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Abstract

Cadmium iodide and lead iodide have been highly
purified by a horizontal zone refining technique. Den-
dritic single crystals of Pbl,-doped cadmium iodide
have been grown from vapour phase in vacuum. The
effect of doping on polytype formation and other
structural characteristics has been studied by X-ray
diffraction. The crystals have shown the formation of
rhombohedral polytype 12R in about 50% of cases,
along with the common polytype 4H of cadmium
iodide. This is in sharp contrast to earlier findings for
undoped dendritic crystals which exclusively con-
tained the polytype 4 H. Further, unlike the undoped
crystals, some of the doped crystals also show streak-
ing and arcing on their X-ray photographs. The
observed structural changes may be governed by both
thermodynamical considerations and the kinetics of
crystal growth and the observed streaking and arcing
result from internal stresses built up around the rela-
tively large Pb’* ions in the host CdI, structure.

Introduction

A vast amount of experimental and theoretical work
has been carried out on the polytypism of crystals,
particularly in the last three decades. The crystals
studied have had several different habits, viz plates,
needles, prisms, pyramids etc.; the crystals of strongly
polytypic materials like Cdl,, SiC and ZnS are usually
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plate shaped. No work has been done on the polytyp-
ism of dendritic crystals. In fact, no attempts have
previously been made to grow dendritic crystals of a
polytypic material. However, it is now realized that
the formation of polytypes is also related to crystal
habit. For instance, GaSe crystals have been grown
in many habits like plates, needles, thin ribbons,
prisms, truncated pyramids etc., but polytypism has
been observed only in the needle-shaped crystals
grown by sublimation (Terhell, 1983). Similarly, only
needle-shaped Agl crystals show polytypism,
although these crystals have been grown in other
shapes, viz hexagonal plates, pyramids, prisms etc.
(Prager, 1983; Cochrane, 1967).

We have successfully grown large dendritic single
crystals of the richly polytypic material Cdl, from
the vapour phase, measuring up to nearly 10 mm long
and nearly 5 mm wide. A preliminary report has been
published (Kumar & Trigunayat, 1990). Besides the
crystal habit, the polytypism of crystals is known to
be affected by several other factors, of which an
important one is the presence of impurities
(Trigunayat, 1989). A study of the effect of the
introduction of some selected impurities in highly
pure melt-grown crystals of cadmium iodide has been
made recently (Tyagi, 1988; Tyagi & Trigunayat, 1988,
1989). It was proposed to carry out a similar study
on the role played by impurities in the formation of
polytypes in the dendritic crystals grown by us.
Accordingly, it was planned to dope CdI, crystals
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produced will be randomly distributed inside the
crystal. When the faults are able to arrange themselves
in a regular fashion, a well ordered polytype is pro-
duced; otherwise they are retained as faults in the
structure and manifest themselves as streaks between
reflections on the X-ray photographs.

In the dendrites grown in an argon atmosphere
using analar grade Cdl,, some higher polytypes were
observed and the streaking, too, was observed in 9%
of cases (Kumar & Trigunayat, 1990). Both higher
polytypes and streaking were eliminated when the
charge material was well purified by zone refining
and the argon atmosphere was replaced by vacuum.
Now, when Pb ions are introduced in the CdlI, struc-
ture as impurities, both polytype formation and
streaking are again observed. This clearly establishes
the role of impurities, including lead, in the formation
of polytypes in CdlI, crystals.

Arcing of the reflections arises from the arrange-
ment of edge dislocations into small-angle tilt boun-
daries. Like streaking, it has been observed in just
7% of cases in the present work which means that
the density of the dislocations produced in the struc-
ture was low.

In the earlier work it was found that the melt-grown
CdI, crystals doped with Pbl, unusually required long
exposure time (~8-10h) to produce well exposed
X-ray photographs compared with the usual exposure
time of nearly 1h for the undoped CdI, crystals
(Tyagi & Trigunayat, 1988). It was argued that when
the large-sized Pb** and 1~ ions (ionic radii 1-20 and
2-16 A, respectively) occupy the vacant octahedral
voids present in the CdlI, structure, local displace-
ments are produced which lead to weakening of the
X-ray reflections (Vainshtein, Fridkin & Indembom,
1982). However, in the present case of Pbl,-doped
dendritic crystals, the time required for producing
well exposed X-ray photographs was the same as for
the undoped CdlI, dendritic crystals, viz about 1 h. It
follows that no such local displacements are produced
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in the present vapour-grown dendritic crystals, the
reason for which may be the following. In the melt
growth, when the melt solidifies in the growth cham-
ber, the substituted Cd** ions and the liberated I~
ions cannot escape and are therefore compelled to
accommodate themselves at suitable positions in the
host structure. This enfored entry of the large I ions
(ionic radius =216 A) causes excessive local distor-
tions and hence large local displacements in the struc-
ture. No such constraints exist in vapour growth, so
the I” ions are free to escape into the surroundings.
They may also combine with the substituted Cd**
ions to form CdI, molecules, which may deposit
elsewhere in the growth chamber.

One of us (BK) expresses his gratitude to S. Mehdi
and K. Singh for helpful discussions. He is indebted
to the University Grants Commission, India, for
financial support.
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Abstract

The frozen phonon technique is introduced as a
means of including the effects of thermal vibrations
in multislice calculations of CBED patterns. This

0108-7673/91/030267-12$03.00

technique produces a thermal diffuse background,
Kikuchi bands and a Debye-Waller factor, all of
which are neglected in the standard multislice calcula-
tion. The frozen phonon calculations match experi-
mental silicon (100) CBED patterns for specimen
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