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Fig. 6. KFCT water molecule layer at y = 0.5 showing the ferro- 
electric axis. Water dipoles associated with one ferroelectric 
state are marked by the solid arrows, and with the other 
state by dotted arrows. 

Further elucidation of the complex behavior of 
KFCT below the Curie temperature can best be ob- 
tained by a series of neutron diffraction studies at 
lower temperatures with an electrical field first along 
[T01] and then a reversed field. This type of investiga- 
tion was made by Bacon & Pease (1955) on KH2PO4 
and would also allow a check on possible movements 
of the K + and the ferrocyanide ions. 

We wish to thank Dr Y. Baskin for the optical meas- 
urements, Dr L. Heaton and Mr H. Knott for help- 
ful discussions, and Mr J. Gvildys and Dr. G. W. Cox 
for considerable assistance in programming. We are 

indebted to Dr D. E. O'Reilly for analysis of the 
deuterated crystals and for stimulating discussions. 
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(Received 12 February 1970) 

An X-ray study of the arcing phenomenon in polytypic crystals of CdI2, PbI2 and CdBr2 has revealed that 
various polytypes are formed by the creation of stacking faults at different regular intervals during crystal 
growth. 

An X-ray study of a large number of crystals of three nayat, 1970a) and 12 of CdBr2 (Agrawal & Trigunayat, 
polytypic substances, viz. 120 of CdI2 (Agrawal & Trigu- 1970), has revealed that the arcing phenomenon, which con- 
nayat, 1969a,b), 60 of PbI2 (Agrawal, Chadha & Trigu- sists of an extension of the diffraction spots into small 
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arcs or closed rings on X-ray Laue photographs, is inter- 
related with the phenomenon of polytypism. The arcing 
phenomenon has been satisfactorily explained in terms of 
edge dislocations created during crystal growth (Agrawal & 
Trigunayat, 1969a,b), whereas to explain the polytypism, 
various theories (Verma & Krishna, 1966) have been put 
forward. The only theories which have received good ex- 
perimental recognition so far are the dislocation theory 
(Frank, 1951) and the disorder theory (Jagodzinski, 1954) 
but these, too, could not explain the formation of all the 
polytypes discovered so far. An attempt has therefore been 
made to explain the phenomenon. Apart from the academic 
and mineralogical interests involved, this phenomenon has 
evoked more material interest in recent years as it has been 
found that the different polytypes of a substance may pos- 
sess different semiconducting properties. Knippenberg 
(1963) has found a correlation between the structure type 
and the band gap for SiC. 

The relation between the phenomena of arcing and poly- 
typism (being inferred from the following experimental ob- 
servations), suggests that the edge dislocations which ori- 
ginate the arcing phenomenon are also responsible for the 
formation of polytypes. The experimental observations 
establishing the correlation between arcing and polytypism 
are as follows: 

(a) The arcing phenomenon occurs in nearly 42% of Cdlz 
crystals, whereas in PbI2 crystals its occurrence is limited 
to only about 5 %. The occurrence of polytypes, other than 
the common types (2H in PbI2 and 4H in CdI2), in PbI2 
crystals is also less frequent in comparison with CdIz 
crystals. Only 10% of PbI2 crystals occur as such poly- 
types, whereas for CdI2 crystals the proportion is nearly 
25%. This shows that the frequency of generation of edge 
dislocations, which is governed by the stacking fault energy, 
is lower in PbI2 than in CdI2. The experimental observa- 
tion of lesser incidence of streaking in PbI2 substantiates. 
this conclusion. 

(b) The upper and lower parts of a crystal, as picked up 
from a crystallizing dish, have always been found to dis- 
play different degrees of arcing and usually the lower part 
shows more arcing than the upper one. A similar effect 
is observed for polytypism. The upper and lower parts of 
a crystal are generally found to be different polytypes, 
occurring in syntactic coalescence with each other, and the 
lower part is usually either a higher polytype or is more 
disordered than the upper part. The basic cause for both 
these observations is to be attributed to the non-uniform 
rate of generation of dislocations during growth. The edge 
dislocations occur at a fast rate during the initial stages 
of growth, when the high saturation makes the crystal 
grow rapidly. Since the force required to move a disloca- 
cation is much lower than that to create it, the dislocations 
can move freely inside the crystal during growth. The move- 
ment of partial edge dislocations of Burgers vector a/3 
(1010) on the basal planes causes complete layer displace- 
ments, creating stacking faults, whereas the movement of 
unit edge dislocations of Burgers vector a/3 (1120) on the 
basal planes will not affect the layer sequence in the struc- 
ture. If the stacking faults are stabilized by vibration en- 
tropy (Jagodzinski, 1954), a high polytype (higher than 2H 
or 4H) is formed, otherwise a disorder polytype is obtained. 
The arrangement of the edge dislocations into tilt bound- 
aries which have large angles on account of the fast oc- 
currence of the former, results in the observed large arcing. 
However, if a high polytype succeeds in forming, the arc- 

ing is far less, the reason for which is described in the fol- 
lowing paragraph. Towards the later stages, the growth 
conditions become well-stabilized, thus greatly reducing 
the chances of creation of the edge dislocations and the 
stacking faults. Hence, the upper part of the crystal is 
usually the lower polytype and is relatively free from arcing. 

(c) The arcing is usually found to occur in the crystals 
of common polytypes. Only a few higher polytypes have 
shown arcing or rings on their Laue photographs; even 
in these the sizes of the rings or the arcs are small. The 
underlying reason is that a part of the energy available for 
the creation of dislocations during growth is utilized in 
creating stacking faults by complete layer displacements. 

(d) A few crystals of CdI2 show arcs consisting of two 
or more spots which belong to different polytypes occur- 
ring on the same part of the crystals. The arcing is due to 
the formation of boundaries of partial dislocations which 
divide the crystal into a number of blocks. The disloca- 
tions are created at different intervals in different portions 
of the crystal, giving rise to different sequences of layers 
in them. Thus, various polytypes are generated in different 
portions of the crystal. 

These observations clearly point to a correlation be- 
tween the phenomena of arcing and polytypism. A sub- 
stance with a greater degree of polytypism should neces- 
sarily show more arcing, too. However the reserve may 
not be true because the formation of polytypes requires 
the stabilization of stacking faults, i .e. the occurrence of 

ili, 
/ / 

7 / 
A BCA BC 

(a) 

/ / 
\ \ 

m / / 
A BC A BC 

(b) 

"; / 
i 

\ 
, 7 

/ 
, ./ 
W~q / -  

_ 

/ 
/ 

A BCA BCA BC 
(c) 

Fig. 1. The unit-layer stacking in CdI2 or PbI2 structure con- 
taining a single fault (c) and a double fault [(a) and (b)]. The 
horizontal lines are the sections of the unit-layers. (a), (b) 
and (c) represent a CdI2 polytype 8H having the Zhdanov 
symbol [(22)n=11111], a PbI2 polytype 6H having the Zhda- 
nov symbol [(11)~=122] and a CdI2 polytype 12R having the 
Zhdanov symbol [(22),=01313, respectively. Open circles and 
broken lines indicate the zigzag characteristics to the com- 
mon structure. 
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the layer displacements at some definite regular interval% 
which may not always be possible, as in the case of CdBrz 
crystals. It is seen that these crystals always display large 
arcing and heavy streaking on their X-ray photographs 
(Agrawal & Trigunayat, 1970), indicating that the edge 
dislocations and the stacking faults occur more frequently 
in them than in CdI2 or PbI2 crystals. The frequency of 
layer displacements may be too high to render the chances 
of their stabilization a remote possibility. Hence, the ob- 
served low incidence of polytypism in CdBr2 crystals is 
accounted for. 

These observations lead to the conclusion that various 
polytypes are formed by the creation of stacking faults 
at different regular intervals. The formation of several 
polytypes of CdI2, e.g. 3OR, 42R, 8H~, 24Hg (Chadha & 
Trigunayat, 1967a,b), 12R (Agrawal & Trigunayat, 1968), 
20Hp, 20H~ (Agrawal, Chadha & Trigunayat, 1970b), 18H~, 
30Hs, 24R and 36R (Jain, Chadha & Trigunayat, 1970) 
and of PbI2 (Agrawal et al., 1970a) have already been ex- 
plained in similar terms. Recently Mardix, K~ilm~n & 
Steinberger (1968) have also explained the formation of 
various polytypes of ZnS in terms of periodic slip at reg- 
ular intervals. The formation of various structural series, 
viz. (22),1111 in CdI2 (Agrawal et al., 1970b) and (11),22 
in PbI2 (Agrawal et al., 1970a) can be easily explained by 
considering a double stacking fault occurring in their com- 
mon polytypes at regular intervals of 4(n+ 1) layers and 
2(n+2) layers, respectively [Fig. l(a),(b)]. The common 
polytypes of CdI2 and PbI2 are the types 4H and 2H, respec- 
tively. A double fault is formed when a single fault is im- 
mediately followed by another single fault [Fig. l(a),(b)]. 
The formation of rhombohedral polytypes of CdI2 belong- 
ing to the [(22),1313 series, viz. 12R (Agrawal & Trigunayat, 
1968) and 24R (Jain et al., 1970), can be easily explained 
in terms of a single stacking fault occurring at an interval 
of 4(n+ 1) layers in the common type 4H [Fig. l(c)]. CdI2 
polytypes belonging to (22), 11 series (Chadha & Trigunayat, 
1968) can be explained by considering an intrinsic fault 
(a low energy type fault which does not disturb nearest- 

neighbour packing), produced by shearing operations on 
the {0001 } planes about the B layer, in the common type 
4H with layer sequence (AyB)(CaB) after every (4n+ 2) 
layers. 

The author wishes to thank Dr G. C. Trigunayat for 
critical discussions and Dr G. K. Chadha for reading the 
manuscript. This research was financially supported by the 
University Grants Commission and the Council of Scien- 
tific and Industrial Research, India. 
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A comment on the paper Coherent  crys tal  radiat ion a f fec ts  the measuremen t  o f  the X-ray  l inewidths (Das 
Gupta & Welch, 1968) By A. FINGERLAND* and J. DRAHOKOUPIL, Institute of  Solid State Physics, Czechoslovak 
Academy of  Sciences, Prague, Czechoslovakia 

(Received 11 March 1969 and in revised forrn 26 January 1970) 

Das Gupta & Welch have introduced the concept of 'coherent crystal radiation' to explain their experiments. 
As a consequence of their interpretation the fundamental X-ray line widths taken with the double-crystal 
spectrometer are in error. As shown in the present paper, the results of Das Gupta & Welch can be explained 
by means of the existing theories of the double-crystal spectrometer and triple-crystal diffractometer. 

In their recent paper Das Gupta & Welch (1968) have 
made essentially two statements: 

(I) In the double crystal spectrometer arrangement (DCS) 
the second crystal is the source of a 'coherent crystal 
radiation' (CCR) (which results in the appearance of extra 

* Present address: Institute of Physical Chemistry, 
Czechoslovak Academy of Sciences, Prague, Czechoslovakia. 

peaks in the triple-crystal diffractometer (TCD) rocking 
curves). 

(II) As a consequence of (I) DCS is 'obviously unsuit- 
able to determine the fundamental widths of X-ray emis- 
sion lines'. 

The aim of the present paper is to show that one can 
explain both the extra peaks and the line-widths by means 
of the existing theories of DCS (Compton & Allisson, 


