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8.1 Iatreduetien

In resent years the phenenston of poly=
typiam has gained much impertance in laysred structure
orystals, A substance is said te¢ be pelymerphous when
1t can exist in two or more forms with different orystal
structures, wheress the polytypism, can be Justifiasbly
regarded as a special case of polymorphism and called
"one dimensionsl®™ pelymorphism, Hance & s0lid can be
orystallised $nto mare than ene modification without
changing its chemical cemposition but which differs in
mmder and manner of stagking of layers in the unis
cell. A decade ago the detailed studies of "polymerphism
and polytypism in orystals® have been published dy
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Verma and m-mﬂ. Recently, & review on "pelytypiam
and stacking faults in orystals with layer siructure”
has been published by Trigunayat and Vermal)

The varieus polytypes of the same polytypic
material have been found to have different physieal
properties which lead to a considerable solid state
interest, Folytypism is mainly observed in layered
orystals, belmging to the groups V and Vi, The various
polytypic modifications ere assembled in three groups,viz.

(1) those having & prismatic surroundiag of the
netal by the chalcogen atoms, |

(41) those having an octahcéral surrounding - - end

(111) those having slternating layers wish prismatie
and octahedral surrounding.

1'1‘4:32 belonga to 2 octahedrsl surrounding of the
metal by the chelcogen atoms and has Cdl, type structure.

Several extensive theorstical and
experimental investigations in the search of possible
pelytypas of TaS, have been carried out and systemetic
investigetions of the Ta~3 system have been reported
By Biltz snd Keechar®), by Hagg and Schonberg? 4
by Jellinex?) and vartious Ta,5, compounds have been
found in these studies,
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In view of the almest complete disagreensnt
of the results presented 1n‘9 andy Jellinek reinvestigated
the Ta=S system, mainly by X«ray powder uthod’) snd
observed the follewing polytypes.

1TeTaSgy 2HeTaSg,3R«TeS, end GReTa3,
indicating that the repest units in the cedirestion have
a thickness of one, two, three and six TaS, slabs
respectively. Further investigetions have recently
revesled the existence of AH(b) » tms) and & super-
structure ef 17-Tas]). The polytypes of Tas, have
varisus designations 1 1T«ABC, 2H, AbA « CBC, 3R, AbAe
BoBaCaC, AHb, ADA«CHA«CICwADC whers the staeking
sequence is given for a unit scell,

Number of the workers have carried out
the werk on the polytypic study of TeS, but they have
used the single crystals which vere insorporeted with
some transporting agents,

In this chapter the x;“ul.tl of a aw
of polytypisa m Tas, sin;l.c srystals grown by direct
vapeur transpert method awk presented and discussed,
Density of dislocations determined is also reperted,

8.2  Experimental
The as~grown 2 to 5 ma wide and 200 %o
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700 ym thick TaS, erystels wers selected for Xeray
oscillation studies, The o~axis oscillation phetographs

of the crystals are not suiteble for the idetificatien
of polytypes as they generally show stresking and smearing
of diffraction spots. However, ths o~dimension can

alse be evaluated from ae~axis oscillation .pmu;rapusz
which are relatively free Lrem these unwanted festures,
Therefore, a-axis oscillation pheteographs were used for
the identification of pelytypes, Ths erystals were msunted
along the a-axis, an oscillatien range of 15° was selected
in such s way that it varted betwesn 23 and 40° between
the directions of the incident Xeray beam and the ceaxis,
This range was particularly chossn to recerd a large
nunber of (01,1) reflections where 1 index increased
from the centre of the film towards its end, Such Xeray
phetographs of all the orystals were taken with a
oylindrical oamera of radius 3.0 cm and a collimator eof
aperture 0,101 om. The sisze of the focel spot was 1 mab
CuK.. radistion (wavelength 1.5418 %) was used,

8.3

When seaxis is vertical and taken as the
sxis of escillation, the reciprocsl lattice nets ¢'b
ere horizental, The zere lsyer b'c' net is shown in
Fig. 8.1, Since the 'a! dimension ( = b) which is equal
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for all polytypes, has a ssall velue (3.426 %), the
luospmlmwe'ammmoumuumam
widely spreaded, Hence the range of oscillation could be
so chosen upon & net that the number ¢of consecutive
lattice points corresponding to & fixed valus of b
(end successive velus of ¢') come te produse diffrastien
spots en one side of the Xeray film in the limited
osoillation renge of 15°, In this way a large mmber
oL lp.il' oould be ebtained whose indices were uniquely
defined, Considering Fig. 8.1 if <, denotes the

¢ value of the nth diffrsetien spet (meesured from
Barnal shart) and <, denotes the <, valus of the
(n + q) %5 spet, in a series of eonsecutive spots
correspending to & fixed valus of b, say 2b , ve have

@.z- (M2 + (as")? . (8.1)

41 - ‘m?*)a> » {(B + 00’}1 o (8.2)

2
Due to the restricted eseillation (15%)
and on scosunt of the wide spacing of censtant b
- 1tnes, no confusien like the duplication of co-ordinates
ecorrespending to a single < ~value could arise. In
faat, by & suitable choice of the range of oascillation
vpen the zero level reciprocsl lattice net, the series
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o2 (10,0) to (10.2n) censecutive (10.1) spets, which
have been used by Mitchet®) for the dstermination of the
stacking sequance ¢f the variocus polytypes, could de
obtained., The above expressions apply to beth hexagenal
and rhosbehedral pelytypes, nensly, «h + k + 1 = 3n

has to be taken inte aggount while estimating n and

(n+ Q.

Expressions . (8.1) snd (8,2) were
derived daking inte ssocount the zere layer on the
zero level of the reciprosal lattice., The origin of
lattice points, msasured from the origin of the
reciprocal lattice; are the same a2z their eerrespending
§, evalues, which are measured from the axis of rotatien,
Hovever, for the first layer the erigin of the
reciprocal lattice is shifted from the axis of rotation
waau&mt a’-t’n%’. L2 awaxis is the axis of
rotation of the orystal, Therefors, the first layer
iine of the reciprocs”l lastice distance (say, S) ef
a lattice point from the origin is net the same as its
G wyelue:. For (01.1), lespets vhich 1ie on the o"
axis, the Sevalues are relsted to < evalues as

S

-3

- (5 )% « (a* stn %0 )2

= (%)% « (" stn 30 )2

g
s
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vhere 81 - as’ apd
s = (n+ Qe

8.4  Resmulta snd Rissussien

A 15° seexis eseillation photograph
of 1T~TaS, erystal is shown in Fig. 8.2, take in
the oscillation rangs (25 « 4%, The valus of
€ parsmeter was evaluzted fyom this figure, following
the proceditre outlined in section 8.3, Taking the
tirst layer the following measurements wers made

g’ for ath spet = 0,5975

G, for (a + 3)th spet = 1,33
Now s2 = 4« (a" stn 30)?

82« (0.5979)% - 0,067

s = o.243m

Sy = 0.h9338

s2 = (1.3)% < 0.0679

S3 = 1.69 « 0.067h9

'Sg - 1.“2”
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Sp = 1.27377
Since the 9’3.1 spots lie an ¢ axis ve have
8, = ne
Sg &« (n+ 3)e"

S LEITSTT ® 09338 = 3¢

*»

o e = 0,20013
Kow e - f\'

= 5,9270 R (neglecting shrinkage
orTer)

The value of 'a' as deternined from the spasing
Detween the laysr lines comes ' out % be 5.4k26 %,
Sisse  me' = 3,
R = 81/0"
'2-

Therefore the diffrestion correspending to ¢  has
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fndices 01.2.

It can be noticed that the spets
on the aewaxis oseillation phetegraph ahow mirrer
symmetry, absut the zero layer line, This is due %
an agtual mirrer plane perpendicular to *a' in the
structure, These values ef 'a’ and 'q¢' are in agresment
with the reperted ASTM data valuss for ‘!T«-Tnsz‘

The phase Granaformation in lsyered
orystals s a common phencmenon'), Generally the higher
polytypes of a crystal transform into a lower commen
pelytype end vice versa by heating the orystel nearly
to its melting point, This phenomencn has been observed
in CdI, and PBI, orysti 3s'01), 4 fev wxperiments
vere alse oonducted in the present investigetion with
& view to observe phase tramsformation in ﬂ‘—u’nsz
erystals.

A erystal having & 1T«TaS, type strusture
at roem temperature au:hnm %o 600% in atmosphere
for €0 min, and the oscillation phetograph wes taken
as shown in Fig. 8.3, This pheotograph shows the
appsarance of & nusber of polysrystalline rings in place
of discrete apets indiceting thet the crystal after
heating has twrned {into a polycrystalline materisl, This
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change can be atiributed to the oxidatien ef TaS,
when heated in air, Therefore to aveid the pessibility
of oxidation eof crystal showing initially a 1T«TaS,
type structure was heated in 2 vacuum of 10'5 tory
st 600° C for 1 hr, and allewed to cool to reom
temperature, Its a=axis oscillation phetegraph vas
then taken (Fig. 8.4). It i3 seen that this pattern
shows no arcing or stresaking but in addition to the

spots corresponding to 1T~phase faint spots correspending
to 2H~phase also become visidle,

It will be ebserved in the electron
nioroseopic studies eof I'M.'asa single arystals desoribed
in Chapter 14, that heeting a orystal e¢f primerily
1Tephase at room temperaturs, téhidur tenperature
transforms it 0 a 2H-phese and upen cooling the
apecimen from higher temperature te room tempersture,
the reversible transformation 2H —5 1T {s seen %0 ocour
quite readily.

In the present Xeray diffraction studies
heating the crystal from reoom temperature te 600° C
should also bring about the phase transformstion
(1T « 2H) reported above and one should have at
higher temperaturse the presence of 2lsphase in the
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oscillatien photeograph tcken at the higher temperature.
Since facilitiez for taking oscillation photograph at
higher temperaturess were not available photograph shown
in Fig, 8,4 was taken after cooling the specimen from
600° C to reom temperature, As a resuls the presence

of only discrets 2H-spots could net be detected. Upen
cooling the specimen frem 600° C to reom temperature
the reversible transformation from 2H — 17T  phase takes
place. However, certain parts of the crystal can still
»-m-sm-mumuammo:wwm»ma
should be seen in the escillation photograph taken at
room temperature, That this is indeed true can de
seen in Fig, 8.k, vhich shows the co~existence of
spots cerresponding to T and 2 phases, The weak
intensity of the spots correspends te 2H phase,

" indicetes thet portions centsining 2H phase are very
amall as compared to thc pertiens centaining the 17
phase,

A cleae exanination of seme of the
phetographs reveals some sery of areing, i.e. the
diffraction spots are slightly elengated in a direction
perpendicular to the layer lines. An example showing
pronounced arcing is illustrated in Fig. 8.5. This
type of arcing may be becsuse of the intersstien
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between edge dislecations which render them vertically
aligned at & constant spninc?‘) .

The density of dislecationscan be
estimated by arc length in zero layer line using the
following tm’z).

p=2

where 0 4$s the angle of tilt and
b is the Nr_un vester,

6 can ba caloulsted by using the fellowing
relation for 1T=-{ype.

n &

——

. &
9’")'\' T N

vhm ¢ = lattice parameter, o,
A = wavelength of Xerays

n = maber of pelytypes
C= are length and
r = the camera radius,

Arc length ¢ for (006) reflection in the
F’,‘g 8.5 = 0-) Gm,

Thas using all the known valuss, the
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sngle of tilt ebtained frem Fig. 8,5 comes out to dbe
3.672°, which yul.dn the dmuy of dislecations,

8.6

8

2.

3.

.869 X ‘06

Songlusiens

Deternmination of *a' and 'c' perameters
from Xeray oscillation photographs
confirs: the orystals to be fT«Tas, type.

Crystals are found te undergo phase
trensformation upon heating them to
higher temperature. The co-existance of
1T and 2H phases in such crystals is
reedily detected when they ars covled to
room temperature,

The dislocation density as estimated
from the escillation photograph is found
te be 1.869 x 106 en™'. This is fairiy
in good agremment with the valus ebtained
from the etching methed,
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Fig. 8.1

Fig. 8.2
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Fig. 8.4

Fig. 8.5



