CHEMISTRY FOR THE AMATEUR PHOTOGRAPHER. III. THE
CHEMISTRY OF DEVELOPMENT?*

When a light-sensitive material is exposed for a short time to light,
although the change which takes place may be so minutethat it cannot be
detected by any ordinary means, if the exposed material is placed in a
chemical solution, whichistermed the " devel oper,' the chlorineor bromine
is taken away from the silver, and the black metallic silver which remains
behind formstheimage. Thisimageis, d course, made up d grains, be-
cause the original emulsioncontainsthesilver bromidein theform of micro-
scopic crystals, and when the bromideis taken away from each d these, the
crystal breaks up and a tiny coke-like mass d metallic silver remains be-
hind in exactly the same position as the bromidecrystal from which it was
formed, so that, whereas the original emulsion consisted of microscopic
crystallinegrains o the sensitive silver salt, the final image consists of
equally microscopic grains d black metallic silver. This remova of the
bromide from the metallic silver is known chemically as reduction. (It
must be remembered that chemical reduction has nothing to do with the
photographic operation known as the reducing d a negative; that is, the
weakening d an over-dense negative where the word simply refers to the
removal d the silver and is not used in the chemical sense)

Chemical reducers are substances which have an affinity for oxygen and
which can liberatethe metalsfrom their salts, such as the charcoal whichis
used |l o reduce iron fromits ore. A developing solution is therefore one
which contains a chemical reducer. All substances which are easily oxi-
dized are, however, not developers, since in order that a reducer may be
used as the photographic developer, it isnecessary that it should beable to
reduce exposed silver bromide but should not affect unexposed silver bro-
mide, so that its reducing power must bewithin certain narrow bounds; it
must be a sufficiently strong reducer to reduce the exposed silver salt, and
at the same time must not affect that which has not been exposed. For
practical purposes the developing agents are limited to a very few sub-
stances, almost all of which are chemically derived from benzene.

Developers

The commonest developing agents are pyrogallol (pyre), hydroguinone,
monomethyl para-aminophenol sulfate {Elon), para-aminophenol, or para-
aminophenol oxalate (Kodelon), and diaminophenol hydrochloride (Acral).

Pyrogallol (or pyrogallicacid) is madefrom galicacid, whichis obtained
fromgall nutsimported from China. Thegall nutsarefermented to obtain
gdlic acid, and the gallic acid isthen heated in a still from which the
pyrogalol isdistilled over. Hydroquinoneis made from benzene which is

* This series o articlesis based upon sel ected chapter sfrom " Elementary Phot o-
graphic Chemistry” and " The Fundamentalscf Photography,” by Dr. C. S.K. Mees,
published by the Eastman Kodak Company, Rochester, New York.
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first converted into aniline and then oxidized. Although it is somewhat
less powerful as a reducing agent than pyro, it has less propensity to give
stain. It isa constituent d a majority of the better known commercial
developersin usetoday. It keepsvery well when used in tank developers
becausei t does not oxidizeasreadily aspyro and isgenerally used in motion
picture work.

Sometime after pyrogallicacid and hydrogquinone werein general use by
photographers, there were introduced a number d new developing agents
made from cod tar, which are very useful as supplementsto the older de-
velopers. Several d these are based on a substance caled para-amino-
phenol, which is made in the manufacture of dyes. When paraamino-
phenoal is treated with methyl alcohol, the methyl part d the alcohol at-
tachesitsalf to it and forms a compound called methyl-para-aminophenoal,
which is a more active devel oping agent than the para-aminophenol itself.
Another developing agent d the same type is diaminophenol, which ispre-
pared in a way similar to para-aminophenol.

Para-aminophenol, methyl-para-aminophenol and diaminophenol are all
bases and the developing agents are their salts, the oxalate o paraamino-
phenol, the hydrochloride & diaminophenol, and the sulfate d methyl-
para-aminophenol, being used.

Differentreducing agents behave differently as developers.  We cannot
use Elon in the placed hydroguinone and get the same effect. Animage
developed with Elon comes up very quickly and gains density slowly,
while the hydroquinone image comes up very slowly but gains density
steadily and rapidly. A very little change in the temperature affects
hydroquinone greatly and affects Elon very little, and in the same way a
small quantity o sodium or potassium bromide affectshydroquinone and
does not affectElon nearly so much. These differencesin the developing
agents depend upon the chemical nature d the substances themselves, and
the particular property to which these differences are due is called the
"reduction potential™ d the developer.

The reduction potential alone does not determine the speed with which
the developer develops the image, because this depends chiefly upon the
rate at which the developer diffuses into the film and on the quantity d
devel oping agent and other substancesin the developer. A high reduction
potential enables a developer to continueto develop more nearly at a nor-
mal rate under adverse circumstances, such as at a low temperature or in
the presence d bromide. The reduction potential d a developer, in fact,
may be compared to the horse-power & an automobile which for other
reasons than the power d its engineislimited in speed. I we have two
automobilesand they are confined to a maximum speed d twenty milesan
hour, then on levd roads the one with the more powerful enginemay be no
faster than that with a weaker engine but in a high wind or on a more hilly
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road the more powerful engine will alow the automobile to keep its speed
while the machinewith the weaker enginewill beforced to go more slowly.
We could indeed, measure the horsepower of an automobile by the maxi-
mum grade whichit could climb at a uniform speed o 20 miles an hour.

I n development, the analogy to the hill istheaddition d bromideto the
developer, since the addition of bromide greatly retards development, and
i tisfound that the higher thereduction potential d a developer, the more
bromideisrequired to producea given effect. |f we measure the develop-
ing agentsin this way, we shall find that hydroquinone has the lowest re-
duction potential, then pyro, then Kodeon, and finaly Elon, which has
the highest. Hydroquinone has so low a potential that it israrely used
alonebut isgenerally used with Flon. Kodelon can besubstituted for Elon
but more Kodelon has to be used in order to produce a developer d the
same strength.  Developerswith a high reduction potential such as Elon,
and to a less extent Kodelon, make the image flash up all over at once,
because they start development very quickly even in the lesser exposed
portions d the emulsion, while developers d low reduction potential, like
pyro and especidly hydroquinone, bring up the highlights d the image
firstand the shadowsdo not fully appear until the highlightsare somewhat
developed.

Alkalies

Most devel oping agents cannot develop at all when used by themselves.
With the exception d Acrol, developing agents, in order to do their work,
must be in an akaline solution, and the energy depends upon the amount
of akali present. The developers of higher reduction potentia, which
bring up the image very quickly, requireless alkali than those of lower re-
duction potential. For instance, hydroquinoneis often used with caustic
akalies, while the other developing agents require only the weaker car-
bonated alkali.

Thequantity d alkali governstheenergy d a developer, and if too much
akali ispresent, thedeveloper will tend to produce chemical fog whileif too
little alkali is present, it will bedowinitsaction. Alkaliesalso soften the
gelatin o the emulsion, and consequently too alkaline a devel oper will pro-
duce over-swelling and will give trouble with frilling or blistersin warm
weather.

The akalies generally used for photographic work are not the caustic
akaliesbut the carbonates, which are saltsd carbonic acid, H:CO;. Car-
bonic acid is a very weak acid, so that in solution the carbonates are not
neutral but alkaline because d the predominanced the strong base over
the weak acid, the carbonate being, to some extent, split up into the bi-
carbonate or acid carbonate and the causticalkali. Theused acarbonate
in development, therefore, representsasort o reservoirof alkali,only asmall
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quantity d alkali being present at any time, but more being generated by
dissociation d thecarbonateasitisused up. Ifinstead d usingcarbonate
we were to usefor development a solution containing a proportional quan-
tity o caustic alkali, weshould have only asmall quantity d alkali present,
and it would soon be exhausted. The used carbonate, therefore, enables
usto employ asmall concentration of alkali and yet to keep that concentra-
tion nearly constant during use.

When a salt is dissolved in water at a high temperature until no more
will dissolveand then the solution isallowed to cool, the salt will generally
be deposited in crystals; sometimes, as in the case d silver nitrate, the
crystals consist d the pure substance, but more often each part of the salt
combineswith one or more partsd water toform thecrystals. Thiscom-
bined water iscalled "water of crystallization." Thus, crystals d sodium
carbonate formed from a cool solution contain ten moleculesof water toone
d carbonate, and their composition should be written Na,CO;-10H,0.
A molecule d sodium carbonate, Na,COs;, will weigh 106 units, while a
molecule d water, H,0, weighs 18 units, so that the crystals d sodium
carbonate contain 106 parts by weight d sodium carbonate and 180 by
weight of water, and consequently crystallized sodium carbonate contains
only 379% d dry sodium carbonate. If sodium carbonate is crystallized
from a hot solution, only one moleculed water iscombinedin thecrystals
with each moleculed sodium carbonate so that they have the composition
Na,CO;-H0O and contain 859, d dry carbonate. Sodium carbonate con-
taining ten moleculesd water o crystallization loses nined them by dry-
ing in the air and breaks up, forming the compound with one molecule of
water. This last molecule d water is only removed with difficulty by
heating in the air, when the dry carbonate is formed, containing only a
small residual quantity d water and about 98% carbonate.

When exposed to the air chemicals often either absorb or give up water.
Thosewhich absorb water aresaid to be" hygroscopic," and if they absorb
so much that they dissolveandformasolutionthey aresaid to be' deliques-
cent."” Chemicas which give up water to the air, so that the crystals
break down and become covered with powder, are called ‘‘efflorescent.”

Sodium carbonate comes on the market in three forms: Crystals with
ten moleculesd water, Na,C0;-10HO containing 37% of the carbonate;
crystals with one molecule d water, Na,CO3-H:O containing 85% of the
carbonate, and the dry powder containing 98% d the carbonate. The
carbonate is made by treatment of salt solution with ammonia and carbon
dioxidewhich reactswith thesalt to produce sodium bicarbonate, NaHCOs;.
The bicarbonate isheated and half d the carbonic acid driven off, produc-
ing crude sodium carbonate, which at this stage is known as " soda ash."
Thisis then dissolved in water, and crystals of “‘sal soda," containing ten
moleculesof water, are produced. From thisa crystalline salt with either
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oneor ten moleculesd water is prepared for photographic use, but owingto
the uncertainty d the composition o these crystalsit is better to prepare
the puredry carbonate. Thisisobtained by heating the pure bicarbonate
which can be precipitated from a solution d sal soda by means d carbon
dioxidegas. When thebicarbonate isheatedintheair, haf o thecarbonic
acid is driven off, and sodium carbonate, Na,C0Os, is produced according
to the equation:

2NaHCO; = Na.CO3 + CO,y + H,0O

The exact amount d heating is very important. If it is not done for
sufficient time there will be a large quantity o bicarhonate left in the
product, and bicarbonate is practically usdessas an akali in photography.
On the other hand, if heating is continued too long, caustic soda will he
produced. In the preparation d photographic carbonate the heating
should he continued so that the material is amost pure sodium carhonate
containing practically no bicarbonate. M uch caustic soda would befatal,
but itisbetter to haveatraced caustic sodathan bicarbonate.

Potassium carbonate is sometimes used instead d sodium carhonate in
developer formulas. Although it is more soluble than sodium carbonate,
it has the disadvantages d being more expensive and d absorbing water
very readily. 1t must, therefore, he kept in well-seded bottles.

Another alkali which has come into extensive use recently is borax.
This chemical is recommended for usein a developer especialy suited for
the production d fine-grained motion picture negatives. Every photo-
graphic imageis composed d tiny coke-likemassesd silver bromidein the
sensitive emulsion. The advantage d keeping the particles as small as
possibleis obvious, especialy in motion picture work where theindividual
pictures comprising a film are enlarged several hundred times during pro-
jection. Oned the causesd '"graininess” or the coarseningd these tiny
particlesin the picture imageis thefusion or clumpingd the grainswhich
occurs during development. Experiments have shown that severa silver
halide crystalsin close proximity to each other, even though unexposed,
may become developed and form a clump asaresult o actual contact with
an exposed crystal.

Borax or sodium tetraborate is prepared from certain calcium ores by
first roasting, then boiling in sodium carhonate and bicarhonate solution,
and finally crystallizing in large iron vats. A new source d horax dis
coveredin Kern County, Californiain 1926 isvirtually puresodium borate
and requires only dissolving, filtering, and recrystallizingto prepare itfor
the market. The pure salt forms large crystals readily soluble in hot
water. Itisused in developersfor the production o fine-grainednegatives
and in acid hardenersfor printswhichare to bedried on belt driers.
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Preservatives

Owing to thefact that developers are necessarily substances which have
a great affinity for oxygen and that the air contains oxygen, developing
solutions containing only developing agent and akali would be rapidly
spoiled from oxidation by the air. In order to make the developer keep
thereisadded to the devel opingsolution, in addition to the reducing agent
and alkali, some sodium sulfite. Sodium sulfite has a very strong affinity
for oxygen, being easily oxidized to sodium sulfate so that it protects the
developer from the oxygen d the air, thus acting as a "preservative."
This action d the sulfiteis very easily seen with the pyrogallol devel oper.
The oxidation product d pyrogallol is yellow, and this oxidation product
whichisformedin development isdeposited in the filmalong with thesilver
so that if we use a pyrogallol developer without sulfitewe shall get a very
yelow negative, the image consisting partly d silver and partly o the
oxidized pyrogdlol. If we use sulfitein the developer, the image will he
much less yellow because the pyrogallol will be prevented from oxidizing,
the sulfite being oxidized instead, and finally if we add a great deal o sul-
fite, weshall get almost as blue an image aswith Elon, the oxidation prod-
uct d whichisnot deposited in a colored form with the silver.

Sodium sulfiteis prepared by blowing sulfur dioxide gas into a solution
d sodium carbonate. When sulfiteiscrystallized from the cooled solution
it formscrystal's containing seven moleculesof water to one of sulfiteof the
composition Na.SO;-7H.0, which contain, when pure, 50% of dry sulfite.
These crystals give up water when kept in theair and form a white powder
on the surface. Since sulfite, when exposed to the air, has a tendency to
oxidize to the sulfate, and as the sulfateis not a preservative, it is well
to view with suspicion sulfite which has efflorescedto a great extent. A
quick rinsein cold water will remove the white powder from the crystals.

Sulfite free from water is produced by two methods. by drying the
crystals, which produces what is called the " desiccated salt, containing
about 92% d pure sulfite, and by precipitation from hot solutions which
givesa compound generally caled " anhydrous™ sulfite, and which contains
as much as 96.5% d sulfite.

Sodium formsa number of compounds with sulfurousacid in addition to
sodium sulfite itself. Thus there is sodium acid sulfite or bisulfite, Na-
HS0;, which may beregarded as a compound d sodium sulfitewith sulfur-
ous acid:

Na,;S0:  + H.80; = 2NaHSOs
Sodium sulfite Sulfurous acid Sodium bisulfite
Another, sodium metahisulfite, isa compound of sodium sulfite with sulfur
dioxide;
NagSOs + SOg = N325205
Sodium sutfite Sulfur dioxide Sodium metabisulfite
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Since sodium bisulfite may be considered as a compound d sodium
sulfiteand sulfurousacid, whilesodiumsulfiteisalkaline, bisulfiteis prefera-
ble asa preservative in the case d a two-solution developer, since oxida
tion progresseslessreadily in acid than in alkaline solution.

In the case of a one-solution developer containing, say, sodium sulfite,
sodium bisulfite and sodium carbonate, the bisulfite is converted to sulfite
by the sodium carbonate according to the following equation:

NaHS0; T Na,CO, = Na,80, T NaHCO,

The sodium bisulfite neutralizes or destroys an equivalent quantity of
sodium carbonate, thus reducing the proportion d akali and therefore
exertsan apparent restraining action, whilethe devel oper apparently keeps
longer becausesomed thecarbonate has been destroyed.

It might bethought from the above equation that it would be as effective
and perhapssimpler to use only sodium sulfiteinstead of sulfite and bisul-
fite, but experiments have shown that the bicarbonate formed acts as an

anti-fogging agent.
How to M x Developing Solutions

A developer usually contains four ingredients as follows:

1 Thedeveloping agent (Elon, hydroquinone, pyro, para-aminophenol,
etc.).

2. Thealkali (carbonates and hydroxidesd sodium, potassium, lithium
and ammonium).

3. Thepreservative (suUlfites, bisulfites, and meta-bisulfitesof sodium and
potassium).

4. Therestrainer (bromidesand iodidesd sodium and potassium).

If adevelopingagent like hydroquinoneisdissolvedin water, thesolution
will either not develop at all or only very dowly, and on standing it will
gradually turn brown, because d what is called oxidation or chemical com-
bination of the hydroquinone with the oxygen present in the air in contact
with the surfaced theliquid. This oxidation product isof the natureof a
dye and will stain fabrics or gelatin just like a dye solution.

On adding a solution o an alkali such as sodium carbonate, the hydro-
quinone at once becomes a developer, but at the same time the rate of
oxidationisincreasedto such an extent that the solution very rapidly turns
dark brown, and if a plate is developed in this solution it becomes stained
and fogged.

If weadd alittle sodium bisulfiteto the brown-col oredsol ution mentioned
above, the brown color or stain is bleached out and a colorless solution is
obtained. Therefore, if the preservative is first added to the developer,
on adding the accelerator the solution remains perfectly clear because the
sulfitepreservesor protects the devel oping agent from oxidation by the air.
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As a genera rule, therefore, the preservative should be dissolved first.

An exception to this rule should be observed withconcentratedformulas
containing the developing agent, Elon. This substance is readily soluble
in warm water [about 125°F. {52°C.)] and doesnot oxidizerapidly. If the
sulfiteis dissolved before the Elon, asis the case with developers such as
hydroquinone, a white precipitate often appears, especidly if the sulfite
solutionis concentrated. This precipitate forms because Elon is a combi-
nation d an insoluble base with an acid which rendersit soluble. When
the acid portion is neutralized by a weak alkali such as sodium sulfite, the
insoluble baseis precipitated. ThisElon precipitate issolublein an excess
d water and aso in a sodium carbonate solution with which the baseforms
asolublesodium salt. When once the Elon is dissolved, however, it takes
a fairly high concentration of sulfate to bring it out d solution again,
though only a low concentration d sulfiteisrequired to prevent the Elon
from dissolving. If a precipitate forms on dissolving the Elon and sulfite,
thiswill usually redissolve on adding the carbonate and no harm has been
done.

Some direction sheets recommend that a portion of the sulfite should be
dissolved in order to prevent the oxidation d the Elon, then dissolve the
Elon, and then the remainder d thesulfite. Many workersadd alittle d
the solid sulfiteto the Elen when dissolving the latter. This procedureis
quite satisfactory, though if the Elon is dissolved alonein water at a tem-
perature not above 125°F. (52°C.), and the sulfite dissolved immediately
afterward, little or no oxidation products will be formed which would
otherwise produce chemical stain.

Thealkali (usually carbonate) may be added in oned three ways:

(@) Dissolvethe carbonate separately and add to the cooled Elon-sulfite
solution. There is danger, however, d the Elon precipitating before the
carbonateisadded.

(8) Add the solid carbonate to the Elon-sulfite solution, stirring thor-
oughly until dissolved.

{c) After dissolving the Elon, dissolvethe sulfiteand carbonatetogether,
cool and add to the Elon-solution.

Bromides and iodides are added to a developer to compensate for any
chemical fog produced by the developer, or inherentin theemulsion. Itis
immaterial at what stage the bromide is added during the mixing.

When mixing a developer the following rules should, therefore, be fol-
lowed:

1. Dissolvethe chemicalsin the order given unlessthe mixing directions
specify changesin theorder d solution. If aformulacontains both sulfite
and bisulfite, it is usual to dissolve these together, that is the bisulfiteis
dissolvedin the sameorder asthesulfite.

2. Dissolve each chemica completely before adding the next. If the
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akali is added before the crystals d the developing agent are dissolved,
each crystal becomes oxidized at the surface and the resulting solution will
give fog.

3. Mix the developer at the temperature recommended, whichisusually
not above 125°F. (52°C.).

4. Inthecased desiccated chemicalslikesodium carbonate and sodium
sulfite, add the chemical to the water and not vice versa.

Two practical methods of mixing are possible, asfollows:

(a) Dissolveall the chemicalsin one bottle or vessel by adding the solid
chemicalsto the water in the correct order (in the formulatheingredients
should be named in the order in which they are dissolved). For example,
to mix the following formula:

Avoirdupois Metric
Elon 45 grains 3. 1grams
Sodium sulfite 1t/s ozs. 45.0 grams
Hydroquinone 135 grains 9.5 grams
Sodium carbonate 21/s ozs. 75. Ograms
Potassium bromide 15grains 1.1 grams
Water to make 32 ozs. | .0liter

proceed asfollows:

Dissolve the Elon in 16 ozs. (500cc.) d water (about 125°F.) (52°C.),
then add the sulfite, and when compl etely dissolved, add the hydroquinone.
Finally add the carbonate and bromide and cold water to make 32 ozs.
(1liter).

For large quantities thefilter bag method should be used, the chemicals
being placed in the bag and dissolvedin the above order.

(b) An alternative method isto dissolvethe preservative and devel oping
agent in one vessd and the carbonate and bromide in another, cool and
mix. Thismethod isthe safest and best for quantity production.

For example, to mix thefollowing motion-picturedevel oper,

Avoirdupeis Metric
Sodium sulfite 4 |bs. 1800. Ograms
Hydroquinane 13 ozs. 390.0 grams
Sodium carbonate 4 |bs. 1800. Ograms
Potassium brotmide 3 ozs. YO.0 grams
Water to make 10 gdls. 400 fiters

proceed asfollows:

Dissolvethesulfitein about onegallon{4 liters) of water (125°F.) (532°C.),
then dissolve the hydroquinone and filter into the tank. Then add
onegallon (4liters) d coldwater to thetank, dissolvethesodium carbonate
and bromide in one gallon (4 liters) d hot water and filter this into the
tank, immediately adding cold water up to ten galons (40 liters). The
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object d adding cold water to the tank before adding the carbonate is to
cool df the solution beforethe carbonate isadded.

Mixing Concentrated Developers

The extent to which a developer may be concentrated is determined by
the solubility d the least soluble constituent, because a stock solution
should usually withstand cooling to 40°F. (4.4°C.) without any d thein-
gredientscrystallizingout. Usually, the hydroquinoneand Elon come out
of solution on cooling, but this may be prevented by adding wood alcohol or
methanol in a concentration up to 10%. Denatured alcohol may be used
if wood alcohol has been added as the denaturant. If a precipitate forms,
however, on adding the denatured alcohol to the developer, the denatured
alcohal is unfit for use.

The addition of the alcohol does not prevent the other ingredients such
assodium sulfitefrom crystallizingout; infact, the alcohol diminishestheir
solubility and thereforeincreases the tendency to come out of solution.

A para-aminophencl-carbonate developer is difficult to prepare in con-
centrated form, though by adding a little caustic sodathe solubility of the
para-aminophenol isincreased and a stronger solution can bethus prepared.

When preparing concentrated developers it is important to observe
carefully the rules of mixing, taking care to keep the temperature d the
solution aslow as possibleif a colorless developer isto be obtained.

The followingformulais a typical example d a concentrated developer
and is prepared by dissolving the ingredientsin the order given:

Avoirdupois Metric
Water (about 125°F.) (62°C.) 16 ozs. 500.00 cc.
Elon 75 grains 5.3grams
Sodium sulfite 21/, ozs. 75.0 grams
Hydroquinone 3/4 oz. 22.5grans
Sodium carbonate 31/, ozs. 105 0 grams
Potassium bromide 38 grains 2.7grams
Wood aleohol 41/, ozs, 136.0cc.
Cold water to make 32 ozs. 1.0 liter

Two-Solution Developers

A two-solution developer is simply a one-solution developer split into
two parts, one containing the carbonate and bromide, the other containing
the developing agent and preservative so that the developer will oxidize
less readily and therefore keep well. The reason why it is customary to
keep a developer like pyro in two solutions, is because pyro oxidizesmuch
more readily than Elon or para-aminophenol with a given amount o pre-
servative.

For purposesaf mixing only one-solution developers need be considered
because the samerulesregarding mixing apply in both cases.
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Using Solutions

Photographic solutions, especialy developers, vary considerably in their
period o usefulnessor time during which they may be utilized effectively
to process exposed filmsand papers. This" useful life," asit issometimes
caled, is therefore an important property d a solution and should be
studied by every one handling photographic materials. There are a good
many factors which influence the useful lifed a solution, such as whether
it recelvesintermittent or continuous use, the extent of the surface exposed
to the air, the temperature, the nature and reactions of the chemica con-
stituents, and the manipulative procedure used in handling filmsor prints
in the bath.

The Useful Life d Developers

Without Uss—If afreshly mixed developer (prepared with water boiled
tofreeit from dissolved air) isstored in a completely filled and stoppered
or wax-corked bottle, it will keep almost indefinitely even in the light.
Under ordinary conditions of storage, the bottle or vessel contains more or
lessair. Also, when an ordinary cork or a non-airtight cover is used, the
surfaced the developer is continually in contact with air, the oxygen con-
stituent d which oxidizes the developing agent and sodium sulfite present.
This resultsin a lowering of the developing power in direct proportion to
the amount o oxidation of the developing agent, which is accelerated as
the preservative or sodium sulfite becomes oxidized also.

The oxidation products of developing agents are usually colored so that
the developer on keeping frequently turns brown. In the presence o so-
dium sulfite, however, the oxidation products of hydroquinone consist of
mono- and disodium sulfonates which are colorless. Thefact that an old
Elon-hydroquinone developer is colorlessis, therefore, no indication that
the original developing power is unimpaired. An oxidized Elon or Elon-
hydroquinone devel oper alsofrequently fluorescesstrongly.

In some cases when an Elon-hydroquinone developer gives slight de-
vel oper fog when freshly mixed, the fogging tendency disappears on stand-
ing. This may be due to the anti-aerial fogging action d the developer-
oxidation products which are produced on keeping.

A solution d a developing agent, such as pyro, to he stored for a con-
siderable time, will keep best in the presence d an acid sulfite such as
sodium bisulfite rather than sodiumsulfitewhichisdlightly alkaline. Itis
aways preferable, therefore, to prepare such a devel oper astwo solutions:
one containing the devel oping agent and sodium bisulfite, and the other the
carbonate and bromide, and to mix these solutions as required for use.
A plain solution of sodium sulfite oxidizes readily in contact with air at a
concentration below 10%,, but above this concentration it oxidizes very
dowly. Stock solutions containing sodium sulfite aloneor in combination
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with a developing agent should be prepared, so that the concentration of
the sulfiteisaround 10% for maximum keeping properties. Owing to the
relative insolubility of Elon in a sodium sulfite solution, it is not possible
to prepare such stock solutions with Elon.

Sodium bisulfite keeps satisfactorily in more dilute solutions and is a
better preservative than sulfitein the absence d carbonate. It isusual,
therefore, to keep readily oxidizable developing agents such as pyro, ad-
midol, etc., by mixing with sodium bisulfite. On adding sodium bicarbo-
nate to sodium bisulfite, sodium sulfiteand sodium bicarbonate are formed,
sothat in compoundinga two-solution formulafrom a one-solution formula
itisnecessary to takecare o thisneutralization of the carbonate by using
an extra quantity.

Single solution developers containing sodium hydroxide or potassium
hydroxide do not keep unless well stoppered, pure gum rubber stoppers
being most suitable.

With Use—During development, several reactions are taking place:
(1) Thedeveloping agent and sulfiteare being oxidized by theair; (2) the
developingagent is being destroyed asa result d performing useful work in
reducing the exposed silver halide emulsion to metallic silver; and (3)
oxidation products of the developer and the by-products, sodium hromide
and sodium iodide, are accumulating. The hromide and iodideand de-
veloper oxidation products restrain development while the oxidation prod-
ucts prevent aerial fog. Therestraining action of the bromide and iodide
isanaogous to cutting down the exposure, so that with an old developer it
is not possible even on prolonged development to get the ultimate result
out d an under-exposure.

Thetimerequired to produce a definitecontrast increasesas a devel oper
is used, and the solution ceases to be useful when the time required for
this exceeds the maximum time which can be allotted for the-developing
operation. A deep tank developer, for example, is therefore discarded for
one or more d thefollowingreasons. (1) the time for complete develop-
ment is excessively long; (2) the solution stains or fogs emulsions badly;
and (3) the accumulation of by-products is so great that shadow detail
is lost even with full development.

Developer Troubles

The Developer Gives Fog.—Fog is the chief trouble caused by faulty
mixing. It may be a result of violation d the rules of mixing such as
dissolving the carbonate before the sulfite, mixing the solution too hot,
omitting the bromide, adding too much carbonate or too little sulfite, the
use of impure chemicals, etc.

With certain developers, notably those containing Elorn and hydro-
quinone, aform d fog, known asaeria fog, is produced when filmwet with
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developing solution is exposed to the air. Maotion picture positive film
developed on a red is especidly sensitive to aerial fog. 1t may be pre-
vented by addingabout 59, d old devel oper to thefreshly mixed devel oper.
Thisis more effective than increasing the concentration d bromide above
the normal quantity added. The oxidized developer probably acts as an
anti-fogging agent thus reducing the tendency for fog formation.

Negativesdeveloped in a developer containing an excess of sulfiteor one
containing hypo or ammoniamay show dichroic or green fog. Thisappears
yelowish green by reflected light, and a pink color by transmitted light.
I tisusually caused when the dissolved silver salts, under certain conditions,
arereduced to metallicsilver in avery finestate of subdivision, particularly
in the shadow portionsd the negative where no bromideisliberated during
development. Fine-grained emulsions are most susceptibleto thisform of
fog.

Somedeep tank developers may begin tofoga short time after they have
been putintouse.  When this occursit usually can be traced to the pres-
ence of sulfidein the solution caused by the action d bacteria which re-
duced thesulfitein the developer to sulfide. Thefogmay becleared up by
putting somewaste filmor plates through thesolution or by adding a small
quantity of lead acetate to the developer. The bacteria or fungi usually
grow in the slimy deposit which accumulates on theinner wallsd thetank.
Thisdeposit may be removed by sterilizing the container occasionally with
bleaching powder.

The Solutionis Colored. —As a general rule, the developer when mixed
should be colorless and if colored it should be suspected as being likely to
give fog. In the case of a pyro developer mixed with bisulfite, which
containsiron, an inky substance isformed as a combination product of the
iron and the pyro, and thisimparts a dirty bluish red color to the solution,
although photographically itis harmless. |f a two-solution pyro developer
is mixed in dirty vesselsthe B solution (which contains the carbonate and
bromide) may be colored brown by the presence d alittle pyro.

The Solution Does Not Develop.—Omission of the developing agent
or the carbonate may usually be suspected if a developer does not develop.

Precipitation d a White Sudge. —If a white precipitate settles on
standing, thisis probably Elon. The precipitate may often be redissolved
by adding 5% d wood alcohol or methanol, but if thisis not successful,
then the formula contains either too much Elon or sulfite or not enough
carbonate. If it is known that the formula gives a clear solution when
mixed correctly and should the Elon precipitate out during mixing when
the sulfite is added, the precipitate will usually redissolve on adding the
carbonate. If the final solution is not colored, no harm will have been
done.

Scum.—Scum may be picked up on filmsor plates from the surface of
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the developer especidly if the solution has been alowed to stand unused
for several days. The scum may consist d grease, solid matter, or de-
veloper oxidation products, especialy if the developer contains pyro. The
scum should be removed by passing the edge d a blotting paper along the
surfaced thesolution or by using askimmer, consisting of several layers of
cheesecloth stretched over a square wireframe.

Miscellaneous Troubles.— Various types o developer stains may be
produced on films, plates, and papers. When a developer solution is not
agitated sufficiently during the progress d development, characteristic
markingsare produced. Thisisoccasionaly observed with film devel oped
on hangersor racks. These markings are usually the result of retardation
d development along thesidesd a hangar or rack caused by theaccumula-
tion d oxidized developer products and sodium bromide. They may he
prevented by thorough agitation of the holder or rack during devel opment.

The Importance of Rinsing

It isimportant to rinse films, plates, and papers after development and
before fixation. When a film or print is transferred from the developer
directly to thefixing bath the alkali in the devel oper retained by thefilmor
print neutralizessome of the acid of thefixing bath. The addition o de-
veloper aso gradually destroys the hardening propertiesd the fixingbath.
Therefore, by removing as much developer as possible from the film or
print by thoroughly rinsing in water or an acid rinse bath for 10 or 20
seconds, the life d the fixing bath is very much prolonged, while the
tendency for stains and blisterstoform is very much reduced.

Study Methods of Testing Radioactivity of Water. With a market flooded with
waters, salves, hair tonics, tissue creams, mouth washes, healing pads and other prepa-
rations alleged to have great healing power because d their radioactivity, govern-
ment chemists are working on suitable means d detecting the presence or absence of
radioactive substancesin water and drugs.

At the recent meeting in Washington of the Association of Official Agricultural
Chemists, J. W. Sale of the . S. Department of Agriculture, reported on one method
of testing radioactivity. He recommended further checking d the method by chem-
ists, before official adoption by the association.

The discovery o the curative properties o radioactive substances has resulted,
among other things, in the production d solid, semi-solid and liquid preparations which
are beina sold as possessing sufficient radioactivity to cureall kinds o conditions. A
recent government survey o such waters and drugs revealed that their medicinal
efficacy was much misrepresented. Action will he taken under the Federal Food and
Drugs Act against shipments of the alleged radioactive products which are falsely or
fraudulently misbranded under the terms of the law.

Radium and radioactive substances have possibilities o great harm as well as
great good, it is declared. si ng them indiscriminately without adequate supervision
is extremely dangerous. — Science Service



