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Electronic, dielectric, and optical properties of individual composite silver halide microcrystals
using the EELS and LMTO-ASA techniques
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The low-loss fine structure in electron energy-loss spe&ELS) of individual composite high-aspect-ratio
tabular AgX(X=Br, 1) microcrystals between 4 and 26 eV was investigated by cryo-EELS and energy-filtering
transmission electron microscopy. Local dielectric permittivity, refractive index, and absorption coefficient
have been determined using Kramers-Kronig relationships. Quantum-mechanical calculations of the AgBr
band structure and dielectric permittivity by the linear muffin-tin orbital method in the atomic spheres approxi-
mation have been used to assign the structure attributed to exciton peaks. Experimental local dielectric param-
eters and joint optical density of states were found to be in fair general agreement with calculated dielectric
properties and densities of states.
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[. INTRODUCTION ity of interstitials and dislocations, and remarkable quantum-
size effects that have made them attractive for solid-state
Although the replacement of Agbased K=Br, I) imag- ~ Physics and chemistif~**In addition to the unique charac-
ing systems by electronic imaging has been predicted twér Of optical absorption, the Agdistates and the haloggn
decades ago, their current world manufacturing level iStates in AgX are close to each other, thus leading to consid-
larger than ever. However, in order to be eligible for incor—erable complexity in the valence-band structure, as was con-

e - o . . firmed by numerous reports-2°
poration into digital and hybrid information technologies for Due to their spatially resolved nature, energy-filtering

the 2" century, photographic materials must be further im-yansmission electron microscofEFTEM [equivalent to
proved with respect to their quantum efficiency and imagesiectron spectroscopic imagirigSl)]), and electron energy-
quality. In order to achieve these objectives, the key compotoss spectroscopyEELS), may give an important new in-
nents should be intentionally modified with a focus primarily sight into the crystalline and electron structures ofXAg

at the nanostructural level. By the introduction of high- Higher spectral resolution of modern EEI(&1-1.5 eV as
aspect-ratio tabular A¢g (X=CI, Br,1) grains of mixed compared to conventional energy-dispersive x-ray spectros-
composition, by incorporation of phase boundaries inKAg copy (EDX, 130-150 eV offers an opportunity to probe

microcrystalsdoublestructured or multistructured composite'ocal electron excitations in the crystals. The limitations in-

; +~duced by the methods arise from the insulating properties
crystalg, and the controlled chemical and spectral sensitiza= ) I _
ystals P nd damage of A§ under the electron irradiation, which

tions, the overall e.ff|C|ency of the photographic process hag uld be significantly reduced by cooling to liquid-nitrogen
been remarkably increased due to enhanced efficiency mperaturé:
quantum detection and reduced light scattering. Furthermore, o the other hand, during the last two decades one of the
the working grain volume has been decreased by a factor gfost popular quantum-mechanical electron structure calcula-
10 during the last decade. Granularity and speed of photaion techniques, thab initio linear muffin-tin orbital method
graphic materials employing advanced tabular grain technoli.MTO),2 in its atomic spheres approximatigASA) has
ogy can be modified over a wide range by a variation ofbeen extended to calculate the excited states and optical and
development conditions, thus offering a better quality-to-other physical properties of materials from first
speed ratio at middle and high densittesn increased inter-  principles?>?® Moreover, recent successful evaluation of
est in the structural and analytical characterization of indispatial distribution of the conduction-band particle density in
vidual microcrystals and their compositional arrangement byAgX with the LMTO-ASA treating exchange and correlation
various instrumental methods has been stimulated by the ireffects in the local spin-density approximation of the density-
troduction of novel types of photographic emulsions withfunctional theory (LSDA-DFT) showed that the lowest
improved efficiency of light quanta detection, photoholeconduction-band states contain essential contributions both
trapping, and storage of the latent im&ge. from the halogen and from the large interstitial lattice
Fundamental research in this field is still in progress,regions®* This further shows the original LMTO-ASA tech-
since the silver halides exhibit many interesting physical anchique by Andersen to be capable of calculating the optical
chemical properties. Among them, there are unusually smajproperties of materials. In this paper we report the local elec-
lattice constants, but large lattice energies and dielectric cortronic, dielectric, and optical properties of composite tabular
stants, peculiarities of elastic constants and phonon spectrAgX microcrystals studied by cryo-EELS/EFTEM and
low solubility, predominance of Frenkel defects, high mobil- LMTO-ASA techniques.
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AgBry I, used to calculate the imaginary part lm{/e) of the energy-
AgBr T, loss function and the real pagt and imaginary paré, of the
relative dielectric permittivity as well. Radiation damage of
AgX particles during measurements was reduced using a top-
entry cryostage af =80 K supplied with a modified evacu-
ated cooling trap.

A JEOL1200EX TEMSCAN electron microscope was
equipped with an EM-ASID10 scanning device and multide-
tector system and a NORAN TN5500 EDX analyzer; it was
a ) _ ) applied to carry out x-ray mapping and spot analysis in the

e e , bright- or dark-field scanning transmission electron mciros-
copy mode. To minimize crystal damage under electron bom-
bardment, the temperature of the specimen was keft at
=95 K hy using a GATAN 636 double tilt-cooling holder.

AgBr

Ill. THEORETICAL APPROACH

The calculations have been performed usingahenitio
linear muffin-tin orbital method in the atomic spheres ap-
proximation with the LSDA-DFT ansatz for the exchange
and correlation effects: Based on this formalism, expres-
sions for the real and imaginary parts of the dielectric per-
mittivity have been derived using a simplified model. Taking
into account only direct transitions, which conserve ke
vector, one obtains for the imaginary part:

b

FIG. 1. Schematic view of a composite tabular microcry&al
containing an AgBr core (1G920nm thicknessand two AgBr, 1)

shells (11@20nm thickness iodide atomic fractions in the corre- 2h%e? 3
sponding shells are denoted &sand y (x~0.03,y~0.08) and €2~ M2 w2 2 J' |MJI (k)| 5(E k) Ej (k) hw)d k.
cryo-EFTEM image of the composite tabular microcrystdds at (1)
100=5 eV energy losses near tth@l1] zone, T=80 K. Arrows
point to stacking faults in the shell. Here M;;, are the transition-matrix elements for transitions
from band numbej to j’ with k=Kk;=k;, andmis the elec-
Il. EXPERIMENT tron mass. Since real and imaginary parts are interconnected

AgBr (coré—Ag (Br, 1) (shel) composite tabular microc- by the Kramers-Kronig relations, the expression éprreads

rystals, 2—10um in size[see Figs. (a) and 1b)] containing

3-8 mol% of Agl in the shells were synthesized by a 2h*e?
computer-assisted double jet method. Procedures of speC|1 2m?
men preparation for microscopic studies have been described
elsewheré. All preparations and handling were done under

)\ (2
nonactinic light to avoid the formation of printout silver. . J |ij’(k)| d3k
Measurements have been performed at an acceleration volt-7;7 BZ [Ej,(IZ)—Ej(IZ)]Z[EJ-,(IZ)—Ej(IZ)—ﬁw] '
age of 80 kV using an analytical unit composed from a 2

ZEISS CEM902 computerized electron microscope with an

integrated energy filtefESI/EELS and a JEOL JEM1200EX HereP denotes the principal value of the integral. Assuming

TEMSCAN (STEM/EDX), both connected to a Kontron all transition-matrix elements to be independent of e

IBAS-2000 image analysis system. point and the band number of the initial and final electron
EEL spectra were recorded by a photomultiplier serial destate, Eq(1) is simplified to

tector interfaced to a PC/AT for automatic data acquisition.

The illumination semianglex was 2.5 mrad and the collec- V, . R

tion semiangle8 was varied from 6 to 35 mrad. The esti- €2=— > f 8(E; (k) —E;j(k) — fiw)d3k ©)

mated energy resolution was 1.5 eV, based on the measured @ jj’ 7Bz

full width at half maximum of the zero-loss peak. The baCk'with

ground was fitted according to the power-law functiB '

to reveal the positions of edges followed by smoothing using ” 5

Savitsky-Golay filters to remove noise from the spectrum v :Zﬁ e IM|2 @)

profiles. ThekRAKRO progrant® with single scattering distri- 2 m2 '

butions applied as an input and tBELSKKT progranf® em-

ploying for this purpose recorded EEL spectra have beewhile Eg.(2) transforms to
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P - . - - 3k
X? Jsz [E; (K)—E;j(K)]?[Ej/ (k) —Ej(k) —fiw] d -
with

2h%e?
V]_:

IM[2. (6)

w°m?

E (eV)

Within this approximation of constant transition-matrix ele-

ments, real and imaginary parts of the dielectric permittivity
are calculated from the energies provided by the self-
consistent LMTO-ASA energy band calculations.

IV. RESULTS AND DISCUSSION

Multistructured ~ composite  tabular  microcrystals
2-10um in size and 100—120 nm in thickness used in the
study consist of an AgBr core surrounded by two shells en-
riched with iodide, AgB§qdg0s and AgBK gJdg s, respec-
tively, as schematically shown in Fig(d). Figure 1b) pre-
sents an energy-filtered micrograph of the tabular grains F|G. 2. Electronic band structure of AgBr calculated by e
taken at 100-eV energy losses with a 10-eV energy windownitio LMTO-ASA method with a proposed assignment of experi-
Observations of the crystals using energy filtering in thementally observed exciton assisted interband transitionE, at,
range 0—100 eV indicate that the Bragg contrast is preserveghd X. Eg and Eig denote energies of the lowest direct and indirect
not only under zero losses, when the blurring and chromatigap, respectively, v.b. is the valence band, c.b. is the conduction
aberrations caused by inelastically scattered electrons aband.
avoided, but also in inelastic scattering processes exciting
plasmons and excitons superimposed with low-intensit
inner-shell ionization edged. Furthermore, as one can see

from Fig. 1(b), blurring of edge contours by a spectrum of __~— . — .

excitation errors due to the angular distribution of inelasti-{ll.lt} St?Ck'?g f?ults parallel t{:llfz}'”?ra'n e_dges._t'rl;htehco'Ln-B
cally scattered electrons is still insignificant at 100-eV en-POSIte structural arrangement of e grains. wi € Agbr
ergy losses. The image exhibits the unusual “negative” conore and iodide concentrations in the shells increasing from

trast because of variations of the electron intensity, whilethe center to the edges, as expectédshould promote pref-

intersecting a tail of the intensive bulk plasmon, followed byeLer:t'ﬁl Imlgratlon Oft pgptoi!ectr?hns to thlf. AgBr core ?”Ot'
a decrease in the background intensity with increasing en- olot ote_s In opp05|te lre_tt:hl_()n{h us reSL_:_ Ing In CO?Cenbr.?'
ergy losses. This leads to the observed contrast revers g latentimage centers within the core. frapping of mobiie

when the selected energy is tuned over the range of 0—1 .Ies on defective phage boundaries should additionally
eV stimulate a better separation of photoelectrons and holes dur-

The shape of the microcrystals that approximates either 51gFthe f(:;ma}\gon. of Ia}t(en; ml;ag?. K tati f band
regular hexagon or a truncated triangle is assigned to the rom the rorringa-ronn-rostoker computations of ban

= . structure for AgBr(Refs. 30 and 3land later calculations by
lateral growth along the side 11} planes originated by mul- 6| MTO-ASA technique(Fig. 2), the lowest conduction
tiple twin planes parallel to thél11) surface. Because of band iss-like and isotropic with the minimum & . The

high aspect ratio {20-100) and relatively large specific ap between first and second conduction bands is artificial

area, tabular microcrystals may significantly enhance qua ; ; : ; :
i . : ue to the intercept point lying beyond the considered main
tum efficiency and reduce light scattering. They also allow, PP ying bey

. - . . symmetry axiscompare, e.g., Vogest al ).
reduced le;/er depos;pon f‘.nd th|r;rr(1erbphoto%][ra;lprgc :ayerds asy In contrast, the valence-band structure is more complex,
compared to conventional ISometiicubic, octahedral, and ,nic, reflects a considerable degree of covalency. There is

mixed shapesAgX emulsion grains. Lattice distortions due . - . .
PesAg g ;N0 mixing of the states df(k=0) because of the inversion

to a few percent of iodide incorporated in the shells result i h : o .
atom displacements perpendicular to the core-shell interfac§YMMelry. The uppermost maximumlatiue to strong mix-

In turn, this decreases the cationic sublattice binding energynd for k# 0 and repelling the valence-band states gives rise
initiating various types of surface and internal defdstack-  to the indirect character of interband transitions. Spin-orbit
ing faults, dislocations, and Frenkel point defectdustering  interaction results in a split df ;5 into I'y andI'g and ofL 3

of iodine at nucleation points, and long period surface orderinto L and the degenerated, , L; bands, respectively.
ing of iodide ions! So, the optimum contrast improved by Observed interband transitions are marked in Fig. 2.

15 " R e e

r z X A r A L

y[uning allowed to observe narrow black lines in the shell
region pointed by arrows, which indicate the presence of
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FIG. 4. Dielectric permittivity and energy-loss function for an
AgBr core of a composite tabular microcrystal versus. self-
consistent LMTO-ASA calculations.

to 0 atE<3 eV, reflecting the position of the indirect exci-
ton band garEy at 2.68 e\VF>¥ The real parte;(q,E) de-
scribes the polarizability of the specimen, while the imagi-

nary partez(ﬁ,E) is related to absorption in the specimen.
The energy-loss function is expressed as

E (eV)

FIG. 3. Projected density of staté®@OS) calculated within the
LMTO-ASA approach, splitted ints-, p-, and d-orbital momen-
tums of the Ag and Br atoms.

Figure 3 presents an overview plot of the projected den- 1 & “’F“’S
sity of stategDOY) splitted intos-, p,- andd-orbital momen- mj| — e(q,E) T 212 (02— 02)2+ ()2’
tums of the projected Ag and Br atoms. One can see the Br ' 12 P

sstate at -15 eV and the Brstates and Agl-states mixing  \yherel is the damping constant, an, is the plasma reso-
between—5 and 0 eV. This proximity of Ag d and Br 90 nance frequency. The energy of the volume plasma reso-
states lying within about 1 eV to each other is the reason fopgnce # w,, for the particular excitonic system was esti-
the strong covalent character of AgBr. Strong mixing of themated in a first approximation s

Ag s, p, and valenceal states and the Br valengeandd
states occurs above the Fermi level. The first conduction _ > 3 > -
band at 3—7 eV seems to be mainly a mixture of thesAg hwp= ‘/(h wp)~+ (Bg)™= V214427 ev~21.6 ev.g
states and the By states, while the second and the third ones ©)

are due to complicated mixing of the Brandp states with Here % w;: nél(eomo)=2.14 eV is the free electron
the Agp _andd states. . . .plasma energy witth o being the corresponding frequency,

The single scattering EEL intensity expressed as the dif* . P )
ferential cross sectiod?s/dQ dE is related to the imaginary nis the_ AgBr electron density; the electron charges, the

) ) ) s permittivity of vacuum, anan the electron mass. The energy
part of the reciprocal complex dielectric permittivigq,E) o the free electron plasma was calculated assuming 16 va-
as a function of wave vectar and energyE. It thus reflects  lence outer-shell electrorigd (Ag*, ten electronsand 4p
the local dielectric response of the media to a longitudinalBr~, six electrony| as free. The estimated energy of the
field:> volume plasmon appeared to be close to the experimental
value within the accuracy of measurements. The free elec-
tron plasma frequency is; = 3.3x 10'° Hz.

The low-loss EEL spectra of tabular Xg(X=Br, I) mi-
crocrystals are dominated by collective outer-shell excita-
tions (excitons and plasmons superimposed with interband
transitions and excitations from defect levels into unoccupied
states®’ For low energy losse€<fiw,~21.6 eV, the
+Eq/l2mc?)?; mis the free electron mass; is the velocity  energy-loss function describes collective electron excitations
of the incident electrong; is the velocity of light, andEq is  against an ionic background caused by oscillations of bound
the initial energy of the incident electrons. Figure 4 showsglectrons(interband transitions When e, is zero or has a
the real and imaginary parts of the dielectric permittivity, local minimum (which points to instability of the electron
€(q,E)=€,(q,E) +i 5(q,E), and the energy-loss function system against small external perturbations, leading to exci-
computed using Kramers-Kronig relations for the AgBr coretationg and e, is still small enough(indicating small damp-
of a tabular microcrystal The curvese, and Im(— 1/e) fall ing of oscillations due to absorptipn the function

®

d?c

132
gage”'m

> ) In| 1+ —
€(q,E) O
where 3 is the collection semiangléhe illumination semi-

angle a< B<\E/E,), ®c=E/2T1-v?/c? is the charac-
teristic scattering angleT =1/2mv2=Ey(1+Eq/2mc?)/(1

: ()

115409-4



ELECTRONIC, DIELECTRIC, AND OPTICA . .. PHYSICAL REVIEW B 67, 115409 (2003

30

Im(—1/e(q,E)) exhibits maxima corresponding to oscilla-
tions at 4, 7-8, 15-17, and 22-24 eV. ] T N et (10026)
In line with studies of uv absorption and reflectivity on
AgBr,**% the feature at 4 eV ire, was attributed to unre-
solved direct exciton transitions involving the spin-orbit split
valence and conduction-band states atlthgoint, i.e. (g ,
I'y—TIg, see Fig. 2 The shoulder at about 8 eV and in-
tense peak at 10 eV were assigned to exciton transitions & 1o -
the X point [unresolved X5 , Xg , X7 —X¢ 1.3 The band at
15-17 eV was assigned to higher-energy exciton transitions s
particularly with Ty symmetry. Although Irt— 1/e(ﬁ,E))
revealed the essential similarity for samples under stagly, 0 . T : A T o
and e, exhibited some differences. Energy Loss (eV)
LMTO-ASA calculations of the real and imaginary parts
of the dielectric permittivity and of the energy-loss function  FIG. 5. Effective number of electrons per atoly,contributing
of crystalline AgBr have been performed using the describedip to 100-eV energy losses.
approach with fitting parameterg;=1/25 andV,=1/95.
For comparison with the experimental data the computed@lso the conduction-band structure, and that the computed
functions have been smoothed by use of a Gaussian with fanctionse; ande, essentially reflect the band structure and
width of Eq=0.025 eV. These smoothed LMTO-ASA calcu- density of states of AgBr.
lations compared with the experimental data for AgBr are As a check on the data based on the Bethe sum rule, an
also shown in Fig. 4. effective number of electrons per AgBr unit contributing up
Although €, ¢5c and Im(—1/egy) fall to zero at 4.3 eV to 100-eV energy lossedle, was calculatedFig. 5 using
(the direct band gap of AgBrdue to limitations of the the following equation$?
model, the maxima o€, at 9 eV, 11 eV, and 13 eV satisfac-
torily fit to the intensive composite band at 7—14 éMth 2eoMmg
maxima at 8 eV and 10 eV The assignment of the peak at Ne( €2) = —f
10 eV to the proposed exciton transitions at Xigoint is
supported by the calculations, which show a minimum at 10
eV in e, ¢4 However, the main contribution to this peak is Ngg(Im( — 1/e))= 2€oMo JEE’Im(—lle(E’))d E,

20

15

In(-1/g)],, N(&,)

E
E’e,(E")dE/, (10)

mh?€Npge; 0

supposed to refer to direct band-to-band transitions, from the WﬁzezﬂAgBr 0

valence bands between5 eV to — 3 eV to the lowest con- (11
duction band at 4—7 eV and from the top valence band at ) )

—2 10 0 eV to the conduction band at 10 eV. where npgg,=20.8 nm 3 is the number of AgBr units per

The minimum of computed; at 14 eV fits well to the unit volume. The effective numbers of electrdvg;(e,) and
minimum of the experimenta, curve, similarly to the mini-  Ner(Im(—1/€)) converge towards 25-26, althoudh(Im
mum of Re (1¢) at 13 eV. Afterwards, botle; and Re(1¢)  (—1/€)) remains reasonably less thbigq(€,) at low energy
converge towards 1. The agreement between experiment&?ses- This is due to theI_EL)Welghtlng factor |n.the relation-
and calculated; is reasonable except for the lower frequen-Ship between a double-differential cross section and general-
cies, where the neglect of excitonic effects in the theoreticalz€d oscillator strength per unit energy IdSsn the limit of
approach gives rise to major discrepancies. The same holds—> (practically at 150-160 elthe total number of va-
for Re(1k), where the agreement is satisfying down to 7 ev.lence Gelecltorons+ per f%muzla . unit  reaches 34

The crossings of Re(2) and Im(~1/e) at 8 eV where =16 (4p°4d™", Ag™)+18 (3d™4s°4p>, Br7). The differ-
1= ¢, coincide as well as of Re(d) ande, at 22 eV, where  €Nce up to 100-eV energy losses can Pe assigned to thgt eight
Im(— 1/€) has its maximum ang, has a local minimum. ©F nine from ten 8(Br~) and 4p (Ag") electrons practi-
Furthermore, there is the shoulderfat 15-16 eV super- pally do not co_ntrllbute in the selected range because related
imposed with the previous band and the corresponding maxinner-shell excitations, AN, ; at 59 eV and BiMysat 70
mum of Im(—1/e). For E>25 eV, both computed and ex- eV,'are_deIayed and occur before the valence-electron contri-
perimental curves are very close. Again, the features at 4—8ution is exhausted. _ _
eV cannot be computed due to having no direct transitions at " Fig. 6@ the real parfindex of refractio,
this energy, but except that, especially the calculated absorp- I
tion e, .qc and therefore the energy-loss function Hl/e) N o ]
accord well with the experimental data. So, this simple : 2( citete), (12
model based on the LMTO-ASA method seems capable of ) ) o o
describing the qualitative behavior of the dielectric permit-2nd the imaginary pafextinction coefficient
tivity properly and giving hints of exciton transition regions.
It is also evident that within the LMTO-ASA formalism not 2. 2
only the valence-band structure is well characterized, but k (Verte;—ey) (13

7
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FIG. 6. Local complex refractive indek
=n+ik (a) and absorption coefficient(E) (b)
of an individual tabular microcrystal, an AgBr
core, and corresponding computed quantities.

T T T T T T T T T T v
0 10 20 30 40 50 60
b Fnergy Loss (eV)

of the local complex refractive indeN|=e>=n+ik, of an  in the near uv direct exciton regiai8.5—6.7 eV and above
individual composite tabular microcrystal, calculated from30 eV using synchrotron radiation.

EELS data acquired within areas of about 100 nm in size for In addition, maxima of the real part of the optical joint
the AgBr core, and the computedandk are given. One can density of state$OJDOS,

easily notice that the values ofclosely approach 1.0 above

50 eV. Again, we found a good agreement of the experimen- 5
tal and calculated curves, especially for the minima at 15 anc ] R
24 eV ofn and the shoulder at 7 eV and the maximum at 11
eV of k. The extinction coefficienk is directly related tce,
with k=€,/(2n), and because af being almost 1 from 16
eV on, the behavior ok is trivial. The local absorption co-
efficient,

S
1

krakro

“
1

J

j \ —— elskkt
A

/

JODOS (107 eV'")
[ ]
1

E 2E 1
,U«(E):%\/Z( \/G%"‘E%_El):%k (14 1-

T T T T T T T
20 40 60 80 100

i 0
calculated using the same EEL spectra for the crystal AgBr Eneray Loss (¢V)

core, is shown in Fig. @®). In spite of the limited resolution

of the used EEL spectrometer, the valuesu¢E) satisfac- FIG. 7. Real part of optical joint density of staté@JDOS,
torily agree with the earlier reported results of Carrera andre(J,(E)) calculated from experimental data with tkeakro and
Brown>* who measured the transmission of AgBr thin films eLskkT programs, respectively.
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Ee, sponding calculated parameters. Ab initio quantum-
= (15 mechanical calculations of the AgBr band structure and

0.57E, dielectric permittivity by the LMTO-ASA method in the
with the energy of the free electron plasiig=21.4 eV, at LSDA-DFT approximation have been successfully used to
about 5 eV, 10-11 eV, and at 18 elFig. 7) satisfac- assign the structure attributed to exciton peaks. We have
torily fit to the corresponding maxima of the calculated DOSdemonstrated that the simple LMTO-ASA based model lim-
in Fig. 3. ited to only direct transitions above 4.3 eV is capable of
describing properly the qualitative behavior of the dielectric

V. CONCLUSION permittivity and of giving hints on exciton transition regions.

Moreover, it was found that within the LMTO-ASA formal-
The use of cryo-ESI/EELS combined with LMTO-ASA jsm not only the valence-band structure is well characterized,
quantum-mechanical calculations provides us with useful inpyt also the conduction-band structure, and that the real and
Slghts into Understanding of local electronic, dieIeCtriC, anqmaginary parts of the dielectric perm|tt|v|ty essentia”y re-

optical properties of individual high-aspect-ratio compositeflect the band structure and density of states of AgBr.
[AgBr core—AdBr, 1) shelld tabular microcrystals of con-

temporary photographic emulsion which are inaccessible by
other techniques. For the AgBr core, experimental local di-
electric permittivity, refractive index, absorption coefficient,
and joint optical density of states determined via Kramers- One of the authorgVPO) is thankful to Professor Dr.
Kronig analysis of the low-loss fine structure between 4 andRenaat Gijbels and Professor Dr. Wim Jacob, University of
26 eV energy losses in EEL spectra of individual microcrys-Antwerp, Wilrijk, Belgium for support of this research and
tals were found to be in fair general agreement with correuseful discussions.
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