CHARTER V

ELASTIC CURSTARTS IN THE VICIRILY OF THE SMECIIC A-
HEMATIO TRAKCIVAIOH

abtroduction
In the case of a necwatic ligquid crystal whieh

ghows the ameotie A phase at lower texperatures
strong smectic like short range order bullde up as
the tenperature | S lowered., Henoe as the nemutio=~
emectic 4 transition (A-N transition) ie approached
bend end twist deformations become difficuit since
they tend to change the layer thiockness in the emsctie
|i ke groups. 48 a consequence, the corresponding
elastic constante are oxpected to exnibit pretransition
anomaliesn elose to the A~H transitien point., The
effeot is particuiarly pronounced when the transition
is seoond oxder or quasi~second ordex. Heasureuents
of vend, splay and twist elastic oconetants (Cheung e% al.
1973, velaye ot il. 1573) show that ks and k,, diverge
as T,y 15 approached. On the other hand k,, chows

the noruwal behaviour.

Hedillax {1971) has given & molsoulsy model for
a szsetie A 1iguid erystal. Exztending the mcleculsr
theery of rematic liguid orystale due to Haler axd
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Saupe (1958, 1959, 1960), he introduced another

orderxr paramater'qr » the amplitude of the denoity

wave 4in the direction of B . The nematic crientotional
ordexr parameter & and the saeetic order puramefer are
goupied. Decause of this coupling, grester the wvalue
o" S at the A~N transition, less is %heentropy change
at the transition. This moans that a psecond oxder
transition 18 favoured +f T&E is conslderebly less
than Typ. 1In fact MeMillan's ma@e% E?§71) prediets

a second °ﬁ§ff A~ traﬁ&&t%?ﬁu§f gﬁ? < ¢.87. Lotern,
Gc Gennes 5@973) and ﬁcﬁill&nkpraﬁas@& & Lardau type

of phenomenological desceription of the A~-H transition

and of the pretransition phencumona sosociated With Lt.

Theorles of de Gennes and Meitillan

In a smectlio A, one can define & one-dimsnsional
density wave along n , Eiven by

~1(qge~p)

$(z) = Sl +-(-§5; 'l e 1 (5.0

where §, 1s the average dencity, || the asplitudo

of the density wave, g, (= %ﬁ where & iz the intey-
layer distance) 18 tho wave wvector of the demsity wave
and ¢ an arvitrary phase. The smectie & order poramcter
can be written as Y = }1f| eﬁi(qﬁﬁﬂ@). Hegleeoting

the background derm since we are intercs$ed only in
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the fluctuations in the amectic order parameter,

= W;,,iv . (5.2)

Thus the order parameter i N this caee is a two-
component function. This brirgs in an analogy between
smectic A and superconductors as pointed out by
de Gennes (1972) and Mciiillan (1972). ZThe analogy is
nade clearer by the following eimilarity.

In a smectic A mediua curi n = 0 since the
line integral j_ﬁ « &r around a closed loop in a
dislocation free space is zerc (de Genres 1%565). Froa
Prank's (1558) expression (equation 1.4) for elastic
energy density, we see that twist and dend constants
invelve Vx B which is zero i N smectie A. Or in other
words curl 2 18 excluded from sssctic A. 1n super-
condustors the magnetio flux is excluded. If / is
the wector potential, then the moagnetic flux = curl A
shouid vanish. Hence M 1s similar to the director m.
From these arguments, it is clear that the smectio i~
nematic transition ie analogous t 0 the superconjuctor-

normal phase transition.

As the A-R transition polnt is approached the
size of the amectie 1like domains increases. The
imcreased size of these clusters czn be readily seen



in the increcase in the L-ray peak of the seattered
intensity related to the liguid siructure factor

{(Me¥illan 1972, 1973).

in the mean field approximaticn, the free ensrgy
n the neighbourhoed Of a second order phase transition

can be expanded in terma of Y and its gradients.

¥or a fixed orientaticn of the dircctor » , along &)
2 . 4 2
, ; 1 ,0¥
RS I AIRE v e
Y8 oy 2 ‘
. E%_ [&,ﬁﬁ) N (.12) ] (5.7)
T dx oy

where a 1s a teaperature dependent term and My and MT

will be defined presently.

Por T ) T,4, neglecting the term containing

4 -~ .
|y| , we have from tre equipartition 4 oovem, tho

thexrnal average of the Fourler cozponents,

2 T
<f\{f€t‘1>t ) = Y 5 IR (5.4)
@+ B g ¢ m(qx +oag)

Wo define the coherence lengths

= HE %1“ g (543)
" v ;z-x”‘i:a
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\§u and %.L signify the size of the emectic like
clusters. Inthe mean field approximation @ < T = T,y

As T AN is approached }‘” and g? , diverge.

Bow 4f we allow for director fluctustions; as
ehown by de Gennes (1573), F, takes the general form

2 4 2
- B LINAAR
Py=aly] + 5|V f-ﬁ;(as
., 2
. ZJM; V¥ - 1q, 68 7] (5.6)

where V., is the grazdient operator in the plans of
the layers. This equation 31& similar to the Landau~

Girsburg free ernergy for the superconiuctors.

Row the elastic free energy density can be

expressed as
2
P 2k (VE) + B(V) (5.7)

vhere ko is the Frank elastic constant in the absence
of any smectie like order and Fa(w” ) 18 given by
equation (5.6) averaged over all \ .,

if we ignore the difference between K' and »xg,
2
. qs 2 . >
g VD vy - 5.8



-2 . —>
where éa 48 witten as % vn which has the order of

2

the magnitude of the etrains in ¢ cluster of size ‘§ a

In the mean fleld approximation

~
i
2
L™

Sa?

2
<\”‘}r\ >- const. ;%'-% .

This corresponds to tke correlated fluctusations In

a volume ‘33 15. From the above three eq.ations we £ind
that the smectic like order glveg rice o & corvection
for twist and bend eonstants, the correction belng

ékoc% .

liow 1f we toke M # Ho» it can be chown

{de Gennes 1972) that
2
i WS
22 a5,
and (5.9¢)

3
Sy = ﬂ%L %,
mﬁ)"‘%"

In the mean field approximation § ¢ (2 - ¢

ik

el

{For a purely second order transition &% _ . . Fora
weak firet order tramsition T% < E’w). de éﬁnnes
{1£72) argued that mean fleld results wmay not be
appliceble to A-H tramsition. Using wilson's {1072}

calculations he concluded thut ’f o {g - Tﬁ)°u'5€"'

Hence the full expression for the glastic

constent can be written as



K, = k,,(0) + const. (7 - b (5.11)

1 = 2,35. 7 =3in mean field approximation and
7 = 0.66 in helium analogy.

Ie ku(o) is assumed to obey mean fleld

variation
X, (0) s? .

Hence

X, = ¢, + o (2 - 2%)77 (5.12)

These theoretical predictioms initlated a large
nunber of experimental studies. Since we had developed
a new method {0 deterzine k,, we thought It worthwnile
weasuring the twist constant in some nematies which
exhibit the smectio A phase at lower temperature. Ve
have also ma,sured RSS for some Of these compounis.
However we must smphasize that the experimental sst up
uzed here was not specifically designed t 0 measure the
e: .tical phenomena (the temperis—re control being only
~ #0.02°0) and hence the numeriesl values +that are
cbtained by the analysis of the data are perhaps only
of qualitative significance.

Experimental
Chenmieals: We have measured k22 and k33 for

8CB, 10 OMCPC, 4'«n—octyloxy-4-cyanobiphenyl (8 0CB)
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and p-cyanobensylidene-p'~octyloxyaniline (CBOOL).

Of these 8(B and 10 OMCPC were prepared in our
Chemistry Laboratory. 8 OCB was obtained from BIH
Laboratories and was used without further purification.
k,, measurements were done on CBOOA supplied

by Eastman Organic Ltd. after recrystallisation from
n-heptane (’w = 827, DTgy = 107). ¥e hare

already mentioned that McHillan's model (1571) leads

%0 the result that the A-N transition | s secornd order
ir T:IR \\/ ?.87. Bem%hiaf t he nematic range | S
increased, the mature oi A-~l transition comes closer
to second order. wWith thia i N mind, we hsve prepared
two mixtures of S OCB and 7C3 thereby extenilng the
nematic range considerably. None of the compounds
studied here have reached the Moiillan limit. However,
the differential scanning calorimetric measurements
ehow that in some compounds with large neaatic range,
the &= transition is hardly detectable.

The transition temperaturcs of 8 CCb and the
aixtures are given in tadle $.1. In this Chapter, we

shall give, in addition to s, and k33, the kg4 data
for 8 OCP and the mixtures as well.

The values of S and ¢ neceasary for the calou-
latien of elastic constants are giver in Chapters III
and IV for &CB and 10 OMCPC respectively. 1In the



case of other compounds, we have obtained thenm as

described below.

Crder naorameter and density

For CBOOA, S values were taken from the work
of Ternandes and Venugopalan (1976). The tezperature
variastion of density was taken from the data of Torsa
and Cladis (1575). S amd § walues are given in
Table 5.2.

The refractive indicee of 8 GCB and the two
mixturces are tabulated in Tadble 5.3. They are plotted
in Pigure 5.1.

We have measured the density of 8 OUB at
Ty - T = 12°C by tho eapillary method (see Appenmdix 1I).
Using this value gnd the refractive index data its
average polarizadilities & for different wavelengths

were colculated.

Por the mixztures we used t he relation
(Chand rasekhar and Hadhusudana 1%569)

Tyg = Pz(a)i + pz(E)z (5.13)

where p, and p, are the molar propertions of the
components 1 and 2. Using equation (8) of Appemdix 11,
the denzity of the miztures at T&I - T =w 12°C are
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Figure 5.1a

Refructive indices Sf & OCB as funcilons 0f temperature.
The cirgles, triangles nnd squares are the values for
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Figure 3.1b

Refractive irdices of Mixture |

[8 OcB (62%) + 7¢B (38%)]

as furctions of tenperature. The eircles, triangles and
© [
squares are the values for 72 5461 4, A5893 A and

7\63282 respectively.
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Rigure S.l¢

Refractive indices of Mixture 11 [8 OCB (417) + 7CB (59%)]

as functions of temperature. The cigrclea. trLangI es and .

squares are the values for A5461 A, AS893 A and 6328 A
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caleulated., 2he values wre given in Table &,

£
L ]

The temperature variation of density from the
optinal data zre given in {able 5.%. Uhey are

plotted in figure 5.2.

)

‘o caloulate the oxder parascier of & Ui,
from the coptical dats, we need the vilue of L.
ke have estimated the incresent in Ae from

8 OCB using bond polaricabilities (oce ippendiz I1).
¢

&3
x4
X
[ kol
&
S
‘.lh

fhe value of (Eﬂa«)ﬁ cop  Wee ent

“nowing the walues of & for TUI end & (b, $he opder
paraneter of the mizturcs, ot ony relalive loauporature,
be calculated using %he eqguetion {Clumdruselhar

ard Hadhusudana 1S6¢)

The temperature variatien of O for & UUE and

rpixtures are given in figure 5.% and Yablic L.6.

Llacsie conatants

We shall digeuss the analycls of Ko, @00 Kgs
in the noxt section. fOr $he soke of coupletercso
weé have glven the oploy clapile tonstorte of § LB
erd its mixtures with T8 in Tobie $.7. Qhey are

represented graphically ir figure Se4.
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Plgure 5,2 Densitles of 8 0CB, Mixture I and Mixture 1I derived

frem optical anisotropy measurczents as functions of the relative
temperature. Eech symbol represents a value averaged over the

ealoulations for wavelengths X 5461 K, A5893 R ana 6328 A.
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(TNI -T) C

Figure

Order parameters Of 8 OCB, Mixture I and Mixture II as
functions of the relative temperature. (,
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Kk, x10°
dyne

| I

20 1O O

(T~ T)°C
Pigure 5.4

Splay elastic constants of 8 CCB, Mixture | and Miztare IX
as functions of the relative temperature. ... .
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Analysis of k22 and k35

The experimental valuea Of the twist and
bend constante can be fitted to the equation (5.12).
Since T = QAE only if the transition is seoond
order, we canh treat +® also as & variadble. ¥e

have used a 4 paraseter fit Wth variables o,, s

¥ and ™,

The data for the full temperature range
wae flrst fitted to the eguation (5.12). However
as we have already discussed | N earlier chapters
the background term cannot be taken to e sccurately
represented DYy 0132. Since the background term
makes a predominant contribution near QRI' it is
appropriate to drop data pointe from higher
temperature region until tho R.H.8. &ror is

minimised (Bee e.g., Chu and MeMillan 1975). Table

5.8 gives tho ratio Tﬂﬁ/xﬁzg ‘AHAH and y. The
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.8 and 5,10, They are plotted irn fipures L5

and 5.6 respectively.

There have been & nusber of exeriuental
determinations of the criticel exponent y. 7The
valucs are summarized Iin Teble S.11. Ixeert

for light scattering rmethod, oll the other

%mrn-

deterninations make upse of the Ireede:
transit | on technique which le ti stutic nethols
the method involves the arplicatlon of an

cexternal fleld to deform the sample. Sinece the

time constant becomes loarse ot the a-ll trausiiion
is ap; roached, the statle epuillbrium in this

cuase bueomes gulte uncertsin.  1In addition,

.
LI Y ) L‘omah‘..
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O | 05 | 5
(T-T7) °C

Filgure 5.5a

Twist elastic constants of 8CB as a function of (T = %y,
The values for different samples are marked separately.
The curves are least square fit;ted t 0 the equation of the

— - 2 - pEy =Y
tyse kg4 = 6,5 + ¢, (T - 197,
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1.0

Q)
kzzxK)
dyne
0.5

] 1 ] |

| 0
(T-T7°C

Pilgure 5.5b

Twist elastic constants of 8 OCB as a function of (1-%" ..

The values for different samples are marked separately.
The curves are |least square fitted to the equation of the
type k,, = 0,52 + 0, (P . £%)7V.
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Pigure 5.5¢

Twist elastic corabvante of 10 OMCPC =s a funoction of
(7 - ™). The values fOr differert somples are marked
gseparately. The curves are lexst squarc fitted to the

equation of the type gy = 0,8% + {7 = Y,



6
Koo X 1O
dyne

Q.| | & 10,

(T-T °C
Yigure 5.5d

Twi st elastic constante of Mixture | ae a function of' (T-T%).
The values for different samples are marked separately.
The curves are | east squarefitted to the equation ef =~

2 =\~
type kgy = C45° 1 Co(T = T7) Y,
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Flgure 5.58

Twist elastic cc stants of CBOOA as a funotion of (T - 7%),
The values for different samples are marked separately.
curves are least square fitted to the equation of the type

gy = c,s2 NG L
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6
k22xlO

dyne

Pigure 5.5f

am

mwist elastic constants of Mixture II as a . :
The values for different samples are marked separw...,. -~
curves axg least square fitted to the equation of the type

kjj = C;8% + Cy(2 - T%)°Y |
198



6
k33><IO
dyne 3 -

(T-T*) °C

Figure 5.6a

Bend elastic comstant of 8C3 as n function of T-F.
The least square fitting is done as mentioned | N

figura 05
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I | !
| 1@,

(T-T7) °C

Figure 5.6b

Bend el astic constant of & OCB as e function of T=T%
The least square fitting i S done as mentioned i n
figure 5.5
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10 OMCPC
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<
=
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ROHES
5...
1 1 1 i
01 05 ! S 10

(T-T)C

Figure 5.6¢

Bend elastic constant of 10 OMCPC as a function of T-1%*
The least square fitting is done as mentioned | n figure 5.5
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| | ] 1

0.l | 0
(T-T™)°C

Pigure 5.64

Bend elastic conetant of Mixture | as a funotion of T-T%.
The least square fitting IS done as mentioned i n figure 5.5




— \
157\ MIX I

k
dyne

| | | |

| 0 20
(T-T"1°C

4 a 5.60

Bend elastic constant of Mixture II as a funotion of P-7%.
The leaet square fitting is dono as mentionod in Pigure 5.5
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have pointed out, one cannct approash Tiy very
closely because fa this region an Instability of &
certain type Sets in. For these ressong, the light
scattoring method in which no external field ic

used, is expected to be the most accurste. From

the table, we see that an asccurate light scattering
experiment gives a value vy = 0.5 while otheyr acthods

give higher values.

Another important facter to be censidered in
the data analysis 18 the purity of the sample. Cladis
(1¢74) has cshown that the value of v iz extrenely
senpgitive to the stete of purity of the sample. Vhile

sample of

a very pure CBCOA gave a velue y = U.b%, the one
doped with a small amount ( ~ 1.50) of ortho ¥MLBA
roised the vzlue of v to 1.0, %huw it is clesr that
a value y other than $.5 and (.66 mipght either be due
to the impurity comtent in the sanple or due to the

irasccuracics in the experiment.

Ya must also mention here that de Gennes (I1V73)
has pointed out that some compounds nuy give y = 0.66
and some y = 0.5. &lso Chu and MeXillan (1¢75)
conclude that the value of y = {.% for CHOUL misht be
due to the fact that the compound is neor Itp tricrifical

relnt.

In all our experimentieg, we have not made any
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specinl effaorts to purily the sample, However
gince moet of the experiments were done on cherically
stable compounds, there iz 1itile chance of the
sanple decomposing during the experiment.

S¢nce the teaperature controls in our experi-
ments wers not gpeclally designed for studying
precyritical phenomena, we do not put any emphasic on
the valuas of y obtained. However, we wlsh to point
out the y is eleser to 0.66 rather than to C.D in
most cases. We 2lso obzzrve from Table 5.8 that vy
obialned for kg in nny compound 16 smaller, in general,
than that for Kyye He know that even ip nematics which
ds net have sxeetic A at lower temperatures, the index
X iNn the equation k,, = 05" is larger than 2 for Ky
while for k22 it 18 nepyly 2 Therefore for 253 a
background {an of 6132 mey ned be quite appropriate.

¥rom Table 5.8, it iz slso seen that as the
nematic range 1s inoreamed by adding 708 ¢to 8 0CB, the
heatu of A-N tramsition decreases. Correspondingly,
v has a tendency to deorsase. Very close t0 the
trioritical point, one would expect y to attaln the
rean flzld value.

N
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Zable 5.1

Tranel tion temperatures of 4'en~octylony—d=cyuucbiphenyl
and mixturcs

neaetio-

crystal-smectic @seéoPc~—
or nematle igotroric
erystal-nematic
g 00D 53.3°C 66.¢°0 78700
Mizture I 12.2°C 45,790 Ble 34
Flxture 11 12.9%C LAl N . 56.9°%
Hizture I 3 8 OCB {ﬁ“? mala,g v TUE (3% wmole o)
Bixture II: 8 GCB (41 moles) + TUL {59 mole )
?le@ 23_2_%
Urder parameter and denglity of Chous
i Order denuity ¢
o paraagter o Cind e
24: 4 ﬁ.&z‘) Lo lSr »22
21 » 5 ‘:d- 5&& \»‘9 53@-\,35
'SO. 1 0.5¢2 Ve S36G
?‘;‘2 G.b?é’ JO-'JE:J
1.4 o548 V. S35y
B, Y 0.532 G, 8237
7.0 C‘.SQE"O u.ﬁﬁffﬁi
Jo) Go4£2 b-;,,?,}
3.1 C.463 0. 9258
6.01 {}0434 G.QE‘:Q
0.7 6:412 w. y&?i
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Table 5,3
Refractive indices of 8 OCE and ite mixturee with 7CB

Ppy=? A5461 A A58%3 A AE328 A
°C R, Re B e B R
: (1) 8 ©CB
16.3 (II) 1.508 1.695 1.50% 1.685 1.500 1.677
14.4 (1) 1.508 1.6%1 1,503 1.681 1.500 1,673
13,7 (II) 1.508 1.6%0 1.504 1.679 1.501 1.672
12.4 (1) 1.510 1.687 1,505 1.676 1.502 1.668
11.8 11; 1.510 1.634 1,506 1.674 1.502 1.667
€.6 (II) 1.512 1.679 1.507 1.66% 1.504 1.661
6.7 (III) 1.511 1.67¢ 1.506 1.669  1.503 1.661
6.4 (I)  1.512 1.678 1.508 1,668 1.504 1.66C
7.7 (II) 1.513% 1.673 1,509 1.664 1.505% 1.656
6.8 {I)  1.514 1.670 1.510 1,659 1,506 1.651
5.5 (II1) 1.516 1.666 1.511 1.656 1,507 1.648
5.1 (III) 1.515 1.665 1.511 1,655 1.56; 1. 648
4.6 (1) ~ 1.517 1,662 1.512 1,652 1.509 1,645
5.9 (II) 1.519 1.655 1.515 1,646 1.527 1.639
2.0 (I)  1.520 1.654 1.515 1.64% 1.511 1.634
2.6 (II1) 1.51% 1.654 1.514 1.644 1.510 1.637
1.3 (I)  1.525% 1.642 1.51¢ 1.6%2 1.516 1,626
1.2 (XI) 1.524 1.643 1,519 1.63%4 1.515 1.627
0.8 (III) 1.52% 1.641 1.518 1.633 1.514 1,620
0.4 (II) 1.529 1.631 1.524 1.622 1.51% 1.617
‘ (11) lNizture I
17.6 (1) 1.516 1.703  1.51C 1,692 1,507 1.684
17.1 (II) 1.515 1,700 1,510 1.6%  1.507 1.682
15,6 (1) 1.51% 1.6%98 1.5%11 1.687 1.508 1,68¢
13,9 (II) 1.516 1.6%4 1.511 1.684 1.508 1.676
13.9 13 1517 1.69% 1,512 1.684 1.50% 1,877
11.5 (1 1.517 1.685  1.513 1.679 1.510 1.672
6.2 (I) 1.519 1.684 1.514 1.674 1.510 1,666
B.% gzx) 1.518 1,680 1.514 1,671 1.510 1,663
6.8 (1) 1.520 1.677 1.515 1.667 1.912 1,660
6.2 (II) 1.521 1.673 1,516 1.665 1.512 1,658
4.7 (1)  1.522 1.€70 1,518 1.660 1.514 1.653
4,2 113 1.523% 1.666 1,518 1.657 1.514 1,650
2.8 (II) 1.5%25% 1,660 1,520 1.65%0 1.516 1.642
2.6 13 1.526 1.660 1.521 1.650  1.517 1.643%
1.4 (I 1527 1.655 1,522 1.645 1.519 1,637
1.3 (II) 1.530 1.646 1.524 1.63% 1.521 1.631

t



Table 5.3 continued
I N5461 A A58E3 &4 A6326 A
© bo ﬂw 50 na 50 5@
(1441) HMixture I
33.4 nw 1,517 1.730 1.513 1.71¢  1.%10 1.710
28,9 (1) 1.517 1.724 1.513 1.714 1,508 1,705
26,7 (II) 1.517 1.722 1.513 1,711  1.510 1.703
25.7 (1) 1.518 1,720 1.514 1.709 1.51C d.qa,
2%.4 {11) 1.518 1,717 1.514 1.706 1,510 1.€58
22.8 (1) 1.518 1,716 1.514 1.705 1.51u 1. 657
20.4 (II) 1.518 1.712  1.514 1,701  1.511 1.6%4
1¢,5 (1) 1.518 1,710 1.514 1,700 1.511 1,692
16.6 (II) 1.519 1,706 1.515 1.6%6 1.511 1,688
15.5 (1) 1.519 1.70%5 1.515 1,653 1.511 1,685
14.1 (II) 1.520 1.701 1.515 1.6%1 1,512 1.687
12.1 (1) 1.520 1,697 LE16 1.687 1.%12 1.679
10.4 (II) 1.521 1.694 1.517 1.684 1.513 1,676
c.4 (I) 1.521 1.6%0 1.517 1.68C 1.514 1,672
6.7 (I1) 1.524 1,683 1,519 1,674 1.516 1,667
4.5 (I) 1.526 1.674 1.522 1.665 1,518 d.mmm
2,1 (I1) 1.527 1.66% 1,523 “ 661 1,519 1.653
2.4 (I) 1.53C 1.663 1.525 1.654 1.521 1.648
0.6 (II) 1.532 1.654 1,527 r?a 1.524 1.639

able

Densities and average wowmnwmawpwpn»mm of 8 OCB and

ite mixtures with 708
o u«u@u«« ¢ »&mﬂse@ polurizeblility
T x 1024 ond
nwz tﬂvaamco ° X °
o en/ao  AB461 & 5893 1 )€328 4
8 oCB 1.0%54% 36,64 28,28 37 .96
Hixture 1 1.0239 37 .52 57.57 37.28
Mixture 11 1.0301 3752 3717 26 .88
»

measured value.



Table 5.5: lensity of 8 0CE and aixtures

Tyy =% Deneity ¢ gw/ce _
B3 o T 5 k4]
°C A5461 A A5B93 A N6328 A Mean
(1) 8 oCB
U 1.085% 1.0254 1.0258 120255
2.6 1.0274 1.0274 1.0281 1.0276
Se1 1.02¢¢ 1.02%6 1.0310 1.0302
Te6 1.0321 1.0323 1.032C 1.0%21
Ca'l 1.0326 1.03%28 1. 0335 1.033%0
1.% 1.0268 1.0264 1.0275 1. 0269
%0 1.0285 1.0286 1,0273 1.0281
4.6 1.0298 1.02%9 1.0308 1.0302
6.8 1.0317 1.0314 . 1.0323 1,0318
[ 1.033%7 1.0337 1.0346 1.0340
12.4 1.0360 1.0358 1.0367 1.03%62
14.4 1.0%67 1.0362 1.G371 10367
Ged 1.0256 1.0250 1.025% 1,0255
1.2 1.0271% 1.0267 1.0276 1.0271
3. 1.028Y 1.028¢ 1.0265 1. 0261
HaS 10511 1.0308 1.0311 1.0310
77 1.G323 1.0327 1.0335 1.0328
C.B 1.034C 1.0338 1.0350 1.0347
1.6 11,0354 1.03%4 1.0367 1.0358
15.7 1. 0365 1.0%62 1. 0379 1.6369
1€.% T.03a8 1.0380 1.03%6 1. G350
(11) Mixture I
1e3 1. 0148 1. 5148 1.0153 1. 0150
2.0 1.0169 1.0170 1.0168 1.0169
4.1 1.G181 1. 0181 11,0188 1.01863
6.2 1.6201 1.,02u% 1. 0206 1.02¢3
8.3 1.0213% 1.022¢ 1.0218 1.0217
11.1 1.0242 1.02%¢ 1.0245 1.0242
13, ¢ 1. 0260 1.0263 1.026% 1. 0264
1741 1.0283 1.0285 1.0287 1,0285
16,5 1.0294 1.0301 1.6247
1.4 1.0163 1.0163 1.0165 1.0164
2.6 10174 1.Q172 1.0180 1. 6175
4.7 1.U1€7 1.0146 1.0208 1.0148
6.8 1.5215% 1.0213 1,0219% 1.0216
€.t 1.0234 1.0233 1. 0235 1.0234
1.9 1.0252 1. 0250 1. 0261 1.025%4
13.% 1.0271 1.0270 1.G27¢6 1.0273
15.56 1. 0276 1.0278 1.0286 1. 0280
17.¢ 1.0 1.02%6 1.0303 1. 0200
&Get 1.8311 1.0312 1. 0318 1o314
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Table 5.5 continued

¥ o 4 o A g g
-4 Density § awm/es

Toy=%
Kl ' -
€ %

o0 15461 E AS8Es 4 AERZE g Fean

(411) Riznture JI

G.6 1.0004 PR [PR%e) I 1. U010
1).1 100034 1. \.‘{;‘3'. i 'Cij“%:} 1 agf;.é:'.‘;&.)
6.7 1 10069 1 n{;\}72 1. o8 Te uc?é
0.4 1. CO4E 1.0108 1.0108 1. 0945
14.1 1.0124 1.0%86 T u?Jw 1,018
1.0142 10144 1,015 1.0%140

20 1.0167 1.01¢66 ?.33$§ T.uie
230 1.9186 ’QG‘I&;? 1.{319? iu\,.}(vi,f
26. 1.0206 LIy P 1,0214 V. U220t

1;0022 1.%26 1.5{4‘3":3 ?nw‘b«.;
1.0045 10035’2 10005.:: ?tw«\})if
1 00085 30 03&37 3 - :{.}E? % o{dU ‘;g
1.01(’?} »uﬂ:’? ‘i Q.ﬂ %.g:ﬁ‘:}g
1.0130 1.01%2 1. ﬁ?ﬁc 1. 0154
1.C15¢ Te b?f‘ ?ayip” 1,0164
‘10186 3.(3'3&58 1 2? I '30&,3'3&:»5:3
106206 i¢0¢?h4 T8N0 'Bnuu,uwf
1.0214 1. G221 1. G224 Te G20
1. 0245 1, 0248 1,059 Yo LS

L ] ) t ] *
S AOI OO A AT IS

W EZ AT UMV A0 e B3

s % & 3 ¢ ¢

LIRS IO D) b et
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Table 5.6
Order parameters of 8 COCE gné mixtures

Th1~T s
o ) & F) -
¢ AB461 A A5893 A A63228 A Hean
(1) & VLB
D.8 G346 Ce347 0.34¢ UeB47
2.6 0.3%4 D3¢ . ©.35%6 0. 325
5.1 0.438 Ue436 0436 .57
7.6 C.467 C.468 o466 G AT
4.7 0. 451 A e 480 U 450
5.0 G.3%1 P AS] Lo B85 e 368
4.6 0.424 e 803 U823 web3
.4 U. 484 le4Ei4 Ce483 Gedtid
1204 00515 {.10514 {.«qr15 ‘\30515
14.4 C.535 (re5'5E Ue35 DeD35
Ocd- C.Qgg \,»'297 C';u 305 ;"»".:5 ‘{-’
1.2 Ce846 Vel 48 Ve %48 e 347
%ol 0347 GeZ8T (.410 Ge387
Te7 C. 466 e 467 Codbd (e 466
€9 C.489 G489 U487 U488
11.8 04507 0. 5G7 Ceh0B Ue 90T
13.7 Ce52Y G.528 0.52¢ <e52¢
1€.3 0.545 Vedd LeH45 VeD45
(11) Mixture I
1.3 0,342 346 Co344 Ge344
4.1 0.41Y Ueh20 Cadll Gedy
11.1 0.4%7 Ue4L8 Ve D Ved LG
13.€ e 520 “eH1E GeH1Y Gea 1y
1719 Ve538 vab 4l Lebdo Geb3%
1.4 C.375 Ce36% CeB67 e 370
2.6 GeBG2 IS PR 554 we3 &2 C.3%2
407 L‘-432 \«4‘.429 'uo‘@g{} i).£30
€.8 Ge45¢ UedbB Ue58 J«458
Ce2 Ue 480 Cedel Ue 48O LedS0
1‘-5 U:(Dv" \Joﬁui) Uobu1 LeDN
13,5 0.518 Leb17 Ge517 ve517
15.6 C.530 e 28 Ceb2y Le529
17.6 UeD46 “e 545 Ve d3 We04d
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Table 5.6 continued

S
Rl ® 'Y [

°0 A 5461 A 25893 4 16328 A Hean

(1i1) Mixture 11

C.6 0.34¢ 0.350 U352 Ve 350G
.1 0. 406 Ue 408 Ue410 Ue40B
6.7 0.455 3.457 Ue4 58 Ued 57
10.4 U.493 U4t C.4%1 Ue4%2
14.1 04517 0.517 Ve 517 eH17
16.6 0.53% 0.9521 0.533 0.532
20.4 0.549 UeH50 o DWO50 Je550
2%.4 0.563 0.563 Ue563 0563
26,7 Ce578 0.578 0.578 0.578
2.4 0.380 Ce 381 CeB84 Ue382
.4 0.481 C.48C 0.479 Se480
12.1 0,502 0.503 Ce503 503
15.9 UeH22 G523 o525 Ue523%
18.5 U543 G244 Cei45 G944
22.8 0.55% 0.59% 0560 Ce5HY
25.7 0.57% VST ve T2 veSTH
3%.4 0.597 T 04588 G558 U.5%8
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Table 5.7

Splay elaastic 3f?a§agéﬁof 8 OCB and alxtures

Xy @ 0.2 un

!

6 . 6
ol ¢ Kgauss dyne dyne
0.6 2.10 Je il 0.49
1.9 2.36 DaT4 LeTl
509 2'56 ‘Jogg Oogg
Se7 2468 1ei 1. 18
Ted 2,80 1632 1439
1C.C 2.63 1.55 1,57
12.5 %10 1e82 1.79
X, = 30.2 pm
2.5 2.46 Ja33 Ue80
4.5 2.5¢ 1.02 1.05
6.5 2.7% 1.24 1.29
8.3 2.85 1%z 1.42
16,9 3.00 164 1.64
12.6 3.1 1elsd 1.80
L »
xg 30.1 p;
(14) Bixtwe X
005 2015 Uci’té ;J.51
2-0 2.4{3 \}‘Oi 3,).78
5.2 2.66 117 1. 16
Te5 271 125 1.36
10.1 2.87 1ed2 1,56
12.6 3.33 1.77 1. 73
15.8 3.13 1.58 oS4
18.5 3.24 2420 2.11
Xy B2l e e .
0.1 1.97 GedD .4z
1.1 2025 doé? 0.63
3!7 2.43 \uoi"ﬁ ‘J.ﬁﬁ
4.2 2.56 T35 1.06
G4 2.66 1.17 1.27
8.9 2,80 1. 42 1.47
11.2 2.93 io{}l.a ’.64
14.4 Fe U3 1,81 1.8%
16.8 310 1.57 1.9Y
18.9 Beih 2423 2. 1%

i
!
1
£



?able 9.7 continued

£ A X <A AT, S I T

'3 i k ; 6 £ \ o . ;‘-r'gt;
&HI"? Hc (kii)e3§ W yiieur ¥ o
Co Egauss ayne L Lwme

(4i4) Mixtare IX

2025 {«’oﬁ’(‘ ‘;3951
2.4 GoTH CeSE
2.,53 3,55 G. 862
2.64 1.00 1200
275 1,14 117

1.28 .31

8 da O =W B3 AT =ININ «
® & * © & @9 €® & & » 3 9

8 OV WO=I AWl S WIR W
3]
*
&
.

1 2.95 1,44 1. 5¢
1 3,00 1.54 1,59
1 3,07 1.5 .75
& 3.20 1.89% 1. 86
e 3.29 208 2001
2 3034 &*0'52 ;..:ei-?
T o
e 232 G bG i.!uéu
39'3' 2059 S n*‘:’tii LV 1T
56 2.75 104 1ai3
!‘f_‘u‘v 2.85 11?3 ?t&..
16.7 2,55 1,%3 1.7
n.2 Ze 07 1. 4% b
1. % a7 e84 1,64
18.5 352 168 T.80
2hed 245 ce i3 Sail
¥, = 27.1 pm
Table 5.8

?Ayf?yl. heates of trangitior and ihe indices y fov
o the systoms estudied

§x1 /lm k., | iy

P S B i ik s SR AR S R S e A

8 ¢n a.sza C.10 Vel4 1.0

5‘313&‘&&1‘@ I f’o Ev : e G1 Coa 63 G 'ﬁ‘?
CBOCA .94 - Ou b8 -
Mizture iII G.¢2 0.6 R 2 G 68
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Zable 5.9

fwist elactic constante {keal = 0132 + Cy(2 - ®)™7]
® -0 [
T-T kﬁxp x 1G -4 ol x 10
°C dyne dyns
(i) B CB
0.18 0.82 0.82 |
1 GalB C.73 32 = D071
1.1% Le66 Ve62
1 60 .60 0.5% Yy = (.68
3&?’6 {.3044 éo‘ﬁ T = 33!27
6-‘! 3032 Ca34
6.77 Ce25 Ge27 RES error = 0.0210
Go13 e i% Je Y <
0477 C.68 0.68 Cy = 2.53
2,75 Geb 045 »
TS C R 1 0.47 y = 0.79
ﬁ-?“ Ue3H UeBT ™ = 33,30
6.47 Ca26 RHS srror = 0,0223
(11) & 0
21 T S B
oK ¢ te P ]
0.35 1.14 1,16 Cp = 0,12
DeTR .05 1-2;(; Y = 0.74
1.83 068 G ™ ne
2,63 G.82 o83 T" = 66,536
4,16 0476 UeTH R¥%8 error = (.0146
5.873 Ul 68 .68
T34 Ul Geb1
€..2 {48 JeB1
11.44 VeXT7 .38
Ge22 1.14 1.06 ,
0,71 D93 o
1.07 R 0.89 Cp = Uu12
1.?6 &.?g Oagg Y = 0.66
e 08 Us Vel . \
5030 Ce69 C.68 T* = 66.584
7.7&‘? \oibﬁa vQJB aﬁﬁ EXxror = 0:01550
1G.58 Vedd Je4d3
12.2¢ GeBl 0,24
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2able 5.9 continued

51®  (/K) x 10° (W/AK),,q % 10°

8g exp
dyne dyne
(131) 10 oMorc

037 U.T3 Deli2 Gowm .o

353 0.66 Go'TO ¥ ot

u.Gg O.g; e84 C, = wel it

! 00 505& « R

1.37 Gab1 Ca52 ¥ o= G50

1.94 Cad? UedB ™ = 656,615

2. 41 0.45 {‘4.4‘6 AT 5 g o Feenfl s
4. 53 0‘38 ‘v.fcé-{J Ll @rror w Ll
G006 Ue 35 Ve 30

L. 40 0430 GoB1

12.05 0.26
14774 0. 20

‘:3.36 0.73 us?}&*

(1-52 0.67 De 7‘( g, = ;e:{%

¢ 1 57 080 IR

1.2&3 0.52 0 A8 'u:: % Laolf

£e4d C.48 Oadb ; w .54

4.0 Ce43 Cedd zﬁ -

6‘4‘3’1 0,40 G %7 T e 6,837

2.5%% 0.30 L,J% WiE orror = G.0185
10.42 0.29 I &
?206! 0!24 U‘Qg,lf)
14.86 Cel17
15.€6 D14

218



Table 5.9 ..ntinued

(iv) Hixture I

P [9 o

;ng k‘xg x 10 keal x 10
yne dyne
G 05 2.34 2.1%
0.24 1.44 1.%8
U, 48 1.28 .20
2.2% 1.02 Ue9T
2.8 0.92 0.93
3.53 0.88 0.%2
6.45 0.80 083
€.36 Q.72 {76
12.02 Q.62 0,68
14.95 0. 50 U.58
17.15 0.%8 C.48
18.98 0.28 e %6
0.07 1.94 1.94
De22 1.42 1.46
0.46 1. 26 1.26
0.9%2 1.20 1.12
2,12 1.05 1.00
4.74 0.52 0.9
7.58 0.81 (.81
10, Q.70 Cu?3
12.3 0.62 e 68
17.34 040 e BB
19045 0-25 31.31

2.57

Ce 177

Ge70

45.574

RHE eryor = 00570

-l
# B 8 #

¢, = 2,68
G2 = Qo247
Y = U.56
7™ » 45,973
A4S error = (,0422



Table 5.9 continued

(v) CBOOA

0.28 5.15 3.12

.36 2.9 2.47

0.63 2.64 2.67

;.3% gtg gog.; 01 = 5059
3.7% 2.12 2.13 Cp = 0ed3
6.;% %ogg ?ogg Y = 0070
8. D * T
11.77 1.79 1,75 T = 82.584
15.76 1.58 1.55 B8 error = 0.0370
18.63 1.35 1.%8

20,17 1.19 1.27
22.25 1.06 1-10
23.46 0.95 .89

027 337 317

A S

3,27 2,33 2,26 Gy = 5.50
SR 1 S S
16,70 1.85 1.58 Y = 0.8
130"1 10?6 1.?6 T w 820496
:g:gg ::gz ;:gg 4S8 error = 0.0456
21.80 1.15 1. 20

23.70 0.89
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Table S.%Y continued
(vi) Kizture II

o ol b [
&"cc A Koxp X 10 K, X 10
dyne dyne N
0,24 2.77 2.77
C.65 %.%g §.26
3.8{5 > w» LR q
1.24 1275 1,82 Cy = 2.48
250 1.?1 ;.6; 02 w 0.60
4.02 1.92 o4
6.17 1.44 1.3%9 V- .63
8046 ;.31 :022 7 = 2&387‘
10.7&3 021 tg ok £ 3 €
15.02 1.05 111 S erroxr = 0.0354%
17 .42 0.58
18 .56 , Gets
21.40 U.81
23 .68 Oe70
28580 G5l
0,25 254 2.41
C.%52 2eB3 2.30
G.5%5 ?.g? %-;é 01 u 2,45
0,78 P s 9%
1.17 1.84 1.86 C, = 0.67
20?5 }-Zg ;oiz Yy = Qe54
5.18 . . n _ ap
€15 1021 1,33 77 = 29.556
12.68 1.14 RS erroxy = (,0648
16.58 0.%8
1¢. 86 Ce 84
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Table 5.1%

e 21 elastic comstant {kaai = U,
{1) 8 CB
o 6 6
dyne dyne
0.185 6.17 6.13
{1e3C5 .63 2,63
Gedb5 3,07 %.06
\”;71?} 2030 e 33
:.?65 2023 ﬁog'ﬁ
1.1¢5 1.76 1. 74
1.3%5 1.64 1.62
20245 1.24 1.2%
%a 855 1.82
i‘c‘??’ \:3079
5. 465 Ue6b
6,55 oS4
Lo 4LE T. 58 .97
Vel Be T 27
I % 2.39 ee51
Y32 2.0% 2013
1.812 1.82 1.80
P.412 1.75 1.64
2,112 1.5% 1.52
5. 3582 1.03 1.0%
40992 Uc?g U.80
6,632 Gef Y ved3

Do
Do
o



Table S.10 continued

(11) & 0CB
g o P -3
xog kexp x 10 *hal x 10
dyne dyne
G.aﬁ 9.62 JCG‘
el 7«58 T.T0
‘Jo,’4 6.71 60)4
G487 .24 5025
Uedd 4-9‘ 4-91
.61 4,38 4044
Oa(ui 3-60 3 71
1.12 ‘3-14 3. 11
2.%7 L S° 1.%2
4011 1.72 1.66
6.17 1.54 1.37
8.25 1.07 1.195
C.€3 0.54 Teil
10.38 o
Coib .67 €71
0ed3 771 760
Ced3 dwsg He 11
L.9% 4.42 4.41
Go 5‘? 3097 4.05
1.4¢ 2.78 2.7
2,20 2.26 2.22
3.16 1.%4 1.51
515 104 1~56
5-95 1.42 1+45
€. %8 1. 2% 1.33
8.:5c 112 1. 18
223

91 = 404‘

t® a 66,964

¥ = L.83

RS&S error = U077

G, = 4,82

¢, = 1,95

r® = 66,597

YT = G.81

BMS orror = 0.0646



Table 5.10 continued
(1ii) 10 omMcCPC

T
og (RAK) g0 x 102 (x/AK cay X 10°

Ge 12 11.79 11.65

0.16 9,72 3,80

0021 goég ?'83

0.28 . .02

0.40 5.69 5,68 C, = 1.59
0.56 4.87 4,67 - 9
A B - A
0987 ) .

1.12 3.17 3,15 Y = 0.64
1-78 053 2.44 mi&{:

2.27 2,12 2.15 ™ = 57.028
2,88 1,93 1.89 .

4.18 1.49 1.56 RIS 0.1160
4, 91 1.43 1,44 error

6.08 1,33 1,29

8.04 1.12 1011

9,73 0.95 1,00

11.08 0.88 .92

13,56 0.69 0.78

14.%4 0.52 0,70

15. 91 0.31 C.65

0.17 8.75 8.70

.24 7.00 7.07 C, = 1.3%4
0.33 5,91 5,84 L

C.45 4,80 4.86 C, = 2.7
0.54 4.22 4,737 &

0.88 3.51 3429 ¥ = 0.64
1.06 2.23 2,96 .

1.38 2.67 2,55 ¥ o o5y,
1,873 2,22 2.18 >7.015
2056 1082 1182 RE\IS )
4.94 1.29 1.28 error 0.0%08
6.08 1.17 1.15

7.62 1.01 1.02

¢.18 0.90 0.92

10.60 0.82 0.84

12.24 0.72 0.76

13.70 0.60 0.69

15.36 0. 42 0.61




Table 5.10 continued
(iv) Mixture |

6 * 6 6
26’1‘ koypX107 g,y XI0 TZZ Kexp¥10™ k%10
dyne dyne dyne dyne
.2 13.91 13.7 0.14 14.49 14.50
8.3% 18.64 10.8% 0.21 11. 96 11. 47
0.81 6.43 6.12 0.28 9.43 9.73
1.00 5.53 5.41 0.33 8.99 8.86
1.28 4.65 4.70 0.42 7.45 7.74
1.52 4.23 4,26 0.70 5. 91 5.84
1.84 3.76 3.84 0.89 5.35 5.14
2.53 3.19 3.23 1.50 3.98 3.93
2.97 2.97 2.97 1.95 3.49 3.45
3.61 2.74 2.68 2,42 3.12 3.12
4.06 2.53 2.53 2.73 2.97 2.94
4.%0 2.42 2.30 3.24 2.75 2.72
6.3 2.08 2.01 2.74 2.56 2.54
7.21 1.98 1.89 4.18 .47 2.42
8.86 1.75 1.71 5.10 .21 2.21
10.2C 1.61 1.58 6.00 08 2.05
11.23 1.49 1.49 7.10 .86 1. 90
12.20 1.46 1.42 8.00 1.79 1.79
13.82 1.27 1.30 8.96 1.71 1.70
14.86 1.19 1.24 10.04 1.61 1.60
16.24 1.02 1.14 10.%4 1.54 1.54
17.66 0.81 12.35 1.35 1.42
18.83 0.61 13.71 1.25 1.25
18.16 0.55 15.31 1.06
16.66 0.95
17.69 0.7¢
18.96 0.56
¢, = 2.82 Cy = 3,06
C, = 4.56 C, = 3.93
y = 0.69 y = 0.64
™ = 45.889 ¥ = 45,976
RMS error = 0.0993 RMS error = 0.1456
225



Zab.  %.10 continued
(v) Mixture II
6 -'56 Yo wd C - . - ﬁi
T"“‘E* kexpiﬂ O kcallﬂ L] ) ,:i’? a“&‘{ # L E% 1@{3;&1}‘ 14
«L dyne dyne ve Ay N dyae
Celdb 16.G4 16.05 Vel 11.8% 11.06
0.4 12.29% 12. 2% Cebl L84 Lo T4
0.5% 10.15 .Gt L. 08 G227 P 1
GelH 8.10 8.17 683 Tell Tl
1.96 7017 7.'8 \4l€3 fie Ez;: {;o 3
1.33 €.29 6.44 1,78 G5 6oig
1.5¢  5.80 5.87 .52 5ub3 L33
2.40 4.89 4.7% 1.89 5e03 4,85
.16 4.35 4.20 2. 16 A2 B3 &al0
.52 3459 3.56 Ee56 4o i 4. 16
E.éﬁ 3'35 ) 2& 'f}.(ﬂ‘» ‘Qei}i 30&5{3
605‘5 2028 3 Lo fo s‘u ':’3,'1"5 5-4{‘5
gc 2& 2.53 3‘ §€L fi'ﬁ 56 3:3' ‘62') ‘5'0 2{;
12.33 y, 24 2."3»’\ 5011 ::;0;.3& 3.32
1¢.0§3 1.54 ‘&.?% :‘;io%}(;- :...i}';
‘3?054 1.69 1{9073; ::.-&:t‘ ﬁ..t»':;‘;
2se T8 147 1285 2atT 2.GE
22,68 1.27 16416 182 1 PR
'54.;?3 .VS 13,)"%\) ‘ao?i» 6?%
25.&7’:) &3092 3%61,/ jaf‘% iaﬁ&
2{}0&’*6 ‘J-é‘i 233:» .,‘:;' ﬁq??‘ i“?‘f’
24469 faivc 151
flc?" Vi lihd 1.6
26,485 wa il 1. 0%
Cq = 3465 ¢, = 554
Y = 063 Yy ® G.75
¥ oo 005 oo B 7 vy o
e = Roevad - W™ Sale WU
RMS AL luﬂi’; Pl e
crror 0\3562 error £ LJ.A“;'..J\AE.
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