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In the past threc decades, a nwabcy ol weports have
appearcd in the litcrature on nolytypisa, a phenoncnon which
ariscs fron the capacity of certain closc packed and laycred
solids to crystallisc into more than onc wmodifications, Still,
further cffort is rcquired before it can e explained or
wdcrstood fully, In the nxcesont work »nolytypisi and growth
tinctics have been studied in crystals of cadaiwa halides by
caploying x-ray diffraction and clectron nicroscopic technigues,
High resolution optical nicroscope and scanning clectron
nicroscope (SZil) were used to study the surface features of
the erystals and to understand the nossible growth mechanisnm
at different stages of growth, To find the perfection and
disorder of the crystals, transnission elcctron microscopic
(IEM) studics were performed, The purc and mixed orystals of
cadmiwn halides were chosen for investigation mainly because
in cadmium bromide and CdBr2~xIx crystals the phenomenon
ig practically not studicd and also the growth conditions

leading to various polytypes arc not well established,

The work reported in the thesis has been divided
into six chapters, Chapter I deals with a brief review of the
phenonenon of polytypism, its occurrence and theories put
forward to explain it alongwith the growth techniques with a

special refercnce to cadiliwa iodide and brouide,

Chapter II decals with the nicroscopic, x-ray and

clectron diffraction techniques for understanding the growth



processes involved in the vapour grown Cdl, crystals.,

Vapour phase method was selected because it gives better
control over growth variables and facilitates growing high
perfection crystals, The growth nechanisin was studied in
details using high resolution optical microscope and scanning
elcetron nicroscope, MNo spirals were ohserved on the crystals
which grow with their basal planes mormal to the wall of the
growth tube, whereas spirals have been obgerved on crystals
grown, on glass substrate, at comparatively higher supex-
saturation, In the early stages of layer growth, oxr whenever
a fresh nucleation takes place, the most probable structure is
observed to bhe a non-periodic one dimensionally disoxdered
structure, The disordered structure, as growth proceeds,

changes into an ordered one.

Chapter III describes the direct and reciprocal
lattices of cadmium halides and different experimental
procedures to obtain x-ray oscillographs, ZX-ray diffraction
is very suitable for the study of polytypism in cadaiwa halides,
The procedure for taking x-ray oscillographs and their inter-
pretation has been discussed in detail, ZX-ray diffraction
studies made on crystals grown under conditions of iuposed
thermal fluctuations showed 4H alongwith 12R  polytype,

A large number of solution grown CdBr2 crystals upon x-ray
examination exhibited the unusual phenomenon of rotation
during their growth; the angle of rotation isAs 4 between

the two opposite basal faces of the crystal:



iii

Chapter IV discusses the proccdure adopted for
finding the structure of cadmium halide polytypes. Structural
deternination of polytypes is an important aspect of the
gtudy of polytypism, However, for polytypes with longer
periodicities, the problem of structure determination is not
so simple., The detailed procedure for structure determination
of polytypes has been outlined, A fortran programme for the
caleulation of Tulaiive intcnoities of Aifferent 10,1 spots
has becen worked out,  The complete crystal structure of a
new rhombohedral polytype 12R of cadnium bromide has been
determined, Its formation has been explained by layer trans-

formation mechanisin,

Chapter V gives an account of the clectron micro-
scopic studies of the as grown crystals, During prolonged
studies thc crystals got decomposcd and their decomposition
has also been studied in detail, Duc to decomposition cadmivm
metal is crystallised and halogen gas is liberated, A number
of micrographs and electron diffraction patterms have been
taken at different stages of decomposition, Doublc diffraction

patterms in CdIl, as well as CdBr2 confirn the decomposition

2
mechanisn,

The last chapter of the thesis includes the growth
and structural analysis of mixed crystals, The formation of

mixed crystals has been confirmed by emploving wvarious technigues,
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The relative azount of the different elcuents »resent in the
as grown crystals vere deterained by using scanning Auvger

JAieroscopny.,

The author has concluded that growth conditions and
the Hresence of ilimurities are very impmortant in the forxmation
of various polytynic stiucturcs of a compound, The work
nresented in tho thesis has thrown further light for a better
understanding of the nhenomenon of polytypism and has resulted
in the folloving publications/conaumications,

1. "Cowparative Study of Purc and lixed Caduiua Ialide
Crystals", presented at the Tenth iTational Confcrence
on Crystallography, Varanasi, p. 73, 21-23 Fev, 1979,

2. "Denendence of Polytypisn on Growth Conditions in
Cadiziwn Todidce”, prescented at the 11th Tational
Conference on Crvstallography, Calcutta, ¢-0,

17-19 Jan. 1980,

% "iffect of Crowth Conditions on Polviynism in Cadmiun
Iodide" (comaunicated),

4, "The Crystal Structurc of a iew Polytype 12i. of Cadaium
Broaide”, Acta Cryst. B30 (1930), 20,

5« "Growth lcchanisn of Cadiiww Iodide Solytyncs’, J,
Crystal Growth 49 (1980), 530.



PREFACE
CHAPTER I

CHAPTER 1II

CHAPTER III

CONTINTS

INTRODUCTION

1,1 Polytypism

1,2 Notations for Polytypic Structures

1,% Polytypism in Cdl, and CdBr,

1.4 Theories of Polytypism

1.5 Crystal Growth
1,5.1 Solid-Solid Transformations
1,5,2 Liquid-Solid Trensformations
1.5.3 Vapour-Solid Transformations

GROWTH OF CATDMIUM IODIDE CRYSTALS

2,1 Growth of Cadmium Iodide Crystals
from Vapour Phase

2.2 Optical, Electron Microscopic and
X~-ray Studies

2,% Results and Discussion
Summary

STUDY OF CADMIUM IODID:Z AND CAIMIUM
BROMIDE POLYTYPES

3,1 Direct and Reciprocal Lattices of
Cadnium Todide and Cadmium Bromide

3,2 Evaluation of c~dimension of
Polytypes

%3,% X-ray Diffraction Studies
3.4 Results and Discussion

Summary

Page

10
17
19
19
21
25
25

2T

28
40

44

44

46

48
49
53



CHAPTEE IV

CHAPTER V

CHAPTER VI

CRYSTAL STRUCTURE OF A NEW POLYIYPD

4,1 Symmetries, Crystal Systems, Lattice
Types and Space Groups

4,2 Identification of the Lattice Type
and the Space Group

4,5 Structure Determination
4.4 Calculation of Intensities

4,5 Crystal Structure of a New Cadmnium
Bromide Polytype

4,6 Discussion

Surmary

ELECTRON MICROSCOPIC STUDY OF DEFECTIS AND
DECOMPOSITION OF CADMIUM HALIDE CRYSTALS

5.1 Geometry of Stacking Faults and
Partial Dislocations in Cadmium
Halide Crystals

5.2 Experimental

5.3 Results and Discussion

5.3.1 Defect Studies of Cadmium
Halide Crystals

5.3.,2 Decomposition of Cadmium
Halide Crystals

Summary

POLYTYPISM AND GROWTH IN MIXED CADMIUM
HALIDE CRYSTALS

6,1 Experimental
6.2 Growth Observations and Mechanism
6.3 Results and Discussion

6.%,1 X-ray Results

54
54

59

62
64
14

76
78

81

82

8%
84
84

86

93

105

106
107
109
109



6.%.2 TEM Results
6.3,3 Optical Absorption Results
6.%3.,4 SAM Results

Summary

REFERENCES
FORTRAN PROGRAMME FOR CALCULATING

THE RELATIVE INTENSITIES OF 36R
POLYIYPE OF CdBx, DIRECTLY FROM

ITS ZHDANOV NOTATION
ABOUT THE AUTHOR
REPRINTS/PREPRINTS

Page

11
112
113
114

115
122

128
129



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

