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The valence-band photoemission of silver bromide and silver iodobromide has been measured
with use of synchrotron radiation in the region of the Ag 4d Cooper minimum. The large change in

ionization cross section in this region permits the determination of the individual halogen p and
silver 4d partial densities of states (PDOS). The energy-distribution curves (EDC s) were recorded
at liquid-nitrogen temperatures to prevent photolysis and take advantage of the significant line nar-

rowing which occurs in the silver halides at low temperatures. The results are in good agreement
with experiments using rare-gas resonance lines and with previously calculated energy-band struc-
tures. Changes in the halogen PDOS with the addition of iodide indicate that the narrowing of the
band gap is due to the broadening of the uppermost antibonding halogen bands. The PDOS were
calculated for pure AgBr using a nonrelativistic, self-consistent, Hartree-Fock theory and show

good agreement with the experimental results.

I. INTRODUCTION

In the alkali halides the most loosely bound electrons
on the halogen and the alkali-metal ions are well separat-
ed in energy. ' This leads to a relatively simple valence
band composed almost exclusively of halogen p-like orbit-
als. In the noble-metal halides the situation is
significantly complicated by the presence of the metal d
orbitals which are in near degeneracy with those of the
halogen. " ' This near degeneracy leads to strong hy-
bridization and considerable complexity in the valence-
band structure. For example, in the rock-salt-structure
materials, AgC1 and AgBr, this orbital mixing has pro-
found effects, causing these materials to have indirect
band gaps and large valence-band widths. In the context
of photoemission spectra, this mixing means that
valence-band energy-distribution curves (EDC's) will be a
composite of both the halogen and metal partial densities
of states (PDOS's). The relative proportions will vary ac-
cording to the energy-dependent ionization cross sec-
tions. In an ideal case, for each type of orbital composing
the valence band there would exist a photon energy or en-

ergy range where its contribution to the experimental
spectrum would dominate. By recording spectra at each
of these energies, all of the constituent partial densities of
states could be directly measured. This ideal situation is
closely approximated in the Cu-Au alloys. ' At low pho-
ton energies the EDC*s reflect mainly the Au Sd density
of states, but near the Au 5d Cooper minimum, at about
160 eV, the EDC's are due primarily to the Cu 4d density

of states. As pointed out by Wertheim, ' this procedure
should have wide applicability for compounds or alloys
containing 4d-or Sd-group elements.

In the silver halides the procedure for determining par-
tial densities of states is somewhat more complex than in
the copper-gold alloys. Whereas the valence Ag 4d orbit-
als do show a significant Copper minimum at around 130
eV, the halogen ionization cross sections are not
large enough to produce a spectrum characteristic of the
pure halogen density of states. It is, however, still pos-
sible to extract the partial densities of states from mea-
sured EDC's. It is only necessary that the ionization
cross sections be known and that the relative values
change significantly with photon energy. This procedure
was pioneered by Cardona and co-workers and has been
applied to the silver ' and cuprous halides, as well as
the ternary compounds AgInTe2 and CuInS2. More re-
cently, the partial density of states in Cu75Pd25 has been
determined with this method from synchrotron-radiation
studies. The basic assumption is that the experimental
intensity, N(E, hv), where E is the electron kinetic ener-

gy and h v is the photon energy, is related to the ioniza-
tion cross section per electron, o;(hv), and the partial
density of states, p, (E), by the simple relationship

N(E, hv)=C(E, hv)[p (E)0 (hv)+pd(E)o„(hv)] . (l)

The proportionality constant, C(E,hv), contains experi-
mental variables such as photon flux and analyzer
transmission function as well as effects due to the electron
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escape depth. The justification for this simple model and
the approximations inherent in it have been discussed in
detail in the earlier work cited above. ' '

At the photon energies used in the present study, the
kinetic energy changes little over the width of the valence
band, so the proportionality constant in Eq. (1) is practi-
cally independent of F.. This allows the equation to be
solved for the partial densities of states, with
C(E,hv)=C(hv) being determined from the require-
ment that the sum of the partial densities of states over
all energies is simply the total number of valence elec-
trons of a given type:

and

f p dE=6

f pd dE=10,

(2)

(3)

and the fact that the area under the EDC is simply the in-
tegral of Eq. (1), given by

A= f N(E, hv)=C(hv)[10o. d(hv)+6cr (hv)] . (4)

With C(hv) thus determined, the experimental data
N (E,h v), Eq. (1), has only two unknowns, the halogen p
and silver d partial densities of states. If EDC's are then
measured at two photon energies, their intensities at
every binding energy, N(E, hv), will give two linearly in-

dependent equations which can be solved for the p and d
partial densities of states. ' Their properly normalized
sum will then give an expenmentally determined, total
density of states, p(E). This procedure is almost identical
to that used by Tejeda et al. ' ' It works well for sys-
tems where surface core-level shifts are small enough to
be disregarded. ' This study extends such work to the
iodobromides utilizing samples and an experimental
geometry that prevent angular distortions. Furthermore,
EDC's were recorded only at low temperature where
linewidths are significantly narrowed and photolysis
almost completely quenched.

We have also used synchrotron radiation, which allows
us to select those photon energies where the deterrnina-
tion of the partial densities of states can best be realized.
The earlier work on the silver halides' relied on rare-gas
discharge sources for photoexcitation; specifically, He I
(21.2 eV) and He tt (40.8 eV) radiation. In principle, the
large variation in halogen cross section expected in this
range should allow for an excellent determination of par-
tial densities of states. Unfortunately, the halide cross
sections were not known experimentally and were taken
from "semiquantitative comparisons" with those of the
isoelectronic rare gases. ' This is certainly a reasonable
first approximation but could be in considerable error.
Calculations and recent experimental results on chlorine
as well as the rare gases show that the cross sections
change very rapidly in this photon-energy range.
Even today, the absence of experimental cross-section
data remains a serious limitation in determining accurate
densities of states. The experimental photoionization
cross sections of both atomic and molecular chlorine are
now available, but that of bromine is not.

Because of the lack of a complete set of experimental

values, we have chosen to use theoretical cross sections
in determining the PDOS. Some of the errors that are
most likely to occur with this approach can be minimized

by using synchrotron radiation. We are able to record
EDC's at photon energies on either side of the Cooper
minimum and avoid regions of high cross-section varia-
tion. At these energies the calculations are less sensitive
to details of the wave function and should be more reli-
able. These and other questions posed by uncertainties in
ionization cross sections will be looked at in detail in Sec.
III where the experimental PDOS are actually derived
and compared with the p- and d-projected density of
states from band theory.

II. EXPERIMENTAL DETAILS

In order for experimental EDC's to reAect densities of
states as presented in Eq. (1), it is necessary that care be
taken to avoid certain angular effects, which can be very
significant in photoemission from solid materials. Re-
cently the rather large effects from atomiclike angular an-
isotropies in these materials have been studied in consid-
erable detail. ' These can most easily be avoided by
recording EDC's at the so-called "magic angle, " where
the analyzer is placed at an angle of 54.7' from the polar-
ization vector of the incoming photon beam. In this
configuration, spectral intensity is determined by the to-
tal angular integrated cross sections 0., rather than by the
differential cross sections d cr /d Q All sp.ectra were
recorded in this experimental geometry with the analyzer
in the horizontal plane. EDC's recorded with the
analyzer and polarization vector collinear showed
significant differences, indicating that this factor must be
considered if measured intensities are to be determined
by the total, integrated cross sections. A typical hemi-
spherical analyzer has acceptance angles on the order of
6', which does not give suScient angle averaging to over-
come this effect. The second major concern for angular
distortion of the spectra arises from direct transition
effects. In crystalline materials, particularly at low pho-
ton energy and low temperature, valence-band excitations
tend to conserve crystal momentum and produce a very
anisotropic distribution of emitted electrons. This is
overcome by making the sample highly disordered so that
these spatial anisotropies are averaged out and the inten-
sity is again determined only by the total angle-
independent cross section.

Samples were prepared in an ultrahigh-vacuum (UHV)
evaporation chamber that could be isolated from the
main analysis chamber. 1-crn glass microscope slides,
overcoated with a thick layer of gold to ensure electrical
conductivity, were placed in the chamber, and pumped to
the high-10 - or low-10 -Torr range. About 10000 A
of silver was evaporated onto the gold-coated surface.
The sample was then transferred to the main analysis
chamber, which maintained a base pressure of about
2 X 10 ' Torr and was sputtered with argon
(4X10 Torr, 0.5 keV, 35 mA) for 40 min. This pro-
cedure served to further randomize the polycrystalline
silver and produced clean core-level and valence-band
photoemission spectra. The sample was then transferred
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back to the evaporation chamber, where the silver halide
was slowly vapor-deposited, in the dark, from a resistive-

ly heated platinum filament. A total of about 400 A
was normally evaporated to form a continuous layer,
which was yet thin enough to prevent charging in these
excellent low-temperature insulators. The AgBr, „I„
was prepared by a very slow evaporation of the material
onto an existing of AgBr sample and then annealed at
200'C. This was done because, even with low concentra-
tions of iodide and low evaporation temperature, a very
iodide rich film is favored. By evaporating the
AgBr& I onto pure AgBr and annealing, we are able to
lower the iodide concentration, which was experimentally
determined from the I 4d and Br 3d core-level intensities
to be about 12% iodide. The sample was then transferred
back into the analysis chamber and mounted on a liquid-
nitrogen-cooled precision manipulator.

All viewports were covered by yellow filters to prevent
exposure to actinic radiation, and there was no exposure
to synchrotron radiation until the sample had cooled to
liquid-nitrogen temperature. At these temperatures the
core and valence-band spectra are significantly nar-
rowedi7, &8, 27, zs and photolysis is almost entirely
quenched. The absence of low-temperature photolysis
was confirmed by monitoring the core-level intensities of
Ag, Br, and I throughout the experiments. At low tem-
perature the intensities were independent of exposure,
while at room temperature a 30% loss in Br was observed
over a 1-h period. Several samples prepared and treated
in this manner were analyzed by x-ray diffraction, which
showed a structureless background with a very slight, less
than 5%, contribution from crystalline regions with (111)
planes oriented parallel to the sample surface. Scanning
electron microscopy also showed a very poorly defined
structure with small granular particles.

The spectra were recorded on the University of Illinois
beamline at the Synchrotron Radiation Center,
Stoughton, %I. This beamline is equipped with an
ultrahigh-vacuum-analysis chamber containing a hemi-
spherical energy analyzer, which can be rotated in both
the horizontal and vertical planes. The radiation from
the Aladdin storage ring was monochromated by an
extended-range grasshopper (ERG) monochromator.
The total instrumental resolution, as determined by the
sharpness of the Fermi edge of metallic silver, ranged
from about 0.2 eV at photon energies of 60 eV to about
0.95 eV at 165 eV.

AgBr
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4d Cooper minimum. The effects of this minimum are
clearly observable at about 130 eV.

At photon energies from about 50 to 90 eV the Ag 4d
cross section is more than 10 times that of the bromide 4p
(iodide Sp) valence levels. In this energy region the ex-
perimental spectra give a fairly accurate representation of

Binding Energy (eV)

FIG. 1. Energy-distribution curves for the valence bands of
silver bromide and silver iodobromide below and through the
Cooper minimum. The binding energy has been referenced to
the top of the valence band, with corrections made for instru-
mental resolution.

III. RESULTS AND DISCUSSION

Typical sets of EDC's for AgBr and AgB, „I are
shown in Fig. 1. The inelastic background was approxi-
mated by a polynomial fit to the low- and high-binding-
energy sides of the valence-band features. This back-
ground was then removed and the EDC's normalized to a
constant integrated area. The binding energies were mea-
sured relative to the valence-band maximum, which was
determined by extrapolating the leading edge to the base-
line. Because of the unusually slow rise of the band edge,
the uncertainty in this determination can be as large as
0.2 eV, particularly at high photon energies near the Ag

4 2
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FIG. 2. Experimentally determined partial and total density
of states for silver bromide determined from EDC's at 90 and
165 eV. Note the almost total absence of bromide contribution
near the center of the band.
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the pure silver density of states. As the Cooper minimum

is approached, the spectral shape changes dramatically.
The silver ionization cross section drops precipitously
and the energy resolution becomes poorer. At the
minimum, the halogen and silver valence cross sections
are much more equal and the EDC's more representative
of a true, total density of states broadened in energy. The
substantial increase in relative intensity near the top of
the valence band is due to the enhanced halide contribu-
tion as the silver cross section declines. In going to yet

I

higher photon energies, the silver cross section increases
slightly and then falls off very slowly while those of the
halogens continues their gradual decrease at values less
than that of the silver. At no time, even very near thresh-
old, is the halogen cross section expected to be large
enough to give an EDC indicative of the pure halogen
density of states.

To determine the halogen, and hence the total density
of states, Eq. (l) must be solved for pd(E) and p~(E):

and

N(E, hv, )C(hv~)a (hv~) N(—E,hv, )C(hv, )a (hv, )

Pd C(hv, )C(hv2)lad(hv, )cr~(hv&) crd—(hvar)a~(hvar)1

N(E, hv, )C(hvar)ad(hv2) N(E, —hv2)C(hv, )o d(hv, )

C(hv, )C(hv2)[ad(hv2)o. (hv, ) crd(—hv))cr (hv2)]

(5a)

(5b)

The ionization cross sections were taken from the tabula-
tion of Yeh and Lindau, with corrections made for ionic
orbital occupations. No further adjustments were made
for the ionic nature of the materials. However, the Ag 4d
values were modified by a 10-eV shift in photon energy to
account for the discrepancy between the calculated and
experimental energies of the Cooper minimum: 120 and
130 eV, ' respectively. The partial densities of states,
Eq. (5), were than solved simultaneously, at each data
point, for pairs of EDC's, N(E, hv). Since the solutions
to Eq. (5) are essentially normalized dift'erence spectra, it
is imperative that the EDC pairs used as input data have
nearly identical energy resolution. This was accom-
plished by computer broadening to produce a resolution-
matched pair. The total instrumental resolution, mono-
chrometer plus energy analyzer, was determined for all
relevant photon energies from the experimentally mea-
sured broadening of the Fermi level in metallic silver.

In principle, there is considerable redundancy in these
experiments since a large number of spectra were record-
ed at photon energies from 55 to 165 eV. Halogen and
silver partial densities of states can be generated from any
pair of these EDC's recorded at different photon energies.
In practice, three criteria were used to choose pairs for
the most credible results: (1) The two photon energies
should be such that there is a significant difference in the
cross sections o.

, (h v) and o;(h v'); (2) one of these photon
energies should be in the range where the Ag 4d cross
section is clearly dominant, and (3) the second photon en-
ergy should be in a region where there are no rapid
changes in either the silver or halogen cross section.
These criteria virtually dictate that the spectral pairs be
chosen from opposite sides of the Cooper minimum. Fig-
ure 3 shows the experimentally derived AgBr partial and
total densities of states which have been calculated from
EDC's recorded at h v=90 and 165 eV. The general form
of the PDOS is independent of the chosen EDC's. The
largest changes were observed in the halogen density,
with some variation in the depth of the minimum and the
distribution of intensity between the low- and high-

hv= hv=
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FIG. 3. The solid lines are experimentally measured energy-
distribution curves. The dotted curves are determined from Eq.
(1) using the PDOS in Fig. 3 and the theoretical photoionization
cross sections from Ref. 24.

binding-energy bands. However, a near-zero minimum is
always observed between the two bands as is the struc-
ture on the high-binding-energy band near 4.5 eV.

The effects of broadening to match resolutions can be
clearly seen by comparing the silver partial density of
states in Fig. 2 to the h v=80 eV EDC in Fig. 1. The 80-
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eV spectrum should, in itself, give a very accurate repre-
sentation of the true silver DOS. This is equally true of
any EDC recorded in the 50—90-eV range. The 90-eV
EDC has been used because it requires less broadening to
match resolution and the background subtraction is
simpler. Unfortunately, it must still be broadened con-
siderably in order to determine the halogen counterpart.
This limitation is inherent in the accessible photon ener-

gy range of these measurements. The silver PDOS can
always be determined with greater resolution than is pos-
sible for the halogen. Fortunately, theoretical calcula-
tions to be presented below show no sharp structural
features, which might be obscured by this broadening.

The greatest limitation to this method is clearly the ab-
sence of absolute ionization cross sections. These are not
known experimentally for any of the elements of interest
here. Those of chlorine have been measured out to 78.5
eV, and are about 25% larger than the calculated values
from Ref. 24. If anything, the theory should be better at
higher energies away from threshold and the Cooper
minimum. Calculated values for bromine are expected to
have a similar degree of error. On the other hand,
theoretical values for the neighboring rare gases repro-
duce experimental measurements fairly well for both
chlorine and bromine.

The cross sections for silver are perhaps somewhat
more questionable. The total absolute ionization cross
section for silver has been measured, but not the indivi-
dual orbital contributions required for the PDOS deter-
minations. '

Comparison of the calculated and experi-
mental total cross sections for photon energies above 130
eV agree within 10%, lending credence to the theoretical
values. Below 130 eV and above 300 eV the agreement is
much poorer because of problems associated with the
Cooper minimum on the low-photon-energy side and the
3d threshold on the high-photon-energy side. Fortunate-
ly, the uncertainties at low photon energy are not a seri-
ous limitation. It is simply sufficient that the Ag 4d cross
section be much larger than that of the halogen.

One way to observe the effects of possible errors in this
procedure is to compare PDOS calculations for all possi-
ble pairs of EDC's. If the approximations in Eq. (5) are
correct and the cross sections are accurately known, then
a11 of the PDOS will be identical except for differences in
resolution. The degree to which variations do occur will
give a good measure of the cross-section inaccuracies.
This is computationally laborious and produces such a
large number of PDOS curves that comparisons are
difficult. A more concise method has been used by
Wright et al. in their study of Cu-Pd alloys. If the
PDOS, which have been determined from EDC's at any
two photon energies, are correct, and if the calculated
cross sections are correct, then the EDC's at all other
photon energies can be calculated from Eq. (1). The com-
parison between experimental EDC's and those calculat-
ed in this manner are shown in Fig. 3. The PDOS used in
these calculations were those in Fig. 2, which were deter-
rnined from EDC's at 90 and 165 eV. In general, the
agreement is fair at best with significant variations in
both peak positions and intensities. The deviations are
the greatest in the neighborhood of the Cooper
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FIG. 4. Partial bromide density of states for AgBr. The solid
curves were determined from the theoretical cross sections of
Ref. 24 and the dotted curves are determined using the normal-
ized relative cross sections of silver metal (see text).

minimum, around 120—130 eV. This is the photon-
energy range where the Ag 4d ionization is no longer
dominant and experimental and theoretical total cross
sections show significant differences.

In order to assess the effects of uncertainties in o. on
the PDOS determination, we have repeated the calcula-
tions using cross sections based as closely as possible on
the limited experimental results available. To do this, the
Ag 4d relative cross sections reported earlier were nor-
malized to the absolute measurements of Hagernann
et al. at 55 eV. This is the lowest accessible photon en-

ergy and is just below the Ag 4p threshold. At this ener-

gy the 4d cross section is accurately approximated by the
total cross section (the only other contribution, the Ag Ss,
is negligible ). These normalized values give a silver
PDOS that is imperceptibly different from that reported
above (see Fig. 2). The comparison is not so good for the
bromide. In Fig. 4 the bromide density of states is com-
pared to that obtained previously using both cross sec-
tions from Yeh and Lindau. There is a significant de-
crease in the intensity of the high-binding-energy com-
ponent of the bromide density with the overall shape
remaining fundamentally the same. This variation is
probably indicative of the total quantitative uncertainty
in the determination of the halogen PDOS. While other
factors ' may contribute to this error, the lack of reli-
able cross-section data is no doubt the most serious

shortcoming.
The AgBr results in Fig. 2 are generally in good agree-

ment with those of Tejeda et al. ' obtained at room tem-
perature using rare-gas resonance lines. Even though the
experimental resolution should have been higher in this
previous work, we clearly observe greater structural de-
tail in the present study. This is most likely due to the in-
stability of the silver halides at room temperatures. They
decompose readily at such temperatures when exposed to
greater than band-gap-energy radiation. Over a period of
approximately 1 h of room-temperature exposure, the Br
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3d intensity dropped by 26% due to photolysis. Most, if
not all, of this loss occurred in the first stages of expo-
sure. This should produce EDC's with contributions
from both the silver halide and the photoinduced, small
silver clusters. The silver halides are also known to show
a "giant temperature effect" in photoemission, with
intensities and peak widths changing drastically between
room and liquid-nitrogen temperatures. Some of these
effects are illustrated in Fig. 5, which shows the tempera-
ture dependence of EDC's recorded at 90 and 140 eV.
Given these significant changes in the EDC s with tem-
perature, it may seem surprising that the PDOS of the
two studies agree as well as they do. This is probably due
to the near degeneracy of the Ag 4d states in silver clus-
ters and in the halides.

Clearly measurements on silver halides, which require
exposure to high-intensity radiation, should be carried
out at low temperature whenever possible. Below about
130 K the ionic mobility of AgBr is effectively
quenched and no photolysis is discernible in the Br 3d
intensity. In view of this and the significant line narrow-
ing that occurs as the temperature is lowered, most of the
EDC s in this study were recorded at liquid-nitrogen tem-
perature. Room-temperature measurements were made
only for the purpose of comparison with the earlier stud-
ies.

Finally, we compare our experimental AgBr PDOS
with the results of band theory. The electronic structure
was calculated using the nonrelativistic, self-consistent
Hartree-Fock method discussed in Ref. 15. The project-
ed p and d densities were determined and are superim-
posed on the experimental PDOS in Fig. 6. To account

for the experimental resolution the calculated curves
have been convoluted with a 0.95-eV, full width at half
maximum (FWHM), Gaussian line shape. This width
was determined from broadening of the Fermi level of
metallic silver. No attempt has been made to account for
the lifetime broadening of unknown value. The qualita-
tive shapes of the PDOS are very well described by
theory. Quantitatively, however, the position of the
sharp peak in the silver density is too tightly bound rela-
tive to the valence-band maximum. This causes the cal-
culated density to be slightly too broad. Also, the
theoretical density in the neighborhood of the band max-
irnum is too large. This latter problem is prevalent in
several other, much less sophisticated, semiempirical, ca1-
culations for AgCl. ' ' As pointed out in Ref. 10, the
valence-band maximum is associated with a region of
high state density at the edge of the Brillouin zone. This
would normally produce a much sharper edge than is
seen experimentally. Significant sharpening is observed
as the temperature is lowered from 300 to 77 K. Recent
extended x-ray-absorption fine-structure (EXAFS) stud-
ies show that substantial vibrational effects persist in
AgBr down to 20 K. It seems reasonable to suggest that
the apparent, low state density near the band maximum
results from the unusual thermal-broadening effects in
these materials.

d — PDOS
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FIG. 5. Energy-distribution curves for silver bromide record-
ed at 77 K (dotted lines) and room temperature (solid lines).
These changes persist when the room-temperature-exposed sam-
ple is recooled to 77 K.

FIG. 6. Comparison of experimental (solid curves) and
theoretical (dashed curves) partial p and d DOS's for AgBr.
Theoretical curves have been convoluted with a 0.95-eV,
FTHM Gaussian to simulate the eftects of experimental resolu-
tion and the binding-energy zero has been arbitrarily set.
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FIG. 7. Halogen partial density of states for AgBr and

AgBrp88Ip &2. Note the broadening of the low-binding-energy
component with iodide inclusion and the upward movement of
the valence-band maximum. Also note the scale change be-
tween the p and d densities of states.

The effect of iodide addition to AgBr is shown in Fig. 7
(see also Fig. 1). The iodide concentration was estimated
to be about 12' based on the intensity of the I 4d and Br
3d emissions at 100 eV photon energy. Here the uncer-
tainty is large because both cross sections are changing
very rapidly with photon energy. There is also a possibil-
ity of phase separation in this sample, but no indication
of a pure iodide can be seen in any of the EDC's and the
core lines are all sharp and symmetrical, as would be ex-
pected for a single component. Notice that the silver
PDOS is only slightly modified relative to the pure
bromide, but some interesting changes are seen in the
halogen PDOS.

Because the Br 4p and I 5p cross sections are very simi-
lar throughout the accessible photon-energy range, we
are unable to separate the halogen PDOS into its constit-
uent contributions. In Fig. 7 the total halogen density of
states in the iodobromide is compared to that of pure

silver bromide. The absence of a clear reference point
makes a quantitative comparison difficult. On the basis
of previous x-ray-photoemission (XPS) results, we have
assumed that the position of the sharp atomiclike struc-
ture, which produces the minimum at about 4 eV binding
energy, is a reasonable reference energy. Within this as-
sumption, the topmost portion of the halogen density
moves upwards towards the vacuum level with iodide ad-
dition. This is consistent with the change in band gap,
which narrows by 0.2 eV in a 12 mol % iodide, and
with XPS studies that show that the entire narrowing of
the band gap is due to the upward motion of the valence
band. The small steplike feature at the very top of the
iodobromide PDOS may not be real and is possibly due
to errors in the background subtraction. A similar
feature has, however, been seen in XPS spectra of
iodobromide crystals.

Independent of this assumption, the low-binding-
energy peak increases in intensity and broadens, while the
high-binding-energy component does just the opposite.
This is entirely consistent with the expectations of simple
molecular-orbital theory. The ionization potential of an
iodide is about 0.3 eV less than that of a bromide. This
should cause both the bonding and antibonding orbitals
to move to lower binding energy, with the greatest effect
taking place in the antibonding states near the top of the
valence band.
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