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solution, indicating a similar reaction during the gold
sensitization.

The similarity in the chemical composition of the latent
image centers in gold sensitized (aurous compounds ap-
plied during ripening) and gold latensified (aurous com-
pounds applied after exposure) emulsion may point to
a similar mechanism. The increased sensitivity of a gold-
sensitized emulsion may be due to an increase in size of
the sensitivity specks or more likely to a stabilization
of the latent image speck, AgAu being more stable than
Ag,. No clarity exists on the question whether in this
mechanism gold atoms are added to existing silver or
whether part of the silver is replaced by gold, but this
question was definitely raised by HamMm and CoMER (134).
It is also possible that greater catalytic activity of silver-
gold or gold centers plays an important part in the
mechanism of gold sensitization. While the complete
elucidation of the mechanism of gold sensitization has
not been accomplished yet, a great amount of know-
ledge has been collected in the last 33 years of gold
sensitization (135).

d) Combination of Sulfur- and Reduction-Sensitization

Before gold sensitization was introduced, photographic
emulsions were prepared in photographic gelatins con-
taining “natural” sulfur compounds and reducing sub-
stances. Silver halide crystals formed and ripened in in-
timate contact with these chemical ripeners were thus
exposed to combined sulfur- and reduction-sensitization.

After the pioneering work by SHEPPARD (3), CARROLL
and HuBBARD (4), and STEIGMANN (140), the mechanism
of this combined sensitization was studied by HauToTr
and SAUVENIER (109a, 132), Pourapier (138), Woob
(139) and MrTCHELL (66).

There is generally agreement that sulfur- and reduc-
tion sensitization can be additive. This mechanism in-
volves in its simplest form the formation of silver and
silver sulfide centers. Hautor (93g) drew conclusions
on the nature of these centers from the behaviour of the
respective latent image centers during oxidation. He
found the latent image centers of the mixed sensitized
(sulfur-reduction) emulsions slightly more dispersable
(oxidizable) than the latent image centers of a sulfur
sensitized emulsion. He concluded that in the case of
mixed sensitization, silver sulfide complexes are formed
which contain more silver than in the case of sulfur
sensitization.. Therefore, less photolytic silver needs to
be deposited during exposure of a mixed sensitized emul-
sion, or, in other words, a mixed sulfur-reduction-sensi-
tized emuslion is more sensitive than a sulfur sensitized
emulsion.

e) Combination of Sulfur, Reduction and Gold Sensitization

Gold sensitization in the presence of reducing agents
in gelatin, such as reductones and aldehydes (150) can
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yield metallic gold. The interaction of gold salts with sul-
fur compounds in gelatin or with artificially added sulfur
sensitizers gives rise to the formation of gold sulfide
which had been previously proposed by STEIGMANN (147)
and CLARK and MITCHELL (9).

STEIGMANN (40) first pointed to a possible complexing
of gold with gelatin, This was later quantitatively proven
by KRUMMENERL (148) and NARATH and TiiLikka (41).

TAVERNIER and FAELENS (136d) could even show that
in the presence of gelatin, 95% of the gold applied as
aurous dithiocyanate is not available for sensitization
because of the formation of a more stable “gold gela-
tinate.” Certain modifications of gold sensitization in the
presence of gelatin can be expected from microcompo-
nents in the gelatin, such as active sulfur compounds,
reducing substances and restrainers.

HAvuTtot and his school (93b, ¢, 132) made consider-
able contributions towards the unraveling of the me-
chanism of the combined sulfur, reduction, and gold
sensitization with the help of oxidation studies. Before
chemical sensitization, the centers of chemical sensitivity
are the internal and external crystal defects. The sensi-
tization with reducing agents will lead to centers con-
sisting of metallic silver, and the sensitization with labile
sulfur compounds will yield silver sulfide.

These assumptions were supported by oxidation ex-
periments. Treatment with a solution of diluted chromic
acid (0.25%) had no influence on the primitive sensitivity
(no chemical sensitization applied) of a photographic
emulsion. But the speed increase obtained with sulfur
and reduction sensitization could be diminished with
this chromic acid solution.

Before gold sensitization was introduced, it was known
that the external latent image of an emulsion prepared
with an inert or active gelatin was oxidizable with dilute
chromic acid solution. HAUTOT and co-workers found that
the latent image of sulfur- and reduction-sensitized
emulsion could be bleached but that gold-sensitized emul-
sion possessed an external latent image which was more
resistant to oxidation. Only with a very dilute solution of
chromic acid (0.025%) could a noticeable difference be
observed between the latent image of a sulfur- and reduc-
tion-sensitized emulsion, the sulfur-sensitized emulsion
yielding the more stable latent image. The latent image
of a combined gold- and sulfur-sensitized emulsion is
most resistant to oxidation.

An extensive study of the mechanism of gold sensiti-
zation in the presence of thiosulfate by FAELENs and
collaborators (50, 136¢, 149) led to the conclusion that
sodium thiosulfate in the presence of aurous dithio-
cyanate will not act as a sulfur sensitizer. It will rather
remove gold from the gold-gelatin complex and make it
available for sensitization. In this mechanism, silver
aurous dithiosulfate is formed on the silver halide crystal
surface, where it will decompose during ripening into
silver-gold-sulfide. It may also remain partially intact
and become functional during the latent image forma-
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and external fog centers, a more concentrated oxidizer
being required to destroy the internal centers.

Fog centers of sulfur-sensitized emulsions consist of
silver and silver sulfide. They behave differently from
those of reduction sensitized emulsions in that they are
less easily oxidized.

The nature of these fog centers was also studied by
BasserT and Dickinson (141) by sensitizing emulsions
with different amounts of thiourea and subjecting them
to a bleach of chromic acid and also to a treatment in
dilute solutions of gold thiocyanate prior to exposure
and development. These investigations support the view
that fog centers can consist of silver and silver sulfide.

Fog centers of gold-sensitized emulsions behave as if
they contain gold. They very strongly resist the attack
of oxidizing agents.

Fog centers of gold-sulfur combination sensitization are
believed to consist of gold sulfide and silver.

Fog centers of reduction-gold combination sensitization
behave like gold-silver particles containing more gold
and silver than the sensitivity specks.

F. Other Methods of Sensitization

a) Sensitization with Noble Metals from the Platinum
Group

The difference in efficiency when sensitizing with pla-
tinum and palladium salts in gelatin-free suspensions
and in the presence of gelatin was already discussed (see
paragraph C-c, page 356). The patent literature (226a)
discloses the enhancing of sensitivity of photographic
silver halide emulsion by the incorporation of water-
soluble salts of platinum metals in group VIII of the
periodic system and (226b) the effect of palladium salts
to sensitize the emulsions sensitized with gold com-
pounds and to reduce the reciprocity failure at low in-
tensities.

Sensitization studies with ammeonium chloroiridite
were carried out by MiTCBELL and collaborators (9, 44),
STEIGMANN (154) and WEST and SAUNDERS (67). WEST
and SAUNDERS found the sensitizing effects of ammo-
nium chloroiridite, (NH,), IrCl;, and ammonium chloro-
iridate, (NH,),IrCly, identical. Both salts enter a re-
versible redox equilibrium, and silver chloroiridate spon-
taneously decomposes to form silver chloroiridite (155).

The contrast-improving properties (i.e., steepening of
gradation)—(see curve in reference 29f)—of rhodium
salts were described by PoxornNY (158), and a mechanism
proposed by WELZEL (159), according to which a selec-
tive destruction of sensitivity centers, most likely in the
larger grains, takes place.

b) Sensitization by Other Metals and Compounds

Larson, MUuteLLER and Hoeruin (131, 160) reported
that bivalent lead or cadmium ions, when co-precipi-
tated with silver halide to increase the sensitivity of
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iodobromide emulsions to X-ray and gamma radiation,
simultaneously decrease the sensitivity to light.

BerrY and SKILLMAN (227) attributed the effects of
lead ions to their adsorption on the silver bromide sur-
face and emphasized the reduction of rate of OSTWALD
ripening.

PoLsTER (156) reported the increase of sensitivity of
an emulsion to X-rays by thallium ions and the co-
precipitation of these ions were investigated by Hirscu
(157).

Many compounds have been proposed in the patent
literature as “sensitizers” in photographic emulsion,
e.g., polyoxyethylenes (162), but most of these are con-
sidered to function as development accelerators (29b
and 224).

c) Hypersensitization

Hypersensitization is a method to increase the sen-
sitivity of a photographic emulsion before exposure. The
sensitivity increase can be accomplished by bathing
film in pure water, whereby presumably bromine ions
are removed and the silver ion concentration is in-
creased (179, 180). Other methods comprise bathing in
various solutions such as ammonia, amines and silver
salts (181, 182). Hypersensitization of nuclear emulsion
(used to record the photographic effect of ionizing parti-
cles such as a-particles, electrons, protons) with triethanol
amine has been described in the literature (183, 184) and
the effect ascribed to the generation of centers for cap-
turing electrons in the conductivity band. The same ex-
planation can apply in the hypersensitizing by short pre-
exposure.

Hypersensitization has been reported to decrease the
low intensity reciprocity law failure (185, 186) which is
of particular interest in astronomy and spectrography
where usually long exposures are required due to the
low light intensity available.

Mercury vapor hypersensitization, proposed by DErRscr
and DuUERRr (126), also considered an example of reduc-
tion sensitization (5, 187), may be attributed to the for-
mation of an amalgam with silver specks. The same
mechanism may apply to the latensification (see next
paragraph) with mercury (126), however, with the dif-
ference that the amalgam is formed with the latent
image.

d) Latensification

Whereas hypersensitization effects some of the pro-
ducts of chemical sensitization, e.g., silver specks, laten-
sification is believed to modify the latent image. The
term latensification is used for those methods which are
applied after exposure for the purpose of increasing the
sensitivity of a photographic emulsion. This sensitivity
increase can be accomplished with certain chemical so-
lutions or vapors or with an overall low intensity post-
exposure (200).
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