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Abstract speed. At really probable valug§s= 10— 10%5cr?, v =10
cm/s,N, = 10 cn1?, even for traps on a depth of 0.1 eV from

We have compared models of the latent image formation ithe bottom of the-band we receive at room temperatgre
silver halides according to the Gurney-Mott mechanism and0~ — 10* s. Such lifetimes are sufficient for participation
the statistical mechanism of intrinsic defect formation. Physiseized electron in the subsequent stages of the image forma-
cal parameters governing the latent image formation for thedmn, since inertness of an electronic stage does not surpass
two mechanisms are discussed. A probability of primary phot0-28s78
tochemical processes with the participation of biographic sen-
sitivity centers and a probability of the thermal defect
formation with the participation of an electronic excitation
are determined. The contribution of a statistical defect for-

mation to the total photochemical process is shown to increase E.
at the high light intensity. Mechanisms of the photographic E,
reciprocity failure are discussed according to considering Eq Y N,

models.
Introduction i N

The majority of the modern theories of the photographic pro-
cess in silver halides consider the image formation as result
of electron-ionic reactions in a solid lattit®@he main mod-
elg? of the latent image formation are based on the Gurney- E

Mott principle. According these models the primary Y /////////////
photochemical product in AgX is a result of localization of
the photoelectron and interstitial silver ion at the sensitivity_. . Lo
center. At the same time the photochemical process takes pla}'fégglrse 1.Energy structure of AgX with traps and intrinsic defect

in nominally pure AgX monocrystals. In workghe statisti- N:

cal model of primary photochemical processes is proposed.

This model has a good agreement with the experimental data The probability of an electron capture at a trap is deter-
on the nanosecond laser photolysis of AgBr and AgCl monoanined by the formula:

rystals® In the present paper two models of the latent image

f ; ; ; N, =Nv§ (2
ormation are compared and physical parameters governing
the primary photochemical processes are discussed. The statistical mechanism of primary photochemical pro-
cesse® is based on the theory of statistical interaction be-
Primary Photochemical Processes tween electrons and defects in semiconduétévscording

to this theory after the occurrence of an additional electron in
Local states in the forbidden band of AgX, in particular eleca crystal a formation of intrinsic lattice defebtg(Fig.1), on
tron traps, (Fig.1), play an important role in the first stage which an electron is located, is thermodynamically more ex-
of the latent image formation according the Gurney-Mottpediently than a formation of an electron at the bottom of a
mechanisni.The electron lifetime on these traps can be evalueonductivity band. Owing to increase of a probability of the

ated under the formula: thermal defect formation with participation of electrons, ex-
cited in a conductivity band by light, it is probably an essen-
= 1 o OE O tial increasing of the intrinsic defect concentration:
(TSN, Pk D @
1
i i i ivi i A N2 W-E
HereN. is a density of states in a_conductlwty bads N, = K ex % d @ 3)
a trap depth$, is a trap cross-sectionjs a thermal electron Eyf N, H 3KT
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HereA. ¢ is an electron concentration in a band after thegregation process are coadiictions between a high speed
absorption ofp light quanta at a quantum yield of photoeffectof a silver atom aggregation into silver clusters (10
Aq ¥ is a recombination temp of free electrons on deféct; Ag.cm3s?) and a low speed of a thermal atom generation
is a concentration of lattice unitg} is an energy of an intrin- (~10° Agcm3s). However this contradiction is absent if
sic defect formationE, is a depth of a defect level. the statistical model of a defect formation is considéped.

The probability of the spontaneous intrinsic defect for-  Naturally the nucleation and the growth of latent image
mation in a crystal, called by thermal fluctuations with thecenters according both the Gurney-Mott mechanism and the
participation of an electronic excitation is determined undestatistical mechanism can be result of as electron-ionic reac-

the formula® tions as the atomic cluster aggregation (Fig. 2). Therefore these
processes must be accounted for a consideration of both mod-

_a’Vy?N? W-E,-E els. For the choice of one alternative model of the latent im-

277N & % KT @ (4)  age formation it is necessary at first to determine probabilities

c

n, andn, according formulas (2) and (4).

Herea is a lattice parametev, is a frequency of jumps
between neighbor sets of a crystais an activation energy Reciprocity Failure at High Intensities
of a defect migration.

It is necessary to compare a probability of an intrinsicThe concentration of additional intrinsic defestsdepends
defect formation and a probability of an electron capture oon an intensity of light according to the formula (3). There-
biographic traps, to evaluate the contribution of the statisticdbre the role of the statistical defect formation increases when
defect formation to the photographic process. But that ththe concentration of biographic defects is small and the ex-
processes of the statistical defect formation occur in reglosure light intensity is large.
photomaterials, is confirmed by those fact, that at the nano- An absence of a reciprocity failure for primitive AgBr
second laser photolysis of holographic emulsions primargmulsion&!is determined by the effective formation of latent
photochemical products are observed as well as in nominallynage centers according a statistical mechanism.aFor

pure monocrystals. 5.8108cm,W=1.05eVE,=1eVE=0.15eVy,= 10°s N,
=10 cnr® andN = 10?2 cnr ), is equal 18 s for AgBr.
Nucleation and Growth of Value ofn, is equal about BG for AgCI. Therefore there is
Latent Image Centers a reciprocity failure at high intensities in primitive AgClI
emulsionst!

The final goal of any modeling of the latent image formation = Obviously processes of the latent image formation are
is the formation of silver clusters which are really develop+teversible at every stages. Therefore one believes that the for-
able. The main schemes consider nucleation {@mgnation)  mation of the high concentration of unstable primary centers
and growth (formation of Agetc.) processésé Fig. 2 shows according a statistical mechanism determines a reciprocity
processes of silver concentrating according two consideringilure at high intensities. For decreasing of such defect for-
models. mation it is necessary to enter traps into a crystal, which would
compete with these process. The iong*Q@deate in AgBr
electron traps with cross-secti@n~ 10> cn?.? To be com-
parable a probability), under the formula (4) with, under

Electron the formula (2), traps concentration should be2*-t@r3.
photoexcitation Really after doping of thermally processed compositions on
I L 1 the basis AgBr by CdBmwith concentrations ~1 mol% the
reciprocity failure of photothermographic films has essentially
reduced at high intensitiés.

| |
Electron-ionic growth Cluster aggregation

1 1 Conclusion
|
Formation of
developable centers

Trapping of electrons X Intrinsic defect formation

The first semi-quantitative estimations show that the proposed
statistical model of the latent image formation as the Gurney-
Mott model may play an essential role in some real photo-
graphic systems. Further applications and the quantitative
estimations of parameters are possible for different photo-
The first model assumes the consequent migration of elegraphic processes by use for example of computer procedures
trons and interstitial silver ions to a primary cedfefhe  according the work.
electron-hole recombination and losses linked with halogen
formation can be accounted for these electron-ionic processes. References
The other way is associated with the aggregation of in-
terstitial atomic and molecular clusters for the formation ofl. T. H. James, The Theory of the Photographic Process, 4th Ed.,
stable developable centéf§ he main difficulties of such ag- New York, 1977.

Figure 2. Schemes of the latent image formation.
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