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bstract. In exploring the latent image formation mechanism of sil-
er salt photothermographic materials, we measured the microwave
hotoconductivity of nanometer-scale silver halide crystal emulsions
nder optimal conditions and thereby observed the influence of sil-
er carboxylate on those emulsions. We found that as the concen-
ration of silver carboxylate increased, so did the number of shallow
lectron traps. In addition, when silver carboxylate was present, the

ifetime of excited electrons showed quick decay. These observa-
ions suggest that silver carboxylate greatly affects latent image for-
ation in silver salt photothermographic materials. © 2007 Society

or Imaging Science and Technology.
DOI: 10.2352/J.ImagingSci.Technol.�2007�51:6�540��

NTRODUCTION
ackground
onventional silver halide photographic materials (wet
lms) employ a liquid developer, while silver salt
hotothermographic materials (dry films) are developed us-

ng heat and without liquid processing. However, in both
ases latent image centers are generated when silver halide
rystals absorb light upon exposure.

The well-known latent image formation mechanism in
et film may be thought of as a “step-by-step mechanism.”
ilver halide crystals absorb light to generate photoelectrons
nd holes. Electron traps then trap photoelectrons, and the
rapped photoelectrons subsequently attract and react with
nterstitial silver ions, thus forming silver atoms. The repeti-
ion of this cycle of electronic and ionic processes at a given
ocation results in a cluster of silver atoms that constitute a
atent image center. The totality of such latent image centers
onstitutes the latent image.

On the other hand, Cowdery–Corvan and Whitcomb
ecently compiled much information on the latent image
ormation mechanism of dry film.1 Whether the latent image
ormation process of dry film is the same as that of wet film
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40
as been addressed by many hypotheses. For example, Zou
t al. reported that the heterojunction between a silver car-
oxylate crystal and a silver halide crystal functions as an
lectron trap, so that silver ions move directly from the silver
arboxylate crystal to the silver halide crystal.2(a) They sug-
ested that contact between the silver carboxylate crystals
nd the silver halide crystals is critical. On the other hand,
trijckers et al., using a transmission electron microscope,
bserved a developing starting point and reported that de-
eloping silver is formed even when there is no contact be-
ween the silver carboxylate crystals and the silver halide
rystals.3 Furthermore, Yamane et al., upon examining the
elationship between silver halide crystal dimensions and
hotographic sensitivity in dry film, reported that photo-
raphic sensitivity is proportional to silver halide crystal vol-
me, and concluded that the latent image formation mecha-
ism of dry film is identical to that of wet film.4

No well-defined mechanism of latent image formation
as thus been advanced in the case of dry film. Various
iscussions2–4 of the latent image formation mechanism in-
olved with dry film have focused on the photographic sen-
itivity and observation after high temperature development
rocess by transmission electron microscope. This literature
as lacked discussion of the behavior of photoelectrons in

he nanometer-scale silver halide crystals.
A characteristic of commercial dry film that is different

rom wet film is that silver halide crystals of nanometer-scale
re used in the imaging layer in both “organic solvent-based
hotothermographic materials” and “water-based
hotothermographic materials.” In addition, in the dry films
ilver halide crystals are surrounded by a large quantity of
ilver carboxylate, which supplies the silver for image forma-
ion. It is thought that this environment may have some
nfluence on the latent image formation, and thereby make
atent image formation different in dry film when compared
o wet film.

xperimental Strategy
e investigated the latent image formation mechanism of
ry film via microwave photoconductivity. We paid particu-
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ar attention to the use, in dry film, of nanometer-scale silver
alide crystals surrounded by a large quantity of silver car-
oxylate. To simplify the systems involved, we prepared the
dmixtures of nanometer-scale silver halide crystal emul-
ions and silver carboxylates in the gelatin/water medium.
here were no photographic additives, and we did not de-

iberately make an epitaxial interface between the silver car-
oxylate and silver halide crystals. We mixed silver halide
mulsion and silver carboxylate liquid dispersion just before
oating. Then we measured the microwave photoconductiv-
ty for coating samples of the admixtures.

No previous microwave photoconductivity measure-
ent of nanometer-scale silver halide crystals had been re-

orted, and, due to their relatively low sensitivity to light, we
nticipated difficulty detecting a microwave photoconductiv-
ty signal with nanometer-scale crystals. It was therefore un-
lear what conditions were best for measuring the photocon-
uctivity of such small crystals, and those conditions had to
rst be determined. To accomplish this, we measured micro-
ave photoconductivity at varying degrees of silver coverage

nd measurement wavelengths. We found an optimal range
f silver coverage, allowing us to obtain a photoconductivity
ignal of ample strength.

Having determined optimal measurement conditions,
e measured the photoconductivity of the admixture

amples of nanometer-scale silver halide crystals and silver
arboxylate at different ratios. Under our measurement con-
itions, we obtained data regarding photoconductivity decay
inetics, data whose analysis provided new insights into the

atent image formation mechanism of dry film.

XPERIMENTAL
reparation of AgBrI Crystal Emulsions
anometer-scale silver halide crystal emulsions were pre-
ared containing cubic AgBr0.98I0.02 crystals produced by the
ouble jet method. Seven emulsions were prepared, each of a
ifferent average crystal edge length and with the following
rystal edge length distributions: 33 nm (12%), 35 nm
13%), 43 nm (10%), 80 nm (10%), 92 nm (13%), 124 nm
13%), and 148 nm (11%). All of the emulsions were at pAg
.3 and none were spectrally or chemically sensitized.

reparation of Powdery RCOOAg
sing fatty acids employed in commercial dry film, 250 g of

atty acids (45% behenic acid, 34% arachidic acid, and 21%
tearic acid) were dissolved in 4720 ml water at 80°C, after
hich 540.2 ml of 1.5 M aqueous sodium hydroxide solu-

ion was added with vigorous stirring. Subsequently, 6.9 ml
f concentrated nitric acid was added to adjust the pH value

rom 10 to 9. The obtained solution of aqueous fatty acid
odium salts was cooled to 55°C, after which 760.6 ml of

M aqueous silver nitrate solution was added over less than
wo minutes, and the mixture was stirred for more than
0 minutes. The reaction mixture was then filtered to re-
ove water soluble salts. Thereafter, washing with deionized
ater and filtration were repeated until the filtrate reached a
onductivity of 2 �S/cm. After spin-drying by centrifuge, e

. Imaging Sci. Technol. 51�6�/Nov.-Dec. 2007
he reaction product was further dried with heated air until
here was no reduction in weight. In this way, powdery
COOAg was obtained.4

reparation of RCOOAg-AgBrI Admixtures
ecause the emulsions in the following admixtures differ

rom emulsions found in commercial dry film, the admix-
ures are referred to hereafter as “RCOOAg-AgBrI admix-
ures.” To prepare a simple system with no epitaxial interface
etween the silver carboxylate crystals and the silver halide
rystals, the powdery silver carboxylate was added to a
wt% phenylcarbamoyl gelatin solution without any surfac-

ants while stirring. The mixture was then subjected to ul-
rasonic dispersion for three hours in an ice bath. The re-
ultant gelatin solution containing dispersed silver
arboxylate was then mixed, in a range of ratios, with each of
he seven silver halide crystal emulsions of differing crystal
dge length previously described. To prevent the generation
f in situ AgBr, no antifoggant (such as zinc bromide or
alcium bromide) was added. Similarly, to prevent the for-
ation of mobile silver ion complexes, which would ob-

truct observation of the reactions generating silver clusters,
o silver ion complexing agent, toner agent, or silver ion
arrier (such as phthalazine or tetrachlorophthalic acid) was
dded.

easurement of Microwave Photoconductivity
o measure microwave photoconductivity, we employed

homodyne method with a 9.25 GHz Gunn oscillator
Figure 1).5 The light source was a Nd:YAG pulsed laser
eam (wavelength, 355 nm; pulse width, 3 ns; light energy,
.02 to 0.2 J /m2) filtered by two color filters with transmis-
ions at 420 nm and 440 nm, respectively. The measurement
emperature was 22°C.

nalysis of Microwave Photoconductivity
transient photoconductivity decay signal typical of silver

alide is shown in Figure 2(a). The signal can be ascribed
lmost completely to free electrons. From this fact and from
eports of such responses,6–8 we identified two components
f decay [Fig. 2(b)]. Signal intensity (I) is proportional to
he number of free electrons in the conduction band when

Figure 1. Microwave photoconductivity measuring apparatus.
lectron trapping and thermal detrapping equilibrate imme-
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iately upon sample exposure. The faster component of de-
ay ��1� indicates the transit of electrons from shallow to
eeper electron traps as the result of a lattice relaxation. The
lower component of decay ��2� indicates trapped electrons
eacting with mobile silver ions. These data allowed us to
istinguish between decay ascribable to electronic processes
nd decay ascribable to ionic processes.

ESULTS
easurement of Microwave Photoconductivity of
anometer-scale AgBrI Crystal Emulsions
e first measured the microwave photoconductivity of the

anometer-scale AgBrI emulsion samples with silver halide
rystals of various edge lengths. We coated the emulsion on
colorless polyethylene terephthalate base with a silver cov-

2

igure 2. �a� A typical signal encountered in microwave photoconduc-
ivity measurement. �b� Logarithmic plot of data from �a�, showing the two
omponents ��1, �2� of decay. Signal intensity �I� is inferred from initial
ignal magnitude.
rage of 50 mg/dm . A 355 nm laser was used that provided 3

42
.05 J /m2 of light energy. The relationship between signal
ntensity and edge length in Figure 3 shows that, as pre-
icted, the microwave photoconductivity signals of the
anometer-scale crystals are weak. The commensurate re-
uction in signal-to-noise ratio makes microwave photocon-
uctivity measurement difficult.

In search of a stronger signal, we measured the micro-
ave photoconductivity of the AgBrI emulsion containing

he smallest crystals �33 nm� at various degrees of silver cov-
rage and with exposure to one of the three wavelengths of
aser light. We achieved silver coverages exceeding
00 mg/dm2 for the thickest emulsion coatings. Figure 4

igure 3. Relationship between microwave photoconductivity signal in-
ensity and edge length of silver halide crystals in AgBrI emulsions.

igure 4. Silver coverage versus microwave photoconductivity signal in-
ensity for 33 nm AgBrI crystal emulsions measured at wavelengths of

55, 420, 440 nm.

J. Imaging Sci. Technol. 51�6�/Nov.-Dec. 2007
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hows the dependence of signal intensity on silver coverage.
he photoconductivity signal intensity (I) at a wavelength of
40 nm increases steadily but only gradually with increasing
ilver coverage. At 420 nm and 355 nm, however, signal in-
ensity increases rapidly with silver coverage, reaches a maxi-

um, and then decreases. This can be ascribed to the diffi-
ulty light of these wavelengths has reaching the interior of
he sample, so that the light is no longer absorbed uniformly
hroughout the sample. In addition, the increase of silver
overage results in an increased loss of microwave electric
ower and in a lower cavity resonator quality factor.

We observed a similar relationship between silver cover-
ge and signal intensity with our remaining nanometer-scale
gBrI emulsion samples. Similar results were reported by
ellogg et al.9 with micrometer-scale crystals (0.5 �m, cubic
gBr0.97I0.03). It may be that this phenomenon appears with

ilver halide crystals of every magnitude.
Signal intensity increased when the wavelength of irra-

iating light was shortened from 440 nm to 420 nm to
55 nm. This may have been due to an increase in the light
bsorption of silver halide at the shorter wavelengths. These
esults indicate that the optimal condition for the measure-

ent of microwave photoconductivity of 33 nm silver halide
rystals is an irradiating light wavelength of 355 nm and a
ilver coverage of 200 mg/dm2 or less. Under these condi-
ions, we irradiated samples with a light energy exceeding
.1 J /m2. When exposed to light of wavelengths corre-
ponding to the inherent sensitivity of nanometer-scale silver
alide crystals, the decay of photoelectrons could be detected
ia microwave photoconductivity.

While a change in silver coverage resulted in a change in
ignal intensity, silver coverage had little effect on photoelec-
ron lifetime, as shown in Figure 5. This is consistent with
he generation and decay of photoelectrons proceeding in-

igure 5. Photoelectron lifetimes from the 355 nm wavelength data in
ig. 4.
ependently on each silver halide crystal. o

. Imaging Sci. Technol. 51�6�/Nov.-Dec. 2007
After establishing the optimal condition of microwave
hotoconductivity for the nanometer-scale crystals, we mea-
ured the photoconductivities of the RCOOAg-AgBrI ad-

ixtures. To obtain accurate measurement, we used the
COOAg-AgBrI admixtures with 43 nm edge length crystals
nd a silver coverage of 100 mg/dm2. Exposure was with
aser light at a wavelength of 355 nm and a light energy of
.2 J /m2.

However, the thicknesses of the samples increased with
he ratio of silver carboxylate, and this caused a decrease in
ignal intensity. We therefore used a ratio of silver carboxy-
ate below 10 mol% at 100 mg/dm2 of silver coverage from
ilver halide crystals to measure the microwave photocon-
uctivity of the RCOOAg-AgBrI admixtures.

easurement of Microwave Photoconductivity With
COOAg-AgBrI Admixtures After One Exposure
he signal intensities of the microwave photoconductivity
easurements with RCOOAg-AgBrI admixtures at differing

atios are shown in Figure 6(a). Normalized logarithmic
lotting of intensity decay is shown in Fig. 6(b). Photoelec-
ron lifetime was very short with the nanometer-scale silver
alide crystals, and a great deal of noise was found in the

atter half of the signal curve. This made it difficult to iden-
ify the second component in the decay curves in Fig. 6(b),
lthough the decay curve for photoelectrons generally exhib-
ts two components of photoelectron lifetime, as mentioned
arlier. Consequently, we used only the slope of the first half

igure 6. �a� Signals of microwave photoconductivity measurement, �b�
ormalized logarithmic plot of data from �a�, showing the lifetime of
lectrons.
f the signal curve in determining photoelectron lifetime.

543
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In addition, the signal intensity of decay curve for all
COOAg-AgBrI admixtures decayed to about 20 mV,
hereas for pure silver halide emulsion the curve decayed to

bout 60 mV [Fig. 6(a)].
After a single exposure (Figure 7, n=1), signal intensity

ecreased in inverse correlation to an increase in the ratio of
ilver carboxylate, indicating that the number of free elec-
rons decreases as silver carboxylate content increases. Simi-
arly, after a single exposure (Figure 8, n=1), the introduc-
ion of silver carboxylate resulted in photoelectron lifetimes
horter than those obtained with the pure silver halide emul-
ion (although without correlation with the ratio of silver
arboxylate present).

igure 7. Signal intensity �I� of microwave photoconductivity of
gBrI1−X�RCOOAg�X samples. Numerals �n� indicate the number of ex-
osures to laser light.

igure 8. Photoelectron lifetimes of samples in Fig. 7. Numerals �n� indi-

gate the number of exposures to laser light.

44
easurement of Microwave Photoconductivity in
COOAg-AgBrI Admixtures After Repeated Exposures
fter five exposures (Fig. 7, n=5), signal intensity decreased
ith the ratio of silver carboxylate present, much as it did

fter single exposures. But where repeated exposure of the
ure silver halide crystal emulsion brought only a marginal
ecrease in signal intensity, repeated exposure of samples
cross a range of silver carboxylate ratios resulted in substan-
ial drops in signal intensity. Similarly, after five exposures
Figure 8, n=5), the introduction of silver carboxylate re-
ulted in photoelectron lifetimes longer than obtained with
he pure silver halide emulsion (although again without cor-
elation with the ratio of silver carboxylate present).

ISCUSSION
hotoelectron Decay and Latent Image Formation
he nature of the transition responsible for the photocon-
uctivity transient decay signal has yet to be clearly defined,
ut one way in which photoconductivity relates to latent

mage formation involves a lattice relaxation model.8 In this
odel, silver halide crystals absorb light to generate photo-

lectrons �ef� in the conduction band and holes �h� in the
alence band:

h� → ef + h . �1�

he photoconductivity signal is proportional to the number
f free electrons in the conduction band.

Equilibrium between the electron trapping and thermal
etrapping proceeds immediately upon exposure:

ef + �T� ↔ eT, �2�

here (T) is an electron trap and eT is an electron in the
rap. The number of shallow traps and the initial number of
ree electrons can be estimated from signal intensity (I). Eq.
2) applies until all the free electrons disappear.

A shallow trapped electron may be converted into a
eep trapped electron, and the photoconductivity signal falls
ccordingly:

eT → eT� , �3�

here eT� is a trapped electron in a deep electron trap. This
lectronic process [Eq. (3)] appears as the fast component of
ecay ��1�.

Some trapped electrons react with interstitial silver ions
Agi

+� at the deep traps and form silver atoms �Ag0�, after
hich the photoconductivity signal falls further:

eT� + Agi
+ → Ag0. �4�

his ionic process [Eq. (4)] appears as the slow component
f decay ��2�. The repetition of these reciprocating electronic
nd ionic processes creates a latent image center.

At the same time, positive holes are trapped by hole
raps to which the silver ion vacancy �VAg� subsequently

ravitates, and a hole-complex ��hVAg�� is generated.

J. Imaging Sci. Technol. 51�6�/Nov.-Dec. 2007
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h + VAg
− ↔ �hVAg� . �5�

he hole-complex diffuses and discharges as Br2 at the crys-
al surface.

�hVAg� → Br → 1

2
Br2. �6�

t the same time, some trapped electrons react with the
oles, and a recombination reaction renders these electrons
xtinct. The photoconductivity signal decreases with the de-
rease in the number of free electrons:

eT� + h → recombination. �7�

his recombination reaction also appears as the slow com-
onent of decay ��2�. When the recombination reaction oc-
urs frequently, silver cluster (latent image center) formation
ecomes inefficient.

In our study, we made all microwave photoconductivity
easurements at room temperature. It appears that the se-

ies of reactions occurs very quickly, so that separation of
ach reaction is difficult. While the �1 of this study appar-
ntly included �2, the ratio of �2 is unidentified. However,
q. (3) is a trigger reaction of electron decay. So we tenta-

ively assumed that the photoelectron lifetime of this study
orresponds to the kinetics of the electronic process of
q. (3).

hotoconductivity of Nanometer-Scale Silver Halide
mulsion
he ratio of surface area to volume of nanometer-scale silver
alide crystals is greater than that of micrometer scale crys-

als. Because defects on the surface can act as shallow traps,
here are many shallow traps on nanometer-scale crystals. It
ppears that a great number of free electrons are easily
rapped [Eq. (2)], and signal decreases dramatically at the
nitial stage of decay. Thus, an optimum measurement con-
ition to maximize the signal-to-noise ratio is necessary, just
s it was in this study.

The signal of the pure silver halide system in Fig. 6(a)
id not decay to the level preceding exposure �0 mV� but it
ecayed to about 60 mV. It may be that at the latter stage of
ecay a large number of free electrons are reintroduced as

hey escape from shallow traps [Eq. (2)]. Although there are
any shallow traps on nanometer-scale crystals, latent image

ormation is inefficient.

he Effect of Adding RCOOAg
ecause the light absorption11 of silver halide at 355 nm is

tronger than that of silver carboxylate, and because there
as only a small amount ��10 mol % � of silver carboxylate

n any of the RCOOAg-AgBrI admixtures, it may be pre-
umed that the origin of the photoconductivity signals ob-
erved was the silver halide crystals.

The signal intensity on single exposure (Fig. 7, n=1)
ropped with an increase in the ratio of silver carboxylate,
uggesting that free electron population in the conduction
and decreases as electron trapping and thermal detrapping

eek equilibrium [Eq. (2)]. In general, free electrons �ef� de- n

. Imaging Sci. Technol. 51�6�/Nov.-Dec. 2007
rease as shallow traps (T) increase. This suggests that shal-
ow traps increased with the addition of silver carboxylate.

Photoelectron lifetime after a single exposure (Fig. 8,
=1) decreased when silver carboxylate was present. The
hotoelectron lifetime reflects the relaxation process from
hallow to deep traps [Eq. (3)]. It may be that the relaxation
rocess with the shallow traps generated by the addition of
ilver carboxylate is different from the relaxation process in-
olved with the intrinsic shallow traps of pure silver halide
rystals.

In addition, while photoelectron lifetime changes in the
resence of silver carboxylate, that change does not depend
n the ratio of silver carboxylate present, suggesting that the
hotoelectron lifetime reflects the activity of each photoelec-
ron on each individual shallow trap of the silver halide
rystal.

As seen in Fig. 6(a), the level of signal convergence for
ll RCOOAg-AgBrI samples is about 20 mV, lower than the
evel for the pure silver halide crystal sample. Previously we
eported that silver clusters form easily in a RCOOAg-AgBrI
ystem, as indicated by diffuse reflectance spectrum

easurement.10 Therefore, it appears that the effect of add-
ng silver carboxylate is to increase the number of shallow
raps [Eq. (2)] and to promote electron decay through the
eneration of silver clusters [Eqs. (3) and (4)].

nalysis of Data From Repeated Exposures
n general, signal intensity falls with repeated exposures,
hich can be explained by the formation of silver clusters

cting as electron traps.11 In our previous report,10 we found
hat silver clusters formed more efficiently in a RCOOAg-
gBrI admixture than in a pure AgBrI emulsion. As seen in
igure 7, the decrease in signal intensity after five exposures
as greater than that after a single exposure for all samples.
he decrease of the number of free electrons may be due to

he formation of silver clusters that work as electron traps.
In the case of the pure AgBrI emulsion samples, neither

ignal intensity nor photoelectron lifetime showed appre-
iable change with the number of exposures (Figs. 7 and 8),
erhaps because few silver atoms were formed even after five
xposures. The formation of silver clusters (and thus latent
mage) is difficult to achieve with nanometer-scale silver ha-
ide crystals.

There are many reports11 of a decrease in both signal
ntensity and photoelectron lifetime with an increase in the
umber of electron traps. However, Vekeman et al.12 re-
orted that signal intensity decreased but photoelectron life-
ime increased with silver halide crystals doped with iridium.
hey explained that a trivalent iridium complex behaves
hiefly as a transient electron trap, capturing photoelectrons
uring flash exposure and afterward releasing them ther-
ally at room temperature. Furthermore, they reported that

he hole capture cross section for a trivalent iridium com-
lex was small. Consequently, the internal recombination
tep is quenched, and most iridium ions act as temporary
lectron traps.

In our previous report,10 we found that whenever the

umber of exposures of the RCOOAg-AgBrI admixtures

545
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ncreased, the maximum absorption of silver clusters in the
icinity of 500 nm increased, rather than shifting to a longer
avelength. This indicated that with each exposure the gen-

ration of new silver clusters proceeded more readily than
he growth of existing silver clusters, suggesting that silver
arboxylate enhances not the growth of existing clusters but
he generation of new silver clusters.

We found photoelectron lifetimes to be prolonged
Fig. 8, n=5), indicating that the reaction process of Eq. (3)
s retarded. In this case, the silver clusters that form after
epeated exposures act as temporary electron traps, but, as
ith the trivalent iridium complexes referred to above,13 the

ilver clusters do not promote the relaxation process.
Finally, photoelectron lifetime showed little change with

ncreasing concentration of silver carboxylate (Fig. 8), sug-
esting that photoelectron decay is not strongly dependent
n the density of silver carboxylate. Photoelectron decay may

nvolve both silver carboxylate and silver halide crystals. It
ppears that the lattice relaxation process occurs only at
raps comprised of silver carboxylate on the surfaces of the
ilver halide crystals.

he Identity of Shallow Traps After One Exposure
igure 7 shows signal intensities falling with the addition of
ilver carboxylate, indicating that the presence of silver car-
oxylate brings about an increase in shallow traps. The ap-
earance of these traps is somehow due to the silver car-
oxylate present.

Yamane et al.4 has reported silver halide emulsions
pAg=8.3� with silver carboxylate in water media exhibiting
hotographic performance similar to a low pAg emulsion
pAg=4�. In an earlier report,10 we found that the pAg of a
ilver halide emulsion decreased with silver carboxylate con-
entration, i.e., free silver ion concentration increased from
issociation of the silver carboxylate.

Usanov et al. reported that photosensitive silver halides
nd silver carboxylate can be co-precipitated. Alternatively,
ilver carboxylate ions can be completely converted to silver
alide, and can be added back to silver carboxylate.13,14

In this study, we intended to avoid creating epitaxial
nterfaces between the silver carboxylate and the silver halide
rystals. However, it is quite possible that dissociated silver
arboxylate re-precipitated on the surfaces of silver halide
uring coating and drying. Such re-precipitated silver car-
oxylate might adsorb as a single molecule or adsorb as an
ggregate; just how the silver carboxylate adsorbs is unclear.

owever, it appears that the process results in many shallow
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raps comprised of silver carboxylate on the surfaces of silver
alide crystals.

ONCLUSIONS
icrowave photoconductivity measurements revealed that

he silver cluster formation process upon exposure of a
COOAg-AgBrI admixture differs from that process when a
ure AgBrI emulsion is exposed. The number of shallow
lectron traps increased when silver carboxylate was present
n silver halide crystal emulsions. This increased number of
hallow electron traps enabled a lattice relaxation process,
hus promoting the formation of silver clusters. We conclude
hat silver carboxylate greatly affects latent image formation
n silver salt photothermographic materials.
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