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Effect of residual stress on the optical properties of CdI2 films
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The optical absorption near the fundamental absorption edge was measured as a function of film thickness,
substrate temperature, and heat treatment temperature for hexagonally structured~4H polytype! stoichiometric
CdI2 films. The structural analysis shows a well oriented~hh0! parallel to substrate plane with residual tensile
stress in the film. Residual stress was found to increase nonlinearly with both film thickness and treatment
temperature while it decreases linearly with substrate temperature. The optical absorption analysis shows both
direct and indirect types of interband transitions in agreement with earlier studies. The combined data from all
the three dependences show the existence of a threshold residual tensile stress~970 atm or 1000 kg/cm2)
above whichEg decreases~5 meV/atm! and grain size increases (0.067mm/atm) linearly with stress.
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I. INTRODUCTION

Cadmium iodide is an interesting material due to its la
ered structure having a hexagonal unit cell, which is isostr
tural with many halides andMX2-type dichalcogenides.1 An
infinite hexagonal sheet of Cd atoms sandwiched betw
two similar sheets of I atoms~the Cd atoms being octahe
drally coordinated! constitute the basic layer, and such laye
are stacked along the third direction to form a thre
dimensional compound. The possibility of different stacki
sequences due to the weak bonding~van der Waal’s! between
the layers leads to polytype structures. CdI2 is a well-known
polytype material having a number of polytypes as high
200, out of which only very few are commonly occurring2

Optical studies carried out on single-crystal samples sh
both direct~by reflectivity3! and indirect~by absorption3–5!
types of interband transitions at 3.8 and 3.2 eV, respectiv
The band-structure calculations also reveal the presence
direct band gap and a slightly smaller indirect band gap
fering by about 0.3–0.6 eV.6–10 However, the studies ar
quite limited regarding its basic thin-film propertie
~structural11,12 and optical13–16!. The thin films of any mate-
rial grown by many techniques normally contain remnant
residual internal stress developed during the condensatio
the substrate. Internal stress could also affect the phys
properties similar to externally applied stress. The thin-fi
form, therefore, can be an advantageous and convenient
tem to study such effect, if any. No such studies on press
dependence, either external or internal, are reported in
literature for CdI2. Therefore, we systematically studied th
film thickness dependence, the effect of the substrate t
perature, the effect of heat treatment, etc., on the phys
properties of thermally evaporated CdI2 films.

II. EXPERIMENTAL DETAILS

Films of CdI2 were grown on glass substrates at roo
temperature or elevated temperature by thermal evapora
at a vacuum of about 10-6 Torr using a molybdenum boa
The starting material was high-purity stoichiometric powd
which was pelletized for evaporation. Substrate tempera
0163-1829/2002/66~7!/075422~8!/$20.00 66 0754
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was maintained at the desired value with an accuracy
65 °C during the film growth as measured by a therm
couple placed on the substrate. The film thickness was m
tored by a quartz crystal thickness monitor during evapo
tion and subsequently confirmed byDEKTAK IIA surface
profiler measurements. In the present study the depos
rate was kept quite low~0.5–1 nm/s! because the very high
deposition rate (.6 nm/sec) led to nonuniform film growth
and low sticking. We have shown earlier17 that the interme-
diate deposition rate~2–5 nm/sec! leads toc-axis modulation
with thickness, which may be ascribed to the polytypism
CdI2. All the films were uniform and transparent. Howeve
very thick films become slightly translucent. The film
thicker than 600 nm crack and peel off the substrate,
thinner ones (,30 nm) show a discontinuity with the islan
structure. We have used only uniform and well-adhe
films. Small pieces of 535 mm2 were cut from the uniform
portion for carrying out various analyses on the same fi
All the films were grown at room temperature~300 K! for
studying the effect of film thickness. For studying the effe
of heat treatment, films of the same thickness were grow
room temperature and then were heat treated at various
sired temperatures. The films were heat treated in air fo
very short-time duration~30–40 sec! by placing them on a
preheated copper block at the desired temperatures. The
thickness was kept constant within an error of65 nm in all
the experiments concerning the effect of heat treatment~360
nm! and substrate temperatures~60 nm!. A structural study
of the films was carried out by x-ray-diffraction analys
~PHILIPS X-Pert model PW-1830 generator diffractomete!.
The film composition of the as grown films was found to
stoichiometric as determined by EDAX~JEOL - 840!. How-
ever, no noticeable deviation from stoichiometric film com
position was observed for heat-treated films or films gro
at substrate temperatures up to 200 °C. The morpholog
the film was studied by scanning electron microscopy~SEM!
~JEOL - 840!. The optical absorption measurements we
carried out in ultraviolet/VIS region using a~Shimadzu UV -
260! spectrophotometer. All the measurements concern
various analyses were carried out at room temperature~300
K! in this study.
©2002 The American Physical Society22-1
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III. RESULTS AND DISCUSSION

All the films grown either at room temperature or at
elevated substrate temperature up to 200 °C were comple
polycrystalline and stoichiometric~from x-ray diffraction
and EDAX analysis! without any exception. However, a
earlier report12 on an structure of CdI2 films showed that
films thinner than 100 nm were amorphous and that thic
films tended to crystallize. It is also known that CdI2 films
grown at a substrate temperature of less than 300 K
amorphous and that those either grown or annealed ab
300K are polycrystalline.18 X-ray diffraction analyses of al
the films show a high degree of crystallite orientation w
~hh0! parallel to substrate plane indicated by the major pe
observed from~110!, ~220!, ~330!, and ~440! reflections.
There were few other peaks of negligible relative intens
(,2%) from ~001!, ~101!, or ~111! reflections. Earlier
studies11,12 have also observed this kind of crystallite alig
ment in CdI2 films. Our x-ray-diffraction data agree ver
well with the earlier report11 as well as ASTM No.~12-574!.
The structural polytype of our films can be identified as
from the cell dimensions. The x-ray-diffraction data can a
be used to determine internal stress in the sample. The
placement of diffraction peaks from their correspondi
stress-free data indicates a uniform stress developed no
to the corresponding crystal plane in the film during cond
sation. If the diffraction peaks shift to lower angle~increas-
ing d), a tensile stress can be realized. Similarly, the
crease ind indicates a compressive stress. The nonunifo
stress is indicated by an increase in full width at half maxi
of the diffraction peak.19,20 All major peaks from~hh0! ob-
served in our x-ray data show a slight displacement tow
lower angle as compared to powder data~ASTM No. 12-
574!. We have illustrated this fact in Fig. 1 for the stronge
peak~110!. The magnitude of shift varies slightly from pea
to peak. Therefore, we have taken the average of strain

Dd

d
5

d~Observed!2d~ASTM!

d~ASTM!

for all four peaks. The residual stress in the film can
determined by multiplyingDd/d by the elastic constant o
the material. Therefore, we can callDd/d the residual stress
parameter. By the geometry of x-ray diffraction, the observ
peaks are from crystal planes parallel to the substrate pl
The increasedd spacing of these planes as observed in
present study indicates a tensile stress normal to the pla
We have thus determined the averageDd/d for dependences
of treatment temperature, film thickness and substrate t
perature as shown in Fig. 2. We can see an almost sim
behavior for the effect of the film thickness and treatm
temperature, while the trend is quite opposite in the cas
the effect of substrate temperature.

Almost all the films grown by any technique normal
have a residual stress of the magnitude that depends on
material and growth conditions. In a film residual stress m
occur at the scale of microstructure~intergranular micros-
tress! as well as at the level of crystal structure~intragranular
microstress!. Such stresses are, by necessity, balanced
stresses in other locations~or directions! or crystal planes
07542
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within the material for an equilibrium configuration.21 X-ray-
diffraction data can determine the residual stress only at
level of crystal structure. The intergranular microstress c
be determined by optical interferometric methods. Both m
surements on same sample can rarely be found. In this
text, the tensile stress along the thickness as determine
the x-ray data of the present study must be balanced by s
other stresses for equilibrium. It may be noted that the b
ancing stress could be of the same type~tensile! in the per-
pendicular direction or of the opposite type~compressive! in
the same direction. The first possibility—that is, the tens
stress normal to film thickness or along the length of
film—seems to be relevant and operative in the pres
study. The optical interferometric method measures the st
along the film length,22 and such a measurement has revea
a tensile stress in similar halide films23 such as
MgF2,ThoF2 ,PbF2 ,CeF3, etc. The tensile stress along th
film length could be both intragranular and intergranul
However, the intragranular nature along film length can
be analyzed by the present x-ray-diffraction~XRD! data. The
intergranular stress is usually measured by optical inter
rometry which was not possible in the present study. We
assume a dominating intergranular microstress along
length similar to that observed in few similar halide films23

as mentioned above. Therefore, an intergranular tensile s
along film length could well exist. Further, this fact is als

FIG. 1. Shifting of the~110! peak position from correspondin
powder data ASTM No.12-574~the vertical broken line! resulting
in the increase ofd110 of CdI2 films heat treated at various temper
tures~identified in the figure!.
2-2
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EFFECT OF RESIDUAL STRESS ON THE OPTICAL . . . PHYSICAL REVIEW B 66, 075422 ~2002!
revealed by SEM analysis, as displayed in Fig. 3. We h
shown a few representative SEM photographs in Fig. 3
all three dependences. The grains grow in size along the
length, and become flattened with both film thickness a
treatment temperature. The opposite behavior can be see
effect of substrate temperature consistent with the resid
stress behavior. Therefore, we strongly believe that the
sile stress along the thickness~as determined by XRD! must
be balanced by the intergranular tensile stress along the
length.

The thickness dependence of the residual stress may
ply reveal the growth stress (s I) or internal stress develope
during deposition when film deposition and stress meas
ments are made at the same temperature. However, th
sidual stress will be altered when film deposition occurs
temperatures different from that at which stress is measu
This happens mainly due to the difference in the therm
expansion coefficient of film and substrate. The developm
of stress due to this is normally called thermal stress,s f(T),

FIG. 2. Dependence of residual tensile stress parameterDd/d on
~A! heat treatment temperatures~360-nm-thick film grown at room
temperature and then treated at desired temperatures!, ~B! film
thickness~grown at room temperature!, and~C! substrate tempera
tures~60-nm-thick films! for CdI2 films.
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which superimposes on the growth stress giving the to
residual stress in the film as22 s f5s f(T)1s I . The thermal
stress is given by22

s f~T!5~as2a f !DTEf /~12n f !, ~1!

where as and a f are the coefficients of the linear therm
expansions of the substrate and film, respectively;DT is the
temperature difference;Ef is the Young’s modulus of the
film; and n f is the Poisson ratio of the film. In this contex
the behaviors of the residual stress with the treatment t
perature and substrate temperature would be of similar
tures showing a monotonic increase. However, it should
noted that there is difference in the two processes. In
heat-treatment experiment samples were heat treated onl
few seconds in air, and therefore the process can be assu
similar to quenching. In this case the development and
perimposition of thermal stress on growth stress can be
pected, as predicted by Eq.~1!. The derivation of Eq.~1! is
based on a linear expansion along the film length, and p
dicts the stress in the same direction. As we discussed ab
the increased intergranular microstress along the film len
in the process causes an increase in the stress along the
thickness as observed in Fig. 2~A! as a function of the treat
ment temperature. In the case of an elevated substrate
perature, the cooling takes place very slowly~a few hours!
due to the vacuum and is equivalent to annealing. In ad
tion, the growth process itself will be affected by the e
evated substrate temperature. Therefore, heated substrat
ter the intrinsic stresses largely by promoting defe
annealing and the process of recrystallization. The resul
softening relaxes the growth stresses, which fall rapidly w
temperature.22 We can see that the magnitude as well as
havior of Dd/d are quite consistent with the above idea
far as substrate temperature is concerned, as seen in
2~C!. We may add the fact that the film cracks above t
upper limits of both film thickness and treatment temperat
shown in Figs. 2~A! and 2~B!. This may show the ever in
creasing intergranular stress and the cracking or brea
when an imbalance between along the thickness and a
the length stresses develops. We have plotted the ave
grain size as a function ofDd/d in Fig. 4 ~results of all three
experiments! to see explicitly the dependence of gra
growth on intergranular microstress. Of course, it is assum
that the measuredDd/d along the thickness is equal to th
microstress along the length since the film is in equilibriu
We can note the existence of a threshold stressDd/d
50.0019 above which the grain size increases linearly w
stress. It is quite difficult to reason out this behavior at t
stage.

We have carried out optical absorption/transmission m
surements on all the samples which were structurally
morphologically well characterized. Some representative
tical absorption data as a function of wavelength are sho
for a heat-treated 360-nm-thick film at different temperatu
in Fig. 5. The absorption coefficienta was calculated by the
measured absorptionA as a function of incident photon
wavelength using a relation
2-3
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FIG. 3. SEM micrographs
showing the crystallite morphol-
ogy of CdI2 films ~grown at room
temperature! treated at~A! 50 °C
and~B! 200 °C. Similarly,~C! and
~D! show the morphology of as
grown 55- and 500-nm-thick films
at room temperature, respectivel
~E! and ~F! are for films grown at
substrate temperatures of 50 an
125 °C, respectively.
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t
, ~2!

wheret is the film thickness, neglecting the reflection coe
ficient, which is insignificant near the absorption edge. T
wavy nature of the absorption away from the fundamen
absorption edge is due to the interference fringes aris
from the substrate-film and film-air interfaces. It can be se
from the figure that these fringes smoothe out as the tr
ment temperature increases. The fringe pattern is much m
pronounced in transmission spectra and will be utilized
determine the refractive index~n! as a function of wave-
length. The steep rise in the absorption coefficient near
absorption edge hints at a direct type of transition. In a po
crystalline material the nature of optical interband transitio
~direct or indirect! near the absorption edge can be det
mined by the relation betweena and the optical energy ga
Eg . Assuming parabolic bands, the relation betweena and
Eg for a direct transition is given by24
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ahn5const~hn2Eg!n, ~3!

and for indirect transition by24

ahn5
A~hn2Eg1Ep!n

exp~uD /T!21
1

B~hn2Eg2Ep!n

12exp~2uD /T!
~4!

whereEp is the phonon energy assisting the transition,uD is
the Debye temperature, andA, and B are constants. For a
direct transitionn51/2 or 3/2 depending on whether th
transition is allowed or forbidden in quantum mechanic
sense. Similarly,n52 or 3 for indirect allowed and forbid-
den transitions, respectively. The usual method of determ
ing the energy gap is to plot (ahn)1/n againsthn and look
for that value ofn which gives the best linear graph in th
absorption edge region. Obviously, there will be a single l
ear region in the case of a direct transition and two lin
portions for an indirect transition as can be seen from E
~3! and ~4!. We have plotted (ahn)1/n versushn for CdI2
2-4
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EFFECT OF RESIDUAL STRESS ON THE OPTICAL . . . PHYSICAL REVIEW B 66, 075422 ~2002!
films treated at different temperatures, and the best fit
obtained forn51/2 indicating a direct allowed transition a
shown in the inset of Fig. 5.

In earlier reports3,4 the absorption data on single crysta
were fitted ton52 to obtain an indirect gap of 3.2 eV by th
plot of (a)1/2 versushn. However, in Ref. 4 authors clearl
indicate that the data fit equally well withn53 and the exact
nature of the transition is not certain. Using the data ofa
versushn in Refs. 3 and 4, we have found that the best fit
obtained forn51/2, that is a direct transition. A peak corr
sponding to a direct band-to-band transition has been ide
fied in the reflectivity spectra at 3.8 eV~at room
temperature!3 and at 4.3 eV~at 30 K!.10 We can see that a
room temperature both these reports agree very well w
we apply the linear temperature coefficient of the ene
gap3 (21.231023 eV/K) to Ref. 10. A direct transition
from valence-band maxima to conduction-band minima
4.1 eV has been determined from electron-energy-l
spectroscopy.11 The energy-band structure calculations6–11

clearly show the existence of both direct and indirect ba
gaps of similar magnitudes; the difference between the tw
about 0.3–0.6 eV. However, the band structure9 and band
gaps25 of CdI2 are shown to be insensitive to its polytype
Therefore, we can realize that both indirect and direct b
gaps exist in CdI2, and are separated by just 0.3–0.6 e
Since the indirect gap is just less than the direct gap, it
near the onset of direct gap and can hardly be noticed in
(ahn)2 versushn plot of much dominated direct transition
Therefore, the part of the optical absorption data near
knee or tail of the direct absorption edge have to be replo
as (ahn)1/2 versushn to determine the indirect gap. Th
details of such an analysis were reported earlier17 by us and
therefore are not shown here. The value of the indirect
ergy gap also agrees quite well with those in the literatu
However, we still believe that the optical absorption da
clearly reveal a direct energy gap showing the best fit tn
51/2. Thus the determined value ofEg ~indirect! agrees well
with earlier experimental results as well as band-struct
calculations. Our value ofEg ~direct! of 3.6 eV determined

FIG. 4. Growth of grain size with residual tensile stress para
eterDd/d in CdI2 films.
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for films of thickness<250 nm agrees well with the pre
dicted value 3.8 eV from band-structure calculations. We w
consider only a direct optical energy gap in this paper. T
direct optical energy gap (Eg) so determined varies mor
systematically with film thickness and treatment temperat
than with substrate temperature, as shown in Fig. 6. T
variation inEg with these parameters could be due to vario
reasons. For example, the variation ofEg with film thickness
can be ascribed to the quantum size effect if the film thi
ness is too small compared to the mean free path or to ch
ing grain boundary barrier heights, especially in doped se
conductors, or to the defect density in the film. Howev
none of these seems to be relevant or effective in the pre
material. The exact dependence of the defect density is
most impossible to establish from the present study. Since
have seen some systematic behavior of residual stress
these parameters, we can try to see some correlation betw
residual stress andEg . Generally, the effect of externally
applied pressure or stress~compressive! is well known in
many materials because of fractional changes in atomic
sitions due to strain, which would modify the band structu
slightly. The effect of an externally applied tensile stress
rarely known. We plotEg as a function ofDd/d in Fig. 7,
combining all the data from Figs. 2 and 6. We see thatEg is
almost independent ofDd/d up to 0.002 and then decreas
linearly with Dd/d. Therefore, we can say that there exists
threshold tensile stress above whichEg decreases linearly
The elastic constantC1150.49131011 N/m2 for a CdI2
single crystal.26 The diagonal elements of the elastic matr

-

FIG. 5. Optical absorption coefficienta as a function of incident
photon energy for three heat-treated 360-nm-thick CdI2 films. The
treatment temperature are indicated in the figure. The inset sh
the plot of (ahn)2 vs hn for determining the direct optical energ
gap by the extrapolation of the linear part~shown by straight lines!.
2-5
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PANKAJ TYAGI AND A. G. VEDESHWAR PHYSICAL REVIEW B66, 075422 ~2002!
are the principal elastic constants representing pure tensi
compressive components, and the off-diagonal terms re
sent shear components. In all the concerned figures we
represented the stress byDd/d to differentiate it from di-
rectly measured or externally applied stress. The thresh
stress can be calculated using the elastic constant as
3107 N/m2 ~970 atm or 1000 kg/cm2). However, it should
be noted that C11 is not the exact component along the@110#
direction and we have used it only for the purpose of e
mating the order of magnitude of the stress here. Incid
tally, the order of magnitude of the tensile stress~along
thickness by XRD!, determined roughly here, matches qu
well with those~intergranular microstress along film leng
determined by optical interferometry! observed for some
similar halides like PbI2 ,CeF3 ,MgF2, and ThOF2 films23 for
which stress analysis by XRD is not available. Therefore,
strongly believe that the tensile stress along the thicknes
detected by XRD here must develop in accordance with
intergranular tensile stress along the length for the purpos
balance or equilibrium up to a certain limit beyond which t

FIG. 6. The variation ofEg with ~A! treatment temperatures~the
film grown at room temperature was treated at desired temperat!,
~B! film thickness~grown at room temperature!, and ~C! substrate
temperatures for CdI2 films. Eg was determined for the sample
used in Fig. 2.
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film breaks due to excesive tensile stress along the len
Above the threshold stressEg decreases linearly with stres
at a rate of 5 meV/atm. In an earlier study27 on the hydro-
static pressure effects on optical excitations of lead and c
mium halides in the range 1000–3500 atm a linear incre
of 5.5 meV/atm was observed for CdI2 film for an optical
edge at 4 eV. In contrast to this a linearly decreasing tre
was observed for PbI2 film. It should be noted that the stres
was an overall compressive one on the sample as oppos
the tensile stress on the~110! orientation of the present study
The cross section of~110! of the 4H-type structure of CdI2
contains five Cd atoms on the plane surrounded by tw
atoms on either side of the plane. Increasingd110 means an
increase in I-I distance. In electronic structure calculations
cadmium halides10 the calculated and experimental ban
gaps decrease with increasing anion-anion distance f
CdCl2 to CdI2. However, the exact modification or change
the band structure due to the fractional change in I-I dista
is hard to find. We strongly feel that the observed large
crease of 5 meV/atm is mainly due to the modification of t
valence band arising from I 5p character due to the increas
ing I-I distance resulting from the tensile stress perpendicu
to ~110!. The effect of intergranular microstress along fil
length may not be significant or substantial on the band
because the increase in thec parameter~polytypism! along
the length in this oriented film is insensitive to the band g
as mentioned earlier.

As mentioned earlier, the interference fringes observed
the transmission spectra can be used to determine op
constants of the material like the refractive index (n), ab-
sorption index (k), etc., by drawing the envelope on th
maxima and minima of the fringe pattern in the transmiss
spectrum. The detailed description of the procedure is gi
in Ref. 28. In this method the accuracy of determiningn is
very good in the region quite away from absorption ed
The accuracy crucially depends upon the envelopes on
fringe pattern. Near the absorption edge the distance betw
the two envelopes decreases and the error in determi
these can cause a significant inaccuracy ofn in this region.
Therefore, the refractive index data determined by t
method near the absorption edge may not be quite relia

FIG. 7. The variation ofEg with the residual stress paramet
Dd/d for combined data from all three experiments.

e
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EFFECT OF RESIDUAL STRESS ON THE OPTICAL . . . PHYSICAL REVIEW B 66, 075422 ~2002!
The refractive index determined here may be treated as
ordinary refractive index because of the well-oriented~hh0!
parallel to the substrate. The ordinary refractive indexes o
CdI2 crystal were determined to be 2.36,4 2.4,29 2.35,30 and
2.38 ~Ref. 31! at a wavelength of 700 nm. In the prese
study, the ordinary refractive index determined at the sa
wavelength~700 nm! varies for samples studied by the thre
different experiments. In any case the maximum isn52.25
and the minimum isn51.95. Even the maximum value ofn
of the present study is less than the single-crystal aver
value reported earlier by about 0.12. The main reason for
difference is the polycrystalline nature of the films as o
posed to the single crystals. In a polycrystalline sample
packing density of crystalline grains would dictaten, and the
packing density depends on the grain size and their al
ments, etc. Therefore, a slightly smaller refractive index m
be expected for a polycrystalline sample as compared
single crystals. In fact, we have tried to see such a possib
by plotting the combined data ofn from the three experi-
ments as a function of grain size in Fig. 8. We can see
initial sharp fall and a subsequent saturation in the figu
The SEM results showed~Fig. 3! a dense packing for smalle
uniform grains and a decreasing packing density with fl
tening and nonuniformally growing grains, creating void
Therefore, the observed variation of the refractive index a
function of three experimental parameters could be ma

FIG. 8. The overall variation of refractive indexn ~determined
at l5700 nm) with grain size~the combined data from all the
three experiments!.
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due to the packing density of grains in the sample, consis
with SEM results. Finally, the effect of residual stress onn
may not be significant and cannot be separated from the
fect of the packing density. The effect of a hydrostatic pre
sure of about 6.93109 N/m2 at 300 K on ZnTe film pro-
duced a mere decrease of 0.06 inn52.91 measured at 700
nm.32 Therefore, a much larger variation of about 0.3 inn of
the present study is dictated by the packing density of gra
as revealed by SEM.

IV. CONCLUSIONS

The vacuum-evaporated stoichiometric CdI2 films grown
at very low deposition rates show a 4H polytype with a we
oriented ~hh0! parallel to the substrate plane having a r
sidual tensile stress perpendicular to these planes. The ef
of the film thickness and heat treatment temperature on st
tural ~residual stress! and optical (Eg) properties are similar
and significant. The effect of the substrate temperature
nominal and opposite as compared to other two abo
mentioned effects. Almost the same magnitude of thresh
residual stress has been observed in grain size andEg depen-
dencies. The flattening and increasing grain size along
film length could be a manifestation of the intergranular te
sile microstress that balances the tensile stress along
thickness up to a certain limit beyond which the film crack
The decrease ofEg linearly with stress above the thresho
may be assigned to a modification of the valence-band st
ture ~I 5p character! due to the fractional increase in I-
distance. However, the existence of a threshold stress is
quite clear and may be due to the polytypism of CdI2. The
behavior of the refractive index with grain size seems to
quite consistent with the behavior of the packing density
crystallites with grain size, as seen by SEM. We hope th
results are interesting enough to provide a further und
standing of layered compounds and polytypism.
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