
,Electron-\,Transfer in Solid State Materials I 
S. H. Ehdich 

12 Courtenay Circle 
~~sfo~d, Nau York 14534, USA 

Abstract 

This paper has related silver halide (AgBr, AgCl, BAgI) 
band gap energies to the common reference vacuum level 
and also the standard potential for redox couples referenced 
to the normal hydrogen electrode. This relationship suggests 
the thermodynamic limitations for photoreactions that can be 
carried out with charge carriers in the photographic silver 
halide microcrystals and other se~condu~or materials of 
known band gap values. The author has not calculated mean 
field interactions such as the various aspects of intercalation 
or interaction energies that a given ion would feel if adjacent 
sites were full. Iridium III, rhodium III, and iodide energies 
from literature values are reasonably placed within the band 
gap of AgBr in order to support the understanding of 
photophysical electron transfer within heterogeneous, two- 
phased photosensitive systems and other imaging systems. 

Introduction 

In general, an electron transfer may occur between a 
semiconductor electrode and a donor or acceptor in solution. 
The more specific case at hand is the photoexcitation of a 
silver halide microcrystallite and the transfer of the electron 
from the solid phase, the electrode, which serves as an 
electron sink or source. Alternatively, the redox reaction 
could take place in or at the interface of the 
nanoheterogeneous system or quantum cluster. The solid 
state properties of these imbedded aggregates depend 
strongly on the cluster size and the environment immediately 
surrounding these clusters; i.e., intercalation and mean field 
expressions for short-range crystal lattice. The charge at the 
interfaces controls the thermodynamics and kinetics of the 
heterogeneous redox reactions. The electrical field due to 
these charges at the interface is the major difference with 
respect to homogenous analogues. The photoexcitation with 
ensembles of relatively small numbers often fail to 
statistically represent all the host aggregates that may remain 
isolated with respect to the reaction time scale; thus, a 
variation of activation energies. Another interesting feature 
of these heterogeneous systems is the localization or position 
restriction of the epitaxial clusters in or upon the surface of 
the host crystal; e.g., faces, comers or edges of the crystals. 

This paper describes an attempt to assemble a large 
quantity of data and present some possible correlation with 
respect to several potential photography or imaging systems. 

Discussion and Results 

The discussion centers around the Fermi level of a redox 
electrolyte expressed in terms of electrochemical potentials 
under standard conditions and the relation 

(4, , Gulvuni ~o~entiu~~ fr) 

to the standard redox potential of the AO/A”” redox couple. 
The normal hydrogen electrode (NHE) in electrochemistry is 
used as a reference. The Gibbs free energy A&m of the 
solution reaction describes the redox 
EkHE (A”IAnW) or 

potential 

~H2+Au+A*+nH+ 
n (2) 

under standard conditions, where 

AGow~ = -nlTi?;~~ 0 

The vacuum or absolute potential scale is sometimes utilized 
instead of expressing redox potentials with respect to NHE. 
In the former case, the equilibrium 

ne-, + A o = A”’ (4) 
where 

A&C = pin- --& = -nFE;ac (5) 

assuming the chemical potential of the electron at rest in 
vacuum, at infinite distance from the electrodes is zero. 
Comparisons of Eqs. 1 and 5 yields 

EPf (redox) = -jg$“;ac - nF$whtion (6) 

which shows the Fermi level of the electron in solution is not 
identical with the redox potential expressed on the vacuum 
scale. In the field of photoelectrochemistry, it is frequently 
asserted that these quantities are identical.’ Bockris and 
Khan2 pointed out that only in the unlikely case where the 
inner solution potential, Galvani potential, is zero does the 
condition E>(redox)= -nFE hold, as shown in Eq. 6. 

Relating E V8c to EiHE is accomplished by adding 
Eq. 7 to 
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relevant redox level to form a metastable state with the silver 
halide defect lattice. 
3. Development of the silver-complex latent image may be 
internal to the grain or upon the surface at the interface of 
the aggregate or cluster. 
4. The lowest unoccupied molecular orbital (LUMO) of the - 
photon-absorbing adsorbed species cluster, or core 
semiconductor shelled or epitaxially placed upon silver 
halide, must be energetically positioned above the 
~ondu~ion band of the silver halide for photocatalysis of 
silver halide to occur. 
5. Oxidation by a valence band silver halide hole occurs 
when the nonexcited couple (HOMO) highest occupied 
molecular orbital or semiconductor valence band lies above 
the photoexcited silver halide valence band. 
6. Literature values ($ZSR) of shallow electron traps 0.446, 
0.420, and 0.460 eV’ of iridium III hexachloride under the 
conduction band (also 0.2 eV beneath (TSC) the conduction 
band2’) would not distinguish the validity of the band gap 
measurements due to the activation energy reference to the 
conduction band. An activation energy also determined the 
positioning of the shallow trap at an emitting iodide center, 
0.065 eV beneath the AgBr conduction band. 
7. Rh(CN$ /Rh(CN) f (E” = 0.9 V) show deeper 
electron trapping than experimental iridium III hexa~~o~de, 
which correlated with photographic results. 
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Figure 2 

 
Figure 3 

 
Figures 2 and 3.  The band postions of semi-conductors with respect to AgBr, AgCl, and βAgI.  The positions are given both 
as potentials versus NHE, and as energies versus the electron in vacuum. The dashed lines are of data from different 
analytical procedures or state of the materials than the solid lines as noted previously.
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Figures 4-12. Graphic interpretations of band positions AgBr, AgCl, and βAgl with respect to NHE potentials and as 
energies versus the electron in vacuum. The band gap positions are also related to different redox couples in aqueous 
solutions. 
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