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The optimization of the silver halide-sensitized gelatin 
process is analyzed by considering the bleaching action, the 
influences of the developer, and the hardening modulation 
process. 
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Silver halide-sensitized gelatin (SHSG) is a hybrid process-
ing method that combines the energetic and spectral sensi-
tivity of photographic emulsion with the high diffraction 
efficiency and low noise of dichromated gelatin (DCG).1 In 
SHSG processing the developed Ag of the photographic 
emulsion is converted through bleaching, fixing, washing, 

and dehydrating in isopropanol baths into a refractive index 
modulation of the gelatin, forming a phase hologram. 
Nevertheless, the latent image-formation mechanism in 
SHSG processing has not been fully investigated. Hariha-
ran2 has pointed out that the tanning action of the oxida-
tion products of the developer plays a significant part in the 
formation of the latent image in the holograms. On the 
other hand, Angell3 has optimized the processing to in-
crease the diffraction efficiency and the signal-to-noise ratio 
by providing a method for controlling emulsion shrinkage 
by chemically modifying the gelatin matrix. 

Basically, once the photographic emulsion has been 
exposed it is developed and bleached. Because of this 
bleaching action the developed Ag is oxidized to Ag+ 

whereas the Cr6+ ion is reduced to Cr3+ during the same 
bleaching wash. In this way the Cr3+ ion is linked to the 
gelatin chains in the vicinity of the Ag+ grains, achieving 
variation in hardening between the exposed and nonex-
posed zones of the emulsion. In this Note we point out the 
influence of the R-10 bleach bath composition on the latent 
image formation of SHSG holograms from the point of view 
of Chang and Leonard's model of differential hardening in 
DCG (see Ref. 4). According to this model, water developing 
creates an initial refractive-index modulation by swelling, 

10 June 1992 / Vol. 31, No. 17 / APPLIED OPTICS 3203 



which forms a strong volume hologram. This initial refrac-
tive-index modulation is amplified further by the final 
alcohol developing. There is a proportional relationship 
between these index modulations just as there is between 
the diffraction efficiency measurements before and after the 
dehydration steps. By knowing these diffraction efficiency 
measurements it is possible to optimize the photochemical 
process. 

Experiments were carried out with Agfa-Gevaert 8E56 
HD plates. Unslated holographic transmission-diffraction 
gratings with a spatial frequency of 1000 lines/mm were 
recorded on each plate with exposures ranging from 40 to 
400 µJ/cm2 by using two collimated beams of equal inten-
sity from an Ar+ laser (! = 514 nm). The exposed plates 
were processed according to the processing schedule shown 
in Table I. Two developers were used in these experiments. 
One was a developer obtained with ascorbic acid and 
sodium carbonate (we call this developer AAC),5 which 
avoids the influence of the oxidation products during 
developing. The other was Kodak D-19, a nontanning 
developer. (However it is important to note that oxidation 
products of this developer produce an important tanning 
action.) The bleaching used is a modified R-10 bleach bath 
in which we substituted ammonium dichromate for potas-
sium dichromate (typical of R-10 bleaching). These salts 
have the same chemical properties and their behavior is 
similar. On the other hand, an R-10 bleach bath produces a 
tanning action comparable with that of a tanning developer. 
This action can be varied by changing the dilution with 
water or by changing the composition of the solution.6 

The experiments were carried out by the following steps: 

1. Develop for 4 min (D-19, AAC). 
2. Rinse in running water for 1 min. 
3. Bleach in a modified R-10 solution for 30 s after the 

plate has cleared at 50°C (for formula, see Table I). 
4. Rinse in running water for 30 s. 
5. Soak in fixer F-24 for 2 min. 
6. Wash in running water for 20 min. 
7. Dehydrate in 50% isopropanol for 3 min. 
8. Dehydrate in 90% isopropanol for 3 min. 
9. Dehydrate in 100% isopropanol for 3 min. 

10. Dry in a vacuum chamber. 

(Note: All solutions are at 20°C except in the bleaching 
step.) 

In our experiments the measurements of diffraction 
efficiency were made in steps 6 and 10 of the processing to 
control the refractive-index modulation during processing. 

Table I. Developer and Bleach Bath Formulas 

Just before use, mix one part A with ten parts distilled water, 
then add x parts B, according to the text. 
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Fig. 1. Maximum diffraction efficiency measured inside a water 
tank before final alcohol development and after processing, as a 
function of exposure for unslated holographic transmission grat-
ings at a spatial frequency of 1000 lines/mm developed with AAC 
and bleached with modified R-10, for different values of ratio B/A. 

The diffraction efficiency was defined as the ratio between 
the power in the first diffracted order and the incident 
power. The composition of the R-10 bleach bath was 
modified, which changed the ratio between the A and B 
baths in order to analyze the effect of the relation between 
the Cr+ 3 and Br" ions of the bleach bath on its tanning 
action. The rehalogenating bleach mechanism7 shows that 
the refractive-index modulation is formed by transferring 
AgBr from the exposed areas to the neighboring unexposed 
areas and by decreasing the Br– concentration, which gives 
us a decrease in diffraction efficiency. At the same time the 
fife span of the chromium ion Cr3+ is controlled by adjust-
ing the ratio of solution A to B, as we can see in Fig. 1. In 
this figure we have represented the influence of ratio B/A 
on diffraction efficiency measurements in water (i.e., when 
the plate is situated inside a water tank before the final 
alcohol development) and the final diffraction efficiency 
after processing. When we increase the Br concentration 
(the ratio B/A) the diffraction efficiency increases in the 
water from 2% (B/A = 0.1) to 23% (B/A = 10), and after 
processing increases from 39% (B/A = 0.1) to 80% (B/A = 
10). 

Fig. 2. Diffraction efficiency measurements inside a water tank 
before the final alcohol development as a function of exposure for 
unslated holographic transmission gratings at a spatial frequency 
of 1000 lines/mm developed with AAC and with D-19. 



Fig. 3. Final diffraction efficiency as a function of exposure for 
unslated holographic transmission gratings at a spatial frequency 
of 1000 lines/mm developed with AAC and with D-19. 

In Figs. 2 and 3 we can see the diffraction efficiency 
measurements of plates placed inside a water tank and the 
diffraction efficiency after the final alcohol development 
(after processing) for the AAC and D-19 developers used. As 
we can see from these figures, the oxidation products of the 
developer modified the values of the diffraction efficiency in 
water, and this diffraction efficiency is better for D-19 than 
for AAC. However, after processing, the diffraction effi-
ciency is better for AAC than for D-19. It is possible that 
this is due to the fact that, at the same time the differential 
hardening is increased by the oxidation products of the 
bleach bath, the growth of the emulsion grain is modified so 
that there is a decrease in the refractive index modulation. 
This was pointed out previously for PAAP and D-19 
developers.8 

In conclusion, it is possible to obtain and to control the 
hardening bias level in SHSG by analyzing either the 

developer-oxidizing products or the tanning action of the 
bleach bath. In order to optimize the process it is necessary 
to take into account the relationship between the diffrac-
tion efficiency measurements in the water tank (before 
dehydration) and those taken after the final alcohol develop-
ing, according to the method proposed by Chang and 
Leonard4 for DCG. An adequate balance of the two photo-
chemical processes (developer-oxidizing products and tan-
ning action of the bleaching) can lead to an optimum 
processing schedule with high diffraction efficiency, high 
energetic sensitivity, and low noise levels. 
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