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44 THE ART OF PHOTOGRAPHY.

which was first recommended by Sir John Herschel, is unques-
tionably, of all the salts proposed, the best suited for the purpose.
The best and safest way of proceeding is as follows: put the picture
first in clean water, to dissolve and remove the free nitrate of silver, as
completely as is practicable ; after this, immerse the picture in water,
holding in solution a few grains of chloride of sodium, which will serve
to convert into chloride the free nitrate of silver that may still remain
"adhering to the paper ; if you neglect this precaution, the hyposulphite
of soda will convert the remaining nitrate into sulphide of silver, which
will impair the beauty of the image by its brown color, and will,
moreover, in the course of time, tend to destroy it altogether. Now
immerse the picture completely in a solution of hyposulphite of soda;
after some time, take it out, and dip it in pure water ; lay it on a glass
plate, and float it over with pure water, until the water running off
tastes no longer sweetish ;.which is a safe sign that the chloride has
been removed, as the compound formed with it by the hyposulphite
of soda has a very sweet taste, by which it may readily be detected. It
is a peculiarity of this method of fixing that all the delicate parts of
the picture which seem to have suffered in the process, reappear with
the most perfect distinctness after drying.

The picture may be fixed also by washing it with a solution of
chloride of mercury (corrosive sublimate, Hg Cl), rinsing it subsequently
in water, and letting it dry. This operation renders the picture per-
fectly invisible, and leaves, in the case of silver chloride paper, a white,
in that of iodide paper, a yellowish surface. But the invisible picture
may be brought to light at any time, by washing with a solution of
hyposulphite of soda, rinsing in water, and drying. It may be men-
tioned here, that there is a vast difference in fixing pictures taken in
bright sunlight, and such as have been taken in common daylight: the
former lose little or nothing of their beauty and distinctness by the
process of fixing, whereas the latter lose considerably.

Ioboe oF Siver (Ag I).—Perfectly pure iodide of silver may be
exposed a long time to the action of light, without suffering any
perceptible alteration, except in some cases, where a slight increase in
the intensity of the yellow tint is observed, which is to be attributed,
perhaps, to the calorific rays, as the application of heat to the iodide of
silver produces the same effect. But in presence of a little free
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nitrate of silver, the iodide of that metal is much more sensitive to
light than the chloride.

Prismatic Analysis.—The change which the prismatic spectrum
produces on paper prepared with a weak solution of iodide of
potassium (K I) and nitrate of silver, presents certain interesting
peculiarities. The maximum of intensity is formed at, or a little
beyond, the edge of the most refracted ray (the violet ray) ; however,
it varies a little with different papers, and also with the quantity of
the free nitrate of silver present. The effect begins almost in the
middle of the red ray, where the paper assumes a lead or ash-color,
whilst under the most refracted rays it acquires a reddish-yellow
color; the change produced under the blue ray, or rather towards
the end of the blue and beginning of the violet ray, appears rather
suddenly ; beyond the border of the violet ray, the effect decreases
very rapidly ; still the nigrescence produced by the invisible rays is
more strongly marked than in the case of chloride of silver.

Photographic Application.—Paper prepared with iodide of silver
deserves the preference before all others. The best proportions to
use the iodide of potassium and nitrate of silver in, are twenty grains
of the former, and forty grains of the latter, dissolved each respectively
in one ounce of water. The paper is carefully brushed over with the
nitrate of silver solution, and dried ; it is then washed over on one
side with the iodide of potassium solution, and dried near the fire,
taking care, however, not to expose it to a strong heat, since this
would change the fine straw color to a rusty tint, and would nearly
altogether destroy the sensitiveness of the paper.

By combination with certain agents, iodide of silver acquires an
extraordinary degree of sensitiveness. This is the case more particu-
larly as regards the combination with gallic acid (G=C7 Hs Os + HO),
or that with the yellow ferrocyanide of potassium (2KCy,FeCy
+3HO), whereby the most beautiful results may be attained.

We will now proceed to give a description of the several processes
of using the iodide of silver in conjunction with these agents,
commencing with the one to which the inventor, Mr. Talbot, has
given the name Calotype.

Preparation of the Paper.—Dissolve 100 grains of crystallized
mitrate of silver in six ounces of distilled water, and brush over the
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paper with this solution on one side only ; mark the side and let the
paper dry, either near a fire, or in a dark room. As soon as it is dry,
dip it for two or three minutes with the prepared side in a solution
of 500 grains of iodide of potassium in sixteen ounces of water, wash
it now in distilled water, and dry it either near the fire, or in a dark
room. It is always advisable to perform all these operations in a
dark room by candle or lamp-light. The paper so prepared hasa
beautiful straw color (from the iodide of silver), and is scarcely
sensitive to light ; it must nevertheless be kept carefully secluded
from light until it is required for use ; but in this way it may be kept
for a long time without suffering alteration. When the time has
come to use it, it is treated as follows :

Dissolve 100 grains of crystallized nitrate of silver in two ounces
of water, and add to the solation a half-ounce of strong acetic
acid.

Make a saturated solution of crystallized gallic acid in distilled
water. When you want to make a calotype picture, mix these two
solutions in equal proportions, but only so much of them as is needed
for the operation, as the mixture speedily undergoes decomposition.
With this solution of gallo-nitrate of silver the silver iodide paper is
washed over upon the marked side with a soft brush, After half a
minate the paper is dipped in water, and dried lightly by pressure
between folds of blotting-paper. The operation must be performed by
candle-light.

Although the paper so prepared may be kept several days, nay even
several months, without losing its sensitiveness to light, still the better
way is to use it at once, as it is apt to acquire a black tint even in
perfect darkness.

Paper prepared in this way is exceedingly sensitive to light; an
exposure of one second’s duration to common daylight, suffices to
bring on an incipient change of color. If a piece of this paper is
half covered over, leaving the other half exposed to the light of day,
the least possible space of time suffices to bring about an alteration in
the exposed part ; this alteration, however, is not visible, but latent.
If the paper is laid by in the dark, the alteration becomes visible after
a time ; or it may be brought out at once, by washing the paper again
with the gallo-nitrate of silyer, and holding it near a fire, whereupon
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the parts acted upon by the light will acquire a dark-brown tint,
whilst the other parts will retain their original color.

If you®have taken an impression on the paper so prepared, and have
developed it in the manner just now indicated, you must proceed to
fix it, which is done by washing it first in water, and then dipping it
in a solution of 100 grains of bromide of potassium in ten ounces of
water, removing it after a few minutes, washing with water, and
drying. In default of bromide of potassium, you may have recourse
to common salt, or to hyposulphite of soda, which latter anawers the
purpose better than salt.

The discovery of the extraordinary property of gallic acid to
heighten the sensitiveness of iodide of silver so greatly, is one of the
.most beautiful that Mr. Talbot has made in the domain of photography.
The calotype process gives pictures of the greatest beauty, which not
only most faithfully render the outlines of the object, but copy it
even in the minutest details; leaving in fact nothing to be desired
except the natural colors; and even this defect is in a great measure
compensated by the marvellous harmony of the ensemble.

The picture produced in the camera is negative. When it has been
properly fixed, any given numbers of positive copies may be taken
from it. The process of reproduction is conducted as follows :—Lay
the negative picture upon a leaf of positive paper prepared in the
‘manner indicated, and put under the latter a smooth and even board,
with a few sheets of soft paper on it ; place above the negative an
.even, clean glass plate, so that the prepared paper and the negative lie
between the board and the glass ; press them closely together, to secure
the contact of the papers. The frame of reproduction, or reversing
frame, will be found to answer the purpose best for this operation.
The time of exposure depends, of course, upon the transparency of the
negative picture, and the intensity of the solar light. I need hardly
‘mention that all the imperfections of the negative are necessarily trans-
ferred to the positive picture ; it is therefore always advisable to select
for the negative impression an absolutely equal and unifoYm paper,
or a thoroughly transparent mass, such ag glass, for instance (see
VITROTYPE).

The share which the gallic acid has in the alterations produced will
be easily understood if we remember that this acid precipitates the
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metallic silver from the solutions of the salts of that metal. If the
solutions of the gallic acid and the nitrate of silver be mixed in very
feeble diffuse light, a precipitate will almost immediately form, although
in the dark the same mixture remains clear for hours. Now if this
clear mixture is put on a paper prepared with salt of silver, and
which is sufficiently sensitive, or has been exposed already to light long
enough to produce an alteration, the black precipitate of metallic silver
forms almost instantaneously on the parts acted upon by the light, and
indeed in exact proportion to the alteration suffered ; the parts which
have not been touched by the light, remaining white and unaltered

To keep these parts white, it is advisable to promote the decomposition
by the application of heat, or by hot aqueous vapor. It requiressome

practice to obtain satisfactory results; for if the action of the gallo-
nitrate of silver upon the silver salt on the paper, and which has bee
changed by the agency of light, is not stopped at the proper time, the
negative image produced will not answer the purpose of reproducing
positive copies from it, the whole surface of the paper being liable to
tarn black.

This method may, however, be considerably simplified; but before
we proceed to speak of this, we will here briefly glance at the
alterations which gallic acid produces in various compounds of silver
that have been exposed to light.—Paper simply imbibed with a solution
of nitrate of silver, gave, after two miuutes’ exposure in the camera,
only a faint image, upon being washed with gallic acid. Paper prepared
with chloride of silver gave under the same circumstances a tolerable
picture, but deficient in force and clearness. Bromide of silver gave a
very beautiful picture, after one minute’s exposure. Tartrate of silver,
after ten minutes’ exposure in the camera, appeared to remain
unaffected by the gallic acid. Oxalate of silver, after ten minutes’
exposure, gave only a very feeble image. With phosphate of silver,
the result was not quite satisfactory. Carbonate of silver gave, after
five minutes’ exposure, a tolerably good picture. Benzoate of silver,
and formiate of silver, gave very satisfactory results. Benzo-formiate
of ammonis, in combination with nitrate of silver, gave results siniilar
to those obtained with the iodide; this preparation is remarkably well
suited for taking architectural views. Cyanide of silver, and cyanide
of silver and iron, after ten minutes’ exposure in the camera, showed
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1o alteration upon washing with gallic acid, nor with gallo-nitrate of
silver. I have also tried several other compounds of silver. The
general results of my experimehts have shown that gallic acid, though
unquestionably a most important photographic agent, is not sufficiently
powerful in all cases to bring out the alteration suffered. The action
may indeed be considerably strengthened by an addition of nitrate of
lead (PbO,NOs) : still, even with this addition, it falls short of the
energetic action of pyrogallic acid (pG = CeHsOs); which ought
therefore always to be used in preference. In many preparations of
silver, the reaction of the gallic acid becomes manifest only after the
paper has lain for some time in the dark, or after the application of
heat. Hyposulphite and hyponitrate of protoxide of iron may be
employed in photography for the same purpose as the gallic acid, and
with the same success ; the former of these two salts has even a much
more energetic action than the acid.

IopioE or SiLvER AND FERROCYANIDE OF PoTassium. If paper pre-
pared with iodide of silver in the usual way, is washed with solution of
ferrocyanide of potassium (2KCy+-Fe Cy), it acquires upon exposure to
light instantaneously a greenish-black color, and turns afterwards still
darker. This alteration is most speedy with iodide of silver perfectly
pure and free from all foreign admixture. Although the same effect is
produced irrespective of the proportion in which the salts are mixed,
still it is better that there should be a minimom of alkali.

The best results are obtained with paper prepared in the following

- way :—

Brush the paper over on one side with a solution of two drachms of
nitrate of silver in an ounce of distilled water, and dry it as quickly
as possible ; then brush the paper over on the same side with a solution
of a drachm of iodide of potassium in an ounce of distilled water,
lay it with the non-prepared side on a glass plate, and wash the whole
of the soluble salt carefully away by floating the prepared side over

- with water. The paper may now either be used at once, or kept for

fature experiments. When you wish to use it, you need simply
imbue it with a saturated solution of ferrocyanide of potassium, and
place it in the camera.
The fixing of the pictures produced on paper so prepared is still in
some degree uncertain. It often occurs that of several pictures which
D
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have been fixed in one and the same way, some will speedily fade,
whilst others will show no alteration. This fading of the pictures
would seem to be owing to part of the protocyanide of iron having
remained in the paper, which tends to destroy the image. The fol-
lowing is the best way of fixing pictures on paper prepared with iodide
of silver and ferrocyanide of potassium : immerse the picture for some
time in hot water, which should be repeatedly remewed; dip it after-
wards in a weak solution of iodide of potassiam, wash it thoroughly in
cold water, and dry.

The high degree of sensitiveness of this paper.is evidently owing to
a mutuoal decomposition of the ferrocyanide of potassium and the iodide

of silver under the influence of light.
" Ferrocyanide of potassium may be used advantageously also with
other compounds of silver, more especially with bromide and chloride
of silver, whose sensitiveness it heightens cpnsiderably.

Production of Positive Pictures in the Camera, by means of
Hydriodates.
When photographic paper, blackened by light, is washed with a
‘solution of an hydriodate, the dark parts are bleached again umpon
subsequent exposure to light.

This property has been turned to account to effect the production of

positive pictures by direct exposure in the camera.

The paper may be prepared with any of the sensitive salts of silver:
however, chloride of silver has been found to answer best. Chloride of
ammonium and chloride of barium are the salts best suited to-prepare
the silver chloride paper with, as the light acts most readily upon s
surface prepared with these salts, producing impressions of grest
accuracy and fineness of delineation. The paper is prepared as follows:—

Dip the paper for from five to ten minutes in a solution of forty

grains of either chloride of ammonium, or chloride of barium, in four

ounces of water, and let the paper dry. Make a solution of 1%

-graing of nitrate of .silver in twelve ounces of water, and add four
ounces of alcohol, which will render the solution slightly turbid; let
the mixture stand a few hours, and then filter off the fluid from the
slight precipitate which has subsided init. Imbue the paper with the
filtrate, and expose it still wet to the sunbeams, when it will speedily



COMPOUNDS OF SILVER. 51

tarn black. The nigrescence is not uniform, however, owing to
unequal absorption of the fluids ; you must, therefore, imbue the paper
once more with the solution of nitrate of silver, and expose it again to
the light until it has acquired all over a uniform chocolate color,
when you may dry it and keep it ready for use.

It is indispensable to perform this operation in the unclouded light of
the sun ; since, strange though it may appear, it is no less true, that
the clouds which may happen to obscure that luminary are faithfully,
though very faintly, reproduced on the paper, and make their
appearance in the next operation.

When you want to make use of the paper so prepared, you must
imbue it with a solution of iodide of potassium, and expose it wet in
the camera. The proper proportion in which the iodide of potassiam
should be used has not yet been definitely settled, though thirty grains
of pure salt to an ounce of water would appear to answer best ; this is
a question of great nicety, however, as a few grains more or less make
a considerable difference in the results. For my own part, I should
prefer iodide of barium to iodide of potassium, taking care to remove
previously some of the barium by precipitation with one or two drops
of dlluted sulphuric acid or sulphate of baryta.

To fix the pictures obtained by this process, they should be washed
with cold water, and then treated in the usual way with solution of
hyposulphite of soda.

From the length of the time of exposure required (fifteen to thirty
minutes), this method is adapted only for taking impressions of
architectural objects.

Brouioe or S1Lver (Ag Br).—Though light produces no visible effect
upon perfectly pure bromide of silver, there can be no doubt but
that this salt, even in the pure state, suffers alteration from the
influence of that agent, as may indeed be readily demonstrated by the
application of the proper reagents.

But when a trifling proportion of nitrate of silver is admixed to the
bromide, nigrescence ensues instantaneously upon exposure to light.

Bromide of silver is a most important photographic agent. It is
often added to the iodide to increase the sensitiveness of the latter.
But it may also be used alone, in the following manner :—

Imbue paper with a solution of 100-grains of nitrate of silver in an

D 2
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ounce of distilled water, and let it dry; imbue it now with a solation
of twenty graings of bromide of potassium (KBr) in four ounces of
water, and place it finally again in the silver bath. The paper so
prepared is exceedingly sensitive; but it cannot be kept long, as it
suffers alteration even in the dark. If the paper is intended to be
preserved for use at some future time, a less proportion of nitrate of
silver must be used.

To take an impression on the paper so prepared, it is imbued with
a solution of 120 grains of nitrate of silver in an ounce of water, and
exposed wet in the camera; after a few seconds’ exposure it is
removed from the camera, and let dry in the dark. When dry, it is
placed in the mercurial apparatus, and the mercurial fumes are
evolved slowly by the application of a gentle heat; the image developed
often looks quite clouded or veiled over with a film ; but in the course
of a few hours this goes off, and a very accurate and vigorous impression
appears on the paper. The best way to fix this is to wash the paper
in brine, and to treat it afterwards in the usual way with hyposulphite
of soda. The image may be developed also by means of an aqueous
solution of gallic acid or of pyrogallic acid.’

Fruonipg or SiLver (AgF) suffers about as little alteration under
the influence of light as nitrate of silver, though it turns much darker
in the course of time than the latter. Used 'in conjunction with
bromide of silver, it considerably heightens the sensitiveness of the
latter, more especially if fluoride of sodium (NaF) is employed in
the operation. Although the proper proportions in which the two
salts (the bromide of potassium and the fluoride of sodium) ought
to be mixed are not yet quite settled, still I think the following
proportions will be found to answer the purpose: twenty grains of
bromide of potassium, and five grains?of fluoride of sodium, dissolved
each in one ounce of water. To save time, the two solutions may be
poured together, and the paper imbued with the mixture; when
the paper is dry again, it is imbued with a solution of sixty grains
of nitrate of silver in an ounce of water, and subsequently washed
carefully in water, to remove the nitrate of potassa formed. Paper
so prepared will keep unaltered for several weeks, and may be
exposed in the camera in the dry state. After its removal from the
camera, it is drawn through water, and then floated over with a weak

i
|
i
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solution of sulphate of protoxide of iron (green vitriol, Fe O, 8Os +
7HO), whereupon the impression will at once make its appearance.
As soon as this is deemed sufficiently distinct, the paper is washed in
water, and the picture is then finally fixed with hyposulphite of soda.

PuospaaTE oF SiLvEr (AgO,POs) is only suited to copy posi-
tives from negatives, as it is too little semsitive for exposure in the
camera. Phosphate of silver paper is prepared as follows: imbue the
paper with a solation of phosphate of soda, and let it dry; imbue it
now with a solution of nitrate of silver, let it dry again, and imbue it
once more with solution of phosphate of soda. The paper so prepared
is well snited for eopying positives from negatives, and affords this
advantage, that the impressions on it may be easily fixed with a weak
solution of ammonia, which readily dissolves the undecomposed yellow
salt of silver, leaving the decomposed parts quite unaltered. Phos-
phate of silver paper, blackened by the influence of light, may be
bleached again in the manner described at page 50, and may then be
used for the direct production of positive impressions in the camera,

Tasrrate of Siwven (AgO,Tr).—To make tartrate of silver
paper, imbue the paper with tartaric acid (Tr=HsCuOs), or with
a solution of a tartrate, and treat it then in the usual way with solu-
tion of nitrate of silver. Tartrate of silver seems at first only feebly
affected by light, but after a time it grows darker under the influence
of that agent than any other salt of silver ; for which reason it is
admirably [adapted for positive pictures. Its want of sensitiveness,
on the other hand, is a bar to its use for negative images. The sensi-
tiveness may, however, be somewhat increased by an addition of iodide
of potassium or of yellow ferrocyanide of potassium.

To mention all the silver salts which I have tried would lead us too
far here, and would, besides, be of but little practical utility, as some of
them are too dear for general use, and others of too dangerous a nature,
as e.g., arseniate of silver. S8till I may remark here, that agreeable
variations in the color of the picture may be produced by means of
some of them, such as the chromide, benzoate, formiate, and others.

The combination of nitrate of silver with ammonia is particularly
well suited for positive images, to which it imparts a remarkably warm
and pleasant tone. The mode of preparing the paper with nitrate of
silver and ammonia is very simple. It is well known that upon
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addition of ammonia to a salution of nitrate of silver, a whitish pre-
cipitate forms, which redissolves in an excess of ammonia. Now,
paper need simply be imbned with this fluid (selution of nitrate of
silver to which ammonia in excess has been added), and dried, to be
at once ready for use. The pictures on this paper. ave fixed in the
usual way.

Let it be borne in mind that, wherever hyposulphite of soda is
employed as the flxing agent, the greatest care must be taken to wash
from the paper every trace.of soda; since, if the least particle of that
substance be left behind, the picture will after a time show spots, or
will even (be altogether destroyed. Simple immersion in water will

- not suffice; the paper must be moved abont in the bath, and the. water
must be repeatedly renewed.

COMPOUNDS OF GOLD.

It is a well known fact that an ethereal solution of gold is decom-
posed by light, the metallic gold separating at the side of the vessel
turned to the light. Most of the salts of gold present a similar
deportment under the influence of light ; and they would accordingly
find frequent application in photographic processes, if they were not
rather too expensive.

If paper imbued with a solution of neutral chloride of gold (Am
Cls +6HO), is exposed to the sunbeams, its color changes at first to
a lighter hue, but after a time it grows gradually darker, and acquires
finally a purple tint. Though the chloride be now removed out of the
influence of light and placed in the dark, the decomposition will
continue, until the gold is completely reduced to the metallic state.
The decomposition is greatly promoted by dipping the chleride in cold
water. Employed in conjunction with nitrate of silver, the chloride of
gold is acted upon more rapidly, and gives very fine positive pictares.

A most sensitive gold paper, which very speedily acquires a parple
tint in the light of the sun, may be prepared as follows :—imbue the
paper with a solution of thirty grains of oxalate of ammonia (NH4O,
C:0s +-HO) in an ounce of water, dry it, and then imbue it witha
saturated solution of chloride of gold. To fix the picture produced
on this paper, it is dipped, first in cold water, afterwards in a solution
of ferrocyanide of potassium, and finally washed in water.
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Paper prepared: with acetate of lead (PbO,A+3HO) and chloride
of gold, is less semsitive than the preceding; it presents, however,
certain interesting peculiarities. ~When this paper is exposed to
light, the yellowish brown color turns at first of a paler hue;
subsequently it changes to a light grey, and acquires finally a slate
color. If the action of the light is interrupted, ere the coloration
has proceeded so far, and the paper is held in hot steam, or dipped in
hot water, the parts acted npon by the luminous rays acquire imme-
diately a deep purple tint ; cold water produces the same effect, but
only very slowly. Dry heat has no perceptible influence.

The compounds of gold with cyanide of potassium and nitrate of
silver, and various other salts, give very satisfactory results ; still the
impressions are inferior to those obtained with silver ; moreover, the
high price of gold forbids its general application in this branch of
photography. It is often used, however, to impart a deeper and more
pleasant tone to the positive pictures produced on silver paper ; this is
done simply by dipping the picture, after fixing it with hyposulphite of
sods, in a feeble sclution of ¢hloride of gold, and washing it afterwards
in water.

COMPOUNDS OF PLATINUM.

The compounds of platinum alse may find application in the
photographic art ; however, the pictures produced with them are of
little value, as they speedily fade, and are, after a short time, com-
pletely effaced.

‘Paper prepared first with cyanide of potassium, then with bichloride
of platioum (PtCls 4+ 8HO), and finally with nitrate of silver, is
speedily acted upon by light, giving a very beautiful deep lilac-colored
positive picture. If the nitrate of silver is placed on the paper first,.
orif it is present in excess, the picture produced appears as distinct on
the left as on the right side. Iodide of potassium seems to be the best
fising agent for platinum pictures ; however, as has already been
irtimated, no precaution, not even absolute seclusion from light, can
prevent the gradual fading and final effacement of the picture ; after a

few months nothing is left of it but a piece of white paper. The
compounds of platinum with iodine or bromine give the same
‘ephemeral results.

\
.
|
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If the paper prepared with cyanide of potassium, bichloride of
platinum, and nitrate of silver, is imbued with a solution of chloride
of mercury (Hg Cl), and exposed in the camera for about fifteen mixutes,
there is hardly a perceptible alteration in it; however, upon applics-
tion of ammonia to the prepared surface, a deep black positive
picture appears on an iron-grey ground. If this is dipped in
a solution of chloride of mercury, a negative picture is produced by
the solution of the dark parts. Application of dry heat destroys the
whole picture.

COMPOUNDS OF IRON.

Almost all the salts of iron suffer a very perceptible alteration
under the influence of sunlight; some of them sooner, others laer.
The change is most easily observable in the salts of the sesquioxide
with organic acids. Some of these salts, and more especially the
double salts which they form with ammonia or with potassa, are ®
readily decomposed by light, that they may be used for the po-
duction of negative pictures in the camera ; still, they are better suied
for positive pictures.

But what imparts to the salts of iron a peculiar value in a phob-
graphic point of view, is the property which they possess to prodice
with different reagents a variety of colors.

This property, and the facility with which they are decomposed bv
light, make them, under circumstances, fit substitutes for the salts &
silver, to which they are even preferred in certain cases.

The most important of these salts are,—the oxalate of sesquioxice
of iron and ammonia, the citrate of sesquioxide of iron and ammoni,
and the tartrate of sesquioxide of iron and ammonia, The compounis
of the oxalate, citrate, and tartrate of sesquioxide.of iron, wih |
potassa or soda, and the double sulphate of sesquioxide of iron am
ammonia (NH4 0,803 +Fes0s, 380s 4+24HO) are also very sensitie
to light,

Photographic paper may be prepared with any one of these salts ia
the following simple manner :—

Dissolve, one part by weight of the salt in ten parts by weight of
distilled water ; brush the solution over the paper on one side, and let
it dry in the dark. The paper is now ready for use. It may be kept
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for years without the slightest loss or diminution of sensitiveness.
The best suited for exposure in the camera is the oxalate of sesqui-
oxide of iron and ammonia. The paper prepared with this compound
is exposed in the usual way for a longer or shorter space of time,
according to the intensity of the light and the illumination of the
object ; when removed from the camera, no sign of the picture is
perceptible, or, at all events, only a very faint trace of it; but it
becomes visible at once-upon the application of one of the reagents
which we shall immediately proceed to name. However, as has been
intimated already, these salts are more advantageously used to repro-
duce positive from negative pictures; for this purpose, they may be
said to answer each of them almost equally well. The negative
picture intended to be reproduced, is applied on one of the iron-
papers, and affixed to it at two ends with glue, gum, or paste; it is
then put in the frame of reproduction, and exposed to light (to the
solar rays, if possible). The overlapping parts of the paper speedily
show a brown tint ; the frame is examined from time to time, to see
whether the picture is done. The time of exposure depends upon the
degree of intensity of the light ; in bright sunshine, from three to five
minutes are generally sufficient. Though the impression should only
be faintly visible, or even nearly invisible, the application of the
proper reagent will speedily bring it out.

The picture is then taken out of the frame and brushed over with a
solution of red ferricyanide of potassium (3KCy, Fe:Cys) in
water (no matter the proportion, provided always the solution be not
too highly dilute), which will immediately bring the picture out with
a very intense blue color; the solution should be applied with a
broad flat brush. Simple washing in water suffices to fix the image.
Potassa (KO) destroys the blue color, and with this the picture
itself ; bisulphate of potassa (KO,280s+HO), on the contrary,
heightens the intensity of the color, and makes it permanent ; sulphate
of copper (blue vitriol, Cu0,80s +5HO0), changes the blue color to
a pale greenish blue tint.

A green picture is obtained by adding solution of gum-arabxc to
the ferricyanide of potassium solution. These pictures require no
additional fixing ; washing in water would change the green color to

blue.
D3
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Solution of nitrate of silver imparts a deep blackish-btown tint to
the picture; simple washing in water suffices to fix it.

Solution of ammonio-nitrate of silver (AgO,NQOs +2NHs) imparts
a greyish-black tint to the picture; simple washing in water
suffices to fix it. It is not advisable to use a brush to apply the
solution of nitrate or ammonio-nitrate of silver to the picture, as
these substances would injuriously affect the material of that imple-
ment. The better way is to pour the solution into a glass or
porcelain dish, or over a glass plate laid down horizontally, and to
apply the paper with the latent image to the liquid, taking care to
leave no air-bubbles under it, since this would give rise to spots, which
it would afterwards be found impossible to remove. If a brush be
used, however, care must be taken to wash it thoroughly in water
immediately after; if this is neglected, the implement is of no
further use in operations of the kind, as the silver retained in it would
spoil the pictures to which it might happen to be applied.

With ammonia (NHs +aq.) an ash-colored picture is obtained, which
is equally distinet on both sides of the paper.

Solution of terchloride of gold (AuCls+2q.) gives a purple-
colored picture, which continues to despen as long as there remains
a trace: of undecomposed chloride in the paper.

Arseniate of potassa (KO,As0s+HO), gives a yellowish-brown
picture, of lighter or darker hue, according to the strength of the
solution. Simple washing in water suffices to fix the pictures
abtained by the application of this and of the preceding substance.

The use of the arseniate of potassa requires of course great caution,
on aecount of the poisonous nature of the material.

Some very interesting results, and such as no other metallic salts
afford, may be obtained with the salts of iron before mentioned, and
more especially with the citrate of iron and ammonia.

A paper prepared with the latter salt in the manner indicated, is
imbued with a solution of ferricyanide of potassium, and dried in the
dark. This paper does not keep long, and should therefore be used
soon after its preparation. If a picture has been reproduced on this
paper, it need simply be dipped in water, to render.it instantaneously
visible in blue. If the paper is now imbued with a solution of nitrate
of suboxide of mercury (HgsO,NOs-2HO), the picture imme-

|
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diately vanishes. The paper must then be well washed in water,
that no free mercurial salt may be left in it. The pioture may now
be rendered visible again with brown color, by the simple application
of heat (holding it near the fire, or passing a hot smoothing iron over
it) ; it disappears again upom cooling, but may always be brought:
out anew by the same process. In seme cases, it will not at once
disappear upon cooling, but will remain visible for weeks.

The following is another interesting experiment. Dissolve one part
by weight of citrate of sesquioxide of iron and ammonia in eleven
parts by weight of water, and add an equal volume of a saturated
cold solution of chloride of mercury; imbue the paper with- this
mixtare, before a precipitate has had time to form, and dry the paper.
The color should be yellowish, without the least tinge of blue.
Expose the paper now in the frame of reproduction, until a faint but
clearly visible image is produced on it. Pass over it with one
stroke of abroad brush, a saturated solution of cyanide of potassium,
mixed with three times its own volume of a solution of gum-arabic of
moderate consistence. The picture will immediately make its

~appearance ; after a few days you may freely expose it to light; it
will even bear the light at once, without any great injury. This
picture improves with. time, parts which at first were half visible,
coming gradually out with the greatest distinctness. Another
interesting experiment is the following: If a solution of nitrate of silver
is.added to a solution of bitartrate of sesquioxide of iron, a preci-
pitate is immediately formed, which is almost entirely re-dissolved
upom . the application of a gentle heat; a. further addition of silver
solution leaves the fluid clear.  The solution of silver should be
added in the proportion of ome volume to two. The yellowish
mixture is filtered ; the filtrate may be kept unaltered in the dark.
If a paper imbued with this filtrate is exposed wet in the camera, no
picture appears. on it, unless the exposare should have been too long
pretracted ; but after a time it makes its appearance spontaneously.
The result is different if: the paper is. employed in the dry state to
reproduce positive pictures. For this purpose it. suffices ta apply the
paper on the negative picture, and to.expose for from thirty seconds to
one minute to the: solar rays. The exposure must not be continued
until the impression commences to make its appearance, since in that
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case it would soon come out spontaneously ; there should be no sign
of the picture on the paper. Still the picture is there, and to render
it visible, you need simply breathe upon it, or hold it over steam, when
it will at once appear with great accuracy and distinctness of
delineation. It very often vanishes again as soon as the moisture of
the breath or the steam is gone off ; but it may readily be called forth
anew in the same way.

Considering the facility and safety with which the salts of iron
may be employed, and the great variety of colors that may be
produced with them, and also the moderate prices at which they may
be procured, it would be very desirable indeed that a series of
systematic experiments should be made with a view to ascertain in
how far these salts may be suited for the purposes of the practical
photographer, and whether they might not in some measure supersede
the salts of silver.

COMPOUNDS OF COPPER.

As has already been stated in the chapteron the Daguerreotype,
copper also may find application in photography.

The salts of copper, though of inferior sensitiveness, give yet very
interesting results in conjunction with other metallic compounds.
Among the salts which may be advantageously added to the salts of
copper, we mention more particularly that of chromium, and
especially the neutral chromate of potassa, and the bichromate of
potassa. The latter salt gives in conjunction with sulphate of copper
a highly sensitive preparation, with which pictures may be produced
in a variety of colors.

A paper imbued with a mixture in eqna.l proportions of a saturated
solution of sulphate of copper (copper vitriol, blue vitriol, Cu0,80s
+6HO0), and of a saturated solution of bichromate of potassa
(KO,2Cr0Os ), may be used immediately after drying, or it may be
kept in the dark for any length of time, without suffering the least
diminution of sensitiveness. This paper will, however, serve only to
reproduce positives from positives, negatives from negatives. When
it is exposed in the frame of reproduction to solar light, the uncovered
parts acquire first a brown tint, if the paper is removed from the
frame ; at this period the image is negative ; but if the exposure is.
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continued, the brown color turns to a brighter hue, and a positive
picture is produced. If the copy, after its removal from the frame, is
treated with solution of nitrate of silver (no matter of what strength),
a positive, brick-colored picture is produced in both cases ; however,
in the latter case, the picture is of greater beauty and vigor than in
the former. To fix these pictures, they need simply be quickly
washed in perfectly pure water. If the water contains a chloride, or
if chloride of sodium is added to it, even in a small proportion, the
picture vanishes on the instant, and completely ; but it may be brought
out again by exposing it, still wet, to the solar rays, and letting it
dry. The color however, is now changed, varying, according to the
greater or less quantity of salt used, between rose and deep violet. A
longer exposure to sunlight serves to improve the picture.

The neutral chromate of potassa may be substituted for the bichromate.
If a solution of neutral chromate of potassa (KO, Cr Os) is added to
a solution of sulphate of copper, a precipitate is thrown down, which
when filtered off and thoroughly washed with water, dissolves in
water slightly acidulated with sulphuric acid. Paper imbued with
this solution has a pure yellow color, which is completely bleached
in sunlight. A picture produced on such paper is developed with a
solution of carbonate of potassa (KO, COs 4+2HO), or carbonate of
soda (NaO, COs +10HO), or also with a solution of nitrate of silver.
It will occasionally happen, more especially if the light was only
feeble, that the nitrate of silver bath will impart a uniform tint
to the whole surface of the paper, leaving the picture altogether or
nearly invisible ; however, after the paper has lain by for some
time, the picture makes its appearance, the lights being gradually
bleached by the sulphuric acid in the paper, until they are perfectly
white, which brings out the shadows the more boldly, yet without
hardness.

If ammonia is used, instead of either carbonate of potassa or soda,
or nitrate of silver, the picture, if it happens to be already visible,
vanishes again, but it speedily makes its reappearance, with a faint
blue color.

Very interesting pictures may be produced also with bichromate of
potassa unmixed with copper. The mode of proceeding is as follows ;==
imbue paper with a weak solution of starch paste and let it dry:
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imbue it now with a saturated solution of bichromate of potassa, and
let it dry. Itis now ready for use; but it may be kept for any length
of time without suffering the least dinvinution of semsitiveness. To
produce a positive copy on this paper, apply-a positive original om it,
and expose it in the usnal way in the frame of reproduction, until you
have a vigorous yellow impression.on a brownish ground ; wash this
in water, which will dissolve the undecomposed salt; and then coat
the right side over with an aqueous solution of iodime, which will
impart a deep violet tint to the picture, leaving the brownish
ground unaltered; simple washing in water will suffice to fix the
picture. .

Savuts or Maneanese, Leap, Niexer, &e. Of the salts of menganese
the manganate of potassa (KO, Mn Os), is the best suited for photo-
graphic purposes. A solution of this salt imparts to paper a brown
tint, which exposure to the sunlight destroys again in the parts
touched by the rays, restoring these parts to their original white color..
Addition of nitrate of silver to the mangarnese salt heightens the brown
tint of the paper; but upon subsequent exposure to light, the parts
touched by the rays turn intensely black, instead of resuming their
original white color. The impressions may be fixed by washing- in
water, and subsequent treatment with hyposulphite of soda.

The other salts- of manganese, although they are also perceptibly
altered by light, are not so well suited for photographic purposes.

The sakts cf lead are useful as photographic agemts only under
certain conditions. Papers imbued solely with them change eolor
continually, which leads to the ultimate destruetion: of the pictures
produced on them. Added in small proportion tb other salts, more
especially to those of silver, the.compounds of lead tend te heighten
the intensity of the color; but care must be taken not: to.add too
much of them ; since otherwise the picture is apt after a time to turn
black all over.

The only compounds of lead with which I have obtained satisfactory
results, are the iodide (PbI), used in conjunction with nitrate of silver,
or with starch paste ; and the nitrate (PbO, NOs), used in conjunctien
with protiodide of iron and nitrate of silver. Recently precipitated
and thoroughly washed iodide of lead disselves readily and completely
in solution of nitrate of silver. .Paper prepared with.a solution of
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iodide of lead in nitrate of silver is highly sensitive to light. The
copies produced on it are fixed by simple washing in water.

A very sensitive paper, and one well suited for taking pictures in
the camera, may be prepared also as follows :—

Imbue the paper with a solntion of fifteen grains of nitrate of lead
(PbO, NOs) in an ounce of water ; dry the paper, and when dry, treat
it with an aqueous solution of protiodide of iron (Fel+4aq). The
paper so prepared will keep a considerable time, if properly secluded
from light. Itis made sensitive for exposure in the camera, by a bath
of one hundred grains of nitrate of silver dissolved in an ounce of
water. Should the picture not yet be visible when the paper is
removed from the camera, it will speedily make its appearance, without
the application of any developing agent. Simple washing in water
suffices to fix it. .

Or the iodide of lead, recently precipitated, may be intimately
mixed in the dark with starch paste, and the mixture spread uniformly
over paper; upon exposare to light the paper so prepared will imme-
diately acquire a black color.; the pictures produced on it are fixed
by dipping in solution:of: nitrate of silver, and subsequent washing in
hypoeulphite of soda, and in water.

Of the. salts of mickel, the best suited for photographic purposes is
the iodide (Nil), which is prepared by mixing solutions of iodide of
potassiam or iodide of potassium and iron, and nitrate of nickel (NiO,
NOs-+6HO). Iodide of ammonium would not answer the purpose. If
iodide of potassium and iron has been used, the light blue color of the
compound changes to a.light green upon.exposure to the luminous
rays.

There are still many other metallie salts, which suffer alteration
under the influence of light, as for instance, nitrate of cobalt, hydro-
chlorate of cebalt, bichloride of tin, and. tartrate of antimony. With
these salts pictures may be produced in the usual way.



64 THE ART OF PHOTOGRAPHY,

III.—-VITROTYPE;
OB,

PHOTOGRAPHY ON GLASS.
————

ProPeRLY speaking, the term “ pictures on glass ” is a misnomer, as
the glass serves simply as the basis whereon the impressionable
material is supported, and takes no part in the production of the
image, In fact, were it not that the transparence of the basis forms
an essential condition in the subsequent process of reproducing copies
from the pictures taken, any other material would answer the purpose
equally well as glass.

When Daguerre and Niepce's ingenious invention became known,
it was very natural that the wish should arise to discover some means
~ of multiplying in a direct way the pictures produced by the action of

light. A great many experiments, and of the most varied nature, were
accordingly made with a view to achieve the desired end, but with
imperfect success only.

The negative pictures produced on paper, and from which a hlerably |
large number of copies may be taken, may certainly be looked upon as
a considerable step in advance in that direction. .

However, as has already been intimated in the introductory part,
paper has the almost unavoidable defect of inequalities in its texture;
and as all the imperfections and blemishes resulting therefrom are
necessarily transferred also to the copies of the picture taken on. this
material, these copies always require retouching,—an operation which,
more especially in unskilful hands, tends to impair the likeness of the
picture, and, moreover, consumes much time.

Photographers were therefore naturally led to seek whether some
other material, free from the defects inherent in paper, might not be
substituted for the latter. Sir John Herschel was the first to try glass
for this purpose.

The first difficulty which presented itself with this new material was
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the ﬁxi'ng on it of the iodide of silver, or some other excitable substance.
Niepce, who occupied himself much with this subject, tried various
means to effect the purpose in view, such as albumen, glue, starch
paste, &c. ; and, indeed, he obtained very good pictures with these
materials, but always at the expense of the sensitiveness of the
impressionable surface. These substances, therefore, however so well
suited for landscapes, are not well adapted for portraits. In the case
of albumen, there is besides some little difficulty in the manipulation
which may become a source of defects, and which it requires
some practice to overcome ; as the following instructions for albu-
menssing glass plates will show :—

Mix the whites of a certain number of eggs with an equal volume
of distilled water, and whip the mixture into a froth, When this has
become perfectly liquid again, filter the clear portion off, and spread
it smoothly and evenly over a well-polished glass plate. When you
have succeeded in spreading the albumen evenly over the plate by
tilting and inclining the latter in various directions, let the superfluous
liquid run off at one of the corners, and put the plate to dry in a place
perfectly free from dust, taking care to lay the plate down in an hori-
zontal position: you may promote this process of drying by the
application of heat. Although the plates so prepared will keep, yet it
is mot desirable to albumenise too many at a time, on account of the
difficulty of removing the particles of dust which will always somehow
settle on them if they are long kept lying by, and which subsequently
cause spots in the picture. When you wish to tike a photographic
picture on one of the plates, expose the plate over dry iodine in the
iodine box, until it has acquired a yellow tint; and then plunge it
suddenly, and with all parts simultaneously, into a solution of four
drachms of nitrate of silver in ten ounces of distilled water, to which
have been added two drachms of crystallisable acetic acid ; wash it
now cautiously in water, and expose in the camera. The great point
here is to effect the sudden and simultaneous immersion of all parts
of the surface of the plate, since upon this depends, in a measure, the
success of the operation—for this reason, that the albumen, upon
coming into contact with the aceto-nitrate of silver solution, shrinks
considerably, which tends to produce cracks in it, and this most in
those parts where the immersion has been delayed for however so
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short an instant. These cracks are subsequently transferred to
the copy.

The picture produced on the plate in the camera is- developed with
gallic acid, and fixed afterwards with- hyposulphite of soda. To
save trouble, the albumen may also be iodised previously to its appli-
cation on the surface of the plate ; for which purpose you need simply
add per each egg fifteen drops of a saturated solutien of iedide of
potassium, proceeding in all other respects as instructed above, with
the exception, of course, of the iodine-box operation, which would
now be superfluous.

Application of steam to the albumenised surface previous to its
immersion in the silver bath, may also advantageously be resorted to,
as it tends to soften the albuminons coating, and thus to facilitate its
impenetration by the silver solution..

The common, or joimer's glue, which has been recommended as
giving remarkably accurate negative pictures, is, nevertheless, unsaited
for the purpose, since it dissolves in the aqueous solutions with which
the plate has to be treated after the exposure in the camera ; this
happens more especially upon treating the plate with.the gallic acid,.
to develope the image ; the latter is indeed brought out most beauti-
fully, but in the same instant it melts away again, owing to the ensuing
liquefaction of the glue. The same remark applies also to isinglass.

Pure starch paste, made of wheaten flour, is much better snited for
the purpose than glue or isinglass ; but care must be taken to use only
the very purest starch ; the article whicl is sold in the shops being
generally adulterated, and altogether useless for photographic purposes.

The easiest and simplest way of producing pictures on starch paste is
as follows :—

Blend one ounce of pure wheaten starch most thoroughly and
intimately with two ounces of water in a levigating dish ; add sixteen
ounces of boiling water, rapidly stirring the mixture-all the while,
and then in the same way one drachm of iodide of potassium dissolved
in an ounce of boiling water. Strain the liquid.through silk to
remove all remaining impurities, and spread it then evemly and
smoothly over a well polished glass plate, in the same way as the
albumen ; dry it at a tolerably high temperature, and proceed in all
other respects as with the albumenised plate.
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Caseine, dissolved in ammenia, has aleo been recommended ; this
substance gives a very pure and clear coating.

Bat the best and most suitable of all substances recommended for
vitrotype purposes, is unquestionably collodion or collodium. Collo-
dium is a solution of gun-cotton in ether, which had always best be
procured ready-made from a respectable chemist's, The collodium of
the shops is, however, generally much too thick to spread readily and
evenly over the surface of the plate; it must accordingly be diluted
to the requisite point with sulphuric ether, perfectly free from the least
admixtare of acid ; on the other hand, care should be taken not to add
too much ether, since over-tenuity of the collodium film would tend to
imypair the sensitiveness of the impressionable surface.

To the sufficiently dilute collodium is now added either simple
tincture of iodine (which proceeding, however, gives a product of inferior
semsitiveness), or iodide of ammonium; or, and this is unquestionably
the best way, iodide of silver at once. If yoy elect to use the second
of those agents (iodide of ammonium), add to six ounces of collodium
of the proper degree of dilution, one drachm of iodide of ammonium,
and four grains of fluoride of potassium, moistened with from four to
six drops of distilled water. There is no need that the iodide of
ammonium and fluoride of potassium should be quite dissolved before
being added to the collodium, as these substances readily dissolve in
the latter ; the use of much water, would, moreover, be rather hurtful,
as it would tend to impair the adhesion of the collodium to the surface
of the plate, and nright thus lead to the film becoming subsequently
detached again in the silver bath. Shake the bottle two or three times,
and let it then stand at rest, until the fluid is quite clear and trans-
parent. The color ought to be a pale yellow. However, should the
ether or the collodium have contained the least admixture of an acid,
the iodide of ammenium will be decomposed by this, and the liberated
iodine will impart a dark red tint to the fluid. Should this be the
case, the acid must be neutralised, which is effected best by adding a

, little pulverised cyanide of potassium, and shaking the bottle, where-
upon the liquid will speedily show the proper pale yellow tint.

It happens also sometimes that the iodised collodium turns acid
from being kept too long ; this state, which impairs the sensitiveness
of the preparation, is indicated by the rubescence of the color of the
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liquid. Addition of a little pulverised cyanide of potassium will
suffice to restore the fluid to its proper condition. But the best way,
as already intimated, is to add at once iodide of silver to the collodium,
which is done as follows :—

Put ten grains of recently precipitated and: thoroughly washed
iodide of silver into a bottle holding six ounces ; add some crystals of
iodide of potassium, moistened with the least possible quantity of
water, but no more of them (viz., crystals of iodide of potassium) than
will suffice to effect the solution of the iodide of silver; fill the bottle
now with collodium of the proper consistence, shake the mixture
vigorously, and let it stand wuntil the fluid is perfectly clear and
transparent ; the color ought to be nearly white, it is however
generally a little yellowish,

Todide of ammonium moistened with alcohol may be advantageously
substituted for iodide of potassium, to effect the solution of the iodide
of silver; this substitutipn will tend to heighten the sensitiveness of
the preparation.

The iodised collodium which I now exclusively use, and on which I
can obtain impressions of objects in motion, as the time of exposure is
less than a second in the open air, is mixed and prepared as follows :—
Take an ounce of iodide of potassium, dissolved in the requisite
quantity of hot water ; add ten ounces of collodium, eleven ounces of
sulphuric ether, eleven ounces of alcohol of ninety degrees, six ounces
of absolute alcohol; mix all these ingredients properly together, shake
the mixture, let it stand at rest a day or two, and then filter through
feltpaper. Should the preparation be still too thick, dilute it with
sulphuric ether, alcohol of ninety degrees, and absolute alcohol mixed
in the proportion of eleven of each of the two former to six of the
latter. With this preparation 1 use a silver bath of one ounce of .
nitrate of silver, thirteen ounces of distilled water, and one ounce of
crystallisable acetic acid.

As with the object-glasses at present in use, the several parts of a
photographic picture lie in a curve, the so-called catacaustic curve,
the image must necessarily appear a little distorted, more especially in
the more prominent parts of the object depicted. That this must impair
the likeness of the picture is self-evident. Nothing can be done to
the object-glasses to remedy this evil; but there is another means
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which may be most successfully resorted to in vitrotype operations,
viz., the substitution of bowed instead of level glass plates. The
English bowed window-glass answers the purpose admirably ; plates of
equal curvation are cut out of tables of this glass; the hollow or
concave side is then prepared with the silver iodised collodium in the
usual way, and turned in the camera towards the object to be depicted.
I think it need hardly be observed here, that in the subsequent repro-
duction of the positive pictures, the glass must be laid with the convex
-or rounded side upon the paper or other material on which the copies
are taken.

The plates of glass, used in vitrotypic processes, must be perfectly
clear and free from striee, as all the blemishes in them would be

‘faithfully reproduced on the copies. The surface which is to receive

the film of collodium must be thoroughly cleaned and polished, which
is done best with hydrate of potassa (KO,HO), fine Venetian tripoli,
and water ; washing the plate subsequently in clean water, and letting
it dry.
" To obtain an even film of collodium hold the plate at one corner
between the thumb and index of the left hand, in a perfectly horizontal
position, or balance it on the tips of the fingers, and with the other hand
pour the silver iodised collodium on the middle of the plate; tilt
towards one corner (if you hold the plate between the thumb and index,
towards the coiner you hold by—taking care not to let the collodium
touch the thumb), incline towards another corner, then towards the
third, and finally pour off at the fourth corner, resting this on the neck
of the collodium bottle. Incline the plate now repeatedly first to the
right, and then to the left, until the ridges are removed.

Before the collodium is quite dry, dip it evenly into a bath of nitrate
of silver (forty grains of nitrate of silver dissolved in one ounce of
distilled water, to which a little acetic acid may be added), lifting up
and down to allow the evaporation of the ether, and facilitate the
combination of the iodine with the silver. When the greasy appear-
ance is gone, and the film presents a uniform bluish-white color, the
plate is ready for the camera.

Some photographers would prescribe a certain fixed time to leave the
plate in the silver bath; this is & mistake: a practised eye alone can
determine the right point in every individual case, from the absence of
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all greasy appearanee, and from the bluish-white tint of the film. If

the plate looks still greasy, and is exposed in that state in the camera

the picture produced will be spotted and cloudy, and cannot, of course,
be expected to give good positive copies.

The time of exposure depends here also upon the power of the sun,
and the nature of the subject, and must accordingly be left to individual
judgment. The next step is the development of the latent picture;
gallic acid is not sufficient here to bring the picture properly aut ; bat
pyrogallic acid (Ce Hs Os =p@) gives the desired result. The mode
of proceeding is as follows :—

Dissolve two grains of pyrogallic acid in one ounce of distilled water,
and add to the solution half a drachm of crystallisable acetic acid
(A4+HO=CsHs0s +HO). Pour the solution over the horizontally
placed plate, whereupon the picture will at once make its appearance.
Should there be any delay, owing to insufficient exposure in the
camera, the development of the picture may be accelerated by addition
of a few drops of solution of nitrate of silver. A positive picture is
ohtained by the addition of from two to three drops of nitric acid.
Instead of pyrogallic acid, hyposulphate or hyponitrate of protoxide of
iron may be used with the same result; gallic acid, in conjunction with
acetate of lead, may also be used as developing agent, but the results
are doubtful. The image is them ultimately fixed by pouring a
saturated solution of hyposulphite of soda over it, and washing the
plate afterwards in pure 'water; in these last operations, the plate
should never be immersed in the fluids, but simply floated over with
them ; otherwise the film of collodium may become detached from the
plate, which involves the risk of its being torn.

As the film of collodium on the plate has lost much of its firmness
and sblidity by the treatment with the solution of silver, &c., it may
be advisable to protect it from damage by a thin coating of a hot
solution of colorless gelatine or of isinglass. The solution must be
“free from all impurities, and nrust be spread uniformly over the pictare
and dried at the fire.

A more durable product is obtained by diluting ‘the silver iodised
collodium with an ethereal solution of gutta percha; or also by
dissolving gutta percha in chloroform, adding to the solution ome
sixth of its volume of acetic ether, letting the fluid stand at rest for

Iy
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wome time, and finally mixing together equal volumes of this solution,
and of the silver iodised collodium. This preparation is exceedingly
wensitive, and very solid, and adheres firmly to the glass, A film of
this substance is rendered strongly electric by friction, in which state
it is liable to cracks.

IV.—ANTHOTYPE;
OE,

PHOTOGRAPHY WITH VEGETABLE JUICES.
—_—— :

, Besipes the metallic snbstances hitherto enumerated, other bodies
of very different nature may also be wused in photographic processes :
unfortunately the pictures produced with them, though very beautiful,
are not permanent, but fade away after a shorter or longer period
vof time.

: Among other substances we mention here more particularly the
slcoholic solutions of various resins, and the expressed juices of most
tyoung plants and flowers,

'The least fugitive of the resin pictures are those prepared with
guaiacum resin. If a paper is imbued with an alcoholic solution of
igoaiacum resin, and is then dipped in water slightly saturated with
chlorine, it acquires a beautiful cernlean tint, which is bleached
egain in the light. A paper so prepared may be used to copy
Jpictures : unfortunately, they are not permanent, but will soon
fade away. .

Exceedingly delicate and beautiful pictures are obtained also with
the -expressed juice of young plants, or the eoloring matter of them,
extracted with alcohol ; but they are still less permanent than the
Tesin pictures.

If paper is imbued with the expressed greenjuice of the leaves of
the 'young oereals, and used in the same way as chloride of silver
yaper, to copy pictures on, the uncovered parts are speedily bleached
ander the inflaence of the luminous rays, and a most delicate amd
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beautiful positive copy is produced from a positive original. These
pictures need not be fixed.

The juice of the rose and of the violet, tincture of turmeric, and
many other vegetable coloring-matters may be -used in the.same
way. ‘

Saw-dust and shavings of mahogany, when boiled in water, yield
to that fluid their coloring matter; paper imbibed with this
decoction is highly sensitive to light, and gives very pretty pictures;
but they are not more permanent than the preceding anthotypes.

PHOTO-LITHOGRAPHY ;

OR, PHOTOGRAPH‘Y ON STONE. |
+ ‘
To produce pictures on lithographic stenes by the action of light ]
in the camera, and to multiply them afterwards by the press in the usual
way, i8 a task beset with considerable difficulties ; and I believe that, |
though a great many photographers have tried their hand at it, ne
one has succeeded up to this time to’solve the problem and to attain the |
desired end. I have been fortunate enough to find means of producing |
photographic pictures on stone in the camera, and have even succeeded
to take portraits on stone; as early as two years ago I publicly
- exhibited pictures produced on that material. For certain reasons I
cannot give here all the methods which I have found successful; I
will however describe the two least difficult ones of them. 4‘
1. Select a stone of moderate weight, and fit it into the frame of
exposure (if the stone is very heavy you will find it difficult to fix it
properly) ; treat the stone in the usual way, to give it the grain
required for a fine crayon tracing. Imbue it now repeatedly with a weak
neutral solution of oxalate of sesquioxide of iron, taking care to make
the solution as neutral as possible, and to make it penetrate into the
stone as deep as can be. - A stone so prepared may be kept a very
long time without losing its sensitiveness, provided, of course, it be
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properly secluded from light. The best way is to expose the stone
still moist, but not wet ; the time of exposure depends upon the
power of the sun, and the nature of the object to be depicted. If the
exposure has been sufficient, the image may already be seen in all parts
in a brownish color. A solution of carbonate of ammonia is now
poured over the stone, which will bring out the picture to the greatest
advantage, and will at the same time serve to fix it. The stone is
then floated over with water to wash away the soluble salts.

In order to multiply the picture by the press, the stone need

. simply be made to take the printer’s ink on the drawing only, leaving
the other parts perfectly clean; this is effected by etching with
an acid in the usual way, and the acid best suited for the purpose is
highly diluted oxalic acid. The remaining operations are conducted
in the same way as is generally done in lithography. By means of this
method, impressions may be taken of architectural objects, and
multiplied by the press.

2. Prepare the stone in the same way as in No. 1, and coat it over
with a solution of asphaltum in ethereal oil ; place on it the object
to be copied (a drawing, or a negative photographic picture on paper
or glass), and press this closely against the prepared surface by means
of a strong glass-plate; expose now to the light. . The resinous
coating loses its coherence in the parts corresponding to the lights of
the negative picture. Upon blackening the stone now with lithographic
ink, the saponaceous ink adheres to the stone in all these denuded
parts, but not in those where the resinous coating -remains intact ;
upon treating this surface afterwards with an acid, the decomposed
soap leaves a fatty layer on the denuded parts and on the resinous coat-
ing ; and on washing the stone now with alcohol or ether, the resinous
coat, together with the layer of fatty matter covering it, is removed ;

' whilst in the parts where the fatty layer adheres directly to the

i denuded stone, no change takes place. By means of this method, and

i the common etching with an acid, copies of drawings, &c., may be

| taken by the lithographic press in the usual way.

Gummi guaiacum and other resins may be used instead of asphaltum
to coat over the stone.
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THEORY OF THE PHOTOGRAPHIC PHENOMEN A.

Ir we inquire the nature of the action of light in the production of
the photographic phenomena, we find that the effects produced arise
from the decomposing action which light exercises upon metallic
compounds, tending to reduce them to the metallic state.

In the case of iodised silver plates, the following appears to me the
rational explanation of the phenomena observed.

The iodide of silver formed on the plate in the iodine box, is redueed
by the action of the luminous rays to subiodide, the liberated iodine
being again absorbed by the plate ; this reduction is most considerable
in the most strongly illuminated parts ; in the less illuminated parts it
is much less marked, and in the darkest parts, the iodide of silver is
hardly affected at all. Now, upon the subsequent contact of the mer-
curial fumes with the surface of the plate, the mercury combines with
the iodine of the iodide of silver, forming subiodide of mercury, with
a corresponding reduction of silver to the metallic state ; the quantity
of the subiodide of mercury so formed, is greatest in the shaded parts
where the iodide of silver is left almost intact, less in the parts feebly
affected by the luminous rays, and least in the parts where the action
of the light, has been strongest. As regards the shaded parts, the
chemical action stops here; but the case is different with the parts
previously acted upon by the luminous rays ; in these latter parts, the
subiodide of mercury formed coming into contact with the.subiodide of
silver, a double decomposition ensues: the subiodide of mercury
separates into two parts, of which one combines with the iodine of the
subiodide of silver, and with the iodine of the other part, forming
iodide of mercury; the reduced silver and the reduced mercury
amalgamating and settling on the plate. The picture accordingly malkes
its appearance first in the lightest parts, since the quantity of mercury °
absorbed is the greater, the richer the parts are in subiodide of silver.
In the most shaded parts, on the other hand, where iodide of silver
alone is offered to the mercurial fumes, there can be formed only a more
or less dark film of subiodide of mercury, mixed with metallic silver,
which latter substance being in a state of most minute division, exhibits
a black tint. But between these two extremes of the deepest shadow
and the strongest light, are seen the semi-tints of the object depicted ;
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and these semi-tints again are lighter or darker in the different parts
of the picture, in proportion to the depth of the film of subiodide of
silver respectively covering the several parts, and accordingly in pro-
portion as the iodide has been acted upon more or less vigorously by
the luminous rays ; and thus we find also after the exposure of the
plate to the mercurial fumes, that the shaded parts, being covered with
iodide of mercury and metallic silver, look black or greenish, whereas
-the lightest parts look reddish, from the presence on them of an alloy
of silver and mercury in invisible particles, covered with a film of
iodide of mercury. Upon washing the plate afterwards with a
solution of hyposulphite of soda, the iodide of mercury is dissolved,
the subiodide being decomposed at the same time, into iodide, which
is then also dissolved, and metallic mercury, which remains on the
plate.

The white parts of the picture are accordingly constituted by the
alloy of mercury and silver deposited on the plate, and are the more
vivid, the more copiously this alloy has been deposited ; the dark
parts on the other hand are formed by deposits of most minutely
divided metallic silver. The produetion of photographic pictures
on paper or glass, is likewige the result of the decomposition by the
agency of light, of the metallic compounds forming the impres-
sionable surface ; of this fact anybody may convince himself by the
following simple experiment :

Take a piece of paper prepared with chloride of ammonium and
nitrate of silver, and put it, together with a little potassinm, intqa
perfectly dry glass tube ; seal this hermetically, and leave it about
twenty-four hours in the dark, to give time for the oxygen of the
air in the tube to combine with the potassium. Place the tube now
in sunlight: after a few hours yom will find that the paper has
acquired a black tint; though not of the same intensity as another
piece of the same paper, which has been exposed for a much shorter
time in the open air.

If you now open the glass under a solution of ammonia, you will
not indeed detect any free chloride in it ; however, if you examine the
potassa salt in the glass, you will find that it is the hydrochlorate, an
evident proef that hydrochloric acid must have been liberated from
the paper, and have combined with the alkali metal. The several

B2
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processes of decomposition and combination which have taken place
may be briefly stated as follows :—The paper having been prepared
with chloride of ammonium and nitrate of silver, we have in it—

Hydrochlorate of ammonia.

(Chloride of ammonium, sal-ammoniac.) Nitrate of silver.
Hydxq)chloric acid. Ammonia. Nitric acid.  Oxide of silver.

i ~ - ~ ——t—
Hydrogen. Chlorine. Nitrogen. Hydrogen. Nitrogen. Oxygen. Silver.Oxygen.

Y

[ SE— —
Nitrate of ammonia.

I Chloride of silver. J

Water.

There are accordingly contained in the paper, nitrate of ammonia,
chloride of silver, and water, and besides these substances a little free
nitrate of silver, as has been intimated already on a former occasion.
Under the influence of the solar rays the chloride of silver is decom-
posed, the liberated chlorine probably combining with the hydrogen of
the decomposed water, and forming hydrochloric acid with it, whilst
the potassium combines with a portion of the.liberated oxygen of the
water, forming potassa, which again combines with the hydrochloric
acid to hydrochlorate of potassa ; the liberated silver of the chloride
combines with the other portion of the oxygen to oxide of silver.

The liberation of the chlorine may be equally .demonstrated by
anpther very simple experiment. Put a little pure chloride of silver
into a bent glass - tube, closed at one end,
and confine the other end under water
(see figure 10); expose the ‘chloride in
the tube to light, taking care to shake
the tube occasionally, in .order that the
whole of the chloride may be brought
under the influence of that agent. As
soon -as the chloride of silver . begins to,
acquire a black tint, the water will be
seen ‘to rise in the tube. When the
whole of the chloride has become black,
add a few drops of solution of nitrate of silver to the water, when,

Fig.10. °
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the formation of a precipitate of chloride of silver will at once demon-
strate the presence of chlorine in the water. -

This simple experiment sufficiently shows that the chloride of silver
suffers decomposition under the influence of light, chlorine being set
free, and the reduced silver combining with oxygen instead.

The same explanation of the process applies of course equally to
the iodide and bromide, and other salts of silver. The use of gallic
acid to develope the latent image rests upon the great affinity of that
acid for oxygen, by virtue of which it decomposes the salts of silver ;
properly speaking, therefore, this acid simply serves to complete
what the light has already begun. The action of the light has tended
already to loosen the connection between the component elements of
the silver-salt, in the parts touched by the luminous rays; in these
parts, therefore, the gallic acid readily succeeds in reducing the silver
to the metallic state ; the minutely-divided reduced silver exhibiting
a black tint. In the parts that have not been acted upon by the light,
on the other hand, the silver salt has remained unaltered, and the
gallic acid cannot, therefore, effect the separation of metallic silver
here so speedily as in the parts impressed by the light.- Now, upon
treating these pictures afterwards with hyposulphite of soda, the
unaltered salt readily dissolves in this agent, and is thus removed;
whereas, the separated silver is but very little affected, and remains
in the substance of the paper in a state of minute division ; the
picture appears accordingly negative (that is, if produced in the camera
in the usual way). Instead of gallic acid, other substances, that have
a strong affinity for oxygen, such as hyposulphate, sulphate, and
hyponitrate of protoxide of iron, may be used with the same result;
also the alcoholic solution of many ethereal oils, more especially of the
oil of cloves (oleum caryophyllorum), and of cinnamon (oleum cinna-
momi) ; these latter, however, act much more slowly than the other
substances named. :

In the case of the salts of iron, the impression produced by the
decomposing action of the light is brought out most fully and clearly
by subsequent treatment with ferricyanide of potassium.
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A few practical hinis on the proper seloction and arrangement of the
looale in which pkotegraphic operations may best be performed, and
on the proper posture, attitude, and dress of persons who wish
to have their portraits taken with the photographic epparatus.
By Franas Seaveert, Pasinler.

PaotocrarHIO portraits are, of course, always taken best in the open
air; however, as it is mot at all times feasible to do so, the photo-~
graphic artist must select and suitably arrange an appropriate apart-
ment for the purpose. It need hardly be remarked here that this
apartment must be as light as can be ; in fact, the most suitable is a
glass house, standing in an open ground, or erected on the top of a
building. But here again, everyone has not the means at his command
to have a structure of the kind erected in an appropriate spot. Most
photographic artists must content themselves with the choice of a well
lighted apartment, if possible, with a sky-light. A room receiving
the light from the north-west is preferable to others.

The walls should be painted of a light blue, which will tend
to diffuse a mild, uniform light throughout the apartment; in the
case of a glass house, the light may be regulated in the same manner
by means of light-blue cartains. This contrivance has another
beneficial effect; viz., it excludes those luminous rays which are
least effective in a photographic point of view.

As regards the proper attitude of the person sitting for the portrait,
this must of course be left in a measure to the individual judgment
and taste of the artist. Hewever, a few hints on this subject may
not prove anweloome,

The posture of the persom sitting for the portrait should be easy
‘and unconstrained ; the feet and hands neither projecting too much,
nor drawn too far back ; the eyes should be directed a little sideways
above the camera, and fixed upon some object there, but never upen
the apparatus, since this would tend to impart to the face a dolorous,
dissatisfied look. Stout persons should be placed at a certain distance
from the apparatus, turning towards it a little sideways ; whilst people
of slender make should be made to sit full in front, and nearer the
apparatus. Long arms and legs require drawing back a little. The
hands should rest easy on the lap, neither too high nor too low ; or
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one hand may be placed on the table, the other holding a book or
some other object. A thick hand should show the thumb in the
foreground, with the fingers bent a little inward ; a long hand had
better show the back ; a hand of handsome shape, neither too long nor
too short, should show full two thirds, with the fingers easily and
gracefully hanging down. A slight lateral inclination of the body
forward will generally produce a good effect. In the case of ladies, a
shawl or boa, or similar article of dress, thrown lightly over the
shoulders, and arranged in a manner to hide some defect, and to
properly distribute light and shadow, will mostly tend to produce a
pleasant impression.

Of a full round face, with large mouth, small eyes, and small nose,
the portrait should be taken in half profile, so as to show one side of
the face in full, with very little of the other side.

A moderately full face, with, aquiline nose, and handsome meuth
and eyes, should be taken in three-fourth profile ; a countenance with
strongly-marked features full in front.

The selection of a proper background for the plcture is also a
matter of some importance ; in some cases, a landscape will give a
most pleasing background, in others a simple wall will answer as well,
or even better ; the decision here must be left to the individual
judgment and taste of the artist,

If two persons are to be portrayed in the same picture, the one
should be made to lean lightly on the chair of the other, and the faces
of both should be partly turned to each other, as in conversation.
Or they may be placed at a table seated opposite each other, the
one with the right, the other with the left arm laid on the table, and
the bodies of both gently inclined forward and towards each other, as
in conversation.

The arrangement of family groups again must be left enmtirely to
the judgment of the artist ; care should always be taken, however, to
place the several persons constituting the group all at the same focal
distance.

With respect to dress, colors and objects of intense illumination
should always be avoided ; this applies more particularly to yellow
and scarlet. Plain-colored dresses, neither too light nor too dark
give always the most pleasing pictures.
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TABLE I.
—
THE MOST IMPORTANT CHEMICAL ELEMENTS, OR SIMPLE BODIES, WITH
THEIR RESPECTIVE SYMBOLS AND COMBINING PROPORTIONS.*

EQUIVALENTS, OR
COMBINING PROPORTIONS.
NAME. SYMBOL. v
0XYGEN=100. HYDROGEN=1.
Aluminium . . Al 1705 136
Antimony (Stlbmm) . 8b. 1612-6 1290
Argenic . .| As 9375 750
Barium . . .o Ba. 8575 68-6
Bismuth . . . Bi, 26000 2080
Boron . . . . B. 1362 109
Bromine . . ) Br. 1000-0 800
Calcium . . . Ca. . 2500 200
Carbon . . . C. 750 60
Chlorine . . .. CL 4437 855
Chromium . . . Cr. 8350 26-8
Cobalt . . Co. 3686 295
Copper (Cuprum) . Cu. 3960 317
Fluorine . . . F. 2375 19:0
Gold (Aurum) . . Auw 24625 1970
Hydrogen . o . H. 12'5 10
Todine . . . L 15850 126-8
Iron (Ferrum) . Fe. 8500 280
Lead (Plumbum). . Pb. 1294°6 1036
Magnesium . . . Mg. 150-2 1211
Manganese . Mn. 3447 276
Mercu (Hydrargyrum) Hg. 12500 100.0
Molybdenum . Mo. 5750 460
Nickel . . N Ni 869-3 296
Nitrogen . . . N. 1750 140
Oxygen . . .. 0. 1000 : 8.0
Phosphorus . P. 8920 814
Platinum . . Pt. 12367 989
Potassium (Kalmm) . K. 4900 89-2
Selenium . . Se. 4940 89-5
Silver (Argentum) . Ag. 1349.6 1080
Sodium (Natrium) . . Na. 2875 230
Strontium . , . Sr. 5459 437
Sulphur . . . . S. 2000 160
Tin (Stannum) . Sn. 7353 588
Uranium . . e U. 742:9 595
Zine . . . . Zn. 4066 825
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THE MOST IMPORTANT CHEMICAL OOMPOUNDS (ll A PHOTOGBAPHIC POINT
oF VIEW), ‘WITH THEIR FORMULXE AND COMBINING PROPORTIONS.

EQUIVALENT, OR
NAME. FORMULA. PROTORTN
HYDBOGIN=i.
Acetate of alumina . .|AlaOs, 83X 2042
— ta . . .|Ba0O,A+HO 1366
— copier, neuhul} Cu0, & + HO 997
= o 1‘&%‘“’“‘“’(5“8" PbO, X +3HO 1896
— soda . . .|NaO,A+6HO 136-0
Acetic acid . . . .|CsH30s + HO=A +HO 60-0
Alcohol . . gglo (?.S+ HO ALOs 550
. . 40, 80s + AlsOs, )
Alum, ammonia- . . { 380s +24HO } 4532
— potassa- K?’gfﬁg Als 05,380s } 4744
Ammoniacal gas (spirits of .
hartshorn) p. NHs 17:0
Ammonia, solution or hquor of | NHs + zHO
Amylum, see Starch . :
Antimoniate of potassa KO, 8b0s 2162
Arseniate of potassa. . KO, AsOs +2HO . 1802
. BaO . . 766
Benzoic acid Cis Hs Os + HO 122-0
Biborate of soda (borax) NaO, 2BOs + 10HO 1908
Boracic acid, crystalhsed BOs +3HO 619
Bromic acid . BrOs 120-0
Bromide of potasamm KBr 119.2
— silver AgBr 1880
—_ sodium NaBr 103-0
Bromiodine . IBrs 3668
Camphor, Japan Cio HsO . 760
Carbonate of ammonia .| NHs, COs 390
-_ -_— sesquil-
carbonate " } 2NH, O +3C0s 1180
Carbonate of baryta Ba0, COs 98-8
—_ lime . . . | Ca0,COa 50-0
— esia . MgO, COs +3HO 69-1
— ottzlasa (mla;ltral) KO, COs 69-2
— acid or bicar- ,
bonate) . K0,2C0s +HO - 100-2
—_ soda (crystall) . | Na0, C0a +10HO 143+0
—_ soda(bicarbonate) NaO 2C0s + HO 84:0

8
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walt) . .

. EQUIVALENT, OR|
HAME. FORMULA. RO .
HYDROGEN =1.
Carbonate .::l strontia . . gré), COs gg‘z
Caoutchoue . . .| CsHs 550
Chlorate of ammonia . . .| NH.O, Cl0Os 1015
—~ baryta . . .|[Ba0,ClOs + HO 1611
— potassa . . .|KO,ClOs 1227
soda . . Na0, Cl0s 106 &6
Chloric acid - ( Cl0s 756
Chloride of uxmmum see- |
quichl) . Al Cls +12HO 2417
- "‘;‘;‘;‘)“““‘ (oo} | vm,, 1 535
ammo: . e
—_ arsenic. . . | AsCls 181-6
— barium . . .|BaCl+2HO 1221
—_ cobalt . . . { CoCl 650
= an 2T (eubeklo-1 ! e 989
- ised | CuCl + 4HO 1032
—_ cyanogen, gase- .
ous (proto)) ’ . CyCl 61-5
™ (sesaui) solid 1! cacs 1685
—_ goll (h;chlor) . | AuCls + 6HO 857-6
— gold and sodium . y
_ o iod)ine, liquid ;I;Cl +AuCl: +6HO ﬂ:’ :
— 7 = solid (ter). | ICls 2388
— iron, proto- . . | FeCl +4HO 99-5
— — sesqui- . .{FeaCls +6HO 2165
— lead, neutral L. PbCl 1891
T powday P1<H28 1] 00, G104+ CaCl 1270
—_ magnesium, . | MgCl+ 5HO 926
— manganese, proto- | MnCl + 4HO 99-1
— —_ sesqui- | Mns Cls 161-7
T a BT 1358
—_ nickel G NiCl +10HO 1551
— — andammonia K
(smmonio-chloride of » | NiCl+ 2NHs +HO 1o&1
nickel) . . 1205
— mtrogen (terchl ). | NCls
-— hy.
dratod bxchlondo . } PtCls +8HO 2419
-_— potassium .| KCl 747
- silver . AgCl 1435
- sodium (eommon} NaCl 58'5
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EQUIVALENT, onl
MIXTNG

NAME. FORMULA. PROPORTION.
HYDROGEN=1.
Chloride of strontium . «+|S8rCl+6HO 1882
—_ sulphur (subchl.) . | 8sC1 676
- pm‘;" crystallised 1| 80014+ HO 1033
cryst. bichloride | 8nCls + 2HO 147-8
Chloroform . Ca HCls 1196
Chromate of lead, neutral . PbO, CrOs 162-2
— potassa, neutral . [ KO, CrOs 980
— —_ or .
bichromate . . KO, 2Cr0s 1488
Cxtth of sesqui-oxide of iron .
sesquioxide of iron
and ammonia .
—  sesquioxide of iron
and potassa .
—  sesquioxide of u'on}
and soda . .
— mereury . . .
—  silver . . .
Citrie acid, by crystallisation —
at the common tem- } | Cis HsOnn +5HO=Ci 2100
perature . . '
- precipitated from
oy e ’°, 1L Cia HiOn 4 8HO=CF | 1020
212°. .
Cobalt, oxide of . . .| CoO 875
Cotton . .|CHO 150
Cyanate of potausa KO, Cy0 812
Cyanicacid . . CyO+HO 430
Cyanide of potammn . .| KCy 6852
Cya;- silver . éggy ¢y 1340
ogen . s N = 26-0
Ether . ( C.Hs 0 870
Ferricyanide of potasuum red .
A } 8KCy, Fes Cys 3296
Ferrocyanide of potassium
(yellow prussinte of } | 2KCy, FeCy + 8HO 2114
tassa,
Fluoride of smmonmm . NH.,Fl 370
— , calcium (ﬂuonpu-) CaFl 390
—_ potassmm KF1 58-2
—_ sodium . . | NaF1 — 420
Formic acid . . .[CsHOs + HO=Fo 460
Gallie acid, talhsed .« .| CrHaO0s + HO—Ga 850
Gold, oxide (tBrodee) of AuOs 2210
Hydrobromm acid . . .|BrH 810
Hydrochloricacid . . .|CIH 36'5
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EQUIVALENT, OR
NAME. FORMULA. FaoroRTION.
HYDROGEN=1.
Hydrochloric acid, most con- .
centrated hydrated ClH + GHO. 905
Hydrocyanic acid CyH 270
Hydrofluate of ammoma
Hydrofluoric acid . . FIH 200
Hydriodate of ammonia . NHs, HI 1448
Hydriodic acid . HI 1278
Hydrosulghuric acid (mphu-} y
v retted hydrogen) HS 170
Hyponitrate of protoxide of iron
Hyponitric acid . NO. 460
Hyposulphate of protonde}
of iron . .
Hyposulphate of soda . Na0,8:0s +5HO 1240
Hyposulphuric acid . S:0s 720
Hyposulphurous acid . . |[S:0s 480
Iodate of ammonia . . .| NH.0,I0s 1928
Todic acid . . 10s + HO 1758
Iodide of ammonium . NH,,I 1448
—  iron (gesqui-) . Fe:Is 436.4
—  potassium .| KI 1660
—  silver . . .| Agl 2348
— sodium . . Nal 149-8
Iron, protoxide of . . FeO 36-0
— sesquioxide of Fe2 Os 800
— hydrated sesqmoxxde of . | Fes Os + SHO. 1070
Lime, hydrate of . | CaO +HO — 370
Malic acid . . . .| CeH20. + HO=M 67-0
Manganate of potasaa . .| KO, MnOs 98-8
—  per-. .|KO,Mn:0s 1584
M;lk sugar Co4 Hee O2s + 2HO 3600
Nickel, oxide of . . NiO . 876
Nitrate of ammonia . +|NH.0,NOs +HO 89-0
—  Dbaryta « « +|BaO,NOs 1306
= pieequioxide °f‘fh“* Crs0s, 3NOs 2396
—  copper Cu0, NOs 937
—  sesquioxide of i iron . Fes: Os, 3NOs 2420
—  lead . PbO, NOs . 1656
—  mercury . 2(HgO, NOs)+ HO 3330
—  mercuryand ammonia (NHs, NOs) + 8HgO .3950
—  nickel . .| NiO, NOs + 6HO 1456
—  potassa KO, NOs 101-2
—  silver . .| AgO, NOs 170-0
— —  and ammonia. AgO, NOs +2NHs 204-0
— . . | NaO, NOs 850
—  strontia . | SrO, NOs 1057
—  zinc . . Zn0, NOs 946
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EQUIVALENT, OR
Nauz. TFORMULA. PROPORTION,
HYDROGEN=1,
Nitric acid, first hydrate . .| NOs +HO 630
Oxalate of ammonia, neutral .| NH.O,C:0s + HO 71-0
—_ —  acid (bm- . .
o) . } NH. 0, 2C2 0s +2HO 1160
— BaO, C:0s + HO 1216
— cobalt and ammo- 12NHs + CoeCos O1s + 4785
nia 6HO
— copper and soda C: NaCuOs + 2HO. 116-7
—  sesquioxide of iron. | Fes Os, 3C: O3 1880
— sesquioxide of iron g
and smmonia Co (3NHs O)Fe: O1a 266-0
- mmd" ofiron 1| o, BayFes01s + 21HO | 5828
—  sesquioxide of iron 3
and haomde } CoKs Fes Ora 3056
—  sesquioxide of i iron ,
ant edptoxide of } CoNasFes Ous + 10HO | 3470
—  sesquioxide of iron R
sy Suioxide } CoSraFes Ons + 18HO 4811
Oxalate of lead . . PbO, C: 0s 147:6
—_ nickel . . NiO, CaOs + 2HO 91-6
— — and ammonm .
—_ potassa, neutral KO0, Cs Os + HO 922
— — acid, orbin- .
oxalate (sorrel salt) KO, 2C:0s + H0+2aq. 1462,
soda, neutral . | NaO, CaOs 670
Oxahc acid . .| Ca0s +HO+ 2aq.=0x 630
Phosphate of potusa . . .!KO,POs 1186
—_ silver . . AgO POs 1874
— soda . . .|NaO,POs . 1024
Potassa . . . . L,|/KO 472
— - hydrate of KO+HO ' . .562
Prussian blue. 3FeCy + 2Fes Cys + 9HO 5110
Pyrogallic acid . CeHs 0s = pG 630
Racemic acid, see Uvic acid
Sal-ammonmc, sce Chloride of
ammonium.
Silver, oxideof . . .[AgO 116+0
Soda NaO 31-0
— hydrate of NaO+HO 400
Stannate of potaesa KO, Sn0: + 3HO 1490
Starch Cia Hio O’ 162-0
Succinate of ammoma, acid .
— sesquioxide of T .
iron . Fes 03, 38u 2300
— potassa acid . L
Succinio acid, erystallised . {| CtFaOs +HO=Su+ 1] 59
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EQUIVALENT, OB

NAME. FORMULA, MIXING
PROPORTION.
HVYDROGEN=1.
Succinio seid, sublimed . { | 240> HO=R L 1m0
Sugar. . . . . +|CsHuOn 1710
— hn.Of lead, see acetate of lead
Sulphate of a.mmonia, crys- 570
B tallised . s NHs,80s
Sulphate of sesquloxx o o NH. O, 8Os + CrsOs
chrommm and am- 8S0s + 24HO ! 4796
Sulplnte of sesqmonde of
chromium and po- KO;S&HB Crs 0s,380s } 5008
tassa
Sul hate of cobalt and am- (NH. O, 80s) + (CoO, .
P §0s) + 6HO ¢ } 197°5
S‘ﬂl"“‘te °f o °°PP°' (‘"“ Cu0, 80s +5HO 1247
S“‘th °f °°PP°“ and ‘sm- ] | NE, 0,808 4Cu0,508 157
Sulphate of protonde ‘of iron .
n vitriol) Fe0,80s + 7THO 1390
Sulphate of sesquxonde of ] | (NH«0,80s) + (Fes Os, 4820
iron and ammonia . 380s) +24HO
Sulphate of sesquioxide of KO,803 + Fes 05,330s 5082
iron and potassa +24HO
Sulphate of nicke! . .| NiO, 80s + 7THO 1406
—_ potassa, ‘neutral . | KO,80s 87-2
— soda, neutral . | NaO,30s 71-0
Sulphite of potassa, neutral .} XO0,80s + 2HO 97-2
Sulphuretted hydrogen, (hy-1|gg 170
drosulphuric acid).
Sulphuric acid, English . . |8S0s +HO 490
Sulphurous acid. . . |80 320
Tannic aeid (Tannin) .| Cis Hs 00 + 3HO 212:0
Tartrate of ammonia, acid .| NH.O, ?;T +HO 167-0
—_ neutral . | QH+O, T+ HO 101-0
Tartrate ofsesquioxide of iron
—  Dbitartrate (or acid
tartrate) of sesqui-
oxide of iron .
Tartrate of sesquioxide of
iron and ammonia .
Tartrate of sesquioxide of
iron and potassa
Tartrate of sesquioxide of
iron and soda .
Tartrate of potassa, acid or o .
Lo Potassa, ¢ } KO, 2T+ HO 1882
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EQUIVALENT, OR|

NAME, FORMULA. mmmn“%n_

HYDROGEN=1.
Tartrate of potassa, neutral . KO, T_ 113-2
— soda, neutral . .| NaO, T+2HO _ 1150
Tartaric acid . CiHs0s + HO=T+HO 750
Tin, binoxide of (St.anmc ncxd) Sn0s 748
Turpentine, oil of . Cs He _ 340
Uvic acid « « «- .|CsHsOs + HO +aq.=U 84-0
Water . . . . .|HO 90

TABLE III.
———

BRIEF ABSTRACT OF THE PRINCIPAL RE-ACTIONS OF METALLIC SALTS WITH
THE MOST IMPORTANT RE-AGENTS.

I. METALLIC OXIDES,

1. SaLts or Potassa.

Tartaric acid produces in solutions of salts of potassa a crystalline
precipitate, which dissolves in an excess of sulphuric acid, hydro-
chloric acid, and nitric acid.

Bichloride of platinum produces a bright-yellow precipitate, which is
not dissolved by free acid.

Hydrofluosilicic acid produces a gelatinous precipitate.

Cyanic acid produces in alcohalic solutions of salts of potassa a yellow
crystalline precipitate.

Sulphate of alumina produces in concentrated solutions of salts
of potassa a deposit of potassa-alum (sulphate of alumina and
potassa.) v

2. Sarts or Sopa.

Hydrofluosilicic acid produces in concentrated solutions of salts of
soda a gelatinous precipitate ; the other reagents enumerated sub. 1,
fail to produce a precipitate in solutions of salts of soda.

Antimoniate of potassa produces in neutral solutions of salts of soda
a white precipitate of antimaniate of soda.

-
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3. SALTs OF AMMONIA,

Bichloride of platinum produces a yellow precipitate.

Tartaric acid produces only in very concentrated solutions of salts of
ammonia a crystalline precipitate.

Sulphate of alumina produces a crystal of ammonia-alum (sulphate of
alumina and ammonia).

Cyanic acid produces a precipitate only in the most highly concentrated
solutions.

Hydrofluosilicic acid fails to produce a precipitate in weak solutions of
salts of ammonia.

4. SaLts oF Barvra.

Dilute sulphuric acid prodncés a precipitate insoluble in acids.

Chromate of potassa produces a yellow precipitate, soluble in nitric
acid.

Hydrofluosilicic acid produces a crystalline precipitate, insoluble in
hydrochloric acid and in nitric acid.

Potassa produces a bulky precipitate, soluble in a copious amount of
water.

Ammonia fails to produce a precipitate.

Carbonate of potassa (neutral) produces a white precipitate, soluble in
acids.

Carbonate of ammonia, a white precipitate, soluble in acids.

Phosphate of soda, a white precipitate, soluble in acids.

Oxalate of ammonia, a white precipitate.

Hydrosulphate of snlphlde of ammonium fails to produce a pre-
cipitate. ’

Ferrocyanide of potassium produces acrystalhne precipitate in concen-
trated solutions of salts of baryta.

5. SALTS OF STRONTIA.

Dilute sulphuric acid produces in solutions of salts of strontia a
precipitate, which is almost insoluble in acids.

Chromate of potassa (neutral) produces after some tlme, a yellow
crystalline precipitate.

Bichromate of potassa fails to produce a precipitate.



REACTIONS OF SALTS OF METALLIC OXIDES. 89

Hydrofluosilicic acid also fails to produce a precipitate.

Potassa, ammonia, carbonate of potassa, carbonate of ammonia, and
phosphate of soda, present the same deportment with salts of strontia
a8 with salts of baryta.

Oxalate of ammonia produces a white precipitate.

Hydrosulphate of sulphide of ammonium fails to produce a pre-
cipitate.

Ferrocyanide of potassium

Ferricyanide of potassinm }produce no precipitate.

6. SaLts orF Liuk.

Dilate sulphuric acid produces only in concentrated solutions of salts
of lime a precipitate of gypsum (sulphate of lime).

Sulphate of potassa fails to produce a precipitate, or produces a pre-
cipitate only after long standing.

Chromate of potassa produces no precipitate.

Hydrofluosilicic acid produces no precipitate.

Oxalate of ammonia produces a white precipitate, nearly insoluble in
acetic acid.

Potassa, ammonia, carbonate of potassa, carbonate of ammonia, and
phosphate of soda, present the same deportment with salts of lime
as with salts of baryta.

Hydrosulphate of sulphide of ammonium produces no precipitate.

Ferrocyanide of potassium produces in concentrated solutions a white
precipitate, soluble in hydrochloric acid.

Ferricyanide of potassium produces no precipitate.

7. SaLts or MacNEsIA.

Sulphuric acid produces no precipitate in solutions of salts of magnesia.

Hydrofluosilicic acid produces no precipitate.

Potassa, ammonia, carbonate of potassa, and carbonate of ammonia
produce bulky white precipitates, which are soluble in sal-ammoniac
(chloride of ammonium); however, the precipitate produced by
carbonate of ammonia dissolves in the chloride of ammonium only
after boiling the fluid.

Phosphate of soda produces, more especially if free ammonia is present,
a precipitate, which is altogether insoluble in chloride of ammonium.
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Oxalic acid produces in presence of free ammonia, a precipitate, which

is soluble in chloride of ammonium, and other salts of ammonia.
Hydrosulphate of sulphide of ammonium produces no precipitate.
Ferrocyanide of potassium produces a copious white precipitate.
Ferricyanide of potassium produces no precipitate.

8. SaLts or ProtoxipE oF MANGANESE.

Potassa produces a white precipitate, which acquires a brown tint in
the air, and is soluble in chloride of ammonium.

Ammonia also produces a white precipitate, which acquires a brown
tint in the air, and is soluble in chloride of ammonium.

Carbonate of potassa and carbonate of ammonia produce white
precipitates, which remain unaltered in the cold, and are slightly
soluble in chloride of ammonium.

Phosphate of soda produces a white precipitate, which remains
unaltered.

Ozxalic acid produces in concentrated solutions after some time, a
white crystalline deposit, which is soluble in sulphuric acid and
hydrochloric acid.

Ferrocyanide of potassium produces a reddish-white precipitate, which
is soluble in free acid.

Ferricyanide of potassium produces a brown precipitate, insoluble in
acids.

Hydrosulphate of sulphide of ammonium produces a flesh-colored
precipitate, soluble in an excess of the reagent.

Sulphuretted hydrog:an (Hydrosulphuric acid) produces no precipitate.

9. SaLTs oF SEsQuUIOXIDE OF MANGANZSE.

Potassa, ammonia, carbonate of potassa, and carbonate of ammonia,
produce dark-brown bulky preecipitates, which are insoluble in
chloride of ammonium,

Phosphate of soda produces in an accurately neutralised hydrochlaric
acid solution of a salt of sesquioxide of manganese a very bulky
brown precipitate.

Oxalic acid produces no precipitate, bat after a time a diseoloration of
the flaid.
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Ferrocyanide of potassinm produces a grayish-green precipitate.

Ferricyanide of potassium, a brown precipitate.

Hydrosulphate of sulphide of ammonium, a flesh-colored precipitate.

Sulphuretted hydrogen reduces the sesquioxide to protoxide, with
separation of sulphur.

10. Sarts oF OxipE oF Zinc.

Potassa produces a white gelatinous precipitate, which redissolves in
an excess of the precipitant.

Ammonia, the same,

Carbonate of potassa produces a white precipitate, soluble in potassa
and ammonia. ’

Carbonate of ammonia produces a white precipitate, soluble in an
excess of the precipitant.

Phosphate of soda, a white precipitate, solable in acids, potassa, and
ammonia. ‘ :

Oxalic aeid, a white precipitate, soluble in potassa, ammonia, and
acids,

Ferrocyanide of potassium, a white gelatinous precipitate, insoluble in
hydrochloric acid.

Ferricyanide of potassium, a yellowish-red precipitate, soluble in
hydrochloric acid.

Hydrosulphate of sulphide of ammonium, a white precipitate,
insoluble in an excess of the precipitant, and in alkalies,

Sulphuretted hydrogen produces in neutral solutions of salts of oxide
of zinc a white precipitate ; but the precipitation is not complete,

11. Sauts oF ProtoxipE or Cosart.

Potassa produces a blue precipitate, which is insoluble in an excess of
the precipitant, and acquires a green color in the air.

Ammonia produces the same blue precipitate ; this, however, redis-
solves in an excess of the precipitant, the solution presenting a
brownish-red tint.

Carbonate of potassa produces a red precipitate, which, upon boiling,
acquires a blue color.
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Carbonate of ammonia produces a red precipitate, soluble in an excess
of the precipitant, and in chloride of ammonium.

Phosphate- of soda produces a blue precipitate.

Oxalic acid, after some time, a reddish-white precipitate.

Ferrocyanide of potassium, a green precipitate, which afterwards turns

_ gray; this precipitate is insoluble in hydrochloric acid.
Ferricyanide of potassium, a dark-brownish-red precipitate, insoluble
in hydrochloric acid.

Hydrosulphate of salphide of ammonium produces a black precipitate,
insoluble in an excess of the precipitant, and in alkalies.

Sulphuretted hydrogen fails to precipitate cobalt from acid solutions;
it precipitates it imperfectly from neutral, but completely from
alkaline solutions.

12. SaLts or Protoxmnk or NicksL.

Potassa produces an apple-green precipitate, insoluble in an excess of
the precipitant, and unalterable in the air.

Ammonia produces a slight green precipitate, which redissolves
immediately upon further addition of the reagent, imparting a fine
blue color to the fluid. Potassa precipitates from this fluid,
hydrated protoxide of nickel (NiO+4 HO).

Carbonate of potassa produces an apple-green precipitate.

Carbonate of ammonia produces an apple-green precipitate, which
redissolves in an excess of the preclplta.nt imparting a bluish-green
color to the solution.

Phosphate of soda produces a greenish-white precipitate.

Oxalic acid, after some time, a greenish precipitate.

Ferrocyanide of potassium, a white precipitate, insoluble in hydro-
chloric acid.

Ferricyanide of potassium, a yellowish-green precipitate, msolnble in
hydrochloric acid.

Hydrosulphate of sulphide of ammonium, a black precipitate, not
altogether insoluble in an excess of the precipitant, and in
alkalies.

Sulphuretted hydrogen produces no precipitate in acid solutions ; from
nentral solutions of salts of protoxide of nickel, with weak acids,
it precipitates the nickel only imperfectly.
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13. SaLts oF ProToxipk or Iron.

Potassa, ammonia, carbonate of ammonia, and carbonate of potassa,
produce whitish precipitates, which speedily acquire a green tint,
and, upon exposure to the air, a reddish-brown color. _Chloride of
ammonium and tartaric acid prevent the precipitation by ammonia
absolutely, by potassa partially.

Phosphate of soda produces a white precipitate, which upon exposure
to the air acquires, after a time, a bluish-green color.

Oxalic acid produces, after some time, a yellow precipitate ; oxalates of
the alkalies produce the same precipitate immediately.

Ferrocyanide of potassium produces a white precipitate, which very
speedily turns blue upon exposure to the air; this precipitate is
insoluble in hydrochloric acid.

Ferricyanide of potassium produces a dark-blue precipitate, insoluble
in acids.

Terchloride of gold produces a brown precipitate of metallic gold.

Nitrate of silver, a grayish-white precipitate of metallic silver.

Hydrosulphate of sulphide of ammonium, a black precipitate, insoluble
in an excess of the precipitant, but very readily soluble in hydro-
chloric acid.

Sulphuretted hydroger produces a slight precipitate only in solutions
of salts of protoxide of iron with weak acids.

14. SaLts oF SEsQUIOXIDE oF IRoN.

Potassa, ammonia, carbonate of potassa, and carbonate of ammonia,
produce reddish-brown bulky precipitates, which are partially soluble
in an excess of the carbonate of potassa or carbonate of ammonia.

Phosphate of soda produces a white precipitate,” which dissolves, in
presence of ammonia, in an excess of the i)recipitant, imparting a
reddish-brown color to the solution.

Oxalic acid produces a yellow coloration, but no precipitate.

Ferrocyanide of potassium, a dark-blue precipitate, insoluble in hydro-
chloric acid.

Ferricyanide of potassium produces no precipitate.

Hydrosulphate of sulphide of ammonium produces-a black precipitate ;
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but if the solution contains only a very trifling quantity of iron, this
reagent simply imparts a greenish color to the fluid.

Sulphuretted hydrogen reduces the sesquioxide to protoxide, with
separation of sulphur.

15. Savts oF Oxx or Lran.

Potassa produces a white precipitate, which re-dissolves, upon the
application of heat, in a large excess of the precipitant.

Ammonia produces a white precipitate, insoluble in an excess of the
precipitant.

Carbonate of potassa, a white precipitate, insoluble in an excess of
the precipitant, but soluble in potassa.

Carbonate of ammonia, the same.

Phosphate of soda, a white precipitate, soluble in potassa.

Oxalic acid, in neutral solutions a white precipitate.

Ferrocyanide of potassium, a white precipitate.

Ferricyanide of potassium produces no precipitate.

Hydrosulphate of sulphide of ammonium produces a black precipi-
tate, insoluble in an excess of the precipitant.

Sulphuretted hydrogen, in neutral and acid solutions, a black precipitate.

Dilute sulphuric acid, a white precipitate, soluble in potassa.

Hydrochloric acid, in concentrated solutions, a white precipitate,
soluble in a large quantity of water.

Chromate of potassa, a yellow precipitate, insoluble in dllute nitric
acid, soluble in potassa.

16. Savts or Teroxipe oF BismMuTH.

Potassa produces a white precipitate, insoluble in an excess of the
precipitant.

Ammonia, the same.

Carbonate of petassa and carbonate of ammonia, the same.

Phosphate of soda, a white precipitate.

Oxalic acid, after some time, a crystalline precipitate.

Ferrecyanide of potassium, a white preeipitate, insoluble in hydrc-
chloric acid.

Ferricyanide of potassium, a pale-yellow precipitate, insoluble in
hydrochleric acid.



REACTIONS OF SALTS OF MRTALLIC OXIDES. 95

lydrosulphate of sulphide of amumonium, a black precipitate, insoluble
in an excess of the precipitant.

ulphuretted hydrogen, even in acid solutions, a black precipitate.
hromate of potassa, a yellow precipitate, soluble in dilute nitrie acid.

17. SaLs or Susoxipr or Coprkr.

otassa saturates first the free acid of the solution (subchloride of
copper dissolves only in an excess of hydrochloric acid), and then
produces a yellowish-brown precipitate, insoluble in an excess of
the precipitant.

mmonia in excess produces no precipitate, but after some time it
imparts a blue color to the fluid.

stbonate of potassa produces a yellow precipitate.

srbonate of ammonia acts in the same way as ammonia.

hosphate of soda produces a white precipitate.

xalic acid, a white precipitate.

errocyanide of potassium, a white precipitate.

‘erricyanide of potassium, a reddish-brown precipitate.

fydrosulphate of sulphide of ammonium, a black precipitate, insoluble
in an excess of the precipitant.

alphuretted hydrogen, a black precipitate.

18. SaLts oF Oxine oF Corper. *

ptassa produces a blue precipitate, which acquires a black color on
being boiled with potassa.

mamonia, a greenish precipitate, which re-dissolves in an excess of
the precipitant, imparting a blue color to the solution.

arbonate of potassa, a bright-greenish precipitate.

arbonate of ammonia acts in the same way as ammonia.

hosphate of soda produces a bluish-white precipitate, soluble in
ammonia.

xalic acid, a bluish-white precipitate.

errocyanide of potassium, a reddish-brown precipitate, insoluble in
hydrochloric acid.

erricyanide of potassium, a yellowish-green precipitate, insoluble in
hydrochloric acid.
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Hydrosulphate of sulphide of ammonium, a black precipitate, insoluble
in an excess of the precipitant, and.in ammonia.

Sulphuretted hydrogen, a black precipitate.

Chromate of potassa, a reddish-brown precipitate, readily soluble in
nitric acid ; this precipitate dissolves also in ammonia, imparting an
emerald-green color to the solution.

19. Sarts or OxIDE OF SILVER.

Potassa produces a light-brown precipitate, insoluble in an excess of
the precipitant, but soluble in ammonia.

Ammonia produces, in neutral solutions, a brown precipitate, readily
soluble in an excess of the precipitant ; in presence of free acid, the
re-agent produces no precipitate by neutralisation.

Carbonate of potassa produces a white precipitate, soluble in ammonia.

Carbonate of ammonia, a white precipitate, soluble in an excess of the
precipitant.

Phosphate of soda, a yellow precipitate, soluble in ammonia.

Oxalic acid, a white precipitate, soluble in ammonia.

Ferrocyanide of potassium, a white precipitate.

Ferricyanide of potassium, a reddish-brown precipitate.

Hydrosulphate of sulphide of ammonium, a black precipitate, insoluble
in an excess of the precipitant, and in ammonia.

Sulphuretted hydrogen, a black precipitate.

Hydrochloric acid, a white precipitate, soluble in ammonia.

Chromate of potassa, a dark reddish-brown precipitate, soluble in
dilute nitric acid, in ammonia, and in a large quantity of water.

Sulphate of protoxide of iron, a grayish-white precipitate of metallie
silver. |

Protochloride of tin, acidulated with hydrochloric acid, and add
rather largely to the solution of a salt of silver, produces a precipi
of metallic silver.

20. Sarts or SuBoxipeE oF MERCURY.
Potassa produces a black precipitate, insoluble in an .excess of
precipitant.
Ammonia, the same.
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Carbonate of potassa produces a dirty-yellow precipitate, which is
slightly soluple in an excess of the precipitant, and upon boiling
acquires a black tint.

Carbonate of ammonia, a black precipitate.

Phosphate of soda, a white precipitate.

Ozxalic acid, a white precipitate.

Ferrocyanide of potassium, a white gelatinous precipitate.

Ferricyanide of potassium, a reddish-brown precipitate.

Hydrosulphate of sulphide of ammonium, a black precipitate, insoluble
in an excess of the precipitant, and in ammonia; potassa dissolves
the precipitate, leaving a little metallic mercury behind.

Sulphuretted hydrogen produces a black precipitate.

Hydrochloric acid, a white precipitate, insoluble in very dilute
simple acids.

Chromate of potassa, a red precipitate.

21. Sauts oF Oxipe oF MERCURY.

Potassa produces a yellow precipitate, insoluble in an excess of the
precipitant ; in presence of sal-ammoniac (chloride of ammonium),
the precipitate formed is white ; in highly acid solutions, potassa
produces no precipitate, or at all events only a slight one.

Ammonia produces a white precipitate, ‘insoluble in an excess of the
precipitant.

Carbonate of potassa, a reddish-brown precipitate, insoluble in an
excess of the precipitant; in presence of sal-ammoniac, the
precipitate is white.

Carbonate of ammonia produces a white precipitate.

Phosphate of soda, a white precipitate ; in solutions of chloride of
mercury, however, only a slight turbidity.

Ozxalic acid, a white precipitate ; in solutions of chloride of mercury,
no precipitate. :

Ferrocyanide of potassium, a white preclpltate

Ferricyanide of potassium, a yellow precipitate ; in aolntlons of chloride
of mercury, no precipitate,

Hydrosulphate of sulphide of ammonium, a black precipitate, insoluble
in an excess of the precipitant, and in ammonia, but completely

soluble in potassa.
¥
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Sulphuretted hydrogen, the same as hydrosulphate of sulphide of
ammonium.
Chromate of potassa, a yellowish-red precipitate.

22. BicHLORIDE OF PrATINUM.

Potassa produces a yellow precipitate, which re-dissolves in an excess of
the precipitant upon heating ; the precipitate is not perceptibly
soluble in free acids.

Ammonia produces a yellow precipitate, insoluble in free acids, but
soluble in a copious amount of water.

Carbonate of soda produces a brownish-yellow precipitate only upon
long-continued ebullition.

Carbonate of ammonia and carbonate of potassa produce a yellow
precipitate, insoluble in an excess of the precipitant.

Phosphate of soda produces no precipitate.

Oxalic acid produces no precipitate.

Ferrocyanide of potassium precipitates potassio-bichloride of platinum
(bichloride of platinum and chloride of potassium).

Ferricyanide of potassium, the same.

Nitrate of suboxide of mercury produces a copious yellowish-red
precipitate.

Sulphate of protoxide of iron produces no precipitate.

Protochloride of tin produces no precipitate, but imparts a dark
brownish-red color to the fluid.

Hydrosulphate of sulphide of ammonium produces a brownish-black
precipité.te, soluble in a large excess of the precipitant.

Sulphuretted hydrogen produces after some time, a brownish-black
precipitate.

23. TErcHLORIDE OF GoLp.

Potassa produces no precipitate.

Ammonia, a yellow precipitate (fulminating gold).

Carbonate of potassa, no precipitate in the cold, but upon ebullition a
reddish-yellow precipitate.

Carhonate of ammonia acts the same way as ammonia.

Phosphate of soda produces no precipitate.
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Ozalic acid separates metallic gold in a state of extremely minute
division ; the minute metallic particles impart to the fluid in which
they remain suspended, a greenish-black color.

Ferrocyanide of potassium imparts an emerald-green color to the
solution.

Ferricyanide of potassium produces no precipitate.

Nitrate of suboxide of mercury, a black precipitate.

Sulphate of protoxide of iron, a dark-brown precipitate of metallic
gold.

Protochloride of tin, acidulated with hydrochloric acid, produces a
deep-purple-colored precipitate (powder of Cassius), which is
insoluble in hydrochloric acid.

Hydrosulphate of sulphide of ammonium, a dark-brown precipitate,

. which re-dissolves completely in an excess of the precipitant.

Sulphuretted hydrogen, a black precipitate.

24. Savts or ProtoxipE or Tin.

Potassa produces a white precipitate, soluble in an excess of the
precipitant.

Ammonis, a white precipitate, insoluble in an excess of the precipitant.

Carbonate of potassa and carbonate of ammonia, the same as ammonia.

Phosphate of soda, a white precipitate.

Oxalic acid, a white precipitate.

Ferrocyanide of potassium, a white gelatinous precipitate.

Ferricyanide of potassium, a white precipitate, soluble in free
hydrochloric acid.

Hydrosulphate of sulphide of ammonium, a brown precipitate, soluble
in a great excess of the precipitant.

Sulphuretted hydrogen, a brown precipitate.

25. BicuLoripE of TIN.

Potassa produces a white, bulky precipitate, which in the case of the
volatile bichloride, re-dissolves very readily in an excess of the
precipitant, but with difficulty only in the case of the aqueous
solution of the modification of the bichloride, insoluble in
hydrochloric acid.
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Ammonia produces a white precipitate, which in the case of the
volatile bichloride, re-dissolves, though not completely, in an excess
of the precipitant, but re-dissolves only sparingly in the case of
the aqueous solution of the modification of the bichloride, insoluble
in hydrochloric acid.

Carbonate of potassa produces a white precipitate, which in the case
of the volatile chloride, re-dissolves in an excess of the precipitant ;
but is insoluble in it, in the case of the aqueous solution of the
modification of the bichloride, insoluble in hydrochloric acid.

Carbonate of ammonia produces in both solutions precipitates, which
are not completely re-dissolved by an excess of the precipitant,

Phosphate of soda produces a white precipitate.

Oxalic acid produces no precipitate.

Ferrocyanide of potassium, after some time, a thick, yellowish jelly,
insoluble in hydrochloric acid.

Ferricyanide of potassium produces no precipitate’'in a solution of
the volatile bichloride ; a yellow precipitate in an aqueous solution
of the modification of the bichloride, insoluble in hydrochloric
acid.

Hydrosulphate of sulphide of ammonium produces a yellow precipitate,
soluble in an excess of the precipitant, in ammonia, potassa, and
carbonate of potassa.

Sulphuretted hydrogen, a yellow precipitate ; in dilute solutions only
after long standing.

26. Sarts of Oxipe (TEROXIDE) OF ANTIMONY.

Potassa produces a white bulky precipitate, which re-dissolves com-
pletely in an excess of the precipitant.

Ammonia, a copious bulky precipitate, insoluble in an excess of the
precipitant.

Carbonate of potassa, a white bulky precipitate, which redissolves
completely in an excess of the precipitant, upon heating.

Carbonate of soda and carbonate of ammonia, the same as ammonia.

Phosphate of soda, a copious precipitate ; however, the precipitation
is not complete.

Oxalic acid, a bulky white precipitate ; after some standing, the preci-
pitation is complete.



REACTIONS OF METALIIC ACIDS. 101

Ferrocyanide of potassium, a white precipitate, insoluble in hydro-
chloric acid.

Ferricyanide of potassium, no precipitate.

Hydrosulphate of sulphide of ammonium, a red precipitate, soluble in
an excess of the precipitant.

Sulphuretted hydrogen, a red precipitate.

.
27. Sants or SEsQuIOXIDE oF CHROMIUM.

Potassa produces a bright-green precipitate, which readily redissolves
in an excess of the precipitant, but separates again completely upon
ebullition.

Ammonia produces a grayish-blue precipitate, which, however, separates
completely upon ebullition.

Carbonate of potassa produces a bright-green precipitate, which com-
pletely redissolves in a very considerable excess of the precipitant,

and is not thrown down again from this solution upon boiling.

Carbonate of ammonia produces a bright-green precipitate, soluble in
an excess of the precipitant.

Phosphate of soda, a bright-green precipitate.

Oxalic acid, no precipitate.

Ferrocyanide and ferricyanide of potassium, no precipitate.

Chromate of potassa, in neutral solutions, a dark brownish-yellow preci-
pitate, in acid solutions simply a coloration of that hue, the actual
separation of the precipitate ensuing only upon addition of ammonia.

Hydrosulphate of sulphide of ammonium, a greenish precipitate of
hydrate of sesquioxide of chromium.

Sulphuretted hydrogen, no precipitate.

II. METALLIC ACIDS.

1. AntiMoNio Acip.

Acids, more especially nitric acid, throw down the antimonic acid
completely from alkaline solutions; hydrochloric acid in excess
dissolves the precipitate readily in the cold; nitric acid and
sulphuric acid dissolve it only upon heating,
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Sulphuretted hydrogen produces no precipitate in alkaline solutions ;
but in acid solutions, an orange-yellow precipitate, which is soluble
in hydrosulphate of sulphide of ammonium.

2. CaromMio Actp.

Mineral acids impart a reddish-yellow color to the solution.

Hydrochloric acid decomposes the chromic acid upon continued ebul-
lition ; chlorine escapes, and the dissolving sesquioxide of chromium
imparts a green color to the fluid.

Sulphuretted hydrogen imparts a green color to the solution mixed
with hydrochloric acid ; this coloration is caused by the reduction
of the chromic acid.

Salts of baryta produce a pale-yellow precipitate ;

Salts of oxide of lead and of teroxide of bismuth, a lemon-yellow
precipitate ;

Salts of silver, a purple-red precipitate ;

Salts of suboxide of mercury, a brick-colored precipitate ;—which
precipitates are all of them soluble in nitric acid.

3. Maneanic Acip.

Acids, and even water, produce a red coloration, and a brown
precipitate.

Hydrochloric acid, besides this, reduces the manganic acid, with
evolution of chlorine, and the dissolving sesquichloride of manga-
nese imparts a dark-brown color to the fluid, which disappears again
upon heating, owing to the formation of protochloride of manganese.

4. PerMANGANIC AciD.

Potassa produces a green coloration, owing to the formation of
manganic acid.

Nitric acid and sulphuric acid effect, upon heating, a partial decompo-
sition into binoxide of manganese, which falls down as a brown
powder, and oxygen, which is liberated.

Hydrochloric acid acts upon permanganic acid the same as upon man-
ganic acid.
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Sulphuretted hydrogen produces a precipitate of sulphide of manganese,
mixed with sulphur thrown down along with it, and which makes
the precipitate look almost white.

Hydrosulphate of sulphide of ammonium in excess produces a flesh-
colored precipitate of sulphide of manganese.

5. Arsenic Acip.

Salts of baryta and of lime produce in solutions of arseniates (bnt
not in solutions of arsenic acid) a white precipitate, which is very
readily soluble in hydrochloric acid and nitric acid, and 3lso in
sal-ammoniac (chloride of ammonium).

Nitrate of lead produces a white precipitate.

Nitrate of silver, a brownish-red precipitate.

Nitrate of oxide of copper, a pale-green precipitate, soluble in nitric
acid, and in free ammonia.

Sulphuretted hydrogen, in acid solutions, a yellow precipitate, which
is soluble in hydrosulphate of sulphide of ammonium, and also in
potassa and in ammonia.

Hydrosulphate of sulphide of ammonium produces no precipitate.

6. Arsenious Acip.

Chloride of barium and chloride of calcium produce no precipitate in
aqueous solutions of arsenious acid ; in solutions of arsenites, they
produce a white precipitate, soluble in sal-ammoniac (chloride of
ammonium). B

Salts of lead produce a precipitate in moderately strong solutions of
arsenites ; in over-dilute solutions they fail to produce a precipitate.

Nitrate of silver produces in solutions of arsenites a yolk-colored
precipitate, soluble in nitric acid and in ammonia; in solutions of
arsenious acid, nitrate of silver can hardly be said to produce a

" precipitate,

Sulphate of oxide of copper produces in solutions of arsenites a green-
finch-colored precipitate, soluble in potassa and in ammonia.

Sulphuretted hydrogen, in the acid solution, a yellow precipitate,
soluble in hydrosulphate of sulphide of ammonium, caustic and

. carbonated alkalies, and in nitric acid.

Hydrosulphate of sulphide of ammonium, no precipitate,
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Brief ezplanations of some of the chemical terms which occasionally
occur in the present work; intended for the benefit of persons
unacquainted with chemistry.

Curmists divide bodies into simple and compound bodies. The
simple bodies are also called elements, or elementary substances.
These terms, however, by no means imply that the bodies so called
are really simple or elementary, but simply that they appear to us so
at the present time, having hitherto resisted all attempts to decompose
them. The elementary substances at present known to us amount to
sixty-two in number. They are usually divided into two great classes,
viz., metals and non-metallic bodies, or metalloids. This division is
however entirely arbitrary, as the two classes completely merge into
each other. The class of metalloids comprises fifteen elementary
bodies ; however, in the present work (Table I.) we have given only
thirteen of them, viz., arsenic, boron, bromine, carbon, chlorine, fluorine,
hydrogen, iodine, nitrogen, oxygen, phosphorus, selenium, and sulphur.
The class of metals comprises forty-seven simple bodies, of which we
have only given, however, twenty-four in Table I., viz., aluminium,
antimony, barium, bismuth, calcium, chromium, cobalt, copper, gold,
iron, lead, magnesium, manganese, mercury, molybdenum, nickel,
platinum, potassium, silver, sodium, strontium, tin, uranium, and zinec.

Every elementary substance is designated in chemical notation by
the initial of its latin name in capital ; or, where the names of several
substances begin alike, by the first letter conjoined with a second small
one, the most characteristic in the word. This simple or compound
letter-mark is called the symbol of the substance; it designates not
only the substance in the abstract, but represents one equivalent of it.
Thus, e.g., Hg (from the Greek hydrargyrum) represents one equivalent
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of mereury ; Fe (from the Latin ferrum), one equivalent of iron ; O,
one equivalent of oxygen ; H, one of hydrogen ; Ca, one of calcium, &c.
The compound bodies result from the union of two or several

~ elementary substances. The combinations of metals with each other

are called alloys; or, where mercury is one of the constituent
elements, amalgams. The metalloids combine with each other, and

- with the metals, forming bases, acids, and salts. Thus, for instance,
~ the metalloid chlorine combines with hydrogen, forming the well-

i

' known muriatic acid, which is more commonly called by chemists

hydrochloric acid ; chlorine combines also with the metal sodium,

'Q forming common salt (chloride of sodium); oxygen combines with

the metal potassium, forming the well-known alkaline base, potassa, &e.
The combination of bases with acids gives also rise to the formation
of salts; thus, e.g., sulphuric acid, a compound of sulphur and oxygen,
forms with the base potassa a salt, the sulphate of potassa. Two
salts frequently combine with each other, forming what chemists call
double salts; thus, for instance, the sulphate of alumina and the
sulphate of potassa form a double salt, known as the double sulphate

'~ of alumina and potassa.

The chemical union of bodies is governed and regulated by certain
fundamental laws, called the laws of combination, and which may be

briefly stated as follows:

1. All chemical compounds are definite in their nature, the ratio of
the elements being constant; in other terms, the same chemical
compound invariably contams the same elements combined in un-
varying proportions.

2. Where a body is capable of combining with another in several
proportions, these proportions bear a simple relation to each other.
Thus one equivalent of A will combine with 1, 2, 3, 4, 5, equivalents

‘ofB, or two of A, with 1,2, 3,4,5,7, of B; or 3 of A with 5, 7 of

B; and soon. This law, which was first advanced by Dalton in 1807,
is called the law of multiple proportions. The most simple prdpor-
tions occur most frequently : we generally find between the com-
ponent elements of compound bodies, the proportions of 1 to 1, of 1 to
2,0f 1t03,0f 1to 4, of 1to5; or of 2 to 3,0f 2t0 5, of 2 to 7.

3. The quantities in which two bodies unite with a third body,
express also the relative proportions in which they unite with each
other, presuming always, of course, that they do unite with each other.
For instance, hydrogen combines with oxygen in the proportion of 1
part by weight of the former to 8 parts by weight of the latter ;
chlorine combines with oxygen in the proportion of 35,5 parts by
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weight of the former to 8 parts by weight of the latter. Chlorine
combines accordingly with hydrogen in the proportion of 35.5 of the
former to 1 of the latter. As oxygen has a most extensive range
of affinity, and very great powers of combination, uniting in fact with
all the elementary substances, with the single exception of fluorine,
and as its compounds are susceptible of the most rigid and exact
analysis, this body has been chosen by chemists as the starting
substance in the construction of the table of chemical equivalents
The number assigned to the equivalent of the starting substance is
entirely arbitrary. Continental chemists usually assign the number
100 to the equivalent of oxygen, 12.5 to that of hydrogen, 443.75 to )
that of chlorine ; but it will be readily seen that the relative ratio
remains the same : 100 is to 12.5a8 8 is to 1, to 443.75, as 8 is to 35.5.
8 has been chosen here as the more convenient figure of the two, and
because it is the proportion in which oxygen combines with one part
by weight of hydrogen to form water, supplying us thus in the
equivalent of the hydrogen, with a unity of which the equivalents of all
other simple substances should be integer maultiples, according to a
theory advanced by a most eminent English chemist (Prout) ; a glance
at the table of equivalents of elementary bodies will, however, suffice
to show that in the present state of our knowledge, at all events, this
hypothesis is not sufficiently supported to justify its admission.

4. The combining quantity or proportion of a compound is the sum
of the combining quantities of its components. Let us take, for
instance, chloride of sodium. The equivalent of chlorine is 35.5, that
of sodium 23 ; the combining proportion or equivalent of the chloride
of sodium is therefore 58.5.

Most of the compounds which the metalloids form with the metals,are
now generally designated in chemical nomenclature as tdes ; but many;
of them were formerly, and are still by some chemists designated as
urets. The termination ide (or uret) is substituted for the termination
of the name of the metalloid, and the preposition of interposed between
this and the unaltered name of the metal. Thus, for instance, the
compound formed by the union of the metalloid chlorine with the
metal sodium, is called chloride of sodium ; the compound formed by
oxygen with silver, is called oxide of silver, &c., &c.

As has already been stated, bodies may combine with each other
in several proportions bearing a definite simple relation to each other.

Thus oxygen combines with manganese in six * different proportions,

* There exists even a seventh oxide of manganese (varvicite), which contains
seven equivalents of oxygen to four of manganese.
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‘viz, 1t01,3t0 2 2to1,41t03, 3t 1,and7 to 2. The first
compound (1 of oxygen to 1 of manganese), is called the protoxide
of manganese ; the second (3 of O to 2 of Mn), the sesquioxide; the
| third (2 of O to 1 of Mn), the deutoxide or binoxide; the fourth
| being, in reality, a compound’of the protoxide with the sesquioxide,
i is properly called proto-sesquioxide ; the fifth compound of oxygen
. with manganese (Mn O, ), having acid properties, <. ., combining with
" bases to form salts, is termed manganic acid. The composition of this
| acid would be indicated by the term teroxide of manganese ; the
term oxide, however, is not applied to bodies having acid properties ;
- *hus we do not say, for instance, teroxide of arsenic, or pentoxide of
| arsenic, but arsenious* acid for the former, and arsenic acid for the
latter ; and the sixth compound (Mng O,) is called hypermanganic
or permanganic acid. Compounds containing less than one equivalent
of oxygen to one equivalent of metal, are called suboxides; thus,
Cug O (two equivalents of copper to one of oxygen) is called suboxide
of copper. The same rules hold generally good also in the nomen-
clature of compounds of oxygen with the metalloids, and in those
of sulphur and other metalloids with the metals and with each
other. Most of the metalloids form acids with oxygen, as chlorine,
iodine, bromine, sulphur, phosphorus, nitrogen, carbon, selenium,
boron, silicon, arsenic, tellurium ; some form acids with hydrogen, as
| chlorine, iodine, bromine, fluorine, sulphur; these latter acids are
" called respectively, hydrochloric, hydriodic, hydrobromic, hydrofluoric,
i hydrosulphuric acids. With regard to the neutral or basic compounds,
| which the metalloids form among themselves, the termination ide is
i always given to the oxygen, wherever that body forms one of the con-
| stituents; chlorine follows next after oxygen in this respect; thus we
} 87, chloride of iodine, of sulphur, of nitrogen ; bromine follows next
"after chlorine (bromide of iodine) ; the next is fluorine (fluoride of

i
* The terminations ous and ¢, applied to acids, signify different degrees of
oxidation, the latter being the higher of the two : the salts formed by acids in ous
| are called ¢Zes, as, e. g., sulphite of soda, a compound of sulphurous acid and soda
i (oxide of sodium) ; those formed by acids in tc, are called ates, as, e. g., sulphate
" of soda, a compound of sulphuric acid and soda. When oxygen forms more than
| two acids with a metal or metalloid, the terms Aypo and Ayper (from two Greek
prepositions, signifying respectively under and over) are prefixed to the name of
the acid ; thus we have, for instance, hyposulphurous acid, a compound con-
taining less oxygen than the sulphurous acid ; and kyperchloric acid, a compound
containing more oxygen than the chloric acid. Instead of Ayper, chemists use
mostly the simple per, saying, for instance, perchloric actd, instead of hyperchloric,
permangamic, instead of hypermanganic.
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gilicon) ; after this comes sulphur (sulphide of arsenic, sulphide of
carbon). The compounds which phosphorus, carbon, arsenic, selenium,
form with hydrogen, are called respectively phosphuretted, carburetted,
argeniuretted (or arsenietted), seleniuretted hydrogen.

The Price-list of the Apparatus, &e., may be had of the Publisher
Me. JoEN WEALE, 59, High Holborn.
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