CHEMISTRY FOR THE AMATEUR PHOTOGRAPHER. V.
FIXATION AND WASHING*

The Chemistry o Fixation

After development, the undeveloped silver bromideis removed by im-
mersion of the negative or print in what iscalled the"fixing" bath. There
are only a few substances which will dissolvesilver bromide, and the one
which is universally used in modem photography is sodium thiosulfate,
NasS5:0;, which is known to photographers as hyposulfite of soda, or
more usually as hypo, though the name hyposulfited sodais used by chem-
ists for another substance {NasS:0s).

Fixing is accomplished by meansd hypo only, but materials are usually
transferred from the developer to the fixing bath with very little rinsing
so that a good deal of developer iscarried over into thefixing bath, and this
soon oxidizes in the bath, turning it brown, and staining negatives or
prints. Inorder to avoid this the bath has sodium sulfiteadded to it asa
preservative against oxidation, and the preservative action is, d course,
greater if thebathiskept inadightly acid state. In order to prevent the
gelatin from swelling and softeningit is also usual to add some hardening
agent to the fixing bath so that a fixing bath, instead of containing only
hypo, will contain in addition sulfite, acid, and hardener.

If a few drops o acid, such as sulfuric or hydrochloric, are added to
aweek solution d hypo, the hypo will be decomposed and the sol ution will
become milky, owing to the precipitation o sulfur. Thisis because the
acid converts the sodium thiosulfate into the free thiosulfuric acid, and
this substance is quite unstable, decomposing into sulfurous acid and
sulfur according to the equation:

HyS,05 = H:50; + S
Thiosulfuric Acid Sulfurous Acid Sulfur
The change d thiosulfate into sulfite and sulfur is reversible, since, if we
boil together sulfite and sulfur we shall get thiosulfate formed, so that
while acidsliberate sulfur from the hypo, sulfite combines with the sulfur
to form hypo again. Consequently, we can prevent acid decomposing
the hypo if we have enough sulfite present, since the sulfite works in the
oppositedirectiontotheacid. An acid fixingbath, therefore, is preserved
from decomposition by the sulfite, which also servesto prevent the oxi-
dation o developer carried over into it. The developer which is carried
over into the fixing bath is, however, alkaline and consequently a con-
siderable quantity d acid isrequired in afixing bath whichis used for any
length o time, since if only a small quantity is present, it will soon be
neutralized by the developer carried over. We are, therefore, in the

* This series of articlesis based upon selected chaptersfrom " Elementary Photo-
graphic Chemigtry" and " The Fundamentalsof Photography.” by Dr. C. E. K. Mees,
published by the Eastman Kodak Company. Rochester. New York.
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difficult position that we require a large quantity o acid present, and yet
the fixing bath must not be strongly acid. The solution d the difficulty
isfound by taking advantage d the fact that there are some acids which
are very weak in their acidity and yet can neutralize alkali in the same
way as a strong acid, so0 that alarge quantity d these acids can be added
without making the bath so acid that sulfur is precipitated.

The strength o an acid depends upon thefact that when it is dissolved
in water some d the hydrogen contained in it dissociates from the acid
and remains in the solution in an active (or ionic) form, and the acidity
of the solution depends upon the proportion d the hydrogen which is dis-
sociated into the ionic form. The quantity of alkali which the acid can
neutralize, however, depends upon the total quantity d the hydrogen
present, and not on the dissociated portions only. The strongest acids
are the mineral acids, such as sulfuric and hydrochloric, while the weakest
acidsare the organic acids, such as citric and acetic.

Since a large quantity d a weak acid is required, the best acid for the
purposeis acetic acid (CH;COOH).

When acetic acid cannot be obtained for the fixing bath, the only sub-
stitute which appears to be generally availableis sodium bisulfite, NaHSOs.
This compound isintermediate between sodium sulfite and sulfurous acid,
and is, therefore, equal in acidity to a mixture d equal proportions o
these two substances. It makes a satisfactory acid fixing bath but does
not give quite as good a reserve d available acid in the bath as acetic
acid does. This is o importance particularly in connection with the
hardening agent used in the fixing bath. *

Potassium alum, K.S0,-Aly(S0,);24H,0, is the commonest hardening
agent. Theaumsin general have the property d tanning gelatin.

Fixing Baths

Acid hardening fixing beaths are prepared by adding to hypo an acid
hardening solution which contains the followingingredients:

(@ An acid such as acetic, citric, tartaric, lactic, malic, maleic, sulfuric,
etc., which stops devel opment.

(& A hardening agent such as potassiumalum, potassium chromealum,
or formaldehyde, 40%.

(¢} A preservative such as sodium sulfite or sodium bisulfite. The
latter actsaspreservativeintwoways. it preventstheformation o sulfur
by the action o the acid on the hypo, while it also preventsthe developer
carried over into thefixing bath from oxidizing and turning brown.

Prepare the acid hardening solution as a separate stock solution and add
this to the hypo solution as required.

The order & mixing isimportant, asfollows:
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When mixing in one vessd, first dissolve the sulfite in warm water
(about 125°F.) (52°C.), then add the acid and then the potassium alum.
It is sometimes recommended to reverse the process, namely, dissolve
the alum first, add the acid, and then the sulfite, but the alum dissolves
morereadily in the acid-sulfitesolution.

Another method isto dissolvethe alum and sulfitein separate solutions,
cool, add the acid to the sulfite solution and then add the alum solution.

The hypo should be cool and dissolved completely before adding the
cool hardener; otherwisesulfur islikely to be precipitated.

If the order of mixing isreversed and the alum added first to the sulfite,
awhite dludge of aluminum sulfiteisformed which dissolveswith difficulty
when the acid isadded. Therefore, if after mixing the hardener is milky
and a sludge settlesout, it isdueto arelative insufficiency of acid; thatis,
the acid used was either not up to strength or too much alum or sulfite
was added.

With other hardening baths the order d mixing is usualy the same.

Acid Hardening Firing Bath for Films, Plates, and Papers

Avoirdupois Metric
Hypo 16 otinces 480.0 grams
Water to make 64 ounces 2.0 liters

Then add the following hardener solution slowly to the cool hypo solu-
tion while stirring the latter rapidip.

Water (about 125°F.) (52°C.) 5 ounces 160.0cc.
Sodium sulfite 1 ounce 30.0 grams
Acetic acid (28% pure)' 3 ounces 96.0 cc.
Powdered potassium alum 1 ounce 30.0 grams

Dissolvein the order given.
If itisdesired to mix a stock hardener solution, use:

Acid Hardener Steck Solution

Avoirdupois Metric
Water (about 125°F.) (52°C.) 56 ounces 1700.0 ce.
Sodium sulfite 16 ounces 480.0 grams
Aceticacid (28% pure)’ 48 ounces 1500.0 cc.
Powdered potassium alum 16 ounces 480 .0 grams
Cold water to make 1 gallon 4.0 liters

For use, add 1 part of coadl stock solution slowly with stirring, to 8 parts
d a 25%, cool hypo solution.

To make up the hardener dissolvethe chemicasin theorder given above.
The sodium sulfite should be dissolved completely before adding the

1 To make 28% acetic acid from glacial acetic add, dilute three parts of glacia
acid with eight parts o water.
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acetic acid. After the sulfite-acid solution has been mixed thoroughly,
add the potassium alum with constant stirring.  If the hypo is not thor-
oughly dissolved before adding the hardener a precipitate d sulfur is
likely to form.

The Useful Life d Fixing Baths

A fixing bath in use becomes exhausted as a result of performing useful
work in fixing out the emulsion. The acidity o the bath is being reduced
by the developer carried in, although at first this tends to favor a longer
"sulfurization life" or period d time before the bath precipitates sulfur.
With use, however, the solution finally reaches a point where a sludge d
aluminum sulfite is precipitated, rendering the bath usdless. During the
first stages d use, the hardening properties increase slightly, after which
they fall df rapidly. A fixing bath is usually exhausted if it frothsat the
surface, or if it becomes milky or dudges throughout the solution. The
bath may aso fix so dowly that there is danger & removing the films or
prints before they are completely fixed. When the time of clearing for
a dow fixing film exceeds 12 to 16 minutes, the bath should be discarded.

The fixing bath for which directions have been given will fix completely
the equivalent d one hundred 8" X 10" prints per gallon, provided a
thorough water rinse precedesfixation.

Recovery o Silver from Exhausted Fixing Baths

An exhausted fixing bath contains dissolved silver salts and various
methods may be employed to recover the silver#profitably, providing at
least 6 galons d well-exhausted hypo are discarded each week. For
large volumes d exhausted baths (about 100 galons or more per week)
precipitation with sodium sulfideis the most economical and rapid method.
Precipitation with zinc dust is efficient when smaller volumes d bath
are to be treated, and has the advantage that no objectionable fumes of
hydrogen sulfideare evolved, asin the sulfide process.

Recovery by means of commercial electrolytic units also represents a
simple and economical procedure for volumes d exhausted baths d less
than 100 gallons per week. Electrolytic units give best results when used
in a discarded fixing bath, rather than in a working bath.

Althoughitis possiblefor a capable chemist to so restore a fixing bath
by desilvering, subsequently clarifying, and modifying its composition,
that its useful lifeis prolonged, it is just as economical and preferable to
prepare a fresh bath.

Fixing Bath Troubles

A. Shludging ¢ the Fixing Bath: A fixing bath occasionaly turns
milky soon after the hardener is added, and sometimes after being in use
for a short time. The milkinessmay be d two kinds:



886 JOURNAL OF CHEMICAL EDUCATION . Arrir, 1930

1. If the precipitate is pale ydlow and settles very dowly on standing, it
consistsof sulfur and may be caused by (a) too much acid in the hardener;
(b) too little sulfite or the use d impure sulfite, in which case there is not
sufficient present to protect the hypo from the acid; (c) high temperature.
The hardener should only be added to the hypo solution when at room
temperature. If the temperature d the acid fixing bath is over 85°F.
(29°C.}, it will not remain clear longer than a few days even when mixed
correctly. The only remedy is to throw the bath away and mix fresh
solution as required.

If a sulfurized bath is used, the sulfur is apt to penetrate the gelatin,
and later may causefading d theimage.

2. If the precipitate is white, and a gelatinous sludge of aluminum
sulfite settles on standing, it may be caused by () too little acids in the
hardener; for example, supposing a formula calls for pure glacial acetic
acid and 28% acid isused by mistake, then lessthan one-third the required
concentration of acid is present; (b) too little hardener in the fixing bath.
When fixing prints, a relatively large proportion o the developer iscarried
over to the fixing bath (unlessa water or acid rinse bath has been used)
which soon neutralizes the acid, and therefore increases the tendency for
precipitation d aluminum sulfite. 1n the same way a fixing bath with
the correct proportion o hardener, when exhausted, still contains alum
and sulfite but no acid, and these combine to form a udge d aluminum
sulfite.

B. The beth does not harden satisfactgrily. Insufficient hardening may
be a result & (1) the use of inferior alum which does not contain the
correct proportion d aluminum sulfate; (2) the presence d too much acid
or sulfite; or (3) an insufficient quantity d alum. On varying the pro-
portionsd acid, alum, and sulfitein afixing bath, i t hasbeenfoundthat the
hardening increases as the quantity d alum increases. With increasing
quantities d acetic acid, with a given quantity d alum, the hardening
increasesto a maximum, beyond which it decreases until the solution does
not harden at al. A certain minimum quantity of acetic acid, however,
isnecessary to givethefixingbath afairly long, useful life, beforealuminum
sulfite precipitates, but this quantity is usually greater than the quantity
which produces maximum hardening. With use, therefore, the hardening
ability d most fixing baths at first increaseswith the addition of developer
to a maximum, beyond which the hardening falls off rapidly.

C. Bligters. When the sodium carbonated thedevel operisneutralized
by the acid in the fixing bath, carbon dioxide gas is evolved which Fro-
duces blisters if the gelatin is too soft to withstand the disruptive action
of thegas. If thefixing bath contains an excessd acid and thefilms are
not rinsed sufficiently, or if a strongly acid rinse bath is used, blisters
are apt to be formed. On dry film, blisters appear as tiny crater-like
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depressions when examined by reflected light. This trouble is more
liableto occur in hot weather, and especially when the bath isnot hardening
sufficiently.

D. Dichroic Fog. If thefixingbath does not contain acid or if it isold
and exhausted and contains an excessd dissolved silver salts, a stain called
dichroic fog is sometimes.produced on the film. In reflected light, film
stained in this way appears yellowish green and by transmitted light it
looks reddish-pink. Dichroicfog never occursin a fresh acid fixing bath,
or if the film is rinsed before fixing and the temperature d the bath is
kept at 65 to 70°F. (18t0 21°C)).

E. Scumon Fixing Baths. When a partially exhausted fixing bath is
dlowed to stand several dayswithout use, the hydrogen sulfidegas usually
present in the air reactswith the silver thiosulfate in the bath and formsa
metallic appearing scum on the surface d the solution. This scum con-
sistsd silver sulfideand should be removed by drawing the edged a sheet
d blotting paper across the surface d the bath, or by using a skimmer
made d several strips of cheese-cloth stretched over a wireframe.

A whitescum consistingd aluminum sulfite i sfound sometimeson films
or prints. Thisiscaused by: (1) insufficient rinsing after development;
(2) too low a concentration d acid in thefixing bath; (3) insufficient agi-
tation o the fitm on first immersing in the fixingbath. Since aluminum
sulfite is soluble in alkali, the scum may be removed by swabbing the
film or print with a 10% solution d sodium carbonate and then washing
thoroughly.

F. Mottle. When processingfilm or platesin fiangers, a mottled image
is occasionally found when the hanger has not been agitated enough on
first immersing in the fixing bath, or if the film is insufficiently rinsed
between development and fixation. In the absence d thorough rinsing
and agitation, development continues 1acally during the first few minutes
of fixing and in these spots theimage has greater density. Mottleisalso
producedif the ends of the hanger protrude abovethe surfaced the fixing
bath, especially during thefirst stages o fixation.

The Chemistry of Washing

Washingis not usually regarded as a chemical operation. Nevertheless,
the laws governing washing are distinctly chemical in their nature, and
the importance of washing in photography justifies greater attention than
isusualy paid to the subject.

As a general rulethe object in washing negatives or printsisto remove
from them the chemicals of the fixing bath which they contain. In the
first place, it must be pointed out that it should not be necessary to wash
out silver compounds but only the chemicals of the fixing bath. If an
exhausted fixing bath is used silver compounds will be present during
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washing and must be removed very completely, so that if work has to be
hurried and the time d washing must be cut down, it is most important
that fixingshould be complete.

The best way of insuring complete fixing is to use two fixing baths,
and to transfer the negatives or prints to the second bath after they
havebeenfixedinthe first. Then, when thefirst bath beginsto show signs
d exhaustion and refuses to fix quickly, it should be replaced by the
second, and the new, clean fixing bath should be used in the place d the
second bath again.

Therate d washing depends largely upon the rate o diffusion o the
hypo out o thefilminto the water, providing thewater in contact withthe
filmis continuously removed. This diffusion rate bas nothing to do with
solubility. The solubility of a substance fixes the proportion d the sub-
stance which can go into solution.

There are a number d errors which are current concerning washing.
It iscommonly believed, for instance, that plates and paper can be washed
more rapidly in warm water than in cold. Thisisa mistake. Itistrue
that any salt will diffuse more rapidly in warm water than in cold, but
when washing a photographic material the diffusion bas to take placein
gelatin and the warmer the water in which the gelatin is placed, the more
it swells, and its swelling hinders diffusion in about the same proportion
as the rise in temperature accelerates it, so that, as a matter o fact,
washing goes on at about the samerate at all ordinary temperatures.

It is sometimes stated that material which has been hardened in the
fixing bath washesmore slowly than matetial which has not been hardened.
This, too, isincorrect. Gelatin islike a sponge; the effect d hardening it
isto contract all the network of the sponge, but in so doing tlre gelatin as
awholeisnot contracted and thereis no differencein the diffusion between
gelatin, which has not been hardened and which has been hardened, unless
the gelatin has been dried after hardening. If a negative isthoroughly
hardened in the fixing bath and then is dried down, it will not expand
much when soaked again and consequently diffusion through it will be
difficult,but before drying the hardening does not affect diffusion and the
materials which wash most quickly are those in which the gelatin has not
been swollen in its treatment, either in development or fixation, but has
been kept in a firm, solid condition.

Theactual rated washing may be understood by remembering that the
quantity o hypo remaining in the gelatin is continually halved in the
same period o time as the washing proceeds. An average negative, for
instance, will give up half its hypo in fifteen seconds when washed directly
under thefaucet, so that at theend of fifteensecondshalf the hypo will be
remaininginit, after thirty secondsone-quarter, after forty-fivesecondsone-
eighth, after one minute one-sixteenth, and so on. It will be seen that in
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a short time the quantity of hypo remaining will be infinitesimal. This,
however, assumes that the negative is continually exposed to fresh water,
which is the most important matter in arranging the washing of either
negatives or prints.

In most trays and washing tanks an average negative will give up haf
its hypo in 30 seconds. The process will then stop unlessthe water in
thevessdl ischanged. Therated washing thusturnsout to be dependent
firstly, on the degree d agitation, and secondly, on the rate d removal
d the used water. This rate is dependent directly on the ratio d the
stream o water falling into the vessel and the size d the vessdl, quickest
renewal taking place when the vessd is small and the stream large.

Only exact experimental measurements will tell when a particular vessel
and stream of water will wash a specifickind o film or paper.

However, as a rough and safe working guide, the washing power o the
vessel may be judged by noting the time it takes colored water to be
replaced by colorlesswater from the faucet. To this time the minimum
washing time for the material is added, and the total taken to indicate the
actual period to be alowed by the photographer under his particular
conditions.

A practical example will make the matter clear. Supposethat a large
tray isresting in the sink and water is falling into it from the faucet and
flowing to waste over the sides. Into the tray, and while the water is
running, an ounced 1%, potassium permanganate solution or red ink is
poured in and the time noted for the water to pecome completely color-
less. To thistime is added the minimum washing time d the material,
arepresentativelist & whichisgiven below:

Lanterndideplates 3 minutes
Other plates 5 minutes
Film negatives, all kinds about 7 minutes
Singleweight Veox 15 to 20 minutes
Singleweight Bromide 20 to 25 minutes
Doubleweight Bromide 35t0 60 minutes

If it befound that the water in the tray takes 10 minutes to clear, then
the time for a lantern plate to become throughly washed would be 13
minutesand for Velox about 25 minutes.  If thewater supply were doubled
and therate o color discharge shortened to 5 minutes the washing times
would be 8 minutes and 20 minutes, respectively. Finadly, if thelantern
plate were held under an open faucet in the hand, the renewal of water at
the emulsion surface would be extremely rapid and the plate would be
safely washed i n 3minutes. The moral isto use plenty d water and plenty
d agitation.

Ifalot of printsare put in a tray and water alowed to splash on the top
of the prints, it is very easy for the water on the top to run of again, and
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for the prints at the bottom to lie soaking in a pool d fairly strong hypo
solution, which is much heavier than water and which will fall to the bot-
tom d thetray. If thequickest washing'is desired, washing tanks should
be arranged so that thewater is changed continuously and completely and
the prints or negatives are subjected to a continuous current of fresh
water. If water is of value, and it is desired to economizein its use,
then by far the most effectiveway d washingisto use successive changes
of small volumes d water, putting the printsfirst in one tray for two to
five minutes, and then transferringthem to an entirely fresh lot d water,
and repeating this procedureabout six times.

Now aword d warning about contaminating partly washed photographs.
If thehypo comesout to hdf itspreviousstrength in afraction d a minute,
so0 also will the reverse change occur.  If apartly washed print istouched
by fingers contaminated with the fixing bath, in a few seconds the hypo
will be shared between the fingersand the photograph, and it will takethe
full washingtimeto removeit again.

Smcehypoisinvisbleand its evil effects are not detected till long after-
ward, prints or filmsfresh from the hypo should never be placed among
thosepartly washed. If thisisdonetheentire batch must be washed from
the time that the last one was added.

The best way to avoid contamination isto wash in cascade. Initssim-
plest form this can be accomplished by placing two trayssideby side, one
an inch or so abovethe level d the other. Water is dlowed to run into
the upper tray and overflow into the lower. Al prints and films should
be placed in thelower tray beforetransferenceto theupper. Theoperator
should also usethelower tray for washing hypo df hisfingers. The prints
and filmsshould have at least three minutes preliminary washing before
going into the true washing tray. With a little experiencein handling
materialsin thisserial order the photographer will be surprised at the num-
ber of filmsand papersthat can be passed through quite moderate capacity
trays and completely satisfactory washing secured in a short time.

Theprogressof washing can befollowed by removing two or three prints
at intervalsfrom the bath and testing for hypo by tasting the prints since
hypo containing silver has a sweet taste.

Six changes of water, alowing five minutes for each change, should be
sufficientto eliminatethe hypo effectivelyfrom any ordinary photographic
material.

New Scienceof Flow Christened Rheology. Add rkeology to your vocabulary. |t
isthe name of a new branch o science, the scienced flow. Chemistsand physicists
interested in why and how paints, lacquer s, ails, and other plastic substancesdeform and
flow gathered recently at the U. S. Bureau of Standardsand christened the new science
by organizingthe Society of Rheology.—Science Service



