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A New System for Forming High-Contrast Direct-Positive Images
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A very-high-contrast direct-positive image was obtained when a
prefogged AgBr photographic emulsion containing certain
bipyridinium salts, such as 1-n-butyl-4-(4'-pyridyl)pyridinium bro-
mide hydrochloride (Compound 1), was processed with a devel-
oper that contains Metol and ascorbic acid as developing agents.
Results of photographic and electrochemical studies suggested that
Compound 1 has two functions, as an electron acceptor and as a
precursor of a nucleator. A theory was developed that, during ex-
posure, Compound 1 acts as an electron acceptor, which produces
a direct-positive image, and that Compound 1 is neutralized dur-
ing development to form 1-n-butyl-4-(4'-pyridyD)pyridinium bro-
mide (Compound 2), which acts as a nucleator during development
and produces very-high-contrast images.
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Introduction

In a previous paper,! we reported a new function for
pyridinium salts in silver halide photographic systems.
We found that contrast and apparent photographic speed
increase substantially when a photographic film is pro-
cessed with a developer containing an aminophenol-type
developing agent and ascorbic acid in the presence of a
pyridinium salt derivative. Very high contrast (greater
than 15 between densities 0.5 and 3.0 above base + fog)
was obtained for a negative-working film. Based on the
results of a mechanistic study, we proposed that the re-
sulting high contrast and the apparent increase in photo-
graphic speed result from a nucleation reaction of a
pyridinium salt derivative during development.

Further investigation on the use of pyridinium salts in
photographic systems led us to an interesting phenomenon.
We found that a very-high-contrast direct-positive image
could be obtained by using a certain type of bipyridinum
salt. A very high contrast (greater than 15 between densi-
ties 0.5 and 3.0 above D, ) direct-positive image was ob-
tained when a prefogged AgBr photographic emulsion
containing 1-n-butyl-4-(4'-pyridyl)pyridinium bromide hy-
drochloride (Compound 1) was processed with a Metol/ascor-
bic acid developer. When 1,1'-di-n-butyl-4,4"-bipyridinium
dibromide (n-butyl vioclogen, Compound 3), a well-known
electron acceptor, was used instead of Compound 1, a di-
rect-positive image resulted but very high contrast could
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not be obtained. Our understanding of which properties of
Compound 1 were responsible for the production of very-
high-contrast direct-positive images is interesting to relate.
In this article, we report on the results of photographic and
electrochemical studies of Compound 1 and related com-
pounds. A possible mechanism for the production of very-
high-contrast direct-positive images is discussed.

Experimental

Preparation of Bipyridinium Salts. I-n-Butyl-4-(4'-
pyridy)pyridinium Bromide (Compound 2). Amixture
of 3.12 g (20 mmol) of 4,4'-bipyridine, 3.0 g (22 mmol) of 1-
bromobutane, and 30 mL of dioxane was stirred magneti-
cally at 80°C for 6 h. Precipitated crystals were filtered
and recrystallized with 30 mL of isopropanol. Filtered crys-
tals were dried to provide 2.9 g (yield 49%) of 1-n-butyl-4-
(4'-pyridyD)pyridinium bromide. The structure was
confirmed by IR, NMR, and MS.

1-n-Butyl-4-(4'-pyridyl) pyridinium Bromide Hydro-
chloride (Compound 1). One gram of 1-n-butyl-4-(4'-
pyridyDpyridinium bromide was dissolved in 20 mL of
ethanol and reacted with HCI gas at room temperature
for 1 h. Evaporation of the ethanol provided 1.1 g (yield
98%) of 1-n-butyl-4-(4'-pyridyl)pyridinium bromide hydro-
chloride. The structure was confirmed by IR, NMR, MS,
and elemental analysis.

1,1'-di-n-Butyl-4,4'-bipyridinium Dibromide (n-Bu-
tyl Viologen, Compound 3). Amixture of 1.56 g (10 mmol)
of 4,4'-bipyridine and 13.7 g (100 mmol) of 1-bromobutane
was mixed by means of magnetic stirring at 90°C for 1 h.
Precipitated crystals were filtered and recrystallized with
30 mL of isopropanol. Filtered crystals were dried to pro-
vide 2.4 g (yield 56%) of 1,1'-di-n-butyl-4,4'-bipyridinium
dibromide (n-butyl viologen, Compound 3). The structure
was confirmed by IR, NMR, and MS.

The structures of the bipyridinium salts discussed are
shown in Fig. 1.

Film and Developer

Monodisperse AgBr cubic crystals having an average edge
length of 0.19 pm were prepared by a controlled double-jet
method. A fogged direct-positive emulsion was prepared by
treating the AgBr emulsion with hydrogen tetra-
chloroaurate (III) tetrahydrate and formamidine sulfinic
acid. The emulsion was fogged by adding hydrogen
tetrachloroaurate (III) tetrahydrate at a level of 1.95 pmol/
mol Ag and formamidine sulfinic acid at a level of 2.44 pmol/
mol Ag and heating for 90 min at 70°C. After the emulsion
was fogged, either Compound 1 or 3 was added to the fogged
emulsion at a level of 5 mmol/mol Ag. The emulsion was
coated on a PET base at a coverage of 38 mg Ag/dm?2.

A negative emulsion was prepared by sensitizing the
AgBr emulsion described earlier with sodium thiosulfate
pentahydrate instead of fogging with hydrogen tetrachloro-
aurate (III) tetrahydrate and formamidine sulfinic acid.
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Figure 1. Structures of bipyridinium salts used in the study.

The AgBr emulsion was sensitized by adding sodium thio-
sulfate pentahydrate at a level of 2.44 pmol/mol Ag and
heating for 70 min at 60°C. The emulsion was coated on a
PET base at a coverage of 38 mg Ag/dm?.

Both direct-positive and negative films were exposed by
a tungsten lamp through a step tablet. Exposed films were

developed by a Metol/ascorbic acid developer with the fol-
lowing basic formulation.

Metol

25g
Sodium L-ascorbate 10g
NaBO,.4H,0 70 g
KBr lg
Water to 1L

The developer pH was adjusted to 10.8. Development
temperature was 30°C. Depending on the purpose of the
experiment, bipyridinium salts were added to the devel-
oper and a modification of the development procedure was

made. Details of the development conditions are described
in each section.

Electrochemical Study

Cyclic voltammetry of bipyridinium salts was performed
on an EG&G Princeton Applied Research Model 273
potentiostat-galvanostat in acetonitrile containing 0.1 M
tetra-n-butylammonium perchlorate as a supporting elec-
trolyte. A three-electrode cell configuration was employed.
The working electrode was a platinum wire, and the refer-
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Figure 2. Effect of bipyridinium salts on a prefogged AgBr di-
rect-positive emulsion. Either Compound 1 (Curve 2) or Com-
pound 3 (Curve 1) was added to the emulsion at a level of 5 mmol/

mol Ag. Films were developed for 3 min at 30°C by a Metol/ascor-
bic developer.

ence electrode was a saturated calomel electrode (SCE). The
counter electrode was a coiled platinum wire. Solutions were
degassed with nitrogen gas prior to the measurement.

Results and Discussion

Production of High-Contrast Direct-Positive Image
Figure 2 shows the photographic effects of Compound 1 and
Compound 3 (n-butyl viologen) on a prefogged direct-posi-
tive emulsion. The emulsion contained either Compound 1
or Compound 3 at a level of 5 mmol/mol Ag, as described
earlier. Although it is not shown in the figure, the emulsion
that did not contain a pyridinium salt was totally fogged
and did not give any images. However, as shown in Fig. 2,
direct-positive images were obtained by the presence of ei-
ther Compound 1 or Compound 3 (n-butyl viologen) in the
emulsion. Significant differences in the contrast and the
apparent photographic speed were observed with the two
bipyridinium salts. Straight-line gamma was 18 for Com-
pound 1 and 7 for Compound 3. Straight-line gamma was

measured between densities 0.5 and 3.0 above D_, . Com-
pound 1 gave much higher gamma than Compound 3 (-
butyl viologen) and it thus gave very high contrast.
Compound 1 resulted in a 1.0 log H slower speed than Com-
pound 3 at D = 3.0 (speed at the toe may be more important
in practical use but speed at D = 3.0 was used merely to
discuss the photographic characteristics).

Because Compound 1 gave a direct-positive image, it is
clear that Compound 1 acts as an electron acceptor in a

Vol. 40, No. 1, Jan./Feb. 1996 71



y
\
4k 2 min.
\\
\ ' 3 min.
3 1 min.
2
iz
o
o]
o
2=
1 =
O | | 1
2 3 4
rei. logH

Figure 3. Development time series for the film containing Com-
pound 1 in the experiment of Figure 2.

prefogged emulsion, as does Compound 3 (n-butyl
viologen), which is a well-known electron acceptor.2 The
results of cyclic voltammetry , which are shown in a later
section, showed that the cathodic peak potential of Com-
pound 1 was —0.46 V versus SCE. This value supports the
theory that Compound 1 will act as an electron acceptor
in a photographic emulsion.

Figure 3 shows the effect of development time on char-
acteristic curves for Compound 1. It shows that contrast
increased as development time lengthened, suggesting that
Compound 1 acts as a contrast enhancement agent dur-
ing development.

Effect of Wash Treatment before Development

The results of Figs. 1, 2, and 3 indicate that Compound 1
has two roles in a prefogged emulsion, as an electron accep-
tor during exposure and as a contrast enhancement agent
during development. However, it is uncertain whether the
low speed that is seen with Compound 1 can be attributed to
the inefficient electron-accepting ability of Compound 1 or
to the increased development capability of the developer in
the presence of Compound 1. To separate and clarify the two
roles, the following experiment was performed. A direct-posi-
tive emulsion that contained Compound 1 at a level of 5 mmol/
mol Ag was used. Two film samples were exposed and then
washed with a 2.5 x 10*M KBr aqueous solution for 30 min
at room temperature to remove Compound 1 from the emul-
sion layer of the film sample. One film sample was devel-
oped with the basic formula for a Metol/ascorbic acid
developer. The other film sample was developed with a Metol/
ascorbic acid developer to which 70 pmol/L of Compound 1
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Figure 4. Effect of wash treatment of the exposed film before
development. Films containing Compound 1 at a level of 5 mmol/
mol Ag were used. Curve 1 (control), the exposed film was devel-
oped without wash treatment. Curve 2, the exposed film was
washed and then developed. Curve 3, the exposed film was washed
and processed by the developer to which Compound 1 was added
at a level of 70 umol/L. Development time was 3 min at 30°C.

had been added to see the effect of Compound 1 in the devel-
opment. A control sample was processed by the same proce-
dure except that no wash treatment was applied. The results
are shown in Fig. 4.

As shown in Fig. 4, the photographic speed (at D = 3.0)
apparently increased significantly as a result of the wash
treatment. The apparent photographic speed increase
was 1.04 log H at D = 3.0. At the same time contrast
decreased significantly. Straight-line gamma decreased
from 18 (control) to 7 as a result of the wash treatment.
As shown in Fig. 2, Compound 3 (n-butyl viologen) also
gave a gamma of 7. The characteristic curve of the washed
film was almost identical to that of Compound 3 (n-butyl
viologen, Curve 1 in Fig. 2). However, as shown in Fig. 4,
a characteristic curve similar to that of the control was
obtained when the washed sample was processed with a
developer that contained 70 pmol/L of Compound 1. The
gamma increased from 7 (in the absence of Compound 1)
to 18 (in the presence of Compound 1 at a level of 70
pmol/L in the developer), which is the same as that of
the control (Curve 1 in Fig. 4). Thus very high contrast
was obtained by the addition of Compound 1 to the de-
veloper. A significant decrease of apparent photographic
speed (at D = 3.0) was also observed. The apparent
photographic speed decrease was 0.91 log H at D = 3.0.

The results of Fig. 4 confirmed that the presence of Com-
pound 1, either in the emulsion or in the developer during
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development, was necessary to produce very high contrast.
We are now certain that Compound 1 has two roles: as an
electron acceptor during exposure and as a contrast en-
hancement agent during development. It was also confirmed
that the low speed produced by Compound 1 can be attrib-
uted to the increased development capability in the pres-
ence of Compound 1. The results of Figs. 2 and 4 show that
the production of high contrast is not a result of restrain-
ing the development, but a result of the increase in devel-
opment capability, such as acceleration of development,
infectious development, nucleation, or a combination of
those reactions. It is likely that a reaction is involved by
which AgX grains undevelopable under normal development
conditions are made developable.

Since the wash treatment of the film containing Com-
pound 1 gave about the same speed and contrast as the
film that contained Compound 3 (n-butyl viologen), Com-
pound 1 and Compound 3 are expected to have about
the same electron-accepting property. There is signifi-
cant difference between those compounds, however, in
the effect on development.

Electrochemical Measurements

Figure 5 shows cyclic voltammograms of Compounds 1
and 2 in acetonitrile. Cyclic voltammograms of Compound
1 were also measured in the presence of 48% KOH solu-
tion. An excess of 48% KOH solution to neutralize Com-
pound 1 was added to the sample solution containing
Compound 1. In the absence of KOH solution, Compound
1 showed two cathodic peaks whose peak potentials were
at — 0.46 and — 1.02 V. The first reduction peak potential
(- 0.46 V) is almost the same as that of n-butyl viologen
(Compound 3) measured in acetonitrile (— 0.45 V versus
SCE).! Those redox potentials led us to believe that Com-

—+
2
-1.03V
3
-1.02v
-1.0 0 1.0
E/ (V vs. SCE)

Figure 5. Cyclic voltammograms of bipyridinium salts. Com-
pound 1 in the absence (Curve 1) and presence (Curve 2) of 48%
KOH solution. Curve 3, Compound 2.
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pound 1 acts as an electron acceptor in the photographic
emulsion system.*® When 48% KOH solution was added
to the solution containing Compound 1, the first cathodic
peak at — 0.46 V disappeared, as shown in Fig. 5. The sec-
ond cathodic peak at — 1.02 V remained almost unchanged
and was the same as the cathodic peak potential (- 1.03
V) of Compound 2. Those behaviors suggest that Com-
pound 1 was neutralized by a base to form Compound 2
and then lost its electron-accepting property.

Effects of Compounds 1 and 2 on a Negative
Emulsion

As described earlier, we reported the production of a high-
contrast image using a pyridinium salt in a negative emul-
sion system.! A very-high-contrast image was obtained when
a negative film was developed with a Metol/ascorbic acid
developer in the presence of a pyridinium salt. It was also
reported in the previous article that neither methyl viologen
nor n-butyl viologen gave very high contrast in the nega-
tive system. Therefore, we expect a very-high-contrast im-
age to be obtained by Compound 1 or 2 in a negative
emulsion system if the mechanism of the production of very
high contrast in the direct-positive emulsion system is es-
sentially the same as in the negative emulsion system. To
confirm this assumption, the effects of Compounds 1 and 2
on a negative emulsion were examined. A negative film (sul-
fur- sensitized AgBr emulsion described in the experimen-
tal section) was developed by a Metol/ascorbic acid developer
to which Compound 1 or 2 had been added at a level of 70
pmol/L. Compound 2 was also tested, because it was likely
that Compound 1 would be neutralized by a base in the
developer to form Compound 2 during the development.

Results are shown in Fig. 6. Both Compounds 1 and 2
gave similar characteristic curves and showed very high
contrast with a gamma of over 20. An apparent increase
in photographic speed was also observed. Both Com-
pounds 1 and 2 gave peculiar characteristic curves,
which had local maxima in the density. After reaching
the maximum, the density decreased as the exposure
was increased. This part of the characteristic curve is a
reversal response. Only a slight increase in density oc-
curred in the relative log H exposure region of 2 or
greater. This phenomenon may be interpreted as a self-
quenching reaction, which has been reported in hy-
drazide nucleation systems.® The characteristic curves
with a local maximum density shown in Fig. 6 suggest
that the production of very high contrast by Compound
1 or 2 is due to a nucleation reaction by which silver
halide grains undevelopable under normal conditions
become developable.® The behavior of Compounds 1 and
2 is very similar to the results previously reported in
which characteristic curves with a local maximum den-
sity were obtained by the addition of 1-benzyl-3-carbam-
oyl pyridinium salt or 1-benzyl-1, 4-dihydronicotinamide
(reduced compound of 1-benzyl- 3-carbamoyl pyridinium
salt) to the developer.!

Because very high contrast was obtained by Compounds
1 and 2 in the negative film system, we expect the mecha-
nism that produces very high contrast in a direct-positive
system in the presence of Compound 1 to be the same as
that of the negative system.! We also expect, for the same
reason, that a nucleation reaction is involved in the pro-
duction of very-high-contrast direct-positive images as well
as in the negative system.

Mechanism of Production of High-Contrast Direct-
Positive Image

Although the mechanism of the production of very high
contrast is not fully understood, we expect that the high

Vol. 40, No. 1, Jan./Feb. 1996 73



Density

rel. logH

Figure 6. Effects of Compounds 1 and 2 on a negative emulsion.
A negative film was developed by a Metol/ascorbic acid developer
in the presence of Compound 1 or 2. Curve 1 (control), no
bipyridinium salts were added to the developer. Curve 2, Com-
pound 1 was added to the developer at a level of 70 pmol/L. Curve
3, Compound 2 was added to the developer at a level of 70 pumol/
L. Development time was 3 min at 30°C.

contrast is produced by a reaction mechanism similar to
that seen in the production of very-high-contrast images
on negative emulsion by a pyridinium salt. The major dif-
ference in the overall reaction from the negative system is
that Compound 1 has two roles in the production of high-
contrast direct-positive images. One is as an electron ac-
ceptor during exposure. The other is as a precursor of a
nucleator during development. During exposure, Com-
pound 1 acts as an electron acceptor, which gives a direct-
positive image in a prefogged direct-positive emulsion.
Because the wash treatment of the exposed film sample
that contained Compound 1 gave about the same charac-
teristic curve as the film sample that contained n-butyl
viologen (Compound 3), the effect of Compound 1 as an
electron acceptor on a prefogged direct-positive emulsion
is probably about the same as that of n-butyl viologen
(Compound 3). During development, Compound 1 is neu-
tralized to become Compound 2, which acts as a neuleator.
Because very-high-contrast images were obtained by pro-
cessing a negative emulsion with a developer to which
Compound 1 or 2 was added, it is expected that Compound
1 will be neutralized to become Compound 2 and that the
mechanism of the production of very high contrast in the
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direct-positive system is essentially the same as that of
the negative system.

A possible reaction mechanism for the production of
very-high-contrast direct-positive images is illustrated
in Fig. 7. Reaction 1 shows development of fogged silver
halide grains by Metol and ascorbic acid. Reaction 2
shows photobleach of fogged silver halide grains by ex-
posure in the presence of Compound 1 as an electron ac-
ceptor. During exposure, Compound 1 is expected to exist
as a hydrochloride, which is a strong electron acceptor.
Reaction 3 shows neutralization of Compound 1 by a base
in the developer to produce Compound 2 during develop-
ment. Note that Compound 2 is no longer a strong elec-
tron acceptor. Reaction 4 shows the production of
dihydropyridines by reduction of Compound 2 by devel-
oping agents. Assuming that Compound 2 follows the
same reaction mechanism as that of 1-benzyl-3-
carbamogylpyridinium salt used as a model compound
in the negative emulsion system,! Compound 2 will be
reduced to dihydropyridine derivatives such as 1-n-bu-
tyl-1,4-dihydro-4-(4'-pyridyl)pyridine or 1-n-butyl-1,2-
dihydro-4-(4'-pyridyl)pyridine in the developer. An
attempt to isolate those intermediates has not yet suc-
ceeded and is under way. Reaction 5 shows imagewise
generation of active species of nucleation. It is assumed
that reaction of dihydropyridines with the oxidation prod-
uct of a developing agent will generate an active species
for nucleation. Because the production of the oxidation
product of a developing agent is an imagewise reaction,
generation of the active species is also expected to be an
imagewise reaction. Reaction 6 shows imagewise nucle-
ation of silver halide grains by the active species derived
from dihydropyridines. The active species will reduce
photobleached silver halide grains in the vicinity of de-
veloped silver halide grains so that those photobleached
silver halide grains become developable. Thus, it is ex-
pected that the onset of development of fogged silver ha-
lide grains that were not photobleached by the exposure
leads to the nucleation and development of adjacent
photobleached silver halide grains. Nucleation and de-
velopment will continue until most grains in the vicinity
of fogged silver halide grains are developed. Therefore
overall development will become infectious development.

In a direct-positive emulsion, the oxidation product of
a developing agent will be produced by the development
of unexposed or underexposed fogged silver halide grains,
instead of exposed silver halide grains in the case of a
negative emulsion. Also, the silver halide grains to be
nucleated in a direct-positive emulsion system will be
silver halide grains photobleached by exposure instead
of unexposed or underexposed silver halide grains in the
case of a negative emulsion. This explains the results
that, contrary to the case of a negative emulsion system,
nucleation and infectious development of a direct-posi-
tive emulsion system lead to a decrease of the apparent
photographic speed unless the fogging conditions are
adjusted.

As described earlier, n-butyl viologen (Compound 3) did
not give very high contrast in a direct-positive system,
although it acted as an electron acceptor. The present re-
sults are consistent with the results previously reported,
in which viologens such as n-butyl viologen (Compound 3)
and methyl viologen did not give very high contrast in a
negative emulsion system.!

Although reduction potentials of viologens depend on
many factors, such as substituted alkyl groups, counter
ions, and the solvent used to measure the redox poten-
tials, the first reduction potentials of viologens are ap-
proximately in the range from — 0.45 to — 0.70 V versus
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Figure 7. Possible mechanism for the production of very-high-
contrast direct-positive images in the presence of Compound 1.

SCE™® (redox potentials were converted to an SCE refer-
ence by subtracting 0.045 V from the value reported ver-
sus Ag/AgCl and 0.2412 V from the value reported versus
NHE). For example, the half-wave potential for the first
reduction step of n-butyl viologen is -0.45 V versus Ag/
AgCl (or — 0.50 V versus SCE in acetonitrile.® Because
redox potentials of viologens are more negative than that
of Metol, it is expected that reduced viologens are more
potent as developer than Metol. Since the first reduction
step of viologen is reversible,®® reduced viologen is con-
sidered to serve as a fast developer and release electrons
to adjacent developable silver halide grains. If this reac-
tion occurs, development will be accelerated. Although
redox potentials of viologens are more negative than that
of Metol, they are less negative than the threshold of re-
dox potentials for dyes that work as spectral sensitizing
dyes.*® Therefore, it is assumed that reduced viologen
does not have enough reducing power to reduce (nucle-
ate) photobleached silver halide grains (or unexposed
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grains in the case of negative emulsion) and make the
grains developable.

It may also be important that most of the viologen ex-
ists in an oxidized form, which acts as a strong electron
acceptor, although a fraction of the viologen may be re-
duced by a developing agent. Even if an active species is
produced during the development, the active species may
be destroyed by viologen. Compound 1, which produced
very high contrast in a direct-positive emulsion, is an
electron acceptor during exposure but loses the electron-
accepting ability by becoming Compound 2 during devel-
opment, whereas Compound 3 (n-butyl viologen) remains
an electron acceptor during development.

On the other hand, reduction peak potentials of
pyridinium salts that showed very high contrast either
in the negative or in the direct-positive system, includ-
ing Compound 2, are in the range of — 0.90 to - 1.3 V
versus SCE. Those values are much more negative than
those of the viologens and are considered to be compa-
rable to the threshold value of the redox potentials for
spectral sensitizing dyes. For example, the reduction peak
potential of Compound 2 is — 1.02 V versus SCE. There-
fore, it is expected that the one-electron reduction prod-
uct of a pyridinium salt is energetically able to become
an active species for the nucleation if such a product is
produced in the course of development. As reported in
the previous article,! a pyridinium salt is reduced to a
dihydropyridine, which has high electrochemical over-
potential for oxidation and is relatively stable in the de-
veloper. Dihydropyridine acts as a source of two electrons
and one proton and is able to produce a one-electron re-
duction product from pyridinium salts by one-electron
oxidation followed by deprotonation.!®!* A previous ar-
ticle demonstrated that 1-benzyl-1,4-dihydronicotina-
mide (a model dihydropyridine compound) produced very
high contrast in the negative system.! The assumption
was made that production of very high contrast was due
to an imagewise nucleation of dihydropyridine and that
the oxidation product of Metol was responsible for the
imagewise nucleation. We assume that Compound 1 is
neutralized and reduced to a dihydropyridine that serves
as a nucleator in the same way it does for the case of 1-
benzyl-1,4-dihydronicotinamide in the negative emulsion
system.

Conclusions

A very-high-contrast direct-positive image was obtained
by developing a prefogged direct-positive emulsion con-
taining 1-n-butyl-4-(4'-pyridyl)pyridinium bromide hydro-
chloride (Compound 1) with a Metol/ascorbic acid
developer. Electrochemical and photographic studies
show that Compound 1 has two functions in a prefogged
direct-positive emulsion: It acts as an electron acceptor
in the emulsion during exposure and as a precursor of a
nucleator, which increases contrast during development.
It was suggested that the production of very high con-
trast is due to a nucleation reaction of 1-n-butyl-4-(4'-
pyridyl) pyridinium bromide (Compound 2), which is
produced by neutralization of Compound 1 during devel-
opment. Comparison of the present results with the
production of very high contrast by a pyridinium salt in
the negative emulsion system indicates that a
dihydropyridine is involved in the nucleation as an
intermediate. 4
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