CHAPEER VI

STUDIES OF 2~-0YANO-4~HEPTYLPHENYI—4'~PEE?YL~4~BIPHENYL
CARBOXYLATE AND SOME OF IT3 MIXTURES WITH 4~HEPTYL~4'-

61 Introduction

In the last faw chapteras, we have discussed studies on
some interesting phenomena like the ocourrence of the re-entrant
nenatio phase and induced smeotio mesomorphism. ZThese phencmena
are closely assoclated with the presence Of eyamo erd groups
Whoso dipole moments are pointing almost exactly alozng themajor
axis Of the molecule. Compounds ccnsisting of suoh molecules
have large positive dielevtric anisotropy. In this chapter
we present some observations made ON a sompound coneisting of
moleoules having the eyano-group a% & large angle with Tespecs
to the long axis Of the Molecule. Such a campound will have a
large negative dielectric anisotropy.

V¥ have measured the refractive indices and splay elastic
constants Of the compound St different temperatures. %The ordinary
refractive index shows aN unaeual trend in its temperature
wvariation. | N order tO confirm the temperature wariation Of
order parameter deduced from birefringence data, e measured the
order parameter Dy an independent method, viz., by the wide~line

mcleaxr magnetic resonance (NMR) method.



& have also studied the phase diagram oOf mixtures of
this compound with 7GB which consists Of molecules having the
terminal cyano-group, almost along ths long axis. Ihe order
paramgtere and splay elastie conastants Of esome of these mixtures
have aleo bezen determined.

6.2 Experimental

The compound 2-cyano~4-heptylphenyl-4'-pentyl-4-biphenyl
carbaxylate [7P(2CH)SBC] war obtained frcm E.Merck (Darmstadt)
and was used without further purification. The structural
formula of ths compound is given i N figure 61  The compound
exhibits nematic phase over a wide temperature range. %he
ozyetal melis at 45.5%7 tO the nametic phase and beoames isotropie
at 102°¢. Butit ¢asn be easily supercooled znd measurements can
be taken right dowa {0 vouz temperature. The Merck catalogue
gives A value of -4,0 far t he dlelectric anisotropy of this
conpound (presumably at rcom temperature).

The refractive indices were determined by the prism method
desoxribed i N chapter Y. The splay elastie constants were deter-—
mned by the Presderickes transition method (See chaptexr IV),

The NMR studies. The wide-line [U{R technique has been
extensively used (O determine the order parametars of liguid
eryastals (Spence et 2l 1953, Lippmann snd Weber 1957, Saupe and
Mafer 1961, Ghosh 1972), ez A nematic liquid eryestal with
positive diamagnetic anisotropy | a placed i N the magnetic field
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FIGURE 6.1

Struotural formula Of 2- ayano- bheptyl phenyl- 4t=pentyl-
4- bi phenyl carboxylate [7p{2CN)5BC]



(o2 the FMR spectrometer) the director aligns along the field.
For a typical mesogen, the |ine jolning the ortho protons of
the benzena ring i S approximately parallel t 0 the long axis of
the molecule. Each ortho proton ias coupled tO the dipolax
field of the other ortho proton, i n addition to being coupled to
the external magnetic field. |t iS also coupled to all the
other protons present in 32¢ molecule. But these couplings are
usually very weax in comparfisom Vith the coupling between the
ortho protons, %xe dipole~dipele coupling between the ortho
protons results i N A doublet splitting of the NMR signsl when
the canpound is | N the mesophase. The doublet spacing ias
directly proportional to the order paramseter i N a nematic
liquid erystal, Im the iaotrople phase, since the moleculeb
fumble rapidly in all directians, the splitting vanishes. I1f
r is the distance between the artho protons and and Ko is the
nagnetiec moment of the proton,

A = 3—3—:—2 r? (-g 008 g - -;:,-)ﬂAw (6.1)

where /\.» ig the frequency shift in herisz t"'?a'lr the sepa-
ration between thO peaks) and ¢ ias the anglé between the 1ine
joining the ortho protons and tho long axis of the moleculse.
Oh substituting the wvalues of yp and © (2,45 A), equation &, 1
reduces (Boiling and Gheah 1975) to

S - |
8 = 8,16 x 1072 (g cos® g - %) YA (6.2)

where A i 4in ms.



In the actual analysis one Lhza tO consider not only
the interaction befween the ortho protons tui also ihs
interaction between each oxthe proton and all other protons
preasent iNn the nol ecul e. In other words, ic get saccurate values
of s, ONe has t0 make a |iNne shape analyais Of the KMR speairua
{Ghosh 1972). A8 our main interest was {0 study the tempe-
rature variation of # we have NOt made A line shape analysis
of the FRl signal.

The NMR 2#pecizs were recorded using an FI-EMR speciro~
meter (Bruker W{-270). The frequendsy of operation was 270 NHs.
The sample vas taken inside an NMR t UbS of internal diameter
~ & mm. It was heated Dy blowing dry, hot nitrogen. The tempe~-
rature could be controlled and measured tO aN ascuracy Of +0.5°%.
Bef or e conducting the experiment, temperature galibration wus
done using the known temperaturs variation of the chaniqal
shift of ethylene glycol., For the purpose of locking the signzl
heavy water (320) taken in a sealed capillaxry tube was placed
inpide the sample tube. In the nematic phase of the sample,
the HMR spectra WEre recorded at different steady temperatures.
One %ypleal set Of recordings im shown in figure 6.2.

The value Of & waz sstizatsd Dy conatrueting a geometrical
model of the molecule. The line joiaing the sentres of the
extreme phenyl ringa of the molecule wgs taken as the long axis
and the angle ¢ was found to be ~ 7% One of the benzene zings
of the molecule (8ag figure 6.1) contains an ortho cyxio group.



FIGURE 6

Traces of wide-line "MR spectra of 7P(2¢N)5BC at different
temperatures i n the nematic ghase (1) 100.5°C, )2 98.5°C,
(3) 96°c, (4) 94.5°C, (5 92 c. The central sharp line
arises from a small amount of water present in 5,0 sample
used for locking the signal.
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Due to the influence of this and alsoc due to the influence
of protons other than the ortho protons, the HMR lines appear

to Ye somewhat droad .

6.3 Resulis and discussion

‘8. Binary mixtures The phase diagram of the binary
mixtures of TCB and 7P(2CR)5BC 13 given in figure 6.3. These
mixtures 4o not exhibit induced emectic mmﬁorphim unlike other
binery mixtures of nematogens of which only one couponant has
& terminal eyano-group. The mixtures show only the nematic
mesophase. The thermal range of the nematic phase inoreases as
the percentage composition of 7P(2CN)5BC increases. The eutectic
temperature of the system was found to be ~ 21‘0 and the
eutectic cmﬁponition is 21.5% of TP(2CN)SBC. The van Laar
equation (sea chapter V) gives the suteotio tenperature as 18°C
and kluuteetio composition as 244 TP(2GH)5BC. Theme values are
in fair agreement with the observed values.

Anong the various interactions between a molecule of 7CB
and another of TP(2CN)5BC, the dipole~dipole interaction between
the terminal cyano group of 7C8 and the lateral oyano group of
TP(20N)5BC £s the strongest. Quite cbvioualy, this interaction
does not favour the formation of layers which would give rise
to induced amectic A phase in the mixtures.

b. Birefringence. 7The birefringence of the following

Bystems were determined.
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Phase diagram of mixtures of 7CB and 7P(2CN)5BC
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i) »Pure 7P(20N)5BC

11) Mixture t of TUB and 7P(2QN)5BC (moler ratio 80:20)
i11) Mixture 2 of 7CB and TP(2GH)SBC (molar ratio 61:39)
iv) Mixture 3 0f 7CB and TP(2W}SBC (molar ratio 38:62)

v) Mixture 4 of 708 and TP(2(H)SBC (molar ratio 15:85).

The transition temperatures of these systeme grec given
I N table 6.1.

The ordinary and extraordisaxy refractive indices
(n, and n ‘) were measured fOr the wavelength 6326 ,Z\. The values
are given iN tadbles 6.2-6.6 and are plotted against relative
temperature in figures 6.4~6.8. The ordinary refractive indices
of TP(2GK)3BC and mixtures 3 and 4 show an unusaal treand in
temperature variation. 4s the sample is coocled down from Ty.,
n, decreases as usual but after reaching a broad minimum it
shows A slizat but significvant inorease with further lowering
Of temparature. n, does NOt show anmy such unusual temperature
variation. The temperature variation of m_ is much lar ger
compared to that of n, and hence the unusual variation of n,
bardly affects the teaperature variation of birefringence. In
fact, the birefringence decreasss monotanlcally as t he tempe-

rature inerseases, as in ot her nematica.

A plausibie explanation for the unusual temperaturs
variation of n, is perhaps associated With same atructural changes
taking place i n the amedium as the tsmperature is waried. Indeed,
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1) Pure 7P(20N)5BC

1i) Mixture 1 Of 748 end 7P(20N)5BC (molar ratio 80:20)
111) Mixture 2 Of 748 and TP(2Q8)5BC (molar ratlo 61:39)
iv) Mixture 3 of 7CB and TP(2M)SBC (molar ratio 38:62)

¥) Mixture 4 of 7@ and 7e{2CH)}5BC (molar ratio 15185).

The transition teumperatures of theae systems are given
I N table 6.1.

The ordinary and extraordinary refractive indices
("o and n ‘) were measured fOr tho wavelength 6328 :. The valuea
ara given in tables 6.2-6.6 and are plotted against relative
temperature i n 2igures 6.4-6.8. The ordinary refractive indices
of 7TP(2CKR)5BC and mixtures 3 end 4 show an unusaal trend in
temperature Variation. 4s the sample is ecoled down from Trye
n, decreases as usual but after reaching a broad minimum it
shows a alight but significant inorease with further lowering
«f temperature. n, does Nnot show any sueh wnusual temperature
variation. fThe temperature variation of n, | 0 mush larger

campared to that of n, and hence the unmsual variation Of B,

¢
hardly affects the tenperature variation of birefringence. In

faet, the birefringence decreasges monotonically as the tempe-

rabtura inereasaes, a8 I N other nematico.

A plausibie explanation for the umusual temperature
variation of n, is perhaps asaociated with sume atructural changes

taking place i N the medium as the temperature is varied. |ndeed,
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this appears tO be the case as indicated py am X~ray .-
investigation Of the compound conducted in our laboratory.”

The x-ray diffraction patterns photographed at two different
temperatures in the nematic phage are zawwn in figure 6.9.

These photographs were taken using monochrematic copper K,
radiation and the sample taken in A Lindemann capidllary tube,

The pample was aligned by applying a magnetic fleld of strength
~ 3 KGauass. The x-ray photographs clearly indicate the presence
of skewed-cybotactic groups (i.e., smmeotic O type of shoxt range
ordering) i n the sample (de ¥ries 1973). The tilt angle is 49°
at 25%0 and it decreases t0 ~44° as the temperature is increased
to 70°J. At higher temperatures, the x-ray diffraotion patterns
become diffuse and measurement of tho WIt angle 18 somewhat
diffiocult.

V¢ have made an attempt {0 understand thc temperature
variation of n, in terms of the temperature variation of the
t11t angle Of the kewed eybotactic groups. Far the sake of
simplicity, we construct the skewed sybotacti¢ structure in the
following fashion. V& will first assume that the oylindrically
syametrical molecules have their long axes moxmal { O the layers
a8 I N 2 smmeotic A, but they are i n a hexagonally olose packed
arrangement. \ will row al | ow the molecules tO Slide parallel
to their long axea such that atilted arrangement as shown
schematically i n the right hand side Of figuxe 6.10 is obtained.

*me author is grateful to br. K.A.Suresh fOr the results of
the x-ray investigation.



FIGURE 6.9

X~ray diffraction photographs of a monodomain
sample Of 7P(2CN)5BC taken at (a) 25%C, and

(v) 70%C. The direction of orientation of the
direetor i S indicated by an arrow mark. Four
spota ocourring int be diffraction patterns

ar e characteristic Of skewed cybotactic nematics.






FIGURE 6.10

Sochematic diagram Of the moleonlar arrangement i N sybotaotie
The left slide Of the figure shows A sectional view

0
(gjf uﬁe layer and the right e2ide a side view. | N . smectie A
ts‘pa of cybetactic groups ad electrio field E'S" applied along
thc ax.ts gives rise tO & dipole moment only along the 3 axia
er part Of the Ligure). In a skewed oybotactic arrange—
megg shown in the lower part of tha figure the molecules are
tilted with respeet to the laysr nommal at an angle &. In
this case an a@lsctric field aspplied mlong 8 gives rise
{0 4 dipole moment NOt only along the asis Dt clag along

the ; mao



The long axes of the molecules are along the taxis and the
angle Of $1lt, viz., the angle between the layer normal azd
the 7t axis is ©. We choose the T-axis such that it isin
the plane containing the layer normal and the T -axis. If
an sxternal electric field is applied along tha § axis (see
figure 6.10) the induced dipoles By will, due to the Wted
structure Of the cybetactic groups, produce an elsotric field
along the 3 axis. Consequently, w» have (O sonslider the
induced dipole moment W, &lso ms shown in the figure. (Ve
may Note #nhad By = Q when the ti 14 angle iz sero). The local
field at the site of a given molecule is calenlated by taking
into acoount the anigotropy Of the moleoulsar polarisability
and dhe tilted structure in A manuner almoat similar to that
given by Bragg (1924).

¥e consider A spherical region of znowhk radiuz around
the given molecule. The medium is supposed ta De iniform beyond
this region. The contributions to the loval fie¢ld at the
centre dua to the molsoules within the spherical region are
obtained following A detailed ¢alsoulntlon, The local fields
along the three ares § , 3 and 5 ave

xlB- R}-r%’!)?} +5 5 (=
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whore § , n and T arethe ecoordinates of the molecules with
respect { O the centre Of the spherical region and the summation
is carried out over all the molecules within theregion. (P is
the dipole moment per unit volume and 2 is the nunmber of

molecules per unit volume.)
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where fo -Z—rSL s 0}3_ - 2‘ _{.:55. » eto.
Assuming that the director of the aligned nematic sample
| S along the s axis Of a space fixed coordinate system and
averaging the local fields over the Rulerian angles between ihe
xyz aystem and FNS system, e can derive the prinaipal refraoctive
indices Of the medun Using the relation Dy * nig' = B M

and after some algebralo simplification we get,

2 _ 4 (A+J) +a D A+J
“n4 SR [- bj 3 s +§ s(x, D - o -«---g—--)l (6.3)
n .
Similarly,
2 a (A+J)+ea_D S
n_ - 1 } ‘T 1. | A+J
™ = [ 3 -3 ‘(GS D~ c.} )] (6.4)

where & 48 the order parameter, B, =a ain =na. The
refractive indicea depend on the structure of the oybotactic
groups through Fe terms A, ¢ De

| N the above modd, ws have aszuned t hat each molecule can
be replaced by one centre Of anisotropic polarisability with
as > aE (= an), However, the molecules forming liquid exrystals
are hi ghly eonjugated and further the denaity of tho zedium 18
quite high. Oonsequently, ths assumption Of A single centre IS
a very erude approximation. W¥e have tried to tmprove the nodel
by replacing each molecule by two centres - Of. anisotropic
polarisadbility. The formulac will then be somewhat more



complicated and will act be reproduced here. FoOr a better
approximation we have t O replace each molecule by amuch

larger number Of eentres. But evenwith tho two oentre approxi-
mation we find that for eertain range Of parameters, the
experimental trend in the variation Of B, and »_ ¢an be

° -
reproduced. FOr example, for molecules Of length 2¢ A diameter

L J -]
% A, considering a spherical region of radius 25 A and assuming

8 = 0.4, density = 1 gm/vo, ¢(.§ = 15 x 10724 ce, & = T x 10"2
we get the f dllowing values.

9 | ny . n,

36 1.351 1.280

32¢ 1.32% 1.278

28* 1. 300 1.281

Hence as ¢ decreases, n, can decrease, attain a minimum
and then increase. Howewer, for a detailed comparisom with the
experimental results, temperature variations Of # and denaity
will have t O be taken iNtO accouns. KNevertheless, the above
caloulations serve t O i1llustrate that the temperature variation
of & san, i N prineiple, lead t0 tho observed variation in n, -

The presence of skewed cybotactie groups i N TP{2WN)5BC
and the temperature variation of tilt angle 1a perhaps assoclated
with the presence of the strongly polar oyano group making a
large angle With the long axis of the molecules. Heae we may
point out that de Yries and Qadri (1980) have found a similar

460



temperature variation Of 11t angle Of skewed cybotactic groups
a
| N a compound eonsisting of molecules it hLlatcral chlorine atom.

0. Denaities. The dennity of pure TP(2CH)5BC wase
measured At a :mown tentpaa—a (1.079 gnfes at 41°0) by the
eapillary tube nethod. Subsiituting this value in eguation 1,9,
@ was caloulated. Using this value of &, the values of density
at different temperatures were calculated Iraa the birefringence
data. Por the mixtures, & were calculated using the molar
additive law (table 6.7). The values of density are given im
tables 6.2-6.6 and are plotted against relative temperature i N
figure 6.11. 1t aan be seen that a any given relative tempe~
rature, the density Of 7P(2CH)SBC is greater (by a factor of
~ 1.04) than that Of 748, Mixtures have densities which are
intermediate between those Of the pure eempoundas.

d Qrder parameters. In the light Of the sbove discussion,
it may Not bo very proper to ass Yuizs' formula in evaluating a
from the birefringence data. However, as there 1s NO hope of
an eXact ealeulation of the temperature dependence of internal
field correction, we have made use Of the Tuks formula, The

equation uged i s

B o -._-_-__é-——-"- (6.5)
n -1

The value Of wg-& was obtained using the extrapolation

method described in chapter V. For 7P(2CN)5BC, the best fit
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to the straight line was obtained far !;I - :II - 1.2°
(figure 6.12). The order parameter has been plotted against

relative temperature i N figure 6.13 and the values are given
in tabla 6.6.

| N view of the umisual wariation of 8, we also calou~
lated the values Of aa and & independenily using the egquation 1.7,

1-3&;
2
n, - 1
n? 4+ 2

t0 find whether the polarisabilities shiw any peculiar tempe-
rature variation. |t was found that &, aud &, vary with tempe-
rature | N the usual manner. In particular, %, inoreases mono—
tonically with increase of temperature. The zaz¢ trend was
obaserved When Neugsbauer's formula (see, for exauple, Saupe and
Mater 1961) was used tO calculate « . Hsuce the use of the
following equations

2 —;- Na
J
i N evaluating 8 appears justiified even in the present cass.

In grder to confirmthat the temperature wvarietion of
order parameter Obtai ned from birefringence data | O raliable,
we made an independent neasurgment of s. This compound has a
cyano~-group muking alarge, angle with the long exis oOf the
molecule. Hence It 1s very difficult to align |t homestropically.



o 7P(2CN} 5BC
....]""'
)
| 3
1 ez
* S
=
£ -4
" .
® Ty — TN
] * .
5l o" NI~ Tnr = 12
N .
Y % # - T 70
s ¥
##
! | | ] |
~1.5 -1.3 -1.1 -0.8 -0-7
In fle ~ 5
ng — 1
FIGURE 6.12
ol
1n[ NI ] plotted against 1nE—] for TP(2CN)5BC

o

1




ORDER PARAMETER S

0.7

0.6

0.5
o 7P(2CN)5BC
A Mixture 4

0.4 A Mixture 3
® Mixture 2
#x Mixture 1
c7CB

| [ l 1 | | l
70 60 50 40 30 20 10 0

FIGURE .6.13

Ordea parameters derived from birefringence data of 7CB,
mixture 1, mixture 2, mixture 3, mixture 4 and TP(2CN)5BC
plotted against relative temperatures.



Therefore We did NOt use the IR dichroism method described

i N ohapter III tO determine s, The values of & wae deter-
mined by the wide-line NMR technigue and the values Obtained

are plotted against relative temperature i N figure 6.14. The
error involved i N these memsurements | 3 somewhat high (~8%)

due t0 e uncertainties in the measurement af temperature and
aleo due t 0 the faet that no lime-shape analyeis Of the EMR
spectrum Was conducted. The values of 3 obtained from the

¥MR data i S lower (dP® ~-0.07) comparsd tO those Obtained from
optionl data.  As we mentioned earlier, Boilini and Ghosh (1975)
uged r = 2.45 Z\ for the distance between the orthoprotons. |If I
is taken to be 2.48 i a8 given by Raman measurements (Longseth
and Stoicheff 1956) the a-ialuaa evaluated from MR data go up
by ~ 4% | N any case, the temperature variations are similar
in the (WO cases. Hancs we hava Used the birefringence data to
find the order parametars of all the mixtures.

The values Of @ and A& Lor the mixturss wer: caloulated
using nol ar additive lavs (see equation 311). ‘These values are
given i n table 6/ The & values for the mixtures ars given
i N tables €,32~6.6 and are plotted against relative tswperature
| N Ligure 6.13.

72{208)5BC has got & values which are higher ( ~1.1 times)
than fthose Of 7¢8. HMixtures 1 and 2 which have high econcentrations
of 703 have values Of 5 wuleh are alightly lower than thosa of
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O der parameter of TP(2CH)S5BC obtained fram NMR data
plotted against relative tempexature.
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708, For mixtures 3 and 4, the values of a are intermediate
between those of 708 and 7P{2CN)58C. Quite obviously, the
molar additive law doces not hold good for order parameters in
mixtures of 7CB and Tr(20N)580.

e. Splay elastic eonstante. The splay elastic constants
of the systems mentioned above ware measured as functione of

temperature Dy the Freederickssz transition technique. The
galculations wers done using equation 55  The value of AKX
for TP(2M)SBC was oxloulated Lollowing Flygare's (1274) proce-
dure.described in chapter IV, Par the mixtures the values of

AKX were obtained using the molar additive law and these values
are given in table 6.8. 'The values of k,, are glven in tables
6.9-6.13 and axe plotted i N figurea 6.15 and 6.16. It ean be
seen that the k,, values for mixtures 1 and 2 are less than those
of pure 7CB which itself i S much lower ( ~ U.75 times) thant he
ky4 values Of TP{24)5B3. FNixtures 3 and 4 have values ol Ky

which are intermedlaie betwewsn thoze of the pure components.

We huve fitted these data %o the relation k,, = os* vy
following tho procedure given in chapter V. The wvalues Of X and
¢ no obtained are given ia table 6.14, The index x | a found to
inorease aS the concentration of 70D decreases, the only exception
being pure TP(20H)5BC which hasS &0t a wvalue less than that of
nixtore 4.

In tigures 6.17 and 6.18 we have plotted the values of
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The splay elastic constants of 7CB, mixture 1 and
mixture 2 plotted against relative temperature.
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FIGURE 6.16

The splay elastic constants of mixture 3, mixtuve 4
and 7P(2CK)5BG plotted against rel ati ve temperature.
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FIGURE 6.17

X . and s plotted against the concentration of 7¢B

1
in mixtures of 7CB and 7P(2CN)5BC at TNI “p a2 n,
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PIGURE 6.18

k‘l_l and s plotted against the concentration of 7CB in
mixtures of 7CB and 7P(2CN)5BC at Tyr - T = 15%
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k 11 and & eorresponding {0 tho same relative temperature
against eomposition of the mixtures. At Ty, =T = 2° as wel
as at 15%, both ll:11 and a decrease as the percentage Of

7CB is increased. They attain minimum values far ~ 60 per cent
composition of 7B and inerease slightly as tho eoncentration

of 7UB 41s further inoreased.

VW have not determined k33 for these systems as It was
not peasidle t 0 got a hameotropic aligmment of 7P(20N)5BC and
suze Of Yhemixtures.
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PABLE 6.1

Transition Temperaturus (*C)

“Composition _
ol ey hmane e
7¢B ///// 23.1 42.2
Mixture 1 / 80320 e L . 48-49
Mixture 2 |/ 61339 ~22% 5860
Mixture 3 / 38:62 r-28 R T1-73
Mixture 4 15185 40 % 89-90
W(zm)sa/ | 45.5 102.0

'cnrxeapandn to liquidus point

TABLE 6.2

_ Refractive .tnd.tcen, densities and nzdnr paxmetern of

Mixture 1

.'%I..g} n, n, (ng/ca_ s
0.6  1.626 1.530 1.011 0.3%18

- 1.0 1.631 1.529 1.011 0.338
1.5 1.637 1.528 1,012 0.360
2.9 1.643 1.527 1,013 0.384
4.4 1.651 1.525 1.015 0.415
6.8 1.660 1.523 - 1.017 0.451
9.6 1.667 1.521 1.019 0.480
12.8 1.674 1.521 1.023 0.501
16.5 1.679 1.520 1.025 0.528
22.6 1.688 1.519 1.028 0.551
Twvalues of g and n correspond to = 6328 ;)



2ABIE 6.3
Refractive indices, densities and order parameters of Mixture 2

INI-‘R! B, n, { gm/co 8
0.8 1.612 1.530 1.018 0.293
1o 1.616 1.529 1.018 0.311
1.5 1.619 1.528 1.018 0. 325
2.2 1.625 1.526 1.018 0.%54
4.2 1.632 1.524 1.019 0.386
6.0 1.641 ‘ 1.522 1.021 0.424
9.1 1.651 1.520 1.025% 0.465

,5Q5 1:66@ 1‘5‘2 1-028 0.500

18.8 1. 669 1.517 1.031 0.537

23.4 1.676 1517 1.035 0.560

29Q2 1.683 ‘-513 1:039 ) 0-579

3642 1.690 1517 1.042 0.606

L J
(valugs of n, amd n, correspond to = 6328 A)

TABLE 6.4
Refractive indices, densities and order parancters of Mixture 3

Ter~T a, | B fea/ce s
0.9 1.617 1.528 1.029 0.34
1.1 1.622 1.525 1.029 © 0.374
:2b 1.625 1&5&2 1.028 30398
5etl 1.635 1.520 1.031 0.444
T=0 - 1.642 1.519 1.034 0.474
12.0 1@6&‘ ’1517 10038 0.526
17.3 1.662 1.517 1.042 0.554
22:7 1;669 1m515 10044 ’ 0.58‘
28.0 1.676 1.515 1.048 - 0.613
33.0 1.682 1.516 1,052 0.630
39-6 1@690 1m516 1-056 ’ 00558
44-2 1.695 1.515 1'657 00673

(values of %, and m, eorrespond to A= 6328 /:)



TABLE 6.5

Refractive indices, densities and order parametsrs Of
Bixtur

e 4
h—-ﬂ n n 7 gm/ec 8
0.40 1.613 1.519 1.031 0.392
0.85 1.617 1.517 1.0%1 C.417
2.75 1.624 1.517 1.034 €. 445
3.75% 1.629 1.516 1.035 00469
5.60 1.635 1.515 1036 0.497
T.80 t.4639 1.513 1.037 D.522
11.25 1.644 1. 510 1.038 0.556
13.75 1. 648 1. 508 1041 0.581
18.50 1.656 1509 1.043 0.608
23.25 1.602 1.509 1.047 0.631
27.50 1.668 1.510 1.051 0.649
3225 16674 1.511 1.055 Q.667
31.79 1.679 1.512 1.059 0.681
43.00 1.685 1.513 1.063 0.698
48.00 1.688 1.513 1.065 0.710
52.50 1.693 1.514 1.069 0.724
53-50 1.698 1.516 i.073 0’732

[values of n, and n, correspornd [0 )= 6328 i]

TABLE 6.6
Refractive indices, densities and order parameters of
78 (20N) SBC

!NI“E ne : nd. f gn/oa s :
0.60 1.613 1.516 1.035 0.421
115 1.618 1.514 1.035 0.451
1060 10621 10512 1qc35 00490
2.40 1.625 1.510 1.03%6 0.500
3045 1.629 1:509 1.037 0Q521
5.40 1.634 1.508 1.038 0.546
7-90 1.639 1.507 1:9‘0' 0-572
11.35 1.645 1.506 1e042 0.601
16.35 1.652 1.506 1.046 0.629
20.95 1.657 1.506 1.049 0.649
26.00 1.663 1.507 1.053 0. 668
31.50 1.669 1. 508 1. 057 0.687
38.70 1. 678 1.509 1.063 0.717
46.60 1.685 1.510 1.068 0.740
52. 10 1. 690 1.511 1072 0.754
58.30 14695 1.513 1.076 0.763
64.00 1.700 1.513 1.079 0.782
71000 10707 1516 10086 00794

[values of n, and a, correspond 1O ) = 6328 1j

! {‘5'1



TABLE 6,7 DABLE 6.8

& and a/2a for the systems Animotropy in molar diamagnetic
studied susceptibilities
Sample ‘&moz“ a/ ne Sample oK x 10° mj/nola
em>

708 39.00
708 36.13 1.3%90 Mixture 1 47.98
Mixture 1 40.37 1.514 Mixture 2 56.20
Mixture 2 44.26 1.623 Mixture 3 66.24
Mixture 3 49.00  1.756 Mixture 4 76.49
Mixture 4 53.85 1.867 TP (2CK)58C 83.00

TP(2(N)5BC 56.93  1.940

TABLE 6. ,  B4BLE 6.10
Splay elastio conutanta of Splay elastie conastanta of
Mixture 1 : | Mixture 2
x, = 32.2 p - : %, =318
Ehxuz H, gauss X x10°  Fo~P H gaues  k, x10°dynes
o ynes - , " .
1.30 202% 0.239 , 0.58 - 1750 0. 153
2.72 2975 295 1.42 - 1950 c G211
5.89 2300 0.%70 4.63 2188 - 0e320
7.67 2438 0.447 6.72 - 2350  G«407
9.97 2550 0.506 9.75 2400 0.463
12.22 2600 0.545 . 12.72 - 2575 0.959
14.22 2650 0.582 - 16.33 - 2650 ' 0.626
16.63 2700 0.628 19.55 2700 ¢.668
18.6% 275 | 0.668 - 23.50 2800 T 0.T745
- - 27.92 - 2875 - 0.809
!G » 32.2 H
0.70 1775 0. 167
1. 45 1875 0. 202
2.50 1975 0.245
4.15 2125 0.300
5.75 2175 0.341
7.95% 2283 0.410
10.75 2425 0. 489
- 13.85 2500 C.549
17.25 ' 2625 0.635
21.12 ‘2725 C.T05
25.42 2750 C. 746

29.17 2825 C.806




TABLE 6.7 ZABLE 6.8

@ and o/sx for the aystemns Anisotropy iN NDl ar diamagnetic
studied susceptibilities
24 - 5%
Sample @x10 a/ na Sample 2K x 10" em”’/mole
em? '

' 768 39'00.
TCB 36.13 1.390 Mixture 1 47.98
Mixture 1 40.37 1.514 Mixture 2 56.20
Mixture 2 44.26 1.623 Mixture 3 66,24
Mixture 3 49.00 1.756 Mixture 4 76.49
Mixture 4 53.85 1.867 7P (2C% )SBC 83.00

TP{2CM)SBC 56.93  1.940

2 6. - \ ABLE 6. 10
3p1a7 elastio conntanta of &play slagtic constanta of
Mixture 1 Kixture 2
xb "32’2 B o :% - 31‘8 B
Ter~?  H gauss x"xm“. . fy?  E_ gaues g,,xw‘mea
. ' QIEQQ ’ " v
130 2025 = 0.2 ‘ 0.58 17750 " 0e15%
2.72 2175 0.295 1.42 - 1950 - G.2119
3,90 2238 0.327 2.55 2100 0.274
5.89 2300 0.370 4.63 2188 “0a320
7061 2458 004‘? 6.72 2350 ' 30407
9.97 2550 0,506 9.75 2400 0.46%
12.‘2_ 2600 9.545 12'72 - 2575 ' 0-559
16.63 2700 0.628 19.55 2700 Q.668
18.63 2773 0.668 23%.50 2800 - 0. T45
s 2?.92 '29?5 '01809
0.70 1775 0.167
1.45 - 1875 0,202
2,507 1975 0.245
4.15 2125 0.300
575 2175 0.341
T7.95 2283 0.410
10.75 2425 Q.488
13.85 2500 C.549
17.25 2625 Q.635
21.12 ‘2725 Ce 705
25.42 2750 C. 746

29,17 2825 C.806




TABLE 6.11

Splay elastic constants of Mixture 3

X, =315 X, = 32.4 p
!hI"! He gangs k113106 dynes E§£§! n gauns k1 x10 d;ncn
1.92 2025 0.271 g:gg 1 6§ ‘920
3-00 2112 9-324 4.42 - 2162 -0.376
7.-3% 2350 0.459 8.85 . 2%50 ' 0510
2.92 2425 9.327 11.35 2400 10.527
12.87 2550 0.608 14.08 2512 0.628
16.38 2650 0.676 17.13 2600 10,694
wZ o oRE o aw Ba EE O
053 | 3175 1,193 1.42 2875 .12
46.83 %250 1.284
TABLE 6.12 EABLE 6.3
lay elastic constants - Splay clnatio eonntanss of
® yﬁixfur- 4 : T2{208)580
zo = 51.2 H ‘xa n 27.4 p . ‘
z .
thf& H& gauss k11xio dynes .ﬂh1~! Rn gauss Ik, ,x10"dynes
1.60 2000 0.304 0.80 2525 0.403
3.50 2200 Q.404 1. 75 . 2638 0.477
«90 2350 0.496 3.60 2800 0.571
7.90 2462 0.568 4.70 2800 0.594
10.50 2550 0.636 8.20 2950 0.700
14.00 26350 Oa737 10.90 3000 0.754
17.80 2688 0.783 14.10 3125 0.846
23.00 2725 0.844 17.70 3175 0.904
28.60 . 2850 0.955 20.95 3225 0.956
34.60 2950 0.993 24.40 3390 1.025
39.70 3050 1. 164 29.80 3365 1.114
46.00 5200 1.324 35.00 3475 1.215
51.10 3300 1.436 39.50 3600 1.337
958. 10 3450 1.603 4;.?2 - 5833 :.404
34260 62 1:3%%

61.90 3838 1.662




ZABLE 6,14

The experimental values fitted to the
equation k.'1 = 0g%

Sample x ¢

TC8 | 2.20 2.28
Mizture 1 . 2.44 3.00
Mizture 2 2.42 2.89
Mixture 3 2.76 3. 60
Mixture 4 3.01 3.74

T2 (20K) 580 | 2.69 3.20
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