterson speaks with that assured knowledge of an expert, and in the present volume, as 
in that which he has already contributed to the same series, he sets forth the true foundation 
of the art of colouring in a manner at once comprehensive and judicious. ... For dyers, 
calico printers and colourists in general, whose desire it is to work with accuracy in their 
respective branches, the treatise will prove an invaluable guide-book, provided the principles 
and methods it describes are studied with intelligence and care. To this end, every encourage- 
ment has been given that well-chosen examples, carefully executed plates and diagrams, and 
an exhaustive index can supply.”’—Glasgow Herald. 

COLOUR MATCHING ON TEXTILES. [In the Press. 

Books for Mining Engineers 

and Steam Users. 

RECOVERY WORK AFTER PIT FIRES. A Description 
of the Principal Methods Pursued, especially in Fiery Mines, and of 
the Various Appliances Employed, such as Respiratory and Rescue 
Apparatus, Dams, etc. By RoBERT LAMPRECHT, Mining Engineer and 
Manager. Translated from the German. Illustrated by Six large 
Plates, containing Seventy-six Illustrations. 175 pp.,demy 8vo. 1901. 
Price 10s. 6d.; India and Colonies, 11s.; Other Countries, 12s. ; 

strictly net, post free. 

Contents. 

Preface.—I., Causes of Pit Fires: 1, Fires Resulting from the Spontaneous Ignition of 
Coal; 2, Fires Caused by Burning Timber; 3, Fires Caused by Fire-damp Explosions.—IL., 
Preventive Regulations: 1, The Outbreak and Rapid Extension, of a Shaft Fire can be: 
most reliably prevented by Employing little or no Combustible Material in the Construction of 
the Shaft; 2, Precautions for Rapidly Localising an Outbreak of Fire in the Shaft; 3, Pre- 
‘cautions to be Adopted in case those under 1 and 2 Fail or Prove Inefficient. Precautions. 

against Spontaneous Ignition of Coal. Precautions for Preventing Explosions of Fire-damp 
and Coal Dust. Employment of Electricity in Mining, particularly in Fiery Pits. Experiments 
on the Ignition of Fire-damp Mixtures and Clouds of Coal Dust by Electricity.—III., Indica= 
tions of an Existing or Incipient Fire.—lV., Appliances for Work in Irrespirable 

Gases : 1, Respiratory Apparatus; 2, Apparatus with Air Supply Pipes, (a) The Bremen Smoke 

Helmet, (b) The Miiller Smoke Helmet, (c) The Stolz Rescue Mask; 3, Reservoir Apparatus ; 

4, Oxygen Apparatus. The Schwann Respiratory Apparatus. — The Fleuss Respiratory Ap- 

paratus. The Improved Walcher-Girtner Pneumatophor, (a) T he Single Bottle Apparatus, 

Instructions for Using the Pneumatophor, Taking to Pieces and Resetting the Apparatus 

ready for Use; (b) Two Bottle Apparatus (Shamrock Type). The Neupert Rescue Apparatus 

(The Mayer-Pilar System).—V. Extinguishing Pit Fires: (a) Chemical Means; (0) Extinction 
with Water. Dragging down the Burning Masses and Packing with Clay; (c) Insulating the 

Seat of the Fire by Dams. Dam Building. Dam Work in the Fiery Pits of Southern Hungary : 

(a) Cross-dams of Clay; (0) Masonry Dams, Gallery Linings. Wagner's Portable Safety Dam. 

Analyses of Fire Gases. Isolating the Seat of a Fire with Dams: Working in Irrespirable 
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Gases (“ Gas-diving "’): 1, Air-Lock Work (Horizontal Advance) on the Mayer System as Pur-— 
sued at Karwin in 1894; 2, Air-Lock Work (Horizontal Advance) by the Mauerhofer Modified 
System. Vertical Advance. Mayer System. Complete Isolation of the Pit. Flooding a 
Burning Section isolated by means of Dams. Wooden Dams: (a) Upright Balk Dams; (6) — 
Horizontal Balk Dams; (c) Wedge Dams, Masonry Dams. Examples of Cylindrical and Dome- 
shaped Dams. Dam Doors: Flooding the Whole Pit.—VI., Rescue Stations: (a) Stations — 
siti Brownies (b) Underground Rescue Stations.—VII., Spontaneous Ignition of Coal in — 
Bulk.—Index. a 

Illustrations. 

Sheet I., Respiratory and Rescue Appliances—Precautions against Fire. Figs. 1, 
Smoke Helmet; 2, Miller’s Smoke Helmet; 3, Low-pressure Respiration Apparatus; 4, High- 
pressure Respiration Apparatus; 5, The Stolz Mask for Rescue Work; 6, Precautions against 
Fire.—Sheet IJ., Respiratory and Rescue Apparatus. Figs. 1, Recovery Work with 
Miller’s Smoke Helmet after a Fire; 2-8, The Fleuss Respiration Apparatus; 9, The Walcher- 
Gartner Pneumatophor; 10-12, Pneumatophor (Shamrock Type).—Sheet II1., Respiratory 
and Rescue Apparatus—Stretchers. Figs. 1-8, Rescue Apparatus manufactured by O. | 
Neupert’s Successor (Mayer-Pilar System); 1, Front View; 2, Section through Bag and Mask; _ 
3, Rear View: 4, Apparatus and Mask laid out Flat (view from above); 5, Apparatus and Mask a 
laid out Flat (view from below); 6, Locking Device for Closing Bag; 7, Apparatus Complete, 
Mounted for Rescue Work; 8, Improved Valve in the Respiration Tubes; 9-12, Stretchers. 
Fig. 9, Stretcher Covered with Brown Canvas; 10, Stretcher Covered with Brown Canvas, 
fitted with Adjustable Head-rest; 11, Folding Stretcher Covered with Brown Canvas; 12, — 
Rupprecht’s Stretcher Covered with Brown Canvas; 18, Dr. Rihlmann’s Stretcher.—Sheet 
IV.,Dams. Figs. 1-7, R. Wagner’s Portable Safety Dam.—Sheet V., Signalling Appliances 
—Dam Construction—Cable Laying. Figs. 1-3, Signalling Appliances; 1, Small Induction 
Apparatus for Pit Work; 2, Bell Signal for Pit Work; 3, Pit Telephone; 4-18, Dam Con= 
struction; 4, 5, Upright Timber Dam; 6, 7, Timber Dam with Wooden Door; 8, 9, Dome- 
shaped Dams; 10, 11, Dome-shaped Dam with Iron Door; 12, 13, The Wenker and Berninghaus 
Locking Device for Dam Doors; 14-17, Dam Construction; 18, Damming a Gallery Lined with 
Iron; 19, Support for Cable.—Sheet VI., Working with Diving Gear in Irrespirable Gases 
—Gallery Work. Figs. 1-4, Air-Lock Work (Mayer System); 5-7, Air-Lock (Mauerhofer’s 
Modification of the Mayer System); 8-11, Construction-of Dams at the Pluto Shaft.—Sheet 
VIL., Working with Diving Gear in Irrespirable Gases (Mayer System)—Appliances in 
the Shaft. Figs. 1, 2, Sections of Shaft and Air Apparatus; 3, Salzmann Reducing Valve for 
Reserve Air Supply; 4,5, L. v. Bremen’s Respiration Apparatus with Karwin Reserve Ap- 
pliance: 6, Cross Section of the Franziska Shaft; 7, Method of Supplying Air to Main Pipe 
and Winding same on Drum; 8, Clamp. 

Press Opinions. 

“This book is, ina manner, unique. The literature of mining accidents is fairly extensive, 
but it consists largely of departmental Blue Books.’—Sheffield Daily Telegraph. 

“A concise and lucid description of the principal methods pursued, especially in fiery — 
mines, and of the various appliances employed, such as respiratory and rescue apparatus, 
dams, etc.”—Staffs Advertiser. : 

“The prevention of spontaneous combustion in collieries and the extinction of underground 
fires are duties that fall heavily on many colliery managers. They should, therefore, welcome 
this translation of Mr. Lamprecht’s German treatise.’—Jronmonger. 

*“The book under notice supplies the needed full description, drawings, and mode of using 
these new appliances in actual fires, and should be studied by every colliery manager, seeing 
that even our best managed collieries have not been free from fires, more or less disastrous — 
to life and property.—Colliery Manager. « ; 7 

‘‘Herr Lamprecht has collated such a vast mass of useful information that it can never — 
fail to be of utility to the mine manager, even though, on occasion, it should only be inthe 
direction of inducing measures to prevent a recurrence of similar calamities.”—Newcastle 
Chronicle. ‘ : q 

“Tt is the only existing work which deals exclusively with the branch of the miner's art 
indicated by its title. ... . The author presents his subject in a clear, practical manner, and 
seems to leave nothing unexplained that is necessary to make the book a thoroughly useful - 
and easily assimilated authority, on which pit managers and others may rely for guidance — 
in case of catastrophe.”— Wigan Examiner. 

GAS AND COAL DUST FIRING. A Critical Review of 
the Various Appliances Patented in Germany for this purpose since 
1885. By ALsBerT PiitscH. 130 pp., demy 8vo. 1901. Translated 
from, the German. With 103 Illustrations. Price 7s. 6d.; India and 
Colonies, 8s.; Other Countries, 8s. 6d.; strictly net, post free. 

[See next Page. 
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Contents. 
_ Generators—Generators Employing Steam—Stirring and Feed Regulating Appliances— 

Direct Generators—Burners—Regenerators and Recuperators—Glass Smelting Furnaces— 
Metallurgical Furnaces—Pottery Furnace—Coal Dust Firing. 

Press Opinions, 

“It has been a pleasure to read this little book. . . . The volume forms a useful aid to the 
would-be inventor of generators, as it warns him what to avoid and gives some hints as to. 
what to aim at.”—Gas World. 

“The German author has long followed the development of various systems of gas firing, 
and in the present treatise he discusses the merits of appliances patented since 1885. His text 
and the numerous illustrations indispensable to it will be found useful by all who are engaged: 
in practical work in the same field.’"—-North British Daily Mail. 

Books on Plumbing, Decorating, 

Metal Work, etc., etc. 
EXTERNAL PLUMBING WORK. A Treatise on Lead 

Work for Roofs. By JoHN W. Hart, R.P.C. 180 Illustrations. 270: 
pp. 1896. Price 7s. 6d.; India and Colonies, 8s.; Other Countries, 
8s. 6d.; strictly net, ‘post free. 

Contents. 
Chapters I., Cast Sheet Lead.—lII., Milled Sheet Lead.—II1., Roof Cesspools.—IV., Socket 

Pipes.—V., Drips.—VI., Gutters.—VII., Gutters (continued).—VIII., Breaks.—IX., Circular 
Breaks.—X., Flats.—XI., Flats (continued).—XI]1., Rolls on Flats —XIII., Roll Ends.—XIV., 

_Roll Intersections.—XV., Seam Rolls.—XVI., Seam Rolls (continued).—XVII., Tack Fixings. 
—XVIII., Step Flashings.—XIX., Step Flashings (continued).—XX., Secret Gutters.—XXI.,. 
Soakers.—XXII., Hip and Valley Soakers.—XXIII., Dormer Windows.—XXIV., Dormer 
Windows (continued).—XXV., Dormer Tops.—XXVI., Internal Dormers.—XXVII., Skylights. 
—XXVIII., Hips and Ridging.—XXIX., Hips and Ridging (continued).—XXX., Fixings for 
Hips and Ridging.—_XXXI., Ornamental Ridging.—X XXII., Ornamental Curb Rolls.—XXXIIL.,. 
€urb Rolls.—XXXIV., Cornicés.—XXXV., Towers and Finials—XXXVI., Towers and Finials 
feontinued).— XX XVII.,Towers and Finials (continued). —-XXXVIII., Domes.—XXXIX., Domes 
continued).—XL., Ornamental Lead Work.—XLI., Rain Water Heads.—XLII., Rain Water 
Heads (continued).—XLIII., Rain Water Heads (continued). 

Press Opinions. 
“This is an eminently practical and well-illustrated volume on the management of external 

lead work.” —Birmingham Daily Post. 
“It is thoroughly practical, containing many valuable hints, and cannot fail to be of great 

benefit to those who have not had large experience.”—Sanitary Journal. ; 
“Works on sanitary plumbing are by no means rare, but treatises dealing with external 
mbing work are sufficiently scarce to ensure for Mr. Hart’s new publication a hearty recep- 

ion.’—The Ironmonger. 
“With Mr. Hart’s treatise in his hands the young plumber need not be afraid of tackling 

outside work. He would do well to study its pages at leisure, so that he may be ready for it 
when called upon.’’—Jronmongery. 

“The publication of this book will do much to stimulate attention and study to external 
plumbing work, for it is a book which we can heartily recommend to every plumber, both old 
and young, who desires to make himself proficient in the several branches of his trade. We 
ean heartily recommend the book to plumbers and architects.” —Sanitary Record. 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 

BENDING AND LEAD BURNING. Third Edition, 
Revised and Corrected. By JoHN W. Hart, R.P.C. 184 Illustrations. 
300 pp. 1901. Price 7s. 6d.; India and Colonies, 8s. ; Other Countries, 

8s. 6d. ; strictly net, post free. 
[See next Page, 
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Contents. 

Introduction.—Chapters I., Pipe Bending.—II., Pipe Bending (continued):—II1., Pipe 
Bending (continued),—IV., Square Pipe Bendings.—V., Half-circular Elbows.—VI., Curved — 
Bends on Square Pipe.—VII., Bossed Bends.—VIII., Curved Plinth Bends.—IX., Rain-water 
Shoes on Square Pipe.—X., Curved and Angle Bends.—XI., Square Pipe Fixings.—XI1., Joint-— 
wiping.—XIII., Substitutes for Wiped Joints.—XIV., Preparing Wiped Joints.—XV., Joint — 
Fixings.—XVI., Plumbing Irons.—XVIL., Joint Fixings.—XVIII., Use of “Touch” in Solder- — 
‘ing.—XIX., Underhand Joints.—XX., Blown and Copper Bit Joints.—XXI., Branch’ Joints.— _ 
XXII., Branch Joints (continued).—XXIII., Block Joints.—XXIV., Block Joints (continued).— _ 
XXV., Block Fixings —XXVI., Astragal Joints—Pipe Fixings.—XXVII., Large Branch © 
-Joints.—XXVIII., Large Underhand Joints.—XXIX., Solders.—XXX., Autogenous Soldering 
or Lead Burning.—Index. 4 

Press Opinions. 4 

“Rich in useful diagrams as well as in hints.”—Liverpool Mercury. _ 
“The papers are eminently practical, and go much farther into the mysteries they describe 

than the title ‘ Hints’ properly suggests."’"—Scotsman. > 
' “The articles are apparently written by a thoroughly practical man. As a practical guide 

the book will doubtless be of much service.”—Glasgow Herald. : . 
“A well got-up and well-done practical book. It is freely illustrated and is a reliable help in 

respect of some of the most awkward work the young plumber has to perform.”—The Iron- — 
monger. 7 

“So far as the practical hints in this work are concerned, it will be useful toapprentices and 
students in technical schools, as it deals mainly with the most important or difficult branches 
of the plumber’s craft, viz., joint wiping, pipe bending and lead burning. ... ‘Hints’ are the 
‘most useful things to an apprentice, and there are many in this work which are not tobe found 
in some of the text-books.”—English Mechanic. 

“Tt is a book for the intelligent operative first of all, not a mere manual of instruction for 
ithe beginner, nor yet a scientific treatise on the whole art of sanitary plumbing. The special ° 
subject with which it deals is joint-making, the most important branch of the operative’s work, 
and into this topic the author goes with a thoroughness that is full of suggestion to even the 
most experienced workman. There is no one who has to do with plumbing but could read the 
‘book with profit.”—Ironmongery. 

“22 PRYME STREET, HULL, 24th November, 1894. s# 
“Gentlemen,—Your books to hand for which accept my best thanks, also for circulars. I 

‘myself got one of J. W. Hart’s books on Plumbing from your traveller, and having looked 
‘through the same I can safely recommend it as being the best book I have seen. Mr. J. W. 
Hart treats exhaustively upon soldering and pipe bending, which are two of the most essential 
‘branches in the plumbing trade.’” 

+ 

‘THE PRINCIPLES AND PRACTICE OF DIPPING, ~— 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. 1900. 
Price 2s.; Abroad, 2s. 6d.; strictly net, post free. 

Contents. 

Chapters I., Cleansing and Dipping; Boiling up and Cleansing; Dipping.—II., Scratch- 
‘brushing and Burnishing; Polishing; Burnishing.—III., Lacquering; Tools; Lacquers.— 
IV., Bronzing: Black Bronzing; Florentine Red Bronzing ; Green Bronzing.—Index. 

Press Opinions. 

“Mr. Brown is clearly a master of his craft, and has also the immense advantage of being 
able to convey his instructions in a manner at once clear and concise.’’"—Letcester Post. 

“A thoroughly practical little treatise on the subject in all its branches, and one which 
‘should be in the hands of every tradesman or amateur who has lacquering to do.”—Irish Builder. 

“A successful endeavour has been made to show in the course of four chapters of compara- 
tively few words the most scientific and economical methods of treating brass ware. ... The 
‘book is prefaced with a contents list, and concludes with a complete index. It is substantially 
bound, and should prove invaluable to gasfitters, decorators and ironmongers in country 
towns, who at spring time and during the redecorating of a house undertake the work of 
wenovating the brass fittings.”—Hardwareman. 
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HOUSE DECORATING AND PAINTING. By W. 
NoRMAN Brown. Eighty-eight Illustrations. 150 pp. 1900. Price 
3s. 6d.; India and Colonies, 4s.; Other Countries, 4s. 6d. : strictly net, 
post free. 

Contents. 
Chapters I., Tools and Appliances.—II., Colours and Their Harmony.—III., Pigments and 

Media.—IV., Pigments and Media.—V., Pigments and Media.—VI., Pigments and. Media.— 
VIL, Preparation of Work, etc.—VIII., Application of Ordinary Colour.—IX., Graining.— 
%., Graining.—XI., Graining.—XII., Gilding.—XIII., Writing and Lettering —XIV., Sign 
Painting.—XV., Internal Decoration.—Index. 

Press Opinion. 
+’ “The author is evidently very thoroughly at home in regard to the technical subjects he has 
set himself to elucidate, from the mechanical rather than the artistic point of view, although 
the matter of correctness of taste is by no means ignored. Mr. Brown's style is directness 
itself, and there is no tyro in the painting trade, however mentally ungifted, who could fail to 
earry away a clearer grasp of the details of the subject after going over the performance.”— 
Building Industries. 

A HISTORY OF DECORATIVE ART. By W. Norman 
Brown. Thirty-nine Illustrations. 96 pp. 1900. Price 2s. 6d.; 
Abroad, 3s. ; strictly net, post free. 

Contents. 
Chapters I., Primitive and Prehistoric Art.—I]., Egyptian Art.—H., Assyrian Art.—IV., 

The Art of Asia Minor.—V., Etruscan Art.—VI., Greek Art.—VII., Roman Art.—VIII..,, 
Byzantine Art.—IX., Lombard or Romanesque Art.—X., Gothic Art.—XI., Renaissance Art.— 
XI1., The Victorian Period.—Index. 

Press Opinion. 
"In the course of a hundred pages with some forty illustrations Mr. Brown gives a very 

interesting and comprehensive survey of the progress and development of decorative art. It 
eannot, of course, be pretended that in the limited space named the subject is treated ex- 
Kaustively and in full detail, but it ts sufficiently complete to satisfy any ordinary reader ; 
indeed, for general purposes, it is, perhaps, more acceptable than a more elaborate treatise.” — 
Midland Counties Herald, 

THE PRINCIPLES OF HOT WATER SUPPLY. By 
Joun W. Hart, R.P.C. With 129 Illustrations. 1900. 177 pp., demy 
8vo. Price 7s. 6d.; India and Colonies, 8s.; Other Countries, 8s. 6d.; 

strictly net, post free. 

Contents. 
Chapters I., Water Circulation.—II., The Tank System.—III., Pipes and Joints.—lV., The 

Cylinder System.—V., Boilers for the Cylinder woe The Cylinder System.—VII., The 
Combined Tank and Cylinder System.—VIII., Combined Independent and Kitchen Boiler.— 
FX., Combined Cylinder and Tank System with Duplicate Boilers.—X., Indirect Heating and 
Boiler Explosions.—XI., Pipe Boilers.—XII., Safety Valves.—XIII., Safety Valves.—XIV., The 
American System.—XV., Heating Water by Steam.—XVI., Steam Kettles and Jets.—XVII.,. 
Heating Power of Steam.—XVIII., Covering for Hot Water Pipes.—Index. 

Press Opinion. 
“If all plumbers were to read this book, and if they followed the instructions given, there 

would, we are sure, be fewer accidents from household boiler explosions, and many lives might 
be saved. No doubt the majority of householders know or care little about the subject, but 

any one who wishes to adopt the most up-to-date system of supplying hot water throughout 

his house will be able to do so if he reads Mr. Hart’s book and follows the instruction given, 

It is a work that all who have charge of domestic water supply should study. It is a practical 

and profitable book.” — Wigan Observer, 



Ste: — 

Brewing and Botanical, 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 
OF COMMERCE. By Emmanuet Gross, Professor at — 
the Higher Agricultural College, Tetschen-Liebwerd. Translated — 
from the German. Seventy-eight Illustrations. 1900. 340 pp. Price 
12s. 6d.; India and Colonies, 13s. 6d.; Other Countries, 15s. ; strictly — 
net, post free. 

Contents. 
PART I., HISTORY OF THE HOP. = 
PART IL, THE HOP PLANT. Introductory.—The Roots.—The Stem and Leaves.— 

Inflorescence and Flower: Inflorescence and Flower of the Male Hop; Inflorescence and 
Flower of the Female Hop.—The Fruit and its Glandular Structure: The Fruit and Seed.— — 
Propagation and Selection of the Hop.—Varieties of the Hop: (a) Red Hops; (b) Green Hops; — 
(c) Pale Green Hops.—Classification according to the Period of Ripening: 1. Early August — 
Hops; 2. Medium Early Hops; 3. Late Hops.—Injuries to Growth: Malformations; Diseases — 
Produced by Conditions of Soil and Climate: 1. Leaves Turning Yellow, 2. Summer or Sun-— 
‘brand, 3. Cones Dropping Off, 4. Honey Dew, 5. Damage from Wind, Hail and Rain ; Vegetable 
Enemies of the Hop; Animal Enemies of the Hop.—Beneficial Insects on Hops. 4 

PART III., CULTIVATION. The Requirements of the Hop in Respect of Climate, Soil 
and Situation: Climate; Soil; Situation.—Selection of Variety and Cuttings.—Plantinga Hop 
Garden: Drainage; Preparing the Ground; Marking-out for Planting; Planting; Cultivation 
and Cropping of the Hop Garden in the First Year.—Work to be Performed Annually in the — 
Hop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per- 
formance of the Operation of Cutting: I. Method of Cutting: Close Cutting, Ordinary Cutting 
‘The Long Cut, The Topping Cut; Il. Proper Season for Cutting: Autumn ries Sprin 
‘Cutting; Manuring; Training the Hop Plant: Poled Gardens, Frame Training; Principal 
Types of Frames; Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant: rice 
Drying and Bagging.—Principal and Subsidiary Utilisation of Hops and Hop Gardens.—Life — 
-of a Hop Garden; Subsequent Cropping.—Cost of Production, Yield and Selling Prices. a 

PART IV.—Preservation and Storage.—Physical and Chemical Structure of the Hop Cone. 
—dJudging the Value of Hops. e 

PART V.—Statistics of Production.—The Hop Trade.—Index. 

7 

Press Opinions. 
“The subject is dealt with fully in every little detail; consequently, even the veriest tyrocan 

‘take away some useful information from its pages.’—Ivrish Farming World. 
“ Farmers are but little given to reading; but nowadays brewers have to study their trade 

and keep abreast of its every aspect, and as far as regards our trade, to them this book — 
“especially appeals, and will be especially useful.”—Licensed Victuallers’ Gazette. ; 

“ Like an oasis in the desert comes a volume upon the above subject, by the Professor at 
the Higher Agricultural College, Tetschen-Liebwerd, Germany, who has been fortunate 
‘enough to obtain an excellent translator from the German in the person of Mr. C BS!» 
Salter. The paucity of works upon the history and cultivation of hops is surprising con- 
sidering the scope it gives for an interesting and useful work.”—Hereford Times. 

“We can safely say that this book deals more comprehensively and thoroughly with the 
‘subject of hops than any work previously published in this country. ... No one interested in 
the hop industry can fail to extract a large amount of information from Professor Gross’s 
pages, which, although primarily intended for Continental readers, yet bear very closely on — 
‘what may be termed the cosmopolitan aspects of the science of hop production."—South 
Eastern Gazette. a 

“ This is, in our opinion, the most scholarly and exhaustive treatise on the subject of hops, 
their culture and preservation, etc., that has been published, and to the hop grower especially 
will its information and recommendations prove valuable. Brewers, too, will find the chapter 
devoted to ‘Judging the Value of Hops’ full of useful hints, while the whole scope and tenor of 
the book bear testimony to the studious and careful manner in which its contents have been 
‘elaborated.”—Rrewers' Journal. 

[See next Page. 
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“Considering the extent to which this country draws itsthop supplies from abroad, this 
ttranslation of Professor Gross’s volume will prove an interesting and instructive addition to 
the library of any brewer or brewers’ chemist, the more so as the work of translation has been 
admirably carried out in simple and vigorous English. . . . The volume is one of a valuable 
“series of special technical works for trades and professions the publishers are issuing, and is 
the first so far dealing with the brewing industry."—Burton Mail. 

“ A work upon the above subject must be welcomed if for no other reason than the dearth 
‘of books dealing with so interesting a theme, but fortunately apart from this the book will 
afford excellent reading to all interested in hops and their culture. Professor Gross takes one 
‘over the whole field, by commencing with the earliest history of the plant—so far back as the 
days of ancient Greece—and from both practical, theoretical and scientific standpoints, deals 
with the cultivation, classification and formation of the hop. . . . In speaking of the produc- 
ition of new varieties sound information is given, and should be of value to those who are 
always in search of improvements.”—Hereford Journal. 

“This work is, without doubt, the most thorough and extensive compilation on hops ever 
yet offered to the public, and for this reason should be warmly welcomed and appreciated by 
‘men interested in the subject. Although primarily written for those engaged in the industry 
abroad, and mainly Continental in theory and practice, it nevertheless appeals to those con- 
«nected with the hop growing and brewing business in England, not only by way of a com- 
parison, but also as an instruction, The volume is at once practical and scientific, is well 
ot up, and teems with illustrations and. statistics. In a word, it is a book that should find 

"its way into the hands ‘of all who are occupied in hop production and distribution at home; 
and it also contains valuable information and suggestions for the brewers themselves.”— 
‘Brewers’ Guardian. ° . 

“The value of a comprehensible and reliable text-book must be clearly apparent to every 
-scientific hop grower, and in this county of Kent—the chief hop-producing district of England, 
for over 400,000 cwts. were grown here last season alone—its advice regarding the cultivation, 
spreservation and storage of the cones will be found extremely useful. Year by year scientific 
education is becoming more and more essential to the training—in common with the re- 
«mainder of agriculturalists—of the hop planter. Continental and American competition, the 
higher price and scarcity of hand labour and many other causes make it necessary that the 
utmost should be extracted from a limited area of land. To accomplish this end all sorts of 
«devices must be resorted to in the matter of cultivation. The lesson imparted in this treatise 
‘deals exhaustively with these‘ devices’. And therein lies the basis of its value: whereas one 
‘man’s life is ‘made up of fails and successes,’ here is to be found the collective successes, 
‘tabulated results and logical inferences drawn from sources extending over the whole hop- 
=growing area of the world.”—Kentish Gazette. 

Public Libraries. 

BRITISH LIBRARY YEAR BOOK, 1900-1901. A Record 
of Library Progress and Work. 54 Illustrations. Crown 8vo, 345 pp. 
1900. Edited by THomas GREENWOOD. Price 3s.; abroad, 3s. 6d. ; 
strictly net, post free. 

Contents. 
Notes for Library Committees. Contributed Articles: The Library Rate. Some Points in 

‘Library Planning—Mr. Burgoyne. Library Classification—Mr. Jast. Developments in Lib- 
wary Cataloguing—Mr. Quinn. Children and Public Libraries—Mr. Ballinger. Fire Prevention 
and Insurance—Mr. Davis. The Educational Work of the Library Association—Mr. Roberts. 
‘The Library Assistants’ Association—Mr. Chambers. British Municipal Libraries established 
under the various Public Libraries or Special Acts, and those supported out of Municipal Funds, 
giving particulars of Establishment, Organisation, Staff, Methods and Librarians. Table 
showing the Rate, Income, Work and Hours of the Rate-supported Libraries. Statistical 
Abstracts. British non-Municipal Libraries, Endowed, Collegiate, Proprietary and others, 
‘showing date of Establishment, number of Volumes, Particulars of Administration, and Lib- 
iwarians. Library Associations and Kindred Societies. 

Press Opinions. 
“The book promises to be a really useful compendium of information which ought to be of 

‘importance to everybody.”—Athengum. 
“This valuable reference book is in every respect what a year book should be. . . . The 

production of the volume is excellent.”—Newsagent, Bookseller and Stationer. ’ 

“This is a handbook which tells the reader everything about public libraries, great and 

small, in the United Kingdom. .. .. .. The book is decidedly one of the best arranged volumes ever 

‘published, and there is no doubt that the editor has been at great pains to obtain the latest 

and most accurate information from all places. “County, district and parish councils, 

‘ministers of religion, and schoolmasters everywhere should make themselves acquainted with 

its contents. Its perusal cannot fail to serve the ends of the library movement. The illustra- 

ibions, of which there is a'large number, are very good.""— Western (Cardiffy Mail. 
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WORKS IN PREPARA TION, 

AGRICULTURAL CHEMISTRY. By Herserr INGLE, of 
the®Workshire College, Leeds. a 

PRACTICAL PAINT GRINDING. By J. CruicksHAnk 4 

SmitTH, B.Sc. [In the Press. 

TREATISE ON CLOTH FINISHING. By Roserr 
Beaumont, of Yorkshire College, Leeds. 

INDIA-RUBBER; GUTTA PERCHA. 

THE EXAMINATION OF MATERIALS USED IN DYE. 

ING. By P. HEERMANN. } 

EVAPORATION, CONDENSATION AND COOLING. 

Calculations of Dimensions of Apparatus. By E. HAWSBRAND,. 

Tables. For Chemists, Chemical and Mechanical Engineers. 

THE CHEMISTRY OF SPINNING. Spinning, Washing, 

Bleaching, Dyeing, Printing and Finishing. By Dr. G. VON 

GEORGIEVICS. 

A TREATISE ON THE CERAMIC INDUSTRY. By 3 

EmiLLteE Bourry. Translated and Edited by WILTON P. RIx, Ceramic: 

Specialist. [In the Press. 

WEAVING MACHINERY. Three Vols. By Harry Nisper. 

COTTON COMBING MACHINES AND ALLIED PRO- 

CESSES. By Tuos. THorn_ey. g 
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COTTON SPINNING. Series of Questions and Answers. 

With Notes. By THos. THORNLEY. 

‘THE CHEMISTRY OF PIGMENTS. By E. J. Parry 

B.Sc., etc. 

COLOUR MATCHING ON TEXTILES. A Manual in- 

tended for the use of Students of Colour Chemistry, Dyeing and 

Textile Printing. . By Davip Paterson, F.C.S. [In the Press. 

DICTIONARY OF CHEMICALS AND RAW PRODUCTS 

USED IN THE MANUFACTURE OF PAINTS, 

COLOURS, VARNISHES, AND ALLIED PREPARA- 

TIONS. G. H. Horst. [Nearly ready. 

TECHNOLOGY OF PETROLEUM. By Neusurcer and 

NOALHAT. {In the Press. 

‘TEXTILE RAW MATERIALS AND THEIR PREPARA- 

TION FOR SPINNING. 

THE RONTJEN RAYS IN MEDICAL PRACTICE. 

[In the Press. 

RESINS AND BALSAMS. [In the Press. 

‘WRINKLES FOR PAINTERS, DECORATORS, PAPER- 

HANGERS AND OTHERS. By W. N. Brown. 

The Publishers will advise when any of the above books are 

ready to firms sending their addresses. 



SCOTT GREENWOOD AND co. 

are Publishers of the following old-established and well-known 

Trade Journals :— 

THE OIL AND COLOURMAN’S JOURNAL. The Orga 
of the Oil, Paint, Drysaltery and Chemical Trades. Home Subscrip. )- 
tion, 7s. 6d. per year; United States, $2; Other Countries, 10s. p 

year. 

THE POTTERY GAZETTE. For the China and Glass 
Trades. Home Subscription, 7s. 6d. per vent United States, $25 

Other Countries, 10s. per year. 

THE HATTERS’ GAZETTE. Home Subscription, 6s. 6d. 
per year; Foreign Subscription, 9s. per year. 

THE DECORATORS GAZETTE AND PLUMBERS’ 
REVIEW. Home Subscription, 6s. 6d. per year; Foreign: 
Subscription, 9s. per year. 

19 Ludgate Hill, London, E.C. 

19/1/01. 
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