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PREFACE.

THE arts of dyeing and calico-printing, having at-
tracted my particular attention so early as the year
1769, I published a volume in 1794, under the title of
Experimental Researches concerning the Philosophy
of Permanent Colours, &c., intending that it should
have been followed by a second, as soon as my other
avocations would allow me to prepare it for the press.
But my progress in that work was unexpectedly re-
tarded, until the year 1799, when a bill, which Aad
passed the House of Commons for granting me a more
adequate remuneration for some of my former discove-
ries, having been lost in the House of Lords, (from
gauses mentioned in the second volume of this work,
Part I1. Chap. 2,) it became my duty to withdraw my at-
tention from the intended publication, (at least for some
time,) and employ it upon matters which seemed more
likely to compensate the severe disappointment I had
thus suffered. For this purpose I made two voyages,
one to North, and the other to South America, in both
of which my expectations were frustrated by ill health:
and having then attained an age but little suited to a
renewal of such undertakings, I resumed, and have for
several years continued those pursuits which have ter-
minated in this work; and I did it with the greater ala-
crity, upon finding, after the whole edition (of one
thousand copies) of my former publication had been

exhausted, that second-hand copies, when thev could
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Prefuace. il

voured to avoid minute descriptions of such manual
and mechanical operations in dyeing and calico-print-
ing, as are in common use, and not connected with the
principles of the art, because the artists know these
operations already, and to mere speculative or philoso-
phical readers, a knowledge of them would be useless.

I have, in the course of this work, commonly adopted
the language, and, with a few exceptions, the principles
or explanations of modern chemistry, not as being wholly
unobjectionable, but as accorpine best with known
facts, and being most likely to become parts of a more
perfect system, when future discoveries shall have laid a
sufficient foundation for the construction of one. I have
not, however, been convinced of the expediency of
adopting some of the opinions recently promulgated by
Sir Humphrey Davy; though I hope and believe, that 1
am properly disposed to admire his extraordinary talents,
and acknowledge the important additions made by him
to chemical science. This is not the place to discuss,
and, therefore, it would be improper to dispute any of
his facts; but 1 hope it may not be deemed improper for
me to mention a few of the objections to which some of
his conclusions seem liable.

He supposes himself to have proved that the fixed
alkalies (and several of the earths) are metals combined
with oxygene, or, in other words, metallic oxides; and
that when the oxygene has been separated by the power-
ful agency of opposite electricities, from the bases of
these alkalies, the latter are reduced, each to its proper
metallic state, and though the supposed metallic globules
so produced, cannot be retained in this state for a single
minute without burning, and again becoming potash and
soda, and are besides much lighter than water, he has
thought it right to consider and arrange them as metals,
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it may, I think, be reasonably asked, why they are tobe
confounded with matters which have none of these cha-
racters?

Surely, if it be expedient (which I do not perceive) to
comprehend things so dissimilar, under one common or
general denomination, it would be much more convenient
to invent a new name for that purpose, and allow us to
designate matters of such high importance as the metals,
properly so called, by that which has been so long ap-
propriated to them. To confound, by one appellation,
substances so unlike each other, as those commonly
called metals, earths, and salts, must be highly inconve-
nient for the ordinary purposes of life, as well as for the
operations of human intellect; and it must be no small
addition to the evils of this confounding, to have it ex-
tended even to water, and to that fluid of which cur
atmosphere chiefly consists, nitrogene; both of which, as
a consequence of these doctrines, are to be deemed me-
tallic oxides (i. e. of hydrogene.) It cannot, I think, be
necessary for the advancement of science, that we should
thus perplex our language and ideas, and subvert those
distinctions which have long regulated the actions and
opinions of mankind; and I have, therefore, ahstained
from these innovations in the following pages. There is,
indeed, an additional reason for not considering in this
work the alkalies as metallic oxides; which is, that their
effects in dyeing are as opposite as possible to those of the
oxides of metals, properly so called: and in regard to
alumina, (or the earth of alum) which is supposed to
contain a peculiar metal, called by Sir H. Davy alumi-
num, 1 must declare that the evidence or probability of
1ts existence, appears to me much more feeble even than
that which regards the supposed metals of the alkuline
carths; which last, in my judgment, is far from being
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the monosyllable ane, as a termination applicable to its
compounds with different metals, and thus to create the
terms of argentane for horned silver, stannane for the
liquor of Libavius, antimonane for butter of antimony,
&c.; appellations which do not afford the smallest indi-
cation of the radical in question, and which are com-
pletely at variance with that nomenclature which Sir
H. Davy has employed for the other chemical agents.
To me it seems, that if a new denomination were re-
quired for the oxymuriatic acid gas, that of murigene,
suggested by M. Pricur, would be greatly preferable
to chlorine; especially as it would lLarmonize completely
with oxygene, hydrogene, nitrogene, and other parts of
the chemical nomenclature; and by varying its termina-
tions, it would indicate all the compounds formed with
it; e. g. instead of argentane and stannane, it would
produce muride of silver and muride of tin; and there
- would be no incengruity between this last and the
muriate of tin, to which it would be convertible by an
addition of water.

The volumes herewith offered to the public, are
founded, as will be seen, upon the results of a multi-
tude of experiments, made during the course of almost
half a century; with no inconsiderable expenditure of
money, and a much greater one of time and of mental
exertion; for which I can never expect any adequate
remuneration or benefit; and, therefore, I must hope
that these my labours may eminently contribute to ad-
vance, not only the practice but theory of the arts to
which they relate, as well as other branches of science.
I have written, indeed, with more extended views than
those which relate merely to practical dyers, &c. and
have, therefore, often introduced matters, not of high
importance to the latter, though they could not have
been properly omitted in a work which professes to












Laplanation of Terms. xi

Nitrie Acid

Nitrogene
Nitrous Acid

Nitro-Muriaies

Nitro-Muriate of Gold

Nitro-Muriate of Tin

Oxides (metaliic)

Oxygene

Oxymuriatic Acid, or
Chlorine of Davy

Phosphates
Phospihate of Tin

Potass, or fiotash
Priussic Acid
Prussiates

Pyroligneous Acid
Pyrolignites

Soda

Substantive Colouring
Matter

Sulfihates, or Sulfates

Colourless acid of nitre, or aquafortis,
in which the basis is saturated with
oXy gene.

The basis of the nitric acid.

Red or smoking spirit of nitre, in which
the nitrogene is in excess, or not fully
saturated with oxygene.

Salts formed by nitric and muriatic
acids with different bases, the nitric
being in the greater proportion,

A solution of that metal by nitro-muria-
tic acid, formerly called aqua regia.

A solution of that metal by nitric and
muriatic acids, called spiriz, by scar-
let dyers.

Metals in union with oxygene, former-
ly called calces.

The basis of pure or vital air, or the
aérial acidifying principle.

The dephlogisticated marine (or mu-
riatic) acid of Scheele, supposed by
Berthollet to be muriatic acid com-
bined with oxygene.

Salts formed by phosphoric acid with
different bases.

A combination of that metal with phos-
phoric acid.

Caustic vegetable alkali.

The colouring matter of Prussian blue.

Combinations of the Prussian colouring
matter with different bases.

The empyreumatic acid obtained by
distillation from wood, &c.

Combinations of the pyroligneous acid
with different bases.

One of the fixed alkalies in a caustic
state—~the basis of common or sea-
salt.

That which requires ri bso on samor-
dant to give it lustre and permanency.

Salts formed by sulphuric, or sulfuric,
acud with different bases.






INTRODUCTION,

CONCERNLING TUE

ORIGIN AND PROGRLSSE

LUy

DYEING AND CALICO-PRINTING.

THE Great Author of Nature having allotted and em.-
ployed colours, to distinguish and adorn the various
productions of his power, wisdom, and goodness, has
also endowed some animals, and particularly man, not
only with perceptions of the differences of colours, but
also of the beauty arising from them, and their various
combinations: and, in consequence of these perceptions,
mankind, even in the rudest states of human existence,
have been disposed to admire and desire ornaments, de-
pending on gaudy and varied colours; which, in the
state of naked savages, they have generally applied to
their skins, and afterwards to their garments, when
they had approached so far towards civilization, as to
manufacture and wear clothing.®* From these motives,

* A confirmation of this observation may be found in the 1st
chapter of the 22d book of Pliny’s Natural History, in these words:
« Equidem et forma gratia ritusque perpetui, in corporibus suis
aliquas exterarum gentium uti herbis quibusdam, adverto animum.
Illiunt certé aliis aliz faciem in populis barbarorum femine ma-
resque etiam apud Dacos et Sarmatas corpora sua inscribunt.
Simile plantagini glastum in Gallia vocatur: quo Brittanorum con-
juges narusque toto corpore oblite; quibusdam in sacris et nudx
incedunt, Athiopum colorem imitantes.”
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which, in later times, have been seen among the un-
civilized inhabitants of recently discovered islands and
countries: and we may, therefore, consider the disco-
very of these bases, (denominated mordants by the
French) and especially that of alum, (which is of all
others the most generally useful in fixing adjective co-
louring matters,) as being a most important event in
the history of dyeing; though it is now impossible to
ascertain either the time or place at which this disco-
very was made.

Beckman, in the Gottingen Memoires, and more re-
eently in the first volume of his History of Inventions,
has endeavoured to maintain, that the alum of the an-
cients, was not, like that of the moderns, a combination
of sulphuric (or vitriolic) acid, with that white argilla-
ceous earth, now called alumine,* (or alumina,) but a
combination of that acid with either iron or copper, or
perhaps zinc, and constituting those substances which
were afterwards, and, until very lately, called green,
blue, and white wvitriols;t and in support of this his

Herodotus, indeed, as an extraordinary fact, mentions a people
living on the borders of the Caspian sea, who, by bruising the
Jeaves of a particular tree, and mixing them with water, obtained
a colour, by which they afterwards painted upon their garments
the figures of animals, &c.; which fizures water could not after-
wards remove. Book Clio, c. c. iii.

* This is not a complete description of alum, which, in fact, is a
trifule salt, (as seems to have been first discovered by Margraaff,)
for the combination of sulphuric acid with alumine will not crys-
tallize, without an addition of either potash or ammonia. Accord-
ing to Vauquelin, 100 grains of alum consist of 30.52 of acid, 10.50
of alumine, 10.40 of potash, and 48.58 of water.

+ When the term of witriol was first used is not known. Beck-
man could find it in no writer older than Albertus Magnus, whe
says, ¢ Viride etiam quod a quibusdam vitreo leum vocatur.”
Agricola and Vossius conjecture, that it was suggested by the
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dum, que utilissimum est, contraque fuscis aut obscuris
nigrum.” He adds, that they were all obtained by na-
tural exudations from the earth; in Spain, Egypt, Ar-
menia, Macedania, Pontus, and Africa; and in the
islands of Sardinia, Melos, Lipara, and Strongyle; and
that of all these the best simply is that which comes
from Egypt, and next to this, that of Melos. He after-
wards proceeds to notice, separately, five several sorts,
mentioning the Greek names of four of them, viz. phor-
mion, paraphoron, schistos, (called also trichitis and
chaleitis,) and strongyle. His last or fifth species was in
great estimation, and called melinum, because it came
from the island of Melos; and he finally observes, that
the different kinds of alum were all possessed of an
astringent property, which had obtained for them their
common Greek appellation, (svrrygia.)

That some of the several matters here mentioned by
Pliny, under the general pame of alum, consisted prin.
cipally of iron, must be admitted: because, in addition
to other reasons, he intimates that fwo of them pro-
duced a black colour with galls, and the peels of the
pomegranate; and there are grounds also for believing,
that one of them was a sulphate of copper. But I can
discover no suflicient reason in this, or in any other part
of his work, for believing, that Pliny did net also, un-
der the name of alum, include a sulphate of alumine,
not, perhaps, erystallized like our alum;* but in such a

* According to Berthollet, there is a mine of alum at Solfatara,
near Naples, which, in the form of a white earth, contains alum,
formed by the action of the sulphureous acid disengaged by the
heat of the volcano, upon the argillaceous matter evolved by it
There, the alum requires only to be dissolved and crystallized.
Prom a mine like this, or its earth, the good effects which Pliny
ascribes to the white alum of Cyprus might be readily obtuined.
The famous alum mines of Tolfa, near Civita-Vechia, are atill

Vour. L. c
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as persons who had been acquainted with the alum of
the ancients, would not, when that of the moderns was
made known to them, have considered it as a species
of the ancient, unless there had been some cause for
doing so; and they never could have supposed that
there was cause to consider our sulphate of alumine
as a species of the ancient alum, if the latter had been
so peculiarly deserying of estimation for dyeing black;
or if, at least, one kind of it had not been suited to dye
the very different colours which the sulphate of alumine
is alone able to produce. To the dyer, no two sub-
stances could have appeared so opposite or dissimilar;
and there were, therefore, no two substances which he
would be so little disposed to confound; and to con-
found in a manner so extraordinary, as that of giving
the old name of alum exclusively to a supposed new
and very different substance, and inventing a new name
(that of vitriol) for the metallic sulphates, which he
(Beckman) supposes to have before exclusively borne
the name of alum. There was #hen, nothing in the
name which could afford any motive for this change, if
we suppose, with him, that it had for so many ages
been appropriated exclusively to the sulphates of iron,
copper and zinc; and it would in that case have been
much more natural and convenient, to have allowed the
latter to retain the name by which they had been so
long distinguished, and to have invented a new name
for the supposed new production. The truth seems to
be that, notwithstanding the ignorance of the barbarous
ages, the inconvenience of calling substances, possessing
the most opposite properties, by one common name,
had been generally felt; and that to obviate this inconve-
nience, the name wvitriol, as distinguishing the metallic
sulphates, had been gradually adopted, and that of alum
bad been appropriated exclusively to the (perhaps im.
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which 1s even now sometimes imported from India to
this country, (and which has been in use there during
s0 many centuries, that ne means exist for ascertaining
when its use began,) would, from its indispensable ne-
cessity, have been carried thence with other dyeing
drugs to Egypt; and to me it certainly does not seem
improbable, that this was that sort of Egyptian alum,
which Pliny mentions as being in greater estimation
than any other. Beckman, indeed, says, p. 291, “Itis
well known that real alum is reckoned among the ex-
ports of Egypt at present; but, (he adds,) I am ac-
quainted with no author who mentions the place where
it 1s found or made, or who has described the method
of preparing it.”” Whether the Egyptians, after obtain.

only effected, but they had afterwards done ¢/t which must have
been more difficult; they had discovered the means of dissolving
indigo when so prepared, in ways the most suitable for applying
and fixing its colour permanently on the substances to be dyed with
it; which the Greeks and Romans do not appear to have ever per-
formed, though they knew how to powder indigo, and apply it as a
paint.

From the fifth volume of that extensive work, entitled, « Me-
moires concernants I'Histoire, les Sciences, les Arts, les Moeurs,
fxc. des Chinois,” it appears that wool was never worn in China
but as a substitute for fur, and that cotton and silk, being the only
substances ever dyed by the inhabitants, received all their colours
from vegetable tingent matters; that these colours were principally
red, blue, violet, and what is called a woad colour; and that, under
the three first dynasties, the business of dyeing was chiefly prac-
tised by the female part of each family, for its own particular use:
and it, probably, continued to be practised without any thing like
principle or science until near the end of the seventh century,
when the Chinese, discarding their own, borrowed the arts and
means of dyeing which were then in use among the Indians and
Persidns: and it is said, that alum and copperas, which the Chinese
did not use before, were among the means so borrowed; a fact
which renders it probable that there was little, if any thing, in the
hinese art of dyeing, of which the loss need now be regretted.
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merchant, who had become acquainted with the prepa-
ration of alum in Syria, when returning’ thence to Italy,
happened, at the island of Ainaria, now called Ischia,
or Hiscla, to observe large alum stones among the sub-
stances which had been thrown up, moré¢ than one hun-
dred years before, in consequence of the eruption of a
destructive volcano there; and that, having calcined
some of these stones in a furnace, he extracted from
them excellent alum. But these historians all assert,
contrary to the supposition of Beckman, that he, (Per-
dix,) in doing this, only revived and brought back to
Italy an art which had, with many others, been lost
amidst the darkness which, during several centuries,
prevailed over the western empire; which art he had
himself learned at the city of Rocca, in Syria. Beckman
says, he had at first supposed, that this city might have
been Rocca, on the Euphrates; but he had afterwards
thought it more likely to have been Edessa, sometimes
called Rocha, &ec., and also Roccha; and that, though
the latter is considered as being in Mesopotamia, the
supposed limits of Syria might, at that time, have ex-
tended thus far. From this city of Rocca, Beckman
supposes, with Lisbnitz and others, that the best crys-
tallized alum obtained in Italy the additional epithet of
Rocca; while some persons, and among them Julius
Cesar Scaliger,* think it to have been derived from
the Greek name of a rock, alum being obtained, by
boiling, from stones; and it seems to have been this
opinion which causéd the appellation to be translated
into Latin, by the words alumen rupeum, and inte
French by those of alum de Roche; and there are again

* « Vulgo audis alumen roche, que Graca vox masimz Europe
servit parti ad rupem significandum.” Exotic. Exevcitat. Franct.
1612, 8vo. p. 325,
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The wealth which the pope obtained from the disco-
very and working of the mines at Tolfa, encouraged
and produced similar undertakings in other parts of

Romans, is now almost destitute of that substance. I have, how-
ever, found seven hills, so abundant in it, that they would be
almost sufficient to supply seven worlds. If you will send for
workmen sufficient, and cause furnaces to be constructed, and the
stones to be calcined, you may furnish alum to all Europe; and
that gain which the Turks used to acquire by this article, being
thrown into your hands, will be to him a double loss, &c.” These
words of Castro appeared to the pontiff as the mere result of idle
dreams. He, however, employed skillul people, who found that the
stones really contained alum; but least some deception might have
been practised, others were sent to the place where they had been
found, who met with abundance of the like kind. Artists, who
had been employed in the Turkish mines in Asia, were then
brought from (ienoa; and these, having closely examined the na-
ture of the place, declared it to be similar to that of the Asiatic
mountains which produce alum; and, shedding tears for jov, they
kneeled down three times, worshipping God, and praising his kind-
ness in conferring so valuable a gift on our age. The stones were
calcined, and produced alum more beautiful than that of Asia, and
suprerior in quality.* Some of it was sent to Venice and to Flo.
rence; and being tried, was found to answer beyond expectation.
The Genoese first purchased a quantity of it, to the amount of
twenty thousand pieces of gold; and Cosmo, of Medicis, for this
article, laid out afterwards seventy-five thousand. On account of
this service, Pius thought Castro worthy of the highest honours,
and of a statue, which was erected to him in his own country, with
this inscription:—¢ To John di Castro, the inventor of alum;’ and
he received, besides, a certain share of the profit; immunities and
a share also of the gain, were granted to the two brothers, lords of
Tolfa, in whose land the alominous mineral had been found. This
accession of wealth to the church of Rome was made, by the divine

=

* This alum continues to be known under the name of Koman alum, and
esteemed above all others; principally because it contains but about half as
much iren as most other alums: the latter, however, may be rendered equal.
ly pure and valuable, by calcining, then dissolving, and afterwards re-crystal.
lizing them. Stahl, Newman, Pott, and other eminent chemists, considered
alumine as a calcareous earth, and not as being an earth, which it is, sui ge.
neria, nearly related to clay, but diflering from it.

Voi. L d
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The intimate and important connection of the history
of alum with that of dyeing, has induced me to state
these facts, which I have chiefly derived from Beck-
man’s first volume; though I have not thought it right
to adopt some of his conclusions on this subject.

To discover by retrospection all the ways and means
by whick n art like that of dyeing has been improved
from its earliest and most simple beginnings, in differ-
ent parts of the world, must now be impossikle; because,
among some nations, it, undoubtedly, would have been
considerably advanced, by fortunate accidents and in-
structive observations, long before they had learned to
write histories and record facts; and, indeed, almost all
the progress which had been made in dyeing, until with-
in a few years, must have resulted from such causes;
depending, as it does, for its principles upon chemistry,
which was by much too defective to afford any conside-
rable assistance, either to practical dyers, or speculative
men, who might have wished to study and improve the
art; and, therefore, it happened, as might have been ex-
pected, that the practice of dyeing had, by the fortui-
tous discoveries of great numbers of individuals em-
ployed in it, been carried so far before the theory, that
the latter was as little capable of explaining, as it had
been of suggesting, the most beneficial effects produced
by it; and this, probably, was at least one reason why
dyeing was so much neglected among the philosophers
of Greece and Rome, though they highly estcemed the
arts of painting, sculpture, &c.

Notwithstanding the great importance of alum in dye-
ing, it is not probable that mankind, with their natural
disposition to admire gaudy colours, and seek personal
distinctions, should have delayed the application even
of adjective dyeing matters, to their clothing, until they
had become acquainted with alum and its effects, in
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having been seen for the first time, in the fleet with
which Alexander the Great had navigated the river In-
dus, when his captains, in skirmishing with the Indians
upon its banks, to their astonishment suddenly changed
the ensigns of their vessels, and displayed flags of va-
rious colours wavering in the wind.* It must, however,
be confessed that, according to Pliny’s account, the dye-
ing even of woollen clothes had, at that time, made but
Iittle progress, at least in regurd to the finer colours;
for, in the e¢ighth chapter of his twenty-first book, after
declaiming against the luxury of his cotemporaries, in

produced a red colour, inclining to the orange, of considerable
brightness, which. being exposed with a red less inclining to the
orange, which I had dyed also [rom the roots of galium tinctorum
only, but upon broadcloth, prepared as usual with alum and tartar,
I found, at the end of two months, that, though the latter hud suf-
fered least, the other with sumach berries was mnech better and
more lasting than 1 had supposed it possible to produce without
some basis. I have since been informed, that the acid juice of the
crab apple is sometimes employed by the tribes in North America
for the same purpose; and that professor Woodhouse, of Philadel-
phia, supposes himself to have discovered alumine in the very acerb
fruit of the diospyros virginiana, or persimmon tree, which, if this
supposition be well founded, may be expected to produce still bet-
ter effects as a mordant for dyeing, than cither of the acids before
mentioned; unless the latter, as some have supposed, should also
contain alum. Indeed, Lourciro (tom. i. p. 315.) has described a
tree, under the name of decadia aluminssa, of which he says the
bark, and more especially the dried leaves, are in great use among
the dyers of Cochinchina, to exalt and Jfir their colours. ® Magni
usus sunt infectoribus indigenis in tingendis telis quarum colores
decocto illorum nitidé exaliantur et firmantur.” This statement,
joined to the specific name of elumincsa, appears to indicate that
the bark and leaves of this tree cither contain alumine, or are
thought capable of answering the purposes of ulum as a mordant,
* « Tentatum est Ungi Gnum, quoque et vestium insaniam acci-
pere, in Alexandri Magni primum classibus, Izdo amne navigantis,
cu . (u-es ejus et prefecti certamine quodam variassent insignia
navium: stupueruntque littora, flatu versi coloria implente.”
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a coat of colours:” a distinction which caused Joseph to
be hated by his brothers; and afterwards to be sold by
them, and carried intc Egypt.

Of the substantive colours known in Greece, and at
Rome, two (highly deserving of our notice) were ‘the
celebrated purple obtained from the murex and bucci-
num, and the blue procured from indigoferous plants,
particularly the woad, (glastum or isatis tinctoria): of
these, and of their connection with the history of dye-
ing, most ample and interesting accounts will be found,
in the 4th and 5th chapters of the first part of this work.
Another plant, by the Romans called fucus, and which
appears to have been no other than that species of lichen
which is now called orchall, was in such general use
among the latter, for dyeing a beautiful, though not du-
rable purple, that the name of fucus, came at length to
be often used as signifying generally a dye. Of this also
a sufficient account will be found at page 216 of this
volume.

In regard to the adjective colouring matters for which
alum or aluminous earths and other mordants were em-
ployed by the ancients, I must observe, that it seems
difficult to give a complete account of them: though we
have reason to conclude, that the kermes (or coccus illi-
cis) and madder (rubia) were by much the most impor-
tant: of these also, and of their connection with the
history of dyeing, sufficient accounts will be found in
their proper places. To these may be added the roots
of anchusa tinctoria, or alkanet, the genista tinctoria, or
dyer’s broom, (mentioned by Pliny, xvi. c. 18.) gall-
nuts, pomegranate peels, alder bark, the rinds of wal-
nuts, the bark of the walnut tree, and the pods of the
Egyptian acacia; but of the particular methods in which
these were employed, or of the basis or mordants user
with them, no information worthy of being here particu-
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and excepting browns, which were generally wore by
the monks, and the common people.

In France a division was established at a very early
period, between the dyers of lasting colours, who were
denominated “teinturiers en bon teint,” and the dyers
of fugitive colours, or those “ en petit teint;”’ and the
former were prohibited from using, or having in their
possession, the dyeing diugs employed by the latter. A
similar distinction was also established in Italy, as Bis-
choff states, on the authority of a French ordinance of
November 17, 1383.

The first Italian account of the processes used in dye-
ing, as Bischoff, and after him Berthollet, have inform-
ed us, was published at Venice in 1429, under the title
of «“ Mariegola dell’ Arte dei Tentori,” of which a se-
cond edition appeared in 1510. But the imperfections
of this work, induced John Ventura Rosetta, overseer
of the arsenal at Venice, to undertake a work less de-
fective; and the better to execute his undertaking, he
travelled over different parts of Italy, and some other
countries, to acquire information; from which he com-
posed, and in 1548 published, under the assumed name
of Plictho, a collection of descriptions of the operations
of dyeing, as then practised, which Bischoff considers
as the foundation and principal cause of many subse-
quent improvements in this art:* though Hellot has
mentioned it as deserving but little notice. |

* The title of this work was “ Plictho dell’ Arte dé tentori che
insegna tenger panni, tele, banbasi, e sede si per l'arte magiore,
come per la commune. Vinezia, 1448, 4t0.” Or Plictha’s Art of
Dyeing, which teaches how to dye cloth, linen, cotton and silk, of
durable, as well as false, or ordinary colours, &c.

Berthollet has remarked, that there is no mention in this work,
of cither cochineal or indigo; whence he infers, that neither of
these important drugs had then been employed for dyeing in Italy;
an inference which, though probably just, seems extraordinary, con-

Vor. 1. e
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ing on the 30th of April, desired Mr. Haak to translate
mto the English language the work which, more than
half a century before, had been published in Italy, un-
der the name of Plictho, (though this has never been
done;) and, on the same day, Sir William Petty, one of
its earliest and most active members, in consequence of
a previous request from the Society, brought in ¢ An
Apparatus to the History of the Common Practices of
Dyeing,”” which was afterwards printed in Dr. Spratt’s
History of the Royal Society, and seems to have been
the first original, though summary account published in
the English language, of the means and operations used
by dyers.

Nearly two years afterwards, viz. March 30, 1664,
the Hon. Robert Boyle presented to the Royal Society
his ¢ Experiments and considerations, touching Co-
lours;”” and, on the 10th of August following, it was
ordered by the society, ¢ that the way of fixing colours
should be recommended to Mr. Howard, Mr. Boyle,
and Dr. Merritt.” These, and especially the two first,
were among the most distinguished members of the so-
ciety; but it does not appear that they were able to do
any thing deserving of notice, in consequence of this
recommendation. However, at a meeting of the society
on the 11th of November, 1669, that very ingenious,
active, and useful member, ¢ Mr. Hooke, produced a
piece of calico, stained after the way contrived by him-
self, which he was desired to prosecute in other colours,
besides those that appeared in this piece.” (Birch’s His-
tory of the Royal Society, vol. ii. p. 401.) And, accor-
dingly, on the 9th of the following month, *“ Mr. Hooke
produced another specimen of staining with yellow, red,
green, blue, and purple colours, which, he said, would
endure washing with warm water and soap.” But from
this time it does not appear that any thing considerable






Introduction. XXXVil

ments, and to cultivate those branches of chemical and
other sciences, which were connected with the princi-
ples, or capable of amending the theory, of that art;
and, considering the eminent benefits which have re-
sulted from the labours of these men, there is cause to
regret the want of such an appointment in this great
manufacturing and commercial nation.

With Dufay’s assistance, M. Colbert’s ¢ Instruction”
was amended, or rather superseded by a new one, pub-
lished under the administration of M. I)’Orry, in 1737.
He (Dufay) appears to have been the first who enter-
tained just conceptions of one of the causes of the ud-
hesion of colouring matters to stuffs when dyed; I mean
that which depends on an affinity or attraction subsist-
ing between such matters, and the fibres or substance
of the dyed stuffs. He clearly perceived that without
this, cloth, while in the dyeing vessel, could only ac-
quire a degree of colour egual to that of the dyeing li-
quor, by an equal participation of the colouring matter
dissolved therein; whereas, in fact, the cloth is often
seen to exhaust, by attracting to itself all the tingent
particles of the dyeing liquor, so as to leave it as co-
lourless as water. He also noticed the difference in the
degrees of attraction, which different substances, as wool
and cotton, exert upon the same colouring matters; and
which he found so great, that a skein of each having
been in an equal degree subjected to the means and
operations commonly employed for dyeing scarlet, the
woollen yarn was found to be fully and permanently
dyed of that colour, while the cotton retained all its
former whiteness.* He appears, however, to have had
no conception of the other and more important cause

* Observations Physiques sur le Mélange de quelques Couleurs
dans la Teintare. Mémoires de I’ Académie Royale, &c. 1737,
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but also that, even if intentionally formed and employ-
ed for this purpose, it possessed no power whatever of
fixing any colouring matter yet known. But though
nothing could be more groundless than this theory, the
learned in all countries appear to have been satisfied
with it for a considerable length of time, it being always
less troublesome to believe than to make experiments.
The late celebrated Macquer, in a Memoir, printed
among those of the Royal Academy of Sciences for
1749, mentioning Hellot and his hypothesis, says, ¢ ce
savant chimiste est le premier qui ait porté le flambeau
de la physique, dans I’art obscur de la teinture, et qui
ait rassemblé et mis en ordre, suivant les principes
d’une théorie ingenieuse, les phénomenes et les opéra-
tions bizarres de cet art: il a mis les chimistes & portée
de voir clair, dans ce chaos ténébreux.” And after-
wards, in his preface to his Treatise on dyeing Silk,
published in 1763, he makes this observation: * ce se-
roit ici le lieu d’expliquer la maniere dont les mordants
agissent dans la teinture, et de développer la cause du
bon et du faux teint; mais ces objets ont €té traités
avec tant de segacité par M. Hellot, que je crois devoir
y renvoyer le lecteur;”’ and even so lately as the year
1766, in an eulogium pronounced upon Hellot, in the
Royal Academy of Sciences, and published with the
Mémoires for that year; the secretary, after explaining
Hellot’s hypothesis, says, ‘* 4 1'aide de cette théorie si
lumineuse, on ne sera plus trompé daus la pratique de
cet art, que lors qu’on voudra bien Pctre.”

Before this time, viz. 1748, Schefler published a small
work on dyeing, which Bergman afterwards thought wor-
thy of being republished, with notes written by himself,
It related in a great degree to the application, for the
benefit of the Swedish manufactures, of the indigenous
dyeing plants of that kingdom; in search of which,
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preparations and mordants requisite for these different
substances; and on the nature and properties of co-
louring matter, &c.:”’ a paper replete with useful infor-
mation, and ingenious ideas, (particularly respecting the
causes of the durability of what is called the Turkey
red,) and which deservedly reflects great credit on the
author’s talents and acquirements. And in the year
1791, that most excellent chemist, M. Berthollet, who
had been appointed by the government of France to
succeed M. Macquer in superintending the arts con-
nected with chemistry, and particularly dyeing, pub.-
lished a work of great merit, under the title of “ Elé-
mens de I’Art de la Teinture,” in two volumes, which
has been translated into English by Dr. Hamilton.*
Before the publication of M. Berthollet’s work, I had
collected most of the materials for this undertaking; and,
though he has anticipated many things which I was pre-
pared to mention, (some of which I shall notwithstand-
ing mention in my own way,) this production afforded
me great pleasure, as well as profit; because the author’s
superior chemical knowledge has enabled him to take
just views of many intricate parts of his subject, and to
reason with great solidity, as well as sagacity, upon
most of the operations of dyeing. He has, moreover,
enabled me to abridge my own work, by referring, as I
must do, to his, for more ample information upon seve-
ral topics, particularly those of fuel, the different acids,
alum, the sulphates of iron, copper, and zinc, verdi-
grise, acetite of lead, the different alkalies, soap, sul-
phur, arsenic, and water, of all which he has treated so

# Since the above was written in 1794, a new and imfiroved edi-
tion of the ¢ Elémens de I’Art de la Teinture” has been published
by M. Berthollet, conjointly with his son, (lately deceased,) and all
my quotations from the Elements, &c., are to be understood to
have been made from this new edition, unless the contrary be stated.

Vor. 1. f
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tunately, his reasonings upon them, and upon every
part of the subject, are highly defective. Dambourney
(a respectable merchant) was possessed of no chemical
science, and he has done little more than give an ac-
count of the trials which he made with a considerable
number of vegetable matters; few of which are likely to
be ever much, if in any degree, employed by dyers.

Calico printing, though practised for many ages in
some parts of Asia, seems not to have been seriously
attempted in Europe, until the eighteenth century; and
its progress, as well as introduction, were, for a consi-
derable time, chiefly the result of British ingenuity and
industry, Of their effects, some account will be given
at p. 253 et seq. of this volume; and I shall only add
here, that, about the year 1750, it was computed that
fifty thousand pieces of linen and calico were annually
printed in Great Britain, and chiefly in the neighbour-
hood of London; though, at that time, there was no ca-
lico printing in France, and the French government, to
favour their silk manufactures, had prohibited, under
severe penalties, the wearing of chintzes, and printed
linens and cottons. In 1759, however, these probibitions
were annulled.

Eminent writers have derived the arts of dyeing and
calico printing from a considerable degree of perfection,
which they suppose chemistry to have somewhere at-
tained in remote ages, though afterwards lost; and they
imagine that particular processes of the art were pre-
served after the principles on which it was founded had
been forgotten.* I am not able, however, to perceive
any sufficient ground for these opinions. In fact, there

* See Mr. Henry’s paper in the third volume of the Memoirs of
the Manchester Society. Also Hist. and Memoires de ’Acad. R.
des Sciences, &c. 1750, and 1766.
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which operate in producing its various effects, will not
prove useful in the highest degree; for, (as Mr. Henry
has well observed,) ** though long experience may es-
tablish a number of facts, yet, if the rationale of the
manner by which they are produced be not understood,
misapplications are liable to be made; similar practices
are pursued where the cases differ essentially; and im-
provements are attempted at hazard, and often on false
principles.” And in confirmation of these truths, per-
haps I cannot better conclude this Introduction, than
by adding the following quotation from the History and
Memoirs of the Royal Academy of Sciences at Paris,
for the year 1761, viz.

“ La description des arts, jfaite avec une exactitude
éclairée, depouillée de toutes les pratiques inutiles, que
Pignorance toujours mysterieuse y accumule sans cesse,
et reduite aux principes constans de la saine theorie, est
peutitre, le moyen le plus propre a hdter leur perfection,
et a rendre plus abondantes ces sources de biens et de
commodités, que I’étre supreme a voulil que les hommes
diissent a leur travail, et 4 leur industrie.”












EXPERIMENTAL RESEARCHES=

CONCERNING THE

PHILOSOPHY

OF

PERMANENT COLOURS.

PART L

CHAPTER I.
Of the Permanent Colours of Natural Bodies.

“Ceux qui exigent qu'on leur donne la raison d'un effer general, ne connoissent, ni
’etendue de la nature, ni les limites de 'esprit humain.”"—M. e Burren.

THE subject of this chapter was covered with dark-
ness, until the immortal Newton threw light upon it, by
dissecting, if I may so express myself, the matter of
light itself. By his experiments we have been taught,
- that * the light of the sun consists of rays differently
refrangible;”’ and that, when separated by the prism, in
consequence of their different degrees of refrangibility,
they afford all the various shades of colour, running
gradually into each other, according to their particular
degrees of refrangibility; the violet being most refract
ed; the indigo next; then the blue, green, yellow, orange,
and red, which last is, of all others, the least refracted;
that the same rays also differ in degrees of reflexibility,
according to their degrees of refrangibility.

That the proper colour of homogeneal light, depend-
ing on its particular degrees of refrangibility, cannot be

Vo, 1. A
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ness, or some other colour.” “ So if to the colour of any
homogeneal light, the sun’s white light, composed of all
sorts of rays, be added, that colour will not vanish or
change its species, but be diluted; and by adding more
and more white, it will be diluted more and more, per-
petually.” * Lastly, if red and violet be mingled, there
will be generated, according to their various propor-
tions, various purples, such as are not like, in appear-
ance, to the colour of any homogeneal light; and of
these purples, mixed with yellow and blue, may be
made other new colours.” * That whiteness, and all
grey colours between white and black, may be com-
pounded of colours, and the whiteness of the sun’s
light, is compounded of all the primary colours mixed
m due proportion.” To illustrate this, he produced
whiteness, first by a mixture or re-union of the several
prismatic colours, and then, as he asserts, by mixtures
of differently-coloured substances, in due proportions.*
Each particular colour being, therefore, a property of
that particular sort of ray which produces the percep-
tion thereof, Sir Isaac Newton concludes, that the per-
manent colours of natural bodies arise from hence, that
some of them ¢ reflect some sorts of rays, others other
sorts, more copiously than the rest. ¢ Minium reflects
the least refrangible, or red making rays most copious-
1y, and thence appears red. Violets reflect the most
refrangible most copiously, and thence have their co-
lour, and so of other bodies; and, ¢ whilst bodies be-
come coloured, by reflecting or transmitting this or that

2

* This last assertion appears incredible, unless the coloured sub-
stances were all transparent. A painter, I am confident, would
never produce white from any or all of the several opaque colours,
in whatever proportions they might be mixed; and the Dyer who

should, in the usual ways, apply them to a piece of white cloth,
would soon find it become &lactk.
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sort of rays more copiously than the rest, it is to be con-
ceived that they stop and stifle in themselves the rays
which they do not reflect.”

Sir Isaac Newton’s demonstrations and illustrations
of this doctrine may be seen at large in the first Book
of his Optics, to which I refer, without intending to
propose any objection thereto. It may, indeed, be liable
to several; but as these, even if well founded, would
not affect my w/timate conclusions, I shall thus far ad-
here to the doctrine under consideration.

Sir Isaac Newton’s second Book, however, contains
matter to which I cannot assent. He begins it with
““ Observations concerning the reflections, refractions,
and colours of thin transparent bodies;”” and mentions,
what had been observed by others, *that transparent
substances, as glass, water, air, &c. when made very
thin by being blown into bubbles, or otherwise formed
into plates, do exhibit various colours, according to
their various thinnessy although at a greater thickness
they appear very clear and colourless.” And though he
considers these colours as * of @ more difficult conside-
ration,” yet as ** they may conduce to farther discove-
ries for completing the theory of light, especially as to
the constitution of the parts of natural bodies, on which
their colours or transparency depend,” he delivers his
own observations on this subject: Of these, the princi-
pal was made, by taking * two object-glasses, the one
a plano-convex, for a fourteen-foot telescope, and the
other a large double convex, for one of about fifty foot; -
and upon this laying the other, with its plane side down-
wards, I pressed them slowly together, says he, to make
the colours successively emerge in the middle of the
circles, and then slowly lifted the upper glass from the
lower, to make them successively vanish again in the
same place. The colour which, by pressing the glasses
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together, emerged last, in the middle of the other co-
lours, would, upon its first appearance, look like a cir-
cle of a colour, almost uniform from the circumference
to the centre; and by compressing the glasses still more,
grow continually broader, until a new colour emerged
in its centre, and thereby it became a ring, encompas-
sing that new colour; and by compressing the glasses
still more, the diameter of this ring would increase, and
the breadth of its orbit, or perimeter, decrease, until
another new colour emerged in the centre of the last;
and so on, until a third, a fourth, a fifth, and other fol-
lowing new colours successively emerged there, and
became rings, encompassing the innermost colour; the
last of which was the black spot: And, on the contrary,
by lifting up the upper glass from the lower, the diame-
ter of the rings would decrease, and the breadth of their
orbit increase, until their colours reached successively
to the centre; and then, they being of a considerable
breadth, I could more easily discern and distinguish
their species than before.”” And these he found to be
in succession from the black central spot as follows, viz,
first, blue, white, yellow, and red; then in the next cir-
cuit or order, immediately encompassing these, were
violet, blue, green, yellow, and red; in the third circuit
or order, were purple, blue, green, ycllow, and red;
after this succeeded in the fourth circuit, green and
red; then the fifth, of greenish blue and red; next, the
sixth, of greenish blue and pale red; and lastly, the se-
venth, of greenish blue and reddish white: but the co-
lours in the last three circuits he describes as having
been very indistinct, and ending in perfect whiteness,

¢ By looking through the two object glasses,” con-
tinues he, “I found that the interjacent air exhibited
rings of colours, as well by transmitting light, as by re-
flecting it. The central spot was now white, and from
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it proper to write a Mechanical Account of Poisons. We
are not, therefore, to wonder that Newton himself should
have been misled on this subject, since the whole
amount of chemical knowledge in his time, had he pos-
sessed it, would, like an ignis fhtuus, have only served
to light him astray; as in truth it seems, in some de-
gree, to have done; for, after stating as a proposition,
that ¢“ the transparent parts of bodies, according to their
several sizes, reflect rays of one colour, and transmit
those of apother, on the same grounds that thin plates,
or bubbles, do reflect those rays,” he goes on to men-
tion, * that, by mixing divers liquors, very odd and
remarkable productions, and changes of colours, may be
effected; of which no cause can be more obvious and
rational, than that the saline corpuscles of one liquor,
do variously act upon, and unite with, the tinging cor-
puscles of another, so as to make them swell or shrink
(whereby not only their bulk, but their density also,
may be changed), or to divide them into smaller cor-
puscles (whereby a coloured liquor may become trans-
parent), or to make many of them associate into one
cluster, whereby two transparent liquors may compose
a coloured one:” and laying it down as a proposition,
that ¢ the bigness of the component parts of natural bo-
dies, may be conjectured by their colours,” he endea-
vours, among other things, to explain why the syrup
of violets, “ by acid liquors, turns red, and, by urinous
and alkalizate, turns green;”” and for this purpose, he
supposes, that ¢ it is the nature of acids to dissolve or
attenuate, and of alkalies to precipitate or incrassate;”
a supposition, which, as acids and alkalies are chemical
agents,* is not true of either of them, in the sense in

* When acids “dissolve or attenuate,” it is by combining and
forming a new compound with the matter so dissolved or attenuat-
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In thus extending and applying his conclusions, re-
specting the #ransient colours of pellucid plates and
bubbles, to the permanent colours of all natural bodies,
Sir Isaac Newton appears to have been influenced sole-
ly by analogy; he having made no experiment, or ob-
servauon, which would justify this extension. But in
the year 1765, Mr. Edward Hussey Delaval, F. R. S.
endeavoured to supply this omission, by communicating
some experiments, and observations, on the agreement
between the specific gravities of the several metals, and
their colours, when united to glass, as well as of their
other preparations, in a letter to the Earl of Morton,
then president of the Royal Society: a communication
for which the Society bestowed on him the annual gold
medal provided by Sir Godfrey Copley. And though
Mr. Delaval, in this communication, ** treats of the dif-
ference ol density, and the colours produced by that
cause,” he, notwithstanding, considers these as con-
nected with * the colours arising from a difference of
the size of the colouring particles;” since, *“ by sepa-
rating the particles of a coloured substance, they are
removed to a greater distance from each other, so as to
occupy more space,” and, therefore, the substance so
affected, * must undergo a diminution of its specific gra-
vity, at the same time that the size of its particles is

lours in which such a separation may be observed; one of the most
remarkable of them is that of blue glass, probably coloured with
cobalt, which becomes divided into seven distinct portions. It
seems, however, impossible to suppose the production of natural
colours perfectly identical with that of the colours of thin plates,
on account of the known minuteness of the particles of colouring
bodies, unless the refractive density of their particles be at least 20
or 30 times as great as that of glass or water; which is indeed not
at all improbable with respect to the ultimate atoms of bodies, but
difficult to believe with respect to any of their arrangements con-
stituting the diversities of material substances.”

Vor. L. B
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order to examine separately the action of the calx, or
Jixed matter, on the rays of light.”” But here, at the
very threshold, Mr. Delaval is forced to suppose the
presence of what he calls inflammable matter acting
strongly on the rays of light, and thus producing or
changing colours, by properties very different from
those of density, and size or thickness of particles. I
might here deny, as, in truth, I am very far from be-
lieving, the existence of any such matter in metals,
which, according to the new and prevailing chemical
doctrine, are simple substances, uncombined with any
such matter as is here supposed. Admitting, however,
for the sake of argument, that phlogiston, or inflamma-
ble matter, does exist in metals; it must be recollected,
that their calcination is not a mere abstraction thereof;
since there is no fact in chemistry better ascertained,
than that every metal in its calcination unites with a
considerable portion of vital air, or its basis, the oxy-
gene* of the modern chemists, and which (only by va-

* By oxygene is meant that substance which, combined with and
rendered elastic by heat, or by heat and light, constitutes vital air;
or what Dr. Priestley terms dephlogisticated air (first diseovered by
him in August, 1744), the only fluid suited for respiration; the
frabulum vite, without which the more perfect animals cannot live,
even for a few minutes. But as the stimulant or exhilarating ef-
fects of this (vital) air would excite, and wear out, the powers of
life too much and too rapidly, if it were inspired without mixture,
the wise Author of Nature has presented it to us diluted with near-
ly four times as much of a different air not respirable by itself, and
which is now denominated azofe, or nitrogene. These two airs,
with a very small portion of carbonic acid gas, or fixed air, and
some accidental or extraneous matters, compose our common at-
mospheric air. The oxygene, combined with nitrogene, constitutes,
according to their different proportions, either the nitrous or nitric
acid; the same oxygene united to sulphur by combustion, produces
either sulphureous or sulphuric (vitriolic) acid; and, with other
bases, it seems to produce most of the other acids. With pure
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purpose, he continued to melt them with what he was
pleased to think ‘* a quantity of the purest glass,” and
as they, when more or less calcined, and melted or
united with a greater or less portion of glass, are capa-
ble each of giving several, and some of giving all the
colours, it could not be difficult for him to find out, and
assign to each metal, as its proper colour, that which it
ought to have, upon his supposition that the colours of
metals depended on their respective densities. Thus,
for example, iron highly calcined, or combined with a
 large portion of the basis of vital air, (oxygene), gives a
red colour to melted glass; and if the glass be continued
in fusion, the (oxygene) will by degrees be separated,
and in proportion to its separation, the colour of the
glass will change to orange, yeliow, green, blue, and
white. And as blue is the colour which suits Mr. De-
laval’s purpose, he selects and assigns it as the proper
colour of iron, and the degree of heat producing it, as
the proper one for manifesting those which suits him to’
consider as the true colours of metals; though in fact he
took no means to ascertain what this degree of heat
really was; and the eflect, or blue colour, would require
very different degrees, according to the greater or lesser
degree of calcination which the iron had previously un-
dergone, or, in other words, according to the quantity
of oxygene previously combined with it.

Where every thing is in this way assumed or sup-
posed at pleasure, not only without evidence or proba-
bility, but often against both, it must have been easy
for Mr. Delaval to give some plausibility to this falla-
cious hypothesis, though it is absolutely incompatible
with a multitude of facts.

Mr. Delaval has quoted, from Glauber’s Prosperity
- of Germany (translated by Packe, 1689), some curious
observations respecting“the various colours produced






Philosophy of Permanent Colours. 15

bined with different portions of the same air, or its
_basis, the oxygene, which are indeed so many and va-
rious, that I remember having been told by the late
‘Mr. Wedgwood, that all the diversified colours applied
to his pottery, were produced by the oxides of this sin-
gle metal; which must have been all of very nearly the
same specific gravity, and they were besides, in these
cases, combined or melted with glass, the substance
which Mr. Delaval thought proper to choose, as being
-of all others the best, for exhibiting what he was pleased
to think the true colours of metals. In like manner the
oxides or calces of mercury, lead, copper, &c. assume
each a variety of colours, by combinations with diffe-
rent portions of oxygene, without any thing like a cor-
respondent variation of density, or of specific gravity
in any of them. Of this Mr. Delaval appears to have
been sensible, at least in the instance of lead, and he
endeavours to obviate the evidence which it affords
against his theory, by ascribing the various colours of
that metal to its ¢ imperfection,” which he is pleased
to suppose, without any, and against every, kind of proof
and probability: and then he proceeds to say, ““it is
probable that, during the calcination, lead receives a
small portion of phlogiston, as well as of air; for the
affinity between the earth of this metal and inflammable
matter is very great, as appears from the readiness with
which its solutions and calces unite with phlogistic va-
pours.” ¢ The effect of such an union,” he adds,
“ must probably be a change of colour from orange to
red; for Sir Isaac Newton has shown, that bodies reflect
more strongly in proportion as they possess more phlo-
giston, and that the less refrangible colours require
greater power to reflect them.” Here we have another
gratuitous and strange supposition of an accession or
combination of phlogiston with lead in calcination: I






Philosophy of Permanent Colours. 17

the changes of colour produced in them, accord with
the thicknesses stated in the table of Sir Isanc Newton,)
instead of choosing and employing mechanical means,
which alone are suited to produce these, and only these
effects, he has recourse to mere chemical agents, whose
action in the ways which he supposes, must have been
always doubtful at least, though their powers of pro-
ducing other, and very different effects from any sup-
posed by him, is most certain. Mr. Delaval, however,
adopting Sir Isaac Newton’s supposition, that acids
always attenuate, and alkalies always incrassate, pre-
pared what he considered as a dissolving or attenuating
liquor; which “ consisted of water, with about an eigh-
tieth part of agua fortis: and when he wanted to lessen
the dissolving force of this liquor, instead of weakening
it by the addition of water (which would certainly have
been the most obvious and unexceptionable expedient),
he chose to do it, as he says, by adding *“ a small quan-
tity of a solution of potash, or some other alkaline li-
quor;” and thereby produced a new composition, the
effects of which must, in many cases, prove different
from those of a mere diminution of the supposed dis-
solving power of the former liquor. And on the other
hand, when he wanted to increase the force of his acid
liquor, instead of doing it by a farther addition of aqua
fortis (obviously the most proper expedient), he recurs
to an addition of oi/ of vitriol; an acid possessing very
different properties, and producing very different effects,
on a great variety of substances, and particularly on
colouring matters; of which I could allege hundreds of
instances, but shall content myself with only mention.-
ing, that the strongest and most concentrated oil of vi-
triol (used to dissolve indigo for dyeing the Saxon blue,
&c.) does not destroy, or even weaken, its blue colour,
though a diluted nitric acid, or aqua fortis, will wholly
. VoL, 1. C
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the red 1n this instance to be the red of the second order,
he finds a purple below it in the third, with only one
intervening colour, and a yellow at the same distance
above; and by these leaps, he reconciles the appearances
to the theory. Indeed, as the second, or middle order
in the table, contains all the different colours, and as,
_ excepting one, they are all repeated in the first order, -
which is above; and also in the third, which is below;
hardly any change of colour can happen, which may
not be made to accord with Mr. Delaval’s hypothesis,
he being always allowed to suppose each original or
primitive colour to belong to that order which may be
most convenient for his purpose; though, in truth, the
very admission of different orders or repetitions of the
same colours, produced repeatedly by and at different
thicknesses, or sizes, either of particles or plates of
matter, is of itself a proof (as I have before observed)
that such colours donot depend on any particular thick-
ness of plates or size of particles.*

* When Mr. Delaval, on every occasion, allots each particular
colour to some one order, exclusively of the rest, it would seem
reasonable to expect, that he should justify this allotment by some-
thing besides his own convenience, and particularly that he should
prove that the red, for instance, which he places in the second
order, exceeds that of the first order, in the density and size of its
particles, exactly in the same proportion as 18} exceeds 9; and that
the red which he places in the third order, exceeds that of the se-
cond exactly in the proportion of 29 to 18]: and that the other co-
lours of the several orders, differ from each other likewise, accor-
ding to the proportions stated to be necessary for their production,
in the table which he has adopted from Sir Isaac Newton. Before
this division of colours into orders, and the hypethesis connected
with it, can be admitted to have any other than an imaginary foun-
dation, it ought to be proved, that all the known reds, differ from
each other in respect to the densities and sizes of their particles,
ewactly according to the before-mentioned firofiortions; and so of the
oranges, yellows, &c. since, in every case, the slightest deviation
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action of caustic alkalies, and of particular chemical
attractiens, or vegetable ferments, the solution, though
manifestly attended with a division or diminution of the
coloured particles (as well as a loss of the air absorbed
during the first process) becomes green, contrary to the
table and hypothesis in question; and in this state, it is
applied by the dyers to wool, and other substances, to
be dyed; and these, when first taken out and exposed
to the air, appear green; but by absorbing, and uniting
with a portion of oxygene, they immediately become
blue, and in doing so, the divided particles, again con-
crete into larger ones, as must be evident, among other
proofs, from this, that the surface of the indigo liquor,
on which the air has an immediate action, is from that
cause always blue; and if we skim off this blue matter,
(which is nothing but indigo revived) it will be found
impossible to make it enter the pores of any substance,
so as to dye a permanent colour therewith; because the
particles having regained their proper portion of pure
air, or its basis, are no longer sufficiently divided and
dissolved for that purpose; so that in all these cases, the
matter of indigo becomes more dense, and its particles
larger, in passing from green, to the more refrangible
colour, blue; and the contrary, in passing from blue to
the less refrangible colour, green. And this is also the
case, when the infusions of rhubarb, turmeric, &c. are
made ““ to descend (as he expresses it) from yellow tg
orange and red,” by the addition of an alkali,” which,
whatever he may imagine to the contrary, dissolves these
colouring matters more powerfully than any acid. Si-
milar objections occur, in opposition to the instances
which Mr Delaval alleges, respecting “ the changes of
colour which animal substances undergo.” Among these,
e. g. he observes, that cow’s milk, boiled up with an
alkali, changes from white to yellow, orange, and red;
and, as usual, he gratuitously supposes, that, in produc
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poses, I shall have occasion to state hereafter, of colours
produced, or changed by means, and in ways, that are
wholly irreconcileable to the theory in question, and I
persuade myself that his doubts and difficulties will be
effectually removed, so far as they may relate to the
truth or fallacy of Mr. Delaval’s hypothesis, of which 1
mean hereafter to be silent, because I dislike even the
appearance of contention; nor would I have so long de-
tained my readers on this subject, but from a conviction
of the truth of what I have written, and of the expedi-
ency of refuting an hypothesis, incompatible with a
considerable part of what I am about to offer to the
public; an hypothesis which the name and authority of
Sir Isaac Newton had pre-eminently sanctioned; and
which the learning and talents of Mr. Delaval had ren-
dered so plausible, that it is, I believe, generally con-
sidered as true, in this and other countries.*

Having shown, that the permanent colours of diffe-
rent objects do not arise from their densities, or the
sizes of their particles, it becomes me to state such
facts and observations, as seem best suited to throw
light upon this obscure and interesting subject.

Sir Isaac Newton having found that inflammable sub.
stances, possessed greater refractive powers than others,
in proportion to their densities, says, in his second Book
of Optics, that * it scems rational to attribute the re-
fractive power of all bodies, chiefly, if not wholly, to
the sulphureous parts with which they abound; for,
adds he, it is probable that all bodies abound more or
less with sulphurs;’ a term by which he intended to
distinguish inflammable matters generally. And this
great man having aiso concluded, that the permanent
colours of natural bodies, were analogous to the colours

* Such svas the fact in 1794, when this was first published.
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stances, the constituent principles of which are now
known.”* , -

Though it be true that the prism, and other transparent
colourless substances, in different forms, show us the
different colours of the several rays of light, by sepa-
rating them from cach other, in consequence of their
greater or lesser refrangibility, or disposition to be
“turned out of their way, in passing out of one trans-
parent body or medium into another,” (which may de-
pend upon differences in their sizes, densities, or velo-
cities,) yet the permanent colovrs of different bodies, or
substances, are not, as 1 believe, produced by mere re-

* Ten years after my first edition of this volume was published,
M. Berthollet (assisted by his son, lately deceased, and too soon
for the interests of science) favoured the public with an improved
edition of the Elemens de Teinture, in which (at page 33, of the
first volume) he intimates, that it was his intention, by the words
just quoted, to express some doubt of the correctness of this part
of Sir Isaac Newton’s doctrine; and he adds, ¢ depuis lors Bancroft
lui a opposé un grand nombre de faits. Nous nous servirons de ses
differentes observations, dans la discussien que nous n’allons entre-
prendre, que dans la vue d’appeler sur cet objet interessant, l'at-
tention de ceux qui peuvent suivre les traces de Newton.” He
then proceeds through nearly twenty pages to repeat the facts and
arguments which 1 had employed on this subject, and to adduce
other facts and arguments in their support, from all which he con-
cludes, nearly as I had done, “qu’il ne faut point confondre les
couleurs fugitives qui sont produites par la reflexion des lames,
et qui suivent les loix determinées par Newton, avec les couleurs
qui se conservent malgré les changemens de densité et d’épais-
seur. Celles-ci nous paraissent tenir a des propriétés, ou Paffinité
particuliere pour les différents rayons de la lumiere, a une influ-
ence qui resiste a celle des dimensions et de la densité; si nous
examinons les faits, nous apercevons que oxigéne condensé exerce
un grand pouvoir dans cette espéce d’affinité: une proportion un
peu plus on un peu moins grande, qui affecte d’'une maniere insen-
sible la pesanteur spécifique des oxides métalliques, v produit de
grands changements de couleurs,” &c.

VYVor. L. D
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gene from various other substances, to which it would
otherwise remain united, under great degrees of heat.
We are at this time well acquainted with the con-
stituent parts of the acid of nitre: it undeniably consists
of nitrogene or azote, rendered acid by its combination
with a certain portion of oxygene, or the basis of vital
air. When these are combined in a certain proportion,
the acid or compound is colourless, as we see it in aqua
fortis, or nitric acid: but if this colourless acid, in a
transparent glass vessel, partly filled, be exposed to the
rays of the sun, or the light of a fire, an alteration will
take place in the proportion of its ingredients; since the
light will combine with a part of the oxygene, and cause
it to become elastic and fly off, and the nitrogene will
consequently predominate in the remainder; which, be-
coming nitrous acid, merely in consequence of this pre-
dominance, will assume first a yellow, then an orange,
and afterwards a high vivid aurora, and even a red
colour, intensely affecting the sight. But if the glass
vessel containing the colourless nitric acid, were com-
pletely filled with it, and closely stopped, no such change
of colour would take place by any degree of exposure
to the sun’s rays or other light; because, in this case,
there would be no sufficient space or room to allow of
a separation and escape of the oxygene. When nitrous
acid has been made to assume the colours before men-
tioned, if the glass vessel containing it be hermetically
sealed and kept for some time in the dark, the oxygene
by losing its light, will lose its elasticity; and being
again re-absorbed by the nitrous acid, the latter will
become colourless, as before. Mr. Keir mentions an
orange-coloured nitrous acid, which, by long keeping,
became green, and afterwards of a deep blue; and Berg-
man says, that if, to a concentrated red nitrous acid,
one-fourth part of the quantity or measure of water be
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on this point is, whether the colours which accompany,
or require the application of light, result in each parti-
cular instance directly from a combination of it with the
coloured substance, or indirectly from its particular action
in occasioning either a separation of oxygene, or a com-
bination thereof with the coloured matter? M. Senne-
bier attributes the effects of light upon colouring mat-
ters, to a direct combination of the former, with the
latter;* but of this, though it may be true, he has not
alleged any sufficient evidence, so far as I am capable
of judging; and there are many facts which prove that
the sun’s beams, in some cases, favour the action of
oxygene upon, and its combination with, colouring
matters; whilst in other cases, 1t manifestly produces
opposite effects upon these matters, by decomposing or
separating some of their constituent parts, and espe-
cially the oxygene previously united to them: and pro-
bably these are the only ways in which it affects colours;
it being doubtful whether hght ever unites itself so
permanently to any matter as it must do, to produce
the lasting colours given by dyeing.

From the experiments of Beccari, Meyer, Schulz,
Scheele, and Sennebier, it appears that muriate of silver
(horned silver), which is nearly of a pearl white, changes
to a violet colour, and from thence to a black, in the
space of a very few minutes, when exposed to the sun’s
rays in a transparent glass; and this change Sennebier
ascribes solely to the action of light; since, as he main-
tains, the muriate of silver will invariably retain its
whiteness, though exposed either to heat or cold, and
in a moist or a dry air, or in vacuo, if secured from the

exposed to the direct action of the solar rays; as may be seen in
window curtains, blinds, &c. which, from that cause only, will, in a
few years, tear as readily as brown paper.

* See ¢ Mem. Physico-Chimiques sur Influence de la Lumicre
Solaire,”” &c. tom. ii. and iii. ]
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in a cloudy day; yet adirect application of the sun’s rays
for many days produced no change of colour, when the
muriated silver was covered with muriatic acid instead of
water; a revival of the silver not taking place, whilst so
much uncombined muriatic acid remained in contact
with it.

- A solution of silver in the nitric acid likewise changes
colour by the action of light, and becomes black thereby,
as well as by the application of inflammable substances,
of calcareous earth, and every thing which separates a
suficient portion of the oxygene. It also gives the skin
a black colour, which cannot be effaced, but by a re-
moval or change of the skin itsell: it tinges the hair,
nails, and other animal substances, in like manner, be-
cause they occasion a separation of so much of the oxy-
gene as is necessary for that purpose.

Mercury dissolved in nitric acid, being washed with
water, affords a yellow oxide, which, when exposed to
the light in a transparent colourless glass vessel, will
become black on the side to which the light is applied,
even where the vessel is filled with water; because the
light extricates a part of the oxygene; this yellow oxide
being a preparation of mercury, with but a very small
proportion of acid. The red precipitate, and several
other preparations of mercury, have their colours changed
even under water, by similar means. The white or co-
lourless solution of mercury, by the nitric acid, when
applied to animal and inflammable substances, tinges
them purple and black, in the same way, and from the
same cause, as they are tinged by the solution of silver.
Similar effects happen with the solution and oxide of
bismuth, which last is therefore used to blacken hair
when mixed with pomatum. Almost all the other me-
tals afford instances of changes of colour more or less
remarkable, depending both upon the accession and the
separation of oxygene; and in many of these light has a
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actio coloris in plantarum foliis viridis caussa esse vi-
detur.”—* Ad hunc autem colorem inducendum non
requiritur calor,” &c. Mr. Bonnet has since confirmed
Ray’s conclusions upon this subject, and added several
curious facts, resulting from a variety of experiments
related in the fourth and fifth volumes of his works: but
it is Mr. Sennebier who has done most, and carried his
inquiries farthest respecting it, as appears by his “ Me-
moires Physico-Chimiques sur I’Influence de la Lu-
miere Solaire,” &c. in 3 vols. 8vo. $
It is now well ascertained, that vegetables, growing
in the light, give out oxygene gas, (pure vital air;) and
Dr. Ingenhouz, by a great number of experiments, has
proved, or concetves himself to have proved, that in the
dark they give out the carbonic acid gas (fixed air;)
though this has been doubted by others, and particu-
larly by Mr. Sennebier, who conceives, that, in these
cases, it was the pure air vitiated by some disease or
decomposition of the plant itself: Dr. Ingenhouz, how-
ever, in his last publication, adheres to his former opi-
nion, and supports it with new facts and arguments. Be
this, however, right or wrong, there is no room to doubt
but that healthy plants, growing in the solar light, de-
compose both water and carbonic acid gas; and, appro-
priating to themselves the hydrogene, or inflammable
air (which is a constituent part of water), and the car-
bonaceous matter, or basis of the carbonic acid, with
perhaps a small portion of the oxygene, they emit the
rest in the form of vital air, which the light seems to
separate, by combining with and rendering it elastic, in
the same manner as it separates the oxygene from the
calces or oxides of metals, &c. But when plants vege-
tate in obscurity, no such separation can take place:
indeed, the water imbibed by the plants seems not to

be properly decomposed, unless their living powers be
Veor. I K
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mdeed the infusions of safflower, dragon’s blood, and
gum lac, were changed by it; perhaps because they con-
tain a resinous matter which might have co-operated
with the rays of light, in the same way as the spirit of
wine is supposed to have done. Mr. Sennebier observed,
that the petals of damask roses afforded a kind of brick
colour to spirits of wine, when put into it; and that this,
by a few minutes exposure to the common light, be-
came of a fine violet colour; which, however, was soon
destroved, by a direct application of the sun’s light,
unless when a few drops of some of the strong acids
were added; in which case, the colour withstood the
sun’s rays for several months. From these instances 1
conclude, that the colour of roses depends on a certain
proportion of oxygene; that the light, aided by the affi-
nity of the spirits of wine for oxygene, produces a sepa-
ration of it, and’ destroys the colour; but that these
effects are obviated, as might be expected, by the ad-
dition of acids containing and affording a supply of
oxygene. And that this was the fact, seems evident
from this observation, made by Mr. Sennebier, that
when the petals of the roses had been rendered white,
by imparting their colour to the spirit of wine, they
regained it on being taken out, and exposed to the air,
even in a dark place; though they did it much quicker
in the light; but not at all in a vessel containing only
nitrogene surrounded by quicksilver, even when aided
by an immediate application of the sun’s light; which
clearly proves, that the restitution of oxygene was in-
dispensably necessary to the restitution of their colour.
In the same way sulphureous acid whitens roses, by de-
priving them of their oxygene; and the sulphuric acid
revives the colour, by restoring it.*¥ Mr. Sennebier also

*® The sulphureous or volatile vitriolic acid, not being saturated
with oxygene, is disposed to attract it from other matters in con-
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proof of the action of light, in producing various colours
by promoting a separation of oxygene from animal co-
louring matter, will be found by the effects which 1 shall
notice hereafter, when treating of the celebrated purple
of the ancients.

The preceding are examples of animal and vegetable
colours produced, changed, or destroyed, either by the
action, or the want of light, exerted in separating their
oxygene. In many other cases, however, the affinity of
light is very differently exerted, upon colouring matters,
by promoting a combination of oxygene with them.

The green colour of the leaves of plants resides in a
resinous substance, which being dissolved and extract-
ed by spirit of wine, produces a green tincture; and Mr.
Sennebier having exposed this to the rays of the sun,
in a clear transparent glass, but half filled, he found,
upon repeated trials, that the colour was generally des-
troyed in about twenty minutes, and a yellowish sub-
stance was precipitated to the bottom; which seems to
have been the colouring matter saturated with oxygene:
but when the glass was completely filled with the green
tincture, and closely stopped, he found, that the strongest
action of the sun’s rays upon it, during four months,
did not weaken in any degree, the green colour, because
all oxygene was excluded, and the rays of light, with-
out it, were unable to effect any change. When nitro-
gene was inclosed in a vessel partly filled with this green
tincture, the latter suffered little or no change, by long
exposure to the direct action of the sun’s light; but if,
mstead of this, he substituted pure vital air, the green
colour was most rapidly destroyed. Mr. Sennebier also
found, that the dark red juice of black cherries very
soon lost its colour, when exposed to the sun’s rays,
but that a tincture of those cherries in spirit of wine,
preserved its colour in the same circumstances; the
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which happens likewise in the production of indigo, as
will be proved hereafter.

1 have now noticed the principal facts respecting the
powerful agencies of solar light, in producing, changing,
and destroying mineral, vegetable, and animal colours;
which agencies as far as we know, or can judge, seem
to be principally, if not exclusively, exerted, in promot-
ing, under particular circumstances, and with particular
coloured, or colouring, matters, an abstraction or diminu-
tion of their oxygene; and with other matters and other
circumstances, in causing a new or additional combina-
tion of it.

These opposite effects, may be now explained in con-
sequence of recent discoveries respecting the sun’s
beams. Newton taught us, that when the rays of which
they consist are transmitted through a triangular prism,
and received upon white paper, those most distinctly
pereeptible, are the red, orange, yellow, green, blue, in-
digo, and viclet; and that if the coloured image or spect-
rum be divided into 360 parts, the red will occupy 45
of these parts, the orange 27, the yellow 48, the green
60, the blue 60, the indigo 40, and the violet 80; and
that the red are refracted the least; the violet the most;
and the other rays inversely in the order in which they
have been arranged, and he supposed them to vary in
the size of their particles, according to this order; those
of the violet being the smallest. It has, however, been
recently ascertained by Dr. Herschell, (see Philosoph.
Transactions for 1800, p. 267.) and by the experiments
of Sir H. Englefield and others, that the solar beams
comprehend three sorts of rays; viz. one which excite
heat and promote oxidation, or the combination of oxy-
gene with different matters; another which illuminate;
and a third which deoxidize, or cause the separation of
oxygene, He found the yellow, and the pale green rays,






Philosophy of Permanent Colours. 41

gible rays; and the same change was produced, by ex-
posing it to a current of hydrogene gas. The oxide of
mercury procured by a solution of potassa and calomel,
exposed to the spectrum, was not changed in the most
refrangible rays, but became red in the least refrangible
rays, which must have depended upon its absorbing
oxygene.”

Dr. Wollaston found that the substance called gum-
guaiacum, when exposed in the most refrangible rays,
beyond the violet extremity, was changed from its
yellowish colour to green; and that it was again made
yellow, by the least refrangible rays. One of which ef.
fects must have resulted from a separation, and the other
from an absorption of oxygene.

The oxygenating power of the solar rays is, however,
that which M. Berthollet seems exclusively, and as I
think erroneously, to insist upon, as occasioning, either
with or without the aid of light, all the changes and in-
juries to which animal and vegetable colouring matters
are liable; and he deems the action and effects of oxy-
gene in these cases to be similar to those of combustion.*
‘“In considering the effects of air on colours (says he,)
it is necessary to make a distinction between those pro-
duced by metallic oxides, and those produced by the
colouring particles,” meaning those of an animal or a
vegetable nature; the modifications of the former are,
says he, “entirely owing to different proportions of
oxygene;” but I have been led by observation, he adds,
“to form a different opinion of the latter;”” meaning
those with which the oxy-muriatic acid had exhibited

* « Cet effet doit étre considéré comme une véritable combustion.
Par 14, le charbon qui entre dans la composition des parties colo-
rantes, devient prédominant, et la couleur passe ordinairement
au jaune, au fauve, au brun; ou cette dégradation en s’alliant avec
ce qui reste de la premiere couleur, produit d’autres apparences.”

Vor. 1. F
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“the light of the sun considerably accelerates the de-
struction of colours,” he concludes that it ought, if his

gas. This indestructibility, or stability, as well as the black colour,
of charcoal, therefore manifestly result from the combination of
oxygene with its basis. Did it really exist, with its black colour natu-
vally in wood and other vegetables, why do we not find it remain-
ing intire after the other parts of vegetables are separated or de-
stroyed by fermentation, putrefaction, &c.? And why does it decay
and rot with them undistinguished, contrary to what happens when
it occurs separately, in the form of charcoal! And why, when it has
assumed this form, will it not recombine with matters similar to
those which were separated from it, and enter with them into fer-
mentation, &c. as it surely ought to do, if it had acquired no new
property, and only been left in a distinct form, by the simple aé-
straction of those matters.

The preceding observations respecting charcoal, were first print-
ed in the year 1793. It did not then accord with my purpose, to
enter upon a minute examination of the several constituent parts
of charcoal; I wished only to convince my readers that it was not a
simfile substance, naturally formed, and existing with its dlack co-
lour in vegetable matter; and that when dyed colours faded, and
became brown or dark coloured, by exposure to the sun and air,
this change did not happen, as M. Berthollet had conceived, because
the supposed naturally black eclour of the charcoal, contained in the
vegetable dyes, was rendered visible, and firedominant, by a separa-
tion of the other matters, which had been in union with it, (* de
sorte que la couleur firgfire au charbon, se mele plus ou moins, a
celle qui préexistait.”” Berthollet, tom. i. p. 133). To produce this
conviction, I thought it only necessary that my readers should,
without bias, exercise their senses and understandings. Since that
time, the nature and composition of charcoal have been nearly as-
certained; but I think I may claim the merit of having first occasi-
oned a distrust of the doctrine of M. Lavoisier on this subject, and
thereby promoted the subsequent experiments and inquiries.

Dr. Thompson, one of our best systematic chemical writers,
makes the following observation in the first volume of his system
of chemistry, viz. % Lavoisier supposed pure charcoal tobe a simfile
substance, and for that reason invented the term carbon to distin-
guish it. But other philosophers were of opinion that charcoal is a
compound body, and that it is composed of carbon and oxygene.
The truth of this opinion, which, as far as I know, was first mains
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same ink, and therefore the change, or loss of colour,
could not have been the effect of combustion. The pro.
duction and existence of cach particular colour, depends
~ upon precise, and often very minute proportions of the
constituent parts of the colouring matter, and it may,
therefore, be changed, and in many cases even destroy-
ed, by every thing capable of altering these precise pro-
portions; and as this may be done by very opposite
causes, we are not warranted in ascribing the decays ot
colcurs generally to combustion only, or indeed to any
one cause exclusively. Many colours are as much in-
jured by muriatic acid, as by the sulphuric or nitric:
and as the former is now generally admitted to contain
1o oxygene, or to contain it so inseparably combined, that
no combustion can take place by means thereof, we
must necessarily infer, that the effects of the muriatic
acid, are not occasioned by combustion, which muriatic
acid does not produce.

Mr. Sennebier exposed a great variety of woods to
the action of the sun and air, and found all their colours
very soon affected. The white woods were generally
made brown, and the red and violet changed either to
yellow or black. Guaiacum was rendered green; the oak
and the cedar were whitened, as were the brown woods
generally; several of these effects, and especially the
- whitening, do not resemble those of combustion, any
more than the bleaching of wax and tallow, by exposure
to atmospheric air.

The colour of each particular substance results from its
peculiar constitution, producing in it a particular affinity
or attraction for certain rays of light, and a disposition
to reflect or transmit certain other rays; and in this re-
spect it may doubtless suffer very considerable changes,
without any effects similar to those of combustion. And
indeed the changes of colour which arise from the ac-
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yellow and green, to its original deep blue, only by ex-
posure to atmospheric or vital air, Similar to this is the
fact long since observed by the Abbe Nollet, of the
tincture of archil (orchella) employed to colour the spirit
of wine used in thermometers, which alter some time
loses its purple colonr, but soon recovers it again upon
being exposed to atmospheric air. And this alse happens
to the infusion of turnsol, and to syrup of violets, which
both lose their colours when secluded from air, and re-
gain them when placed in contact with it.* Many other
examples of the like effects might be mentioned here;
but to avoid repetitions, I beg leave to refer my readers
to subsequent parts of this work, in which I shall have
occasion to instance various animal and vegetable co-
lours, produced solely by the contact of vital or atmos-
pheric uir; and some others, which, when given by dye-
ing or calico printing to wool, silk, cotton, &c. though
unable to sustain a single day’s exposure to the sun and
air without manifest injury, were found to receive none
from the action of acids of considerable strength, but,
on the contrary, were in some degree preserved by being
wetted with them, and especially with the citric acid.
But the same colours, if covered with linseed oil, were
found to decay more quickly from exposure to the sun
and air, than if uncovered. These colours therefore
could not owe their decays to the contact or combina-
tion of oxygene, because they were not only unhurt,
but benefited by its agency in the citric, and other acids
containing it; and also because they were soonest im-
paired when secluded from it by a covering of linseed
oil. Probably the decay of these colours was occasioned

* Oxygene is also absolutely necessary to produce the blue colour
of Prussian blue, and the black colour of ink. These facts are too
notorious to require proof.
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pheric air upon colours, any more than they do in the
lungs, where, instead of supporting life, when respired,
they would instantly destroy it.

Ten years after 1 had published the preceding ob-
servations, M. Berthollet, in the new edition of his
¢ Elémens de Teinture,” (between pages 131 and 147
of the first volume) recapitulated those parts of his
former edition, which relate to this subject; and for
doing so, he assigned the following motive, viz. ¢ par-
ceque Bancroft, dont Pautorité est pour nous d’un grand
poids, a prétendu réfuter la théorie qui y est établie, et
que nous desirons de mettre en &tat de peser ses raisons,
et les motifs de notre opinion.” He afterwards (p. 147
and seq.) notices some of my objections to his theory;
and particularly that wherein 1 asserted, thgkgolouring
matters suffer, by the action of acids, and other sub-
stances, alterations which cannot be compared to com-
bustion; to which he answers, ““ mais il n’est question
dans les explications précédentes, que de ’espece d’al-
tération qui dépend de I'action de ’oxigene.” This an-
swer, were I not fully convinced of M. Berthollet’s
perfect candour and regard for truth, would seem to be
either an evasion, or a mere petitio principii: and it
certainly has the effect, of at least greatly narrowing the
ground of our dispute; for I have never contended that
oxygene assisted by light, does not in some cases injure
eolours in the way which M. Berthollet supposes, i. e.
by combining with the hydrogene of the colouring mat-
ter, &c.; though I have objected to what seemis to have
been his opinion, that this was the only way in which
the fading or decaying of colours ought to be explained;
and considering the very opposite effects of light in re-
gard to oxygene, which have been recently stated (and
which M. Berthollet seems to bave overlooked) it is
impossible for me not to persist in that objection. It

Vor. L. G
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est question, le changement de couleur n’a pas de I’ana-
logie avec celui que 'on observe, lorsque I’on distille
une substance végétale:” and he seems to imagine
(erroneously) that I had conceived the free access of
the oxygene of the atmosphere, to be necessary to the
browning of vegetable matter in that process, where
there is otherwise, a sufficiency of oxygene. He next
observes, that I had erred in supposing that his opinion
was founded solely upon experiments made with the
brown colouring matter of unbleached linen. But it will
have been seen, that I only mentioned this as the matter
upon which they “ were principally made.”

And, finally, in regard to my objection to his assum-
ing the action of the oxy-muriatic acid upon dyed
colours, to be an exact indication and measure of that
which they would suffer by exposure to the sun and
air, he observes that he did not find in my work, an ac-
count of the experiments which I had announced, as
sufficient to prove that the effects of the oxy-muriatic
acid, are sometimes at variance with those of the oxy-
gene of the atmosphere. For this last observation there
may have been some little foundation; but my readers
will soon find it removed. I had, indeed, occasionally
noticed some of these experiments, though not collec-
tively; and others were intended to be also mentioned
occasionally, in the second volume.

M. Berthollet next admits, that in comparing the
effects of the oxy-muriatic acid, with those of the oxy-
gene of the atmosphere, it is necessary to take into con-
sideration the greater condensation of the oxygene in the
former, together with ¢ L’action particuliere de lacide
Muriatigue;”” which, to my understanding, he certainly
did not do in regard to the ltter; and his not doing it,
was the chief foundation of my objection. Even in his
last edition (tom. i. p. 68) when treating of these effects,
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tended. Of these, the principal relates to the yellow
colour produced upon wool, silk, and other animal sub-
stances, by the nitric acid; of which I have already
given what appears to be the onfy true explanation at
p- 28.

If I have sometimes thought it my duty to contest
the opinions of M. Berthollet, I have always done it re-
luctantly, and I can feel no pleasure in prolonging, un-
necessarily, a controversy with one, for whose decisions
I feel so much deference, even where I belicve it might
be done with advantage on my side; I should, therefore,
here terminate our discussion, were it not incumbent
on me to state certain facts, which prove that the effects
of the oxy-muriatic acid upon particular colours, arc
not an indication or measure of those changes, which
would take place in the same colours, by exposure to
the sun and air; and of which facts, M. Berthollet com.
plains that he did not find a statement in the vﬂlume
formerly published.

In the introductory part of my present volume, I have
noticed the subsisting opposite opinions, concerning the
nature and constitution of the substance, called acide
muriatique oxigené, by the French chemists, and oxy-
muriatic acid by the British; and which Sir H. Davy
has lately denominated, chlorine. M. Berthollet and
others, who believe oxygene to be one of its constituent
parts, suppose that in bleaching or destroying colours,
it acts by giving up to them its oxygene. Scheele had
imagined that it did this, by combining with phlogiston,
which was then thought to be the most important part
of colouring matters; and Davy, who like Scheele, con-
siders his chlorine as a simple or decompounded sub-
stance, says (p. 243.) that it decomposes water by a
double affinity; ¢ that of the hydrogene for chlorine, and
that of the colouring matters for oxygene;” to which
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have acquired a little body, and the black to have lost
a little, but without ceasing to be still a good black.

At the same time, I put other cuttings of the same co-
lours into another phial, and poured upon them undiluted
aqua fortis, as prepared for the scarlet dyers; and 1 found
that in a single minute the black which had withstood the
oxy-muriatic acid, was changed to a buff coleur, result-
ing solely from the ferruginous basis with which it had
been dyed; and that the Turkey red began to exhibit the
‘appearance of a searlet, inclining to the orange; and this
last, (of a lively tint,) became apparently its settled co-
lour, at the end of an hour, when the buff, by acquiring
more oxygene, was considerably raised. Here, then, was
a very great diversity between the effects of the nitric
and the oxy-muriatic acids, in no degree according, or
proportionate to their degrees of acidity; that of the nitric
acid being, I think, at least fifty, and, perhaps, one hun-
dred times greater than that of the oxy-muriatic acid,
(which being tasted, at the time when its action upon the
Turkey red was strongest, and when, according to Da-
vy's opinion, it must have already decomposed water, had
not, to my taste, acquired any greater degree, of acidi-
ty,) and yet the former, could only change the complex-
ion of the Turkey red to a bright orange, (probably by
imparting oxygene to it) while the latter (not, as I con-
ceive, by any such, or other addition, but by a complete
decomposition) had at once annihilated all the cclour,
(leaving the cotton yarn white) as fast, and as far, as the
decomposition took place; and this without any interme-
diate tint, which would not have been the case if the ef-
fect of the oxy-muriatic had, as M. Berthollet supposes,
resembled combustion. And, on the other hand, the
black, on which the oxy-muriatic acid could make but
a very slight impression, was completely destroyed, (ex.
eepting the colour of its ferruginous basis) by the nitric
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wool and other animal fibres, as it is known to do, in a
much greater degree than the incomparably stronger sul-
phuric and nitric acids.
It now only remains for me to mention a few of the in-
stances within my knowledge, proving that the action of
the oxy-muriatic acid upon colours, is not an indication
or measure of that which they would suffer, by exposure
to the sun and air; and these instances I will select from
an experiment, which was made carefully, and so recent-
Iy as the 8th of July, 1812; when I put into an empty,
glass-stopped phial, the following colours, upon separate
bits of muslin, viz.
Ist. A fast madder red dyed topically, by an eminent
calico printer, upon a basis, from acetate of alumine, ap- -
plied by the block.
2d. A fast yellow, dyed from weld upon the same basis,
by the same calico printer.
3d. A fast yellow, dyed upon the same basis, from
quercitron bark.
4th. A fine durable purple produced by the colouring
matter of the buccinum lapillus, of which a full account
will be given in the proper place.
5th. A logwood purple produced by mixing, with a
strong decoction of that wood, as much muriate of tin,
as rendered the former slightly acid, and after thickening
the mixture with gum arabic, applying it in spots to
. muslin, which, after being properly dried, was washed
with soap and water.

6th. A full bright yellow produced from a similar de-
coction of the quercitron bark, rendered slightly acid by
an admixture of nitro-muriate of tin, made with two parts
of nitric, to one part of muriatic acid, gummed, and topi-
cally applied in the same manner as the logwood purple,
and in like manner dried, and afterwards washed.

Vo L H
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and the yellows with tin; neither of which could have
been ¢xposed to the sun and air for a single week, with-
out becoming of a faded brown. It is also worthy of ob-
servation, that the Tyrian, or shell purple, was destroyed
by the oxy-muriatic acid, almost as soon as the logwood
purple and quercitron yellows last mentioned, though it
would have resisted the sun and air, probably fifty times
longer than either of them. >

The property by which certain matters decompose so-
lar light, reflecting or transmitting some, and absorbing
other rays, so as to produce the sensations or perceptions
of particular colours, often depends upon precise, and
nice proportions in the constituent parts of these colour-
ing matters, which proportions may be altered, and the
colours resulting from them destroyed or changed by va-
rious means, acting even in opposite ways.

Oxygene from its ubiquity, as a part of the atmosphere,
and its powerful agencies, co-operates in almost all the
the changes which take place on, or above the surface of
the earth, and especially in those connected with either
- the production or the destruction of colours, and its pre-
sence as a constttuent part of colouring matters, seems to
be essentially necessary to those peculiar attractions, or
athnities, which, by their efficcts upon the rays of light,
occasion the perceptions or sensations of colour. This
wj be abundantly proved, and elucidated by the highly
instructing and interesting facts to be stated hereafter,

concerning indigo.

But though combinations of oxygene in certain propor-
tions, are necessary to the existence of most, if not of all,
colours, an excess of it may obstruct all manifestation or
appearance of colour, as completely as the total absence of
it does, in regard to indigo. Of this a signa/ instance, and il-
lustration, will be found hereafter, in the colourable matter
of the Buccinum producing the ancient or shell purple; and
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which could only be safely and properly drawn, after an
examination and comparison of the whole; and as I may
not live or find leisure to execute the whole, I can only re-
commend the subject to those who may have sufficient
time and qualifications for a due investigation of it.

Until further discoveries, therefore, shall have been
made, 1 consider myself as only authorized to conclude,
that the permanent colours of matter do not depend upon
the thicknesses, sizes, or densities of its parts or particles,
but upon certain affinities or attractions, physical, or che-
mical, by which it is disposed and enabled to absorb and
conceal some of the rays of light, and to reflect or trans-
mit other rays, producing the sensations or perceptions
of particular colours; and that to the existence or energy
of these affinities, or attractions, certain portions of oxy-
gene are generally necessary, as a constituent part of
colouring matters; and these portions may in some in-
stances be increased, and in others diminished, by the
influence of radiant matter, or solar light, which may
thereby contribute to the production of some, and the de-
struction of other colours.

Should I be desired to assign a reason or cause for
these affinities, and their connexion with particular pro-
portions of oxygene, I can only answer with M. de Buf-
fon,that they who require the reason of a general effect,
do not consider the infinite extent of nature’s operations,
nor the confined limits of human understanding.






Philosophy of Permanent Colours. 63

are also more readily decomposed, or injured by acids,
alkalies, and other chemical agents, which ought there-
fore to be very sparingly used in the dyeing of animal sub-
stances: it being found that the sulphuric, nitric, and
muriatic acids readily decompose wool, hair, and silk,
and at the same time destroy, or greatly weaken the tex-
ture and connexion of their several fibres; and that alka-
lies prove equally injurious, by combining with them:
though silk is indeed not so liable to be acted upon in
these ways, because it partakes in some degree of the
vegetable nature. Animal fibres, also, contain more oil
and less of the basis of charcoal than the vegetable.

It is from the superior chemicai affinities, or attractions
existing in wool, hair, and silk, for colouring matters,
that the facilities with which these substances receive,
and permanently retain colours, principally result; though
something 1s doubtless to be ascribed to the differences
of conformation, existing between their fibres and those

of cotton and linen, which I shall notice under their several
heads.

ArticLe L.—Of Wool.

The value of this substance, and its fitness for the dif-
- ferent kinds of manufacture, depend in a great degree on
the length and fineness of its fibres; of which ample infor-
mation may be found in a Memoir written by M. d’Au-
benton, and printed among those of the Royal Academy
of Sciences, for the year 1779. Wool is liable to great
variations in quality, not only from differences in each
particular race or breed of the sheep, from which it is
taken, but also of the parts of the body to which it has
adhered; that which covers the tails, thighs, and bellies,

might be brought into a similar state of preparation; and the cloth
being then dyed by the usual process, the woollen threads contain-
ed in it received a good scarlet, whilst the cotton remained white.
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commends the spinning of wool in the yolk, and scowering
it afterwards; when he says, it will become much whiter
than if scowered before the spinning. Another advantage
results from postponing this scowering, which is that
of preserving the wool from the depredations of moths,
and other insects, so long as it retains the yolk; an effect
which Reaumur observed, and published in the year 1738.
(See Mem. de L’Acad. Re. des Sciences for that year,)
The wool of healthy sheep is always more copiously pro-
vided with yolk than that of the sickly.

When wool has been spun and weve, it commonly
undergoes the operation of fulling, which I shall notice,
because it depends upon such a peculiarity in the struc-
ture of its fibres, as seems to increase its fitness to imbibe
and retain colours by dyeing. Fulling, according to Sir
William Petty (see Spratt’s History of the Royal Society, )
¢ is making the cloth to become thicker, with the dimi-
nution of its other dimensions, and the covering of its
threads, so as that the cloth shall seem to be translated from
the likeness of a tela, (all of whose threads appear) to
that of a /at, which has no threads at all; for, by the way,
the making ef a hat (continues he) is the making of a tela,
without spinning or weaving, by a kind of fulling,”” ¢* This
thickening,” he adds, ““ is made by the shortening of
threads;”” an effect which he erroneously ascribed to the
heat of the mill, and the supposed astringent operation of
urine, fullers’ earth, &ec.

tained in stale urine, has not been found advantageous in the trials
made with it: M. Chaptal, however, in the fourth vol. of his Chimie
Appliguée aux Arts, p, 423, treating of this operation, says, that in
Spain, and recently in Franee, cloths have been scowered without
either stale urine or soap, by preserving the water impregnated with
the yolk, resulting from one operation, and employing it for a se-
cond; and that of the second, for a third, &c. until it becomes so
thick, and overcharged with yolk, as to be unfit for use.

Vieor. L _ I
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gether, the warp and woof losing in extent, but gaining
proportionably in thickness.

‘The laminz, or zones, under consideration, afford many
interstices in the fibres of wool, suited to receive and con-:
tain the particles of colouring matters, when applied to
them in the operation of dyeing; but these interstices being
small, and the fibres of the wool naturally elastic, no co-
lour can be conveyed into these cavities, until they are
dilated by hot or boiling water; whereas silk, cotton, and
linen, are made to receive colours without heat, as per-
manently as with it. And this difference manifestly arises
from the smallness of the interstices in which the colour-
ing particles are deposited in the fibres of wool, and their
elasticity; and as the colouring particles are only made to
enter and deposit themselves by an artificial dilatation, it
follows that, when this ceases, the filaments will again
contract to their former size, upon the colouring matters
so introduced, and hold them much more strongly than
they are likely to be held in other substances, whose in-
terstices are large enough to receive colouring particles
without being dilated, and which, therefore, cannot be
supposed ever to contract and compress them in the same
way: and this difference, joined to the superior chemical
attraction of animal fibres for colouring matters, will
sufficiently explain why many colours dyed upon wool
prove so much more durable than upon cotton or linen.
‘Wool, when dyed in the fleece, takes up much more co-
louring matter than when spun, and much more than
when wove into cloth. It is also more or less penetrated,
according to the fineness of its own texture, and the par-
ticular nature of the colouring matter with which it is
dyed: the very finest cloth is never thoroughly dyed scar-

let, it being always found white within when cut.*

* The late Mr. Nash, and his successor, Mr. Dymock, in Glou-
cestershire, by causing broad cloths to be wove of threads but litele
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man, that the sandyax of the last line, which is represen-
ted as giving a red colour to the wool of the lambs feed-
ing upon it, must have been the madder, which is known
to have grown wild in many parts of Italy. Its leaves are
said to impart a reddish colour to the milk of cows, when
eaten by them, and the roots notoriously stain the bones
of hogs of a bright red, when they make part of the food
of these animals.

ArticrE IL.—0f Silk.

This consists of the fine threads composing the follicle
of the Pupa, of the Bombyx Mori, a Moth or Phalena
belonging to Linneus’s third order of insects. (Lepidop-
tera.)

It has been said and believed, that silk was exclusively
produced in China, until the reign of the Greek Emperor
Justinian. But of this there is no sufficient evidence.
Pliny, indeed, after describing the countries inhabited by
the Scythians, mentions the Seres as being the first or
nearest civilized people beyond those regions; and he
adds, that they were famous for the fine wool combed from
their trees, of which he gives some account, so indistinct,
however, that we may doubt whether it does not relate
to cotton, rather than to silk.®* But there is a passage
much less equivocal in his eleventh book, (Chap. 22,)
where he mentions a kind of insects, greater than the
wasps and hornets which he had just before described,
and to which he gives the generic name of Bombyx,

. adding that they are produced in ssyria; and after a
fabulous account of the nests and honey, which he sup-

* ¢ Primi sunt hominum, qui noscantur, Seres, lanicio sylvarum
nobiles, perfusam aqua depectentes frondium canitiem: unde ge-
minus feeminis nostris labor, redordiendi fila, rursumque texendi.
Tam multiplici opere, tam longinquo orbe petitur, ut in publico
matrona transluceat.” Lib, vi. cap. 17,
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left it to adorn females exclusively. ¢ Nec puduit has
vestes usurpare ctiam viros, levitatem propter astivam:’
in tantum a lorica gerenda discessere mores, ut oneri sint
etiam vestes: Assyria tamen bombyce adhuc feeminis
cedimus.”

It seems difficult to ascertain what nation Pliny intend-
ed to describe under the name of Seres, there being no
proof that in his time the Romans had ever heard of
China; though we have good reason to believe, that the
manufacture and use of silk were introduced among the
Chinese at a very remote period. We are indeed inform-
ed, that the annals of China mention the wife of an empe-
ror, named Hoagti, as the first person who employed
herself in spinning silk, produced by silk worms in their
wild or natural state. But this was probably done as soon
in other countries, and especially in Persia, where both
the white and black mulberry trees where indigenous.
Mr. Colebrooke informs us, that in the most ancient
Sanserit books there is frequent mention, not only of
silk, but of an Indian class, whose occupation was to attend
silfe worms. See Asiatic Researches, vol. v. _

It is indeed probable, that the very small portion of
silk which had found its way to Rome, in or beflore
Pliny’s time, came not from China, but Persia; whence
the Greeks, who returned from the army of Alexander
the Great, appear to have first brought wrought silk into
Greece, about 223 years before the Christian /Era: and
the emperor Heliogabalus is said to have be¢n the first
person who, about 440 years afterwards, wore a folose-
ricum, or garment composed entirely of silk, which com-
modity was then rarely sold for less than its weight in
gold: and it is related, I think, by Nopiscus, that the em-
peror Aurelian resisted the earnest solicitations of his
empress, for a robe of silk, as being too costly.

But about the year 550, two monks brought from
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they do of the common silk worm, in a domestic state. Its
caterpillar is very large, and feeds voraciously on the
leaves of the common Ricinus, or Palma Christi. The co-
coons of this moth, according to Dr. Roxburgh, ¢ are re-
markably soft and white, or yellowish, but the filaments are
so cxceedingly delicate, as to render it impractible to wind
off the silk: it is therefore spun like cotton. T'he yarn thus
manufactured, is wove into a coarse kind of white cloth, of
a seemingly loose texture, but of ineredible durability; the
life of one person, being seldom sufficient to wear out a
garment of it; so that the same piece descends from mo-
ther to daughter.” It must, however, be washed only in
cold water, for if put into that which is boiling, it will
““ tear like old rotten cloth,”

Dr. Roxburgh also describes another silk worm, the
Tussach, or Phalena Paphia, which is ‘found in such
abundance over many parts of Bengal, and the adjoining
provinces, as to have afforded to the natives, from time
immemorial, an abundant supply of a most durable coarse
dark-coloured silk, commonly called Tussach silk, which
is woven into a kind of cloth, called Tussach doot’hies,
much worn by Bramins and other sects in India.”” This
cloth, as the doctor thinks, might ¢ be highly useful to
the inhabitants of many parts of America, and the south
of Europe, where a cheap, light, cool, durable dress, such
as this silk makes, is much wanted.’’ See the Transactions
of the Linnzan society, Vol. —, p. 33, &c.

Silk is naturally covered with a kind of varnish, or
gummy substance; and almost the whole of that known
in Europe, is moreover tinged of a yellow colour, which,
for most purposes, it is necessary to remove, as well as
the varnish. This is commonly done by submitting 1t to
the action of soap, in circumstances which M. Berthollet
has described, as well as some other means for answering
this double purpose. (Tom. i. p. 184, &c.)

Yor. L K
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tarnish the colours; an effect which sulphur generally pro-
duces, to those of wool and silk. The lustre so much de-
sired, in colours dyed upon silk, seems, in a great degree,
to depend upon its smooth glossy surface, which acids,
alkalies, and other chemical agents (particularly the solu-
tions or oxides of tin,) contribute to impair, and are there-
fore to be sparingly used. '

Silk, in its disposition to receive, and retain colours for
dyeing, seems to partake of a middle nature, between that
of the animal and vegetable substances: by its abundance
of nitrogene, and hydrogene, it possesses, like wool, a
strong attraction for colouring matters; but its fibres
having neither a similar organization, nor an equal degree
of elasticity, it is capable of imbibing colours, like linen
and cotton, without any previous dilatation of its pores by
hot water, but, like them, it parts with colours, so im-
bibed, the more easily, in consequence of this natural
openness, or the want of contraction, in its pores; though,

‘upon the whole, colours dyed in silk are more lasting, than
when dyed in linen and cotton, on account of its greater
affinity with colouring matters, which seems to result from
its animal nature.

In the year 1709, Mr. Bon, First President of the
Chambre des Comptes, aides, et finances, at Montpellier,
communicated to the Royal Society of that city, a disco-
very which he had made of a new kind of silk, from the
very fine threads, with which several species of spiders
entwine their eggs; which threads were found to be much
stronger than those composing the spider’s web. They
were easily separated, carded, and spun, and then afforded
a much finer and stronger thread than that of the com-
mon silk, though somewhat less glossy. They were also
found capable of recerving all the different dyes, with equal
facility. Three ounces of this new silk, made a pair of du-
rable stockings of the largest size; and as the spiders were
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printing, a particular account of them would be here su-
perfluous. The fibres of cotton differ not only in their
length, fineness, and strength, but also in their colours.

- Most of the species of Gossipium, produce cotton
~which is naturally white, though a few produce it of other
colours, of which that called Nankin by the English, and
‘“ coton a couleur rousse (de Siam),” by the French, is
best known. Von Rohr, who was employed by the Da-
nish government as a botanist, during ten years, in the
West Indies, has described three species of this Nankin
cotton,* which he distinguishes chiefly by peculiarities in
their respective seeds.

Cotton of this colour has been long cultivated in China,
and more especially along the sea shores of the south-
eastern part of the province of Kiang-nam, of which Nan-
kin is the capital, as it formerly was of the Chinese em-
pire. Itis also now cultivated at Malta, and in some of the
West India islands, and is said to grow naturally in Africa.
It is asserted, that a species of cotton, naturally of a bright
yellow colour, is produced in Dahomy, but that the ex-
portation of it is prohibited, by the government of that
part of Africa. Mr. Clarkson has mentioned a species of
cotton, naturally of a erimson colour, as also growing in
Africa, particularly in the Eyeo country; of which a small
specimen was brought to Great Britain in the year 1796.
He adds, that ““ the value of this cotton would be great,
both to the importer and to the manufacturer of muslins;*
that ¢ the former would immediately receive eight shil-
lings the pound for it, and the latter would gain conside-
rably more by his ingenuity and taste.”’

Lieutenant Matthews also, in describing the several

* See “ Anmerkungen ueber den Cattunbau, zum nuzon der
Daenischen Westindischen Colonien, &c. von J. P. B. Von Rohr.”
Altona, 1793. 2 vols. 12mo.
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wars, and changed it to cofton, and coton. The Italians also
borrowed their name of cotone from the Arabs, and their
other name of bombagia, from that of bombax, one of the
names, by which the Latins designated the wool-bearing
trees, “arbores laniger#?’ of Pliny, who, in his twelfth
book, chapter 3, notices a second time, these wool-bearing
trees in the country of the Seres; but so ambiguously,
that I cannot help wondering, how it should have been so
generally believed, that the Seres were Chinese, and that
silk, rather than cotton, was in Pliny’s contemplation,
when he mentioned the wool of their trees.® The impor-
tant benefits derived to mankind from the different spe-
cies of cotton shrubs, have caused them to be cultivated
more extensively perhaps than any other vegetable, In
China, it is planted from Canton to Pekin, and from the
western shores of that empire, to the deserts adjoining to
Hindostan; and also along the coasts of the two Indian
Peninsulas, with those of Arabia, and throughout the
Mogul empire, and the innumerable islands of the Indian
ocean. It appears to have been known from the remotest
times, of which we have any account, in Persia, Hindos-
tan, Egypt, and Aithiopia;t and was found, also, by Co-
lumbus, and succeeding adventurers to America, in all

* Mr. Barrow, in a note to . 436, of his travels in China, makes
the following observation, * Ptolomy the geographer, places Serica,
djoining to Scythia extra Imaum, corresponding with Cashgar,
Tangut,and Kitai, countries famous for the cultivation of the cotton
plant. It would seem, indeed, from all the passages which occurin
ancient authors, concerning the Seres, that cotton was the substance
alluded to, rather than silk, and that these people were not the pre-
sent Chinese, but the Tartars of Kitai.”
-t Herodotus, Lib. iii. 106, when writing of India, mentions trees
growing wild, and instead of fruit, bearing a sort of wool, finer and
better than that of sheep; and he adds, that the Indians clothed
themselves with ool gathered from these trees. Arrian, also, on
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culty, therefore, is not in making them imbibe, but in
making them retain, the colouring particles when imbi-
bed; because, being admitted so readily, into their undi-
lated pores, they cannot be afterwards compressed, and
held therein, by any contraction of these pores, as is done
in those of wool. We know that it requires twice as much
cochineal, to produce a crimson on silk, as on wool; which
is a proof that it can take up a greater quantity, and con-
sequently that its pores are at least sufficiently large, and ac-
cessible: weknowalso, thatunbleached cottonisalways pre-
ferred for dyeing the Turkey red, it being found to retain
the colour most permanently; doubtless, because its pores,
or interstices are less open before, than after the operation of
bleaching. This is also the case of raw or unscoured silk,
which, as the ingenious Mr. Henry of Manchester, ob.
serves, is ““more ecasily and permanently dyed, than that
which has passed the above described process,” of whiten-
ing and scouring: and, indeed, the openness of the pores
of cotton and linen, and their consequent readiness to im-
bibe, both colouring particles, and the earthy or metallic
bases employed to fix most of them, are circumstances
upon which the art of calico printing is in a great degree
founded. To prepare and dispose cotton for receiving
colours by dyeing, it is commonly boiled, in a very diluted
solution of vegetable or fossil alkali, for about two hours,
and afterwards rinced in clean running water; and for cali-
co printing, it is soaked in water, acidulated with about
one-fiftieth of its weight of sulphuric acid, and afterwards
rinced thoroughly in a clear stream of water. Cotton bears
the action of acids much better than either wool or linen.
Concerning flax, and its conversion to linen, so much
has been written, both by ancient and modern authors, and
its preparation for dyeing so nearly resembles that of cot-
 ton, that I may hope to be excused, for not discussing this
subject.
Voi. L L






Philosophy of Permanent Colours. 83

which they are liable to be acted upon, cither during the
process of dyeing, or afterwards.

Many species of animal and vegetable colouring mat-
ters, suffer nearly similar changes from the action of acids,
alkalies, and other chemical agents; from which it may
be presumed, that there is something of a common, or
similar nature, in the constitution of many of them. But
though it would be highly useful to establish general
principles and conclusions on this subject, we are not yet
furnished with the necessary facts; and whilst this con-
tinues to be the case, it will be best to wait, or rather
seek, for more knowledge, and avoid fallacious supposi-
tions or explanations.

Sir Isaac Newton supposed coloured matters to reflect
the rays of light; some bodies reflecting the more, others
the less refrangible rays most copiously; and this he con-
ceived to be the true, and the only reason of their colours.
Mr. Delaval, however, has lately maintained (in the 2d
vol. of the memoirs of the Philosophical and Literary So-
ciety of Manchester,) * that, in transparent coloured sub-
stances, the colouring matter does not reflect any light;
and that when, by intercepting the light which was trans-
mitted, it is hindered from passing through substances,
they do not vary from their former colour to any other
colour, but become entirely black:”> and he instances a
considerable number of coloured liquors, none of them
endued with reflective powers, which, when seen by #rans-
mitted light, appeared severally in their true colours; but
all of them, when seen by ncident light, appeared
black: which is also the case of black cherries, black cur-
rants, and blackberries, &c., the juices of which appear
red when spread on a white ground, or otherwise viewed
by transmitted, instead of incident light; and he con-
cludes, that bleached linen, cotton, &c. *“ when dyed
or painted with vegetable colours, do not differ in their
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used to stain linen, cotton, &c., which must necessarily
themselves reflect, instead of transmitting the hght by
which their colours are made perceptible.

It has been already mentioned, that when the rays of
light are separated from each other by the prism, in
consequence of their different degrees of refrangibility,
‘they produce a perception of seven distinct colours,
with all their intermediate shades; and that these are all
equally simple and primitive. There is, however, this
peculiar property belonging to the red, yellow, and blue
colours, whether prismatic or permanent, that they are
ncapable of being produced, like all the rest, by the
combination of any other colours. Blue and red will
compose a purple; blue and yellow, a green; red and
yellow, an orange, &c.; but none of these, by any com-
position, will produce either the blue, yellow, or red:
these last, therefore, are in all cases simple or uncom-
pounded;* but all the others may be, and in reality are,
sometimes simple, and sometimes compounded; and
this is true not only of those which are merely prisma-
tic colours, but of those which exist naturally in bodies,
or are communicated by painting, dyeing, &c. Iron, as
has been already mentioned, will, by different degrees
of oxydation, produce all possible varieties of colour;
and these colours will be all simple, or uncompounded;
and so will the purple of gold, the green of copper, and
the other colours found in the several oxides of metals.
This is also the case of the violet and purple dyed from
logwood; of the green of the leaves, &c. of vegetables;

* Dufay would only admit of three primitive colours, red, blue,
and yellow, because with these dyers and painters can readily
compound all the others; and a late writer, adopting Dufay’s opi-
nion on this subject, says, the colours of the prism are immaterial,
accidental, and artificial. But those of the dyer and painter are
substantial, natural, and palpable.
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reasons for not dividing these matters, as Mr. Macquer
did, into extractive and resinous, and also for not mak-
ing their effects depend, as Mr. Perner has done, u pon
the mucilagineus, earthy, saline, resinous, or oily parts
of which they were supposed to be compounded, but
without proposing any suitable arrangement of his own.
To me, however, colouring matters seem to fall na-
turally under two general classes; the first including
those matters which, when put into a state of solution,
may be fixed with all the permanency of which they
are susceptible, and made fully to exhibit their colours
n or upon the dyed substance, without the interposi-
tion of any earthy or metallic basis; and the second,
comprehending all those matters which are incapable of
being so fixed, and made to display their proper colours,
without the mediation of some such basis. The colours
of the first class I shall denominate substantive; using
the term in the same sense in which it was employed
by the great Lord Verulam, as denoting a thing solid
by, or depending only upon, itself; and colours of the
second class I shall call adjective, as implying that their
lustre and permanency are acquired by their being ad-
jected upon a suitable basis.

Earthy and metallic bases when thus interposed,
serve not only as a bond of union, between the colour-
ing matter, and the dyed substance, but they also modi.-
Sy (as well as fix) the colour; some of them, particularly
the oxide of tin, and the earth of ablum, exalting and
gwing lustre to most of the colouring matters, with
which they are united; whilst others, and especially the
oxide of iron, blacken some, and darken almost all such
‘matters, if made to combine with them.

Substantive colouring matters are but few in number,
because a few only of the substances employed in dyeing,
possess such decidedly energetic affinities, as to be able
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CHAPTER 1V.

ﬂf Substantive Animal Colours, and principally of the
T'yrian Purple.

“ Tyrioque srdebat murice lana*—Virg, JEneid, lib. iv.

“ Huie fasces secuires que Romane viam faciunt: idemque pro majestate pueritie
est: distinguit ab equite Curiam: Diis advocaiur plucandis: omnemque vestem illu.-
minat: in frivmphali miscetur aure: qua propter excusata et purpure sit insania.”—
Caii Plinii secundi Hist. Lib. ix. cap. 56,

Thxis, during many ages, was the most celebrated, and
venerated of all the colours given by dyeing; and among
the rich and beautiful, it seems to have been the first
which mankind were enabled to fix permanently on
wool, and linen. It was obtained from a whitish half.
fluid matter, secreted by particular organs in certain
univalvular shell fish, and retained in an appropriated
receptacle, with which they were each naturally pro-
vided; though we are completely ignorant of any bene.-
fit which this secretion produced to the fish themselves.

There is much obscurity, and some inconsistency,
in the accounts transmitted by ancient writers of the
shell fish, which afforded the purple dye. Those of Pli-
ny are the most copious and intelligible, though they
are sometimes at variance with each other. He mentions
these fish under the several names of Conchylium, Mu-
rex, Purpura, and Buccinum; and these several names
have been also employed by other Latin authors. But
Fabius Columna, a noble Neapolitan, who first publish-
ed figures of plants, from engravings made by his own
hand, and wrote a learned dissertation de purpura,
(printed at Rome in 1616) after much pains employed,
to elucidate and reconcile the different passages of an-
eient writers on this subject, thinks himself warranted
to conclude that there were but two kinds or genera of

these fish, viz. the purpura and the buccinum: that the
¥or. L M
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called purpura, and has a projecting pipe-shaped beak
(rostrum) with a lateral winding cavity, through which
it puts forth its tongue; the body of the shell is more-
over muricated, or armed, even to its upper pointed
extremity, with rows of spines, seven in number; which
are wanting in the buccinum. This last, he adds, ad-
heres to rocks and large stones, whence it can alone be
collected.

In the same chapter, Pliny tells us, that the best pur-
purz found in Asia, were those taken in the sea ad-
joining to Tyre: that in Africa the most esteemed were

- those of Meninx (Meninge,) and the sea coast of Ge-
tulia: and in Europe those of Laconica. He adds that
the Tyrians, when they caught any of the greater pur-
purz, took the fish out of their shells, the better to
extract the colouring matter, but that they obtained it
from the smaller by grinding them in mills. That the
fishermen endeavoured to take the purple fish alive,
because it otherwise ejected and lost its precious liquor,
together with its life. But on this point he seems to
have been misinformed, there being good reason to
believe that this fish never ejects the liquor in question. ¥
He adds, moreover, that this fish dies speedily, if put
into fresh water, but that it will otherwise live upon its
own saliva, fifty days after being taken.

In the next chapter, Pliny tells us, that the purpurz
were also called pelagie, (probably from their inhabit-
ing the ocean) and that there were several varieties of
them, named differently from the places where they
were found, and the food on which they subsisted; and

* This is, at least, true of buccinum, whose colouring matter I
found unaltered some days after the fish, or limax had died slowly,
by being kept seven or eight weeks without water, and it was not
until putrefaction had made a sensible progress, that the colouring
matter became incapable of producing its proper effect.
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fitter to receive the Tyrian dye. He adds, that not con-
tent with thus combining colours obtained from the
ocean, recourse was also had to those produced on the
land; and that wool, or cloth, dyed crimson, from the
coccus (kermes,) was afterwards made to imbibe the
Tyrian purple, in order that it might assume the colour
which was named Aysginus, after a flower so called; this
colour partook greatly of the crimson tint. But besides
the coccus (kermes,) other colouring matters were em-
ployed, sometimes to economize, and at others to vary
the effects of the liquors of the purpura and buccinum;
and more especially that of the lichen roccella, or archil,
which Pliny mentions under the name of fucus marinus,
and which, even at this time, is greatly employed in
dyeing, though its beautiful purple colour fades rapidly.
Indeed, this lichen, or moss, was in such general use as
a dye, at and before the time when Pliny wrote, that its
name fucus came at length to signify generally, colours
given by dyeing; of this, among numerous other in-
stances, may be quoted the following line, by Catullus
(de Nuptiis Pelei et Tetidos,) viz.

“ Tincta tegit roseo conchylis purpura fuco,”

Of this fucus, that from Crete was the most esteemed.

Pliny tells us also, Lib. xxii. cap. 17, that the alka.
net root, (anchusa tinctoria) was likewise employed as
a ground for the purple dye.

By these and other means, the purple colour was
made to assume a variety of shades, some inclining
more to the blue, and others more to the crimson. The
principal of these varictics were noticed by Pliny, in the
eighth chapter of his twenty-first book, when, after
mentioning the luxurious art by which men had sur-
passed the savour of natural flowers, by artificial odnurs,
he adds, that they had also learned by dyeing, to emu.
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other, maintain an equal conflict. “ Paria nunc compo-
nuntur, et natura atque luxuria depugnant.”

- Various (and probably fabulous) accounts of the first
discovery of this purple, have been related by different
writers, One of these ascribes it to a dog, who, when
following the nymph Tyros, and a certain Hercules her
lover, along the sea shore, caught one of the purpurz
lying on the sand, and breaking the shell with his teeth,
his mouth became coloured with the purple juice, which
the nymph observing, expressed a strong desire to ob-
tain a dress dyed of this colour. And the lover anxious
to satisfy her desire, discovered by a proper examina-
tion, how this beautiful purple might be obtained, and
communicated by dyeing.* And the nymph, by whom
the purple so discovered was first worn, being named
Tyros, the colour is supposed to have thence obtained
the appellation of Tyrian purple. Others have related,
that this discovery was made by the Phenician Hercu-
les,t and afterwards communicated it to the king of

* See Cassiodorus, lib. i. and Julius Pollux, lib. i. 4.; from the
latter, Polydore Virgil has taken the story,

t Sir Christopher Hawkins, in his ¢ Observations on the tin trade
in Cornwall,” (lately published) mentions this Hercules, as one
said to have been the greatest Pheenician navigator, ¢ and the first
who brought tin from the Cassiterides, or British isles:” and, ad-
verting to the story of his having also “invented the shel! fcrpile,
by accidentally remarking that a dog’s mouth was stained there-
with,” he observes, that “ as both these discoveries are attributed
to the same person, we may thence infer, that the tin of Britain
was an essential ingredient in fixing the fine purple dyes of the
ancients; or, (adds Sir Christopher,) as Mr. Polwhele elegantly
expresses it, © very possibly the purple dye of the Tyrians, gained
its high reputation among the ancients, from the use of our tin, in
the composition of the dye stuff, as the tin trade was solely in their
own management.” On this subject, however, Sir Christopher,
perhaps, from a partiality in him, both natural and excusahle, to-
wards Cornwall, has departed from his usual logical accuracy, and
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guished; and, hence the following line of Virgil, (2
Georg. 506.)

“ Ut gemma bibat, et Sarrano dormiat Osrro.”

Respecting the time when this discovery was first made,
the more ancient writers do not agree, some stating it to
have been about 1500 years previous to the Christian ra,
and others almost a century later, whilst Minos reigned
in Crete.

Pliny appears to think, that purple had been worn at
Rome, soon after the building of that city, but that even
Romulus never wore it, except in his #rabea, or regal
mantle: and he states, as a certain fact, that Tullus Hos-
tilius was the first king of Rome, who assumed the pre.
texta or long robe,with broad purple stripes, after having
subdued the Tuscans. He adds, * Nepos Cornelius, who
died in the reign of Augustus Casar, when I was a young
man, assured me that the light voilet purple had been
formerly in great request, and that a pound of it was com-
monly sold for 100 denaria, (nearly 4/ sterling: ) that soon
after the farentine or reddish purple came into fashion;
and that this was followed by the Tyrian dibapha, which
could not be bought for less than 1000 denaria, (almost
40/, sterling) the pound; which was its price when P. Len-
tulus Spinter was /Edile, Cicero being then Consul. But
after this, the double-dyed purple became less rare, &e.”
See lib. ix. c. 39. '

As soon as mankind were acquainted with the purple
asadye, they seem to have considered it, not only as being
of all others the most estimable in itself, but also the most
acceptable to the gods. It was, therefore, naturally ap-
propriated to the services of religion, and of its ministers,
as well as to distinguish the highest civil and military dig-
nities. Pliny has noticed the use made of it by Romulus,
and succceding kings of Rome, as well as afterwards by

Yoz L N
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maxime existimatur purpura, vulgari dictione, dicta es-
earlatum, pro illustrissimis patriciis insigniendis.” He
mentions also that the violet purple was then commonly
called ¢ e/ Pavonazzo,” by the Italians. It was probably
then dyed from archil only.

- It happened, however, more than sixty years after the
work of Canniparius had been printed at Venice, that
Mr. William Cole, of Bristol, being at Minehead (viz.
in 1683,) he was there told, of a person living ata sea-
port in Ireland, * who made considerable gain by mark-
ing, with a delicate durable crimson colour, the fine
linen of ladies and gentlemen, sent to him for that pur-
pose;” and that this colour was “made by some liquid
substance, taken out of a shell-fish.” Mr. Cole being a
lover of natural history, and having his curiosity thus ex-
cited, went in quest of these shell-fish; and after trying
various kinds without success, he at length found consi-
derable quantities of a species of buccinum on the sea-
coasts of Somersetshire, and the opposite coasts of South
Wales; and after many ineffectual endeavours, he dis-
covered the colouring matter placed in a *“ white vein,
lying transversely in a little furrow, or cleft, next to the
head of the fish;”” which says he, ** must be digged out
with the stiff point of a horse-hair pencil, made short and
tapering, by reason of the viscous clamminess of the white
liquor in the vein, that so by its stiffness it may drive in
the matter into the fine linen, or white silk,” intended to
be marked. Letters or marks made in this way, with the
white liquor in question, *“will presently,” adds he,
“appear of a pleasant green colour, and if placed in the
sun, will change into the following colours, i. e. if in the
winter, about noon, if in the summer, an hour or two
after sun-rise, and so much before setting (for in the heat
of the day in summer the colours will come on so fast,
that the succession of each colour will scarce be distin-
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Mr. Cole sent some of the first linen marked by him
in this way, to Dr. Plot, then one of the Sccretaries of
the Royal Society, in November, 1684; and it was soon
after shown to king Charles the Second, who admired it
greatly, and desired that some of the shell-fish might be
collected and brought to town, that he might see the
liquor applied, and the successive changes of colour which
it underwent; but before this could be done, the king
died; and though Mr. Cole’s letter (from which the pre-
ceding extracts were made) was in the following year
published, in the fifteenth volume of the Philosophical
Transactions, and cxcited the aitention of philosophers
in most of the counuics of Europe, it does not appear
that any attempt was made to revive the practice, along
with the knowledge, of dyeing the ancient purple.

After an interval of twenty-four years, M. Jussieu
found a small species of buccinum, in form resembling
the garden snail, on that part of the French coast
which is washed by the Atlantic ocean, and presented
some of them, in the year 1709, to the Royal Academy
of Sciences at Paris; and in the following year, the
celebrated M. Reaumur found great quantities of the
buccinum on the coast of Poitou; and he morever ob.
served, that the stones, and little sandy ridges round
which these shell-fi I had collected, were covered witha
kind of oval “ graines,” some of which were white, and
others of a yellowish colour; and having collected and
squeczed some of these upon the sleeve of his shirt, so as
to wet it with the fluid or liquor which they contained,
he was agreeably surprised, in about half an hour, upon
finding it stained of a fine purple colour, which he was
unable to discharge by washing. This was done upon the
sea-shore. He next collected a quantity of these grains,
and carrying them  his apartment, bruised and squeezed
different parcels of them upon bits of linen; but to his
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liquor, in the open air, and laying a stone upon each, he
found the covered part remain colourless, whilst the rest
‘were made purple; which he ascribed to the mechanical
impression of wind, not considering that the stones kept
off the light, as well as the air.—Having read an account
of Mr. Cole’s observations, in the Philosophical Transac-
tions, M. Reaumur exposed a bit of linen, wetted with
the colouring liquor, to the rays of the sun, collected by
a small burning glass, and saw it become purple in an
instant; and consequently, without being able to distin.
guish any of the changes of colour through which it had
so rapidly passed. Putting another bit of linen, wetted
‘with the same liquor, so near to the fire that it would have
burned had it been dry, he likewise saw it become purple
immediately; but with equal degrees of heat, the effects
‘produced by the sun’s rays were beyond comparison the
_greatest.

M. Reaumur conceived the grains in question to be the
€ggs or spawn of some fish, but whether of the buccinum,
or any other species, he was uncertain; and under this
‘uncertainty he proposed calling them  Oeufs de pour-
Pre,”” eggs of purple. The colour which they produced,
was at least equal, if not superior in beauty, as well as
durability, to that of the buccinum; though the colouring
liquor of the latter was much thicker than that of the
purple eggs, and not liable to pass through the different
changes of colours so quickly as that of the eggs, except.
ing when diluted. Having put some of this diluted liquor
into two glasses, and placed one of them in contact with
the sun’s rays, and the other near the fire, the former
became purple without any sensible addition of heat,
‘whilst that which was at the fire had only began to uc-
quire the first shade of colour, though it was sensibly hot:
and indeed he always found the colours produced by the
sun to be more beautiful than any others; a circumstance






Philosophy of Permanent Colours. 105

therefore nobody thought of applying M. Reaumur’s
discoveries in that way.

About the beginning of the year 1736, M. Duhamel
found the purpura, (the buccinum only having been dis-
covered by Cole and Reaumur,) in great abundance upon
the coast of Provence; and observed it to agree very well
~with the description thereof, given by Rondelet. He found
the viscid colouring liquor of the fish to be white, except
in a few instances, where it was green, which he suspected
to be some morbid effect. The white liquor being exposed
to the sun’s rays, assumed the following colours; 1. a pale
yellowish green; 2. an emerald green; 3. a dark bluish
green; 4. a blue, with a beginning redness; and 5, a pur-
Ple; and these changes all happened in less than five mi-
nutes. Linen wetted with the white liquor, and left all night
in a dark room, had only become green in the morning;
and this was also the case of linen wetted in like manner,
and exposed all night in the open air, but shaded from
the moon’s light. A piece of linen, wetted in the same
manner, being partly exposed to the sun’s rays, and partly
hid by a crown-picce of silver, the former part became
purple, whilst the latter was only green. Other linen so
wetted, being heated in a Dutch oven before the fire, or
upon a hot iron, became of a dark green, but not purple.
The fumes of burning sulphur only produced a dark green;
and this was moreover the case with the different coloured
rays of the sun, applied separatcly by a prism. Wishing
to see whether evaporation tended to colour the white lj-
quor, Mr. Duhamel put some of it into a phial well stop-
ped; and, upon exposing it to the sun, found the hquor
become of a reddish purple almost immediately. A piece
of linen wetted and stuck upon the back of a plate of po-
lished glass, three lines in thickness, and exposed to the
sun’s rays, became purple even before it had dried. Three
pieces of linen so wetted, being covered, one with white,

Vor. L. O
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employed by the ancients, and those discovered by Cole,
Reaumur, and Duhamel, or of the similitude of their
changes, and of the means by which their several liquors
became purple. In a collection of Anecdota Graca, lately
published by M. d’Anse de Villoison, from MSS, pre-
served in the King’s library at Paris, and that of St. Mark,
at Venice, there is a description of the manner of catch.
ing the shell-fish, employed for the purple dye, written by
an eye-witness, Iudocia Macrembolitissa, daughter of
the emperor Constantine the eighth, who lived in the
eleventh century, while the knowledge and practice of
dyeing that colour for the use, and at the expense, of the
Greek emperors still subsisted; and from which it mani-
festly appears, that in those times, as well as in ours, the
purple did not acquire its due lustre and perfection until
it had been exposed to the sun’s rays.

Those who are duly acquainted with the more recent
chemical discoveries, can only hesitate between two
ways of accounting for the changes through which the
liquors of the purpura and buccinum become purple; I
mean, whether it be by gaining oxygene from the at-
mosphere, like indigo, when it acquires its blue colour;
or by the separation of a redundant portion of oxygene,
naturally combined for some unknown purpose, in the
- liquor of these shell-fish; and in that particular state
“which will not admit of its being separated without the
application and assistance of light; as is also the case of
horned silver, rendered purple by the sun’s rays; of
vegetables, rendered green by the same cause, after
they had become white by growing in darkness; of
peaches, purple grapes, and other fruit, which never
acquire their proper colours by any degrees of heat,
- but always remain white or green, if shaded and se-
cluded from the contact of the sun’s rays. A very few
experiments, which I hope to have an opportunity of
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This pus-like matter, either diluted with an equal
portion of water, or undiluted, being applied to bits of
white linen or calico, became purple after going regu.-
larly through the intermediate colours mentioned by
Mr. Cole, and in the same order. And these changes
were completed in a very few minutes, when the sky
was serene, and the bits of linen or calico were, in sum-
mer, fully exposed to the sun’s beams; and more espe-
cially with the diluted matter; for the undiluted, being
often confined with too much body, in a small space, was
not so soon thoroughly penetrated and changed by the
solar rays.

I mixed different parcels of this matter with each of
the several alkalies, both in their mild and caustic states,
and having applied them to linen and calico, I found
that instead of retarding the progress of these changes,
and the ultimate effect of a purple colour, they rather
produced an acceleration thereof: and this was the case
in a more remarkable degree, when the matter in ques-
tion was mixed with alcohol, or the volatile essential
oils of cajeput, turpentine, lavender, &c. or with mu-
riatic acid: on the contrary, these changes appeared to
be considerably retarded, by the admixture of nitric
acid, though it did not hinder them from ultimately
taking place. Sulphuric acid had a similar effect, but
in a lesser degree, as had the citric, and acetous acids,
and that of tartar. The same matter applied to muslin,
and put into a glass filled with hydrogene gas, and
closely stopped, being exposed to the direct rays of the
sun, went through all the before-mentioned changes in
one third less time than usual; whilst similar matter,
confined in the same manner with oxygene gas, and ex-
posed at the same time, underwent these changes more
slowly: and nitrogene gas employed in the same way,
and at the same time, had no apparent influence upon
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now about to relate, were all made with the matter
which had been so applied, either to muslin or calico,
and secluded from light, more than seven years.

- 1st. A bit of calico, so impregnated and sccluded
from light, was put into a very small white glass phial,
and the latter being filled with strong nitric acid, which
had been diluted by about five times as much water, it
was stopped and exposed to the rays of the summer’s
sun: and in about fwice the usual time, as nearly as 1
could judge, the yellow spots became first greenish;
then of an apple green, and afterwards of a deep grass
green colour: but here the progress appeared to stop so
long, that I began to think it would proceed no farther:
at length, however, a blue tinge became evident, then a
deep blue, and finally a purple; so that the oxygene of
the nitric acid, though it manifestly retarded the usual
changes, did not hinder their ultimate accomplishment.
This experiment was repeated, with a substitution, first
of diluted sulphuric, and then of citric acids, iastead of
the nitric; and with a similar obstruction to the usual
changes, though it was of less duration; this also hap-
pened with the acid of tartar. A similar experiment
being made with wundiluted muriatic acid, the several
changes terminating in a fine purple, were all com-
pleted, and, as I thought, in little more than half the
usual time. '

This experiment was repeated with bits of impreg-
nated muslin, by substituting caustic solutions of pot-
ash, soda, and ammonia separately, for the acids before
mentioned; and in all of them, the purple colour was
produced, after the usual changes, in full perfection,
and, as I thought, with greater celerity than they had
formerly been with the matter just extracted from the
buccinum; and this also happened with muslin immers-
ed in olive-oil.
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attachment was hindered from ascending, and which
had been previously spread,) closely’ upon one side of
the inner surface of the phial, the other surface being
in immediate contact with the quicksilver, which rose
an inch above the muslin; so that the latter was com-
pletely secured from the access of atmospheric air; that
which the phial contained, being forced by the superior
weight of the mercury into the space above it. Thus
circumstanced, the phial (in the month of August,)
was exposed to the sun’s rays, that side of it, upon the
anner surface of which the muslin was applied, being
turned fowards them: and in this situation I observed
the muslin, or rather the colouring matter of the bucci-
num, to pass through all the shades of green and blue,
and become a full reddish purple with as much celerity,
as similar matter in a dried state, had commonly done,
when exposed to the sun’s beams, with the free access
of atmospheric air.

‘Though it appeared dificult to devise any experi-
ment more decisive than this, I made a second, by fil-
ling with quicksilver, a small cylindrical glass tube, 34
inches long, and closed at one end; and having stopped
the orifice with my finger, I inverted the glass upon a
china cup, containing more quicksilver, and then, with.
drawing my finger, the mercury sunk, and left a va-
cuum above it, of about four inches in height: I then
placed a bit of fine muslin impregnated, dried, &e. as
before mentioned, under and immediately before the
orifice of the tube, through which it ascended with
great rapidity into the vacant space, and being then
exposed to the sun’s rays, the usual changes, termi-
nating in a purple colour, al/ teok place, as in the pre-
ceding experiment, and with equal celerity.

In the first of these latter experiments, there was no

vacuum, but the muslin with its colouring matter, was
Yor. 1. P
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“There is, moreover, another proof of the separation
of oxygene, when the purple under consideration is
produced, and it is connected with the strong disagree-
able odour, nearly resembling that of garlic, which was
so distinctly perceived by Cole and Reaumur, and which
has constantly assailed my nostrils, whenever the colour-
ing matter of the buccinum began to turn green, and
has continued to do so, without diminution, until some
time after the purple colour was fully produced. This
odour to' my senses, unequivocally indicates the pre-
sence of phosphorus, which is contained in all animal
substances; and, when subjected to the action of the
sun’s rays, readily becomes volatile in part, by com-
bining with a portion of oxygene; and this volatile
part or compound (which, as Davy observes, p. 287,
“ should, according to the principles of the French no.
menclature, be called phosphorous acid”) emits an offen-
sive alliaceous smell, very much like that of the colour-
ing matter of the buccinum, when it becomes purple.
The last, or that part of it which gives the smell of
garlic, readily mixes with water, and strongly impreg-
nates it with this odour, as I have found by many ex-
periments; and in this respect it also agrees exactly
with the volatile compound which gives the alliaceous
odour from phesphorus.

I repeated Reaumur’s experiment with corrosive sub-
limate of mercury, and found that the purple which re-
sulted, partook more of the blue tint than usual, and
this appeared to be the case when the colouring matter
of the buccinum was mixed with sulphate of iron.

Pliny, as my readers will have seen, represents the
‘purple colour obtained from the buccinum, as not being
permanent, without a mixture of that from the purpura;
but on this point he was certainly misinformed, it being
of itself the most durable of all animal colours. I found
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even upon linen and cotton, by the most simple appli-
cation, and without any preparation or admixture what-
ever: and 1t 1s admirable, for the singular constancy
with which it proceeds, through the series of interme-
diate colours, (according to their prismatic arrangement)
until it has permanently fixced itself, and attained that
purple tint, which the Author of Nature, for some un-
known purpose, has fitted it to display; and all this, i
spite, if I may so express myself, of many powerful
chemical agents, whose utmost influence extends only
to retard, for a few hours, the ultimate accomplishment
of this its destiny.

The celebrated Fontenelle, in giving (as Secretary of
the Royal Academy of Sciences at Paris) his account
of Reaumur’s discovery, began by observing, that not
only more things were found in modern, than had been
lost in ancient times, but that it was even impossible
for any thing to be lost unless mankind were willing that
it should remain so; it being only necessary to search
in the bosom of nature, where nothing is annihilated;
and that to be certain of the possibility of a thing’s
being found, was a considerable step towards finding it.
But before the buccinum and purpura were found by
Cole, Reaumur, and Duhamel, America had been dis-
covered, and new dyeing materials thence obtained,
superior in beauty, and especially in cheapness, to those
so highly valued in ancient times; though it must be
confessed that no other substance will afford a substan-
tive purple of equal beauty and durability, and capable
of being topically applied to linen and cotton with so
much simplicity and expedition; and for these reasons
it seems probable that the discoveries of these gentle-
men might still be rendered beneficial in staining or
printing fine muslins, for which but little colouring
matter is required. And indeed, there was a species of
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called Baker’s Cove, they found this kind of muscle,
which hath a purple vein, which being pricked with a
needle, yieldeth a perfect purple or scarlet juice, dyeing
linen so that no washing will wear it out, but keeps its
Isstre many years: we mark our handkerchiefs and
shirts with it. Mr. John Nieuhoff morcover relates, that
““abundance of purple snails are found in the islands
over against Batavia.,” ¢ They are boiled (adds he) and
eaten by the Chinese, who have a way of polishing the
shells, and pick out of the middle of the snail a certain
purple-coloured substance®* which they use in colour-
ing, and in making red ink.”

In the fiftieth volume of the Philosophical Transac-
tions, Dr, J. A. Peysonnel, F. R. S. describes what he
calls the naked snail producing purple, (* Limax non
cochleata, purpur ferens,”) as being found in the seas
of the Antilles, and * precious for the beautiful purple
colour it produces in the same manner that the cuttle-
fish produces its ink.” *“There is (continues he) a hol-
low in the back of the animal, where the canal, filled
with a reddish juice, passes out, carrying it to a fringed
body like a mesentery; and it is there the purple juice
1s brought to perfection.” *“ When the animal is touch-
ed, he makes himself round and throws out his purple
juice as the cuttle-fish does his ink: this juice is of a
beautiful deep colour; it tinges linen, and the tincture
1s difficult 1o get out.”

It is however to be remarked, that the liquor of the
naked snail exists naturally of a purple colour, without

-

e Probably this description is inaccurate, for if the substance in
question, exhibits a purple colour, when taken immediately from
the body of the snail, it must differ in its nature and properties
from the purple of either the murex or buccinum, and nearly re-
semble that of the snalls, mentioned in the succeeding paragraphs.
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Bsasis; and after a partial and premature fermentation, in
some places, to dry the matter so pounded or ground;
leaving the dyer, when necessary, to macerate and give
it an additional, or other sufficient fermentation, to ena-
ble the basis to absorb such farther portion of oxygene,
as, when assisted by the dyeing process, would fix it
permanently in the dyed cloth, and fully manifest its
blue colour.

This partial fermentation of the bruised plant, pre-
vious to its being dried, was chiefly practised in regard
to the woad or #satis, of which two species, differing but
little from each other, are cultivated in Europe, viz, I—
Tinctoria, and I— Lusitanica:¥ with the indigo plants

* The preparation given by the Greeksand Romans to the isatis,
is not I believe described by any of their writers, but that of the
moderns is well known. The plant, after being cut, washed, and
partly dried, is carried to a mill, and there ground te a paste, after
which it is formed into a mass or heap, and being covered to pro-
tect it from rain, is left to undergo a partial fermentation for about
a fortnight—The heap is then stirred, well mixed, and formed
into balls or cakes, which are exposed to the sun and wind to dry,
and thereby cbviate the putrefactive process, which would other-
wise take place. Being afterwards collected in heaps, these balls
again ferment, become hot, and emit the odour of ammonia or vo-
latile alkali, which, as Mr. Hume tells us, in the 44th chapter of
his History, gave such offence to Queen Elizabeth, that she issued
an edict to prohibit the cultivation of this plant: had she prohibited
the making it to ferment, except by the dyer, she would have acted
more wisely. After the heat has continued for some time, these
balls fall into a dry powder, and are then sold to the dyer, who now
seldom employs them without a mixture of indigo, which last the
woad helps to deoxygenate and render soluble. Formerly, however,
this preparation, fermented by well-known means, was employed
alone, though it was incapable of giving a deep and bright blue
colour, because the tingent matter was in union with too greata
proportien of the other constituent matters of the plant, The co-
lour, however, which it did give, was very durable. But the best
methods of cenducting the fermentation and preparation of wond
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~ By what circumstance or event the people of Hindos-
an alone were led, several thousand vears ago, to dis-
sover and adopt means by which the blue colourable
matter of the indigo plant might be extracted, oxygen-
ited, and precipitated, free from almost all the other
matters naturally combined with it, and afterwards
orought into the dry solid form in which we now find
it, no one can I believe conjecture. But, as an accurate
gnowledge of the process by which all this can best be
:ffected, will greatly conduce to a right understanding
of the mature and constitution of this wonderful, and
mnst valuable production, 1 shall endeavour to give the
best possible account and explanation of it, availing
myself of every thing which has been done by others,
1s well as by myself.

of a lasting blue colour, according to the practice of the negro
women, *the leaves of the indigo when fresh gathered,are pounded
na wooden mortar, and mixed in a large earthen jar, with a strong
ey of wood ashes, (chamber-ley being sometimes added) and the
sloth is steeped in this mixture, and allowed to remain until it has
iequired a proper shade.”—* When indigo is most plentiful, they
:ollect the leaves, and dry them in the sun, and when they wish to
ise them, they reduce a sufficient quantity to powder, and mix it
with ley as before mentioned.” Vol. i. p. 97.

Mr. Marsden, in his History of Sumatra, p. 78, says, ¢ the indigo
shrub (Tarcom) is always found in their pluntations, but the natives .
‘0 dye with it, leave the stalks and branches for some days in water
‘0 soak, then boil it, and with their hands, work some chunam
‘quicklime) among it, with the leaves of the pacoo sabba (a species
of fern) for fixing the colour. They then drain it off, and use it'in
1 liquid state.”

* To conclude this note, I shall only add the following extract from
Mr. Barrow’s Truvels in China, p- 560, * Near most of the planta-
dons of cotton we observed patches of the indigo; a plant which
grows freely in all the middle und southern provinces. The dye
of this shrub, being no article of commerce in China,is seldom if
ever prepared in a dry state, but is generally made to communi-
cate its colouring matter from the leaves.”
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was made by each, and as the colour so communicated
was permanently fixed, I have concluded that in regard
to the degree of its oxydation, the basis of indigo so
applied, was nearly in the state, in which it commonly
is, in the composition to be hereafter described, which
the calico printers apply by the pencil, to give perma-
nent blue stains, or figures. I suspect, however, that
the basis of indigo, when thus applied to calico, in union
with the unfermented juice, does not afterwards oxy-
genate itself so perfectly, as it does when made into
indigo, by the process about to be described. The juice
expressed from the bruised leaves of the indigo plant,
and exposed with a wide surface to the rays of the sun,
between the tropics, and thus evaporated to dryness,
before any fermentation had taken place, acquired only
a greenish blue colour; partly, as I think, because the
basis of the indigo was but imperfectly oxygenated, and
partly because it continued to be mixed with a yellow
extractive matter, and a greenish' resin, which are both
naturally contained in the indigo plant, as M. Chevreul
has ascertained; (see Ann. de Chimie, tom. 68.) though,
by the common process of fermentation, and precipita-
tion, the indigo is in a great degree separated from them,
as well as from the other matters contained in its juice.

It would be a deviation from my subject, were I to
give any account of the cultivation of the indigo plant:
I may, however, be permitted to observe, that the spe-
cies of the genus indigofera, most frequently employed,
are first,—Indigofera anil, a large hardy plant growing
wild in the hotter parts of America, and afferding indigo
of good quality.—

2. I— Tinctoria; which, according to Loureiro,
grows spontaneously, as well as by cultivation, in China,
Cochinchina, Hindostan, Coromandel, and other parts
of India, whence it was carried to America. It is called
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“In a few hours, more or less, according to circum-
stances, a slight motion begins to pervade the body of
the liquor in the vat; the bulk increases considerably,
with some additional heat; air bubbles are generated,
some of which remain on the surface: these gradually
collect into patches of froth; a thin violet, or copper-
coloured pellicle, or cream, makes its appearance be-
tween the patches of froth; soon after, the thin film
which forms the covering of the bubbles that compose
the froth, begins to be deeply tinged with fine blue.
The 'liquor has from the beginning been acquiring a
green colour, and now it will appear, when viewed fall-
ing from one vessel into another, of a bright yellowish
green, and will readily pass the closest filter, until the
action of the air makes it turbid; a proof that the base
of the colour is now perfectly dissolved in the watery
menstruum: this is the time for letting off the vat. If suf-
fered to remain, the bulk begins to diminish, and returns

of a MS. which had been put into my hands at the East India
House, containing an * account of a new species of nerium, the
leaves of which yield indige,” &c.; with a second part, containing:
“ the result of various experiments made with a view to throw some
light on the theory of that beautiful production: and an appendix
containing a botanical description of a second new indige plant; the
whole illustrated with drawings, and addressed to the Honourable
Sir Charles Oakley, governor, and president in council at Fort St.
(George, to be transmitted to the Court of Directors of the United
East India Company, and committed to their protection,” &c. By
William Roxburgh, M. D. But as the whole of that MS. with some
few additions and explanatory engravings, has been lately, (and in
‘some degree upon my suggestion) printed as a part of the 28th
volume of the Transactions of the Society of Arts, Manufactures,
and Commerce, I am enabled to abstain from a republication of my
former abstract, thuugh I shall, at the proper places, avail myself
of the most interesting of Dr. Roxburgh’s facts; taking them from

this last mentioned volume of the Society of Arts, &e. to which my
references will be made.

Vor. L. R
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more advanced state of the process, which he calls “ Ia
fermentation putride,” alkalies, according to his account,
will precipitate a * fecule qui porte une couleur bleu de
ciel tres legere.”

The fermentation being completed, the green colour-
ed liquor is drawn off, from the steeper, into the beating
vat, or receptacle, (which the French call latterie,)
where it is violently agitated, commonly by machinery,
during one, two, or three hours, according to the means
adopted, and the force with which they are employed; the
effect of this agitation is analogous to that of churning,
for by promoting a farther oxygenation of the basis of
indigo, it renders the latter inso/uble, in the liquor, which
had previously held it dissolved; and thereby causes it
to granulate, or collect into small particles, or little
flocule, suspended, but not dissolved, in the aqueous
menstruum which still retains, in solution, the other mat-
ters extracted from the indigo plant, and by so retaining
them, enables the manufacturer to separate the former
from the latter, by adding lime water, or some other
suitable precipitant, which is to be mixed with the Ii-
cuor, as soon as a distinet granulation becomes manifest, *

* Dr. Roxburgh has believed, that the basis of indigo, during the
fermenting process, was held in solution by carbonic acid, and that
agitation and precipitants were afterwards useful, the former by

exiricating this acid, and the latter by absorbing it. That such ef-
fects are produced, may be presumed by the discharge of carbonic
acid gas, which is manifest during the agitation of the liquor, and
by the cessation of that discharge, when either lime water, or
caustic alkali is added. But that this agitation answers another, and
more important end, may be proved even from some of Dr. Rox-
burgh’s experiments to be presently noticed; and that lime water
i:na:,r act as a firecifiitant, otherwise than by absorbing carbonic acid,
is certain, from its well known power of throwing down many co-
louring matters, when they are held in solution, where no carbo-
nic, or other acid is present; in such cases the lime acts by its par-
ticular affinity for these colouring matters, in the same way in
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these in suitable proportion being well mixed, and the
liquor left at rest for six or eight hours, the blue-colour-
ed matter will commonly be found to have all subsided
to the bottom, leaﬂng the supernatant liquor of a clear
brandy, or Madelra wine colour: when it appears more
or less green, or olive-coloured, we may conclude the
separation and precipitation of the indigo have been but
imperfectly performed: this happens indeed but too of-
ten, and Dr. Roxburgh conceives “ it to be owing to
the presence of fixed air, (carbonic acid gas) still adher-
ing to, and keeping dissolved a portion of the base” of in-
digo. I think it more probable, however, that a part of
the basis of the indigo is, in such cases, hindered by the
presence of carbonic acid, from attracting and uniting
to itself a sufficient portion of oxygene to cause a sepa-
ration of it by precipitation from the other extractive
matters yiclded by the plant; it having been found, that
by renewing the agitation, of such green or olive-colour-
ed liquor, and adding precipitants to it afterwards, more
indigo may be obtained. ¥

acquires from the surface a deep blue colour, soon becoming turbid,
and lastly the blue precipitate of real indigo will be formed over
the first.” P. 281, et seq. Precipitants, therefore, should not be
added to the liquor until the indigo basis has been sufficiently oxy-
genated; which, among other appearances, may be known by a
change in the colour of the froth on its surface, which, after ap-
pearing blue, becomes colourless, because the blue matter which
gave it that appearance being no longer dissolved, subsides from
the froth.

* As the profit of the indigo maker greatly depends upon his
knowing when to stop the fermenting, as well as to the agitating,
process, it may be proper that I should subjoin a few observations
upon each.

The fermentation begins soonest when the weather is hottest,and
when the vat has been recently employed for the same purpose; as
it then retains a kind of fermenting leaven. If the fermentation be
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into the agitating vat, and impregnated with carbonic
acid gas, (in Dr. Nooth’s apparatus,) would afford no
granulation or precipitation of indigo. This was also the
case with liquor obtained by scalding the leaves of the
indigo plant in large earthen bottles. The liquor thus
obtained, always became of a yellowish green, and the
bottles containing it, being inverted in a large vessel of
‘water, the liquor remained unchanged for a month; but,
being taken out, and atmospheric air freely admitted to
the liquor, greenish blue veins were observed to spread,
Jrom the surface downward, until the whole became blue;
and then a precipitation of indigo soon commenced. 'I'his
experiment was often repeated with the same result; and
Dr. Roxburgh justly infers from it, that carbonic acid is
not the agent, by which the colouring matter of indige
““1s separated from its menstruum.”” Some of the same
green liquor, being impregnated with nitrogene, from
iron filings, and diluted nitrous acid, (in Dr. Nooth’s ap-
paratus) a violet-coloured film was produced, after some
hours; but no other change took place, until the admis-
sion of atmospheric air, when the usual granulation and
precipitation of indigo soon followed.

Some of the same green liquor, being impregnated, in
the same way, with hydrogene, from iron filings and di-
luted sulphuric acid, it ¢ was quickly covered with much
of a deep voilet-coloured scum, but no decomposition
took place, till the atmospheric air had obtained access
to the liquor, when it quickly became of a deep greenish
blue, and let fall a considerable proportion of precipitate,
which, on drying, turned out to be the most beautiful
mdlgo &

In addition to these experiments, Dr. Roxburgh tried
repeatedly, with the same green liquor, admixtures of
lime water, volatile alkali, caustic lye, stale urine, prus-
siate of potash, &ec. and they all concurred, says he, to
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M. Berthollet seems not to have well understood the
effect of some parts of the process lately described. He
says, tom. ii. p. 42, that the atmospheric air does not ap-
pear to intervene or partake in the fermentation, because
there is a discharge of inflammable air. But it was fully
ascertained by Dr. Roxburgh, that a copious absorption
of air from the atmosphere, did occur; and that oxygene
did combine with the basis of indigo, in a considerable
degree, during the fermentation, was manifested by the
progressive change, which as usual constantly took place
in the colour of the liguor, during the fermentation, until

and with different precipitants, &c.; all serving either to confirm
or illustrate particular facts respecting this interesting subject: but
a distinct account of them would occupy too much space.
The scalding, or % hot water process,” mentioned in the preceding
extract, had been previously recommended by Dr. Roxburgh, and
1s, indeed, absolutely necessary to obtain indigo from the leaves of
the nerium tinctorum, which affords none by fermentation, with
water moderately warm. It is employed, as the Doctor informs us,
by ¢ the patives throughout the northern provinces or Circars,”
{of Coromandel) and “ in many parts of the Carnatic,” in making
indigo from the common indigo plant. Among the advantages sta-
ted to result from it, are,~First, that of a more complete and cer-
tain extraction of the basis of indigo, (by thus subjecting the plant
to the action of water, heated to about 150°, or 160°, of Fahrenheit's
scale,} than can be expected by the fermenting process; with which
the plant, as M. de Cossigny asserts, (Treatise on Indigo, p, 145,)
will yield indigo, upon being fermented a second time.—Second,
that of not injuring the health of labourers employed in it; the car-
bonic acid gas, and putrid miasma exhaled by it, being much less
than by the fermenting process.—Third, that of requiring less agi-
- pation; because the heat employed, greatly promotes the absorption
-and combination of oxygene.—Fourth, that of completing the ope-
Tation much sooner, so that it may be performed two or three times
daily, upon a large scale.—Fifth, that of affording indigo, which
dries quickly, without acquiring any bad smell; and which * has
never that flinty appearance common to fermented indigo; but in
zoltness and levity is like, or even superior, to Spanish flora.”

Vor. L S
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expected to do, in the way that the colour of indigo dis-
solved by it for the Saxon blue, is brightened. Probably
the diluted acid, here recommended, will not be capable
of diminishing the colouring matter of indigo, by dis-
solving and removing any part of it: but if there were
any danger of this, it would be advisable to substitute
the muriatic acid, which could have no such effect, upon
the indigo itself, though itis equally efficacious in dissol-
ving all other matters likely to be mixed with indigo. It
is, however, doubtful, whether any considerable advan-
tage would result from these applications: they could
add nothing to the tingent power of the indigo, though
they might improve its appearance; but even this could
not be done without such a diminutiofof its weight, as
would counterbalance the latter advantage, and in gene-
 ral dyers know how to avail themselves fully of the tin-
gent particles of indigo, whatever extrancous matter it
may contain.

Besides the several species of indigofera, already men.-
tioned, and the Nerium tinctorium, (respecting which I
must refer to Dr. Roxburgh’s publication, in the xxviiith
vol. of Transactions of the Society of Arts, &ec.) there are
several plants which possess the basis of indigo, though
the characters of some of them have not been well ascer-
tained. This latter observation, however, is not applica-

the same way three ounces 5}; of pure indigo; i. e. one ounce from
about 191bs. of leaves and twigs. This indigo was, I believe, intrinsi-
cally the best, but like that of the first day, was no? washed; and the
colour, though very beautiful, was in brightness a little inferior to
that of the second day.

Considering that the leaves and shoots were cut at noon, on the
third day, when the rays of the sun might be expected to cause an
exhalation of much aqueous yapour, it is surprising that so little in-
dige was obtained.
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tributed in Bengal, about the year 1791; is perennial;
and casily propagated by layers, slips, or cuttings. I men-
tion these particulars, because I shall have occasion to
refer to them presently, in regard to a substance deno.
minated barasat verte.

Professor Thomas Martyn, mentions the galega tinc-
toria, as being the plant from which the inhabitants of
Ceylon prepare their indigo, which yields a pale blue
dye (see his edition of Millar’s Gardener’s Dictionary.)
He also mentions, on the respectable authority of Lou-
reiro, that the spilanthus tinctoria is cultivated in Chi-
na, and Cochinchina; that the leaves bruised, yield a
most excellent blue colour, and a green, prepared by a
method more easy than from indigo, and not inferior in
brightness.

Linnzus says, the Swedes obtain a blue colour from
the scabiosa succisa, by treating it like the isatis tincto-
ria, or woad plant; and I have been informed, that the
cheiranthus fenestralis, or cluster-leaved stock gillyflow-
er, is also capable of yielding indigo. This may be easily
ascertained.

Besides plants of the genus of indigofera in Africa,
we have reason to believe there are several belonging to
other genera, capable of producing indigo. Dr. Winter-
bottom says, “ there is now no room to question that
the blue dye, commonly used by the natives of the
windward coast, is not indigo, but is obtained from a
very different plant.”” He adds, “a few roots of it, I am
informed, have lately been planted within the settlement
{of Sierra Leone,) so that an accurate description of it
may soon be hoped for.”” Probably, this is the plant to
which Professor Afzelius alluded, when, upon his re-
tur., from Sierra Leone some years ago, he told me he
had discovered a new plant producing indigo, of which
he intended soon to publish a description. Dr. Winter-
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all the varieties of American indigo, is divided into
three sorts; of which the first, called by the Spaniards
flora, has a very fine blue colour; the second, which
bears the name sobré salliente, is violet; and the third,
named corti-color, is copper-coloured. When the first
- of these is sold at 9s. the pound, the second is com-
monly thought to be worth 7s. and the third 5s. 6d.
Of the East Indian indigo, that of Java was formerly
most esteemed, but since the manufacture of this com-
modity has so much engaged the attention of the Bri-
tish inhabitants in that part of the world, indigo supe-
rior even to that of Guatamala, has been imported, in
considerable quantities, from the British possessions
there: And of this, the finest blue commonly sells 20
per cent. higher even than the finest glowing purple,
(though the last probably contains nearly as much co-
louring matter as the first,) and 70 or 80 per cent.
higher than the best copper-coloured. The price has, I
believe, also, been sometimes affected in this country,
by the size and form of the indigo cakes; the large and
square selling for more than those which are flat and
thin, and these last for more than broken indigo, though
it must all be broken and powdered, before it can be
advantageously used.

M. Berthollet has proposed to ascertain the compara-
tive values of different parcels of indigo, by dissolving
equal portions of each in sulphuric acid, and afterwards
destroying their colour by adding the oxymuriatic acid
to them, severally; always considering that indigo as
most valuable, which requires the greatest portion of
oxymuriatic acid for the extinction of its colour. But
probably the relative quantity, and value of colouring
matter, in any parcel of indigo, might be as well mea-
sured, or ascertained, without employing the oxymu-
viatic acid, by mixing a certain portion of the indigo.
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remaining 88 parts he obtained by digestion with alco-
hol, 30 parts, consisting of a green matter, a reddish
resin, and a little indigo. By digesting the residuum
with muriatic acid, he obtained 6 parts of * resine
rouge,” 2 parts of carbonate of iron, and 2 parts of red
oxide of iron, in union with alumine; after these had
been all separated, there remained about three parts of
siliceous earth, and 45 parts of pure indigo. This last,
but no other part, was capable, when burning, of emit-
ting that beautifid purple smoke, by which indigo is
peculiarly distinguishable; and which consists of indigo,
rendered volatile by heat, without any decomposition.
He concluded from this analysis, and from other expe-
riments, that indigo may be purified * par la voie
seche,® et par la voie humide;” that when purified, it
is susceptible of volatilization and crystallization: and
that, when most purified, its colour is purple, rather
than blue. (See Ann. de Chimie, tom. 68.) I think it
probable, however, that this purple appearance results
from a greater condensation of the colouring matter of
mdigo; since that of Prussian blue, when most pure,
exhibits a similar purple coppery aspect.

Bergman after separating, as far as he was able, the
€xtrancous matters mixed with indigo, found that 100
parts of it left 47, which he considered as its colouring
matter, very nearly in a state of purity; and this being

* The pure part of indigo may be all converted to vapour, with-
out any decomposition, by an elevation of temperature, a little
below the point at which it would be decomposed, and the simulta-
neous application to its surface, of a current of any elastic fluid,
which exerts no chemical aflinity upon the indigo. This, however,
will be most advantageously performed, with but small quantities
of indigo; for in larger, it will suffer a parsial decomposition, if
kept for any considerable time at such a temperature as is neces-
sary to render it volatile.

Vor. L. 4 i
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been rendered colourless by an abstraction of oxvgene,
and afterwards black, by the re-union of it. Probably,
the only similitude between charcoal and indigo, is that
which I formerly pointed out; i. e. that in each, the
basis combines with oxygene, and thereby acquires
colour and stability; with a complete éndissolubility in
the former, and a very difficult solubility in the latter.
But as their bases are different, so are their respective
colours, and several of their other properties.

The colouring matter of all sorts of indigo, is nearly
the same, and capable of giving nearly similar shades
of colour, when the basis has been sufficiently, but not
excessively oxygenated. The impure or extraneous
matters, mixed with it either unavoidably, or fraudu-
lently, are many and various; and they may be gene-
rally dissolved or separated, by the means employed by
M. Chevreuil; but when this has been done, there are
very few chemical agents, capable of acting upon the
residual pure colouring matter of indigo, duly consti-
tuted. There is, indeed, but one way, in which it can
be dissolved, without injuring its basis, and diminish-
“ing the stability of its colouring matter; and this is,
not by any single agent, but by the co-operation of se.
veral: of these, the first are such as by possessing a
greater affinity for oxygene, than that which is exerted
by the basis of indigo, are enabled to deoxygenate the
latter, or at least deprive it of a great portion of its oxy-
gene, so as afterwards to render it soluble, by means
which otherwise would be incapable of acting upon it;
particularly lime, and the several alkalies, in their caus-
tic state.

The matters employed to deprive indigo of its oxy-
gene, and thereby render it soluble, are either vegetable,
animal, or mineral. The vegetable are chiefly such as
excite, or promote, fermentation; and indigo seems to
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known by the blue or shining coppery colour of the
liquor on its surface, (where the indigo is constantly
revived by an absorption of oxygene), and by its green
tint every where below the surface. With these ap-
pearances, the liquor will be fit for dyeing, and though
the colour which it gives to wool or cloth will be green,
when first taken out of the dyeing liquor, it will very
speedily become blue, when exposed to the air, by at-
tracting and regaining the oxygene taken from it during
the fermenting process; the abstraction of which was
the cause of its green colour, |

It has hitherto been found extremely difhicult to
attain the proper, and only the proper, degree of fer-
mentation, in conducting the woad-vat; and this diffi-
culty seems to have resulted principally from the ever
varying properties of the woad, as it has been commonly
and ignorantly prepared. Indeed, there is good reason
to believe, that it would be much better if the manu-
facturers of this article would wholly abstain from giv-
ing it any sort of fermentation, (which at best is certainly
unnecessary), and content themselves with barely grind-
ing the plant, and drying it as expeditiously as possible,
forming it into balls at the proper time. Much also de-
pends upon the quantity of lime employed; not bnly for
the purpose of dissolving the indigo, but also for that
of moderating the fermentation; which, when excessive,
induces a putrefactive process, and destroys the tingent
power both of the isatis and indigo. Too much lime,
on the contrary, obstructs the necessary degree of fer-
mentation; the colour of the liquor then becomes black-
ish, and the vat remains useless, until the obstacle has
been overcome, by the addition of matters suited to
counteract this excess. This vat, or preparation of indi-
go and woad, is very generally employed for dyeing
wool and woollen cloth or stuffs.
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Indigo moistened, and finely ground, being put into
warm water, with twice its weight of sulphate of iron,
and the same quantity (as the latter) of pure lime, re-

cently and well burnt, will, with a little stirring, be
~ dissolved in twenty-four hours. In this mixture, a part
of the lime unites with the sulphuric acid, forming cal-
carcous sulphate, or selenite, and at the same time pre.
cipitates the oxide of iron, which, not being saturated
with oxygene, attracts so much of that which was com.
bined with the indigo, as to render this last soluble by
the lime in excess, above that which was required to
saturate the sulphuric acid. The beginning dissolution
of the indigo, may be perceived by a shining copper-
coloured pellicle, which forms itself on the surface of
the mixture, while the liquor itself becomes green, and
afterwards gradually inclines more and more to the yel-
low, as the solution advances. When it is completed,
and the liquor settled, the cotton yarn or stuffs are to
be dyed in it: they appear ycllow when first taken out,
but by absorbing the oxygene, will rapidly assume and
pass through the different shades of green, and in a few
minutes become blue; the oxygene regencrating the in-
digo, in the pores of the cotton.

Mr. Haussman, of Colmar, in Alsace, who, with a
considerable stock of chemical knowledge, daily prac-
tices the arts of dyeing and calico printing, published
an excellent ““ Memoire sur Pindigo, et ses dissolvans,”
in the Journal de Physique, &c. for March, 1788, in
which he observes, that the change of colour from yel.
low to blue, in cottons dyed as before mentioned, may
be greatly accelerated, and the blue rendered deeper
* and brighter than it would otherwise become, by plung-
ing the dyed cottons, when first taken out of the vat,
into water soured by vitriolic acid, which hastens the
regeneration of the indigo, and moreover dissolves and
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the indigo, which being dissolved, fixes itself by simple
application.

Mr. Haussman cbserves, that all the precipitates of
iron, whether obtained from solutions of that metal by
the mineral, vegetable, or animal acids, will serve, with
quick lime, to dissolve indigo, as well as that of green
vitriol, provided, and so long as they retain the property
of absorbing vital air; but that a nitric solution of iron,
or the rust of it, or any ether preparation, where it
t;&usts in an ochrous form, not attracted by the magnet,
~nor capable of attracting pure air, will be wholly useless
towards producing a dissolution of indigo, even though
employed with an excess of quick lime, or of caustic
alkali.

Mr. Haussman further observes, that caustic alkali,
with fine iron filings, instead of the precipitate from
copperas, would not dissolve indigo; but that (regulus
of) antimony, brought into the form of a powder, dis-

solved it perfectly with the caustic alkali, or quick lime
- slacked by water; though the calces, or oxides of anti-
mony, in this way, produced no such effect: nor did any
precipitates of copper: on the contrary, they all seemed
rather to hasten the regeneration of indigo, after it had
been dissolved by some other means. This effect of the
oxides of copper, (which results from the great facility
with which they relinquish their oxygene) is now well
known, and calico printers avail themselves of it in
making what are called reserves, or applications of ver-
digrise, sulphate of copper, or tobacco-pipe clay, and
glue, or in its stead, tallow, mixed and printed upon par-
ticular parts, intended to be hindered from imbibing the
indigo blue, and kept white, while the rest of the piece
is dyed. After mentioning this effect, it can hardly be
necessary to add, that when the sulphate of iron is want-
Vor. L. U
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will succeed with considerable latitude in this respect;
indeed, the variable qualities of indigo, render it diffi-
cult to prescribe any exact proportions, which shall
be always equally efficacious.

Mr. Haussman mixes twenty-five gallons of water,
with sixteen pounds of indigo, well ground, (or a
greater or smaller quantity, according to the quality of
the indigo, and the depth of colour wanted), to which
he adds thirty pounds of good carbonate of potash,
placing the whole over a fire; and as soon as the mix-
ture begins to boil, he adds, by a little at a time, twelve
pounds of quick lime, to render the alkali caustic, by
absorbing its carbonic acid. This being done, twelve
pounds of red orpiment are also added to the mixture,
which is then stirred, and left to boil for some little
time, that the indigo may be perfectly dissolved; which
may be known by its giving a yellow colour, imme-
diately upon being applied to a piece of white transpa-
rent glass. M. Oberkampf, proprictor of the celebrated
‘manufactory at J ouy, nedr Versailles, uses a third more
of indigo; and others use different proportions, not only
of indigo, but of lime, potash, and orpiment; which all
seem to answer with nearly equal success; but with the
best violet-coloured Guatamala indigo, it is certain that
a good blue may be obtained from a less quantity than
that prescribed by Mr. Haussman, by using as much
recently burnt pure lime, as of indigo, the same quan-
tity of orpiment, and twice as much potash. This com-
position is to be thickened by gum, which should be
dissolved in it whilst hot; and it should afterwards be
kept secluded as much as possible from the access of
atmospheric air.

Indigo dissolved in this way, for penciling or printing,
I shall hereafter call topical biue—its strong tendency
to attract oxygene from the atmosphere, and to be
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In making the before-mentioned composition, a
cepper-coloured pellicle appears on the surface of the
liquor as soon as the indigo begins to dissolve; and this
pellicle becomes violet, and at last blue, by longer ex-
posure to the atmosphere. Mr. Haussman observes, that
the same pellicle arises, with the same appearances, if
the solution of indigo be put into contact with pure vital
air; but that, under the receiver of a pneumatic machine,
it diminishes in proportion asa vacuum is produced; and
that, as might be expected, it does not appear at all, in
either hydrogene, or nitrogene. He farther observes,
that if, instead of orpiment, the sulphur and white
arsenic, of which it is formed, be employed, together
or separately, with quick lime and potash, ‘no solution
of indigo will take place; and this will also happen, even
where orpiment is used, if quick lime be not employed
to render the alkali caustic. That having put indigo,
dissolved by orpiment, lime, and potash, into contact
with oxygene gas, obtained by distillation from nitre,
he soon found that excepting a little nitrogene mixed
with it, the whole had been absorbed by the solution of
indigo, and the blue rendered unfit for use, the indigo
being regenerated. In this instance, he also found that
a part of the alkali remained caustic, while another part
of it had combined with the vitriolic (sulphuric) acid,

pearl ash. I conclude from this, that the use of orpiment, for the
purpose under consideration, was then unknown, at least in this
country, though sulphate of iron was employed, but in a propor-
tion by much too small to produce its besz effect. I find afterwards,
an account of several experiments made by the writer, to accom-
Pplish what was desired of him by the linen printers, but the means
employed by him for this purpose, were more likely to impede,
than co-operate in the dissolution of indigo. So little wasthe subject
then understood, that all reasoning upon it tended rather to mis-
Iead the reasoner, than conduct him to the truth.
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antimony; though antimony, in its metallic state, (i. e.
the regulus) reduced to powder, had occasioned the
dissolution of indigo in the same way, and as well as
the crude antimony. He found, however, that no such
effect was produced by the filings of zinc; though when

. heated, this metal has great affinity with oxygene. He
. attempted in vain, to dissolve indigo, by a combination
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~ of sulphur with the other metals; and he attributes his

want of success to the circumstance of their being dis-
solved with difficulty, or perhaps not at all,  par la voie
humide,” in the caustic alkalies.

Besides repeating a great part of these experiments,
and with nearly similar effects, I have made some,
which, probably, were not attempted before; and seve-
ral of them produced effects highly deserving of notice.

Having in 1791, attempted unsuccessfully to dissolve

- pure blue Guatamala indigo, finely powdered, by long

and repeated boilings in water, with an excessive pro-
portion of shell-lime taken hot from the fire, and after-
wards by renewed boilings with a copious addition of
potash, I thought it might be worth while to try the
oxide of tin, which had then, 1 believe, never been

-~ employed to promote the dissolution of indigo. It so
- happened that I had at hand nearly a pound of an oxide

of tin, prepared some time before, (for a different pur-
pose), by putting two pounds of common single aqua
fortis, diluted with as much water, upon a quantity of
tin, not in very small pieces, and leaving the former to
act slowly upon the latter during several months, until

- all its oxygene was exhausted; after which, I found the

oxide, or calx, formed into lumps, and settled at the
bottom. The clear liquor being decanted from the oxide

- of tin, the latter was slightly rinced with water, and being

dried, remained in solid lumps. Some of these, weigh-

. Ing about twice as much as the indigo which I had
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a sufficient quantity of oxide of tin unsaturated, the
oxygene was seon absorbed, and the liquor again ren-
dered colourless.*

When, instead of the oxide of tin, I employed the
metal finely granulated, it produced no effect towards
dissolving indigo; and on trying tin, which had been
calcined with saltpetre in a crucible, I found that it not
only did not dissolve the indigo itself, but prevented it
from being dissolved by the oxide of tin (produced by
the aqua fortis, as just mentioned,) or by crude anti-
mony, or sulphate of iron, either singly or combined;
indeed it was with difficulty dissolved, when orpiment,
in a large proportion, was added afterwards; this I also
found to be the case of tin, calcined alone in a crucible
by strong heat: bismuth calcined in like manner, equal-
ly obstructed the solution of indigo. Probably in these
cases the metals so calcined not only did not attract
the oxygene of indigo, but let go some of that which
they had imbibed during calcination.

In the course of my experiments upon indigo, I was
induced to make trial of a large proportion of refined
sugar, (instead of orpiment), and I found that it acted
efficaciously in dissolving indigo, with the usual ap-
pearances, and producing a topical substantive blue, as
permanent, and every way as good as any in use. I
afterwards tried coarse brown sugar, and I found it at
least as effectual as the refined, for this purpose; it then
occurred to me, that this might be a valuable substitute

* Berthollet, tom. ii. p. 57, after mentioning my discovery of the
use of the oxide of tin in promoting the dissolution of indigo, adds,
“ On peut dissoudre immediatement l’etain peu oxidé, dans la
potasse, et faire agir cette dissolution sur indigo: elle produit
promptment une cuve ou les toiles se teignent en bleu tres intense.”
The formation of such a vat was naturally suggested, by the know-
ledge of what I had published on the subject.

Vor.l.






Plilosophy of Permanent Colours. 163

Sugar used in this way, seems to act like orpiment

‘in combining with oxygene; which it is strongly dis-
- posed to do in other circumstances. M. Berthollet, in

~ the second volume of the Annales de Chimie, mentions,
 that, in distilling the sulphuric acid upon different ani-
~ mal and vegetable substances, he found none of them

*»sn proper as sugar to form a large quantity of sulphu-
ui reous acid; which it could only produce by its great
?r affinity with oxygene.

r F"'
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I found, upon different trials, that, with the help of
- potash and lime, I could not dissolve indigo, either by

- sulphur, or white arsenic, or charcoal, or oxide of bis-
~ muth, or of lead (minium), or of zinc (lapis calaminaris, ).
- or of manganese, or the alkaline solution of flints, or of
- the earth of alum, or by magnesia. I was equally unsuc-
- cessful with copper, in all the ordinary preparations of it:

and indeed when verdigrise was added to indigo mixed
with lime and potash as usual,—there was not only no
solution, but the verdigrise afterwards obstructed the

action of all other agents upon it, insomuch that the

similar eflect. Probably the most useful and inoflensive topical
blue may be made by boiling powdered indigo with three times its
weight of coarse brown sugar, in a caustic lixivium of soda and
potash, and assisting the deoxygenation by adding the oxide of tin

- precipitated by lime from a solution of that metal by muriatic acid.

bt WL e

If a muriate of tin be added to the topical blue, prepared with
caustic alkali and red orpiment, or with caustic alkali and sugar,
it will occasion a considerable effervescence, and at the same time

- produce a farther deoxygenation of the indigo, and thereby render

the previous greenish yellsw colour of the mixture almost white,
and make the effervescing froth appear almost of the colour of
milk, though even this froth, if speedily applied to calico, will at-
tach itself, and by regaining oxygene, stain it with a permanent
blue colour. Such an effervescence, however, is inconvenient, and

~ T only mention the fact as an additional illustration of the theory

before stated.
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atmospheric air; the indigo having been not only de-
prived of the oxygene necessary to its colour, but
probably rendered incapable of re-uniting with it as
formerly, in consequence of a decomposition of its
vegetable basis, or a new combination thereof, with
one or more of the agents in question, too intimate to
be overcome by any of the usual means of regenerating
indigo. Here we have an instance of one of the most
permanent of colouring matters losing its colour irreco-
verably; not by any thing like combustion, which neces-
sarily requires the presence and combination of vital
air, but by means which seclude it from, and deprive it
of, all such air. |
The topical blue, when made, is often applied by the
pencil upon spots or figures previously dyed yellow, in
order to produce a permanent green: but the caustic
alkali contained in it, especially when employed too
freely, seems to weaken the yellow on which it is laid.

~ Wishing to remove this difficulty, I thought of neutra-

lizing the alkali, at least in some degree, so as to make

- it harmless in this respect, without, at the same time,

rendering the blue less efficacious. For this purpose 1
selected the muriatic acid principally, because as no
oxygene had ever been ascertained to exist, as one of
1ts constituent principles, there seemed to be no danger
of its reviving the indigo, by imparting oxygene to the
topical blue when mixed with it: and having made this
mixture, the effect answered my expectation; for though
it produced some effervescence, it neither rendered the
mixture blue, nor even its effervescing surface, though
covered with froth; but both remained green, while se-
cluded from the contact of atmospheric air, by being
inclosed in a vessel well stopped; and I found it practi-
cable in this way to neutralize the alkali completely,
without rendering the indigo unfit to produce a fast
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- particles had been collected together, in a concrete blue
- form, by agitation; and I have already mentioned, at p.
- 126, my persuasion, that the colouring matter of the
' indigo plant, in this fluid state, is not only fit for dyeing,
" but that the blue colour dyed with it, would, like that
~of the isatis, or woad, prove more permanent than that
given by the indigo, after it has been made to assume a
- concrete form; because its basis, even by the least hurt.
ful ways of dissolving it, will, T think, necessarily be in
- some degree weakened, as all other vegetable colours
~are found to be, by the action of such powerful agents
as are requisite for that purpose; and I think it proba-
ble, that the very durable blues which are given by
- particular people in some parts of Africa, owe their
~superiority to this method of dyeing.
~ According to Mr. Clarkson, “it is well known, at
least in the manufacturing towns, that the African dyes
‘are superior to those of any other part of the globe.”
" “The blue (continues he) is so much more beautiful
and permanent than that which is extracted from the
" same plant in other parts, that many have been led to
 doubt whether the African cloths brought into this
 country were dyed with indigo or not. T hey appre-
" hended that the colours in these, which became more
“beautiful upon washing, must have proceeded from ano-
E’-!her weed, or have been an extraction from some of the
‘woods which are celebrated for dyeing there. The mat.
:’&.ér, however, has been clearly ascertained: a gentleman
 procured two or three of the balls, which had been just
 prepared by the Africans for use: he brought them home,
“and upon examination found them to be the leaves of
-indigo rolled up in a very simple state,”
b
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and the non production of sulphureous acid thereby. This
fact, of the production of water by a combination of a
part of the oxygene of the indigo, with a part of its hy-
drogene, enables us to understand how the indigo may,
and, indeed, must be deprived of a portion of oxygene,
sufficient to change its colour, suddenly, to a greenish

- yellow; and this change being effected, the progress af-
- terwards, to green and blue, accords with the series of

changes observed in the topical blue of the calico print-

_ ers, after its application; and indicates a restitution of
- the oxygene, taken from the indigo by the formation of
‘water. To ascertain with certainty whence this restitu-

tion was made, or rather whether any part of it was de-
rived from the atmosphere, I placed a small piece of the
Guatamala indigo in a phial, and filling it completely
with colourless oil of vitriol, I closed it immediately
with its ground glass stopper, which came in contact
with the acid and indigo, (the latter from its levity rising

 to the top) so as to leave no space for air. I then placed

the phial at the window, and keeping it motionless, saw,
by transmitted light, streaks of greenish yellow radiating
downward from the indigo, and gradually changing and
passing through all the intermediate shades of green, to
a full sky blue; and as nothing could have been gained

~{rom the atmosphere during these changes, it was ma-

‘nifest that they must have beea produced by something

contained in the sulphuric acid; and as the latter does
not appear in this operation to suffer any decomposition,
nor the indigo to be capable of effecting any, I conclude,
that when this last has been rendered soluble, by the
deoxygenation resulting from a production of water, it
enters into a triple combination with the oxygene and
sulphur composing the acid, and thereby regains its
blue colour, with additional brightness; either from its

union with an increased proportion of oxygene, or from
Vor. L
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soap in boiling water, and changed by alkalies to an
olive colour, more or less yellow, according as the al-
kali is more or less caustic; and since the adhesion of
this blue to linen and cotton is so feeble, that cold run-
ning water will gradually carry it off.

Bergman, (whose labours have thrown much light on
the subject of indigo) ascribes the want of greater per-
manency in the Saxon blue, to the use of sulphuric
acid, not sufficiently concentrated. He used an acid
whose specific gravity, compared to that of water, was
as 1900 to 1000, and employed eight pounds of this
acid, to dissolve one pound of indigo. I believe, how-
ever, that he was misled on this subject, and that Peer-
ner is much nearer the truth, when he 'says, that the
best proportion for dissolving indigo, is only four times
its weight of good pure oil of vitriol; and that where
more is used, the blue is less permanent. I am even
inclined to think that the blue will prove more durable,
if this last quantity of acid be diluted, with an equal
portion of hot water, as soon as the indigo is put to it,
and the mixture left in a warm situation 48 instead of
24 hours, for the indigo to dissolve; because, by a
slower, and more moderate action, I think the basis of
the indigo will be less weakened; at least I have fre-
quently dissolved indigo in this way, and the colour
has appeared to be more durable, than when it was dis-
solved by an undiluted acid.* The indigo being dissolv-
ed, Mr. Peerner adds as many ounces of dried potash,
as there were of indigo in the solution, which produces
an effervescence; and after twenty-four hours, he adds
eight pounds and a half of water, for each pound of oil
of vitriol employed, and puts the whole into a glass

* If the indigo be jfinely fiowdered, it will be thereby rendered
soluble, with a smaller proportion of the acid, and even that pro-
portion may be more diluted.






Phulosophy of Permanent Colours. 175

guish it.* When applied to wool, the blue colour is
much more permanent than it is in a fluid state; for
though a little manganese, added to the sulphate of in-
digo, instantly destroys its colour,t wool, which had
been previously dyed blue with some of the same pre-
paration, was not discoloured by the action of manga-
nese, dissolved in sulphuric acid.

I do not know that a black was ever produced by the
sulphate of indigo, or by any other preparation of that
drug alone. Mr. John Wilson, who greatly contributed
to improve the art of dyeing at Manchester, has asserted,
that though a redundance of colouring matter will in-
crease the force and body of a colour, yet that no repeat-
ed dyeings of blue will become black. I have, however,
now before me, two pieces of cloth, one of which is the
deepest and purest black perhaps ever seen, and it was
dyed by me, very lately, from sulphate of indigo, em-
ployed alone, though in an unusual quantity; the other is

* Peerner describes a sulphate of indigo, which he prepared in a
dry solid form, and reserved as a secret: he represents it as being
more commodious, and advantageous for dyeing, than the common
sulphuric solution of indigo. Berthellet conjectures (tom. ii. p. 97)
that this may have been the precipitate which I had recommended,
of sulphate of indigo, by an addition of carbonate of lime. It doubt-
less must have been a firecifiitate by this or other means.

t The destructive action which manganese exerts upon the
colour of indigo, when it (i. e. the manganese) is mixed with sul-
phuric acid, though weaker, resembles that of muriatic acid, after :
it has been mixed with manganese; and to my conception, affords
a strong presumption, that in both mixtures, the destroying power
depends upon a co-operation of something gained from the manga-
nese; which is, however, contrary to the notion of Scheele and
Davy, that muriatic acid, by its admixture with manganese, and
conversion to oxymuriatic acid, geins nothing, but is merely de-
prived of the hydrogene previously combined with it; and that this
deprivation constitutes the whole difference between the muriatic
and oxymuriatic acids. Manganese added to the topical blue, soon
revives the indigo, but does not injure its colour.
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The sulphuric acid, or oil of vitriol, as commonly pre-
pared contains a small portion of the mtrlc:, which, how-
ever small, necessarily does some harm in forming the
sulphate of indigo. M. Chaptal observes, that he has seen
the colour fail, and the stuffs intended to have been dyed
‘spoiled by this fault in the sulphuric acid employed for
that purpose, which ought, therefore, to be guarded
against as much as possible.

The indigo of all others most preferred for Saxon
blues, is the flora of Guatamala, which indeed is seldom
- employed for any other species of blue.

The other kinds, when mixed with oil of vitriol, effer-
vesce sometimes very strongly, in consequence of the
extrication of fixed air; the presence of which may
easily be accounted for, by recollecting that lime is com-
monly employed to accelerate the separation and precipi-
tation of the minute particles of indigo, while in the
vessels called beaters, and that in doing this, it subsides
with the indigo, after having absorbed carbonic acid,
- which in this way is again set free by the oil of vitriol.
Here it will be proper that I should offer some conjec-
tures on the cause of the different colours of indigo: and
as a foundation for these, I must remark, that the flora,
or blue indigo of Guatamala, is much lighter than the
violet, and that this last is lighter than the copper-colour-
ed. From the lightness of this d/ue indigo, and from its
not effervescing with acids, when dissolved by oil of
vitriol, there is the strongest reason to conclude that no
lime is employed to accelerate the separation and precipi-
tation of its colouring matter in the beaters; since, if
there had been any, it would have increased the specific

gene. An undissolved hydro-sulphuret will act more efficaciously
in this way, so as to render the sulphate of indigo almost colour-
less; after which, if it be applied to calico, the latter will first be-
come yellow, next green, and then blue.
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cle covering it, will be only copper-coloured, though
eonsisting of a colouring matter which was formerly
blue, and which would have become so again, if, being
dissolved, it had been thinly applied to linen or cotton,
and brought sufficiently into contact with the oxygene of
the atmosphere. As therefore this blue indigo had appa-
rently become copper-coloured, only by having less
oxygene than before, is there not from this circum-
stance, an additional reason to conclude, that the copper-
coloured indigo, separated and precipitated by lime, is
made of that colour, only by its possessing a smaller
proportion of oxygene than the blue indigo? and whilst
this /ue indigo is preferred for combination with sulphu-
ric acid, as producing least effervescence, we should
expect that the copper-coloured, as being the least oxy-
genated, would be most suitable for the indigo vats, and
for the topical blue, because in these the dissolution is
effected by taking away oxygene; and the less there is
of it, the more easily will this be effected; and here the
choice and practice of the dyers accord with my hypo-
thesis, as they constantly employ the copper-coloured
indigo for these last purposes.

Having already noticed all the Anown means or sol-
vents by which indigo can be rendered useful in dyeing,
I will only add a few observations concerning the effects
of some other agents upon it.

If strong nitric acid be mixed with powdered indigo,
its action upon the hydrogene of the latter will be so
violent, as to produce actual combustion; and when di-
luted, its power, though moderated, will always prove
destructive of all the useful properties of indigo, unless
it be made so weak, as to manifest no sort of influence
upon it. When it is of the strength of common or single
aqua fortis, it dissipates a considerable portion of the
component parts of the indigo, and converts the remain-

Vor. 1. Z
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mate, that no means which I have been able to employ,

to remove or neutralize the acid, have enabled the indigo

to regain its former portion of oxygene, or return to its

former blue colour; as the sulphate of indigo will do by

such means, when it has been made yellow by muriate
- of tin, "

The insolubility which the basis of indigo acquires by
combining with oxygene, may, as Berthcllet observes,
be compared to that of certain metallic oxides, which at
a maximum of oxidation, cannot be dissolved by acids,
but are made soluble by the application of means suited
to produce an abstraction of oxygene. And here I may
terminate my explanation of the extraordinary and highly
interesting chemical properties of indigo, believing that
it will suffice to enable my readers to understand, both
the reason and effects of the several methods and means

s employed to fix its colour, by dyeing and calico print-
ing.

It now only remains for me to mention some facts
respecting the history of indigo, which have been pur-
posely kept back, because I believed they would be read
with more interest, and be better understood when the
properties of this drug had been previously made known.

Mr. J. N. Bischoff, in a work which manifests great
reading on the subject of dyeing, ( Versuche einer ges.
chichte der Firberkunst, 1780,") appears to think, that
the indigo with which we are acquainted, was unknown
to the Greeks and Romans; that the indicum of Pliny
was not a dyeing drug, but a paint very different from
our indigo; and that the charter or contract which passed
in 1194, between the cities of Bologna and Ferrara, re-
specting certain duties to be paid at the former city,
upon the Grana de Brasile, (or Kermes), and upon indi-
go, alluded to the indicum of Pliny, and not to the
substance now called indigo. It may, however, be de-
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to the way in which it was produced; he having sup-
posed it to be a slime naturally collected in the scum
of the sea, and adhering to certain reeds growing on its
shores (* harundinum spume adharescente limo”).
And with this notion, he imagined that the peculiar
- odour of indigo, when burning, resembled the smell of
the ocean, a circumstance which he says made some
think it was gathered from the rocks (*“ dum fumat,
- odorem maris olet: ob id quidam e scopulis id colligi
putant.”’) These notions, and the different names and
circumstances which were applied to this substance, or
mentioned as connected with it, by Dioscorides, Galen,
Paulus /Egineta, and others, induced Caneparius, in
his work ““ de Atramentis, &c.” (p. 193) to adopt what
he supposed to have becn the opinion of the former,
that two different colouring matters from India were
known to the ancients, one naturally adhering to reeds,
&e. as described by Pliny, but now, as he supposed,
wholly unknown to the moderns; and the other, an arti-
Jicial substance similar to our indigo, and which he
supposed to have been extracted from the isatis, or
woad, by boiling it in dyeing vessels, and collecting
and drying the scum, or skimmings, (as Pliny had
mentioned to be done to obtain a pigment by the dyers
of Tyrian purple.) This, he adds, is called in vulgar
language, “ Endego,” and is brought by merchants
from India to Alexandria, in Ilgypt, and to Syria, and
thence imported to this city of Fenice, now become
(says he) the emporium of the whole world.*

* « Consequitur ergo ut,”—* duo atramenti indici genere fue-
rent a Dioscoride constituta, (unum) eorum prodidit naturale quod
sponte ab arundinibus in India paludibus, instar spumza vi solis
exiens humor concrescebat colore purpureo, guo famen firorsus ca-
remus, Alterum vero indici genus scriptum nobis reliquit esse arte
factum; dum enim in cortinis, haec sunt vasa infectorum in quibus
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which, says he, it is not my office to give instruction.¥
Caneparius was a physician, and not likely to have been
minutely informed in regard to these practices; and yet,
in the same page, he describes very accurately, the
method of preparing, for dyers’ use, the isatis, from
which he believed the indigo to have been extracted,t
and from which indigo may indeed be obtained.

I'find among my papers, a statement, which I made
some years ago, on the authority of Sir Hans Sloane,
(and taken, as I believe, from his Natural History of
Jamaica, &c.) importing, that the annual consumption
of indigo in Europe, about the year 1620, (soon after the
time when Caneparius wrote) amounted to 350,0001bs.;
and that this came principally by the way of Aleppo,
where it was computed to cost 4s. and 6d, the pound.
It is probable, therefore, that the Dutch had not then
begun to import indigo, by the Cape of Good Hope;
or at most, that they imported but very little of it.
That it had previously, for a considerable number of
years, been imported through or from Turkey, is evi-
dent from several facts, and among ethers, from Mr.
Hackluyt’s “ Remembrances for Master S——,” who,
In 1582, was going to Turkey, and, among other things,
was instructed “to know, if anile, that coloureth blue,

* % Usus igitur indici est hodierno tempore tinctoribus, et sCrip-
toribus: nam dissolvunt eum tinctores in Caleariis cum lixivio, et
aliis more suo, hc tamen vos docere non est meum institutum,”

T “ Isatis est herba, qua ante florem colligitur, et sub mola tun-
ditur, et facto ex ipsa cumulo maceratur soli, mox in Magnos
globos redacta, et sub tecto locata aspergitur aqua, ut magis,
potiusque, maceretur tunc edit magnum fetorem, et nigrescit, et
sic praparatio isatis sive glasti dicatur idem esty, perficitur ad
tincturas,” p. 194, The supposition of Caneparius, that indigo was
obtained from the isatis, or woad-plant, seems to have been preva-
lent even in this country, so late as 1640, when Parkinson, who
was then treating of indigo, called it « indico, or Indian woade.”
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or ¢ floray,”* and directed to be fermented by the vat
process, with wood ashes, bran, and greening weed,
(probably weld), and the appearances indicating the fit-

* In the act of the 23d year of Queen Elizabeth, cap. ix, indigo
is designated by the names of ““ancle, alias blue inde.”—How long
the vulgar Italian name of “endigs,” mentioned by Caneparius,
had prevailed in that part of Europe. I am net dble to as€ertain;
but it appears to have been afterwards adopted and spelf with
exactly the same letters, in the account of Canche’s voyage to
Madagascar, and by other French writers of that time; and our
name of indigo has manifestly been thence derived.—The Spa-
niards and Portuguese, who had found the way to India, by two
opposite courses, at a much earlier period, and there became
acquainted with this production, adopted the Hindu name of anil,
and aneileira; and these are the nations by whom indigo was first
manufactured in America, viz. by the Portuguese in Brazil, and by
the Spaniards in Mexico, where they each recognized the plant
growing spontaneously. It seems extraordinary, thercfore, that
professor Thomas Martyn should have erred, as he has done, in

his recent edition of Miller’s Gardener’s Dictionary, by represent-

ing “nil or anil” as ¢ the American name” of indigo, and con-

; cluding, that the Portuguese had borrowed their name from the

Americans, not from the people of India.—~Though the French and

~ English were later than the Spaniards and Portuguese, in encou-

raging the manufacture of indigo in America, they afterwards
made considerable progress in it. The former exported from the
island of St. Domingo only, in 1774, 2,350,0001bs. weight of this
commodity; and nearly about the same time, in 1773, in the space
of twelve months, 1,107,000 pounds weight of it, were exported
from South Carolina. But in both places, the manufacture of this
commodity has ceased, from new, though different circumstances.
The deficiencies, however, which might have resulted from these
changes, have been fully obviated by an increasing production of
indigo in the East Indies. The importation and sale of this commo-
dity, at the East India house, in 1792, amounted only to 581,827]bs.
whilst the importation into Great Britain, from other parts of the

- world, amounted to 1,285,927Ibs.; since which time the latter

importation has gradually declined to less than a fourth of the

former amount; whilst the importation from the East Indies, and

sales at the India house in the year 1806, amounted to 4.811,7001hs.
Vor. I 2A

v
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Egyptians afterwards obtained a knowledge of indigo,
and of its use, (as'they did of many other things), from
India, they naturally adopted the name, with the sub-
stance itself; the Arabs calling it nil and nir, as Julius
Scaliger long since mentioned, (in his book, on plants,)
and the Egyptians giving it the name of nil, or neel. It
is stated in the Memoirs of the Baron de Tott, (p. 278,)
that the seeds of the indigofera tinctoria, with which
the Egyptians dye their only garment (a linen shirt) are
imported annually from Syria; Egypt being a fot-house
- which exhausts the plant, before the seeds can ripen.
The Egyptians, therefore, were not likely to be the first
discoverers of a manufacture, depending on a plant,
which could not yield proiific seed in their own country.
Concerning the history of the isatis, or woad, I shall
make but a very few observations. It was called by the
former name among the Greeks, and particularly by
Dioscorides; but it bore that of glastum among the
Gauls and Germans, which, in their language, signified
-glass: hence Czsar, in the 5th chapter of his 5th book,
de Bello Gallico, says, ‘“ omnes vero se Brittani vitro
inficiunt, quod czruleum efficit colorem: atque hoc
horribiliore sunt in pugnz aspectu.”—Pliny distin-
guishes it sometimes by the Greek, and at other times
by the Gallic names; and in the first chapter of his 22d
book, he mentions it as resembling the plantain, and as
being called glastum by the Gauls; and though he does
not repeat Casar’s observation, that the Britons made
their skins blue with it, in order to appear more terrible
in battle, he says, that their wives and daughters paint-
ed their bodies with it, when they appeared naled, at
the sacred festivals, so as to resemble Ethiopians. He
had previously mentioned, in the 7th chapter of the
20th book, that this plant was employed to dye wool.
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~ which many flattened roundish seeds are nestled in

If this fruit or berry, whilst unripe, be sliced or
broken, and exposed to atmospheric air, its colourless
substance, or the clear juice expressed from it, almost
immediately acquires a strong deep blue colour, and is
universally employed by the savage tribes of Guiana
and Brazil, to stain their skins with a variety of spots,
lines, and figures, for the purpose of ornament at their
feasts and dances, as well as to render themselves terri-
ble to their enemies when going to war; as the isatis, or
woad, was employed by the Britons in Casar’s time.
But the most singular circumstance attending this ap-
plication is, that no repetition of washing with soap,
nor any other application, so far as I could learn at the
several times of my being in Guiana, appeared to have
the smallest power to remove the blue stains so pro-
duced, until after some days, (generally nine or ten;)
when the epidermis, or scarf skin, by perspiration, rub-
bing, &ec. appears to wear away, and make room for
another, which is untinged; and it is in this way only,
as I believe, that the stains in question spontancously
and gradually disappear, after some days. *

Oviedo seems first to have mentioned this tree by
the name of xagua; but he describes the colour pro-
duced by its unripe fruit, as being black, adding that
the stain given by it to the skin, cannot be removed in
less than ten or twelve days; and that it never can be
effaced from the finger nails, until by their growth or

* Since my last return from Guiana, I find it stated by Hart-
sinck, (* Beschryving van Guiana,” i. 49,) that the acrid milky
juice of the fruit of the carica fiafiaya, or papau tree, will remove
the stains in question; which, if true, is a curious fact, and I regret
not having been informed of it, whilst T had proper means to as-
eertain the truth exprerimentally,
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ing ink, though it differs from it, by inclining much
more to the dark blue colour. The fable, however, of
the fugitive nature of this ink, and the dangerous pur-
poses to which it might be applied, was so generally
and firmly believed, by the inhabitants of Essequebo
and Demerary, that 1 was induced to report it as credi-
ble in the volume, which, at an early age, I published re-
specting the Natural History of Guiana, in 1769.%
"This tree, like the nerium tinctorium, asclepias tingens,
&c. belongs to the natural order of Contorte, and is known
at Essequebo, Demerary, and Berbice, by the Arrowau/:
name of /auna, and at Surinam by that of tapouripa, which
undoubtedly was borrowed from some of the neighbour-
ing tribes, probably the Carribees, with whom the first
(English) settlers in that colony had more communication
than with any other; though I cannot find this name in any
vocabulary of the language of that pcople. Mad. Merian
“has mentioned this tree inaccurately, under the name of za-
brouba, and has intended to representa branch of it, at her

* Francis Ximenes mentions that tricks were sometimes prac-
tised with the juice of this fruit, by privately mixing it with rose
water, and giving it to the ladies in New Spain; and Dutertre, in
his Aecount of the French West India Islands, writing of this tree
says, “il porte le fard des chambrieres nouvellement venues.” He
adds that the simple maid servants, who, in considerable numbers,
about that time, came to the West Indies from France, were told
upon their arrival, that unless they washed their hands and faces
with the (colourless) juice of this fruit, their skins would become
blacky and that, believing this, they eagerly collected and applied
‘the supposed means of preserving their complexions, and were
astonished, soon after the application, to find their faces and hands
covered with a hideous dark blue stain, which nothing could re-
move for nine or ten days. He indeed mentions his having mar-
ried considerable numbers of them, Lefore this stain had been
removed, and repeats the fable respecting the supposed frauds
‘Which might be practised by using the juice of this froit as «
substitute for ink.
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this species at certain seasons,) and that it afforded the
uncommon spectacle of a leafless tree bearing fruit,

About this time, circumstances connected with the
state of my health, determined me to return immediately
to Europe, by the way of Barbadoes; and having no lei-
sure to make even a single experiment, the fruit of this
tree, which had then almost attained its full growth,
were all gathered, and embarked with my baggage.
But finding soon after my arrival at Barbadoes, that they
were becoming soft, and in danger of spoiling, before I
could conveniently make the experiments which I in-
tended, I caused them to be sliced and dried in the sun;
presuming that they might afterwards be preserved seve-
ral years, like the indigo plant, in a state fit for my ex-
periments. But while this was doing, the sudden transition
of the whole inner colourless substance of the sliced fruit,
to a full dark blue, without any intermediate yellow or
green tint, engaged my attention, as indicating an im-
portant difference between this, and the basis of indigo;
for it was hardly credible that the affinity for oxygene
should be so much greater in the former than in the lat-
ter, as to enable it a¢ once to become blue, without even
the momentary appearance of an intervening green.

By the part which I took in slicing this fruit, my fin-
gers were deeply stained; and as this stain might well
seem indecorous to the gentlemen and ladies, with whose
hospitalities I was daily honoured, I spared no pains to
remove it, by repeated washings with soap, alkalies, &c.
and by frequent applications of lemon, and lime juice,
but without producing any sensible diminution of this
troublesome dark blue ‘colour, until it disappeared in the
usual way, by an apparent abrasion of the cuticle.

I did not neglect, when in Barbadoes, to apply some
of the juice of the sliced fruit, by which my fingers were
stained, to pieces of calico, impregnated with alumine,

Vor. L. 2B
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ing towards rottenness, (which might produce effects
like those of ripeness), I know not; but as its blue colour
evidently results from causes, differing greatly from those
which produce the colour of indigo, it seems very desi-
rable to ascertain their nature; though I think this can
only be done by trials upon the unripe and recently
gathered berries, which, while their juice remains co-
lourless, might be placed, some in vacuo, others in the
several gases separately, and exposed to the sun’s rays,
~as well as kept in obscurity, to discover which of these
situations and agents contributed most, either to hasten
or retard the production of the blue under consideration.

Brown, in his History of Jamaica, p. 143, observes,
that “the pulp of the berries of the Randia aculeata,
Linn. (called in that island the indigo berry, and which
grows plentifully on the smaller branches of the plant,)
is very thick, and stains paper or linen of a fine fixed
blue colour. I have tried it (continues he) on many oc-
casions, and have always observed it to stand, though
washed with either soap or acids; but it does not com.
municate so fine a colour with heat. It would prove (he
adds) an excellent fixed blue in all manner of paints and
prints, if it could be obtained in any quantity; but the
berry is not very succulent, and the people as yet are not
very industrious in these parts.”

This plant, like the genipa, has recently been added to
the genus gardenia, (under the name of gardenia acu-
leata,) and it is remarkable that their generic characters
being similar, their fruit also should yield blue colouring
matters, which, as far as I know, seem to resemble each
other. The indigo berry, in like manner, belongs to the
natural order of contorte, which, more than any other,
contains plants yielding the blue colour.

Mr. Martin Lister (in the VIth Vol. of the Philoso-
phical Transactions, page 2132,) mentions that  the
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green substance so put into my hands, was much too
small even for a single decisive experiment. I however
divided it into three parts. One of these I put into boil-
ing water, which appeared to have no action upon it;
but it was afterwards dissolved by a little oil of vitriol,
like common indigo, producing, however, a green, in-
stead of a blue colour. A second of these parts I dissolv-
ed with a little caustic alkali and orpiment, in order to
see whether, excepting the difference of colour, it would
possess properties similar to those of indigo, when dis-
solved by the same means, and like the latter be able to
produce a fixed colour on linen or cotton by topical ap-
plication. This, however, it did not seem to be capable
of doing: the remaining part I put into a little spirit of
wine, which dissolved a portion of it, though very slowly;
a circumstance in which it differs materially from indigo,
and seems in some degree to resemble that green-colour-
ed fecula which some plants afford, and particularly the
cruciform, when fermented like the indigo plant in warm
weather. I confess, however, that these experiments were
made on such very small quantities of the substance un-
der consideration, that very little dependence ought to
be placed upon them. But this is certain, that if a sim-
ple or homogeneous green colouring matter exists, and
can be discovered, with properties in other respects simi.
lar to those of indigo, it will be a most important addi-
tion to the Materia Tinctoria.

Barasat Verte.

In the year 1793, Messrs. John and Francis Baring,
and Co., received from R. C. Birch, Esq. of Calcutta,
parcels of two new drugs, intended for dyeing; samples
of which were put into my hands, with a request that I

capable of producing a green dye, has any relation to the tsai of
M. de Poivre, I know not.






Philosophy of Permanent Colours. 199

After what has been just mentioned on the subject of
green indigo, it will naturally be concluded, that my
curiosity must have been greatly excited by that now
under consideration; and indeed I lost not a single mi-
nute in making such a trial of it, as would decisively
ascertain whether it really possessed the propertics of
indigo, with only the difference of a green instead of a
blue colour. This was by powdering and boiling it in
water with a suitable portion of lime, potash, and red
orpiment, as is practised in making the printer’s blue for
penciling, (see page 154, &c.); and in doing this, I soon
perceived, with great satisfaction, that the mixture ex-
hibited exactly the same smell, and the same appearances,
as those which arise in making the printer’s blue; the
surface of the liquor was covered with a fine shining
copper-coloured scum, and beneath this, when separated,
the liquor itself exhibited a lively green. Being impatient
to see how far its effects were similar to those of indigo
dissolved in this way, I applied some of the green liquor
as expeditiously as possible, by the pencil, to a bit of
calico, and soon perceived that it consisted of two very
dissimilar colouring matters; one, which proved to be
true indigo, was immediately revived by an absorption
of oxygene, (as happens to the printer’s blue when so
applied,) whilst another part of the liquor spread itself
farther, and retained a kind of olive green colour, which
the air did not change.

The calico, after being dried, was washed with soap,
and that part of the liquor which had spread farthest, and
retained the olive green colour, was soon wholly washed
out, leaving behind the pure indigo, adhering to the spots
and strokes where it had been applied. Having thus con-
vinced myself that this substance contained a portion of
true ndigo, I powdered an ounce of it, and mixed the
powder with six times its weight of sulphuric acid, as in
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caustic vegetable alkali from the residuum, then pouring
upon the latter farther portions of caustic alkali in hot
water, until the lixivium came away colourless; and after-
wards submitting what remained to the action of muriatic
acid, to dissolve any heterogeneous matters which the
alicaline menstruum had left behind, I at length obtained
- a considerable quantity of indigo, of a middling quality;
~ part of which, being dissolved by sulphuric acid, dyed
wool of a good Saxon blue colour, without any of the
greenish tinge which had attended my first trials; and
another part being dissolved by potash, lime, and red orpi-
‘ment, as for the printer’s topical-blue, produced the usual
eflects of indigo in this way. Having applied the acetite
of alumine topically to a piece of cotton, as is practised
in calico printing, and dyed one part of it in the yellowish
brown coloured liquor, which had been obtained by pour-
ing hot water on the supposed green indigo in powder,
and anether part in the olive green liquor, obtained from
the same powder by caustic vegetable alkali, I found
that, though each imbibed a different colour, neither was
fixed upon the figures which had been printed with the
aluminous basis, or on the parts to which no mordant or
basis Lad been applied, and that the colours were re-
moved by washing with equal facility from every part: a
certain proof that the yellowish brown and olive green
colouring matters were not of the adjective kind, (having
no affinity with the aluminous basis,) and that they are
not likely to be of any use in dyeing; for though they
should prove lasting upon woollens, there are many
other and much cheaper means already in use for giving
colours of this kind to wool, It seems evident, therefore,
‘that the true nature of the supposed green indigo was
but very little known to the discoverer thereof; and that
its useless heterogeneous parts were the only ones which
Vor. I 2C
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incumbrance, without any such benefit as Mr. Birch ap-
pears to have expected from them.

The preceding account of the Barasat Verte, was
published by me in 1794, excepting the names, which I
did not consider myself as at liberty to mention. I had
not then been informed that when my attention to this
‘subject was requested by Messrs. Baring, the nearest
relation of Mr. Birch in this country, had also enguged
Dr. Higgins to employ his chemical science and means
upon the same matter; and, consequently, the report
which I made, and which was transmitted by Messrs.
Baring to Calcutta, was founded solely upon the results
of my experiments. I discovered afterwards, however,
by some letters from Mr. Birch, (of which extracts were
communicated to me,) that the report of Dr. Higgins, in
regard to the merits and value of the Barasat Verte, had
been much more favourable than mine; he having, ac-
cording to Mr. Birch’s summary account, stated it to be
““a novelty, producing fine dyes, going farther than in.
digo, and rivalling it, in the solidity and lustre of its
colours.”” Fortunately for Mr. Birch, he did not, on the
strength of this report, precipitately engage in an exten-
sive manufacture of this article, as he might have done,
if my opinion had been equally favourable. One of his
letters contains this observation: ¢ Dr. Bancroft’s expe-
riments, and remarks, appear to have been made with
much good sense, candour, and kindness; had he given
as favourable an opinion as Dr. Higgins, I should have
had more dependence than I can now have, &c.”

Mr. Birch did not, however, relinquish this object, un-
til by sending to this country several parcels of the Ba-
rasat Verte, and getting it used by dyers, he became
fully satisfied, that it had no other value than that of the
indigo contained in it; and that, as indigo, this was not
the most advantageous form, or method of preparing it.
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as to induce me to hope, some better qualified person
may be able to discover how this green dye is to be ob-
tained and applied.” See Trans. of the Society of Arts,
&c. vol. 28, p. 305.

Formerly the soot of burnt wood was employed sub.
stantively to dve woollen cloths of an olive green colour;
though it seems now to be rarely used. It gave cloth an
unpleasant smell, which was, however, in some degree
compensated, by the certainty with which the cloth was
afterwards thereby preserved from the depredations of
moths.

Turmeric.

Of substantive vegetable yellows, the only one em-
ployed in Europe, and deserving of notice, is the root of
the Curcuma, or Turmeric; which, without any addition,
yields a fine bright colour, though of but little durability.
Of this there are two species, the Rotunda and the Longa.
The latter is very generally employed in the East Indies,
as a condiment with animal food. The former, or round
root, is chiefly cultivated for dyers’ use. Loureiro, after
mentioning both species as growing wild, and also by
cultivation, in China and Cochinchina, adds, concerning
the round, “ radix ista non est esculenta: ad tingendum
adhibetur colore guidem pulchro, sed inconstante.”” (Tom.
ip 9)

This beautiful colour has not the smallest affinity for
any metallic or earthy basis. I have applied solutions of
alumine, tin, iron, and all the other metals, in spots, to
calico; and after drying and rincing, have dyed it with
turmeric, which, unlike any of the adjective colouring
matters, was imbibed most copiously upon the parts
which had received 7o basis or mordant; and the colour
being exposed to the sun and air, it did not prove more
fugitive upon these parts, than on those to which alumine,
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that kind which I have denominated substantive, as ca-
pable of being fixed by dyeing, &c. without the aid of
any aluminous or other basis.

M. du Pratz, in his history of Louisiana, also men-
tions a tree, or shrub, seldom exceeding the thickness of
a man’s leg, the wood of which, he says, is yellow, and
yields a juice of the same colour, if cut in the sap. Both
the wood and the juice, he says, have a disagrecable
smell; and the former is used by the natives for dyeing,
first cut into small pieces, and boiled in water, into which
they dip feathers, hair, &c. He calls it ayac, or stinking
wood; and as he mentions nothing of the use of alum, or
any other basis or mordant, this, if his account be accu-
rate, must also be a substantive colour. I fear, however,
that the information of persons, not particularly acquaint.
ed with the subject, cannot be much relied upon respect-
ing the natures and properties of dyeing drugs.

The roots and bark of the Bérberis vulgaris, Linn. or
Barberry shrub, are naturally of a fine yellow colour,
which they communicate to wool, without any basis; but
it has not the smallest degree of permanency against the
action either of air or soap. This shrub indeed furnishes
a remarkable instance, to show how little can be disco-
vered respecting the colouring properties of plants from
their external appearances. A similar instance lately oc-
curred to me in the wood, bark, and root, of the Zan-
toxylum clava Herculis, Linn. (the tooth-ach tree, or
Japan pepper tree,) every part of which is strongly co-
loured of a most beautiful yellow; but having procured
some of it for trial, I could extract but little colour from
it, notwithstanding its sceming abundance of tingent mat-
ter; and the little which I did extract, was, like thatj of
the Berberis, utterly incapable of forming the least union
with any basis, or of resisting the action of air, or of
soap, in any degree,
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1s employed to render it soluble in that vehicle, and after-
wards the silk or cotton is dyed therein without any alu-
minous or other basis.* The colour of annotta becomes
less red, and more inclined to the orange, when separated
from the seeds by maccration, in water, as is usually
practised; and by the addition of potash, it is made to
incline still more to the yellow hue. This last change
may, however, be readily overcome by adding any of the
different acids to the dyeing liquor, after sufficient celour
has been taken up, by the silk or cotton dyed therein;
and afterwards prolonging the dyeing for a quarter of an
hour: argol or tartar is generally preferred for this pur-
pose, because it not enly raises the colour, but seems to
render it a little more fixed; so much of it should be
used, as to make the liquor moderately sour. It is re-
markable, that though the colour dyed with annotta fades
very fast by exposure to air, it resists soap, and the ac.
tion of acids, better than some colours which are much
more permanent. And it certainly affords one, among
several instances, of colours which decay by causes very
different from combustion; because linens and cottons,
dyed in the usual ways with annotta, suffer less than
madder colours from the oxymuriatic acid. The fresh
pulp of the Bixa Orellana, taken immediately from the
shrub whilst growing, and applied to cotton without the
addition of any alkali, seemed to afford a colour more
lasting, and approaching nearer to the red, than that dyed
from the pulp, separated by maceration, as in the com-
mon annotta.f The greatest consumption at present of

* The liquid sold in different parts of the town, under the name

of #Scott’s Nankeen Dye,” appears to be nothing but an alkaline
solution of this drug.

t M. Leblond has proposed (Ann. de Chim. tom, 47) to separate
the colouring matter from the seeds of the Bixa Orellana, simply
by washing them with water, and after precipitating the coloured

Vor. 1, 2D
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I lately received a few ounces of small seeds, inclosed
n a flea-coloured husk, but without any information re-
specting the plant on which they grew. They were
brought from the coast of Barbary, where, as I was in-
formed, they are used in dyeing red or pink colours, In
two or three small trials which I made with them on silk,
they appeared to possess a substantive colouring matter,
similar in some respects to that of saflower. At first I
thought they might be the seeds of the gardenia florida,
which, according to the accounts of Mr. James Cunning-
ham, who formerly travelled into different parts of the
East Indies in pursuit of natural curiosities, the Chinese
employ for dyeing scarlet, under the name of unki.* 1

of the leaves, dried and powdered; and by the experiments which
I have since made with this powder, I am inclined to think, that it
ought to be removed from its present arrangement, and placed
among the adjective colours. For though great quantities of it are
employed substantively as a dye, it has a decided affinity for the
basis of alumine, and that of iron, giving with the former a perma-
nent orange-brown to calico, and with the latter a brownish black.

Sonini represents the dried leaves of this plant, 4s a valuable
orange or reddish dye, and says, that 14 or 15 ships were annually
loaded with them at Alexandria, and sent to Constantinople, Smyr-
na, and Salonica, whence a part was exported, particularly to Ger-
many, and there used ¢ in dyeing furs, and the preparation of
leather.”

Another species, which is shorny, possesses the same tingent
property. Hasselquist says, the practice of dyeing the nails with
the Lawsonia spinosa (alhenna,) is so ancient in Egypt, that he has
seen the nails of mummies dyed therewith. He adds, that the pow-
dered leaves are annually exported in great quantities.

Loureiro says, of the Lawsonia spinosa, “ foliis contritis admixta
calce, utuntur Cochinchinenses, ad tingendos ungues colore ruber-
Timo: qui mos pro elegantia invaluit non solum apud alios populos
Indianos, sed etiam apud Turcas, Persas, Kthyopes.” Tom. i. p.
229.

* Dr. Plunkenet, in his Amaltheum, page 29, says, “ Semina
tinctoribus inserviunt iis enim ab indigenis Sinensibus optime
tingitur nobilis ille color, quem escarlarinum nostrates vocant, ut
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are two varieties of this plant, one of which is distin-
guished by having much broader leaves than the other.
Berthollet mentions the narrow-leaved as that which is
cultivated in Egypt, whence considerable quantities of it
are from time to time exported.* It is the flower only
of this plant which is employed in dyeing, and which
affords two sorts of colouring matter, one soluble in wa-
ter, and producing a yellow of but little beauty, when
dyed adjectively, on an aluminous basis; the other is
resinous, and best dissolved by the fixed alkalies: it is
this last which alone renders saflower valuable in dyeing,
as it affords a red colour, exceeding in delicacy and
beauty, as it does in costliness, any which can be ob.
tained, even from cochineal, though much inferior to the
latter in durability.

To obtain this red colour of safflower, it should be
tied up in a linen bag, and subjected to maceration and
pressing in clean running water, until all the yellow co-
louring matter is dissolved, and washed away, and the
flowers which were previously yellow, are made red by
an abstraction of this yellow colour. This being done,
the flowers are again to be macerated in a solution of
clean soda, in quantity sufficient, and only sufficient,
completely to dissolve and extract the resinous or beay.
tiful red colouring matter; which is to be separated by
draining, and the application of more water to the resi.
duum, until the whole is abstracted and collected for
use. To fit this colouring matter for dyeing, the soda by
which it was extracted is to be neutralized by an acid;
and for this purpose the citric acid is generally preferred
to all others, and more especially that which is contained
in lemons, or limes beginning to rot or spoil; or in their

* Niebuhr says, there are ten varieties of saflower cultivated in
Egypt, and that the quantity annually produced, commonly amount-
ed to between fiftcen and eighteen thousand quintals.
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lour from an absorption of oxygene, and that he had
dyed a beautiful and lasting purple with it upon silk,
without any mordant or basis whatever; and in the 68th
volume (p. 165) of the same work, M. M. Bouilon
Lagrange, and Vogel, have asserted, that nitric acid,
heated with powdered aloes, produced a beautiful yellow
powder, which, on being mixed with water, gave to the
latter, a magnificently rich purple colour: that a single
atom was sufficient to colour a large portion of water,
and that the colour was so permanent, that when applied
to the fingers, the stain continued several days, especially
if a little alkali had been previously mixed with the
powder. '

Encouraged by these statements I was induced, when
this volume was nearly ready for a second mmpression, to
rub, in a glass mortar, some of the best Barbadoes aloes,
and pour upon it a little strong nitric acid, to which,
after it had been mixed with the aloes, I added three or
four times as much water; and with this mixture farther
diluted, I the next day dyed some pieces of white broad
cloth and calico: the latter took only a sort of tobacco
colour; but the cloth soon exhibited a rich, though
brownish, purple, of considerable brightness, and which,
after exposure to the sun and air during all the month of
July (1812,) had suffered no change, excepting that it
seemed, perhaps, half a shade darker and fuller than at
first. I conclude therefore that this colour is eminently
durable. It had, however, too much of the chocolate
brown in its composition to be deemed a beautiful pur-
ple. I tried a similar mixture, with a nitro muriate of
tin, and with alum, but neither of them appeared to im-
prove the colour in any way. I also tried it with sulphate
of iron, which produced no change.

How far it might be practicable to render this aloetic
colour strictly a fine purple, and how far, in point of
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as a ground for the shell purple, “qui conchyliis subster-
nitur:*’ and in his 32d book, chapter 6th, he mentions it
again as one of the ‘“alge maris,” of which, says he,

there are several kinds, and among them that of Creze is

most commended, &ec. * Laudatissima quz in Creta in-

sula juxta terram in petris nascitur; tingendis etium lanis
ita colorem alligans, ut elui postea non potest.” He was

however greatly mistaken in thus supposing that it con-
tributed to render other dyes more fixed or lasting.
After all knowledge of the use of this lichen had (in
common with arts and sciences) been lost for several
centuries in the west of Europe, it was restored at Flo-
rence early in the 14th century, by a Florentine, de-
scended from a German named Ferro, or Frederigo,
who having resided some years in the Levant, and ac-
quired information respecting the properties of this lichen,

- returned to Florence, and there introduced, and exclu.

sively enjoyed, the use of it in dyeing, for some years;
and acquiring great wealth, became the founder of one
of the principal Florentine families, who took the namc
of Oricellarii (afterwards abbreviated to Rucellarii and
Rucellai,) from the name of Oricello, by which this
commodity was afterwards distinguished in Italy: and
the Italians having thus become acquainted with the
preparation and uses of this lichen, engrossed for a cen.
tury all that could be procured of it among the islands
of the Archipelago, and on the shores of the Mediterra.
nean, until the discovery of the Canary islands (which
had likewise been lost) in 1402, by John de Bethen.
court, a Norman, relieved the other nations of Europe
from their dependence upon Italy for this commodity, *

* I have now before me the scarce ¢ Histoire de la premiere de-
couverte et conquete des Canarics, &c.” by this Bethencourt, (de-

~scribed as chamberlain to the French king Charles VI.) stated to

have been written by two priests (Boutier and Le Verrier) who

Vor. I 2 K






Plulosophy of Permanent Colours. 219

and either potash or soda, with which the powdered lichen
was mixed, macerated and fermented (in close wooden
vesscls) for several wecks, until the resinous colouring
matter, by combination with the ammonia of the urine,
had been sufficiently evolved and dissolved: after which,
it was preserved in a moist state in tight casks, sprin-
kling the surface, when necessary, with urine or lime
water, until wanted by the dyer. Lime has since been
substituted for potash and soda, as several other species
of lichen have been for the rocella, or orchella, though
none is of equal value or utility. One of the best of these
substitutes probably is a lichen, which Imperatus has
described and figured, (Hist. Nat. xxvii. cap. 11,) as
growing on rocks near the sea in Candia, and there
called rubicula; it is nearly related to the orchella, and
frequently mixed with it. Linnzus has named it lichen
fuciformis. It grows also in the Fast Indies.

The French have for several centuries employed in
this way, a species of lichen called by them perelle from
a corruption of the word pierre, (stone), it being com-
monly found adhering to volcanic stones, or productions;
and it has been generally suppnsed and stated to be the
lichen parellus of Linn., but it appears certain, from a
‘“ Memoire” by M. Cocq, just published in the 81st vo-
lume of the Annales de Chimie, that this is a mistake;
that in Auvergne, where this lichen is principally gather-
ed, the true lichen parellus of Linnzus is called la pom-
melée, and that this is constantly rejected by the persons
employed to gather the perelle, as being unfit for their
purpose: and indeed M. Cocq found, by suitable trials,
that the lichen parellus of Linn. would only yield “un
chamois rougedtre.” And he asserts most positively,
that the moss collected and employed to produce l’or.
seille d’Auvergne, (sometimes also called orseille de
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be repeated several times, once each quarter of an hour,
and afterwards at the intervals of half an hour, until the
fermentation is established; after which the mixture need
only to be stirred often enough to hinder the formation
~of a crust on the surface, which, by obstructing the fer-
menting process, would hinder a complete formation and
evolution of the colour. When the fermentation has sub-
sisted 48 hours, it commonly begins to slacken, and is
then to be excited by an addition of 2lbs, more of sifted
lime, and the stirring repeated once every hour until the
fifth day, when the frequency of stirring may afterwards
be gradually diminished. On the eighth day, there will
be a considerable, but not a complete manifestation of
the colour; and, therefore, the operation is to be con-
tinued a fortnight longer, (stirring the mixture at inter.
vals of six hours;) and even after this, it is commonly
thought safest and best to extend the process another
week, making in all a lunar month; though when the
perelle is rather deficient in colouring matter, three wecks
will fully suffice.

The colouring matter so produced, is afterwards to be
kept moist in closed casks, in which it will improve
during the first year; remain stationary during the sccond,
and begin to decline in quality afterwards. When the
volatile alkali has evaporated, the orseille (as it is called
when so prepared) acquires an agreeable violet smell,
and by simple boiling it will, says M. Cocq, dye upon
cloth * un amarante;”” and with longer boiling ¢ un
amarante foncé.”” 1 shall presently offer some observa-
tions upon this process, when treating of the preparation
of Cudbear in this country,

During many years, perhaps several centuries, the in-
habitants of Sweden, Scotland, Ireland, Wales, and some
of the northern parts of England, have employed different
species of lichen, macerated with urine, in their domestic
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ring computes, that about one hundred and thirty tons of
it have been annually exported from that kingdom, since
the year 1770. This is the lichen, with which a purple
or violet-coloured powder is prepared in Great Britain,
and sold under the name of cudbear; a name given to it
by the late Dr. Cuthbert Gordon, who, having obtained
a patent for this preparation, chose, in this way, to con-
nect it with his own first name, which had been the
‘maiden-name of his mother. :

Having never seen Dr. Gordon’s specification of his
invention, I do not know the peculiar novelty by which
1t was distinguished—perhaps it may have been that of
giving the preparation a dry instead of a wet form: or
the circumstance of employing ammonia, obtained by
distillation from urine, instead of the urine itself, to ex.
tract and raise the colour of the lichen; a change which,
- whether made by him or not, certainly was a considera.
ble improvement, as urine contains many other matters,
which, at best, are but an useless incumbrance to the
volatile alkali.

At the proper times and places, one person may col-
lect twenty or thirty pounds weight of this lichen daily;
but it should be allowed five years growth before it js
gathered. It commonly sells at the port of London for
twenty pounds the ton: but, to prepare it for use, it must
be washed and dried; and by these operations the weight
is commonly diminished one half, and the price, in effect,
doubled. It is macerated and stirred in wooden troughs
or vessels with covers, as is practised with the perelle
at Clermont, in Auvergne, only substituting an agua
‘ammonia, obtained by distilling human urine, that of
graminivorous animals being deficient in the volatile
alkali; the purity of which seems to be of more impor-
fance to the beauty of the colour, than is commonly sup-
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ed from time to time, so as completely to obviate all
need of stirring, and all opportunity for the escape of
volatile alkali, which is unavoidably very great, every
time the troughs, &c. are uncovered for that operation.

The colours obtained in this way, from the several
species of lichen, though possessing great beauty and
lustre at first, are so fugacious, even when dyed upon
wool, that they ought never to be employed, but in aid
of some other more permanent dye, to which they may
give body and vivacity; though some dyers have been
tempted, by a love of gain, to employ the cudbear
alone; and in one instance, a great corporation lately ob-
tained from a London dyer, the restitution of several
thousand pounds, as a compensation for excessive
prices paid to this dyer for colours which ought, and
were believed, to have been dyed from indigo and co-
chineal, though they had, in fact, been dyed from cud-
bear only.

I have already mentioned, that the colour obtained
from the orchella is less fugacious and more beautiful
than that yiclded by any other species of lichen, and it
1s, therefore, much more costly. The application of
these colours by dyeing is so simple and easy, that no
instruction can be wanted from me on that subject. Its
purple or violet tint is the immediate result of the union
between the resinous colouring matter of the plant, and
of the ammonia with which it is prepared; and it may
be made crimson, by an admixture of, I believe, any of
the acids. Alum docs not in any degree render the co-
lour more permanent; but the nitro muriate of tin is
believed to produce a better effect in this respect, though
it makes the colour dyed with it, approach nearer to the
crimson; but I have never found that it was attended
with any additional vivacity.

Cudbear in this country is chiefly employed to give

Vor.I. | 2F
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lows, olives, and a variety of browns—but they do not
belong to this division of my subject—and as similar
colours may be given at less expense, with other means,
I probably shall not notice them hereafter; but think it
suflicient to refer those who may wish for more infor-
mation concerning them, to Hoffman’s ¢ Commentatio
de vario Lichenum usu,” printed at Lyons, 1787.
There is a species of colouring matter diffused, in
greater or lesser proportions, through the barks and
other parts of almost all trees and shrubs, and which,
without any basis or mordant, permanently dyes or
stains wool, silk, cotton, and linen, of that particular
kind of colour, which the French call “ fauve,” (fawn-
colour) and sometimes couleur de racine, ou de noisette,
(root, or hazel-nut colour.) This being naturally blended
with some of the more valuable colours of vegetables,
frequently does harm, by degrading or obscuring them.
It is found most abundantly in the peelings, rinds, or
husks of walnuts, (Juglans regia), in the roots of walnut-
trees, in alder bark, &ec.; and it seems to acquire both
body and permanency, by attracting and combining with
pure air. M. Berthollet has, however, treated so fully and
so well of the properties of this kind of colouring matter,
when applied substantively, that I cannot do better than
refer my readers to that part of his work which relates
to it; observing, at the same time, that the colouring
matter in question, though capable of being permanently
fixed without any metallic or earthy basis, does, in some
Instances, acquire new and more useful properties, when
applied with a basis adjectively; which I shall notice
hereafter, under the proper heads, and particularly when
I come to treat of the black dye. /
There are three species of poisonous shrubs, or vines,
growing in North America, and containing in their stems,
leaves, &c. a white milky juice, which, when applied to
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is employed for marking, the letters are commonly co-
vered, while wet, with quick lime, to obviate the injury
that might otherwise result from the corrosive property
of the juice; and it seems that quick lime is very gener-
ally employed for this purpose, in the way mentioned
by Osbeck, or mixed with the juice before its applica-
tion. By long keeping, this juice becomes as thick as
tar, and in some of the nuts which were given to me,
by a gentleman in whose possession they had been for
more than ten years, it manifested no acrimony to the
taste. Some of it being topically applied to white calico,
without any addition, it penetrated thoroughly, and,
being dried, it was afterwards boiled with soap, and
exposed to the sun and weather, during two months, in
which space the black colour had become deeper and
more decided, as I presume, by an absorption of oxy-
gene; but as, from the viscidity of the juice, a redun-
dance of colouring matter had been applied, the marks
seemed rather to have been painted than stained or
dyed.

Dr. Roxburgh says, these nuts are employed by the
Telinga physicians, to cure the venereal disease. They
are also pickled like olives, whilst very young, and,
when nearly ripe, are applied as a mild caustic to sores,
&c. Lamarck, and the French botanists, have restored
to this tree, the name of anacardium, by which it was
first distinguished, from the resemblance of its nut to
the shape of a Aeart (somewhat flattened); and taking
away this name from the Cashew tree, to which it ought
never to have been applied, (as its nuts are kidney shap-
ed,) they have denominated the latter cassuvium po-
miferum, which is the name formerly given to it by
Rhumphius.

Being at Barbadoes in the year 1805, a parcel of these
nuts was given to me by Mr. Simmonds, a very pro-
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Another species of this genus, the camocladia den-
tata, growing in South America and in Cuba, emits,
when wounded, a viscid milky juice, smelling like hu-
man cxcrement, which, by exposure to the air, becomes
black, and gives durable stains to linen, &c. as well as
to the fingers. It is mentioned by Ulloa under the name
of guao.

Another species of this genus, Camocladia punctuata,
or dotted stalked Eclipta, grows in the West Indies, and
contains a thin greenish sap, which turns black by ex-
posure to the air, and may be used as ink. Jacquin says,
the negroes sometimes endeavour to increase the black-
ness of their skins by washing with this juice.

The Eclipta erecta (cotula alba, Linn.) affords a juice
which the inhabitants of Cochin China, as Loureiro as-
serts, (p. 505,) employ to dye human and other hairs
permanently black, and, therefore, call it ink plant;
¢ herba atramenti.”

Several species of the genus Rauwolfia abound in a
glutinous milky juice, which blackens by exposure to
the air, and gives lasting dark-coloured stains; one of
these, R. canescens, (*‘le bois laiteux fébrifuge,” of
Pouppée des Portes,) bears juicy black berries, which,
at maturity, may be used as ink, without any prepa-
ration, and are said to give a lasting black stain to
linen.

The hippomane mancinella, or manchineel tree, con-
tains a very acrid juice or sap, which, if in cutting the
tree, or otherwise, it falls on linen, soon produces a
black stain, which afterwards becomes a hole, from the
caustic quality of the sap: probably lime would correct
this, as it does that of the juice of the marking nuts.

The terminalia vernix of Lamarck, (Tsi-Chu of the
Chinese,) contains, in every part of it, a caustic milky
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CHAPTER VL

Of Mineral Substantive Colours.

“Rien n'est plus facile dans les seiences fondées sur Pexpérience que de multi-
“ plier les fuits particuliers; mais ces faits ne sont dignes d’attention, que lorsqu’ils
#gervent & conduire & des vérités générales, ou que présentant, au contraire, des
 cingularités nouvelles et imprévues, ils deviennent un objet de vecherches.” Hist.

de PAcan. Ry, &e. 1777.

Eacu of the metals and semi-metals is capable, when
dissolved, of becoming a basis or mordant, for fixing
and modifying some at least of the different adjective
animal or vegetable colouring matters, with more or
less advantage, by dyeing. But besides this property,
which will be made a subject of future consideration,
several metals and semi-metals afford coloured solu-
tions or oxides, which are capable of being united and
fixed directly in the fibres of linen, cotton, silk, or wool,
and of thereby producing various permanent substan-
tive colours. It is indeed true, that hitherto but few nie-
tallic preparations, excepting those of iron and copper,
‘have been used in this way, or for this purpose; I mean
that of giving substantive colours.

Iron.

This, by whatever means dissolved, possesses so
much affinity to linen and cotton,* that when applied to
them, its oxide or calx decomposes and fixes itself per-
manently in their fibres, and thereby produces colours,

* The affinity between cotton and the oxide of iron is so strong,
that by simply moving the former about in water, wherein the sul-
phate of iron has been dissolved, and left exposed to atmospheric
air for a few days, it will gradually attract and take to itself every
particle of the metallic oxide.

Vor. L : 2G
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colours; for all which purposes, the solutions of iron by
vegetable acids are preferred, as being least corrosive,
and therefore least hurtful to the fibres of linen and
cotton.

Among the vegetable acids, that of vinegar, or alegar,
was for a long time almost exclusively employed to dis-
solve iron, and make that preparation which has been
commonly denominated iron liquor (acetite of iron).
But, within a few years, another acid has been very fre-
quently substituted for the former; viz. the pyroligneous,
distilled from wood. M. Chaptal justly considers this as
being truly an acetic acid, in combination with a portion
of empyreumatic oil, which, instead of diminishing, in-
creases its utility for most of the purposes of dyeing,
and especially for that of dissolving iron;* and when so
dissolved, its oxide may be obtained at different degrees
of oxidation, but its union with the fibres of linen and
cotton, and the colours thence resulting, are most per-
manent when the oxidation is greatest. M. Chaptal has
however discovered, that the various buff, and the imi-
tations of nankin colours, may be greatly improved by

* i« Cet acide,” says M. Chaptal, ¢ est préféré au vinaigre pour
tous les usages de la teinture ¢t de 'impression sur toile: il porte
avec lui une huile qui forme un excellent mordant pour les toiles
de lin et de coton, et déjd il remplace I'acide acétique dans les tein-
tures, ou il sert & composer ce qu’on appelle le bowiilon noir, ou le
mordant pour les noirs, les violets, les pruneaux, les lilas, les nan-
kins, etc, Les couleurs portées sur ce mordant sont plus nourries,
plus vives, et beaucoup plus fixes, que celles que produit ’acétate
ordinaire de fer.,” Chim. appliquée aux Arts, tom. iii. p. 169. He
adds, in the next page, * Lorsqu’on veut employer aux usages de
la teinture I'acide acétique provenant de la distillation, il est inutile,
il seroit méme préjudiciable 4 ses propriétés, de lui enlever 'huile
qu'il tient en dissolution.”

The pyroligneous acid is dark-coloured, and exhales an empy-
reumatic odour.
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other respects very durable, are liable to be spotted,
and made black by being accidentally wetted with a
little tea, or with the juices, or infusions of a great
number of vegetable, and some animal matters, which
are capable (as will be hereafter noticed) of producing
an ink with iron.

For topical application by the pencil, or block, Hauss-
man recommends Stahl’s alkaline tincture of iron, made
by dissolving that metal in aquafortis, and adding to it
carbonate of potash in excess, sufficient to decompose
and re-dissolve the nitrous oxide of iron; and afterwards
thickening the solution with gum, &ec. as usual. Com-
monly, however, a solution of iron by some of the vege-
table acids (called iron liquor) is employed for this pur-
pose, adding to it a portion of sulphate of iron, to
increase its strength, when very full and deep stains are
required.

Iron dissolved by muriatic acid, assumes a greenish
colour, and the solution being applied to linen or cotton,
the oxide adheres permanently; and, by an accession of
oxygene, affords a fine yellow stain. A single washing
will however so far affect the proportions on which this

colour depends as to reduce it to the common iron-
mould colour.

Copper.

Only two oxides, or compounds of this metal with
oxygene, are known to exist; one of these, naturally
formed, is distinguished by the name of ruby copper
ore. Its colour is a dark or brownish red; though the
artificial imitations of it have, I believe, never risen
much above an orange colour. This native oxide is

and the process consists of eight troublesome and expensive opera-

tions, which do not seem to be compensated by any adequate ad-
vantage,
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probably, of both oxygene and carbonic acid, its blue
colour will be changed to a green resembling that of
verdigrise, or rather that of the malachite, which will
very sufficiently resist the impressions of sun and air,
and bear a considerable number of washings with soap
without being much weakened thereby. It may, there-
fore, be usefully employed in this way, especially upon
Jine muslins, by reason of the great delicacy of its co-
lour, and the facility of its application. I have several
times thought that an effect somewhat better had result-
ed, when, instead of dissolving the copper by ammonia,
I combined the latter with a nitrate of that metal. Ver.
digrise dissolved by ammonia, also produces good ef-
fects used in this manner. A similar beautiful, though
pale green, may be substantively dyed upon woollen
cloth, by the sulphate of copper with a sufficient por-
tion of carbonate of lime, to neutralize the acid., This
eolour will not indeed bear the action of soap, but it
does not appear to suffer any considerable change or
diminution, by the impressions of sun and air for a long
time.

The oxides and solutions of copper arc.all suscepti-
ble of combination with most of the adjective colouring
matters, and may be usefully employed as mordants or
bases with some of them, which will be duly noticed
hereafter.

Gold.

When this metal is dissolved in nitro-muriatic acid,
the result, as Proust has observed, seems to be a purc
and simple muriate of gold: and when beaten into leaves,
and burnt by electricity, or calcined by the sun’s rays,
concentrated and reflected by a burning mirror, it affords
a purple oxide: and this it also does when precipitated
from aqua.regia by the muriate of tin, In this last opera-
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been applied, and in no other part. Count Rumford,
also, (as is stated in the Phil. Trans. for 1798,) produc-
ed a purple colour by impregnating white silk, linen,
and cotton, with a solution of gold, and exposing them
to the direct rays of the sun, but he had previously
separated a great part of the nitro-muriatic acid, employ-
ed to dissolve the gold, by evaporating the solution to
dryness, and afterwards re-dissolving the oxide, or salt
of gold, in water; a precaution which I did not employ.
He found, (as I have done) that no change of colour
took place in the dark; but here it must be observed, that
he made no trial of the deoxygenating power of the
muriate of tin, which, when employed by me, readily
produced the violet colour without the aid of light.*

Antecedently, however, to count Rumford’s experi-
ments, Mrs. Fulhame (in an essay on combustion, pub-
lished in 1794) had given an account of several ingeni-
ous attempts not only to fix the oxides of gold upon
silk, but to revive the gold afterwards with its metallic
dustre, principally by the application of hydrogene gas,
and phosphuretted hydrogene, which in some degree
produced the desired effect, though it was found impos-
sible to make the revivification so generally equal, as to
produce that uniformity of gilding, which could alone
compensate the expense of it.

* More than half a century ago, Hellot had observed that charac-
ters traced on writing-paper with a diluted nitro-muriate of gold
began, after a few hours exposure to the air, (he should have said
lighty) to manifest colour, and soon after became of a very dark
violet—* violet foncé presque noir.” But when shut up in a close
box, he says, the writing did not become visible during several
months. And he adds, that the like happened to characters written
with a diluted nitrate of silver, though they became very visible in
in the space of hour when exposed to the sun’s rays. See Mém. de
PAcad. R. &c. 1737.

Yor. I 2 H
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by dissolving the metals with a great excess of the acids;
which excess retains the oxides, suspended in the water,
notwithstanding their union, and such a partial deoxy-
genation of the gold, as is necessary to its violet colour,
- In this purple liquor diluted, silk may, as he says, be
made to receive the most durable colours, by repeated
immersions, &c. which are, as I presume, necessary, by
reason of the redundant acidity of the liquor. I do not,
however, think that any benefit can result from thus ap-
plying the solutions of these metals mixed, and at the
same times, rather than separately; for in the latter way
two immersions will be sufficient: and it is to be feared
that this purple from gold, notwithstanding its great
beauty and durability, will prove too costly for any thing,
but a partial application in spots and figures.

In my judgment the principal, if not sole use of the
solution of tin, in producing this purple, is that of ab-
stracting oxygene from the gold; an effect which may
be produced by other means. I have repeatedly found,
that when a solution of gold in aqua-regia was applied
to, and suffered to remain upon my fingers, they receive
a purple stain which nothing could remove, but an abra-
sion or wearing off of the skin; and I have produced a
similar effect from a solution of gold applied to silk,
cotton, and linen, previously impregnated with matters
suited (in like manner) to abstract oxygene; such as ani-
mal glue, linseed oil, caustic alkalies, yolks and whites
of eggs beat up with sugar, or with orpiment, alkaline
sulphurets, &c. &c.; and, cateris paribus, I have found
that the more the oxide of gold was deprived of oxygene,
the more its colour approached to the crimson.
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skin, accords with that which solutions of silver are
known to produce in blackening hair, and other animal
substances; but in reading this account, I thought it ex-
traordinary that clean linen, impregnated with no animal,
inflammable, or alkaline matter, should so far deprive
nitrate of silver of its acid, as to produce the effect des-
cribed; and I repeated the experiment several times
without success. At length, however, I took a silver
tea-spoon, which had stood half filled with aqua-fortis
for several weeks, and which on the hollow inside was
become almost black by it, and by the oxygene of at-
mosphere which it had attracted, and having poured out
the more fluid part of the solution, I rubbed a bit of
cambric against the wet oxidated hollow surface, and
hanging it up for a few daysin the open air, on the south
side of a wall, I found the cambric permanently stained of
a very dark violet colour. A finc piece of cotton, however,
by the same means received only a very slight discolo-
ration. But cotton, when impregnated with soda and the
acidulous arseniate of potash, acquired a strong durable
slate colour by being touched with diluted nitrate of
silver; a drab colour by the same means, when impreg-
nated with soda and sugar; a dark olive brown, with
sulphuret of potash (liver of sulphur), 2nd spirit of wine;
and the like with soda, liver of sulphur, and sugar; and
being impregnated with white of egg, beat up in water
with sugar, the cotton received from the nitrate of silver
a very strong brownish black; and when caustic vege-
table alkali was added, it became a little blacker. The
yolk, instead of the white of egg, produced nearly the
same effect. All these colours were often washed, and
exposed for a long time to the weather, without being
changed. *

* During the last twenty years an ink has been sold, and exten-
sively used for marking linen, &c. which it does prermanently, by’
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potash and spirit of wine, it also produced a black, which
disappeared like the former; and with caustic vegetable
alkali it produced nearly the same effect. With orpiment,
dissolved by potash, it produced a very deep black, which
stood two or three weeks cxposure to the weather; after
which the mercury began to revive, in very small glo-
bules, and the colour to disappear in spots, ¥

Platina.

This metal was first discovered at Choco and Santa
F&, in South America, and was not known to exist na.
turally in any other place, until Vauquelin lately detected
it among the grey silver ores of Guadalcanal in Estre.
madura; and more recently Dr. Wollaston has examined
and described a small specimen, which had been found
in Brazil, intermixed with palladium. See Phil. Trans.
1809.

Proust says, the result of a solution of platina in the
nitro-muriatic acid, is (like that of gold so dissolved) a
pure and simple muriate.

The oxide of platina, at the maximum of oxygenation,
is of a yellowish brown colour; but when heated and
deprived of about one half of this portion of oxygene,
it becomes green.

~ *I have now before me some wery black writing upon calico,
which states itself to have been written with a solution of vitrate
of quicksilver, upon calico impregnated by a mixture of soda, liver
of sulphur, and sugar, in water: seventeen years have elapsed since
this writing was performed, and there is no appearance of that re-
vivification of the mercury, which I had experienced when it was
used upon calico with impregnations differing but little from that
last mentioned.

Professor Gmelin of Gottingen, in his publication, « de tingendo
per nitri acidum,” &c. mentions the staining of silk with a cofifier
colour by mercury, dissolved in nitric acid.
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Manganese.

The great variety and mutability of colours afforded
to water, in different proportions, and of different tem-
peratures, by manganese in combination with potash,
‘Was long since observed by Glauber, as is noticed at
Page 13 of this volume. Whether the alkaline solutions
of this oxide are capable of being usefully employed to
dye substantive colours, I am unable to decide; my ex-
periments therewith having been too few. I have found,
however, that a considerable variety of lasting brown,
- or dark-coloured stains, may be produced upon bits of
linen and cotton, which have previously and severally
received the different impregnations before mentioned,
by applying to them a diluted sulphate of manganese;
and without any such impregnation, if the latter be
applied to linens or cottons, and they be afterwards
dipped into a weak solution of potash or soda, a yel-
lowish brown colour will be produced; and this, by
attracting oxygene, will gradually change to a dark, and
very durable brown. But if to this otherwise lasting dark
Colour, a solution of tin by muriatic acid be applied, it
will restore the former yellowish brown, by causing an
abstraction of oxygene from the manganese; though the
latter by its affinity for oxygene will afterwards repair
this loss, and by doing so will restore the former dark
brown colour. '

Cobalt.

The nitrate of cobalt may be decomposed by liquid
potash, and it will then afford a blue precipitate, which
if secluded from atmospheric air will become violet, and
afterwards red.

Nitrate of cobalt applied to cotton, impregnated with
Voi. L 21
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Nickel.

If this metal be dissolved by nitric acid, the solution
may be decomposed by potash, and a grass-green hy.
drated oxide will be thereby obtained. By impregnating
calico with a mixture of soda and sugar, and immersing
it in a diluted solution of nickel by the nitric acid, a
similar green was produced on the calico; but it did
not prove sufficiently durable, to be employed in dyeing
or calico-printing.

Molybdena, titanium, palladium, and osmium, afford
coloured oxides of considerable beauty and variety,
which probably might be applied and fixed upon silk,
linen, and cotton, were not these metals too scarce and
costly, especially the latter, for this use,

Berthollet has mentioned, (Ann. de Chimie, tom. i.)
that the simple mixture of an oxide of lead with lime,
will blacken wool, hair, &c.; and that some persons have
used it to render grey hairs black. Wishing to ascertain
its effect in dyeing, I boiled flannel in lime-water with
litharge, which produced a tolerable black upon the
flannel; and this black was not diminished by washing
the flannel with soap, and exposing it for the usual time
to the weather: strong acids, however, dissolved the lead,
and discharged the colour: and the lime was found to
have weakened the texture of the flannel considerably,
and more especially when orpiment was added; an effect
similar to that which it produces in those depilatory com-
positions which were brought to Europe from Turkey.

Perhaps my readers may think, that many of the pre-
ceding experiments are such as the great Bacon (Lord
Verulam) has termed “ experiments of light rather than
of fruit > But such experiments are not to be negiccted
in a work which professes to treat of the Philosophy of






EXPERIMENTAL RESEARCHES

CONCERNING THE

PHILOSOPHY

PERMANENT COLOURS.

PART 1L

CHAPTER I.

Of Adjective Colours generally, and their bases; with an
lustration of their effects upon each other, as exem-
Plified by Oriental and European calico-printing.

*Les faits sont de tous les temps, ils sont immusbles, comme la nature dont ils sont

“le langage; mais les conséquences doivent varier selon Iétat des connoissances
** acquises.” Cuarrar, Elémens de Chimie,

ADIECTIVE colouring matters are generally soluble,
in a great degree at least, by water; though some of
them derive their solubility from an intermixture of
what has been called extractive matter; which being
separated in the dyeing process, after the adjective co-
lour has been applied to the dyed substance, their union
becomes thereby more intimate and permanent. But in
other respects, adjective colours owe their durability,
as well as their lustre, to the interposition of some
earthy or metallic basis; which, having a considerable
attraction, both for the colouring matter and the stuff
to be dyed, serves as a bond of union between them,
and obviates that disposition to suffer decomposition
and decay, which naturally belongs to such colouring
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tinctly and separately from any acid or other solvent,
when actually fixed in the pores or fibres of wool, silk,
&c. or when it is not intended to notice any property
in them, which may more immediately result from their
combinations with any particular menstruum. M. Ber.
thollet, indeed, gives the term mordant a much more
extensive signification, as meaning all the different che-
mical agents capable of serving as intermedia between
the several colouring particles and the stuffs so dyed
with them, either for the purpose of assisting their
union, or of modifying it.* This last effect (of modifi-
cation) may, however, be produced by a variety of mat-
ters besides those which are of the earthy or metallic
kinds, and indeed by every thing capable, not of fixing,
but of merely varying, the shades of adjective colouring
matters. These, therefore, I think it more proper to de-
signate, not as mordants or bases, but as alterants,t
whose use and application may in this respect be ex-
tended to substantive as well as to adjective colours.

. The bases pre-eminently useful with adjective co-
lours, are the earth of alum, and the oxides of tin and
iron, held or applied in sclution by an acid menstruum:
and, excepting the process for dyeing black upon wool-
lens and silks, it is generally deemed most advantageous
to combine these bases first, and separately, with the
stuffs to be dyed, superadding the colouring matters
afterwards; because the affinity or attraction of the basis,
is commonly greater for the latter, than for either wool,

* “L’on donne le nom de mordant aux substances qui servent
d’intermedes entre les parties colorantes et les étoffes que I’on
teint, soit pour faciliter leur combinaison, soit pour la modifier.”
Elémens de U Art de la Teinture, tom. i. p. 26, of the first edition.

+ M. Berthollet, in his las? edition, tom. i. p: 71, has adopted the
term of alterants, and employed it in the way which 1 had sug-
gested, as above, in my first publication.
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as by their effects in what I shall call zopical dyeing, or
that species of it by which different colours are com-
municated to particular spots or figures on the same
piece of cotton or linen, according to the several bases
previously applied thercto, and which principally con-
stitutes that truly wonderful art, the art of calico-print-
ing. I shall, therefore, in this place, bring under my
reader’s notice some of the more important operations
of that art, reverting at the same time, as far as we can,
towards its remote origin, in order to see how, and by
what means, it has attained its most important improve-
ments.

Pliny describes the Egyptians as practising a species
of topical dyeing, or calico-printing, which, as far as can
be discovered from his general terms, appears to have
been similar to that which, many ages after, was found
to exist in Hindostan and other parts of India, and was
from thence introduced into this and other countries of
Europe. He says, the Egyptians began by painting or
drawing on white cloths, (doubtless linen or cotton,)
with certain drugs, which in themselves possessed no
colour, but had the property of attracting or absorbing
colouring matters. After which, these cloths were im-
mersed in a heated dyeing liquor; and though they were
colourless before, and though this dyeing liquor was of
one uniform colour, yet when taken out of it soon after,
they were found to be wonderfully tinged of different
colours, according to the different natures of the several
drugs which had been applied to their different parts;
that these colours, so wonderfully produced from a tinc-
ture of only one colour, could not be afterwards dis-
charged by washing; and he considers it as admirable,
that the dyeing liquor, which, if cloths of different co-
lours had been put into it, would have confounded them

Vor. L. 2 K
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“ parts of Europe: the delicate and unrivalled, as well
““as the coarser and more useful fabrics of cotton of
““ that country, particularly suiting the inhabitants of the
“ temperate regions along the Mediterranean and Eux-
““ine seas. To this trade (continues he) the Persian and
“ Arabian Gulfs opened an easy passage; the latter par-
¢ ticularly, as the land carriage between the Red Sea
“and the Nile, and between the Red Sea and the Me-
““ diterranean, took up only a few days. It is highly pro-
““ bable, and tradition in India warrants the belief of i,
“that there was from time immemorial an intercourse
“ between Egypt and Hindostan, at least the maritime
‘ part of it; similarity of customs in many instances, as
“ related of the ancient Egyptians by Herodotus, (and'
“ which can hardly be referred to physical causes,) ex-
“ isting in the two countries.”—** It would appear, that
“under the Ptolemies the Egyptians extended their
‘“ navigation to the extreme point of the Indian Conti-
“ nent, and even sailed up the Ganges to Palibothra.”
See Memoir and Map of Hindostan, &c. 4to. by James
Rennell, F.R.S.

The best accounts of the practice of calico-printing*
in the East Indies, were given in certain letters, written
by Father Ceurdoux, a missionary at Pondicherry,
(published in the 26th volume of “ Recueil des Let-
“ tres Edifiantes, &c.””) with the supplemental remarks
and corrections of Mons. Poivre; and in a maruscript
account procured from thence by Mons. Du Fay, and
communicated to the Royal Academy of Sciences at
Paris, by the Abbé Mazeas;T and also in the report

* I here continue to use this term, though in truth none of the
mordants or colouring matters, employed to stain the calicoes of
India, were applied by engraved blocks or plates as in Kurope, but
hy the pencil. '

+ ¢« Recherches sur la cause physique de ’adhérence de la cou-






Philosophy of Permanent Colours. 261

buffaloes’ milk; and being thoroughly penetrated and im-
pregnated therewith, they were taken out, and the liquor
being well squeezed from them, they were again dried
by exposure to sun-shine, and afterwards, bypressurc
and friction, with wooden rollers, they were made
smooth enough to be drawn upon by the pencil, with
the different mordants (according to patterns previously
traced out and marked by powdered charcoal). The
first of these mordants was an iron liquor (acetite of
iron), similar to that since employed by the calico-
printers of Kurope, excepting only that, instead of vine-
gar or alegar, the iron was dissolved by a mixture of
sour palm wine, and of water in which rice had been
boiled.® This liquor was applied to the figures or spots

within the nut is a small white oily kernel. The nuts are separated
from the astringent substance which cevers them, by bruising the
fruit under a wooden roller or cylinder, it being the external astrin-
gent substance only, or an infusion or decoction thereof, which is
generally employed throughout India for dyeing or calico-printing,
and which, by very decisive experiments, to be mentioned here-
after, I have found to be capauble of answering all the purposes of
galls. Indeed the leaves of this tree afford a sort of flaitish yellow
irregular gails, produced by the punciures of a particular species
of insect; which galls are collected and sold in all the bazars or
markets: they are called aldecay by the Telingas, or Hindoos of the
Circars, and cadacay or caducay by the Tamuls: and they produce
with iron a strong durable black dye, and ink; and with alum a very
full, though dark brownish yellow. If these galls were bruised so
as Lo occupy less space than they otherwise must, by reason of the
cavities contained within them, they might be advantageously im-
ported into this country, as might also the external astringent sub-
stance of the fruit of the terminalia chebula separated from its wse-
less nut. By some persons the unripe fruit is preferred, as having
most acerbity or astringency.

* In the letters of Father Ceeurdoux, the water in which rice
hiad been boiled, and which was converted to a sort of vinegar, is
termed canje, and the vinegar from palm wine is pamed callou. In
these, bits of old iron and the vitrified matter of a smith's forge
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way be completely removed, the calico is again soaked
m a mixture of goat’s or sheep’s dung and water,
rinced, dried in the sun, beat and afterwards soaked and
boiled in water with olla, or washermen’s earth, (which
seems to be a natural mixture of soda and chalk) then
macerated in water with cow-dung, and again well
rinced, dried in the sun, and beat. After all these ope-
rations, the calico is again to be impregnated with the
same oily and astringent matters which were removed
to make way for the indigo blue, by soaking it again in
the mixture of buffaloes’ milk and myrobalan powder,
drying and making it smooth, as before. And this being
done, the calico will be in a fit condition to receive the
aluminous mordant, upon which the red is afterwards to
be dyed; which mordant is to be applied according to
figures marked out with powdered charcoal: and when
purple and violet figures are to be produced, they are to
be in like manner designated; and for these, a mixture
of the solution of iron, with the aluminous mordant, in
suitable proportions, is to be applied; whilst for the
figures intended to be red, the aluminous mordant a/ose
is employed as a basis. These mordants are commonly
applied by children, with the pencil, or with pointed
wooden sticks.

To prepare this aluminous mordant, two ounces of
alum were dissolved in two quarts of water, taken from
certain pits, which water Father Cezurdoux has called
““apre,” probably because it held in solution a little
soda, which there abounds in many places. To colour
this solution, so that the strokes of the pencil in apply-
ing it might be visible, a little sappan or sampfan wood
(ceesalpinia sappan of Linn.) in powder, was steeped in
the solution, which being afterwards strained, was ap-
plied as before mentioned; after which the cotton so
penciled, was exposed to the hottest sun.shine, in order
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sulphuric acid, and consequently to fix it more firmly
in the cotton; and being so fixed, it was enabled more
strongly to attract and retain the colouring matter of the
chay root when in the dyeing vessel, and thereby to
produce a more permanent red colour in the different
spots, figures, or designs, where the alum liquor had
been applied.*

The astringent or colouring matter of the myrobalans
also contributed essentially to produce the purple and
violet stains, upon the parts or figures to which, for
that purpose, a mixture of iron liquor and of the alu-
minous mordant had been applied, as lately mentioned;
the chay root not having (as my experiments prove) the
property, like madder, of producing those colours with
iron.

After these operations, a yellow composition was ap-
plied by the pencil, &c. to the parts which had been
preserved white; and when a green was wanted, to other
parts which, with a view to that colour, had been dyed
blue. This yellow composition was made by dissolving
powdered alum in a decoction of the powdered galls
of the myrobalan tree, called aldecay by the Telingas,
&c. as just mentioned. In making this decoction, pow-
dered turmeric and dried pomegranate rinds were some-
times put into the water, with the aldecay. But the yellow

* When a solution of alum is applied to calico which has received
no impregnation, it will not be sensibly decomposed; but on the
contrary, a great part of it will again crystallize, so soon as the
water which held it in solution has evaporated; and none but very
feeble colours can be raised upon such a basis. But when calico has
been impregnated by such astringent and animal matters as are
obtained from myrobalans and buffaloes’ milk, the alum will not
only be decomposed, but the alumine will combine with the astrin-
gent and oily matters so obtained, and a basis will be laid for a
<olour almost as durable as the Turkey red.

Vour. L 2L
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distilled vinegar, and crystallized; which within the
memory of man has been gradually brought into use,
without any theory, or even suspicion of its true effect,
or of the way in which it has proved so highly useful.
This improved aluminous mordant is now generally
made by dissolving three pounds of alum in a gallon of
hot water; then adding one pound, or in some particu-
lar cases one pound and a half, of the acetate or sugar
of lead, stirring the mixture well during two or three
days, and afterwards adding to it about two ounces of
potash, and as many of clean powdered chalk (carbonate
of lime). In this mixture, both the alum and the sugar
of lead are decomposed by a double elective attraction,
which produces two new compounds, according to Mr.
Henry and M. Berthollet, because the oxide of lead
having a stronger attraction for the sulphuric acid than
for that of the vinegar, combines with the former, and,
forming an insoluble salt, subsides to the bottom of the
liquor, whilst the earth of alum, thus left in a very di-
vided state, unites to, and is dissolved by the acetic
acid, previously separated from the lead, and remaining
in the liquor, which thereby becomes a diluted acetate
of alumine; the potash or chalk only serving to neu-
tralize the excess of sulphuric acid, which is always
contained in alum, and which would in some degree
hinder the alumine from being deposited and fixed in
the fibres of linen and cotton. But the decomposition
here described takes place only iz part, because one
pound of sugar of lead, or even one and a half, (the
greatest quantity any where proposed,) is not sufficient
to decompose three pounds of alum. On the contrary,
I have found that alum cannot be completely decom-
- posed, without nearly its weight of sugar of lead:* and

* Having added a pound of sugar of lead to a pound of alum dis.
sulved in hot water, I found that though the alum was decomposed
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afterwards thickened with flour,* if intended to be print-
ed or applied by the block and with the gum of the
mimosa nilotica (gum arabic), or of the mimosa Sene-
gal (gum of Senegal), if it be intended for penciling;
and being applied in either of these ways to linens or
cottons, previously bleached and made smooth by the
cylinder, the latter are to be thoroughly driedt by a
stove heat of 150 degrees of Fahrenheit, and afterwards
put into a copper partly filled with a mixture of cow
dung and water, through which they are to be turned
by the winch, backwards and forwards, until the gum
or flour employed to thicken the mordant has been dis-
solved, and the loose particles of alumine separated;
that they may not in the dyeing vessel combine with the

* Since my former edition, it has been found that by slightly
torrefying the flour, it was rendered more soluble in water, and
more suitable for the purpose of giving consistency to the mordant
in question; and the érown colour which it acquires by torrefaction
supersedes the use of Brasil wood, and other colouring matters, to
mark the parts which have received the mordant. Starch, by a si-
milar torrefaction, softens, swells, and emits a penetrating odour;
and, the torrefaction being then stopped, a substance is obtained,
which has been lately much employed by calico-printers as a sub-
stitute for the gum of Senegal, under the name of British gum.

From half to three quarters of a pound of gum have commonly
been found necessary to each quart of the mordant, according te
the season of the year, and the sort of figures or impressions in-
tended to be made. So much consistency should be always given
to the liquor as will hinder it from spreading beyond its proper
limits, taking care at the same time, that it shall retain so much
Jluidity, as thoroughly to penetrate the fibres of the calico, and, in
the language of the printers, serve as a lrader or conductor to the
alumine, &c.

t This thorough desiceation, by artificial heat, contributes very
much towards a more fierfect union of the aluminous and ferrugi-
nous bases with the fibres of the cotton, by causing an evaporation
of the acetic acid, and also of the water, which by their affinities.
would obstruct the desired union.
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soon after the business of calico-printing began to be
carried on with some degree of success here, and in
other parts of Europe. In one of these, which seems to
have been the earliest, alum, sal ammoniac, saltpetre,
red orpiment, and kelp, were directed to be mixed with
water. In another, which probably followed this, it was
directed that these ingredients should be dissolved in
vinegar. ln a succeeding recipe, a little sugar of lead
was directed to be employed, but in a quantity too
small to be of any considerable use; I mean one ounce
of it for every pound of alum. Afterwards, the calico-
printers, without any system or reasonable motive, ap-
pear in different instances to have added verdigrise,
arsenic, corrosive sublimate, blue vitriol, /itharge, and
white lead. By stumbling upon the two last (which alone
were of any use), it happened, where vinegar had been
also employed, as it commonly was in some shape, that
after a variety of decompositions and recompositions,
some portion of acetate of alumine was formed, the good
effects of which were experienced, though without any
true knowledge of the ways and means by which they
had been produced. By degrees, however, the printers
seem to have increased the quantity of sugar of lead,
and several of them to have suspected that many of the
other ingredients usually employed for making their
mordants were useless. Some of them, therefore, began to
omit one, and some another of these ingredients, until at
length all the useless ones were laid aside, though with-
out the aid of any chemical reasoning on the subject,
and without any one having ever suspected, as indeed
few of them do at this day, that the lead which they
continued to employ, occasioned any decomposition
of the alum, or that the mordant so produced did not
really contain all the lead and other ingredients used to
prepare it. Among the useless ingredients before men.
Vor. L. « 2M
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vegetable acids; they must at least have been acquainted
with the component parts of these salts, and they must
have had a knowledge of double elective attractions,
&c.”” In truth, however, the inhabitants of India neither
had, nor have they at prcs"é‘nt, any knowledge of the
use of sugar of lead, or of any other preparation of that
metal which could produce similar effects in calico-print-
ing; a solution of common alum in water being their
only aluminous mordant, and the previous application
of the soluble parts of myrobalans and of buffaloes’ milk,
to their calicoes, aided by a very Aot sun-shine, and the
complete desiccation which it produces, enabling them,
without any thing like an acetate of alumine, to give equal
durability to their colours. This fact I have learned, not
only from all the accounts published, or transmitted to
Europe respecting this point, but from the positive ver-
bal informations of eye-witnesses to the practice of calico-
printing in that part of the world, and particularly of a
gentleman of great veracity, as well as knowledge on
this subject, who formerly carried on the business of
calico-printing very extensively in Bengal (principally
for uccount of the East-India Company): and indeed
sugar of lead is so far from being used for this purpose
there, that within a few weeks I have received a letter
from Mr. John Adie, (successor to the gentleman last
mentioned,) dated, ¢ Gondelpara, near Chandernagore,
the 10th of February, 1792,” and mentioning, that he
had some little time before been obliged to pay twenty
shillings the pound for sugar of lead, in order to prepare
a particular colour which I had formerly recommended;
so far was this ingredient from being in use there for any
such purpose.

We may, therefore, safely conclude, that the forma-
tion of an acetate of alumine, and its application as a
mordant in calico-printing, was not an oriental disco-
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basis had been applied, being but slightly discoloured.

The calico so dyed, being exposed to the sun and air
two or three days, the spaces to which no mordant had
been applied became perfectly white; and the figures

impregnated with alumine had lost some of their fine
crimson colour, which gradually diminishing, by a con-

tinued exposure, was all gone at the end of eight days.

~ In this instance, the aluminous basis had a certain affinity

with the colouring matter of the Brasil wood, (which was
not the case with that of saffron,) but notso much as to
fix and retain it permanently. 'T'o ascertain, however, that
the defect arose from the want of a sufficient affinity be-

tween the colouring matter and the alumine, and not
between this last and the cotton, I took the same calico,

which had been already twice dyed, and dyed it a third
time in water with madder, whereby the whole became
coloured, but the figures impregnated with alumine
much more deeply than the other parts; a proof that the
alumine still remained fixed, notwithstanding the escape
of the Brasil wood crimson, and that it had again entered
into a triple combination with the madder colour, and
the fibres of the cotton. The piece so dyed, being well
boiled in water soured with bran, and exposed to sun.

shine and air, in a few days became white in the parts

where no mordant had been applied to fix and retain the

colour, whilst the figures formed by the application of
alumine, retained all their body and brightness; the

colouring matter of the madder, in this triple combina-
tion, not being liable to destruction or separation by the

same means which destroyed or separated it where ne
such bond of union or means of preservation existed.*

* M. Berthollet, in the last edition of his Elements, &c. (tom. i.
p- 80) has introduced my account of these experiments, to illus-
trate and prove the affinities of alumine employed as a basis, and
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‘The means of producing an acetate of iron, obviously
presented themselves, and did not require any more
chemical knowledge, than people but very moderately
civilized are commonly found to possess. Iron, in a state
proper for being dissolved by vinegar, might be pro-
cured, without a previous decomposition for that parti-
cular purpose. But this was not the case with alumine,
of which the nature was completely unknown, as well
as the ways of procuring it; and even at this time, though
we know it to be a particular and pure species of clay,
we do not find it either practicable, or advantageous, to
obtain it, except by separating it from the sulphuric
acid, with which it has been previously dissolved, and
combined in common alum.

The first European calico-printers, in making their
iron liquor, employed many useless ingredients, as they
also did in making the aluminous mordant. In the more
eatly prescriptions I have found, besides old iron, and
vinegar or sour beer, verdigrise, sugar of lead, blue vi-
triol, antimony, urine, the brine of pickled herrings, salt-
petre, sal ammoniac, and other incongruous matters, fre-
quently directed; and they were thought to be useful,
because they did not Ainder the oxide of iron from per-
forming its office as a basis. Rye meal was for many
years very commonly employed, and probably with
some advantage. Afterwards, however, experience, di-
rected by the light of chemistry, enabled the manufac-
turers and consumers of this mordant, gradually to
discard the useless ingredients employed in making it,
as they also did those which had for a considerable time
encumbered, and in some degree injured the mordant,
from alum. Iron alone, dissolved by an acetous acid,
then constituted the iron liquor; and to produce this
acid, malt, or sour beer, or the washings of sugar hogs-
heads, were commonly employed, as being the most
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into a dyeing vessel, with water scarcely blood-warm,
and in which three, four, or five pounds of madder in
powder, for each piece, have been previously mixed,
and they be turned, as usual, through the liquor, by
the winch; gradually, but slowly, raising the heat, so
that it may only reach the boiling point at the time
when the calicoes will have been sufficiently dyed, the
several pieces will be found to have imbibed colour in
every part. The figures or places to which the unmixed
iron liquor was applied, will have been dyed black, and
those on which the aluminous mordant was printed,
will be red, of different shades, if the mordant had been
used at different degrees of concentration; and, if both
mordants were mixed and applied in different propor-
tions, such applications will have produced various
shades of purple, violet, chocolate, and lilac colours;
whilst the parts, or grounds, intended to be ultimately
left white, will manifest a considerable brownish red
discoloration: but as the madder colour producing it,
is not then united to the calico, by the affinity or attrac-
tion of any intermediate basis, it will not be able, as in
other parts, to resist the action of exterior agents, and
may therefore (as is usually done), be removed, and the
grounds made white, by boiling the pieces 1 water
soured by fermented bran, and by afterwards spreading
them for some days (according to the season) upon the
grass; where, with the well known treatment, the co-
lours dyed upon a basis will become brighter, whilst
that without one will completely disappear.

Calico, printed with the same mordants, and dyved
with the quercitron bark, (quercus tinctoria, or quercus
nigra, Linn.), will acquire fixed and bright yellows of
different shades, upon the aluminous basis; and various
drab colours upon that of iron. A mixture of these
bases will produce olive colours. Along with these it is

Vor. I. aN
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Very lately indeed a species of topical dyeing or stain-
ing, very much resembling some parts of calico-printing,
has been ingeniously applied to woollen stuffs, and par-
ticularly those called kerseymeres, for waistcoat patterns,
&c. What I mentioned in a former chapter, of the ne-
cessity of a considerable degree of heat, to enable the
fibres of wool to receive and combine with colouring
matters, will afford some idea of the difhiculty of apply-
ing and fixing different colours in the form of spots or
figures upon woollen stuffs in this way by dyeing; the
particular mode and means by which this difficulty is
overcome, and the several colours fixed in the fibres of
wool, are still kept secret as much as possible. How
proper colours for this purpose may be provided, either
from substantive colouring mattcrs, or from the adjective
ones, made into the form of a strong decoction, and
mixed with the proper mordants, (as in the instance
which I lately noticed of a pro-substantive yellow,) will
be easily understood by those who may attend to what
has been, or will be, explained in the course of this
work; and such colours being so prepared, and printed
upon kerseymere, &c. in the usual ways, may be, as I
have found on trial, and as I am informed they are,
made to penetrate and unite with the wool, by placing
the stuff so printed in the steam of boiling water for a
sufficient length of time, first wrapping it up in thick
paper, doubled or trebled, so as to exclude the moisture,
so far at least as that it may not occasion the colours to
run beyond their proper limits.

After this summary account of the origin, progress,
and nature of calico-printing, intended to illustrate more
distinctly the effects of the principal bases or mordants,
it will be proper here to take a general view of the facts
which respect the application of these bases, for fixing
and modifying different adjective colours, not by topical,
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Cotton, treated in this way, commonly gains about two
and a half per cent. additional weight by the alum, partly
decomposed, which combines with it. But, where no
white grounds are to be reserved, there are ways of
separating the aluminous basis more advantageously,
and applying it more efficaciously, particularly for mad-
der colours upon linens and cottons, by impregnating
them with oleaginous, astringent, glutinous, animal, and
alkaline substances, which occasion an increased affinity
or attraction between the fibres of the linen or cotton and
the colouring matters; thereby forming, perbaps, a kind
of cement, which renders them more fixed, and less
liable to be acted upon and injured by those causes
which generally destroy or weaken colours. These aux-
iliary means will hereafter be noticed in their proper
places, and particularly when treating of the Turkey
red.

Silk is to be impregnated with the aluminous basis,
by macerating or soaking it only, during the space of
ten or twelve hours, in a saturated cold solution of alum.

To impregnate wool or woollen cloth with the alumi-
nous basis, it is commonly boiled m water, with from
one-fourth to one-sixth of its weight of alum, and from
one-twelfth to one-sixteenth of its weight of crude tartar,
putting the latter first into the water, and, afterwards,
the powdered alum: the heat of the water being gradu-
ally raised, is kept at the boiling point for an hour and
a half, or two hours, during which the cloth is turned
through the boiling liquor on a winch, that the mordant
may be equally applied; and being afterwards taken out
and drained, it is commonly left until the next day, and
then rinced in clean water, for dyeing. In the early col-

would be less attached to either, and more readily, as well as co-
piously separated, and united with the fibres of linen or cotton.
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These experiments were principally made with alum,
acetate of alumine, tartar, and the solutions of tin, applied
to wool, silk, and cotton; and by these, it was fully as-
certained, that alum and cream of tartar do not decom-
pose each other when dissolved in water, and boiled
with wool, (a fact which had, indeed, been previously
asserted by Berthollet): that in this boiling, the wool
combines with the alum, without decomposing it in any
degree,* and also with the tartar; that equal parts of alum
and tartar would dissolve in two fifths /less of water, than
would be required to dissolve them separately.

They found that wool, as it is commonly eleansed for
being alumed, was not deprived of the carbonate of lime
nuturally combined with it; and that this wool, being
boiled the usual time, with one-fourth of its weight of
alum, and one-sixteenth of its weight of cream of tartar,
rendered the bath, or water, troubled or muddy, and

* It was completely ascertained, that when wool had been so
alumed, the alum'emplu}rcd might be all recovered, partly from the
bath or liquor in which the aluming had been performed, and partly
from the wool itself, by repeaiedly washing the latter in pure boil-
ing water: commonly a dozen separate washings were suflicient to
remove completely all the alum which had united itself to the wool;
and the alum, so separated, was susceptible of a distinct crystalli-
zation, as if it had never been so employed. After the last of these
washings, the wool or cloth, so washed, was found to be as incapa-
ble of receiving colours by dyeing, as if it had not been alumed; and,
indeed, before the last, it was always found, that the colour attempted
to be dyed upon it, was feeble, in proportion to the number of wash.
ings which had taken place.

It became evident, therefore, from these experiments, that wool
or cloth boiled with alum (and tartar) attached to itself the unde-
comprosed alum only, and that a decomposition of the latter does not
take place until the subsequent operation of dyeing, when the affi-
nity of wool, being assisted in the dyeing vessel, by the affinity of
the adjective colouring matter, their co-gfieration separates the alu-
mine, in a great degree at least, from the sulphuric acid.
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find any benefit produced, by letting the wool or cloth
remain some days in the liquor with which it had been
boiled, as some persons have advised.

" From these experiments, MM. Thenard and Roard
have thought themselves entitled to conclude, with * eer-
titude, que dans Palunage de toutes les matieres anima-
les, I’alun se combine en entier avec clles, sans éprouver
aucune décomposition, et qu’il forme alors des combi-
naisons plus ou moins solubles, qui ont pour les ma-
tieres colorantes une grande affinité;” and they have
made a similar conclusion in regard to vegetable matters,
(i. €. linen and cotton, &c.); having found that the latter,
when carefully alumed, might be completely deprived
of every particle of alum, by fewer washings than silk,
and by much fewer than wool, which had been so alum-
ed. They found also that, (as with silk,* and for similar
reasons), it was always best to begin the dyeing of linen
and cotton (when alumed) at a low temperature, and to
keep the dycing liquor considerably below the boiling
point, until the colouring matters were enabled to at-
tach themselves to the mordant, and produce an insolu-
ble combination therewith, previously to its being sub-
jected to the action of boiling water.

These gentlemen, moreover, ascertained, that when
acetate of alumine was applied to wool, silk, linen, and
eotton, it combined with them entirely, undecomposed,
like alum; but, being exposed to a warm atmosphere, a
part of the acetic acid, from its volatility, soon evapo-
rated, leaving behind an excess of alumine, which could

* Silk ought never to be subjected to a boiling heat, either when
the mordant is applied, or afterwards, in the dyeing operation;
" where a high temperature, besides injuring the texture and lustre
of the silk, would detach and separate the mordant, before the co-
louring matter could have combined and produced an insoluble
union with both,

Ver. L. 20
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It will be ascertained hereafter, by my own particular
experiments, that all the metals, properly so called, as
" far as they have been tried, are capable of attracting ad-
jective colouring matters in some degree, and of serving
as bases to them; and this is also true of most of the
earths; though none of them is so efficacious and useful
in this way as alumine; indeed this, and the oxide of
tin, seem to be the only bases suited, by their perfect
whiteness, to reflect the rays of light so as to exhibit
adjective colours with their utmost lustre and bright-
ness, every other falling short of these in that respect,
and almost all of them appearing to sadden or darken
the colours which they serve to fix. Probably, the
oxides of zinc and antimony do this less than any of
the others: the former, however, (zinc) does not appear,
by my experiments, capable of giving much stability
and permanency to any colour dyed with it.

After this general explanation and illustration of the
properties and uses of mordants or bases in fixing and
modifying adjective colours, I shall next proceed to a
particular inquiry concerning their effects upon each of
the more important dyeing drugs of this class, begin-
ning with those which belong to the animal kingdom.
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That “ tola was the ancient Phenician name used by
the Hebrews, and even by the Syrians; for it is employ-
ed by the Syrian translator, Isaiah, chap. 1. v. 18,7—
« Among the Jews, after their captivity, the Aramean
word zehori was more common.”

Bischoff also maintains, that the kermes red dye was
meant by the Hebrew words tholaat schani, in several
parts of the Old Testament. It may, therefore, be assu-
med, that the colour which is mentioned in Exodus,
chapters xxvi. xxviii. and xxxix. (as one of the three
which were prescribed for the curtains of the tabernacle,
and for the “ holy garments” for Aaron,) and which the
English translators have rendered by the word scarlet,
(as they have done in other parts of the Old Testament)
was no other than the blood-red colour, dyed from the
kermes. Indeed the colour now denominated scarlet, and
dyed from cochineal, upon a tin basis, had not been dis~
covered when the last English version of the Bible was
made, in the reign of James the First.

The Greeks appear to have obtained a knowledge of
the kermes, and their use in dyeing, at a much later pe-
riod; and we find this insect denominated xoxxos Ba@uxy
by Dioscorides, iv. 48, p. 260, and by other Greek wri-
ters: whence the Latins derived their names of coccum
or coccus, with the addition of infectoris, or infectorium.
Pliny, as I have noticed at p. 93, mentions the kermes
as being sometimes employed, conjointly with the colour
of the murex and buccinum, in producinga sort of pur-
plish crimson, called by the Romans Aysginus. He adds,
upon that occasion, that this drug was brought from
Galatia, or from the vicinity of Emerita, in Portugal, and
that the latter was the most commended.* And again,

* « Coccum Galatize rubens granum,”—% aut circa Emeritam
Lusitaniz, in maxima laude est.”” Plin. Hist. lib. ix. c. 41,
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persons wearing such cloth were said to be eoccinati,
according to the following line of Martial, viz.
“ Qui coccinatos non putat viros esse.”

It will have been seen, by the passages which I have
recently quoted from Pliny, that the appellation of
granum was given by him to the kermes insect, doubt-
less from its resemblance to a grain or berry; and this
appellation has been continued by succeeding writers*,
and, doubtless, occasioned the colours dyed from the
kermes to be called grain, or ingrain colours, as those
of cochineal afterwards were, from a similar mistake,
which for some time subsisted, concerning the nature
of that insect.

By a succession of observations, however, it seems
to have been ultimately ascertained, that the worm or
insect was the most important part of the supposed
grain or berry in producing the kermes red, and, there-
fore, in what have been called the middle ages, this
production was frequently denominated wvermiculus, or
vermiculum, and the cloth dyed with it vermiculata;
and hence ultimately originated the French word ver-
meil, and that of vermilion derived from it.

The Spaniards, and through them the other nations
of Europe, appear to have obtained the name of kermes
from the Arabians, who, according to their own ac-
counts, were made acquainted with it, as well as the
substance, by the Armenians{ and Persians, among

* In modern times, the kermes have been called by the Italians,
grana da tintore; by the Spaniards, grana de tinctores; by the French,
graine d’escarlate; and by the English, kermes berries.

t Beckman says, that J. Beithar, in Bochart Hierozoicon, ii. p.
625, calls kermes an Armenian dye; and that the Arabian lexico-
graphers, from whom Giggeus and Castellus made extracts, ex-
plain the kindred word karmasal, (coccineus seu vermiculatus) as
an Armenian word. It is notorious that the insects in question
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that the kermes red has in different ages been compared
to the colour of fire. 1 have seen the words “ ardent:
radiabat Scipio cocco,” in some of the Latin classics,
though 1 cannot recollect which. And Bischoff, on the
authority of Muratori,* mentions an old charter or con-
tract passed in the year 1194, between the cities of Bo-
logna and Ferrara, by which a duty was to be levied in
the former of these cities, upon the grana de Brasile,
meaning kermes, (and upon indigo); and he adds, that
these Brasilian grains, and also Brasil wood, are men-
tioned in other old charters, particularly one dated m
1198, and another in 1306, under the name of Braxilis;
and he concludes, with great probability, that this, and
the word brasilis, were derived from bragio, a burning
coal; in the French braise: and we shall accordingly find
hereafter, that red dyeing woods, similar to that now
called Brasi/ wood, were distinguished by that name,
before any such wood was known or suspected to be
produced in that part of America now called Brasil; and
that this name was given to that country many years af-
terwards, when the wood came to be thence imported;
and consequently that the country obtained the name
from the wood, and not the wood from the country.

At what time the words from which our scarlet was
derived were first used, cannot, I believe, now be accu-
rately ascertained; the most early employment of them,
of which I have found an instance, 1s that which Beck-
man has quoted from the Historia Gelrica Pontani,
(Hordervici 1639,) in which, about the year 1050, the
emperor Henry I1I. conferred upon the Count of Cleves,
the Burgraviate of Nimeguen, on the condition of his
delivering to him annually three pieces of scarlet cloth,

* Dissert. de Mercatibus et Mercatura szeculorum rudium, tom.
ii—Antiquitat. diss. xxx. p. 898.
Vor. L. 2P
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let, it occurs in several books, written in the thirteenth
century; such as the History of Spain, by Roderick
archbishop of Toledo, (lib. vii. 1.), which was finished
in 1243; and in some quoted by Vossius, * de vitiis
sermonis, 4°.” Others might be added to these, were
they necessary,

At the periods when the terms escarlatum, &c. were
thus employed, the art of dyeing purple from the murex
and buccinum was lost in the western empire, and the
kermes dye, which in former times had been almost as
much esteemed, was become pre-eminent and unri-
valled; and so it continued, until the introduction of
cochineal, from America, (to be noticed in my next
chapter) which has, in great degree, put an end to the
use of kermes in Europe, though the acorn-bearing
shrub, which the ancients called ilex, (and which, in
the Lifinzan system, is denominated quercus coccifera,)
still grows, and furnishes these insects, in all the coun-
tries mentioned as formerly producing them; and though
the insects themselves continue to be employed in other
parts of the world, and with great reason, for in truth
they are capable, as my own experiments prove, of giv-
ing every colour which can be obtained from cochineal
with equal beauty and vivacity, and perhaps with even
greater permanency.

- The first volume of the Philosophical Transactions
contains a paper, written by M. Verney, then of Mont-
pellier, respecting the natural history of the kermes; and
M. Reaumur afterwards described them very minutely
in the fourth volume of his *“ Mémoires pour servir
I’Histoire des Insectes.”” But the most useful informa-
tion on this subject seems to be that which M. Chaptal
lately gave to M. Berthollet, and which he has pub-
lished in the second volume of his ¢ Elémens de I’Art
de la Teinture.” By his account, the male insect passes
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that if the kermes, like the cochineal, had been employ-
ed with a solution of tin by nitro-muriatic acid (instead
of alum), a colour might have been obtained, which it
would have been difficult, if not impossible, to distin-
guish from the cochineal scarlet.

To dye the Venetian scarlet, the wool, according to
Hellot, was first boiled for half an hour in water, with
about its weight of bran, tied up in a bag; it was then
removed into another vessel, and boiled two hours in
water acidulated by fermented bran liquor, with a fifth
of its weight of Roman alum, and half as much red
tartar; leaving the wool, after taking it out of this vessel,
moistened with the same liquor, during six days; at the
end of which, it was dyed in clean soft water, with
powdered kermes, allowing twelve ounces of the latter
for each pound of wool, and even sixteen ounces, if the
kermes had suffered by age.*

When the very extraordinary effect of a solution of
tin, in giving vivacity and lustre to the colour of cochi-
neal, had been discovered, (as will be mentioned here-
after,) it might have been expected, that the influence of
this mordant upon the kermes colour would have been
tried, as a matter of course, but I cannot any where find
that this was done; and it was not until I had dyed broad-
cloth in the way, and with the means commonly em.
ployed to produce the scarlet colour, substituting only

* In aletter written by Mr, William Kirkpatrick to Dr. Ander-
son, lately Physician-General in the service of the East-India Com-
pany, and dated Hyderabad, June 14th, 1796, I find the following pas-
sage, viz. “The silk-dyers at this place do not know how, I believe,
to produce a scarlet. To dye a prime crimson, they employ, to one
seer of silk (fresh and white) one quarter scer of kermes, one quar-
ter seer of alum, and one quarter scer of flowers of pisteh (pistachio,)
which I take to stand in place of the gall. The enclosed is a speci-
men of their prime crimson.” If this account of proportions be accu-

rate, the kermes of India must yield more than twice as much co-
lour as that of Europe.






LN TR ey

e -
- -
.

hE e M

Philosophy of Permanent Colours. 303

Arr. IL. Coceus Polonicus.

This is a small round insect, in many respects similar
to the kermes, and employed for nearly the same pur-
poses, until the introduction of cochineal caused the use
of it to be abandoned, at least in the greater part of
Europe. It was mostly collected in the Ukraine, and
other provinces of Poland, (under the name of Czer-
wiec,) and also in the great duchy of Lithuania, from the
roots of the German knot grass, or perennial knawel (scle-
ranthus perennis, Linn.) The male only, by a transforma-
tion similar to that of the male kermes, becomes a fly,
though with but two wings, which are white, edged
with red. The females being impregnated by the male,
enlarge their size, and become ready to bring forth their
young soon after the summer solstice, at which time
they abound most in a crimson juice, which even now
is much esteemed and employed by the Turksand Ar-
menians for dyeing wool, silk, and hair, and also to
stain the nails of women’s fingers. Wool and silk were
prepared to receive this dye with the same mordant (of
alum and tartar) as that used for the kermes. Several
writers have mentioned the coccus polonicus (sometimes
called the cochineal of the north); but the best account
of it seems to be that given by Breynius in the Act.
Natur, Curiosor. of the year 1733, There is also an ac-
count of it in the Phil. Trans. for 1764, p. 91. Some
writers have imagined, that the Latin, Italian, and French
words, signifying erimson, were more particularly applied
to the colour dyed from the coccus polonicus; but I do
not find sufficient reason for adopting that opinion.

Very similar to the coccus polonicus is an insect,
which in many parts of Europe was formerly collected
from the roots of the Burnet, (poterium sangui sorba,
Linn.); and which was used, particularly by the Moors,
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CHAPTER I1L

Of the Natural History of Cochineal.

“ Our vallies yield not, or bot sparing yield
“ The dyers’ gay materials, Only weld,
“ Or roat of madder, here, or purple woad,
“ By which our naked aneestors obseur’d
 Their hardy limbs, inwrought with mystie forms,
¢ Like Fgypt's obelisks.”
Drxen.

Tue cochineal, or coccus cacti of Linnzus, is arrang-
ed among the  Insccta” of the fifth class of that great
naturalist; and in the second order, comprehending the
“ Hemiptera,” (half-winged insects, &c.) The body of
the male is slender, of a red colour, covered by two
wings, spread horizontally, and crossing each other a
little on the back, and enabling him to fly, or rather
flutter. The head is distinct, but small, with two diver-
ging slender antennz; the abdomen or tail is terminated
by two small and very long diverging hairs; he has six
feet, with which he sometimes jumps, like the lacca in-
sect; and hence Linnzus has applied the term *¢ salta-
toria,” as one of his distinguishing characters. The male
insects are but seldom found among the cochineal sent
to Europe. The back of the female is hemispherical, and
crossed by numerous wrinkles; she is of a dark reddish
brown colour; her mouth is a small tubular projection
from the thorax; she is without wings, but has six legs;
these, however, only serve her to remove during a short
interval immediately succeeding her birth; after which
they become useless, and ceasing to grow, whilst the
body enlarges greatly, they, with the proboscis and an-
tennz, remain so small as to be afterwards hardly percep-
tible, at least without a very minute inspection. This cir-

cumstance probably occasioned, and certainly confirmed,
Vor. L. 2Q






Philosophy of Permanent Colours. 307

that section of cacti which Linnzus distinguishes as
““ opuntize compressa, articulis proliferis,” 7. e. flattened
or compressed with prolific articulations. The cactus co-
chenillifer, however, which the Mexican Spaniards call
nopal, is alone cultivated for the purpose of feeding and
breeding these insects; partly because is is unarmed, or
without those offensive spines which beset most of the
other species.

The Spaniards, on their first arrival in Mexico, about
the year 1518, saw the cochineal employed, (as it ap-
pears to have been long before,) by the native inha-
bitants of that country, in colouring some parts of
their habitations, ornaments, &c. and in staining their
cotton; and being struck with its beautiful colour, some
accounts of it were given to the Spanish ministry, who
in the year 1523, (as Herrara informs us) ordered Cortes
to take measures for multiplying this valuable commo-
dity;* but as the Spaniards then in America were care-
less of every thing but gold and silver, they left this to
be done by the natives, who, from the large supplies
soon after sent to Europe, appear to have successfully
employed themselves for that purpose.

It is remarkable, that though Acosta had stated the
cochineal to be an insect, as early as 1530, and though

# Herrara does not use the name of cochineal, but that of grana,
(as other Spanish writers have since done); and he says, (Decade,
iii. v. 3.) the Catholic King had been informed that these grana
were abundant in that part of America, and that the sending them
to Spain might furnish means for paying the contributions, &c.:—
they were probably then supposed to resemble hermes I have not
been able to ascertain the origin of the term cochineal, or cocci-
nilla, nor the time when it was first applied to these insects: per-
haps, as they were smaller than the kermes, the term coccinilla
was intended as a diminutive of coceum, as platina was of Plata, and
bnth employed from similar motives; perhaps, also, it may have
been erroneously supposed to belong to the genus coccinilla, or
lady-bird,
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and De Laet had some little time before described it as
feeding on the tuna. Pomet, however, misled by the
prevailing opinion on this subject, as well as by several
letters which about that time were sent to him from St.
Domingo by F. Rousseau, adopted the fallacious ac-
counts of this letter-writer, (who promised to send over
to France some of the very plants whose seeds, as he
asserted, afforded the true cochineal,) and described
this drug as the seed of a plant, two or three feet high,
bearing pods of a conical form, in which the cochineal
grew naturally. (See Hist. Gen. des Drogu:s, &c.)

But, groundless as this account was in reality, it ob-
tained so much credit, that no longer than four years
since, a very eminent dyer of this metropolis seriously
told me, that having bought a large parcel of cochineal,
he actually found among it one of these conical pods,
containing cochineal naturally attached to the inside of
the pods.

Lewenhock, however, by his glasses plainly saw, that
the cochineal was an insect with six legs; and in a letter,
read at the Royal Society the 21st of March, 1704, and
published in the 24th volume of the Transactions, he
positively contradicted all those who had represented it
as a vegetable grain; and declared that, by dissections,
he bad invariably found eggs, or animalcula, in the sup-
posed grains, and often to the amount of two hundred
in each. He also represents these insects as “ not pro-
duced from worms,” but as ““at once bringing forth
their like.”

About the year 1730, Dr. Rutty, then Secretary of the
Royal Society, published a Natural History of Cochi-
neal, (in the 36th volume of the Transactions,) from a
work on this subject by Melchior de la Ruuscher, of
Awmsterdam, who had procured from Antiquera, in New
Spain, the depositions of eight persons, who had been
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appeared in its various states, from the most minute,
when 1t walks about, to the state when it becomes fixed
and wrapt up in a fine web, which it spins about itself.

““In order to find out the male fly, (continues he,) ¥
examined all the webs in these specimens, besides a
large parcel which the Doctor had sent me picked off
from the plants in Carolina, and at last discovered three
or four minute dead flies with white wings, These I
moistened in weak spirit of wine, and examining them
in the microscope, I discovered their bodies to be of a
bright red colour, which convinced me of their being
the true male insect. To be confirmed in my opinion, I
immediately communicated my discovery to Dr. Gar-
den, which I accompanied with an exact microscopical
drawing, and desired he would send me some account
of their economy, with some male insects of his own
collecting; which he did, in the spring of the year 1762,
accompanied with the following observations:

“In August 1759, (says Dr. Garden), I catched a
male cochineal fly, and examined it in your aquatic
microscope. It is seldom a male is met with. I imagine
there may be one hundred and fifty or two hundred
females for one male. The male is a very active crea-
ture, and well made, but slender in comparison of the
females, who are much larger and more shapeless, and
seemingly lazy, torpid, and inactive. They appear ge-
nerally so overgrown, that their eyes and mouth are
quite sunk in their ruge or wrinkles; nay, their antenna
and legs are almost covered by them, and are so im-
peded in their motions from these swellings about the
msertions of their legs, that they can scarce move them,
much less move themselves.

“ The male’s head is very distinct from the neck: the
neck is much smaller than the head, and much more so
than the body. The thorax is elliptical, and something
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remarkable proboscis, or awl-shaped papilla, arising in
the midst of the breast, which Linnzeus calls the ros-
trum, and thinks it the mouth: *if so, (says Mr. Ellis,)
besides the office of supplying it with nourishment dur-
ing the time of its moving about, it is the tube through
which the fine double filament proceeds, with which
it forms its delicate web, in order to accommodate
itself in its torpid state, during its pregnancy, till the
young ones creep out of its body, shift for themselves,
and form a new generation. )

“In this torpid state the legs and antennz grow no
more, but the animal swells up to an enormous size, in
proportion to its minute creeping state. The legs, an-
tenna, and proboscis, are so small with respect to the
rest of the body, that they cannot be easily discovered,
without very good eyes or magnifying glasses, so that to
an indifferent eye it looks full as much like a berry asan
animal.

“ As soon as the female is delivered of its numerous
progeny, it becomes a mere husk and dies; so that great
care is taken in Mexico, where it is principally collected,
to kill the old ones while big with young, to prevent
the young ones escaping into life, and depriving them
of that beautiful scarlet dye, so much esteemed by all
the world.”

I ought to have sconer mentioned that there are two
sorts or varieties of cochineal; the best or domesticated,
which the Spaniards denominate grana fina, or fine grain;
and the wild, which they call grena sylvestra. The for-
mer is nearly twice as large as the latter; probably be-
cause its size has been improved by the favourable ef-
fects of human care, and of a more copious or suitable
nourishment, derived solely from the cactus cochenillifer,
during many generations. But it is only from the wild
cochineal, living naturally on some of the opuntie, in

Vor. L. 2R
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found and added to his collection a living cactus, of a
species which was capable of nourishing the fine domes.
ticated cochineal; after which, departing for St. Do-
mingo, he arrived safe with his acquisitions, on the
25th of September, (in the same year,) at Port-au-
Prince, where he began immediately to form a planta-
tion of nopals, and to take steps for propagating the
two sorts or varieties of cochineal, I mean the domesti-
cated or fine, and the sylvestra or wild; which last he
found at St. Domingo, soon after his return, living na-
turally on the cactus pereskia. But unfortunately for this
establishment, he died in the year 1780, through disap-
pointment ‘and vexation, at seeing his patriotic endea-
vours so little assisted, and his services so sparingly re-
warded by the government. M. Thiery de Menonville’s
labours being thus thus terminated, the Royal Society of
Arts and Sciences at Cape Frangois, having collected his
papers, composed from them a treatise on the cultiva-
tion of the nopals, and the breeding of cochineal, &c. of
which M. Berthollet has given a short extract in the fifth
volume of the Annales de Chimie, together with an ac-
count of his own experiments for ascertaining the cliects
of the grana sylvestra, produced at St. Domingo, com-
pared with those from Mexico, in dyeing.*

From the observations of M. Thiery de Menonville,
it appears that there are two varieties of the nopal, or
cactus cochenillifer, growing in Mexico, one called the
true nopal of the Garden of Mexico, and the other the
Castilian nopal, a name given to the last of these varieties
on account of its singular beauty. It appears also that
the wild cochineal, or grana sylvestra, when reared upon

* The original publication (from which my account was writ-
ten,) is entitled, ¢ Traité de la Culture du Nopal et de I'Educa-
tion de la Cochenille,” 8vo. printed at Cape Frangois, 1787.
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fended from wind and rain,) where each attaches herself,
by inserting her little tubular proboscis or mouth into
the bark, and thus remain fixed to the end of life. By
this insertion the female draws out for her nourishment
the colourless mucilaginous juice of the nopal, and soon
becomes covered with a fine adhesive downy substance.
The male acquires a similar covering, but quits it at the
end of a month, and in the shape of a little scarlet fly,
jumps and flutters about for the purpose of copulation;
and having thereby secured a future progeny, he dies
almost immediately after. But the female having other
duties to perform, outlives the male another month; at
the end of which she is ready to bring forth her young,
and this is the precise time for gathering those which
arc not wanted for breeding; which is done by pressing
the dull blade of a knife between the under surface of a
branch of the nopal, and the clusters of insects attached
to it, when the latter, being thereby separated, fall upon
cloths previously spread on the ground to receive them;
and a sufficient quantity being thus collected, they are
dipped (enclosed in a linen cloth or bag) into boiling
water, and suffered to remain in it so long as is neces-
sary for killing them, but no longer, lest the water
should extract some of their colour. This being done,
they are thoroughly dried, by spreading and exposing
them to the rays of the sun, by which they shrink so
as generally to lose about two-thirds of their former
weight. This, which has been found to be the best
method of drying the cochineal, is now generally prac-
tised, though others were formerly in use; such as ovens,
flat baking stones heated, &ec.,

M. Thiery de Menonville describes the male of the
domesticated or fine cochineal as perfectly similar to
that of the wild in every respect, excepting its size; nor
does there appear to be any considerable difference be.
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other sort, should occasion a degeneration of the latter;
a circumstance which seems to indicate that both sorts
originated from the same stock, and that the domesticat-
ed is only an amelioration of the wild cochineal, through
the favourable effects of a more suitable nourishment,
and of warm covering; and this is rendered the more
probable, by M. Thiery de Menonville’s observation,
that the former are never found in the fields or forests
of Mexico, nor indeed any where but in the gardens
and plantations of those employed in rearing them. But
if the present size, appearance, and habits, of the do-

mestic cochineal, were those which naturally belong to -
the insect, it migi:t be supposed capable of maintaining
an independent existence, remote from the dwellings,
and without the help of mankind, as it must have done
before its properties were so well known as to render it
an object of human care and protection; and in that case,
some of this sort of cochineal doubtless would have con-
tinued to subsist in their natural state, since the whole
of a race, composed of so many minute individuals,
could not have been taken and brought under the pro-
tection and dominion of man. Nor is it easy to explain
why none of them ever are found in a wild state, but
by supposing them to have been rendered effeminate
by luxurious food, and by protection from inclement
weather; and that, consequently, they have been enabled
to lay aside their natural downy clothing, as sheep lay
aside their wool, when, after being removed to warm cli-
mates, they find it no longer necessary; and that their
natural habits and means of self-preservation being lost,
they are rendered incapable of subsisting without a con-
tinuance of the same fostering care which first occasion-
ed their effeminacy; or, if they ever do find means to
subsist without it, they do so only by regaining their
natural downy covering, and by returning again to their
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powder has been entirely removed, the insects appear
of a chocolate colour, inclining a little to the purple,
and they are then called renigrida. Generally, however,
so much of the white powder remains, especially in the
little furrows which cross the insect’s back, as occasions
a greyish appearance, called jaspeada; and sometimes;
indeed, this powder so perfectly covers the cochineal,
as to render them all over white. This I remember to
have been icularly the case with a parcel which a
friend of mine had purchased, and which was refused
by several dyers to whom it had been sent, from a per-
suasion of its having been fraudulently covered by white
lead, or some other metallic calx intermixed with it, to
increase the weight; and one very eminent dyer alleged,
that he had fermerly seen and tried a similar parcel, and
that the white powder had been found to consist princi-
pally of a preparation of mercury. That I might be en-
abled to ascertain whether an opinion so unlikely had
any foundation, my friend caused several ounces of this
powder to be separated from the insects by sifting; and
having tried it sufficiently, I found it to be entirely of
an animal nature, and apparently nothing but the farina
which naturally covers these insects. It even yielded a
considerable portion of the true cochineal colour, and
dyed good scarlets in the usual way, though it probably
was assisted by some of the limbs or other parts of the
bodies of the insects, separated by rubbing in the sieve:
but I am persuaded that a part of the colour in question
naturally existed in the farina or white powder itself;
and if this be the case, it would be highly advantageous
to contrive means for killing the cochineal, without
washing off any part of the powder in question, which
might, I think, be done by putting them into tinned
vessels, made so as to shut closely, which might be
plunged into boiling water, and withdrawn at a proper
Vou. I. 28
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was formerly practised even with the true cochineal,
according to Dr. Brown, who says, “ The cochineal
insects used to be prepared by pounding them, and
steeping the pulp in the decoction of the texuatla, (a
species of melastoma, as he supposes,) or that of some
other plants, which they observed to heighten the co-
lour. This (continues Dr. Brown) was left to settle at
leisure, and afterwards made into cakes and dried for
the market.” Hernandez also mentions that in his time
cakes were made from cochineal in Mexico. Probably
the true grana sylvestra, mixed with fragments of the
true cochineal, compose what is sold in this country
under the name of granillo, which appears, as the name
indeed imports, to consist chiefly of insects somewhat
smaller than those composing the fine cochineal, and
therefore, in that respect, answers to the best authenti-
cated descriptions of the wild cochineal.

It had been generally believed that the cochineal de-
rived its colour from the red or crimson fruit of the
nopals, and cther species of opuntiz; and I was for-
merly induced by this opinion to make various trials
with the red fruit of the cactus opuntia for dyeing, in-
stead of cochineal. They all, indeed, proved unsuccess-
ful; but I was disposed to attribute my failure to the
want of that kind of animalization, which the vegetable
red colouring matter was supposed to receive, when
eaten and assimilated by the insect: and I thought it
probable, that other vegetable colouring matters might
be equally improved in the same way, and that perhaps,
instead of insects, it might be advantageous to employ
larger animals for this purpose.® It is, however, now

* Dr. Garden relates, that a negro woman in South Carolina,
who then gave suck, having eaten six of the red fruit of the prickly
pear, (cactus opuntia), and some of her milk being collected, and
left until the ¢ream had separated, this last was found to be of 2
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The very great demand for cochineal, almost imme-
diately after it had been made known in Europe, caused
a very rapid multiplication thereof in the Spanish Ame-

ral food of the cochineal insect, which owes to it the value and
property it possesses as a dye in some of our principal manufac-
tures. The exuvia and animal salts of the insect are, from the mi-
nuteness of its parts, inseparable from the essential principles of
the dye; whence it follows, that such a heterogeneous mixture
must necessarily destroy the brilliancy of colour inherent to the
juice of this fruit; and that the juice itself, which alone contains
the dyeing principle, must, if unmixed and brought to consistence,
yield a true perfect colour, lively and brilliant, as we find it in 1ts
natural state.”

“ Upon this hypothesis, Mr. David Riz, an ingenions gentleman
of Kingston, in this island, proceeded in several experiments to
obtain from the plant artificially, what nature accomplished in the
insect, and at length happily succeeded, by inspissating the juice;
but the means he used are not yet communicated to the public.
Encouraged by this discovery, he went to England with seventy-
six processes, differently manufactured, to try which would an-
swer best as a substitute to the cochineal. After a great number of
experiments, he found one process which communicated a crim-
son colour to silk and wool, superior to that given by cochineal;
trials of which were made before a number of the principal dyers
in and about Londen, at the Muscum of the Roygl Society, invited
there for that purpose. He also found two other processes, which
promised, with very little alteration in their manufactory, to afford
the colour-making dyes of scarlet and purple. Upon a moderate
calculation it was found, that his colour would go further than
three times the quantity of cochineal, which he accounted for by
remarking that there is a great part of the insect, as its skin, &c.
which affords no dye, but that the whole of his process was ge-
nuine colour, with little or no impurity.”

« Notwithstanding the advantages that might be derived to the
nation from this gentleman’s discovery, he met upon the whole
with very little encouragement to prosecute his manufacture fur-
ther.” Long's History, &c. p. 731.

Upon this statement I shall only observe, that if, in fact, Mr.
Riz did, as is alleged, produce any substance or preparation capable
of dyeing a good scarlet, and of producing as much colour as three
times its weight of cochineal, he must have obtained it otherwise
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finding the cochineal in a country where it probably
never existed, (the genus of plants on which it is natu-
rally fitted and destined to live having been originally
produced only in America,) yet it would not be very
difficult to convey both the insects, and the cactus co-
chenillifer (their natural food and habitation) to the
East Indies, and there propagate both, so as in a few
years to obtain from thence ample supplies of a drug so
highly important in a great manufacturing country, and
for which nearly 200,0004 sterling are annually paid by
this to the Spanish nation, especially as great advan-
tages in this respect would result from the cheapness of
labour and subsistence in the East Indies; and consider-
ing moreover how much the quality of the indigo of
that country had been improved, and the quantity in-
creased within a few years, through the measures taken
so opportunely for these purposes by the East-India
Company, at a time when the usual supplies of that ar-
ticle from other countries had been greatly diminished.

Similar ideas on this subject occurred, or were sug-
gested, to the Directors of the East-India Company,
who, in the spring of the year 1788, procured from his
Majesty’s botanic garden at Kew (through Sir J. Banks,
Bart. P. R. S.), some of the true nopal plants, two of
which were sent out by the Bridgwater, during that
season, to Madras, and put under the care of Dr. An-
derson, where they have since been multiplied to seve-
ral thousands,* and been transplanted from thence to
Bengal, and St. Helena, in order that a sufficient stock
might be in readiness to receive any cochineal insects
which should arrive; a committee of the Directors hav-

* It has since been ascertained that these plants were not the true
nepaly or cactus coccinillifer, but a different species, much less suit-
2d to the purpose for which they were intended.

Voi. L. QT
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CHAPTER IV,

Ofthe Properties and Uses of Cochineal; with an account
of new Observations and LExperiments calculated to
improve the Scarlet Dye.

¢ Le travail a été¢ mien, le profit en soit au lecteur.”
JEax REvY.

In the English translation of Clavigero’s History of
Mexico, the ancient inhabitants of that country are said to
have obtained a purple colour from cochineal. Probably,
however, either the author or translator of that work, has
mistaken purple for crimson; this last being the natural
colour of cochineal, and what it always affords with the
aluminous basis, which Clavigero, in another part of his
history, says the Mexicans had been used to employ in
early times; though it certainly is difficult to understand
how they could have become acquainted with it. This
account moreover accords with that of Herrara, who, after
mentioning the Tuna or Nopal of Tlaxcalla, says, « Op-
timum longé granum dat Tlaxcallum cujus indigenz
prestantissimam _tincturam ex illo conficiunt, hoc modo,
comminuunt et macerant in decocto aluminis, et ubi re-
sederit, cogunt in tabellas, quas Hispani vocant grana en

an.”" ¥

There is also reason to conclude, that during a number
of years, none but the aluminous basis was used for dye-
ing with cochineal in Europe,} until the accidental falling
of a solution of tin by aqua-fortis, into a decoction of co-

* Whilst alum was the only mordant employed with cochineal,
these grain cakes made with a decoction of alum might answer very
well, but not afterwards. -

t Caneparius (de Atramentis, p. 191), mentions the dye “ex

is ficus Indice Mexicani, quz prout semina sunt, eisque tinc-
tgres pro carbisino colore utuntur,” Hence it appears that cochineal
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wards scarlet of Holland, or Dutch. From him a Flemish
painter, Kloeck or Gluck, learned the secret, and com-
municated it to one of the famous Gobelins at Paris; and
another Fleming, named Kepler, brought the secret to
England about the year 1643, and the first dye-house for
dveing the new scarlet having been soon after establish-
ed at Bow, near London, that colour was for some years
called the Bow dye.

It has been generally supposed, that after the effects of
tin upon the cochineal colour had been discovered, as be-
fore mentioned, nothing more was wanting to produce
what is at present called scarlet, than to apply the colour
so produced as a dye to wool; or in other words, that a
nitric, or nitro-muriatic solution of tin, was sufficient to
change the natural crimson of cochineal to a scarlet. Such
at least has been the opinion of every writer on the sub-
ject until the present hour; though it will hereafter be
proved to have been an erroneous opinion, and that the
nitric solution of tin invariably produces (with cochineal)
a crimson or rose colour, and not a scarlet, unless other
means be also employed to incline the cochineal colour,
so far as may be necessary, towards the yellow; and the
means of doing this seem to have been stumbled upon,
and continually employed without any knowledge of their
true effect. I have already mentioned that tartar is, and
for many ages appears to have been, generally employed
with alum, to compose the ordinary boiling liquor or
mordant for woollen cloths: and it seems probable, that
when the first attempts were made to employ the solution
of tin, instead of alum, it would naturally have been ima-
gined, thatas tartar had been found useful with the latter,
it must also produce good effects with the former, and
that a trial of it having been thus produced, and the most
brilliant of all colours having been found to result from
this combination of tartar with the solution of tin, their






Philosophy of Permanent Colours. 385

colour with cochineal, and neither affords a scarlet with-
out the aid of other means.

The dyer’s ordinary solution of tin is made with that
species of diluted nitric acid, called single aqua-fortis,
and which, as usually prepared, is capable of dissolving
about one-eighth of its weight of tin, grained or granu-
lated, by pouring it, when melted, inte water, briskly
agitated witha bundle of rods, or by other suitable means.

For each pound of aqua-fortis, it is usual to add after
the rate of one or at most two ounces of sea-salt, though
some prefer, and probably with reason, the muriate of
ammonia for this purpose. About half as much water as
of aqua-fortis, is moreover commonly added, in order
still farther to dilute the acid, and moderate its action on
the tin. Those solutions of it which are made most slow-
ly, and with the least separation of fumes or vapours, have
been found to succeed the best; probably, because in
these the tin is less calcined, or oxygenated, and the solu-
tion retains a larger portion of azote, or nitrogene, than
in those which proceed more rapidly. It is usual to allot
after the rate of two ounces of grained tin to every pound
of aqua-fortis; and the metal is put into it, at different
times, waiting until one part is nearly dissolved, before
another is added, lest too much heat should be evolved,
and the solution proceed too rapidly; though there is no
danger of this, in the latter part of the process, which in-
deed should be protracted so as to last two or three days.
The water mixed with the aqua-fortis should be ascer-
tained by weighing or measuring, in order that a proper al-
lowance may be made for it in calculating the strength of
the solution, or the weight of metal contained in a given
quantity thereof, which, supposing half as much water as
of aqua-fortis to have been used, will be about one-four-
teenth part of the whole; and when the solution (which the
dyers in this country generally call spirif) has been made
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of half an hour, or until the dyeing liquor becomes ex-
hausted, when the cloth is to be taken out, aired, and
rinced.

An ounce of fine cochineal is generally deemed neces-
sary for dyeing a pound of cloth; but something less
than this portion is frequently made to answer, espe-
cially for coarser cloths.*

It is not, however, necessary to follow this (which is
the usual) process for dyeing scarlet. I have often given
that colour very well at one single though protracted
boiling, by mixing the whole quantity of tartar, and so-
lution of tin, and adding the cochineal, after the cloth has
boiled ten or fifteen minutes; for such, in this case, is the
attraction of wool for the colouring matter, as well as for
the oxide of tin, that it will take up both very freely, and
retain them permanently, when thus mixed. I “think,
however, that in this way the cloth may be liable to im-
bibe both the mordant and the colour, with some ine-
qualities, by reason of the differences which are found to
subsist not only in the wool of different sheep, but even
of the same individual, when taken from different parts
of the body, as was noticed at p. 63; and that it will
therefore, always be safest to employ a previous boiling,
in the manner commonly practised, to overcome the ef.
fect of these inequalities, by forcing a sufficient quan-
tity of the mordant or basis, into the pores even of these
sorts of wool which are the least disposed to receive it.
This boiling may, however, be shortened to a single

* Hellot directs an ounce of cochineal for each pound of fine
cloth. Berthollet prescribes six pounds of cochineal for every
100Ibs. of cloth. Mr. Hawker, a very eminent scarlet dyer in
Gloucestershire, assured me, that for fine cloths he commonly
employed four pounds of cochineal for every 60lbs. of cloth; but
that for coarse cloths he seldom exceeded two pounds amd three
quarters for that quantity of cloth.

Voi, L 20
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M. Berthollet thinks the solution of tin, before descri-
bed, does not affect the cochineal colours, merely by the
proportion of that metal which it contains; and that when
either sal-ammoniac, saltpetre, or common salt, enter the
composition of an aqua-regia, the compound will be less
acid than when it consists of the nitric and muriatic acids
solely; and that the former deserves therefore to be pre-
ferred, as having a less violent action upon the fibres of
woollen cloths, and upon colouring matters.

It is remarkable, that during the present century, no
considerable improvement has been made in the process
or means of dyeing scarlet; a circumstance which is the
more extraordinary, since the pre.eminent lustre, as
well as the costly nature of this dye, have rendered it
an object of particular attention, not only to dyers, but to
eminent chemists, by whose researches we might have
expected, that at least every obvious improvement there-
in would have been long since attained. That this, how-
ever, has not been done, will, I think, manifestly appear,
by the following statement of my own particular obser-
vations and experiments on this subject, which began in
the year 1786. Having then been led to pour boiling
water repeatedly upon powdered cochineal in a china
bason, and to decant it as often from the subsiding inso-
luble parts, until they would yield no more colour, I
found that by adding a little potash, or soda, to this
seemingly exhausted sediment, and pouring fresh boil-
ing water thereon, a farther copious extraction of colour
instantly displayed itself, equal, as far as I could judge,
to about one-eighth of the whole of that which had been
originally contained in the powdered insects; and having
by repeated trials, constantly found this effect, I too hasti-
ly concluded, that the colour thus obtained by the help
of potash, was so far of a resinous nature, orso intermix-
ed with a resinous matter, as to have alwavs been inca-
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rendered scarlej only by the nitric acid employed to dis-
solve the tin used in dyeing that colour, I began a series
of experiments for producing it, without any such waste
of the cochineal colouring matter. For this purpose it
seemed necessary to discover a mordant or basis, capable
of permanently fixing and strongly reflecting the pure
vivid cochineal crimson, or rose colour, without making
it incline to the yellow. I concluded, and found by ex-
periments, that the necessary purity and vivacity of
colour could not be obtained from an aluminous basis,
however dissolved, though it doubtless fixes the colour-
ing particles of cochineal more durably than any other
mordant; and the like defect was found to accompany
the solutions of all the other earths, as well as of the
metals, tin alone excepted; and with this farther disad-
vantage, that most of them either degraded or altered the
natural colour of cochineal very considerably. It follow-
ed, therefore, that a basis to suit my purpose must be
sought for in the pure white calx or oxide of tin, so dis.
solved or combined, as to reflect the cochineal crimson
unchanged, and with the greatest possible lustre. Misled
by what those eminent writers Dufay, Hellot, Macquer,
Scheffer, &c. had advanced, as well as by the opinions
of others, with whom I had conversed on this subject, I
erroneously concluded, that all solutions of tin, in which
the nitric acid predominated, would necessarily incline
the cochineal crimson towards the yellowish tint, and that
therefore such solutions ought to be excluded from my
experiments, In this persuasion, I dissolved parcels of
that metal in almost every other acid, and tried them
separately for dyeing with cochineal. Their several ef.
fects will hereafter be more particularly stated: at present
I need only mention, that of all others the muriatic solu-
tion seemed the best suited to answer my purpose, as it
both fixed and reflected the pure ¢rimson or rose coloyr of
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ed, and which I bought at the price of 38s. per 112lbs.
or about four-pence per pound, dissolved in a strong sand-
heat, one-third of its weight of granulated tin; and this
solution would, with the proportions of cochineal and
bark before mentioned, dye about ten times its weight of
cloth of a good scarlet colour.

I have said that three pounds of muriatic acid, which
cost but one shilling, might be made to dissolve a pound
of tin, which would require eight pounds of single aqua-
fortis to dissolve it; and this quantity of aqua-fortis, at
at the rate of 8d. per Ib. would cost 5s. 4d., so that on
each pound of tin dissolved by muriatic acid, instead of
the nitric, I calculated a saving of 4s. 4d. The muriatic
acid, therefore, which M. Beaumé had styled the true
dissolvent of tin, (““ le vrai dissolvant de I’Etain,”)
seemed also to be of all others the cheapest; and with
this further advantage, that a solution made by it was as
transparent and colourless as the purest water, and capa-
ble of being preserved for many years, in vessels closely
stopped, without the least alteration, while the dyers’
nitro-muriatic solution of tin or spirit becomes turbid or
gelatinous very speedily, and even in a very few days, if
the weather be warm.

I may add also, that the muriatic solution of tin seem.
ed to exalt the colours hoth of the quercitron bark and
of cochineal, more than any other.

I perceived, moreover, another advantage resulting
from this new method of dyeing scarlet, by a saving of
all the tartar employed in the old. Before I began my
experiments on this subject, I had endeavoured to learn

which it may be made to dissolve, will go as faras an equal quan-
tity of acid which has been saturated with the metal, and that the
effects of the former are in every other respect better than those of
the saturated solution, so that this last is at best an useless expen-
diture of one-half of the tin which it contains.
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hall, the 18th of September, 1787, to refer the same to
“six capital dyers, named in the said order, who were
desired to inquire into the facts respecting the said im-
portant discoveries in the black and scarlet dyes;?’ and
afterwards “ to report to the committee their opinion of
the merits and utility”’ thereof.

It was not, however, until the 22d of January follow-
ing, that an experiment relating to the scarlet dye was
made at the dye-house of Messrs. Goodwin, Platt, and
Co., Bankside, Southwark. Considering, on that occa-
sion, how much practical operators, in all the arts, are
inclined to distrust improvements offered by speculative
men upon the grounds of theory or philosophical reason-
ing, I was desirous of making my first trial, under the
most favourable circumstances, in order that by its sig-
nal success, I might effectually obviate the effect of any
unfavourable prepossessions in the minds of those who
were to report on the merits of my discoveries. For this
purpose I prepared a large quantity (near 100lbs. ) of the
muriatic solution of tin; and in order that the acid might
be perfectly saturated with the metal, I added an over.
proportion of the latter, and kept both at the boiling
point, by means of a sand heat, for the space of three
days and nights. In this way I obtained a solution per-
fectly colourless, of a very pungent smell, and so highly
volatile and elastic, that it was impossible to prevent its
escape from the vessels in which it was contained, how.
ever closely stopped. It was, in fact, but little different
from the fuming liquor of Libavius, in which dry mu-
riatic acid is saturated with tin; but this complete satu.
ration, instead of proving beneficial, as I had expected,
became an obstacle to my success; because the union
between the acid and the metal was thereby rendered so
intimate and powerful, that the affinities of the cloth and
the colouring matter of the bark could not overcome it,

Yor. L 2 X
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tric acid as exerting a stronger and more corrosive ac-
tion than the muriatic upon animal substances. Fven
that very excellent chemist Berthollet has observed, in
tenth volume of the Ann. de Chimie, published so late-
ly as the month of August 1791, and after he had been
particularly employed in examining the effects of the
different acids upon wool and silk, that ¢ P’acide sulphu-
rique et ’acide muriatique exercent une action moins
vive sur les substances animales que P’acide nitrique suf.
fisamment concentré.” And this doubtless is true of these
acids acting merely as acids; but very different properties
appear to result from their combinations with metals,
and metallic substances; among which, the metallic solu-
tions by muriatic acid seem generally more corrosive
than those made by any other. This is particularly true
of the muriates of mercury, silver, lead, bismuth, and
antimony, as well as that of tin; but the corrosive nature
of this last, and the difficulty of decomposing it, seem to
be increased, in proportion as the muriatic acid is more
completely saturated or combined with a greater portion
of the metal. It is indeed true, that the proportion of so-
lution of tin used in the foregoing experiment, was much
greater than 1 had ever before employed, as it amounted
to 26lbs., and contained above six pounds of the metal,
which is four times as much as would suffice (dissolved
by a mixture to be hercafter explained) for the same
weight of cloth. But still I am persuaded, that an equal
quantity of any other solution of tin would not have in-
jured the like quantity of cloth in an equal degree; and
being thus made sensible of the danger that must attend
the use of a mordant so corrosive, I was convinced of
the expediency of searching for one more harmless in
this respect, though it certainly is very possible, with
proper care, to employ the muriate of tin (containing a
smaller proportion of the metal) so as to produce all the
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procured a fresh supply, and ascertained its purity by the
proper means, I still found that tin dissolved by it had
not the least tendency to change the cochineal crimson
towards a yellowish or scarlet hue; and that this effect,
in the usual way of dyeing that colour, resulted wholly
SFom the tartar, (acidulated tartrite of potash,) which is
always employed at the same time. This fact 1 ascertained
by repeated and varied experiments, in which constantly
found that cochineal, with the dyers’ common solution
of tin, and even with that made by nitric acid only, would
produce nothing but a crimson without tartar; and that
cochineal, with tartar, would produce « searlet, not only
with these last.mentioned solutions, but also, and equally
well, with the muriatic solution of that metal; and there.
fore, that every thing which had been taught and believed
to the contrary was repugnant to truth. And here I can.
not conceal my wonder, that an error of so much conse.
quence, and so destitute of all foundation, should have
been propagated and confirmed by so many acute reason.
ers and sagacious observers in other respects; for, besides
those eminent writers already mentioned, Mr. Peerner
has more recently adopted and propagated the same er-
ror, after making a great number of experi ments, several
of which, if they had been duly considered, would have
taught him the truth on this subject.* This also was
even more lately done by M. Berthollet, in his Elémens
de PArt de la Teinture, where, to adopt the words of
Dr. Hamilton’s translation, he says, ‘“ Tartar, as we have
seen, gives a deeper and more rosy hue to the colouring
matter of cochineal, precipitated by the solution of tin. It
moderates the action of the nitro.muriatic acid, which
tends to give scarlet an orange cast, though this orange
cast 1s not to be seen in the precipitate produced by the

“ See Instruction sur I’Art de la Teinture, fec. 4 Paris, 1701

Ver. I. 2N
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Having made myself certain that the dyers’ spirit, or
nitro-muriatic solution of tin, without tartar, would only
dye a crimson with cochineal, I was induced to make an
experiment therewith, instead of the muriate of tin, at the
dye-house of the late Mr. Seward, in Goswell-street, and
with views similar to those which directed the expen-
ments before made at the dye-house of Messrs. Goodwin
and Co. A piece of baize was accordingly boiled one
hour and a quarter with the usual portion of nitro-muri-
atic solution of tin, (which had been prepared by Mr.
Seward,) and with about one-fortieth of its weight of
quercitron bark, without any tartar: after which it was
taken out dyed of a bright yellow, though paler than it

and in a double proportion: and he found that in proportion to the
quantity of tartar employed, the colour inclined to the yellow tint,
whilst that without tartar ¢ aveit couleur wvineuse et moins vive,”
&c. He adds, * i est donc vrai que le tartre faitincliner au jeune
la couleur de la cochenille, et qu’il produit d’autant plus cet effet,
que la proportion en est plus grande,” &c. Elémens, tom. ii. p. 179,
180.

I must observe, however, that the explanation here given by M.
Berthollet, of my conclusions in regard to the effects of tartar in the
dyeing of scarlet, is not quite correct. I have never intended to de-
cide, that the acid of tartar formed an insoluble tartrite of tin, and
that this tartrite changed the colour of a fiert of the cochineal 10 a
pure yellow, and thereby gave to the other part a scarler ting;
though I have in fact supposed this as an witimate effect to result
from the action of tartar. But I intended to leave it undecided, whe-
ther the acid of tartar acted conjointly with the other acids and the
tin, or separately with the metal, in producing a scarlet instead of
the rose colour, which would have been produced without it; and
though I supposed the amount of this change to be equivalent to 2
conversion of nearly one-fourth of the cochineal colour to a yellow,
yet I did not assume that the change in question had been operated
or effected in a fourth or any other part exclusively, rather than on
the whole collectively. Indecd, I have never found the taririte of
tin, even when employed alone with cochineal, able to render the
colour yellow, though it produces a very wellowish scarlet.
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Though I had hitherto failed in my endeavours to com-
pose a scarlet colour with advantage, so as to save that
part of the cochineal which appeared to be misapplied, by
being yellowed in the usual process, I had nevertheless
full confidence in my former reasoning on this subject,
and employ<d myself from time to time in searching after
more suitable means for attaining this end. Some of my
earliest experiments with a solution, or rather a calcination
of tin by the sulphuric acid, had shown me that this pre.
paration was very unsuitable for my purpose, because it
really exerted a destructive action on the cochineal co-
lour, by reducing it from a crimson down to a kind of
salmon colour, which indeed was the highest colour pro-

ception: wherever that acid (the sulphuric) acts upon tin, either
alone, or with any mixture containing nitric acid, the oxide of that
metal, probably by toe much oxygenation, is brought into a state
which renders it incapable of producing with cochineal any thing
better, or approaching nearer to scarlet than an orange, or at most
a ligh salmon colour. It is true, indeed, that if oil of vitriol be put
either into the scarlet dyeing, or the preparation liquors, immedi-
ately after, or conjointly with the tartar, iz will do no harm, provi-
ded the quantity be only sufficient to decompiase the tartar, and ney-
éralize its alkaline part. But as no tartar is employed by the dyers
in making their ordinary solution of tin, and as the aqua-fortis
used for that purpose, frequently contains a little sulphuric acid,
the latter will have produced all its mischievous effects upon the
tin, previously to the dyeing operation, and these effects will not
afterwards be overcome by the tartar employed in that operation.
Fortunately, however, the mischief which might be produced bya
little sulphuric acid mixed with the aqua-fortis employed by the
dyers to dissolve their tin, is commonly ebviated, without their be-
ing sensible of it, by their practice of making a nitro-muriatic acid,
not by mixing the muriatic szmpaly with the nitric acid, but by adding
to the latter a portion either of sea-salt, or of muriate of ammonia,
cither of which affords an alkali, which, by its stronger affinity for
the sulphuric, than for either the nitric or muriatic acids, combines
with and neutralizes the former, when the quantity is net too greaty
and thus renders it harmless.
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unless used in much greater proportions than ever can be
wanted for dyeing.*

Thé murio-sulphuric solution of tin, made in these
proportions, will be perfectly transparent and colourless;
and will probably remain so for many years, without be-
coming turbid, or suffering by any precipitation of the
metal; at least, none has appeared in some which I have
kept for more than three years. It will produce full
twice as much effect as the dyers’ spirit, or nitro-muriatic
solution of tin, with less than a third of the expense. It
has, moreover, the property of raising the colours of) I
believe, all adjective dyes, more than the dyers’ spirit, and
full as much as the tartrite of tin, without changing the
natural crimson of cochineal towards the yellowish hue;
and, therefore, after having made a great number of ex-
periments with it, I think myself warranted in strongly
recommending this murio-sulphate of tin for dyeing the
" compound scarlet colour already described, (with the
cochineal crimson and quercitron yellow,) for which it
will be found highly eftectual and economical.

For this species of scarlet nothing is necessary but to
put the cloth, suppose 100lbs. weight, into a proper tin
vessel, nearly filled with water, in which about eight
pounds of the murio-sulphuric solution of tin have been
previously mixed, to make the liquor boil, turning the
cloth as usual through it, by the winch, for a quarter of an
hour; then turning the cloth out of the liquor, to put into
1t about four pounds of cochineal, and two pounds and a
half of quercitron bark in powder, and having mixed
them well, to return the cloth again into the liquor, mak-

* Since my first edition of this volume was published, I have as-
certained that even the proportion of tin here mentioned is unne-
cessarily great,and that equally good effects may be obtained with
the same quantity of acids, when the lawter contain but little more
than half the quantity of tin which they are capable of dissolving.
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Several hundreds of experiments warrant my assertion,
that at least a fourth part of the cochineal generally em-
ployed in dyeing scarlet, may be saved by obtaining so
much yellow as is necessary to compose this colour from
the quercitron bark; and indeed nothing can be more
self-evident, than that such an effect, ceteris paribus,
ought necessarily to result from this combination of dif-
ferent colouring matters, suited to produce the compound
colour in question. Let it be recollected that the cochi-
neal crimson, though capable of being changed by the
acid of tartar towards the yellow hue on one hand, is also
capable by different means, of being changed towards a
blue on the other, and of thereby producing a purple
without indigo or any other blue colouring matter: yet I
am confident that nobody would believe a pound of co-
chineal so employed, capable alone of dyeing as much
cloth, of any particular shade of purple, as might be dyed
with it, if the whole of its colouring matter were employ-
ed solely in furnishing the crimson part of the purple,
whilst the other (blue) part thereof was obtained from
indigo. To say that a pound of cochineal alone could
produce as much effect or colour as a pound of cochineal
and a pound of indigo zoget/ier, would be an improbabi-
lity much too obvious and palpable for human belief; and
there certainly would be a similar improbability in al-

forms me that he is in the practice of selling this preparation of
that metal, under another denomination, and that it is chiefly em-
ployed to dye the most vivid and beautiful yellows from querci-
tron bark. It has also been of late used to dye scarlet with a prepa-
ration called lac lake, made (in the East Indies) from the stick lac,
to be noticed in my next chapter.

Mr. Hawker (near Stroud, in Gloucestershire,) lately mentioned
at p. 337, told me, in 1795, soon after the publication of my first
edition, that he had prepared the murio-sulphate of tin, according to
my direction, and found it answer the purpose for which it had been
recommended by me.

Yor. L. 27
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agents, (which readily overcome the changeable yellow
produced by the tartar,) an particularly by calcareous
earths, soap, alkaline salis, &c. But where the cochincal
colouring matter is applied and fixed merely asa erimson
or rose colour, and is rendered scarlet by superadding a
very permanent quercitron yellow, capable of resisting the
strongest acids and alkalies, (which it does when dyed
with solutions of tin,) no such change can take place,
because the cochineal colour ‘having never ceased to be
crimson, cannot be rendered more so, and therefore can-
not suffer by those impressions or applications which
frequently change or spot scarlets dyed according to the
present practice.*

There is also a singular property attending the com.
pound scarlet dyed with cochineal and quercitron bark;
which is, that if it be compared with another piece of
scarlet dyed in the usual way, and both appear by day-
light exactly of the same shade, the former, if they be
afterwards compared by candle-light, will appear to be at
least several shades higher and fuller than the latter; a
circumstance of some importance, when it is considered
how much this and other gay colours are generally worn
and exhibited by candle-light during a considerable part
of the year.

To illustrate more clearly the effects of the murio-sul-
phuric solution of tin with cochineal in dyeing, I shall
state a very few of my numerous experiments therewith;

* MM. Thenard and Roard, in their “ Mémoire sur les mordants
employés dans la teinture,” observe, that ever since the discovery
of scarlet, its liability to become crimson has been compilained of;
swithout any attemfit to asceriain and obuviate the cause of that defect.
In making the latter part of this observation, they must surely have
forgntten, or never have been made acquainted with this part of
my publicationy which had preceded their memoir sixteen years.
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pieces became scarlet; but the two last appeared some-
what brighter than the first, the ammonia and chalk hav.
ing each rosed the cochineal colour rather more advanta-
geously than the potash. The best of these, however, by
comparison, did not seem preferable to the compound
scarlet dyed without tartar, as in the preceding experi-
ment; consequently this did not seem to exalt the cochi-
neal colour more than the murio-sulphate of tin; had it
done so, the use of it in this way would have been easy,
without relinquishing the advantages of the quercitron
yellow.

3d. I boiled one hundred parts of woollen cloth with
eight parts of the murio-sulphuric solution of tin, for
about ten minutes, then added four parts of cochineal in
powder, which by ten or fifteen minutes more of boiling,
produced a fine crimson, This I divided into two equal
parts, one of which I yellowed or made scarlet by boiling
it for fifteen minutes with a tenth of its weight of tartar
in clean water; and the other, by boiling it with a fortieth
of its weight of quercitron bark, and the same weight of
murio-sulphuric solution of tin; so that in this last case
there was an addition of yellow colouring matter from
the bark, whilst in the former no such addition took
place, the yellow necessary for producing the scarlet hay-
ing been wholly gained by a ehange and diminution of
the cochineal crimson or rose colour; and the two pieces
being. compared with each other, that which had been
rendered scarlet by an addition of quercitron vellow, was,
as might have been expected, several shades fuller than
the other.

4th. I dyed one hundred parts of woollen cloth scarlet,
by boiling it first in water with eight parts of murio-sul-
phate of tin, and twelve parts of tartar, for ten minutes,
and then adding five parts of cochineal, and continuing
the boiling for fifteen minutes. This scarlet cloth I divi.
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earnestly recommending its .use for dyeing rose and
other cochineal colours, as well as for cumpuundmg 4
scarlet with the quercitron bark.

Having ascertained about the time of the publication
of my first edition of this volume, that the red colour af-
forded by madder, might be greatly exalted and bright-
ened by employing it with the murio-sulphate of tin, and
indeed, with the nitro-muriate and the muriate of that
metal, (instead of alum,) and that the lvely yellowish red -
so produced, was extremely durable, it occurred to me,
that there might be an advantage at least for ordinary
scarlets, in substituting the madder for the quercitron
bark, to compose a scarlet with cochineal, on the princi-
ple before explained; because the former might be made
not only to supply the yellow part of the scarlet, but also
a portion of red, in aid of the cochineal colour, without
perceptibly detracting from the vivacity of the latter;—
with this expectation, I soon after made a great number
of experiments, which fully answered my expectation,
and proved by their general results, that cloth prepared
by boiling the usual time with murio-sulphate of tin, (the
acids not being saturated by the metal,) and without tartar,
and afterwards dyed with cochineal and the finest Zealand
madder, in the proportion of from two to three or even
four pounds of the latter, with one of the former, might
be made to acquire a good scarlet, with a saving of one
fourth or one fifth of the cochineal, which would have
been necessary to produce it afone. When more ol mad-
der than the proportion just mentioned was employed,
the colour, if contrasted with a very fine scarlet, appear-
ed to incline towards a yellowish brown tint, though, to
common eyes, this would be hardly perceived without such
contrast. It must, however, be admitted, that for scarlets
which are intended to excel and vie with those of Mr.
Nash or his successor, it would be advisable to employ
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ed and dried, capable of dyeing a crimson on woollens
with cochineal, and a scarlet, where either tartar, lemon
Juice, or quercitron bark were added, it would not per-
manently combine with, or become the basis of, these
colours upon cotton; and indeed, on woollen it was only
the finer particles of the calx which really combined with
the colouring matter and the wool, the grosser being al-
ways distinctly found at the bottom of the dyeing vessel;
and when I attempted to impregnate woollen cloth with
this oxide of tin only by boiling them together, I always
found, on rincing the cloth, and endeavouring to dye it
with cochineal in a different vessel or bath, that the oxide
had not penetrated or united with the wool, so as to af-
ford a basis for raising and fixing the colour, it being
necessary for this purpose, that both the oxide and the
colouring matter should be mixed together in the dye-
ing vessel, and exert their mutual attractions for and upon
each other, before they could be properly taken up by
the cloth; and this was done better after they had been
previously mixed and left together for several hours.

One ounce of the calx of tin before mentioned, un.-
washed, being dissolved in three ounces of muriatic acid,
and woollen cloth being dyed with a tenth of its weight
of this solution, and a twentieth of cochineal, it took but
a very languid colour. The oxide of tin, (probably from
too much oxidation, ) being immediately decomposed upon
its intermixture with water, and manifesting very little
disposition to penetrate or combine with the fibres of the
wool; so that after long boiling, a great part of it, and of
the colouring matter, remained suspended in the dyeing
liquor, as in my second experiment at the dye-house of
Messrs. Goodwin and Co.

Cochineal with a solution of tin by muriatic acid only,
dyed a beautiful crimson or rose colour; and with a solu-
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too costly, this solution would deserve the preference of
every other for dyeing scarlet.

Granulated tin, dissolved by strong vinegar, acquired
a milky appearance, with a very particular, and somewhat
of an unpleasant smell; and with cochineal it dyed cloth
of a scarlet, inclining a little to the rose colour.

Tin dissolved by the pyroligneous acid produced with
cochineal a colour between the scarlet and rose colour.

Phosphoric acid produced a permanently transparent
and colourless solution of tin, which, with cochineal, dyed
a bright yellowish scarlet.

Tin, dissolved by fluoric acid, produced with cochi-
neal a very bright scarlet.

In addition to this account of experiments made pre-
viously to my first publication on this subject, I will
mention a few of those which I have since made.

Tin having been dissolved by a direct mixture of pure
nitric and muriatic acids, in equal proportions, the for-
mer of the specific gravity of 1500, and the latter of
1170, this solution, with cochineal and the common al-
lowance of tartar, produced a very bright lively scarlet.

Tin, having been dissolved by a similar mixture, with
an addition of sulphuric acid, equal to one fourth of the
nitric, and the solution being afterwards employed with
cochineal and tartar, as in the last-mentioned experiment,
a salmon colour only was produced.

Tin, being dissolved in a mixture similar to that last
mentioned, but with this difference, that before the sul-
phuric acid was added, tartar, amounting to three times
the weight of the sulphuric acid, had been mixed with
the nitric and muriatic; and this solution being employed
with cochineal, and a little more tartar, a good scarlet
was produced; the tartar which had been added before
the sulphuric acid having, by its alkaline part, neutraliz-
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tin contains iron; and if it contains copper, a reddish
bronze precipitate.

When pure colourless nitric and muriatic acids are
mixed in quantities not very disproportionable, the former
of these acids will be partially decomposed, with an exha-
lation of oxymuriatic acid, and a production of nitrous
gas; but this last will remain for some time dissolved by
the mixed acids, and give the mixture a red colour; and
il granulated tin be added to the mixture, it will soon
destroy ;this red colour, by expelling the nitrous gas;
and will, moreover, cause a farther decomposition of the
nitric acid, by combining with its oxygene; which com-
bination renders it susceptible of a more speedy dissolu-
tion by the muriatic part of the compound.

Dyers, however, do not commonly produce their aqua-
regia by a simple mixture of the nitric and muriatic acids,
but by adding to single aqua-fortis a portion of sea-sal(;
and in so doing they, (without knowing it,) obviate the
injury which the small proportion of sulphuric acid fre-
quently contained, either in aqua-fortis or in muriatic
acid, would produce, if allowed to act upon tin in con-
junction with nitric acid; as 1 have found by numerous
experiments. But in this way of producing a nitro-muri-
atic acid, the soda contained in the sca-salt, by combining
with the sulphuric acid, and forming Glauber’s sait, ren-
ders the latter incapable of any hurtful action; at least, if
there be not more of it than the soda of the seas-alt can
neutralize; and when this happens, the addition of a little
saltpetre, which Hellot and others have thought benefi-
cial, (without assigning any reason for thinking so,) would
render this excess of sulphuric acid harmless, by afford.-
ing potash to form with it a sulphate thereof,

By modern chemists, the solution of tin, when made
by nitro-muriatic acid, 1s supposed to contain, or afford,
only a muriate of that metal; it being assumed, that the
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It has, moreover, several other peculiarities, particu-
larly that of not affording crystals by evaporation, like the
muriate of tin, and also that of becoming both opake
and gelatinous by keeping, which does not happen to
the muriatic solution; nor does it, when used in excess,
injure the texture of wool, so much as an equal excess of
the latter.

One cause of this /st peculiarity, or difference, may
depend upon the production of ammonia, whenever tin is
dissolved by nitro-muriatic acid. Berthollet obtained sa-
tisfactory evidence of the reality of this production, even
when the aqua-regia was made by a direct and gradual
mixture of the pure nitric and muriatic acids; and he
considers it as being a fact, which may enable us to un.
derstand, why in dyeing there is less difference than might
be expected, between the effects of a solution of tin, made
by this direct and simple mixture of the two amds, and
those of a solution made by aqua-fortis with an addition
of muriate of ammonia.

Besides this production of ammonia, M. Berthollet
supposes, that another occurs in the dyeing operation,
whenever the heat is near the boiling point; and that, by
this, and the former production of ammonia, the acidity
of the solution of tin is greatly diminished; which, as he
thinks, will enable us to understand why the cloth is not
injured by the common process for dyeing scarlet, though
the nitric acid of itself, would, even when much diluted,
produce hurtful effects upon it; and he also considers this
as explaining the cause of the injury which the cloth suf-
fered in my first experiment at the dye-house of Messrs.
Goodwin and Platt. ¥

* After mentioning the neutralizing, or saturating effect of the
ammonia, formed and acting, as has been just stated, M. Berthollet
adds “ on trouve encore dans cette action safuranfe ’explication

Vor. L 3B
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a good scarlet upon a given weight of broadcloth, I found,
that the saturated solution would only produce an infe-
rior colour, when (on account of its greater proportion of
tin) I diminished the quantity even but an eighth part. I
conclude, therefore, that nearly one half the tin, which
the scarlet dyers commonly dissolve with aqua-fortis, and
~ a little sea-salt, to make what they denominate spiriz, 1s
wastefully employed; a fact which, considering the in-
creased price of tin, may, by proper attention, produce a
saving of very considerable importance. It appears to
me, indeed, from a variety of considerations, that a pro-
portion, and not a small one, of superfluous or unsatura-
ted acid, is highly useful to enable the basis, or oxide of
tin, actually employed, to produce its wtmost and best
effect, by conveying it more copiously and thoroughly, or
with greater penctration, into the substance of the wool
or cloth. For, with this superfluous acidity, I have re-
peatedly made the scarlet dye penetrate completely the
innermost parts of the cloth, without any of the means
mentioned in a note at p. 67, as having been employed
by Mr. Nash, and his successor, for this purpose, and
without any other means excepting the use of a super-
fluous acidity; and I think one of the benefits resulting
from the employment of tartar, either with alum or with
the solutions of tin, is that of furnishing a portion of un-.
combined acid, in eddition to that which accompanies the
aluminous or metallic basis; which basis, being thereby
enabled to penetrate wool or cloth more intimately, after-
wards attracts the colouring matter more copiously and
thoroughly. It must however be observed, that this sz.
perfluity of acids may be too great; and that it should
never be employed in the same bath, or liquor, which
contains the cochineal, but always in the previous boilin g,
since all acids, when present in a large proportion, el
en or render /atent the colour of that insect.
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as having ascertained that tin, by being so dissolved,
combines with 13,5 per cent. of oxygene; and that, by
making a current of aqueous vapour pass over the metal,
in a red heat, a white oxide may be produced, simil:r to
that which is formed by subjecting tin to the action of
concentrated nitric acid, and which, according to his ex-
periments, consists of 27,2 parts of oxygene to 100 of
tin. (See Ann. de Chimie, tom. 80, p. 169).

Those who wish to dissolve large quantities of tin by
muriatic acid, will find it advantageous to decompose the
dry sea-salt, by employing sulphuric acid in the propor-
tion of five parts of the latter to eight of the former; using
the precautions which have been prescribed, by chemical
writers: and, by collecting the muriatic acid as set free
in vapour, and conveying it immediately into large re-
ceivers, containing granulated tin with a little water, to
absorb the dry acid vapour, the heat constantly and gra-
dually evolved by that absorption, will, (as M. Chaptal
asserts, ) suflice to promote a solution of the metal, with-
out any expense of fuel. (See Chimie, appliqué aux
Arts. tom. iv. p. 182.) In this way, also, the loss of acid,
and of tin, by evaporation, may be in a great degree ob-
viated; as indeed it may be when common muriatic acid
is employed for this purpose, if the solution by made in
tubulated retorts.*

* Being at the house of Mr. Hawker, at Dudbridge, near Stroud,
in Gloucestershire, during several of the last days of August, 1795,
about twelve months after my first publication on this subject, that
very estimable dyer informed me, that he had then lately begun to
employ the muriate of tin for dyeing scarlet with good effect, and a
considerable saving of expense in regard to the mordant; and he
also showed me the way in which his muriate of tin was prepared,
which was, by putting large portions of the granulated metal into
muriatic acid contained in capacious, open vessels, and leaving it
therein several weeks, assisted only by the summer’s warmth: a
great evaporation and waste of acid unavoidably occurred, and the
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oxide of tin acts most powerfully in exalting and giving
vivacity to colours, when it is but little oxidated, and
that every degree of oxygenation beyond a certain unas-
certained number, tends to reduce or diminish the Aig/h
red of the cochineal dye, and at the same time to make it
incline to, or partake of, too much of the orange, so as
only to produce, when highly oxidated, what I have de-
nominated a salmon colour. Such is invariably, and in a
remarkable degree, the effect of tin, when it has been sub-
jected to the action of sulphuric acid alone, or in con-
Junction with the nitric; and also after it has been for
some time rapidly dissolved by pure nitric acid but little
diluted; and it can hardly be necessary for me to add, that
in all these cases the metal will have obtained a higher
degree of oxygenation. Similar effects, though in smaller
degrees, have been found to result from a variety of com-
binations by which the oxide of tin, though less oxyge-
nated than in the former, was yet too much so to pro-
duce its best effects.

In stating as my opinion, that tin is most efficacious in
raising and giving brightness to colours, when but fittle
oxidated, I purposely avoided the word /east, because my
experiments do not warrant me to say that colours are
not as much exalted, and enlivened, by a muriate of tin,
to which a little nitric, or a little sulphuric acid has been
added, (after the solution was made,) as by the muriate
alone, when recently made; provided that only one of
these acids be added; for both together would, as has al-
ready been observed, render the tin incapable of produ-
cing, with cochineal, any thing more elevated than a sal-
mon or orange colour. But in attributing such effects to
variations in the degrees of oxidation, at which tin is em-
ployed, I desire not to be understood as believing, that
these alone operate, in producing differences in the shades
of cochineal colours, or that the several acids employed
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and 291, the results of several experiments made, by
MM. Thenard and Roard, to ascertain the effects pro-
duced on wool, by b ling it with the usual proportions
of alum and tartar, and also with the usual proportions
of the latter, and of the nitro-muriate of tin, as employed
for the dyeing of scarlet; and it seems proper that I
should here notice some other parts of their ** memoire,”
which relate more immediately to the production of this
colour.

“ Scarlet, (they say,) is obtained by treating wool with
determined proportions of cochineal, acidulated tartrite of
potash, and a highly oxydized solution of tin.” *‘'The
operation is divided into two parts; the first taking up an
hour and a hall, and the second half an hour:”” * This
division (they add) is necessary to produce a good co-
lour, which woeuld be weaker and more yellow if all the
substances were mixed in the first operation and applied
to the wool for two hours,” by reason of the acidity of
the bath or dyeing liquor. ¢ We obtain,” say they, *“ a
contrary effect when the mordants only are employed in
the first operation, and the cochineal is reserved for the
second.” They, however, contradict this Jast position,
in another part of the same memoir, by asserting that
wool, combined with the mordants in question, and dyed
afterwards separately with cochineal only, will never be-
come scarlet; because this colour, as they allege, can only
be produced by a cochineal bath, which is very acid
“ tres acide,” *‘ et qui en faisant passer au jaune, le ton
de la cochenille, donne alors tant d’eclat 4 cette cou-
leur.”#* But the effect of tartar, which principally causes
this approach to yellow, in the cochineal colour, may, as
I have found by scores of experiments, be very well pro-
duced, together with that of the solution of tin, by the

* See Ann. de Chimie, tom. Ixxiv. p. 290.

Vor. 1. SC
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which indicates, and results from a greater degree of
oxygenation in the metal. ¥

In another part of their memoir, these gentlemen are
pleased to say, that though the process for dyeing scarlet
has long been known, no person has made any theoretical
researches, concerning the phenomena which occur, when
the solution of tin, cream of tartar, and cochineal, are
made to act upon, or with each other, ¢ dans le traitement
de la dissolution d’étain avec la créme de tartre et la co.
chenille;”” adding, that I, who (as they observe) have oc-
cupied myself with great success in dycing, have indeed
endeavoured to explain what occurs in the formation of
the scarlet colour; but that as my opinion does not seem
to them to have been founded upon any experiment, they
are intitled, notwithstanding that opinion, to consider the
question as being no more decided, than it was before the
publication of my work.{ As these gentlemen distinctly
assert, in this their memoir, that the production of a scar-

* I have said, at p. 376, that the straw or amber colour of the soly-
tion of tin, commonly employed by dyers, appeared to result from
the neutral salts which it holds in solution. I have, however, since
discovered that I was then misled by an experiment which ought
to have been differently explained, and that ¢/fs colour may be
instantly either produced, or increased, by adding a very little mu-
riate of tin to the nitro-muriate of that metal; the former, by being
thus added, producing a decomposition of the nitric acid in the lat-
ter, and a disengagement of reddish nitrous gas, which occasions
the colour, and affords an additional proof of my assertion, at p,
576, that the nitric acid is never completely decomposed, in the
dyers’ spirit, or nitro-muriate of tin.

t « Le Docteur Buncroft, qui s’est occupé avee beaucoup de
succés, de la teinture, 4 bien cherché indiquer ce qui se passe dans
la formation de cette couleur, mais comme son opinion ne nous
paroit appuyée sur aucune expérience, nous n'en devions pas moins
regarder cette qur:stiun comme aussi peu avancée qu’elle 1"étoit
avant la publication de son travail.” Ann. de Chimie, tom. 75, p.
288.
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undone; and when so lengthened, they are said to be
leached.

Having thus communicated the results of my obser-
vations on the uses of tin, in various combinations, as a
mordant upon wool with the cochineal colouring matter,
it remains for me to state, as shortly as possible, the ef.
fects of other bases with the same colouring matter also
upon wool or woollen cloth.

Cochineal with nitro-muriate of platina, dyed a red;
which, by the addition of carbonate of lime, became a
chesnut colour.

With nitro-muriate of gold, it dyed a reddish brown,

With nitrate of silver, a dull red; and with muriate of
silver, a lively reddish orange.

With the acetite of lead, a purple, inclining to the vio-
let; and with nitrate of lead, a delicate lively colour, be-
tween the red and cinnamon, but inclining most to the
former. A little murio-sulphate of tin, added to the li-
quor in which this last was dyed, soon changed it to a
good crimson.

With either the sulphate, nitrate, muriate, or acetate of
iron, cochineal produces a dark violet, and even a full
black colour, when employed in sufficient quantity.

All the preparations of copper appear to sadden and
debase the colouring matter of cochineal; and all those
of mercury, which I have tried, do this in much greater
degrees; most of them, whilst they debase the colour,
scem to annihilate or render latent a considerable part
of it

With nitrate of zinc, cochineal dyed a lively strong
lilac colour approaching nearly to purple; and,

With muriate of zinc, a colour like the preceding, but
inclining a little more to the purple. Probably the iron
usually contained in zinc may have contributed in these
instances to incline the cochineal crimson so much to the
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lous arseniate of potash, cochineal dyed a lively good
purple; and with common white arsenic a full dark lilac
colour.

Such were the effects of different metallic bases, in dye.
ing with cochineal on woollen cloth. Of the simple earths
I have only tried alumine and silex as bases with cochi-
neal. Those of Zircon, Glucine, (or Glycine,) and Yttria
(or according to Dr. Young, Ittria,) being too rare and
costly for this use.

The effccts of sulphate of alumine, or common alum,
with cochineal, and especially in dyeing crimson, are well
known. Alumina, or carth of alum, (obtained by decom.-
posing and precipitating it by potash from water, satu-
rated with alum,) when thoroughly washed, dried, and
finely powdered, did not seem capable, in repeated trials,
of alone fixing or serving as a basis of the cochineal co-
lour on wool. In this respect it differed from the powdered
calx of tin.

But the powdered alumine, being boiled up with cream
of tartar, was so far dissolved by its acid, that with co-
chineal it dyed a good crimson, though not much better
than that which may be produced with the sulphate of
alumine.

* The same powdered earth of alum, dissolved by lemon
juice, dyed with cochineal a very good rich full crimson.

The same powdered earth of alum dissolved by nitric
acid, (and forming nitrate of alumine,) produced a good
red, inclining to the crimson.

The same dissolved in muriatic acid, (muriate of alu-
mine,) dyed a crimson, differing but little from that pro-
duced with common alum.

‘The silicated alkali of Dr, Black, or powdered flints,
dissolved by a violent heat in a crucible, with pure caus-
tic alkali or poiash, was tried as a'basis for the cochineal
colour. At first, the fibres of the cloth did not seem to






+ Philosophy of Permanent Colours. 398

it took but slowly, and required long boiling. The ace-
tate of magnesia dyed a lilac colour.

Strontites, or strontia earth, dissolved by muriatic acid,
and employed as a mordant with cochineal, produced on
woollen cloth an orange colour.

It appears, therefore, that besides the metallic oxides
and solutions, the simple earths, so far as they have been
tried, and @/l the alkaline, are capable of serving as buses
of the cochineal colouring matter, though not with equal
advantage; and we shall hereafter find, that they are ca-
pable of doing the same to other adjective colours; a fact
never before ascertained, though of great importance, as
well in respect of the practical improvements which it
may produce, as of the general principles and conclusions
to which it may lead us on this subject.*

I have repeated nearly all the foregoing experiments
with silk, instead of wool, and generally with effects less
advantageous. Cochineal, indeed, with the aluminous ba-
sis, dyes the crimson colour as well and as durably on
silk as on wool, and the modes of producing a very last-
ing crimson by these means are well known. But the
oxides or solutions of tin tend to diminish the shining
glossy appearance of silk, and therefore, when applied to
it, do not reflect the cochineal colour with the same de-
gree of fulness and lustre as upon wool; and it has, there-
fore, been found impossible to dye a good lively scarlet
on silk by the means which communicate that colour to
wool.

* I have found that cochineal has so much affinity for wool, that
if the latter be boiled with a portion of sulphuric acid sufficiently
diluted, and afterwards dyed with cochineal, it will, without any
other basis, take a red colour, capable of bearing exposure to the
sun and air for some weeks, though fewer than if dyed upon a suit-
able basis. But cotton will take no colour in this way.

Vor. 1. 3D
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water, and silk be soaked in it for the space of two hours,
then taken out, moderatcly squeezed or pressed, after-
wards partly dried, and then dyed, as usual, in a bath
prepared with cochineal and quercitron bark, in the pro-
portion of four parts of the former to three of the latter, it
will receive a colour approaching very nearly to a scarlet;
and this may be made to receive more body by a farther
slight immersion into the diluted murio.sulphate of tin,
and a second dyeing in the bath with cochineal and quer-
citron bark; and if afterwards a little of the red colouring
matter of safflower be superadded by the usual mode of
applying it, a good scarlet may be produced. By omit-
ting the quercitron bark, and dyeing the silk (prepared as
before mentioned) with cochineal only, a very lively rose
colour will be produced; and this may be yellowed so as
nearly to approach the scarlet, by adding a large pro-
portion of tartar to the cochineal in the dyeing vessel.

With lime-water as a mordant, cochineal gave to silk a
very agreeable purple; with muriate of barytes, a lively
delicate lilac colour; with murio-sulphate of bismuth, a
salmon colour; and with nitrate of cobalt, a very lively
and beautiful purple; with nearly all the other metallic
and earthy bases cochineal produced similar, but paler
colours on silk than on wool.

The scarlet dye is still less applicable to cotfon than to
silk, there being, unfortunately, but a slight affinity be-
tween the former and the oxide of tin, even when united
with the colouring matter of cochineal. This was de-
monstrated by the late M. Dufay, who caused a picce
of cloth to be manufactured from a mixture of wool and
of cotton, which having undergone the usual process for
dyeing scarlet, became, as he describes it, *“ marbrée de
couleur de feu et de blane,” (marbled with white and
fire colours, ) the cotton remaining perfectly white, though
the wool was dyed scarlet: and he found a like want of
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cially on cotton, when the basis has been first applied
separately.

Scheffer, in 1751, recommended the dyeing of scarlet
on cotton in this way, by first soaking it in a diluted ni-
tro-muriate of tin, and afterwards dyeing it with cochi-
neal; but the colour being fugitive, littie or no use was
ever made of the process; though the late Dr, Berken-
hout probably availed himself of it seme years afterwards,
when he pretended to have discovered the means of dye-
ing ¢ scarlet, crimson, and other colours, upon cotton and
linen;” and though his process was not materially dif-
ferent from that of Scheffer, nor in any respect preferable
to it, he found means to obtamn 5000/ sterling from the
British government, as a reward for making it public.*

* Dr. Berkenhout’s process having, I believe, never been pub-
lished, | shall subjoin the account of it, which was “ communicated
by order of the Lords of the Treasury to the Company of Dyers in
the City of London, the 26th of August, 1779;” viz.

“Cotton or linen. either in yarn or the piece, should be perfectly
wet with hot water, and then wrung out, as is the common practice.

“ This being done, it must be perlectly soaked in a solution of
tin, diluted with an equal quantity of clear soft water.

“T'he cotton or linen being so far prepared, must be wrung out,
but not forcibly; then it is to be nearly dried. laying horizontally
upon a hurdle, with a double linen sheet between and covered with
the same.

# The solution of tin being for scarlet, must be made of nitrous
acid, and not of agqua-fortis; but for crimson, aqua-fortis must be
used; and the bloom is to be given, after it comes out of the dye, by
a small guantity of sal-ammoniac and pearl ashes, dissolved per-
fectly in warm water; but this water must not be more than milk-
warm.

“ The colouring vat, for the scarlet or crimson, is simply cochi-
neal in water, no hotter than the hand will bear; and as vegetable
matter receives only the small particles of the colour from the na-
ture of its pores, two ounces to a pound of the materials dyed may
be necessary; but cotton or linen, fresh prepared, will draw from
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case, this effect cannot be counteracted by occasional
washings with soap.

Mr. Henry says, that ** if a scarlet could be dyed with-
out the use of nitrous acid, the tin basis might be em-
ployed for this purpose on cotton; but that acid being re-
guisite for the production of this beautiful colour, and be-
ing highly corrosive to colours, this basis is prevented
from being applied to that substance.”—Here this inge-
nious chemist appears to have fallen into the universal
error of believing, that nothing but a solution of tin by
nitric, or nitrous acid, can dye a scarlet colour with co-
chineal,

If, notwithstanding the want of sufficient permanency
in the scarlet colour dyed with cochineal upon cotton, it
should be deemed proper to apply it to that substance,
the best way of doing this which I have yet found, is, to
soak the cotton, (previously moistened,) for about half
an hour in a diluted murio-sulphuric solution of tin, as
proposed for silk; then wring or press out the superflu-
ous part of the solution of tin, and plunge the cotton into
water, in which as much, or nearly as much, clean pot-
ash or soda has been dissolved as will neutralize the acid
still adhering to the cotton, so as thereby to decompose
the oxide of tin, and cause it to be more copiously de-
posed or fixed in or upon the fibres of the cotton, which,
being afterwards rinced in clean water, may be dyed with
cochineal and quercitron bark, in the proportions of about
four pounds of the former to two and a half or three
pounds of the latter. A full bright colour may be given
to cotton in this way, which will bear a few slight wash-
ings with soap, and a considerable degree of exposure to
air. Indeed, the yellow part of the colour obtained from
quercitron bark will even bear long boiling with soap, as
well as the application of strong acids, without injury.

Cotton impregnated or printed with the aluminous
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deed, be considered as fast colours, but had the advan.
tage of being very beautiful, and less fugitive than many
of those which are too frequently employed by calico-
printers, under the denomination of chemical colours.

Since the preparation or manufacture of Morocco
leather has been established in this country, cochineal is
employed to communicate the beautiful colour of that,
which is called red Morocco; though in Persia, Arme-
nia, Barbary, and the Greek Islands, a similar colour
was originally produced by the use of either kermes or
Yac. As a basis for the colouring matter of cochineal,
goat-skins deprived of their hair by lime water, and pro-
perly cleansed, are impregnated, on that which was the
hairy side, with a saturated solution of alum, applied re-
peatedly and equally by a sponge, and alter an interval
of three or four days, a decoction of cochineal, which has
been strained, is applied also by a sponge, to the same
side or surface, a little, but not much, more than blood-
warm, least it should crisp the leather. This application
is repeated from time to time, until a colour sufhciently
full and equal has been produced. Alfterwards the skins
are soaked in bran liquor, and then tanned by a decoction
of either galls or sumach, or of both mixed together.

I have found that by substituting a diluted murio-sul-
phate of tin, for the solution of alum, or by employing a
mixture of both upon goat.skins in a suitable state of
preparation, the colour subsequently produced was con-
siderably improved, at least in vivacity.

Having nothing more of importance to communicate
respecting cochineal, I shall here finish this chapter, and
in so doing, make an

END OF THE FIRST VOLUME.

Vor. L S K
























