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ILFORD PLATES 
WORLD RENOWNED 

FOR THEIR SPLENDID 

QUALITIES. 

ABSOLUTELY UNIFORM. 

KEEP ADMIRABLY IN 

THE MOST TRYING CLIMATES. 
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can be set from the 25th to the 90th part of a second. A pair of brilliant View Finders are fitted 
to the Camera body, also two circular spirit levels. Two Bushes are fixed to the Camera, and a 
screw is supplied with each for using on Tripod. It is'covered with Black Leather, and is 
altogether a most complete instrument. A Sliding Shutter is fitted on the inside of the falling 
front, which shuts off the lens. The dimensions of |-plate size being only 9 in. long, 6 in. high, and 
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PRICES. 
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WITHOUT 
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89, 
90, 

107, 
108, CHEAPSIDE, LONDON, EC. 
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PHOTOGRAPHS IN ALL WEATHER. 

THE “POCKET” 3Jx2J 
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BUSCH CAMERA CO., 
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TO ATTAIN SUCCESS IN 

PHOTOGRAPHY 
IT IS NECESSARY TO SELECT A 

GOOD CAMERA AND SHUTTER AND SUITABLE 
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BUT PRACTICALLY 
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ROSS 
LIMITED, 
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ZEISS PRISMATIC FIELD-GLASSES. 
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WHITE FOR BOOKLET GRATIS. 

mark * }'^Jbloicl Brand 

Photographic 

Chemicals 
“ Within the modest di¬ 

mensions of a few cubic 
inches all the requisites 
for development, toning 
and fixing can be com¬ 
prised.” 

The Practical Photographer. 

No Weighing: No Waste: No Trouble: 

Always Ready: Always Accurate: Always 

Reliable, Their use entirely obviates the 

difficulties of compounding and keeping 

solutions ♦ . 

‘Tabloid’ Developers—Pyro, Pyro Soda (Ilford Formula), Hydro- 
quinone, Metol, Metol-Quinol, Amidol, Eikonogen, Ortol, 
Paramidophenol, or Glycin .. per carton, complete, is. 

‘Tabloid’ Potassium Bromide, Ammonium Bromide, Sodium Citrate, 
Mercuric Iodide and Sodium Sulphite (Intensifier), Sodium 
Sulphite, Potassium Ferricyanide, Ammonium Persulphate, 
Potassium Ammonium Chromate, or Hypo, per tube or bottle, 6d. 

‘Tabloid’ Toning Baths—Gold Chloride with Sodium Formate 
Compound, Sulphocyanide Compound, Sodium Phosphate, 
Sodium Tungstate, Sodium Bicarbonate, or Borax : Combined 
Bath: Platinum Compound: per carton, is.; Copper Ferro- 
cyanide Toning Compound .. .. .. per tube, 6d. 

5 

Welcome's 

Exposure Record, 1/- 
A guide to correct exposure under every possible 
condition, and a perfect note book and pocket 

encyclopedia for photographers. 

Sold by all Photographic Chemists, and Dealers. 

Burroughs Wellcome & Co., Snow Hill Buildings, London. 

i_______- 
[copyright PHO 30 
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Rodinal 

The Actien Gesellschaft 
fur Aftilm Fahrikation. 

Manufacturers of . . 
PHOTOGRAPHIC DEVELOPERS, 
CHEMICALS, PLATES, etc. . 

A highly concentrated Developing solution, ready foi im¬ 
mediate use on being diluted with from 20 to 40 parts of ' 
water. Producing negatives of the highest perfection, clear 
and of perfect transparency and gradation. Suitable for all 
makes of plates. Extremely stable. Highly energetic and 
especially valuable for landscape and architectural negatives. 

Price per 3 oz. bottle, 1/6 ; per 8 ax. bottle, 3/-; per IS oz„ 
bottle, 5/- 

This highly efficient Developer lays claim to notice by 
reason of its great simplicity, both in the modes of prepara¬ 
tion and of use (see our booklet). It requires no addition of 
chemicals beyond washing soda; is easily controlled with 
water only. Keeps indefinitely. Does not stain or fog. 

1 oz. 7d.; 4 oz. 1/8 ; 8 oz. 3/-; 16 oz. 5/4. 

A Developer with rapid action, producing a negative of 
ample density full of detail and gradations, with a peculiarly 
soft and artistic effect, thereby avoiding a hard contrasty 
picture, even when development has been forced. It is on 
this account highly recommended when the lighting of the 
subject is unavoidably harsh in contrast, and for snapshots 
and flash-light work. 

1 oz. 1/2; 4 oz. 3/6 ; 8 oz. 6/6 ; 16 oz. 12/- 

Also METOL, AMIDOL, ORTOL, PARAMIDOPHENAL, DIPHENIL, DROGEN, 
HYDROKINONE, PYROGALLIC ACID (resublimed and heavy crystals). 

(making 7 02s. normal developer) box of 10, 2/3 
4i „ ,, ,, 10, 2/3 
7 „ „ „ 6, 3/ 
5 „ », ,» 10, 2/6 
7 
7 

Imogen 
Sulphite 

Eikonogen 

Developing ||isoklnone 
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Amidol 
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Cartridges 
Compare these Quantities with other apparently Cheaper Makes. 

6, 2/6 
6, 3/- 

ISOLAR (Anti-Halation) PLATES. and Grthochromatic, 
The anti-halation properties of this plate are due to the insertion of a non-actinic 

layer between the emulsion and the support. This obviates the use of a backing, thus 
doing away with a fruitful source of spots, etc.; at the same time it offers an absolute 
immunity from halation. Send for particulars. Stocked in all English sizes. 

AGFA Neutral Toning & Fixing Salts. 
These salts on being dissolved in water give immediately a gold toning and fixing 

bath which is quite neutral, thereby avoiding double toning, sulphur toning, and 
other troubles due to acidity. As the print is fixed long before toning commences 
there is no fear of fading from improper fixing. Suitable to any paper. I/- per tin, 

making 30 oz. bath. __ 

Any of these Goods can be obtained by your Ueaier if not already in Stock. 
SOLE DIRECT AGENTS- 

CHAS. ZIMMERMANN & CO.,9 london^Ix!1111’ 
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THE ELEMENTARY CHEMISTRY 
OF 

PHOTOGRAPHIC CHEMICALS. 

CHAPTER I. 

I NTH OB TJCTION. 

Every one who dabbles in photography must take a 

greater or less interest in the properties, etc., of 

the chemicals used, and I trust that this book may 

lead to a few taking a more intelligent interest in 

photography than they have hitherto done. 

The actual difference in composition between 

sodium sulphite, hypo, and Glauber’s salts is very 

small. The two former are almost indispensable 

photographic reagents, whereas the third is at present 

almost useless, from our point of view. Again, the 

difference between sodium carbonate and bicarbonate 

is small, yet their actions differ so much, that the 

former is of the greatest use in photography, and 

the latter worse than useless if mistaken for the 



8 Elementary Chemistry of Photographic Chemicals. 

former. With a little knowledge of tlieir chemistry, 

however, the useless can easily he turned into the 

useful. These and other such instances will be ex¬ 

plained in the course of the following chapters. 

Before I can proceed to intelligently explain the 

elementary chemistry of the most commonly used 

substances in photography, I shall have to give as 

short and concise a chapter as I possibly can on a 

few rudimentary principles underlying the science of 

chemistry. I hope thus to make my explanations 

equally clear to the persons who do not possess any 

knowledge of it, as to those who have a smattering 

of this most fascinating branch of science. 



CHAPTER II. 

GENERAL. 

The chemical and physical properties of matter must 

not be confused. To make this difference clear, let 

me give two examples from near home. First, a 

good illustration of a physical change is seen in an 

ordinary limelight lantern. A new stick of lime 

is put in place, and a jet of burning hydrogen and 

oxygen is projected on a portion of it. The part on 

which the flame impinges gets hot and glows a very 

brilliant white. Now, when the source of heat is 

turned off, the lime gets cool again and is just the 

same as before the heating. It may crack certainly, 

but the only changes it has been through are physical 

ones. It was lime when cold, still lime when hot 

and glowing, and lime again when cold. Second, 

if allowed, however, to be exposed to moist air, 

a chemical change would take place; hence the 

necessity of keeping in air-tight tins. But, to illus¬ 

trate changes in chemical properties, I will take 

another homely example. When taking a photo at 

night, or in a dark cellar or cave, a certain length 

of magnesium ribbon is burnt ; during combustion 

9 
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a brilliant white light is emitted. The residue, 

however, is very different to the original ribbon, 

and if the ribbon were weighed and all the resulting 

fluffy powder collected, it would be found that the 

weight of the latter was one-half as heavy again as 

the former; hence there must have been a chemical 

change, a change in composition, the magnesium 

having combined with the oxygen of the atmosphere. 

Where you have a chemical change you have ipso 

facto a physical change ; the converse of this, 

however, is not always true. By means of the above 

examples I have tried at some length to show the 

difference between the two sciences of physics and 

chemistry. 

In order to elucidate what follows, I will now 

illustrate and define as many terms as I possibly 

can without actually giving definitions. Any further 

technical words or expressions that may be intro¬ 

duced will be explained as the occasion arises. 

An element is a substance from which nothing 

but that substance can be obtained. Silver is an 

element. If a piece of pure silver be taken, no 

matter what treatment it is subjected to, nothing 

but silver can be obtained from it. If silver, however, 

could be split up into two substances, say A and 

N, then silver would no longer be an element, but 

a compound of the two elements, A and N. Up to 

the present this has not been done, hence my 

statement. 
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According to Daltons atomic theory, every element 

is supposed to be divisible, and divisible until no 

further division can be imagined. This ultimate 

division is an atom. Please remember that this is 

theory, and no one ever expects to see the atoms, 

even if the strongest microscope was made thou¬ 

sands of times stronger. Every one of thele small 

individual portions of an element always weighs 

exactly the same for the same element, but the 

weights of the atoms of various elements are all 

different. The absolute weight cannot, of course, be 

given, but if we take the lightest atom and call that 

one, then we know the atomic weights or relative 

weights of the others. Hydrogen, being the lightest, 

is taken as the unit, and the rest must be more than 

unity, as will be seen from the following table of 

elements occurring in compounds of photographic 

interest. The atomic weights are given to the 

nearest whole number; in Appendix I. the exact 

figures will be found. 

NAM 10. 

Hydrogen 

Boron 

Carbon 

Nitrogen 

Oxygen 

Fluorine 

Sodium 

Magnesium . 

Aluminium . 

SYMBOL. 
ATOMIC 

WEIGHT. 

... H 1 

... B 11 

.. C 12 

.. N 14 

.. 0 16 

.. F 19 

.. Na 23 

.. Mg 24 

.. A1 27 
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Phosphorus 

Sulphur 

Chlorine 

Potassium 

Calcium 

Cromium 

Manganese 

Iron ... 

Copper 

Bromine 

Silver... 

Antimony 

Iodine 

Cerium 

Platinum 

Gold ... 

Mercury 

Lead ... 

Uranium 

P 

S 

Cl 

K 

Ca 

Cr 

Mn 

Fe 

Cu 

Br 

Ag 

Sb 

I 

Ce 

Pt 

Au 

Hg 

Pb 

U 

ATOMIC 

WEIGHT. 

31 

32 

35-5 

39 

40 

52 

55 

56 

64 

80 

108 

120 

127 

140 

195 

197 

200 

207 

239 

When a chemist wishes to represent an element, 

instead of writing the name in fall he writes its 

A list of those used in this book will be 

found above and one more complete in Appendix I. 

If fine iron filings be thoroughly mixed with 

powdered sulphur, we have a mechanical mixture ; 

a microscope will prove this ; the pieces of iron 

can be seen lying by the side of the pieces of sulphur. 

If, however, the mixture be heated, a chemical change 

takes place, and the resulting body would be ferrous 

sulphide, a chemical compound having different 
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properties, etc., to either of its constituents. The 

reaction would he expressed by a chemical equation 

as follows :■— 

Fe + S = FeS, 

and this would mean that one atom of sulphur had 

united with one of iron, forming a molecule of ferrous 

sulphide, and its formula would be FeS. One of 

the questions yet to be decided is—Does gelatine 

and silver haloid salts form a chemical compound or 

only a mechanical mixture ? 

A plus sign thus + , between two or more bodies 

or elements signifies a mechanical mixture, and no 

sign, or a bar, represents a chemical compound con¬ 

taining the elements represented in it and in the 

proportions of their atomic weights. Further, as 

the atoms have a definite weight relative to hydrogen, 

we can interpret more fully the above equation. Let 

us hypothesise and suppose, for the sake of explana¬ 

tion, that ten million atoms of hydrogen weigh a 

grain (which they do not), then ten million atoms 

of iron would weigh fifty-six grains, and the same 

number of sulphur atoms thirty-two grains, and ten 

million molecules of ferrous sulphide would weigh 

exactly 56 + 32 = 88 grains. This reasoning can be 

applied to any chemical equation, no matter how 

complicated, and we shall find it of great use in 

calculating the various amounts of chemicals required 

to perform certain reactions and such like ; in fact, 

I have no room here to simply enumerate the 
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different calculations that could be made from these 

simple relations. 

Crystallography is a most interesting, instructive, 

and fascinating study, especially with polarised light 

and a microscope fitted with a camera. Most 

substances crystallise by combining with water, 

which is known as water of crystallisation. For 

example, every molecule of sodium carbonate takes 

ten molecules of water when crystallising. It is 

represented thus—Na2C03—10H2O. This represents 

ordinary washing soda crystals which we see contain 

water. How much is soda and how much water ? 

We will calculate the amount from the formula. A 

little figure underneath and after a symbol denotes 

that more than one atom of that element takes part 

in the reaction ; and a large figure in front of a 

symbol multiplies the whole molecule or atoms 

following it by that number. To get the molecular 

weight of a body the number of atoms of each 

individual element is multiplied by their atomic 

weights and added together thus :— 

Na2 = 2 x 23 = 46 

C =1x12 = 12 

03 =3x16 = 48 

106 

10 H2 = 20 x 1= 20 

10 O =10x16=160 

180 
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It will be seen that out of 286 (106 + 180) parts 

of soda crystals 180, or more than half of it, consists 

of water, which is given off on heating—but more 

of this in its proper place. 

Crystals.—When a substance crystallises it does 

so in one of six ways, each of which is in a definite 

geometrical form. 

NAME. 

AXES. 

EXAMPLES. 

POSITION. NO. _ 
1. Regular or cu¬ 

bic 
All equal and all at 

right angles 
Diamond, common 

salt, alum, garnet, 
iron pyrites 

2. Hexagonal Three equal in one 
plane, cutting each 
other at 60°; one 
longer or shorter 
than the other 
three, but cutting 
their plane at right 
angles 

4 Calc spar, ice, quartz [ 

3. Quadratic ' All at right angles ; 
two equal, one lon¬ 
ger or shorter than 
others 

3 
Potassium ferrocya- 

nide, copper pyrites 

4. Rhombic. All at right angles, 
but all unequal 

3 Zinc sulphate, heavy 
spar 

5. Mono-symme¬ 
tric or mono¬ 
clinic. 

All unequal; two at 
right angles, one 
inclined to plane of 
other two 

Washing soda, borax, 
sodium phosphate, 
gypsum, ferrous 
sulphate, Glauber 
salts, hypo 

0. Asy metric or 
triclinic 

All unequal; none at 
right angles 

3 Potassium bichro¬ 
mate, copper sul¬ 
phate 



CHAPTER III. 

SYSTEMS OF MEASUREMENT. 

One could imagine a system of weights and measures 

more complicated and intricate than ours, but that 

is about the most that could be said in its favour. 

There is no simple relation between the different 

measures—e.g., three barleycorns placed end to end 

are supposed to measure an inch, hence a barleycorn 

ought to be exactly a third of an inch in length. How 

far would this be accurate for a number of samples, 

say, to first decimal place ? The answer is obvious. 

Again, an inch is the twelfth of a foot, and the latter 

a third of a yard. The same applies, and if anything 

in a more complicated degree, to the measures of 

volume and weight. In a word, a simple relation 

between the various measures does not exist. How 

many calculations the amateur or professional photo¬ 

grapher would be saved if the makers of plates and 

papers would give their formulas in the metric system, 

as is done in all scientific work, both in England 

and on the Continent! When a formula is given in 

parts it is much the same as giving it in the newer 

16 
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system ; but many fail to appreciate its simplicity, 

because they are not familiar with it. 

I will first discuss the measures of length, and 

show how the standard was obtained; then explain 

how the unit of volume is obtained from that of 

length ; and, lastly, the weight from that of volume. 

Every one will at once be struck with the uniformity, 

not only between the different measures of the same 

kind, but between the whole three of length, volume, 

and weight. 

British and Metric Weights and Measures. 

1. Length.—The Imperial Weights and Measures 

Act of 1824 legalised, and to a very large extent, 

simplified and reduced our system to something like 

order. The standard of length, as defined in the 

above Act, is the yard, and is the distance between 

two platinum points on a bronze bar at a temperature 

of 62° Fahrenheit (written F.), which is kept at the 

Exchequer Offices in London. The other measures 

of length are arbitrary, but not uniform, multiples 

or sub-multiples of this. In the metric system the 

standard of length is the metre, and was originally 

obtained in the following way:—Some French savants 

in 1799, after years of work, finally measured the 

quadrant of the earth from the Pole to the Equator ; 

this distance, marked AB in fig. 1, was divided into 

ten million parts and one of these was called the 
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metre. With the advance in the manufacture of 

instruments of precision later researches have shown, 

however, that these original measurements were not 

quite exact, and the distance between the Pole and 

the Equator is not exactly ten million metres. The 

standard of length, as then arrived at, is, however, 

still retained as the unit. 

For sub-multiples the metre was divided into ten 

equal parts each known as a decimetre, from decima— 

the Latin for tenth. Then the decimetre was again 

divided into ten parts, making a hundredth of a 

metre, and called centimetre, and so on. All the 

sub-multiples have the Latin prefix for the number 

by which they are divided, the corresponding Greek 

prefix denoting the multiples. The distance A B in 

fig. 2 equals five centimetres, or 0*5 (that is, a 

half) of a decimetre. The centimetre is still further 
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divided into another ten parts, each known as a 

millimetre (mille = 1,000). Of the multiples I will 

only mention here the kilometre, or the 1,000 metres, 

which is the long distance unit, corresponding to 

our mile. 

For scientific and photographic purposes, the unit 

of length generally adopted is the centimetre, and 

not the metre. 

1000 metres = 1 kilometre. 

100 „ =1 hectometre. 

10 „ =1 decametre. 

•1 of a metre = 1 decimetre. 

— 1 centimetre. 

= 1 millimetre. 

*01 

•001 

The British measures of length are too well known to 

be given here ; a few approximate relations between 

the two systems may, however, help the reader to 

appreciate the above lengths. 

1 foot= *302 metres. 1 metre = 39"37 inches. 

5 miles = 8 kilometres. 1 decimetre = 4 inches (nearly). 

2. Capacity.—We have a standard of volume, 

whether it is the pint, quart, or gallon does not 

much matter ; but in the metric system the unit is 

easily obtained from that of length. The capacity 

occupied by a cube built on an edge one decimetre 

long is taken as the basis of all measures of volume, 

and is called a litre. The cube shown in fig. 2 is 

exactly an eighth of a litre, AB = AC = CE, etc. 
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= ’5 of a decimetre, the cube of *5 = -125 = l-8th; that 

is, eight cubes similar to A B 0 D E F G would 

form a cube of double the edge, or decimetre. The 

multiples and sub-multiples are the same as for 

length, and it is needless to repeat them all here. 

For all scientific purposes the cubic centimetre 

(written c.c.) is the generally accepted and most 

convenient unit. A cubic centimetre is sometimes, 

but rarely, called a millilitre. 

1,000 c.c. = 1 litre. 

100 c.c. — 1 decilitre. 

10 c.c. = 1 centilitre. 

1 c.c. — 1 millilitre. 
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The British measures of volume being somewhat 

involved I append Apothecaries’ (fluid) Measure, as 

used in photography. 

60 minims = 1 fluid drachm (fl. dr.). 

8 drachms = 1 „ ounce (6. oz.), 

20 ounces = 1 pint. 

The following relationships are interesting : — 

1 litre = 61 cubic inches = 1’76 pints. 

1 fluid ounce = 28*4 c.c. 

3. Weight.—The British standard of weight, the 

pound avoirdupois, is the mass of a piece of platinum 

kept at the Exchequer along with the other standards. 

The metric unit is obtained by filling 

with distilled water a vessel which 

holds precisely one cubic centimetre, 

the exact size of which is shown 

in fig. 3 (AB in fig. 3 is exactly 

one-fifth of AB in fig. 2). The 

water, when the experiment is made, must be at 

the temperature of its maximum density—i.e., 4° 

Centigrade. The mass or weight of this water is 

called a gramme. The multiples are the same as 

previously shown. 

A B 
Fig. 3. 

1,000 grammes 

100 

10 

T of a grammt 

•01 

•001 „ 

= 1 kilogramme. 

= 1 hectogramme. 

= 1 decagramme. 

= 1 decigramme. 

= 1 centigramme. 

= 1 milligramme. 
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Avoirdupois weights, as far as used in photography, 

1 give below. 

437'5 grains =16 drams = 1 ounce. 

16 ounces =1 lb. = 7,000 grains. 

The relationship between the two systems is compli¬ 

cated, but here are a few examples worth remembering : 

A kilogramme, the unit by which hypo and such like 

are bought in France = 2"2 lb. 

1 lb. (Avoir.) = 454 grammes approx. 1 gramme = 15'43 

grains. 

1 minim — '05 c.c. approx. 

1 fluid ounce of water weighs 1 ounce (Avoir.). 

1 dram (Avoir.) is not the same as drachm (Ap.). 

1 ounce ,, is the same as ounce (Ap.). 

1 pound ,, ,, „ pound (Ap.). 

A list of factors for converting from one system 

to the other will be found in Appendix* VII. 

Measurements of Temperature. 

When dealing with temperatures in scientific work 

the Centigrade scale is generally used (.Abbreviations : 

C. = Centigrade ; F. = Fahrenheit). In this system 

we have the freezing or melting point of water, 

marked 0 (32 in F. scale), and that of boiling water, 

100 (212 in F.). The interval between these points 

is divided into a hundred parts, each of which is 

called a degree—C. This division into a hundred 

parts is, to say the least, rational, whereas in our 
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F. scale this same interval is divided into 180 parts 

and the zero is 32° below freezing. This point 

was originally founded on a scientific hypothesis 

which has, however, since been proved incorrect. 

When all has been said in the favour of the Fahren¬ 

heit scale, however, it is not comparable for simplicity 

with the Centigrade. 
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Fig. 4 shows a mechanical method of determining 

what a temperature in one scale would he in the 

other, by simply drawing a perpendicular as shown 

at 100° (b.p.), 112° (F.), and 15° C. (normal 

temperature). The divisions in the diagram will 

explain themselves. 

I have given this chapter at some considerable 

length on account of its importance and the confused 

ideas which most of us have on this subject. I have, 

however, omitted many interesting points, for en¬ 

lightenment on which I must refer mv readers to 

some good text-book on Arithmetic. 



CHAPTER IV. 

MA NIP U L ATI 0 NS. 

I should recommend every photographer to obtain 

at least a few feet of small soft glass tubing, and 

the same of solid glass rodding ; a dozen test tubes 

(tubes of very thin glass closed at one end) ; two or 

three beakers, which are glasses made of very thin 

material, that can be placed over a flame and the 

contents boiled ; three glass funnels, small, medium, 

and large size ; and a small spirit lamp. The whole 

of the preceding should not cost more than about two 

shillings or half a crown. It will be surprising 

how useful these things will be to a photographer ; 

especially one who has to work under difficulties in 

a scullery, or suchlike place. Moreover, their cost 

will be saved over and over again by making up 

one’s own solutions, instead of buying them ready 

for use. 

Stirring rods.—Take the solid glass mentioned 

above and scratch with a file into lengths of about 

six inches ; a sharp bend with the two hands, one 

on each side of the scratch, will cause it to break 

25 



26 Elementary Chemistry of Photographic Chemicals. 

quite evenly. The ends of these rods should be 

rounded off by holding one end at a time in a gas 

or spirit lamp flame until of a nice round shape, then 

allowed to cool slowly. These things will be found 

very useful to assist solution, especially of such sub¬ 

stances as amidol in sodium sulphite solution, etc. 

Propping tithes can be very easily made. Heat a 

piece of glass tubing of small bore in a flame until 

soft, then remove from the source of heat and gently 

pull out until the constriction is of the size re¬ 

quired, allow to cool and cut off with a file as 

explained for redding. The pieces are finished by 

affixing a baby’s teat to the larger end. 

Bending glass tubes.—Cut off the required length of’ 

tubing and hold across the widest part of an ordinary 

fishtail burner just above the lion-luminous portion. 

Keep rotating the tube until it softens and bends by 

its own weight; then bend into required shape, and 

allow to cool with the black on it ; when cold wipe, 

and the tube will be found to be bent in a graceful 

form. 

Filtration.—Most soluble chemicals contain in¬ 

soluble impurities, small particles of dirt, dust, and 

other foreign matter. When a solution is made of 

such a substance these impurities remain suspended 

in the liquid, and must be removed by filtering. The 

best way is to get a glass funnel and support it in 

some way over the bottle in which the solution is to 

be stored ; in the funnel is placed a piece of blotting 
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paper folded as described below. Into this pour a 

portion of the liquid, and allow to percolate through, 

pouring more into the funnel from time to time till 

finished. 

Filter papers.—Circles varying in size from two 

to six inches in diameter, according to the size of 

the funnel, and the amount to be filtered, can be 

cut out of ordinary blotting paper or bought ready cut 

in packets for a few pence. One of these circles is 

taken and folded in two across the middle, again 

across the middle, opened as shown in fig. 5 and put 

in the funnel. 

Spatula.—A very handy form of spatula can be 

made from an old thick film and a penholder. Cut 

the film into an oblong, one and a half inch wide and 

about two inches long, insert one of the narrow ends 

into a slit in the top of the penholder, bind with a 

piece of cotton, and the thing is finished. 



CHAPTER V. 

SOLVENTS AND SOLUTION. 

The greatest solvent known to the chemist is water. 

It will dissolve to a greater or less extent almost 

every known substance, and this simple fact is the 

cause of much worry to the photographer. It is not 

what the water dissolves after manipulation is com¬ 

menced, but what it has come in contact with previous 

to being drawn from the water tap. Rain water is 

the original source of all our supplies, and in this 

form, if collected from clean surfaces, it is an admir¬ 

able substitute for distilled water, as it contains very 

little, if any, dissolved matter. Sir W. Abney, in 

his “ Text-book of Photography,” puts rain water 

last, on account of the organic matter it contains ; 

but I cannot agree with him, as I have always found 

that filtered rain water is much the best to use. If 

our supply is from a well, the rain water gets there 

by percolating through the various soils, rocks, etc. 

According to the character of the medium through 

which it passes, so the water is unsuitable for this 

or that process. I shall show how to detect these 
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impurities, and explain how they act on various 

photographic chemicals ; and it comes to this, that the 

chapter will deal with our greatest of solvents—Water. 

I must impress on my readers the importance which 

they should place on its purity. As water occurs 

everywhere, and often where it is not wanted, all 

waters are looked upon as much the same. Most 

books on photography pass this liquid over in a 

much too superficial manner, and I am convinced 

that a large proportion of the apparently inexplicable 

vagaries met with in the course of photographic work 

is due solely to the water used in making up the 

solutions, or even in washing. 

Rain water when collected in large towns is found 

to be more or less slightly contaminated with 

ammoniacal salts, sulphuric acid, hydrochloric acid, 

nitrates, sulphates, etc., due to the dissolving by the 

rain-drops of the dust particles in the atmosphere. It 

will thus be obvious that for photographic purposes 

the first portions of a shower should be rejected, and 

only the latter portions collected, which will be found 

much purer, and in fact suitable after filtration for 

use in making stock solutions, etc. The average 

amount of dissolved matter found in the rain water 

of towns is about 3 parts in 100,000, and in the 

country much less than this. 

Spring and well water is simply rain water after 

it has sunk into the crust of the earth and collected 

in some natural or artificial depression. The nature 
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of the contamination which a rain water will suffer 

depends to a great extent on the nature of the 

geological strata through which it passes, and also 

on the rate at which percolation takes place. The 

hardness of a water is due to the amount of calcium 

and magnesium salts in solution. When these consist 

of the carbonates chiefly of the former, they can be 

softened by boiling, the carbonates being precipitated. 

CaH2(C03)2 = CaC03 + H20 + C02. 
Soluble insoluble water carbonic 

calcium carbonate calcium carbonate acid gas 

From the above equation it will be seen that the 

CaC03 is kept in solution by the carbonic acid gas 

forming a calcium bicarbonate salt, which is decom¬ 

posed on heating. This is known as temporary 

hardness. If, however, the salts consist of the 

sulphates or chlorides of these elements, boiling will 

not precipitate them, and hence these waters are 

known as permanently hard. 

The water in my neighbourhood is exceptionally hard, 

caused by passing through layers of chalk, which is 

chemically the same as limestone or calcium carbonate. 

Suppose I were to make up my platinotype developing 

solution with this water I would get a very dense 

white precipitate of calcium oxalate as follows : — 

CaH2(C03), P K2C204 = CaC204 + K2C03 -f C02 + H20. 
Calcium potassium calcium potassium carbonic r , 

bicarbonate oxalate oxalate carbonate acid gas wa ei* 



Solvents and Solution. 31 

Now, this would in more ways than one seriously 

affect the developing of platinotype prints. It can, 

however, be overcome by thoroughly boiling the water 

and filtering, or instead of filtering allowing it to 

stand, and when all the precipitated chalk has settled, 

decanting off the clear liquid. 

Chlorides are always found, in smaller or larger 

quantities, in all natural waters. This is an impurity 

which precipitates silver salts from their solutions, 

and in any quantities more than the merest trace is 

particularly obnoxious when dealing with sensitising 

solutions. Traces of organic matter in waters are 

for most purposes not of much importance. When 

making gold chloride solution, however, distilled 

water should always be used, otherwise a good deal 

of the gold will be precipitated, and be lost for toning. 

To test the suitability of a water for photographic 

purposes, take four test tubes, each about one-third 

full, and add to— 

1. A few drops of silver nitrate (AgN03) solution. 

Not more than a slight opalescence should be 

visible, otherwise there is too much chloride 

for our purpose. 

2. A few drops of barium nitrate (Ba2N03) solution. 

Only a very slight precipitate should be visible, 

otherwise the sulphates are excessive. 

3. A few drops of a weak soap solution will give 

a lather after being vigorously shaken, unless 

the water is excessively hard. 
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4. After boiling with a drop of pure, concentrated 

nitric acid (HN03) and cooling, no red colora¬ 

tion should be produced on the addition of a 

solution of potassium sulphocyanide, showing 

the absence of iron in solution. 

Washing waters, I am afraid, must be taken as 

found, as it would be beyond the ordinary mortal to 

chemically treat such large quantities. If there is 

any suspended matter, which the great majority of 

waters have, the best thing to do is to tie a piece of 

flannel or swansdown calico round the tap, and 

one will be surprised at the amount of dirt thus 

arrested. 

Solubility.—Many people confuse solubility with 

rate of solution. The solubility of a body at any 

temperature is the amount which will be dissolved 

by 100 grammes of the liquid at that temperature. 

The rate of solution depends, not on its chemical 

properties, but on its physical condition. For ex¬ 

ample, sodium sulphite will take some considerable 

time to dissolve when in the form of large crystals, 

but the same amount will dissolve very much 

quicker if it is first ground to a powder; the 

amount finally dissolved being identical in the two 

instances. A good method for showing the solubility 

of various bodies is by means of curves. Draw a line 

AB (fig. 6), mark off into, say, ten equal parts, and 

let each division equal ten degrees Centigrade, then 

draw AC at right angles to AB, and divide off into, 
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say, twelve equal parts, and let each division equal 

ten parts of a substance, number as shown in the 

diagram. We get the curve of solubility for common 

salt (NaCl) from the following data, which gives the 

amount dissolved by one hundred parts of water. 

3 
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100 parts of water at 0° dissolve 35’6 parts of NaCl. 

„ „ „ 20° ■„ 35-9 „ 
a n° Q7.1 

?? u 1 
„ „ „ 80° „ 38*0 „ 

We go along AB till we come to 20°, then follow 

the upward line till opposite 35*9 on AC, shown by 

a cross. The same thing is done at 60° and 80°. 

The little crosses are then joined together by a curve 

starting from 35-6 on AC, which in this case is 

almost a horizontal straight line, showing that the 

solubility is only very slightly increased by heat. 

Hypo increases very rapidly in solubility when heated, 

as will be seen by the shape of the other curve in 

fig. 6. The data from which the curve is drawn being 

100 parts of water, dissolve at 

0°, 47*6 parts of sodium thio-sidphate. 

10°, 58-0 „ 

20°, 69-0 „ 

30°, 82-0 „ 

40°, 98-0 „ 

47°, 114*0 „ 

In fig. 7 the curves of some common chemicals 

which the photographer uses are given. By means 

of these curves the solubility of the substance can 

be obtained for any temperature by simply drawing 

lines parallel to AB and AC respectively. Most 

substances in the process of dissolving absorb heat, 

and hence lower the temperature of the whole ; thus, 
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by their own action, making solution more difficult 

and slow. Hypo, if put into a beaker of warm water 

and stirred, will be found to get cold almost immedi¬ 

ately. Hence the object of warming a liquid to aid 

solution. '-An exception to this rule of absorbing heat 
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is caustic soda and potash, which give out much heat 

in the process of dissolving. 

True solution takes place when a body undergoes 

no chemical change in the process. Silver does not 

dissolve in nitric acid, but decomposes the acid, 

forming silver nitrate, which is dissolved in the re¬ 

maining acid and water. 

Percentage Solution.—What is understood by a 10 

per cent, solution ? Accurately this means a solution, 

100 grammes of which contain 10 grammes of the 

solid. This would necessitate weighing liquids, 

which is very inconvenient, and to simplify matters 

we use a combination of weighing and measuring. 

Take 10 grammes of the solute and make up to 

100 c.c. with the solvent (this is very different to 

adding 100 c.c.). The result will be a solution con¬ 

taining what is known as 10 per cent, of the solute 

whatever it is. 

If there is water of crystallisation with the solid, 

as, for example, Na2S03—7H20, a 10 per cent, 

solution means 10 grms. of crystallised sulphite, 

including the seven molecules of water, made up to 

100 c.c. with water. 



CHAPTER VI. 

SENSl TISERS. 

In this chapter I shall deal with a few chemicals 

of very different natures, which are in some way 

connected with sensitising emulsions on papers and 

plates. 

Silver is a soft white metal, obtained largely from 

galena, the chief ore of lead ; it is obtained as a bye 

product. Pure silver can be best obtained from its 

waste solutions, or old silver dissolved in nitric acid, 

then precipitating with hydrochloric acid or common 

salt. The precipitate is washed thoroughly by de¬ 

cantation. The silver chloride thus obtained is 

boiled gently with caustic soda solution for an hour, 

adding every few minutes small quantities of glucose. 

The liquid will become a dirty brown, and the reduced 

silver chloride will settle to the bottom, and is washed 

with water first by decantation, and finally on a filter 

paper. The appearance of the metal in this state will 

differ very little from the original chloride. After 

drying, this u molecular” silver, as it is called, should 

be fused until all the metal runs into a button on a 

37 
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little cupel made of bone ash, which absorbs any 

lead which might be present. This is a good method 

for recovering silver from photographic waste, and 

one will be surprised at the amount that can be thus 

recovered (see Appendix VI.). 

Silver nitrate (AgN03) can be obtained by dis¬ 

solving the silver bead obtained above, in nitric acid, 

Ag2 + 2HNOs = 2AgN03+H2, 

1 
•'/ ! \ 

Fig. 8.—Crystal of 

Silver Nitrate. 

and evaporating down to a very concentrated solution, 

and allowing the salt to crystallise out, but better 

to evaporate to dryness, and fuse 

in a porcelain dish over a flame. 

A crystal is shown in fig. 8. 

Silver nitrate is very soluble in 

water, as will be seen by referring 

to its curve in fig. 7. 100 parts 

of water at 100° C. dissolve over 

900 parts of this salt. It should be perfectly neutral 

to litmus test papers. It is not likely to be alkaline, 

but might possibly be acid, in which case it would 

turn blue litmus red. 

Litmus papers are small strips of blotting paper 

soaked in a vegetable extract called litmus, either 

slightly acidified or made alkaline, and then allowed 

to dry. 

An acid turns blue litmus red. 

An alkali turns red litmus blue. 

Silver haloids (chloride, bromide, and iodide, AgCl, 
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AgBr, Agl) are very similar in their actions and 

preparations, and will be treated here together. They 

are prepared by the action of the respective soluble 

haloid salts or acids on a solution of silver nitrate, 

which would be in the case of the chloride with 

common salt: — 

AgN03 + NaCl = AgCl + NaN03. 

and bromide with hydrobromic acid :— 

AgNog+HBr = AgBr + HN03. 

The chloride is thrown down as a white curdy pre¬ 

cipitate, soluble in aqueous ammonia, whereas the 

bromide is very pale yellow and only slightly soluble, 

and the iodide is yellow and insoluble. All three 

are insoluble in water, and, of course, soluble in 

sodium thiosulphate (hypo), but this will be dealt 

with in a later chapter. 

When silver chloride in water is exposed to light, it 

very soon darkens, and after a time free hydrochloric 

acid (HC1) will be found in the liquid, and metallic 

silver along with the chloride. Carey Lea put this 

darkening down to various subhaloids or oxyhaloids, 

which he called “ Photo-salts.” Space, however, pre¬ 

vents me discussing this here. The following table 

will be found of use, and gives the equivalent of the 

various silver salts ; 1 gramme or grain of silver 

gives P57 grammes or grains of the nitrate, and 1 

part of nitrate contains ‘635 part of silver, and so on. 
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Table of Equivalents of Silver Salts. 

Silver. Nitrate. Chloride. Bromide. Iodide. 

1 1-574 1-328 1*741 2-176 
•635 1 •844 1-106 1-382 
•752 1-184 1 1-310 1-638 
•574 •904 •763 1 1-250 
•460 •723 •610 •800 1 

Bichromate of potash (K2Cr207) is used for sensitising 

carbon tissue and gum. It is manufactured from 

chrome iron ore by roasting, and after passing 

through a variety of processes, which my readers 

could not repeat on a small scale, potassium chromate 

is obtained. This is then treated with the requisite 

amount of sulphuric acid (98 parts of acid to 388 

of chromate), which can be calculated from the equa¬ 

tion by the process shown in Chapter II. 

2K2Cr04 + H2S04 = K2Cr207 + K2S04 + H20, 

Potassium sulphuric potassium potassium ya^er 
chromate acid bichromate sulphate 

The bichromate, or, to be strictly accurate in nomen¬ 

clature, di-chromate, is much less soluble in water 

than the chromate, consequently most of it is pre¬ 

cipitated, and if well stirred during the process the 

crystals are very small indeed, and would thus contain 

little, if any, impurity in the interior of the crystals. 

These should be placed in a filter and washed several 

times with small quantities of pure water ; some will 
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of course be dissolved, but all the free acid will be 

removed, which is a very objectionable impurity ; 

it can be further purified by recrystallising from a 

fresh solution. 

In the carbon process the gelatine and pigment, 

after being spread on paper, is soaked in a solution 

of bichromate, and dried in the dark. When exposed 

to light the Cr03 of the bichromate is reduced to the 

basic oxide (Cr203), and simultaneously the gelatine 

is made insoluble, possibly by the formation of 

formaline, which in its turn acts on the gelatine. 

Ferric oxalate is prejiared by dissolving 30 grammes 

of iron piano wire in nitric acid by gentle heat, then 

adding an equal quantity of strong ammonium hydrate 

until it smells strongly of the gas. The brown 

precipitate of ferric hydrate is washed by decantation, 

and 100 grammes of crystallised oxalic acid is added, 

and thoroughly shaken till dissolved. 

Fe2(OH)6 + 3H2C204 = Fe2(C204)3 + 6H20. 
Ferric hydrate oxalic acid ferric oxalate water. 

This last operation should be performed in artificial 

light; filter, and make up to 600 c.c. This gives a 

solution containing, approximately, 20 per cent, of 

ferric oxalate; and is the strength generally used in 

making platinotype paper. 

Ferric oxalate when in very thin layers is acted on 

by light, being reduced to ferrous oxalate thus:— 

Fe2(0204)3 .= 2Fe0204+2C02. 
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Potassium chloro-platinite (K2PtCl4) is a salt used 

in sensitising platinotype paper along with the com¬ 

pound previously described. It can be prepared by 

heating platinic chloride (PtCl4) to about 300°, C. 

PtCl4= PtCl2 + Cl2, when platinous chloride is the 

result. By the action of hydrochloric acid on this 

latter substance, chloro-platinous acid (H2PtCl4) is 

formed. If a solution of potassium chloride (KC1) 

is now added, K2PtCl4 crystallises out. 

When light acts on the platinotype paper reduction 

of the ferric oxalate takes place, as shown above ; this 

latter is soluble in a solution of potassium oxalate. 

While going into solution, however, to reform ferric, the 

ferrous oxalate reduces the potassium chloro-platinite, 

precipitating the platinum which gives the image. 

3K2PtCl4+ 6Fe(C204) = 3Pt + 2Fe2(C204)5 + Fe2Cl6 + 6KCl. 

Ferric ammonium citrate is obtained in the form 

of scales. It is prepared in the following manner :— 

Take a known quantity of ferrous sulphate (FeS04), 

and place in a beaker of water ; add a few drops of 

strong nitric acid, and boil for some time, then add 

ammonia till smelling strongly of it, wash the 

precipitated ferric hydrate (Fe2(OH)G) thoroughly, 

place in a beaker, and add a solution of citric acid 

until just dissolved, and mix with this the same 

amount of citric acid as already used, previously 

neutralised with ammonia ; evaporate to dryness, and 

then spread on sheets of glass to dry. 
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This forms the brown salt used in medicine, but 

there is a green modification which is much more 

sensitive to light. 

Silv.er gallo-nitrate is a sensitiser for colotype paper. 

It is not a true chemical compound, but a mixture made 

up as follows 7 grammes of silver nitrate (AgN03) 

dissolved in 60 c.c. of water, and 10 c.c. of glacial 

acetic acid added ; just before use mix with 70 c.c. 

of a saturated solution of gallic acid. 

Ferric chloride (Fe2Cl6) can be prepared by dis¬ 

solving ferric oxide in hydrochloric acid. The anhy¬ 

drous salt is of a very dark colour, but when allowed 

to crystallise from an aqueous solution yellow crystals 

are formed having the formula (Fe2Cl6—12H20). 

Cuprous chloride (Cu2Cl2) can be precipitated as 

a white powder by passing sulphur dioxide gas slowly 

through a solution of cupric chloride thus :— 

2CuC12 -f S02 + 2H20 = Cu2Cl2 + 2HC1 + H2S04. 

It is very easily soluble in ammonia, giving a 

colourless solution, turning blue in contact with the 

air, owing to the re-formation of cupric chloride. 



CHAPTER VII. 

DEVELOPERS, 

The nature of the latent photographic image is still 

problematical. Within the last few years many new 

theories have been evolved, and old ones rejuvenated. 

A Physical Change theory has been brought for¬ 

ward, but I am afraid that the definitions on which 

this theory is elaborated are not perfectly sound. 

Perhaps these definitions are passable from a popular 

point of view ; but to build highly scientific theories 

on a popular non-exact scientific definition is, to 

say the least, building a house on a foundation of 

sand. 

A Chemical Change theory is the one generally 

accepted at the present day. Of the chemical theories, 

the sub-bromide one is the oldest and most widely 

accepted. 

When a photographic dry plate is exposed to the 

action of light, the silver bromide (argentic bromide) 

is split up on the surface, in very minute quantities, 

into bromine and silver sub-bromide (argentous 

bromide) thus 

2AgBr = Ag2Br + Br. 
Argentic bromide argentous bromide bromine. 

44 
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The action of the developer is, then, simply to 

further reduce the silver sub-bromide to metallic silver. 

This is, of course, the old theory of many years ago. 

The newer part is the way in which the immensely 

large proportion of silver in the developed image is 

accounted for, as compared with the minute quantity 

of partially reduced silver bromide (i.e., sub-bromide) 

in the plate as originally exposed. The supposi¬ 

tion is that the silver sub-bromide gives, on develop¬ 

ment, the silver in a nascent or atomic state. This 

silver being in contact with further portions of silver 

bromide immediately combines with these, reducing 

them to the sub-bromide. The two steps may be 

shown by equations, thus : 

I. Ag2Br + Devel. - 2Ag + Br -f Devel. 

II. 2Ag +■ 2AgBr = 2Ag2Br. 

We thus get a continuous cyclical action during 

development. Whether the bromine is absorbed by 

the developer or by the gelatine is quite immaterial to 

the above. 

With the proviso that only a portion, say half, of 

the reduced silver is used in reducing further quantities 

of the silver bromide, this theory would explain the 

formation of a large quantity of metallic silver frojn 

an infinitely small amount of silver sub-bromide. 

Further, this theory would explain why an image 

u comes up ” faster after the first portions have shown 

themselves. The fact that an image begins to show 
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itself only some time after the developer has been 

poured on would be explained by the original amount 

of the sub-bromide being so very minute that all the 

silver first reduced would be used up in reducing silver 

bromide according to equation II., and not being 

deposited in the film. Over-exposed plates would, for 

the same reason, come up quickly, and under-exposed 

slowly. On the other hand, how would reversal be 

explained ? Again, argentous bromide has never been 

formed in any other way, and its presence in an 

exposed photographic plate has never been experi¬ 

mentally shown. 

I see no scientific reason why the silver bromide 

and gelatine should not, under the action of light, 

unite to form a new compound. It is a well-known 

fact in chemistry that by adding to certain parts of an 

organic radicle, by the process, as it were, of altering 

the equilibrium of the molecule, the original part can 

in many cases be split up more easily than without 

the addition. Light impinging on the film supplies 

enough energy to form this complex compound more 

or less throughout the thickness of the film. It is 

then found that the developer has the power of 

splitting up this new substance and depositing 

metallic silver, but it had not the power of decom¬ 

posing the original silver bromide, except very 

slowly. 

I anticipate the objection that the gelatine film 

has been analysed, and no such compound has ever 
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been found. It must, however, be remembered that, 

according to this theory, we have a molecule so 

elaborately and yet so delicately constructed, that even 

the slightest alteration in its environments may break 

up the whole combination. Its contact with most 

substances would have a similar effect, that of 

rendering the complex molecule into its original 

constituents. Developers, however, are characterised 

by their power of splitting it up into different con¬ 

stituents— i.e., depositing the silver. Too much 

energy, in the form of light, could, I think, be easily 

imagined to produce a like result. Hence, on this 

hypothesis, the phenomena of reversal might be easily 

explained. 

Considering the little, or, I may even say, the 

next to nothing, we know about the chemistry of 

gelatine and other complex natural organic bodies, 

it is no wonder that there has not yet been evolved 

a satisfactory chemical theory of the developable 

image. I don’t wish to suggest that a physical 

theory is absolutely untenable, but I certainly think 

that a chemical one is much more probable, or 

even, as has been suggested, a physico-chemical 

change. To properly appreciate these abstruse 

theories, one must have a rather profound know¬ 

ledge of physics and chemistry, and it is the 

author’s hope that this book may be the means of 

some taking up the study of chemistry, who would 

jjot otherwise have done so. 
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The following portion of the chapter I propose 

dividing into three parts. 

A. Developers Proper are bodies which are easily 

oxidised, and which have a preferential action on 

silver haloids, reducing those parts on which light 

has acted, and having very little effect on the parts 

not thus acted on. During this process the developer 

reduces the silver salts and deposits the metallic 

silver in the medium in which it was held, and at 

the same time being itself oxidised. 

From the above definition of a developer it is 

obvious that every compound to be thus classed must 

have some particular grouping of the various atoms 

in the complicated molecules of which they are made 

up. As an introduction to the developers, I will give 

some details concerning the parent of nearly all 

developers—Benzene. 

Benzene is obtained by the distillation of coal tar, 

4 
0) (2) (3) 

etc. Its formula is C6H6, but to distinguish this 

substance we must show graphically how the six 
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carbon atoms are joined in a ring. (1) shows this 

in fall, but for simplicity it is represented as (2), 

the C and H atoms being supposed to be at each 

corner; its simplicity will be apparent when we 

come to discuss the derivatives. In order to show 

in which position any addition is made to a benzene 

ring, we number each carbon atom as shown in (3). 

An example will make this plain. If one H were 

replaced by hydroxyl group (OH), we should have 

phenol, or carbolic acid, and as only one would be 

replaced, it would be immaterial which. When, how¬ 

ever, two hydrogen atoms are replaced by (OH) 

groups, then it is essential to know which position 

they occupy. 

a°h 
/ VOH /tH 

V V0H 
Catechol Resorcinol Hydroqulnone 

1 : 2 would be the same as 1 : 6, and is known as 

the ortho-position. 1 : 3, same as 1 : 5, or meta- ; 

1 : 4 being the para-. Hydroquinone may thus be 

written as para-dihydroxy-benzene, or para-hydroxy- 

phenol ; resorcinol or resorcin as meta-dihydroxy- 

benzene or meta-hydroxy-phenol; catechol or pyro- 

4 
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catechin as ortho-dihydroxy-beiizene or ortho-hydroxy- 

phenol. 

When three hydrogens are replaced, these equalities 

do not hold good. 

Pyro is the short for pyrogallol, or pyrogallic acid, 

and is a 1 : 2 : 3 trihydroxybenzene, and would he 

represented graphically as shown in the equation 

below. It can, as its last name implies, be obtained 

by heating gallic acid either alone or along with 

glycerine, to between 200° and 215° C., until no more 

carbonic acid gas is given off:— 

+ co2 

Gallic Grid Pyro Carbonic acid gas 

It is a white crystalline body, which melts at 115°, 

and is very soluble in water, and is most easily purified 

by sublimation. When oxidised it forms acetic and 

oxalic acids ; these are not formed in development. As 

we have excess of sodium carbonate, we get sodium 

acetate and oxalate formed, besides other compounds 

of a dark colour, such as meta-gallic acid, which is 

insoluble in water. 
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Hydroquinone, or quinol (C6H4(OH)2), and has the 

graphic formula shown above. It is prepared from 

aniline (CflH5NH2), which is an amido compound 

derived from benzene, by oxidising with potassium 

bichromate and sulphuric acid. A yellow crystalline 

substance crystallises out, known as quinone (C6H402). 

If this substance be now dissolved in water and 

sulphurous acid added, or sulphur dioxide ga-j passed 

through, hydroquinone is formed :— 

C6H402 + H2S03 + H20 = C6H4(OH)2 + H2S04. 

The solution is then shaken up with ether, allowed 

to settle, and the water run off. The ether extracts 

all the products of reduction, which on evaporation 

leaves the hydroquinone as a white solid, melting 

at just under 170°. 

Amidol—2 : 4 diamido-phenol hydrochlorate 

(C6H3OH(NH2)2—2HC1)—is prepared by reducing a 

body very nearly related to picric acid, namely, 

dinitro-phenol by means of hydrochloric acid and tin. 

It is a white crystalline body, very soon darkening 

when exposed to light and very soluble in water. On 

the application of heat it decomposes before melting. 

Glycin—para-oxyphenyl glycin, or para oxyphenyl 

amido acetic acid, consists of white crystals of a plate 

or scale form. It is prepared by the action of chloro- 

acetic acid on para-amido phenol. 

Metol is sulphate of methyl para-amido phenol, it 
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crystallises in white prisms or needles. Metol is 

very closely related to glycin, as will be seen from 

the following graphic formulae :— 

Gmidol Qlycin Jfletol (base') 

Ortol is a compound developer, being a mixture 

of methyl-ortho-amido-phenol sulphate with hydro- 

quinone. 

Para-amido-phenol is the hydrochlorate of 1 : 4 

amido-phenol, and is prepared by reducing para-nitro- 

phenol with tin and hydrochloric acid. It crystallises 

in white prismatic crystals. The free base, however, 

forms crystalline plates. 

Podinal is a highly concentrated solution of the 

previous developer, to which an alkali and neutral 

sulphite has been added, the alkali being only 

sufficient to form a salt with the developer proper. 

Synthol is a new developer, and is the hydrochloride 

of diamido-orcinol. The parent substance orcinol or 

orcin is obtained from many kinds of lichens. 

Synthol is very soluble in water, slightly so in 

alcohol, and insoluble in ether and benzene, and 
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OH 

ch3 ch3 

A //^'\hn2 hci 

V0H 
Orcinol Synthol 

according to W. Thomas, F.R.P.S., is an English 

made developer. 

Adurol is a mono-bromo-substituted product of 

OH 

Br 

Vo„ 
Adurol 

hydroquinone. It occurs as a white crystalline 

powder, soluble in water, and very soluble in alcohol 

and ether. 

Pyrocatechin, or catechol (06H4(0H)2), is isomeric 

with hydroquinone and shown above. It can be 

prepared by heating guaiacol with hydriodic acid, or 

by the dry distillation of catechu itself obtained from 

various Indian trees. It is a colourless crystalline 

body, melting at 104°, very soluble in water. 
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Diogen—a developer similar in composition to 

eikonogen. 

Eikonogen does not belong to tbe same family as 

the above developers. It has a double ring, as shown 

below, and is a sodium salt of a amidol- /3 naphthol 

sulphonic acid. 

Para - amido -phenol Cikonogen 

Edinol is one of the new developers quite recently 

brought out. It is generally supposed to be ortho- 

amido-meta-oxy-benzyl alcohol, and would con¬ 

sequently differ considerably from the other developers 

considered above. Edinol is a light brown powder 

very soluble in water. 

Carbamide or urea (CH4N20) is a substance 

which is said to have developing powers ; not strong 

ones but nevertheless capable of developing a photo¬ 

graphic image. It can be formed by heating 

ammonium cyanate, a body having the same per 

centage composition, but with a different molecular 

arrangement. 
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NH4CNO = > CO. 

Ammonium carbamide, 
cyanate 

Hydroxylamine (NH2—OH) is known as an odour¬ 

less solution which gives an alkaline reaction. It 

can he prepared by reducing nitric oxide with nascent 

hydrogen made by the action of an acid on zinc 

thus 

Zn-f 2HC1 = ZnCl2+ 2H. 

NO + 3H = NH2 —OH. 

It can also be prepared by reducing ethyl nitrate 

(C2H5N03). 

Hydroxylamine hydrochlorate (NH2OH —HC1) is 

obtained in the solid form by neutralising the solution 

obtained in the previous reaction with HC1 and 

allowing to crystallise. 

Hydrazine (N2H4) is a compound which can only 

be prepared by very complex reactions. It is very 

similar to ammonia in its properties. 

Potassium oxalate (K2C204—H20) is a poisonous 

white crystalline substance obtained on concentrating 

a solution of oxalic acid neutralized with caustic 

potash (KOH). 

Ferrous oxalate (FeC204) is generally prepared as 

wanted by adding ferrous sulphate solution to a solu¬ 

tion of potassium oxalate. It is insoluble in water, 

but dissolves in potassium oxalate, hence double the 
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amount of this salt must be added in order to keep 

the ferrous oxalate formed in solution thus :— 

FeS04 + 2K2C204 = FeC204 + K2C204+K2S04. 

When in a dry state ferrous oxalate consists of a light 

yellow powder. 

Ferrous sulphate is obtained by dissolving iron in 

sulphuric acid, the solution evaporated down, when 

this substance crystallises out in pale green mono- 

symmetric crystals having the formula FeS04—7H20, 

which effloresce when exposed to the air. 

B. Accelerators and various adjuncts to the 

developer proper will be treated in this part of the 

chapter. 

Carbonate of soda is manufactured from common 

salt by one of two methods. 1. The Leblanc process. 

Salt is treated with sulphuric acid, forming sodium 

sulphate, or “ salt cake.” The resulting mass is 

mixed with coal (for its carbon) and limestone (CaC03), 

and strongly heated in a revolving furnace when the 

following change takes place :— 

m2S04+ 2C + CaC03 = Na2C03 + CaS + 2C02. 

This mass, known from its colour as “ black ash,” is 

lixiviated with water, which dissolves the carbonate 

and leaves the calcium sulphide as an insoluble 

residue. The liquor is allowed to settle, then drawn 

off and evaporated down, when “ soda crystals ” 
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(Na2C03—10H2O) separate out. The crystals are 

sometimes calcined, which leaves “ soda ash,” or 

anhydrous sodium carbonate. This process is much 

more expensive than the next one to be described, 

and would not be used now but for the valuable 

bye-product which is obtained, namely hydrochloric 

acid, as explained in the next chapter. 2. The 

ammonia soda process consists of forcing carbon 

dioxide gas under pressure through a solution of 

salt saturated with ammonia gas, first forming 

ammonium carbonate, and then reacting on the salt 

according to the two following equations : 

2NH8+COs + HsO = (NH4)2C03 
(NH4)2C03 + NaCl - NaHC03 + NH4Cl + NH3. 

being only 

If the 

The bicarbonate of soda thus formed 

sparingly soluble in water separates out. 

carbonate is required this is heated 

and “ soda ash ” is the result. 

The solubility of sodium car¬ 

bonate reaches a maximum at 

32*5°, when on further heating 

the solubility rapidly falls away ; 

vide fig. 7. A crystal of washing 

soda is shown in fig. 9 ; it belongs to the monoclinic 

system. 

When a solution of a certain percentage strength 

is required in photography the percentage of crystals 

is meant, not of the anhydrous sodium carbonate. It 

Fig. 9. — Crystal 

of Sodium Car¬ 

bonate. 
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will be seen, on referring back to tbe end of 

Chapter II., that 286 parts of soda crystals contain 

180 parts of water and 106 of anhydrous carbonate ; 

hence a 10 per cent, solution, as we understand it, 

contains only 3*7 per cent, of Na2C03. 

There are several forms of sodium carbonate. 

There is the anhydrous carbonate mentioned above 

(Na2C03), with no water of crystallisation, which is 

very similar in appearance to the bicarbonate ; they 

can, however, be easily distinguished by the second test 

given below. When soda crystals (Na2C03—10H2O) 

are exposed to the air they effloresce ; that is, some 

of the water of crystallisation is given off and a new 

substance (Na2C03—H20) is formed and appears as 

a white powder on the crystals. This body it will be 

noticed from the formula contains a larger per centage 

of anhydrous carbonate than the crystals do. Hence 

in weighing, care should be taken that as little as 

possible of this substance is weighed, otherwise your 

solution will be stronger than you intended it to be. 

Sodium bicarbonate (NaHC03) is a substance sold 

by chemists and grocers as “ carbonate of soda ” for 

culinary purposes. This stuff is, however, absolutely 

useless for developing. Always go to a photographic 

chemist for carbonate of soda crystals, or to the grocer 

for ordinary washing soda, and pick out the bright 

and clear crystals, and make up your solution in the 

ordinary way and filter. This will be found quite 

good enough for ordinary work. 
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Suppose that by some mischance one finds himself 

with only bicarbonate of soda, the omission can soon 

be remedied. If a solution of bicarbonate of soda 

be boiled, we get the carbonate formed as follows :— 

2NaHC03 = Na2C03+IT20 + C02 
168 106 18 44 

If these amounts be calculated out as shown in a 

previous chapter it will be found that 168 parts of 

sodium bicarbonate yield 106 parts of the anhydrous 

carbonate. Suppose a 10 per cent, solution of the 

crystals is required—I have shown above that it is 

equal to nearly 3’7 per cent, of Na2C03, or 3-7 parts 

in 100—now by simple proportion the amount of 

bicarbonate equivalent to 3*7 parts of carbonate can 

be calculated :— 

106 : 3-7 = 168 : x 

168x3-7 
106 

- = 5*86. 

So if we take 5*86 grammes of bicarbonate of soda, 

place in a vessel with a little water, and boil for a 

few minutes, then allow to cool and make up to a 

100 c.c., we shall get a solution of the same strength 

as one of 10 per cent, soda crystals, or the hydrated 

carbonate. 

The anhydrous carbonate and the bicarbonate of 

soda are, as stated above, very similar in appearance. 

The best and easiest method for distinguishing them 

is to put a little of the doubtful substance in a test- 



60 Elementary Chemistry of Photographic Chemicals. 

tube, then pour on from another test-tube, a few c.c. 

of boiling water. If no effervescence takes place, it is 

the carbonate ; the bicarbonate would give off many 

times its own volume of gas (C02). The following 

table will give the various tests to distinguish between 

these two substances : 

Table of Differences. 

Sodium 
carbonate. 

Sodium 
bicarbonate. 

1. Proportional solubilitv in cold\ 
water (15°—16°0.) ‘ ./ 

1 in 2 1 in 11 

2. Plot water poured on some of the^ 
substance in a glass .J 

No effer¬ 
vescence 

Brisk effer¬ 
vescence 

3. Solution of Epsom Salts (MgS04)\ 
added to solution of substance ... j White ppt. No ppt. 

4. Solution of mercuric chloride* "I 
(HgCl2) added to solution of s 
substance ... ... ... ...J 

Reddish- 
brown ppt. 

White f ppt. 

Ammonia (NH3) is a gas which is very soluble in 

water and is then known as ammonium hydrate 

(NH4OH). The strongest solution of ammonia has 

a specific gravity of *882, and contains 35 per cent, 

of NH3 gas, that is, one litre contains 308 litres of 

* Mercuric chloride is the same substance as used for mercurial 

intensification. 

f This precipitate is never obtained quite white, and varies in 

colour within very wide limits, owing to the fact that all samples of 

commercial bicarbonate of soda always contain more or less of the 

carbonate. 
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gas. It is obtained principally from gas tar, or by 

the destructive distillation of horns and hoofs of 

animals. It can be very easily prepared by acting 

on any ammonium salt, such as the chloride known 

as sal-ammoniac, with lime or caustic soda :— 

2NH4Cl + Ca(OH)s = CaC]2 + 2H20 + 2NH3. 

or, 

NH4C1+NaOH = NaCl + H20 + NH3 

ammonia gas being liberated in each case. 

Ammonium hydrate should give no precipitate with 

lime water, showing absence of carbonates, or, with 

barium nitrate absence of sulphates. 

Potassium carbonate (K2C03) was formerly prepared 

from the ash of plants burnt in pots, hence its name- 

potash. It is now made almost exclusively from 

potassium sulphate (K2S04) by a similar process 

to the Leblanc. Potassium carbonate crystallises 

with three molecules of water. The anhydrous salt 

is very deliquescent ; and, as will be seen on 

referring to fig. 7, very much more soluble in water 

than the corresponding sodium salt. 

Acetone, or dimethyl ketone (CH3)2CO, is a liquid, 

boiling at 56°, miscible with water in all proportions. 

It is prepared by the dry distillation of crude calcium 

acetate as follows :— 

CH3-COO v 
CHg-COO^ Oa = OaOOs + Q®*> CO 

Acetone sulphite is a new substitute for alkali and 
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is a compound, of acetone and sodium sulphite and 

bisulphite. 

Potassium acetone sulphite is more often known 

under the name of the previous body. It is supposed 

to be formed by mixing acetone with a solution of 

potassium bisulphite, thus :— 

CHj > C0 + KHS03 = (CH3)2C(0H)KS03. 

White crystals of this substance separate out. 

Sodium sulphite (Na2S03) is prepared by passing- 

sulphur dioxide gas into a solution of sodium carbonate 

or caustic soda. Take about 100 grammes of sodium 

hydrate and dissolve in 200 c.c. of water. Divide this 

solution into two exactly equal parts ; through one 

of them pass sulphur dioxide until it smells strongly 

of the gas, then allow to stand for some hours in the 

warm and most of the odour of burning sulphur has 

disappeared. The other half of the caustic solution is 

now added, and the liquid evaporated down to a small 

bulk and allowed to crystallise. The crystals should 

be strained and dissolved in a small quantity of warm 

water and allowed to cool down ; monoclinic crystals 

separate out, having the formula Na2S03—7H20. 

The crystals, if allowed to remain exposed to the air, 

absorb oxygen, 

Na2S03+0 = Na2S04, 

forming sodium sulphate, which is easily detected by 

the crystals becoming powdery and opaque. A solu- 
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tion of tlie sulphite becomes oxidised in just the same 

manner, and takes place the more readily the less 

there is in the bottle. For further particulars as to 

its keeping qualities see Appendix VIII. 

Nitric acid (HN03) is a liquid obtained by dis¬ 

tilling nitre with sulphuric acid :— 

KN03 + H2S04 = khso4 + HN03. 

It is a very powerful oxidising agent, and should 

always be handled with great care. 

Sulphurous acid (H2S03) is the solution in water 

of sulphur dioxide gas, of which it smells strongly. 

On standing it oxidises, forming sulphuric acid 

(H2S04) and consequently loosing its odour. 

Caustic soda (NaOH), or sodium hydrate, is a white 

deliquescent solid. It can be prepared by boiling a 

solution of washing soda with excess of slacked lime ; 

chalk is precipitated, and the caustic obtained on 

evaporating off the water :— 

Na2C03 + Ca(OH)2 = 2NaOH + CaC03. 

Potassium meta-hisulphite (K2S205) is prepared by 

making a strong solution of potassium carbonate 

and passing sulphur dioxide gas through until the 

solution is saturated ; on the addition of absolute 

alcohol the salt separates out in needle-shaped crystals. 

These crystals smell strongly of burning sulphur and 

are thus easily distinguished from the ordinary sulphite. 

Tribasic sodium phosphate (Na3P04—12H20), or 

normal phosphate,* has been suggested by Messrs. 
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Lumiere as a substitute for alkali in developers. It is 

supposed to give stronger images. The thin six-sided 

prismatic crystals of this substance give a strongly 

alkaline solution. 

C. Restrainers probably depend for their action 

on the stability of the compounds they form with the 

silver haloids. 

Potassium bromide (KBr) is formed by adding 

bromine to a solution of caustic potash :— 

6KOH + 3Br2 - KBr03 + 5 KBr + 3H20. 

The solution now contains potassium bromate as well 

as bromide. If the solution be evaporated to dryness 

and then ignited, the bromate is decomposed, the 

oxygen being given off, and bromide left. The residue 

should be dissolved in hot water and allowed to cool 

slowly, when the potassium bromide crystallises out 

in cubes. 

The action of this substance in restraining develop¬ 

ment is probably due to its forming a more stable 

salt with silver bromide ; something similar to what 

takes place when precipitated silver bromide dissolves 

in excess of potassium bromide. 

Ammonium bromideifAH4Br) is another restrainer 

prepared in a similar way to the above but using 

ammonium hydrate instead of caustic potash :— 

6NH4OH + 3Br2 = NH4B1O3 + 5NH4Br + 3H20. 

Its action is similar to the potassium salt. 



Developers. 65 

Sugar is recommended for restraining in the 

development of one brand of papers. There are many 

cane sugars chemically known, but take it that 

ordinary sugar is meant. This has the formula 

(C12H22On)n and is obtained mainly from the sugar 

cane but also from the beetroot. 

Citrates. The citrates of the alkalies are used some¬ 

times as restrainers. Any of these can be formed by 

neutralising a solution of the acid by the respective 

caustic alkalies. Test with blue and red litmus 

paper. The solution should then be evaporated down 

until the salt that is being made crystallises out. 

Sodium, potassium and ammonium citrate are thus 

made. The citrates in general use are the three 

following :— 

Ammonium citrate ... ... (NH4)2HC6H507 
Potassium „ ... ... K3C6H507 
Sodium „ ... ... Na3C6H507 

Glycerine will be described in Chapter XIII., as it 

is not much used as a restrainer except in developing 

platinotype papers ; in which case its action is more 

mechanical than chemical. 

5 



CHAPTER VIII. 

FIXERS. 

A fixing bath is a solution of a substance which will 

form soluble compounds with the haloid silver salts 

present in a film, etc., or decomposes them, giving 

products which are soluble in water. The simplest, 

cheapest, and most convenient is the well-known 

“hypo.” On account of its importance, and the 

number of well-known text books in which its action 

is wrongly described, I think it will be advisable to 

consider this substance at some considerable length. 

“Hypo”—Hyposulphite of soda, or, more correctly, 

sodium thiosulphate (Na2S203), was discovered by 

Chaussier in 1799. It is very 

soluble in water, from which it 

crystallises in the monoclinic 

system (fig. 10) with five mole¬ 

cules of water (Na2S203—5H20). 

The accompanying diagram was 

sketched from a crystal formed 

Fig. 10.—Crystal of 

Hypo. 

by allowing an old used plate fixing bath to stand 

exposed to the air in a porcelain dish. After 

a week a number of beautiful crystals were formed, 

G6 
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which were quite colourless when the dark-coloured 

mother liquor was poured off. 

On a commercial scale sodium thiosulphate is 

manufactured by boiling sulphur with caustic soda, 

allowing to settle, and drawing off the solution of 

sodium sulphide (Na2S). On passing sulphur dioxide 

gas through the liquid we get: — 

Ea2S + S02 + II20 = H2S + Na2SO >. 

The sulphur dioxide acts further on the sulphuretted 

hydrogen (H2S), liberating sulphur, which in its turn 

acts on the sodium sulphite first formed, thus : — 

Na2S03 + S = Na2S203. 

From this last equation it will be seen that “ hypo ” 

can very easily be made from sodium sulphite by 

boiling with flowers of sulphur. Should the photo¬ 

grapher suddenly find himself without any u hypo,” 

he can soon remedy this if he has any sulphur by 

him. Make a solution of sodium sulphite, place in 

a beaker with a little of the powdered sulphur, and 

boil for a few minutes, filter, cool, and then use for 

fixing. 

Another method of manufacturing u hypo ” is by 

oxidising alkali waste, forming calcium thiosulphate 

(CaS203), which is decomposed by a sodium salt, say 

the sulphate, giving sodium thiosulphate in solution, 

and precipitating calcium sulphate thus :— 

CaS203 + NaS04 = CaS04 + Na2S203. 
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As stated before, sodium thiosulphate crystallises 

with five molecules of water, and when a certain per 

cent, solution is mentioned, the crystals are meant. 

The anhydrous salt can be obtained by heating the 

crystals to 215° ; at 220°, however, they commence 

to decompose. 

Most of the text books on photography and 

photographic chemistry have inaccurately given the 

chemical action of fixing by sodium thiosulphate. 

On first putting the plate or print into the fixing 

solution we get a salt formed consisting of one 

molecule of silver thiosulphate and one of sodium 

thiosulphate according to the following equation :— 

(I.). 2AgCl-1- 2Na2S203 = 2NaCl + Na2S203—Ag2S203. 

This substance is nearly insoluble in water but is 

soluble in a solution of sodium thiosulphate, forming 

another double salt with another molecule of the 

thiosulphate according to equation (II.). This second 

salt is very soluble, and can therefore be removed 

by washing the film in water. 

(II.). Ag2S203—N'a2S203 + Na2S203 = Ag2S203—2Na2S203. 

Or to express the whole reaction in one equation :— 

(III.). 2 AgCl + 3Na2S203 = 2NaCl + Ag2S203 —2Na2S203. 

Where most of the text books are wrong is in giving 

the (II) salt as first formed and insoluble and the (I) 
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as soluble. This is obviously wrong if the com¬ 

position of the two double compounds be carefully 

examined, remembering the two following well- 

known axioms for photographers :— 

(a) A strong solution of u hypo ” fixes quicker and 

better than a weak one—because excess of Na2S203 

would tend to more easily form compound (II.). 

(b) An old u hypo ” solution does not fix as well 

as a fresh one—because excess of (II.) salt already in 

the solution would tend to form with fresh silver 

haloid the (1.) compound. 

To sum up, a weak or a well-used solution of hypo 

fixes according to equation (I.), whereas a new or 

strong solution goes like (II I.). I have given in these 

three equations silver chloride, but the iodide and 

bromide would be dissolved in exactly the same way. 

Light always tends to convert the soluble double 

salt into the insoluble one, hence care should be taken 

to fix prints and plates in as subdued a light as 

possible. 

Acid fixing bath. This is made by adding to the 

usual “ hypo ” bath a small quantity of sodium 

sulphite solution to which a few drops of strong 

sulphuric acid have been added, this gives us 

sulphurous acid, which remains in solution when 

added to the hypo. This form of bath prevents the 

staining of prints by the developer. We have all 

noticed that when an alkali is added to an organic 

developer the solution soon turns black and stains 
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the fingers or anything put in it. The sulphurous 

acid neutralises the alkali and in consequence the 

residual developer in the film remains colourless, and 

is powerless to stain anything. 

Potassium cyanide (KGN) is the potassium salt of 

prussic acid. It is prepared on a large scale by 

strongly heating potassium ferro-cyanide :— 

K4Fe(CN)6 = 4KCN +. FeC2 + N3. 

The carbide of iron (FeC2) is removed by filtering 

through heated tiles. The filtrate is run into moulds, 

and when cold yields a white deliquescent solid, 

very soluble in water; it smells of prussic acid, 

because this acid is so weak that the carbonic acid 

gas (C02) in the air can decompose its salt, liberating 

the free hydrocyanic acid (HCN). The fixing action 

of potassium cyanide is as follows 

AgCl + 'KCN = AgON + KCl. 

This gives silver cyanide, which is insoluble in water, 

but forms with KCN a double cyanide which is 

soluble :— 

AgCN + KCN = AgCN-KCN. 
Insoluble soluble soluble. 

It is obvious that unless an excess of cyanide is 

present no fixing takes place. The other silver 

haloids would give similar reactions. 

Note.—This substance must be handled with very 
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great care, as it is exceedingly poisonous. Should 

any get into an abrasion of the skin rub ferrous 

sulphate into the affected part. 

Ammonia.—An aqueous solution of ammonia gas 

(NH4OH) is a solvent for silver chloride (AgCl), 

and hence would fix a film containing that salt. It, 

however, dissolves the bromide much less, and the 

iodide only very slightly, and would in consequence 

be of no use for thoroughly fixing plates. 

Sodium sulphite when in strong solutions is also 

a fixer, but as it is little used for that purpose will 

not be described here. 

Hydrochloric acid or muriatic acid (IiCl) is a fixer 

for platinotypes. It is a gas very soluble in water, 

and the aqueous solution of which is known by the 

above names. It is obtained as a bye product in 

the first process of the manufacture of carbonate 

of soda :—■ 

2NaCl + H2S04 = Na2S04 +2HC1. 

Formerly this gas was of no use, and was allowed 

to escape into the atmosphere. The Alkali Acts 

forced the manufacturers to condense this gas, and 

now it is the part of their plant on which they make 

a profit ; such are the changes of time. Hydrochloric 

acid should be free from chlorine gas ; this impurity 

is detected by adding a drop of potassium iodide and 

starch solutions, when no blue colour should imme¬ 

diately appear. Barium chloride should give no 
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precipitate, showing absence of sulphuric acid or 

sulphates. 

The fixing action of this acid is by decomposing 

the iron oxalates, forming chlorides which are very 

soluble in water. 

Ammonium thiosulphate ((NH4)2S203) is a body 

very similar to the sodium salt previously described. 

If used, a little potassium chlorate (KC103) should 

be added to the solution. 

Tkiosinamine (H2N — CS — NHC3H5), or allyl- 

sulpho-urea, is a colourless monoclinic crystalline 

body, fairly soluble in water, but more so in alcohol 

and ether. It can be prepared from mustard oil by 

treating it with ammonia ; or by acting on allyl- 

thio-carbimide with ammonia :— 

csnc3h5+nh8=H2N - CS - nhc3h5. 

This substance was first recommended as a fixer 

by Liesegang. It dissolves silver chloride very 

readily, the bromide only very moderately, and the 

iodide practically not at all. 



CHAPTER IX. 

RED ZTCERS AND REDUCTION. 

A photographer understands by a reducer a chemical 

which will reduce the density of a negative by 

attacking some of the silver deposited in the film, 

making a soluble compound, or a body less opaque 

to light than the original silver. In a chemical 

sense a reducing agent is a substance that will take 

away oxygen or the electro-negative element or group 

from a compound, the resultant having a less pro¬ 

portion of oxygen or the electro-negative element 

or group ; if the reduction is pushed far enough, only 

the electro-positive element is left, chemical reduction 

being the exact opposite to oxidation. For example, 

if silver Bromide (AgBr) in a film be exposed to 

light and then acted on by a reducing agent, such as 

pyro, we get the haloid salt reduced to metallic silver, 

which is deposited. The pyro reduces the silver 

bromide and is oxidised. This reaction is identical 

in result with reduction of silver chloride by nascent 

hydrogen. 

AgCl + H = Ag + HC1 
Electro-positiveJ LElectro-negative Reducer 

element element i.e., easily oxidised 



74 Elementarg Chemistry of Photographic Chemicals. 

It will be obvious that when we have metallic silver 

deposited on a plate it is impossible, in a chemical 

sense, to reduce it further. If, however, we can by 

some means dissolve this silver and remove it from 

the fiJm, or turn it into a more transparent body, 

we shall thereby reduce the density of the image 

and have a reduction in a purely photographic sense. 

All photographic reducers are, ipso facto, strong 

oxidisers from a chemical point of view. This must 

be borne in mind while reading this chapter. 

Potassium ferricyanide, or red prussiate of potash 

(K3Fe(CN)G), is manufactured by fusing together 

animal refuse, crude potashes, 

and scrap iron, in an iron pot. 

The resulting mass is allowed 

to cool, broken up, and then ex- 

Fig. 11.—Crystal of tracted with water; we have 
Dnm A cntruT l?T^TvnT ' Potassium Ferri¬ 
cyanide. now a solution of potassium 

ferricyanide, or yellow prussiate 

of potash (K4Fe(CN)6). This substance is of no use 

whatever for our purpose, but if chlorine gas is passed 

through until a portion gives no colour with ferric 

chloride, and the solution then evaporated down, 

potassium ferricyanide separates out in dark red 

crystals shown in fig. 11. 

Farmer's reducing solution is a mixture of 

potassium ferricyanide and hypo. The silver is first 

converted into silver ferricyanide :— 

2Ag2+4K3Fe(CN)6 = Ag4Fe(CN)6 + 3K4Fe(CN)6 
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This then reacts with the hypo, forming :— 

Ag4Fe(CN)G + 4Na2S203 = 4AgNaS203 + Na4Fe(CN)G 

which are soluble in water and hypo, as shown in 

Chapter VIII. 

In order to make the difference in action between 

Fig. 12. 

this reducer and the next one mentioned clear, 

let us represent the reducing action of potassium 

ferricyanide by means of a few diagrams. Let AB 

represent the section of an ordinary photographic 

gelatine plate exposed in a camera on a scale of 

four widely different tones, so that after suitable 

development the portion Z consists of clear glass 

(i.e., no silver deposit), the next portion, Y, containing 

mm V/////////A 7///////M 
mm. 

i z r Y >c w 

Fig. 13. 

a small amount of silver. We will take this quantity 

as our unit and call it one. X will then contain 

twice as much, and W three times as much as 

Y. That is, the proportion of deposited silver 

in the gelatine will be Z : Y : X : W = 0: 1 : 2 : 3. 
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Graphically this may he represented as in fig*. 13, 

disregarding for the present the shading. 

If a solution of potassium ferricyanide and hypo 

he allowed to act on the above plate for a short 

time, say until the space Y has had all its silver 

removed, we shall then find that approximately an 

equal amount has been dissolved from the surface 

of X and W of the plate, that is, the shaded portions 

of fig. 13. The relative proportions of silver left 

behind will be as Z : Y : X : W = 0 : 0 : 1 : 2, 

Fig. 14. 

which is not in the same ratio as in the first case. 

This is represented by fig. 14. 

Further action would again remove the shaded 

portions in the latter diagram. We should then 

have clear glass at Z, Y, and X, but still some 

silver at W. This is tantamount to saying that all 

the details in the shadows (X, Y, Z) would have 

disappeared. This will be referred to again under 

the next chemical. 

Ammonium persulphate is a white deliquescent 

crystalline substance formed by the electrolysis 

of a solution of ammonium sulphate ; its formula is 

NH4S04, or (XH4)2S208, it may be regarded as an 

analogue of hydrogen peroxide. 
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0-H 
I 

0 -H 
Hydrogen 
peroxide 

o-so2-oh 
I 

o—S02—OH 
persulphuric 

acid 

o —SOo—onh4 
I 
0-S02-0NH4 

ammonium 
persulphate. 

Ammonium persulphate when in aqueous solution 

gradually evolves oxygen, forming the sulphate, 

thus :— 

(NH4)2S208+H20 = (NH4)2S04+H2S04 + 0. 

First let us see how it acts. The ammonium per¬ 

sulphate combines with the silver, forming a double 

salt of ammonium silver sulphate :— 

(NH4)2S208 + Ag2 = 2NH4AgS04. 

This is soluble in water, and is removed from the 

film. 

We will now represent its action graphically as we 

did ferricyanide above. 

Fig. 12 will be graphically represented as fig. 15, 

Fig. 15. 

which in outline is the same as fig. 13. Accepting 

M. Goderus’ work, the amount of silver dissolved 

in a certain time will be only one-third of the 

total deposit on any particular portion of the film. 
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The shaded portions of fig. 15 will be removed, the 

original proportion of deposit being the same as 

given first, namely, Z:Y:X:W = 0:1:2:3, 

but after the action, as shown graphically in fig. 15, 

the proportions of silver remaining will be as 

0 : § : | : 2, which is the same proportionally as in 

the first case (omitting, of course, the consideration of 

the clear glass, Z). Still further action would remove 

an additional third from all parts of the film pro¬ 

portional to the remaining deposit as represented 

*[_ •Z. 1 Y !X- w 

Fig. 16. 

in fig. 16 ; the proportions remaining, then, being 

Y : X : W = | | again the same as in the 

first instance. 

From the above it will be readily seen that the 

ammonium persulphate actually dissolves a larger 

amount of silver from the dense parts than from 

the intermediate tones, and more from these than 

from the thin portions. Proportionally, of course, 

to the amount of deposit present the solution is 

uniform. Surely this is selective action when com¬ 

pared with the older reducer. 

M. Goderus, however, contests the validity of the 

general supposition that ammonium persulphate has 

a selective action ; that is, it is not more active in 
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reducing the high lights or dense parts of the negative 

than the shadows or thinner portions. He describes 

quantitative experiments (which I illustrated above) 

he has performed, which support his contention. 

These experiments, however, I think, show that there 

is a selective action. 

To sum up, its action is in proportion to the 

amount of silver present at any particular place. 

Where there is an abundance, a large quantity is 

dissolved ; where there is little silver, small quantities 

only are removed. 

The selective action is explained by Messrs. Lumiere 

by supposing that an excess of ammonium persulphate 

(as, for instance, on the surface of the film) causes 

a deposition of silver thus : — 

(NH4)2S208 + 2NH4 AgS04 + 2H20 = 4NH4HS04 -f Ag2 + 02 

This hypothesis, for that is all it amounts to, is 

objected to by Professor Namias, M. Helain, and 

others. M. Helain thinks that the selective action, 

or, to be more accurate, the proportional action, is 

due to the oxidation of the gelatine. But this lands 

us in the unknown domain of the chemistry of 

gelatine, and the natural question that would present 

itself would be— Why does not ferricyanide of potash 

also oxidise the gelatine ? I think that it is a 

case of the well-known law of “ mass reaction.” 

There is, however, no space here to go into this very 

interesting subject, but simply sum it up by saying 
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that we clo not know why ammonium persulphate acts 

differently to potassium ferricyanide; 

Eder’s reducing agent is formed by adding ferric 

chloride (Fe2Cl6) to potassium oxalate (K2C204), when 

the following takes place :— 

Fe2Cl6+3K2C204 = Fe2(C204)3+6KC1. 

This solution of ferric oxalate is mixed with hypo, 

and the negative placed in it, when the silver forms 

an oxalate thus : — 

Ag2Fe2(C204)3 — Ag2C204 + 2FeC204. 

The silver oxalate is acted on by the hypo in a 

manner similar to what it does on ail silver salts :— 

Ag2C204 + Na2S203 - 2AgNaS203 + Na2C204. 

Titanic sulphate (Ti(S04)2) is a red salt formed by 

dissolving titanium peroxide (Ti03) in sulphuric acid. 

This reducer is supposed to act by removing- the 

gelatine and silver. 

Ceric sulphate (Ce(S04)2—4H20) is a yellow crystal¬ 

line body formed when the rare oxide of cerium is 

dissolved in sulphuric acid. Ceric sulphate when 

dissolved in water should have a drop of sulphuric 

acid added to it. 

Potassium permanganate (KMn04) is a dark purple 

crystalline body consisting of rhombic prisms, which 

is exceedingly soluble in water, giving a beautiful 
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dark carmine-coloured solution. This substance can 

be obtained by fusing manganese dioxide (Mn02) with 

caustic potash (KOH) and potassium chlorate (KC103). 

This forms a inanganate, which is converted into 

permanganate by passing carbonic acid gas (C02) 

through its solution. The salt is obtained on great 

concentration. 

Iodine was discovered in seaweed ash by a French 

chemist named Courtois, in the year 1812. It is 

an opaque, blackish gray solid, forming lustrous 

rhombic crystals, melting at 114° and boiling at 

184°. Iodine may be made by mixing some iodide, 

say potassium iodide, with strong sulphuric acid and 

manganese dioxide, and distilling off the liberated 

iodine. It may be purified by sublimation. 

Potassium citrate.—See citrates in Chapter VII. 

6 



CHAPTEB X. 

INTENSIFIERS AND INTENSIFICATION 

To intensify is to increase density. This can be 

done by increasing the amount of deposit, or, as 

in the case of reducers, by altering the colour of the 

deposit. 

Mercuric chloride, or corrosive sublimate (HgCl2), is 

prepared by heating mercuric sulphate and common 

salt with a little manganese dioxide, which, however, 

takes no apparent part in the reaction proper :— 

HgS04+2NaCl = Xa2S04 + HgCl2. 

The mercuric chloride can be sublimed or crystallised 

from water, when it forms long needles. It is a 

deadly poison, and should always be handled with 

great care, and put safely away when done with. 

The best antidote is white of egg, with which it 

forms an insoluble compound, and hence cannot be 

absorbed into the system. 

In intensification the image is first bleached by 

the silver being attacked, and white mercurous chloride 

and silver chloride taking its place, thus :— 

Ag2 + 2HgCl2 - Hg2Cl2 h 2AgCl. 
82 
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To obtain the deposit black there are several methods 

of treatment. 

First, with ammonia, which dissolves the silver 

chloride and forms a black ammonium dimercurous 

chloride 

Hg2CJ2 + 2NH4OH = NH2Hg2Cl + NH4Ci+2H20. 

Second, with sodium sulphite, we have the mercury 

precipitated in the metallic form, which is blacker 

than the original silver which it replaces :— 

Hg2Cl2 + Na2S03 + H20 = 2Hg + Na2S04+2HCl. 

Third, by developing with a mixture of ferrous and 

potassium oxalate, by which means we have the 

original silver redeposited, and for every atom of 

silver another of mercury added. It is very obvious 

that this considerably increases the opacity to actinic 

rays, and by this method the whole process can be 

commenced de novoy making the deposit still more 

dense. 

Fourth, by treating with ammonium sulphide. 

Fifth, by potassium-silver cyanide, as shown 

further on. 

Mercuric iodide (Hgl2) is a brilliant red substance 

formed by the addition of a soluble iodide to a 

soluble mercuric salt. It must not be added to 

excess, otherwise the precipitate dissolves. It should 

be filtered, washed, and dried, when it is ready for 

use as recommended by Lumiere. 

Mercuric bromide.—A solution of this is formed by 
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adding excess of potassium bromide to a solution of 

corrosive sublimate. 

Schlippe's salt (Na3SbS4 — 9H20), sodium thio- 

antimoniate, is in the form of large yellow crystals 

belonging to the regular tetrahedron class. It is 

obtained by fusing together 13 parts of antimony 

sulphide (Sb2S3), 16 parts of anhydrous sodium 

sulphate, and 5 parts of charcoal, the resulting mass 

is dissolved in water and boiled with 2*5 parts of 

powdered sulphur. The liquid is filtered, then con¬ 

centrated, and allowed to crystallise. 

The negative is first soaked in a solution of iodine, 

which converts the silver into the iodide. This is 

then converted into a dark red compound of silver 

sulph-antimoniate by the action of a solution of 

sodium thio-antimoniate. 

Uranium nitrate, uranyl nitrate (U02(N03)2— 6H20), 

is obtained by dissolving uranium oxide in nitric 

acid, when on concentration crystals of a greenish 

yellow colour separate out, which are very deliquescent. 

Sellers uranium intensifier consists of uranyl nitrate 

and potassium ferricyanide. This latter substance 

converts the silver into a ferr^-cyanide, as shown in 

Chapter VIII. ; the other constituent then displacing 

the silver, forming uranium ferrocyanide, which is of 

a dark brown colour, and much less transparent to 

actinic rays than the black deposit of silver of which 

it has taken the place, or perhaps, to be more accurate, 

has combined with. 
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Cupric bromide (CuBr2) is obtained by dissolving 

copper turnings in nitric acid and bydrobromic acid, 

or more easily by the action of potassium bromide on 

cupric sulphate solution, when a solution of cupric 

bromide is formed which is stable, and will keep for 

some time. Its action on metallic silver is to form 

silver bromide and cuprous bromide (CuBr), which 

latter on treating with silver nitrate is turned into 

silver bromide. After undergoing these operations 

the plate is exposed to light and developed as far as 

it will go. It will thus be seen that for every atom of 

silver originally present another one has been added. 

This process can be repeated as often as is necessary. 

Potassium-silver cyanide (AgK(CN)2). A suitable 

solution is prepared by adding silver nitrate to a 10 per 

cent, solution of potassium cyanide until the silver 

cyanide formed no longer dissolves. Filter, and the 

solution is ready for use. It is used for darkening the 

bleached image instead of ammonia or sodium sulphite. 

Ammonium sulph-hydrate: many sulphides of am¬ 

monium are formed by passing sulphuretted hydrogen 

into ammonium hydrate, but a nearly pure solution is 

obtained by adding an equal quantity of ammonia 

after the gas has been passed through. 

Yellow ammonium sulphide is a solution much used 

in chemical laboratories. It is prepared as in the 

previous case, finally adding instead of the ammonia 

some flowers of sulphur, which will readily dissolve, 

giving the yellow solution required. 



CHAPTER XI 

TONING CHEMICALS. 

This chapter will be concerned with substances used 

in toning, and it would perhaps be advisable to 

give here a short resume of the theory of toning. 

Put briefly, toning is the process of more or less 

completely substituting a metallic deposit of an un¬ 

desirable colour for one more pleasing to the eye. 

Every one knows the colour of silver prints simply 

fixed in hypo. Now by substituting, say, gold or 

lead for various proportions of the silver, any tone 

can be obtained, from a brown to a blue black, which, 

in the latter case, means almost complete substitution. 

When toning takes place with gold chloride, chlorine 

is given off, and we must have present some body 

to absorb this, otherwise the process will not proceed, 

and for this reason we have to add other salts to 

the gold during toning. There are, of course, endless 

complications due to the various substances put into 

different papers by their makers, but in the main 

the above is what takes place. 

Gold is a soft, very malleable and ductile yellow 

86 
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metal, but when thin sheets are viewed by transmitted 

light they appear of a green colour. It is found 

native in the metallic state, due to the fact that 

it is a most stable metal, and no ordinary single 

acid will attack it. Further, it is due to this property 

that it is used for toning, the image being very 

permanent, and moreover, its compounds are very 

easily reduced, making toning an easy operation. 

Chloride of gold, gold trichloride, or auric 

chloride' (AuC13), consists of reddish brown crystals 

(AuC13 — 2H20), very deliquescent in moist air, and 

efflorescent in dry air, hence always sold in sealed 

tubes. It is prepared by dissolving gold in aqua 

regia (a mixture of concentrated hydrochloric and 

nitric acids). The solution is then evaporated to 

dryness. The residue is dissolved in water, filtered, 

and the solution concentrated, when the gold chloride 

separates out in needles. Should the solution of 

gold be slightly acid this may be neutralised with 

chalk and theffl filtered. The gold chloride generally 

sold contains chloride of sodium or potassium and 

has the formula AuCl.}—NaCl or AuC13—KC1. 

Auric chloride is very easily decomposed, metallic 

gold being deposited. A little organic matter in the 

water will do this, hence the only safe way of keeping 

a solution of any gold salt is by using distilled 

water. 

Copper sulphate (Cu S04—5H20) or cupric sulphate 

is a blue solid crystallising in the asymmetric system. 
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It can be prepared by dissolving copper oxide (CuO) 

in dilute sulphuric acid and concentrating :— 

CuO + H2S04 = C11SO4 + H20. 

Lead acetate, or “ sugar of lead ” (Pb(C2H302)2) is 

sometimes used in conjunction with gold chloride 

for toning in combined baths. It is prepared by dis¬ 

solving litharge in commercial acetic acid, evaporating- 

down, and allowing to crystallise. 

Potassium chloro-platinite has been described in 

Chapter VI. 

Sodium formate (HCOONa) is a white deliquescent 

salt obtained by neutralising a solution of formic acid 

with caustic soda and concentrating the solution until 

crystals are formed. 

Ammonium sulpho-cyanide, or ammonium thio¬ 

cyanate (NH4SCN), is best obtained by shaking 

8 parts of carbon bisulphide (CS2) and 30 parts of 

concentrated ammonia, thus :— 

4NH4OH + CS2 = NH4SON + (NH4)2S + 4H20. 

The addition of an equal part of alcohol causes the 

final product to be easier obtained. The solution is 

evaporated dowrn, when, on cooling, crystals separate 

out. Probably two substances as below are formed, 

which on being warmed, decompose, giving us the 

ammonium sulphocyanide. 

Ammonium thio-carbonate, CS = — SCNq-2H2S. 

Ammonium thio-carbamate, CS =1nH4-SCN+HgS. 
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It may also be formed by warming a mixture of 

hydroc}ranic acid with yellow ammonium sulphide, 

formed as described at end of previous chapter. 

The substance is in the form of white crystalline 

needles, which deliquesce in the air, but much less 

so than the potassium salt. 

Potassium sulpho-cyanide, or potassium thio-cyanate 

(KSCN), is very similar in appearance and behaviour 

to the last compound described, but more deliquescent. 

It can be easily prepared by fusing together potassium 

cyanide, or potassium ferrocyanide with sulphur, and 

extracting the mass with alcohol; on concentration, 

crystals separate out. 

Note.—It is perhaps needless to say that great 

care must be taken in the use of these two substances, 

as they are exceedingly poisonous, being salts of 

sulpho-prussic acid. 

Sodium acetate (NaC2H302) is a hygroscopic salt 

formed ,by neutralising caustic soda w'ith acetic acid 

and crystallising in the usual way. When in this 

form it has three molecules of water combined 

with it. 

Sodium phosphate.—There are many phosphates of 

soda, but the salt usually known under that name 

is the di-sodium ortho-phosphate (Na2HP04). It is 

prepared by adding sodium carbonate to phosphoric 

acid until alkaline, when large transparent efflorescent 

monosymmetric crystals are formed (Na2HP04— 

12H20), melting at 35°. 
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Common salt (NaCl) is sodium chloride, and is 

found native as rock salt, etc. 

Phosphoric acids.—There are three of these—the 

tetra-basic or pyro-phosphoric acid (H4P207), the 

mono-basic or meta-phosphoric acid (HP03), the tri- 

basic or ortho-phosphoric acid. This latter is the 

ordinary acid and is understood when no prefix is 

used. It is interesting to note from the above 

formulae that there are eight simple phosphates of, 

say, potassium. 

Ortho-phosphoric acid is prepared by treating bone 

ash (mainly calcium phosphate) with sulphuric acid, 

Ca3(P04)2+3H2S04 = 3CaS04 + 2H3P04. 

filtering off the precipitated calcium sulphate, and 

finally evaporating down to a syrup. The pure 

anhydrous acid consists of deliquescent rhombic 

prisms which melt at 39°. The usual form found 

in commerce is the syrupy liquid. 

Lactic acid (C3H0O3), or oxy-propionic acid is 

prepared by the lactic (lactic bacillus') fermentation 

of sugar, starch, etc., at a temperature of about 35° 

in a neutral solution. It is only obtained as a thick, 

colourless, syrupy liquid. 

Sodium tungstate (Na2W04) is a colourless salt, 

fusing at a red heat. 



CHAPTER XII. 

OR THO CHR OMA TIC CHE MICA IS 

All makers now claim that their own ortho- or iso- 

chromatic plates give results nearer to the correct 

colour value of the object photographed than any 

other make does. The advantages of a colour correct 

plate without a screen and an ordinary plate I am 

not going to discuss here, but only describe a few 

of the dyes used in the making of these plates. 

By adding certain dyes to the photographic 

emulsion, the sensitiveness to the spectrum is 

increased at the red end, and decreased towards 

the blue. Then, by the use of a yellow or orange 

screen, a correct colour rendering can be obtained 

in monochrome. 

The value of the various dyes for this class of work 

varies within very wide limits. Eder and Ruh of 

Vienna after a number of exhaustive experiments 

drew up the following table of relative sensitiveness 

taking erythrosin as the best and calling 

hundred :— 

Erythrosin . 100 
Rose Bengal . 50 
Haphthofluorescein . 50 
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Methyl-eosin . 50 

Ethyl-eosin . 50 

Eosin . 25 

Phloxin ... . 25 

Octoiodofluoresczin . 25 

Cyanosin . 25 

Quinoline red ... . 25 

Bromnaphthofluorescein 14-16 

Acridine yellow ... . 14 

Dibromnitrofluorescein 14 

Chrysaniline 11-13 

Monochlorfluorescein ... ... 6-7 

Benzylfluorescein ... (less) 6 

Fluorescein 6 

Tetranitro fluorescein ... 6 

Nigrosin B. 1-7 

Pkthalophenone is the parent of most of the dyes 

used' in orthochromatic work. It is obtained by 

heating’ phthalic chloride with benzene and aluminium 

chloride (A12C16), when, on cooling colourless plates 

separate out, melting at 115°. By the combination of 

other bodies with this one the dyes are obtained, and 

the class is termed Phthaleins. 

Fluorescein or resorcin-phthalein (C2oHi205—H20) 

is a dark red crystalline powder soluble in alcohol 

with a green fluorescence. It is prepared by heating 

resorcin seven parts and *phthalic anhydride five 

parts to 200° C. This substance is not of much use 

for orthochromatic work as will be seen from above 

table. 

Eosin is the alkaline salt of tetra-bromo-fluorescein 
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(C2oH605Br4X2) and can be obtained by adding 

bromine to a solution of fluorescein in acetic acid. 

This is the substance which red ink is made from, and 

if a drop of acid be added to some red ink a precipitate 

is formed of tetra-bromo-flnorescein. The sodium salt 

(C2oH605Br4Na2) is the “red shade eosin,” and the 

potassium salt (C2oH605Br4K2) is the “ yellow shade 

eosin.” 

Erythrosine, or sodium tetra-iodo-fluorescein 

(CsoHoLOs^), is formed by the action of iodine on 

a solution of fluorescein. 

Octo-iodo-fluorescein (C20l8H2O5Na2) is produced 

from fluorescein by treatment with a very strong 

iodising agent. 

Cyanine or Quinoline blue (C28H35N2I2) is the 

ordinary dye of commerce. It is very sensitive to 

the red rays when used in an emulsion, but is itself 

very easily decolourised by light. 

Ethyl eosin is the potassium ethyl salt of tetra- 

bromo-fluorescein (C2oH505Br4K2C2H5). 
Methyl eosin is a compound very similar to the 

previous one (C2oH505Br4K2CH3) a methyl (CH3) 
group taking the place of an ethyl (C2H5). 

Rose Bengal. Potassium tetra-iodo-tetra-chloro- 

fluorescein (C20I4Cl4H2O5K2). 

Phloxin is the potassium salt of tetra-bromo-di- 

chloro-fluorescein (C20Br4Cl2H4O.3K2). 

Cyanosin is the potassium methyl salt of tetra- 

bromo-di-chloro-fluorescein (C2oBr4Cl2H3K2CH3). 
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Acridine yellow is di-amido-di-methyl-acridine 

hydrochlorate. 

Chrysaniline is similar to the last and is a di- 

amido-phenyl-acridine nitrate. 

Saccharoeosin is the saccharein compound of tetra- 

bromo-resorcin. 

Picric acid is a yellow crystalline substance, a 

solution of which is sometimes used for staining 

screens, but not for colour sensitising films. It is 

a tri-nitro-phenol 0H(N02)3C6H2), and can be 

made by the action of concentrated nitric acid on 

almost any organic body. Picric acid is a strong 

acid, slightly soluble in water but more so in alcohol, 

from which it can be crystallised in yellow prisms 

or plates melting at 122° C. 



CHAPTER XIII. 

MISCELLANEOUS CHEMICALS. 

Alums.—There are many compounds belonging to the 

class of alums, but the most common is known as 

alum, or potassium alum (K2S04—A12(S04)3 — 24H20). 

It is prepared by making a solution of potassium 

sulphate and aluminium sulphate in the exact pro¬ 

portions shown above, then concentrated and allowed 

to crystallise, when, if evaporation is slow, very large 

crystals belonging to the regular 

octahedron system are formed, as 

shown in fig. 17. 

Formaline, or formaldehyde 

(CH20), is the gaseous aldehyde 

from methyl alcohol. The for¬ 

maline of commerce is a 40 per 

cent, solution of this gas in water. 

It can be prepared by heating 

calcium formate in a flask in the 

dry state, and the gas that is evolved is passed into 

water, and the solution thus obtained :— 

III COO > Oa-011,0+ Ca(J03. 

6 per cent, is the best strength for use with plates. 

95 

Fig. 17.—Crystal 
of Alum. 
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How alum and formaline act on the gelatine to 

make it insoluble is not exactly known, for the simple 

reason that we know nothing of the chemistry of 

gelatine. We have not advanced a single step in 

that direction during the last ten years. 

Hydrofluoric acid (HF) is a gas very soluble in 

water. It cannot be kept in glass vessels because 

it attacks the silica, forming a soluble compound, and 

would eat through the sides in a very short time. 

To prepare this gas heat calcium fluoride (CaF?) 

with sulphuric acid in a lead or platinum vessel :— 

CaFo-f H2S04 = CaS04 + 2HF. 

The solution must be preserved in gutta-percha 

bottles. 

Boracic acid, or boric acid (H3B03), is found native 

in lagoons in Tuscany. The water is evaporated and 

the acid crystallises out in shining plates very unctuous 

to the touch. When dilute sulphuric acid is added 

to a hot concentrated solution of borax, boric acid 

crystals separate out on cooling :— 

Na2B407 + H2S04 + 5H20=4H3B03 + Na2S04. 

Borax (Na2B407), as sodium pyroborate, occurs native 

in Thibet as the mineral tincal (Na2B407— 10H2O), 

and also in the borax lakes in North America. It 

is manufactured by neutralising boric acid with 

sodium carbonate when in strong hot solutions :— 

4H3B03 + Na2C03 = Na2B407 +6H20 +C02. 
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On cooling, crystals belonging to the monosymmetric 

system containing ten molecules of water separate out. 

Oxalic acid (H2C2O4—2H2O) is an exceedingly 

poisonous white crystalline body. It may be easily 

prepared by boiling a solution of cane sugar with 

nitric acid and allowing to crystallise. 

Salts of sorrel of commerce is a mixture of the 

hydrogen potassium salt of the previous acid (KHC204) 

with the acid itself. The crystals have the following 

formula :—(KHC204— H2C204—2H20). 

Rochelle Salt is potassium sodium tartrate and 

•crystallises in large rhombic prisms having the 

formula :—(K]STaC4H406—4H20). 

Tartaric acid (C2H2(OH)2(COOH)2) is found as 

the potassium salt in the juice of grapes. It 

crystallises in the monoclinic system. 

Citric acid (C3H4(OH)(COOH)3) is an acid obtained 

principally from lemons, but also from the fruit 

of other trees belonging to the citrus tribe. It 

crystallises with one molecule of water. 

Bleaching powder or the so-called u chloride of 

lime ” is manufactured by passing chlorine over 

lime :— 

CaO + C!l2=Ca < g01’ 

It has a peculiar odour something like chlorine, and 

is used as a bleacher. 

Glacial acetic acid (C2H402) or constitutionally 

(CH3— COOH). This acid is manufactured on a large 

7 
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scale by the dry distillation of wood. The brown 

aqueous distillate obtained is again distilled with lime ; 

calcium acetate being left in the retort as a con¬ 

centrated solution, this is skimmed and hydrochloric 

acid added and again distilled, when a dilute acetic 

acid solution is obtained and is put on the market 

as commercial acetic acid. To obtain the anhydrous 

or glacial acid, anhydrous sodium acetate is distilled 

with concentrated sulphuric acid, and a distillate is 

obtained which crystallises on cooling to a hygro¬ 

scopic colourless solid. 

Alcohol, or spirits of wine (C2H5— OH), can be 

obtained in the following manner. A solution of 

cane sugar is made and brewer’s yeast added, and 

the whole kept warm until fermentation ceases. The 

solution is now filtered and distilled, the distillate is 

mixed with lime and again distilled, when fairly 

pure ethyl or ordinary alcohol is obtained. 

Methylated spirit is ordinary alcohol mixed with 

10 per cent, of partially purified wood spirit, and a very 

small quantity of paraffin-oil. Alcohol, when it has 

undergone this process is obtained duty free, as it 

is then supposed to be undrinkable, but will still 

answer for most other purposes. 

Ether or iEther is the name given to a number 

of compounds consisting of oxides of organic radicles. 

Under the above name ethyl ether or ethyl oxide is 

known. It is a volatile liquid obtained by heating 

alcohol with sulphuric acid. The acid acts as a 



Miscellaneous Chemicals. 99 

dehydrating agent, taking water out of the alcohol, 

leaving commercial ether which distils over :— 

C2N5OH c2h5 

+ = H20 + C2H5> O 
c2h5oh 

alcohol ethyl ether. 

Starch (C6H]o05)ra is a white powder obtained from 

tubers and seeds, mainly rice, potatoes, Indian corn, 

arrowroot, etc. It can be obtained very easily from 

flour by tying up a quantity of it in a muslin bag 

and washing the starch out, leaving the glutin 

behind. On allowing the wash water to stand, starch 

settles to the bottom. 

Chemically, starch is a mixture of two substances. 

The grains consist of an outer layer impervious to 

water, and an inner portion which escapes when the 

grain is heated or boiled in water. A weak solution 

of iodine gives with a small quantity of boiled starch 

a beautiful blue colour which disappears on heating, 

returning, however, on cooling. 

Dextrin, or “ British gum,” is obtained by heating 

starch to 200°C. Its formula is the same as starch, 

the value of n being different. It is soluble in water, 

and does not give a blue colour with iodine. 

Glycerine, or Glycerol (CJT5(OH)3), is obtained as 

a bye-product in soap manufacture, by the saponifica¬ 

tion of natural fats and oils, which consists of the 

glycerol compounds of stearic, palmitic, and oleic 

acids. It is a sweet, colourless, oily liquid. 
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Microcosmic salt (HNa(NH4)P04) is a salt used in 

blowpipe analysis. 

Gelatine.—Yery little indeed is known of the 

chemistry of this substance. It consists of two 

bodies :— 

(a) Gluten (C16H25N606)n, which is the more soluble 

and is not precipitated by alum. 

(b) Chondrin (C16H25N407)m, which is precipitated 

by alum. 

Albumen is the name given to some natural bodies 

which contain sulphur in addition to what gelatine 

contains. 

Collodion is a solution of nitrocellulose containing 

a low percentage of nitrogen generally in a mixture 

of one part alcohol and three parts ether. 

Gums are amorphous carbohydrates (O6H10O5)n, 

which swell up enormously when placed in water, 

and give on dissolving a very thick solution. 



APPENDIX I. 
ATOMIC AND MOLECULAR WEIGHTS OF THE MORE IMPORTANT 

ELEMENTS, TOGETHER WITH THEIR SYMBOLS. 

ELEMENT. 
ATOMIC 

WEIGHT. 

MOLECULAR 

WEIGHT. 
SYMBOL. 

Hydrogen 1 2 H. 
Helium 4 4 He. 
Lithium 7 — Li. 
Boron ... 11 — B 
Carbon... 12 — C. 
Nitrogen 14 28 N. 
Oxygen . 16 32 O. 
Fluorine 19 — F. 
Sodium 23 — Na. 
Magnesium 24-4 — Mg. 
Aluminium 27*1 — Al. 
Silicon ... 28*4 — Si. 
Phosphorus 31 124 P. 
Sulphur 32 64 S. 
Chlorine 35*5 71 Cl. 
Potassium 39*2 — K. 
Argon ... 39*9 39*9 A. 
Calcium 40*1 _ Ca. 
Titanium 48*1 — Ti 
Chromium 52*1 _ Cr. 
Manganese 55 — Mn. 
Iron 55*9 _ Fe. 
Nickel ... 58*7 _ Ni. 
Cobalt. 59 — Co. 
Copper. 63*6 — Cu. 
Zinc . 65*4 — Zn. 
Arsenic 75 300 As. 
Selenium 79*2 _ Se. 
Bromine 80 160 Br. 
Strontium 87*6 — Sr. 
Molybdenum ... 96 — Mo. 
Silver ... . 108 — Ag. 
Cadmium 112*4 _ Cd. 
Tin 119 — Sn. 
Antimony 120*2 — Sb. 
Iodine ... 126*8 253-6 I. 
Barium 137*4 _ Ba. 
Cerium... 140 _ Ce. 
Tungsten 184 — W. 
Platinum 194*8 _ Pt. 
Gold ... ... . 197*2 _ An. 
Mercury 200 — Hg. 
Lead 206*9 _ Pb. 
Bismuth 208*5 _ Bi. 
Eadium 225 _ Pa. 
Uranium 238*5 — U. 
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APPENDIX II. 

WEIGHTS AND MEASURES. 

1. English. 
Avoirdupois Weight. 

437‘5 grains (grs.) = 1 ounce (oz.) 

16 ounces* = 1 pound (lb.) 

14 pounds . = 1 stone (st.) 

2 stones ... = 1 quarter (qr.) 

4 quarters = 1 hundredweight 

20 hundredweight . = 1 ton 

Long Measure. 

12 inches (ins.) . = 1 foot (ft.) 

3 feet ... . = 1 yard (yd.) 

220 yards . = 1 furlong 

8 furlongs. - 1 mile 

Liquid Measure {volume'). 

60 minims | 1 fluid drachm (c 

8 drachms ... = 1 ,, ounce (fl. 

20 ouncesf ... = 1 pint 

2 pints = 1 quart (qt.) 

4 quarts ... = 1 gallon 

2. Metric. 
Weight. 

10 milligrammes ... ... — = 1 centigramme 

10 centigrammes = 1 decigramme 

10 decigrammes = 1 gramme 

10 grammes ... = 1 decagramme 

10 decagrammes = 1 hectogramme 

10 hectogrammes = 1 kilogramme 

* 16 drams are equal to 1 oz. ; therefore 1 drm. = 27'344 grains, 

t 4 gills - 1 pint, hut in certain parts of England the gill is called a noggin, and 

there 2 noggins = 1 gill, and 2 gills = 1 pint. 
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Length. 

10 millimetres ... ... ... -= 

10 centimetres ... ... ... = 

10 decimetres ... ... ... = 

10 metres ... ... ... ... = 

10 decametres ... ... ... = 

10 hectometres . ... = 

Liquid. 

10 millilitres * ... ... ... = 

10 centilitres ... ... ... = 

10 decilitres. . = 

10 litres . = 

10 decalitres ... ... ... = 

10 hectolitres ... ... ... = 

1 centimetre 

1 decimetre 

1 metre 

1 decametre 

1 hectometre 

1 kilometre 

1 centilitre 

1 decilitre 

1 litre 

1 decalitre 

1 hectolitre 

1 kilolitre 

A millilitre is generally called a cubic centimetre (c.c.). 



APPENDIX III. 

MELTING AND BOILING POINTS. 

{All degrees in Centigrade scale.) 

SUBSTANCE. 
MELTIN0 

POINT. 

BOILING 

POINT. 

Acetic acid ... 16 117 
Alcohol absolute — 78 
Amidol ... ... . decomposes — 

Bees wax 62-70 — 

Benzene 6 80-4 
Boric acid 186 — 

Bromine —22 60 
Carbon bisulphide ... — 47 
Citric acid . 100 — 

Common salt... 772 — 

Cupric chloride 498 — 

Cuprous chloride ... ... 434 — 

Diphenal 148 — 

Eikonogen decomposes — 

Ether ... — 35 
Glass ... 1,200 — 

Glass (lead) ... 1,000 — 

Glycerine — 290 
Gold. 1,075 — , 

Hydroquinone 169 sublimes 
Iodine 113 sublimes 
Lead ... 326 — 

Lead chloride 498 — 

Magnesium ... 500 — 

Metol ... decomposes — 

Mercury —39 357 
Mercury chloride ... ... ... 293 — 
Ortol ... . decomposes — 
Para-amido-phenol. decomposes — 
Paraffin 45—65 above 300 
Phenol . 40 183 

Phosphorus ... 44 269 

Potassium carbonate 834 — 

Potassium iodide 634 — 

Pyro. 130 sublimes 210 

Pyrocatechin 102 242 

Resorcine 112 274 

Silver ... 960 

Silver chloride 451 — 

Silver nitrate 217 — 

Sodium carbonate 814 — 

Sulphur 115 440 

Sulphuric acid — 338 

Tri-amido-phenol decomposes — 
Wax, Bees 62—70 — 

Wax, Paraffin 45—65 over 300 
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APPENDIX IY. 

COMMON CHEMICAL NAMES AND THEIR PROPER NAMES. 

Alabaster 

Alum 

Aqua fortis 

Aqua pura 

Aqua regia 

Asbestos 

Benzole ... ... . 

Blue stone ... . 

Blue vitriol 

Calc spar 

Calomel... ... . 

Carbolic acid ... 

Caustic potash ... 

Caustic soda 

Chalk . 

Common salt ... 

Copperas 

Corrosive sublimate ... 

Corundum . 

Cream of tartar 

Dolomite ... . 

Emery ... 

Epsom salts 

Formalin 

French chalk ... 

Galena ... • ... 

Glauber’s salt ... 

Glucose ... 
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Calcium sulphate 

... See page 95 

... Nitric acid 

... Pure water 

... Mixture 1HN03 & 3HC1. 

... Magnesium silicate 

... Benzene 

... Copper sulphate 

... Calcium carbonate 

... Mercurous chloride 

... Phenol 

... Potassium hydrate 

Sodium hydrate 

... Calcium carbonate 

... Sodium chloride 

... Ferrous sulphate 

... Mercuric chloride 

... Aluminium oxide 

... Potassium bitartrate 

... Magnesium and calcium 

carbonate 

... Impure corundum 

... Magnesium sulphate 

... Solution of formalde¬ 

hyde 

.. Magnesium silicate 

... Native lead sulphide 

... Sodium sulphate 

... Grape sugar 
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Goulard water. 

Green vitriol 

Gypsum . 

Heavy spar 

Horn silver 

Iceland spar 

Iron pyrites 

Jeweller’s putty 

Lime 

Litharge 

Lunar caustic ... 

Marble. 

Microcosmic salt 

Mosaic gold 

Muriatic acid ... 

Oil of vitriol . 

Plaster of Paris 

Pyrites ... 

Quartz ... 

Quicklime 

Realgar ... 

Eed lead 

Red prussiate of potash 

Rochelle salt ... 

Rock-salt 

Rust . 

Sal ammoniac ... 

Sal volatile 

Saltpetre 

Salts of lemon ... 

Salts of sorrel 

Salts of tartar ... 

Schlippe’s salt ... 

Slacked lime 

Soap stone 

Solution of basic acetate 

of lead 

Ferrous sulphate 

Calcium sulphate 

Barium sulphate. 

Native silver chloride 

Crystallised calcium car¬ 

bonate. 

Iron sulphide 

Stannous oxide 

Calcium oxide 

Oxide of lead 

Impure silver nitrate 

Calcium carbonate 

Sodium ammonium 

phosphate 

Bi-sulphide of zinc 

Hydrochloric acid 

Sulphuric acid 

Calcium sulphate 

Natural metallic sul¬ 

phides 

Silica 

Calcium oxide 

Arsenic sulphide 

Lead oxide 

Potassium ferricyanide 

Potassium sodium tar¬ 

trate 

Sodium chloride 

Iron oxide 

Ammonium chloride 

Dilute ammonium 

hydrate 

Potassium nitrate 

Salt of oxalic acid 

Potassium salt of oxalic 

acid 

Potassium carbonate 

See page 84 

Calcium hydrate 

Talc 
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Soda . 

Spirits of hartshorn ... 

Spirits of salts ... 

Stucco . 

Sugar of lead ... 

Sylvine ... 

Talc . 

Tartar emetic ... 

Tincal . 

Verdigris 

Vermilion 

Vinegar . 

Volatile alkali ... 

White vitriol ... 

Wollastonite 

Yellow prussiate of potash 

Sodium carbonate 

Solution of ammonia 

Hydrochloric acid 

Calcium sulphate 

Lead acetate 

Potassium chloride 

Magnesium silicate 

Potassium antimony 

tartrate 

Native borax 

Basic acetate of copper 

Sulphide of mercury 

Often coloured dilute 

acetic acid 

Ammonia 

Zinc sulphate 

Calcium silicate 

Potassium ferrocyanide 



APPENDIX V. 

KEEPING QUALITIES OF PHOTOGRAPHIC CHEMICALS. 

In this table only approximate keeping qualities are given, as 

by additions, some solutions will keep a long time, which without 

the addition would not remain good for a day. For example, 

pyro alone would only keep an hour or so, but with sodium sulphite 

or nitric acid it will keep for weeks. 

{D.B. = dark-coloured bottles, and in every other case well corked 

or stoppered bottles.') 

CHEMICAL. SOLID. SOLUTION. 

Acetone (liquid) ... _ Indefinitely 

Alum Indefinitely 

Amidol D.B. A year or so A few hours 

Ammonium hydrate — Indefinitely 

,, bromide Indefinitely ,, 
„ sulphocyanide >> A few months 

Auric chloride . ,, Indefinitely 

Benzene (liquid) ... — ,, 
Borax Indefinitely ,, 
Bromine ,, A few weeks 

Citric acid. „ Indefinitely i 

Diphenal ... — D.B. Months 

Eikonogen ... D.B. A year or so A few days 

Ferric oxalate ... A few months ,, weeks 

,, chloride Indefinitely Indefinitely 

Ferrous oxalate A few weeks D.B. A few days 

,, sulphate ... Indefinitely ,, weeks 

Formaline (gas) ... — „ months 

Glycin Indefinitely D.B. „ weeks 

Gold chloride 
” 

indefinitely 
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CHEMICAL. SOLID. SOLUTION. 

Hypo . Indefinitely Long time, accord¬ 

ing to strength 

Hydrochloric acid (gas) ... — Indefinitely 

Hydroquinone D.B. Indefinitely A few weeks 

. Iodine Indefinitely D. B. A few months 

Lead acetate A year or so A year or so 

Metol D.B. A year or so A few days 

Mercuric chloride... Indefinitely Indefinitely 

,, iodide ... D.B. — 

Nitric acid ... — Indefinitely 

Ortol . D.B. A year or so — 

Oxalic acid Indefinitely Indefinitely 

Para-amido-phenol D.B. Indefinitely An hour 

Potassium bichromate Indefinitely Indefinitely 

„ bromide „ 99 

,, carbonate ,, 

,, chloro-platinite ,, 1 

,, ferricyanide ... ,, D.B. A few days 

,, permanganate „ 91 91 

„ sulpho-cyanide ,, ,, months 

Pyro. D.B. A year or so ,, hours 

| Pyrocatechin D.B. ,, days 

Silver nitrate D.B. Indefinitely D.B. Indefinitely 

Sodium acetate . 

,, bicarbonate Indefinitely 19 

„ carbonate... 59 99 

„ sulphite ... 
” A few days 

see page 113 

,, phosphate ,, Indefinitely 

Sulphurous acid (gas) — A week or so 

Tri-amido-phenol ... D.B. A few weeks D.B. A few weeks 

Uranium nitrate . Indefinitely Indefinitely 



APPENDIX VI. 

RECOVERY OF SILVER FROM WASTE LIQUORS. 

Most of the silver a photographer throws away is in his hypo 

baths, and it is from this that the greatest difficulty is met with 

in recovering it. I will describe briefly how this can be done in 

the several cases. 

All solutions containing silver, but no hypo, should be thrown 

from time to time into a large jar with a small quantity of common 

salt, and when full, the clear supernatent liquid is poured away, 

leaving the precipitated silver chloride at the bottom of the vessel, 

then proceed to add silver waste solutions and salt as before, until 

a fair quantity of crude silver chloride has been collected. The 

silver residue may now be treated in one of two ways, of which 

I recommend the second. 

1. Wash thoroughly the precipitated silver chloride and boil 

gently for an hour or more with caustic soda, adding from time to 

time a small quantity of glucose. Filter from the dark brown 

liquid and wash the residue thoroughly, it will be found to differ 

little in appearance from the original silver chloride. It is now, 

however, finely divided metallic silver, which may be melted into 

a button of the metal, by fusing with a blowpipe flame on a bone 

ash cupel. The silver may now be converted into the nitrate as 

described on page 38. 

2. Send the crude silver chloride to the most convenient silver 

refiner who will allow full value for it. 

The hypo solutions containing silver must be treated in an 

entirely different way and the process is much more difficult. 

Collect the solutions in a large jar until nearly full; then add some 

sodium sulphide or liver of sulphur solution and stir vigorously 

for a time, allow to settle for a day or so, then agitate again 

and repeat two or three times. Pour off the clear liquid and put 

the residue into a smaller jar, then proceed as before until a fair 

quantity of silver sulphide is obtained. It can now be reduced 

to metallic silver by fusing with a mixture of sodium carbonate 

and potassium nitrate. This is a much more difficult process 

than in the preceding case and I recommend the sale of the crude 

sulphide of silver. 
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APPENDIX VII. 

USEFUL FACTORS. 

To convert kilometres to miles . X 0-6214 
,, „ metres to feet X 3-2809 

,, centimetres to inches X 0-3937 
,, „ sq. metres to sq. yards ... X 1-196 
,, ,, miles to kilometres X 1-6093 
„ ,, feet to metres X 0-3048 
,, ,, inches to metres... X 0-0254 
„ ,, „ centimetres ... X 2-54 
,, ,, sq. yards to sq. metres ... X 0-8361 
,, miles to feet X 5280-0 
,, ., feet to miles X 0-000189 
„ ,, sq. feet to sq. inches X 144-0 
,, „ sq. inches to sq. feet X 0006944 
,, ,, litres to cubic feet X 0-03532 
,, „ „ gallons ... X 0-22 
,, ,, c.c. to oz. ... X 0.035 
,, ,, „ drams X 0-0044 
,, ., oz. to c.c. X 28-400 
,, ,, drams to c.c. X 3-55 
,, ,, cubic feet to litres X 28-33 
.. ,, ,, inches to cubic feet X 0-00058 
,, „ „ „ gallons ... X 0-003607 

., gallons to cubic feet X 0-16037 
„ ., „ litres ... X 4-543 

.. pints to cubic centimetres X 567-936 
., cubic feet to gallons X 6-235 
,, ,, kilogrammes to pounds... X 2-2046 
,, ., grammes to grains X 15-432 
,, pounds to kilogrammes X 0-4535 
„ ., grains to grammes X 0-0648 
,, ., ounces to „ X 28-349 
,, ,, grammes per litre to grains per gallon X 700 
., ,. parts per 100,000 into grains per g allons X 0-7 
,, ,, grains per gallon to grammes per litre X 0-014286 

ill 



112 Appendix VII. 

To convert degrees C. to degrees F. x 1-8 and + 32 

„ ,, „ F. ,, C. — 32 then x 5 9 

Density = weight of 1 cubic centimetre of the substance 

"Volume of a gas varies directly as the temperature 

„ „ „ indirectly as the pressure 

tt=3 -1416. 



APPENDIX VIII. 

KEEPING QUALITIES OF SODIUM SULPHITE SOLUTION. 

During the early part of last year the author performed a series of 

experiments on the decomposition of sodium sulphite when in 

solutions of various strengths. 

One series was done in the dark and another alongside in the 

daylight; no practical difference was observed between these two. 

The experiments were repeated at intervals of about three months. 

Although the rate of decomposition from sulphite to sulphate 

(Na2S03 + O = Na2S04) varied in a marked degree, it was quite 

possible to draw out an average curve, a table from which I give 

below. To show how care in preparing solutions will affect the 

result is typified by a recent experiment. A twenty per cent, solu¬ 

tion of crystallised sodium sulphite was made up with distilled 

water which had been previously thoroughly boiled. After standing 

in a half empty well-corked bottle for ten days, it was found to 

have lost less than one per cent. 

The following table will give an idea of the approximate strength 

of a sulphite solution after standing a number of days in a bottle 

somewhere about half full. The fuller the bottle the slower will 

be the decomposition and vice versa. 

Days standing. 
Five per cent, 

solution. 
Ten per cent, 

solution. 
Twenty per cent, 

solution. 

One 3-5 8-8 19-0 
Two 2‘5 7-4 18-2 
Three 1-8 6'0 16-8 
Four 1*1 4-6 15-6 
Six •5 3-2 14*4 
Eight •o 1-4 13-2 
Ten •o •4 11*5 
Twelve '0 •o 8-5 
Fourteen •0 •o 6-0 
Sixteen •0 •0 5-0 

N.B.—Per cent of crystalline sodium sulphite. 

113 8 
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Acetate, lead . 
Acetate, sodium . 
Acetic acid, g'lacial 
Acetone 
-sulphite 
Acid, action on litmus 
-boric . 
■-citric . 

— fixing bath . 
^— gallic . 
—— glacial acetic 
--hydrochloric 
-hydrofluoric. 
—— lactic . 
—— muriatic 
-nitric . 
-- ortho-phosphoric 
-— oxalic . 
-phosphoric . 
-picric . 
-pyrogallic . 
-sulphurous . 
--tartaric 
--solubility of 
Acridine yellow . 
Adurol. 
iEther . 
Air, action on lime 
Alabaster 
Albumen 
Alcohol 
Alkali, action on litmua 
-citrates 
Alum, crystals of. 

PAGE 

Aluminium sulphate . . 95 
Alums.95 
Amidol ... 51, 52 
Ammonia . . . 60, 71 
-soda process . . 57 
-- solubility of silver 

haloids in . .39 
Ammonium bromide . . 64 
-- cyanate . . .55 
-ferric citrate . . 42 
-hydrate . . .60 
-persulphate . . 76 
-sulph-hydrate . . 85 
-sulpho-cyanide . . 88 
-thiosulphate . . 72 
Apothecaries’ fluid measure 21 
Aqua fortis .... 105 
Asbestos . . . .105 
Asymmetric system of crystals 15 
Atom, an, definition of .11 
Atomic theory, the . .11 
-weights, tables of 11, 101 
Auric chloride . . .87 
Avoirdupois weights 22, App. II 
Axes of crystals . . .15 

Barium sulphate, crystals 
of.15 

Beakers . . . .25 
Beeswax .... 104 
Bengal Rose . . .93 
Benzene . . . .48 
Benzyl-fluorescein . . 92 
Bicarbonate, calcium . , 30 

1'AGE 

88 
89 
97 
61 
61 
38 
96 
97 
69 
50 
97 
71 
96 
90 
71 
63 
90 
97 
89 
94 
50 
63 
97 
35 
94 
53 
98 

9 
105 
100 

98 
38 
65 
15 

114 
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l’AGE 

Bicarbonate of soda, use of 
in developer 58 

Bichromate of potash . 40 
-potassium, crystals of . 15 
“ Black Ash ” 56 
Bleaching of image 82 
-powder 97 
Blue, quinoline . 93 
-stone . 105 
- vitriol . 105 
Boiling points, table of 104 
Boracic acid 96 
Borax .... 96 
-crystals of . 15 
Boric acid . 96 
“ British gum ” . 99 
Bromide ammonium . 64 
-cupric . 85 
-mercuric 83 
-potassium . 64 
-solubility of 35 
-silver . 38 

Calc spar . 105 
■-- crystals of . 15 
Calcium bicarbonate . 30 
-carbonate in natural 

waters 30 
-sulphate, or gypsum 15 
Cane sugar . 65 
Capacity, measures of. 20 
Carbamide . 54 
Carbide of iron 70 
Carbon bisulphide 104 
-paper, theory of . 41 
Carbonate, calcium, in 

natural waters . 30 
-of potash, solubility of 35 
-of soda, crystals of 15 
-manufacture 

of . 56 
---water of 

crystallisation . 14 
-potassium 61 
Carey Lea’s “ Photo-salts! 39 
Catechol . . 49, 53 
Catechu . . . 53 
Caustic potash 105 
--soda . . . 63, 105 

PAGE 

Centigrade thermometer . 22 
Centimetre, the photo¬ 

graphic standard . .19 
Ceric sulphate . . .80 
Chalk.105 
Chemical change. . 9, 12 
Chemical theory of latent 

image . . . .44 
Chloride, cuprous . . 43 
- ferric . . . .43 
-- gold . . . .87 
-gold, solution, making 

up of. . . .31 
-mercuric . .82 
-of lime. . . .97 
-silver . . . .38 
-sodium . . .90 
Chlorides, tests for, in waters 31 
Chloro-platinite of potash . 42 

| Chondrin . . . .100 
Chrysaniline . . .94 
Citrate, ferric ammonium . 42 
Citrates, alkali . . .65 
Citric acid . . . .97 
Collodion .... 100 
Colour sensitiveness, table of 91 
Common salt . . .90 
Compound, a, definition of 10, 12 
Copper pyrites, crystals of . 15 
-sulphate . . .87 
-- crystals of . . 15 
Copperas . . . .105 
Corundum . . . .105 
Cream of tartar . . .105 
Crystallography . . .14 
Crystals, system of . .15 
Cubic system of crystals . 15 
Cupel, a, uses of . . .38 
Cupric bromide . . .85 
- chloride . . . 104 
--sulphate . . . 87 
Cuprous chloride. 43 
Curves of solubility, how to 

make . . . .32 
Cyanate, ammonium . . 55 
Cyanide, potassium . .70 
-potassium-silver . .85 
Cyanine . . . .93 

1 Cyanosin . . . .93 
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PAGE 

Dalton’s atomic theory . 11 
Density, definition of . .112 
Developable image, theories 
of.44 

Developers, theory of . .47 
Diamond, crystals of . .15 
Dibromo-nitro-fiuorescein . 92 
Dichromate, potassium . 40 
Diogen..... 54 
Diphenal . . . . 108 
Distilled water, substitute 

for .- . . .28 
Dolomite . . . .105 
Drachm, a . . 22, 102 
Dropping tubes, how to 

make . . . .26 

Eder & Ruh on ortho- 
chromic dyes . . .91 

Eder’s reducing solution . 80 
Edinol.54 
Eikonogen . . . .54 
Element, an, definition of . 10 
Emery.105 
Emetic, tartar . . . 107 
Eosin.92 
Epsom salts.... 105 
Equation, chemical explana¬ 

tion of . . .13 
Erythrosine . . .93 
Ether . . . .98 
Ethyl eosin . . .93 
- ether . .98 

Factors, useful . . .111 
Fahrenheit thermometer . 22 
Farmer’s reducing solution . 74 
Ferric ammonium citrate . 42 
-chloride . . .43 
-hydrate, preparation of 41 
-* oxalate . . .41 
Ferricyanide of potash, crys¬ 

tals of . . .15 
-potassium . . .74 
Ferrous oxalate . „ .55 
-sulphate . . .56 
- - crystals of . .15 
--solubility of . 35 
Filter papers . . .27 

PAGE 

Filtration . . . .26 
Fixing, theory of . .68 
Fluorescein . . . .92 
Formaline . . .95 
Formate, sodium . . .88 
Formulae, explanation of . 13 
French chalk . . .105 

Galena, silver in . .37 
Gallic acid . . . .50 
Gallo-nitrate, silver . . 43 
Garnet, crystals of . .15 
Gelatine .... 100 
Glacial acetic acid . . 97 
Glass, melting point of . 104 
-tubing, working of . 26 
Glauber Salts. See Sodium 

sulphate 
Glucose .... 105 
-as a reducer (chem.) . 110 
Gluten.100 
Glycerine . . .65, 99 
Glycerol . . .99 
Glycin . . . . 51, 52 
Goderus on reducers . . 78 
Gold.86 
-chloride . . .87 
-- solution, making 

up of . . . .31 
- mosaic .... 106 
Goulard water . . . 105 
Green vitriol . . 106 
Gums.100 
Gypsum, crystals of . .15 

Haloids of silver . . 38 
Hardness, of a water . . 30 
-tests of, in waters . 31 
Heavy spar, or barium sul¬ 

phate . . . .15 
Helain on reducers . .79 
Hexagonal system of cry¬ 

stals .15 
Horn silver .... 106 
Hydrate, ammonium . . 60 
-sodium. . . .63 
Hydrazine . . . .55 
Hydrochlorate, Hydroxyla- 

mine. . . . .55 
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PAGE 1 PAGE 
Hydrochloric acid 71 Melting points, table of 104 
Hydrofluoric acid 96 Mercuric bromide 83 
Hydroquinone . . 49, 51 -chloride 82 
Hydroxylamine . 55 -iodide . 83 
-hydrochlorate 55 Mercury 104 
Hypo, crystals of. 15 Meta-phosphoric acid . 90 
-manufacture of . 66 Methyl eosin 93 
-solubility of 33 Methylated spirit 98 
Hyposulphite of ammonia . 72 Metol .... 5] 1, 52 

Metre, the standard 17 
Ice, crystals of . 15 Metric system, simplicity of 16 
Iceland spar 106 Microcosmic salt. . 100, 106 
Image, latent theories of 44 Minim, a 22, 102 
Impurities in water 31 Molecular weight, definition 
Intensification, theory of 82 of . . 14 
Iodide, mercuric . 83 Molecular weights, table of. 101 
-of starch 99 Molecule, a, definition of 13 
-silver .... 38 Mono-chloro-fluorescein 92 
Iodine . . . . . 81 Monosymmetric, system of 
Iron pyrites, crystals of 15 crystals 15 
-tests for, in water 32 Mosaic gold . 106 

Muriatic acid 71 
Jeweller’s putty 106 

Namias on reducers . 79 
Keeping qualities of chemi¬ Naphtho-fluorescein 92 

cals ..... 108 Nigrosin B . . • 92 
Ketone, di-methyl 61 Nitrate, silver 38 

-solubility of 35 
Lactic acid 90 -uranium 84 
Latent image, theories of . 44 Nitric acid . 63 
Lead. 104 Noggin, a 102 
- acetate 88 
Leblanc process . . .56 
Length, measures of . .17 
Liesegang, new fixer . .72 
Lime, chloride of . .97 
Limelight, theory of . .9 
Litharge . . . .106 
Litmus papers, how made . 38 
Lumiere on reducers . .79 

Magnesium, combination of 10 
Manganate, potassium . . 81 
Mass reaction . . . 79 
Measures and weights, tables 
of.102 

-British and metric . 17 
Measurement of temperature 22 
Mechanical mixture . .12 

OCTO-IODO-FLU OEESCEIN . 93 
Oil of vitriol . . . 106 
Orcinol . . . .53 
Organic impurities in waters 31 
Ortho-chromatic chemicals . 91 
Ortho-phosphates . . 89 
Ortho-phosphoric acid . 90 
Ortol.52 
Oxalate, ferric . .41 
-ferrous. . . .55 
-potassium . . .55 
Oxalic acid . . . .97 

Papers, filter 
Para-amido-phenol 
Paraffin 

52, 54 
. 104 
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PAGE PAGE 

Percentage solution, mean¬ Pyrogallol .... 50 
ing of ... 36 Pyro-phosphoric acid . 90 

-—- washing soda 57 
Permanganate, potassium . 80 Quadratic system of crys¬ 
Persulphate, ammonium 76 tals . 15 
Phenol, para-amido . 52 , 54 Quartz ..... 106 
Phloxin . . 93 -crystals of . 15 
Phosphate, sodium 89 Quinol on hydroquinone 51 
-crystals of . 15 Quinoline blue 93 
-tribasic sodium . 63 -red .... 92 
Phosphoric acids . 90 
Phosphorus . 104 Rain water .... 29 
Photographic reducing 73 Realgar .... 106 
Photo-salts . . . 39 Red prussiate of potash 74 
Phthaleins . . . 92 Red, quinoline 92 
Phthalophenone . 92 Reducing, chemical 73 
Physical change . 9 Regular system of crystals . 15 
Physical theory of latent Resorcinol .... 49 

image 44 Restrainers, theory of . 64 
Picric acid . . . 94 Reversal .... 47 
Plaster of Paris . • 106 Rhombic system of crystals 15 
Platinotype paper, solution Rochelle salt 97 
for. 41 Rodinal . . . . 52 

-theory of 42 Rose Bengal 93 
Platinotvpes, action of Ruh & Eder on orthochro- 

waters on, t 30 matic dyes 91 
Potash, caustic 105 Rust . . 106 
Potassium acetone sulphite. 62 
-bichromate . 40 Saccharoeosin . 94 
-crystals of . 15 Sal ammoniac 106 
--- bromide 64 -volatile 106 
-solubility of 35 ; “ Salt cake ”... 56 
--- carbonate 61 -common, crystals of 15 
----solubility of 35 ' -solubility of 33 

—’ chloro-platinite . 42 -Rochelle 97 
- cyanide . 70 Salts of lemon 106 
-ferricyanide. 74 - of sorrel 97 
-crystals of . 15 Schlippe’s salt 84 

-meta-bisulphite . 63 Selle’s intensifier. 84 

-oxalate 55 Sensitiveness, col our, table of 91 
-permanganate 80 Silver metal.... 37 
-silver cyanide 85 -bromide 38 
-sulphO'cyanide 89 -chloride 38 
Pressure, etfect on a gas 112 -» gallo-nitrate 43 

Prussiate yellow . 107 -haloids 38 
Pyrites. 106 -iodide . . . . ■ 38 

-crystals of . 15 -nitrate.... 38 

Pyro. 50 -nitrate, solubility of . 35 
Pyrocatechin . . 53 , -potassium cyanide 85 
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PAGE 

Silver, preparation of from 
its chloride . .110 

-salts, table of equiva¬ 
lents . . . .40 

-sulphide . . .110 
Soap stone .... 106 
“ Soda ash ” . . . .57 
Soda, caustic . . . 63, 105 
Sodium acetate . . .89 
-bicarbonate, use of in 

developer . . .58 
-carbonate, anhydrous . 58 
-crystals of . .15 
-  manufacture of . 56 
-water of crystal¬ 

lisation . .14 
-formate . . .88 
-hydrate . . .63 
-phosphate . . .89 
-crystals of . .15 
-sulphate, crystals of . 15 
-sulphite . . .62 
----keeping qualities 

of . 113 
-solubility of .35 
-thiosulphate . . 66 
---crystals of . .15 
-tribasic phosphate . 63 
-tungstate . . .90 
Solubility curves . . 35 
-definition of . 32 
Solvents . . . .28 
Sorrel, salts of . .97 
Spatula, easily made form of 27 
Spirits of hartshorn . . 106 
-of salts . . . 107 
-of wine . . .98 
Spring water . . .29 
Starch.99 
Stirring rods, how to make . 25 
Stucco.107 
Sugar.65 
-of lead. . . .88 
Sulphate, calcium, or gypsum 15 
-ceric . . . .80 
■ -copper . . . .87 
-copper, crystals of .15 
-ferrous. . . .56 
■ -crystals of . .15 

PAGE 

Sulphate ferrous, solubility 
of . . . . .35 

-sodium, crystals of . 15 
-titanic . . . .80 
-zinc, crystals of . .15 
Sulphates, tests for, in waters 31 
Sulph-hydrate, ammonium . 85 
Sulphide, silver . . .110 
-yellow ammonium . 85 
Sulphite, acetone. . .61 
—— barium, crystals of .15 
-potassium meta-bi- . 63 
—t— sodium . . .62 

-solubility of . 35 
Sulpho-cyanide, ammonium. 88 
---potassium . . 89 
Sulphur .... 104 
Sulphuric acid . , .104 
Sulphurous acid . . .63 
Sylvine..... 107 
Symbols, definition of . .12 
-table of 101 
Synthol . . . .52 

Talc.107 
Tartar, cream of . . . 105 
Tartaric acid . . .97 
-solubility of . 35 
Temperature, effect on a gas 112 
-measurement of . .22 
Test tubes . . . .25 
Tests, carbonate and bicar¬ 

bonate . . . .60 
-chlorine . . .71 
-purity of water . .31 
Tetra-nitro-fluorescein. . 92 
Theory of carbon paper . 41 
-of developable image . 44 
-of fixing . . .66 
-of gelatine hardening . 96 
-of intensification. . 82 
-of limelight... 9 
-of platinotype paper . 42 
-of reducers . . .75 
-of restrainers . . 64 
-- of toning . . .86 
Thermometer, Fahrenheit 

and Centigrade . . 22 
Thio-carbamate, ammonium 88 
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Tkiosinamine as a fixer 
Thiosulphate, ammonium , 
-sodium 
•-crystals of . 
Tincal . ... . 
Titanic sulphate . 
Toning1, theory of 
Tribasic sodium phosphate . 
Triclinic system of crystals. 
Tubes, dropping, how to 

make . 
Tungstate, sodium 

Uranium nitrate 
Uranyl nitrate 
Urea . . 

Verdigris . 

Water, maximum density of 

PAGE 

Water, of crystallisation 14, 36 
-rain, spring, etc. . . 29 
Washing soda, crystals of . 15 
-- waters, purification of. 32 
Waste, silver . . .110 
Waxes.104 
Weights and measures, ta¬ 

bles of ... 102 
-atomic, tables of . 11, 101 
-British and metric . 21 
Well water . . . .29 
White vitriol . . . 107 
Wollastonite . . . 107 

Yard, the standard . . 17 
Yellow, acridine.. . .94 
-ammonium sulphide . 85 
-prussiate of potash 74, 107 

Zinc sulphate, crystals of . 15 
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BUSeH’S 
Aplanat Lenses & Sets 

(WITH AND WITHOUT SHUTTERS) 

are the BEST VALUER on the Market. 

OF ALL DEALERS. 

LIST from— 

HENRY F. PURSER, 
31, Hatton Garden, LONDON, E.C. 

b 



CLASSIFIED INDEX TO ADVERTISEMENTS. 

CAMERAS. page 

Benetfink & Co.ii 

Busch Camera Co. ..iij 

Dallmeyer, Ld., J. H. ..xii 

Houghton & Son, G.xi 

Lancaster, J., & Son.xiv, xv 

Middlemiss, William.xxi 

Piggott, John.xvi 

Rochester Optical and Camera Co.xvii 

Staley & Co., A. E.v 

Woolley, James, Sons & Co., Ld.xviii 

CANDLE LAMPS. 
Benham & Froud, Ld.xix 

COLOUR PHOTOGRAPHY. 
Sanger Shepherd & Co.xxii 

ENLARGING TABLES. 
Southport Photapphances Co.xix 

FILMS. 
Ilford, Ld. i 

LENSES. 
Dallmeyer, Ld., J. H.xii 

Purser, Henry F.ix 

Ross, Ld.iv 

Staley & Co., A. E.v 

Taylor, Taylor, & Hobson.xiii 

PAPERS. 
Ilford, Ld. i 

Rotary Photographic Co., Ld..xx 

PHOTO-AUTOCOPYIST. 
Autocopyist Co.xxi 

PHOTOGRAPHIC CHEMICALS. 
Burroughs Wellcome & Co. (Tabloid).vi 

ZlMMERMANN, A. & M. .   Xxiii 

ZlMMERMANN, CHARLES & Co. .   vii 

PHOTOGRAPHIC DEALERS. 
Benetfink & Co. ... ii 

Houghton & Son, G. ..xi 

Piggott, John.xvi 

Staley & Co., A. E.v 

Woolley, James, Sons & Co., Ld.xviii 

PLATES. 
Ilford, Ld. . . ... i 

Wratten & Wainwright.xxi 

ZlMMERMANN, CHARLES & Co.vii 
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The “SANDERSON” 
Hand (Camera 

(1902). 

PERFECT for every class of work at home or abroad. 
A combined Hand and Stand Camera. 

The great beauty of the instrument lies in the fact that a more Simple Camera 
to use could not be constructed, yet its reserve adjustments embrace a range 
of movements never before embodied in a single instrument, and make it capable 
of executing work of the most extreme character. 

LIGHT AND COMPACT. 
LONG EXTENSION for Telephoto Work and copying- same size. 

ENORMOUS RISE with OPTIONAL SWING FRONT for taking- 
High Objects at close range. 

THE REGULAR Model. Prices from 
THE TOURIST Model. Prices from. 
THE DE LUXE Model. Prices from 
THE ROLL FILM Model. Prices from ... 

BOOKLET POST FREE. 

£6 17 6 
6 10 0 

10 10 O 
6 17 6 

GEO. HOUGHTON & SON, 88 & 89, High Holborn, W.C 
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DALLMEYER for 
Lenses. 

STIGMATIC LENSES, Series I. F/*- 

STIGMATIC LENSES, 
Series II. F/6 3 foci 

STIGMATIC LENSES, 
Series III. F/7.5. 

PORTRAIT LENSES, 

F/ 2*2, F/3*16, F/«, F/ 6. 

TELEPHOTO- r a ^ 
RAPID RECTIL 

WIDE ANGLE 
LEN 

CINEMATOGRi >■ 
LENSES. ^ 

TELESCOPES, V 
Etc. / ? 

Send for / 

Catalogue. / ■ 

FIELD CAMERAS 
IN ALL PATTERNS. 

V , 
Speciality in BRASS 

BOUND WORK 

for Tropical use. 

NEW LONG 

FOCUS CAMERA. 
The 

DALLMEYER HAND CAMERA 
(Long Extension). 

POPULAR” HAND CAMERA. 

DALLMEYER’S 

NEW NATURALIST CAMERA, 
With Telephoto Lens and Mirror Focusing. 

ESTIMATES and ADVICE FREE. 
SPECIAL ATTENTION to FOREIGN and COLONIAL ORDERS- 

Five per cent. Discount for Cash with Order. 

Optical Manufactory: 25, NEWMAN ST., LONDON, W. 
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Series III. 

f/6'5 

BEST 
AND 

SIMPLEST 
ANASTIGMATS. 

(OSKE IeNS 
Series V. 

f/8 

Focussing ^oke I|Ns 

Series III -f/e-s 

jAYLOR.’fAyLO^HoPSO^-.L'5 
Stoughton Street Works. LEICESTER 

and 18 Berners Street. LONDON. W. 
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LANCASTER & SON, Opticians, Birmingham. 

Lancaster’s “ MERVEILLEUX 

(Patent). 

This is a Mahogany Camera 

with Rack Adjustment, Re 

versing Back, Achromatic 

Lens, and Camera Stand. 

Prices of Camera, Double 

Slide, Lens, Shutter, and 

Stand. 

J-plate. J-plate. i/i plate. 

21/- 42/- 63/- 

Lan caster’s 

“POCKET 

MERVEILLEUX” 

(Patent). 

The “ Pocket Merveil- 
leux ” is one of the 
neatest Cameras ever 
constructed. It is fitted 
with an Achromatic Men¬ 
iscus Lens, and New 
Time and Instantaneous 
Shutter, and Rack Ad¬ 

justment. 

There is a Focussing 
Screen, Double Dry 
Slide, and Camera 

Stand, 

p pi ate. J-plate. i/r plate. 

,21/- 42- 63- 

Lancaster’s «INSTAIMTOGRAPH ” 

(Patent). 

Over 100,000 have been 

sold. 

New Pattern. 

Everything an Amateur 

can desire. 

pplate. Pplate, i/i plate. iox8 

42 - 84/- 126/- 168- 

tr mky- Each Set consists of 

Camera, Lens, Shut¬ 

ter, and Stand. 
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J. LANCASTER & SON, Opticians, Birmingham. 

The L OMNIGRAPH carries 
twelve films or plates; has 
Finder, Rack-work Adjustment, 
and Iris Diaphragm ; the Camera 

is covered in leather. 

I-plate. 5x4 Opiate. 

31/6 45/- 63/- 

The R L OMNIGRAPH has 
Rectilinear Lens, with “Iris” 
shutter for Time or Instan¬ 
taneous, and carries twelve films 

or plates. 

£-plate. s x 4 $-plate. 

42/- 63/- 84/- 

Lancaster’s New Camera, 

“THE KAMREX” 

(Patent). 

|-plate. §-plate. 1/1 plate. 

42/- 84/- 126/- 

Lancaster’s New “Kam- 

REX ” is a Mahogany Camera, 

covered in best Leather, with 

Instantaneous Lens and 

Shutter, new 

Rack Front 

Stage, Double 

Dry Slide, and 

Stand. 

Lancaster’s “STOPIT.” 

No. 1.—Carrying six ^-plates, 
10/6 

No. 2.—Ditto, with Rack Ad¬ 
justment, 15/- 

No. 3.—Ditto, ditto, carrying 
twelve plates, 21/- 

GATALOGUES 
FREE. 
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TO HELP YOU 
WE SELL EVERYTHING 
AT LOWEST PRICES. 

J. P. “ ARCHITECT.” i-plate set. 

zw 
Polished mahogany Camera, black leather bellows, 

reversing and swing back, double extension, wide 

angle movement and rising front, brass turn-table, 

i D.D. slide book form, double hinged shutters, 

hinged metal division spring catches ; double achro¬ 

matic rapid rectilinear lens, F.8 iris diaphragm ; 

Thornton-Pickard T. and I. shutter, fitted behind lens 

with speed indicator and pneumatic release; 3-fold 

ash stand, with rule joint and sliding legs. 

Price, 65/- Extra D.D. slides, 7/3 each. 

THERE IS NOTHING LIKE IT AT THE PRICE. 

J, P. “ CLUB ” Lantern. 

u\ 

Catalogue 
post 3free. 

Russian iron body, 4-inch condensers, stage and 

front tube and sliding O.G. tube all of brass, and 

sliding forward to permit of chemical and physical ex¬ 

periments, rack, pinion, and flasher fitted to objective. 

Price of lantern only, in carrying case, £2 11s. lid. 

3 wick Russian iron Lamps, best 7/11, cheaper 4-/11 

4 5 5 ,, ,, ,5 55 10/7, ,. 6/6 

Stock's patent ditto, very powerful, 24-/11 

Incandescent gas outfit, 7/11 

ACETYLENE and LIMELIGHT APPARATUS. 

JOHN PIGGOTT, Ltd., Optical Stores, 
117 and 118, Cheapside, and Milk Street, London, E.C. 

SCIENTIFIC APPARATUS of any DESCRIPTION SUPPLIED. 



Amateur Photographer Library—Advertisements. xvii 

PONY PREMO 
No. 3. 

This Camera has reversing back, 

rising and falling front, also swing 

back, fitted with B. and L. Victor 

shutter and Rapid Rectilinear lens, 

brilliant view finder, T. level, covered 

with seal grain leather. 

Price, in case, with 4x5 

three holders .. £3 15 O 

Extra holders .. 0 4 0 

RAY CYCLE 
No. 1.—Style 2. 

This Camera is highly finished 

and fitted with B. and L. Gem 

shutter, and selected RR lens. 

Price, complete in case, with one 

holder— 

4x5 A-plate. 

£2 2 0 £3 3 0 

Extra holders, 4/3 and 5 6 

RAY CYCLE 
No. 9. 

This Camera has reversing 

back, rising front, rack and pinion, 

fitted with Auto shutter, and 

symmetrical lens in the 5x4 and 

£ size. 

Price, complete in case, wTith one 
holder— 

J-plate. 4x5 J-plate. 
HR RS RS 

£3 10 0 £4 4 0 £5 12 6 

Extra holders, 4/3, 4/3, and 5/6 

Of all Dealers, or 

THE ROCHESTER OPTICAL AND CAMERA CO., 
*112, 113, FORE STREET, LONDON, E.C. 

Telegrams: OPTELLING. -r>f r 17 t . A t_t 
Telephone: 4677 “central.” rlease write lor Tree List ri* 
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Cbe l)o. 6a 
Courist Camera 

FOR HAND OR STAND. 

English Manufacture through¬ 
out, with the exception of 

the Lens and Shutter. 

FOR CYCLISTS, 
TOURISTS, etc. 

SPECIFICATION. 

Camera.—Made throughout of best material, and covered in best leather, all 
metal-work nickel-plated. 

Slide.—One best quality Mahogany book form Double Slide. 
Lens.—Bausch & Lomb*s Rapid Rectilinear, cf very fine quality. 
Stops.—Improved Iris form, actuated by lever. 
Shutter.—Bausch & Lomb’s “ Uniciim,” one cf the most perfect Shutters ever 

invented, provided with a pneumatic release. 
Focussing Scale.—On the right hand side of the Camera. 
Finder.—Brilliant type, for use in sunlight. 
Focussing Screen.—Reversible, ground glass, protected by a leather-covered 
Case.—Solid Leather, with shoulder strap. fflap. 

IVIEASUREIVI ENTS, WEIGHTS, 
Size of Camera. Outside Measurements. Weight. 

J-plate ... 6 x6 xifin. ... ilb. 120Z. 
5x4 ... tfx6|x2 in. ... 2 lb. 
J-plate ... 8x8x3 in. ... 3 lb. 4 oz. 

AND PRICES. 
Extension. Prices. 

9 in. ... £4- 15 
n in. 
13 in. 

IO 
IO 

Victoria e-MANCHESTER. 
Illuslrared Catalogue, free on applicahion 
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J)3M ROOM LAMPS. 
THE “HOLIDAY” CAHDLE LAMP. 

A really good Portable Lamp for 

Amateur Photographers. 
Equally useful for changing plates when 

touring, or for the Dark Room. 

PRICE, in polished Brass, 10/6 each. 

Candles, 1/- per box. 

HOLIDAY LAMP. 

OPEN FOR USE. 

PACKED FOR 

TRAVELLING. 

Also the well-known 

“PERFECTION” 
LAMP. 

PRICE, nickel-plated, 

21/- each. 

Candles, 1/6 per box. 
PERFECTION 

LAMP. 

Of all Photographic Dealers. If cannot obtain, write to 

BENHAM & FROUD, LIP. Chandos Work8' ■I Chandos St., LONDON, W.C. 

THE,NEW ENLARGING TABLES & SCREENS, WITH UNIVERSAL MOTIONS 
(As in use in the Birmingham Photographic Society’s Rooms.) 

A Postcard -will bring full Details and Frices. 

THE SOUTHPORT PHOTAPPLIANCES CO., Ivy Street, SOUTHPORT, LANCS. 
Telegrams: “CAMERA,” SOUTHPORT. 
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-S* “ ROTOQRAPH ” * 

BROMIDE 
A Thin flossy. 
B Thick glossy. 
C Thin matt smooth. 

IN SEVEN GRADES. 

D Thick matt smooth. 
E Thin matt rough. 
F Cream rough. 

G Thick rough white. 
PAPERS. 

GASLIGHT u ID ” requires no 
PAPER KU 1 vJfVLJiN Dark Room. 

JMo. i—Thin glossy rose. I No. 3—Thin matt smooth. I No 5—Thick rough tinted. 
,, 2—Thin glossy mauve. | ,, 4—Thick matt smooth. | „ 6—Thick rough white. 

“ Rotograph” Negative Paper 
IN TWO GRADES (Rapid and Normal). 

CUT SHEETS (In Packets of 12 Sheets). 

“ROTOGRAPH” and “ ROTOKON” jj 

Sensitised Post Cards ♦ 
Per^Packet, 12 Cards, 8d. i 

“ROTOGRAPH” DEVELOPER 
In Tins, J-lb., 7d. i J-lb., I/I ; 

and i-lb., 2/- 

To he obtained from all Photographic Dealers and Stores, or from 

The ROTARY PHOTOGRAPHIC CO., Ltd., 
14, New Union Street, Moorfields, London, E.G. 

Works: WEST DRAYTON, MIDDLESEX. 

UNIFORM WITH THIS WORK. Price Is. each. 

London : HAZELL, WATSON & VINEY, Ld., 52, Long Acre, W.C. 

1. PlatinumjToning. 
2. P.O.P. 
3. Experimental Photography. 
4. Short Chapters on Art Photo¬ 

graphy. 
5. Development and De¬ 

velopers. 
6. The Art of Retouching. 

7. Elementary Photography. 

8. Carbon Printing. 

9. Wet Collodion and How to 
Work It. 

10. The Lantern and How to 
Use It. 

11. Platinotype Printing. 
32. The Photographer’s Note 

Book and Constant Com¬ 
panion. 

13. Photo-Aquatint. 

14. Animated Photography. 
15. Architectural Photography. 
16. Mounts and Frames. 
17. Practical Pictorial Photo¬ 

graphy. Part I. 
18. Practical Pictorial Photo¬ 

graphy. Part II. 
19. The Perfect Negative. 
20. Ozotype. 
21. Colour Photography. 
22. Lantern Slide Making. 
23. First Steps in Photo-Micro¬ 

graphy. 
24. The Principles of Simple 

Photography. 
25. Enlarging on Bromide 

Papers. 
26. Bromide Printing. 
27. Portraiture. 
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‘'The Amateur Photographer" Library. 
NEW VOLUMES. 

No. 26. BROMIDE PRINTING. By Rev. F. C. 
Lambert, M.A. Containing full instructions for Printing, 

Developing, Fixing, Toning, and Tinting all kinds of Bro¬ 

mide Papers, including Velox, Gaslyte, Rotograph, Platino, 

Bromide, etc., etc. Crown 8vo, cloth, price is. nett; 

postage, 2d. 

No. 27. PORTRAITURE FOR AMATEURS 
WITHOUT A STUDIO. Part I. By the Rev. F. C. 

Lambert, M.A. There are over 140 Illustrations and 

Diagrams in the Two Parts, which, together with the clear 

and concise Instructions, make this work the finest Guide 

to Portraiture ever issued. Crown 8vo, cloth, price is. nett; 

postage, 2d. 

No. 28. PORTRAITURE FOR AMATEURS. 
Part II. Crown 8vo, cloth, price is. nett; postage, 2d. 

The Two Vols. bound in stiff cloth, lettered in gold, 

price 2s. 6d. nett; postage, 2d. 

No. 29. THE ELEMENTARY CHEMISTRY OF 
PHOTOGRAPHIC CHEMICALS. By C. Sordes Ellis, 

F.I.C., F.C.S. This book should be in the hands of every 

amateur. Crown 8vo, cloth, price is. nett; postage, 2d. 

London: HAZELL, WATSON & VINEY, Ld., 52, Long Acre, W.C. 
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SINCE 

1877 
Wratten’sLondon ” Plates 
Known throughout the World 

as the best obtainable for use 

in any climate. 

WRATTEN & WAINWRIGHT, Croydon. 
LISTS FREE. 

thePHOTO-AUTOCOPYIST 
A simplified form of Collotype, without elaborate Plant, furnishing from Negatives 

an unlimited number of Splendid PERMANENT PRINTS, in any colour, on 

glazed or matt surface papers, equal to Silver, Platinotype, or Bromide 
Prints. Great saving of time and expense. From 55s. 

Use the BLACK AUTOCOPYIST for reproducing 

Circulars, Plans, Sketches. Music, in permanent black and solid lines, equal 
to Lithography. Superior to all other devices. From 35s. 

Use the “ SELF-COPIKR ” for retaining a perfect copy of 
every important Letter. (4s. Gd. letter size.) 

Please write for Specimens, or call and see these useful Inventions. 

THE AUTOCOPYIST CO ■ j 64’ QToN DON1,0 E.^f1 ’ 

THE 

ENLARGING, REDUCING, 

7, Plate Size, 35/- 15 x 

BOOKLET POST FREE ON APPLICATION. 

and COPYING 

12 Size, 80/- CAMERA. 
SOLE MAKER 

^WILLIAM MIDDLEMISS, Bradford, Yorks.^ 

Tfie Amateur Photographer. 
The Best Journal for the Amateur and Professional. 

Speciality: PICTORIAL PHOTOGRAPHY. 

PROFUSELY ILLUSTRATED. EVERY THURSDAY. PRIDE Poll 

Subscription IRates : 6 months, 7s. 6d., post free. 12 months, 15s., post free. 

London : HAZELL, WATSON & VINEY, Ld., 52, Long Acre, W.D. 
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ANY PHOTOGRAPHER CAN TAKE 

PHOTOGRAPHS 
IN G0L00RS 

By the Sanger Shepherd Process of Natural Colour Photography. 

SIMPLE. EASY TO WORK. RELIABLE. 
All materials supplied ready for use. 

SETS OP COLOUR FILTERS FROM 15s. 

COMPLETE OUTFITS from 25s. 
The only process which has proved a practical success in the hands of the amateur. 

JV~ Write for Nsw Booklets, or call and see results Amateurs have produced by our process. 

LIGHT FILTERS FOR ORTHOCHROMATIC PHOTOGRAPHY, 
Square and Circular. All sizes in stock for all brands of plates. 

■CAPS AND FITTINGS stocked in SEVERAL PATTERNS. See Circulars. 

DARK ROOM LANTERNS, 
For Gas, Electric Light, Oil, and Candles, from 2s. 

SAFE LIGHTS FOR ALL PLATES, 
'Giving the maximum of light, and perfect freedom from fog. 

SPECIAL AGENTS FOR THE CADETT 

SPECTRUM PLATE. 
QUARTER PLATE to 15 x 12 always in stock. 

THE SANGER SHEPHERD UNIVERSAL DEVELOPER. 
Sample Tube, with Booklet on Development, Post Free, 7 stamps. 

CAMERAS FOR ALL PURPOSES. PHOTO SPECTROSCOPES. 
CAMERAS AND LIGHT FILTERS FOR PHOTOMICROGRAPHY. 

DESCRIPTIVE CIRCULARS ON APPLICATION. 

SANGER SHEPHERD & CO., 
Manufacturers of Scientific Apparatus, Cameras and Stands, Rotating Sectors, 

Instruments for the measurement of Light and Colour, Speed Determination, <S-c. 

Factory and Offices : 5, 6, & 7, GRAY’S INN PASSAGE, RED LION STREET, 

HOLBORN, LONDON, W.C. 
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CHEMICALS 

CHEM. FABRIK 
AUF ACT I EN 

VORIYI 

E. SCHERINC 

FOR 
PHOTOGRAPHY. 

ASK FOR 

AND 

SEE YOU CET 

SCHERING’S. 

ADUROL A New 
Developer. • * 

The monobromide substitute for Hydrokinone, having 
many advantages ; it works as rapidly as any developer, 
is easily controlled, gives a brilliant negative with excel¬ 
lent gradations of density and ample detail. Does not 
stain, and keeps indefinitely. 

ANTHION. Hypo 
Eliminator. 

A dilute solution (i in 200); completely removes all traces 
of Hypo from plates or papers in two washings, leaving no 
deleterious salt in the gelatine. 

CELLOID1NE. Patent 
Pyroxylin. 

Neither combustible nor explosive, giving, on being dis¬ 
solved, a colourless, clear solution that can be instantly 
iodised without loss of time. 

For Hardening 
Gelatine. PHOTO-FORMALIN. 

“ The best remedy for all forms of softening of the gelatine 
film is formalin.” 

ACID PYROGALL1C. 
' The standard make for purity, capability, and appearance. 

HYDROKINONE. 
As renowned as Schering’s Pyro. 

MAGNESIUM, tsv 
Ribbon, Wire, or Powder. 

SCHERING’S 
TONE-FIXING SALTS. (CTo^ing 

These Salts produce an excellent combined toning and 
fixing bath, giving any range of tone. For convenience 
they are put up in Loz- tablets, thus doing away with 
scales and weights. For use, dissolve 1 oz. (i.e. 4 tablets) 
’n 8 ozs. of water. In tins containing 4 ozs. (i.e. 16 J-oz. 
tablets), 3//- per tin. (Making 16 ozs. of Solution.) 

AND ALL NECESSARY SALTS. 

SOLE WHOLESALE AGENTS-— 
A. & M. ZIMMERMANN, 

Mote New Address: Sutherland House, Lloyd’s Avenue, LONDON, E.C. 




