CHAPTER ¥V

SPUDXES ON SOME MIXTURES EXHIBITING IRIUCED SMECTIC
MRIOMORPHI 5%

5.1 Introduotion
Phage diggrams of binary mixtures of neaatogenic compounds

have been sxtensively studied. Oommonly, when two compounde
both of which exhibit only the nematic mesophase are mixed
together, the mixtures exhibit only the nematic mesophase. The
nematic—-isotropic $ransition temperature ’ll of such mixtures
usually | i € between thoge of the pure components. when Tyy oF

the mixtures is plotted against composition a smooth curve | a
cbtained. In fact, Ty, varies wiih aomposition almost linearly

and only small deviations from linsarity are oboerved (2se, for
example, Dava and Dewar 1954, 1955, Park et al 1975).

The Souroceder-van Laar aquation (se¢, for example Gray
et &l 1973) is applicable to the melting transition of such
mixtures as t he components are miscible | N ths nematic phase
snd¢ are NOt miscidble in the solid phase. The van Laaxr equation

ia
up‘ - ﬁ‘ﬁEA (g;"%) (5-1}

where p, 1s the ol e fraetion of oomponent A for which the heat
of melting transition is A'H’A. %A is the melting point of ihe
stadle orystal form Of compoment A and T |athe melting point



Of the mixture. Fer an n component mixture, n such equations
exist. These can be solved simultansously to give p, and T

tor the euteotio mixture. |N binary mixtures two cuah equations
exist and obviously p, + Py = 1 whexre B stands for the second
component of the mixture.

In the past few years, binary mixtures of nematogenie
compounds showing A different type of phase diagram have bgen
studied (Park et al 1975. oh 1977, DIngelen et &l 1578, Bock
et al 1978). One of the ea-pomnta of such mixtures consists
. of molecules having the strongly 1)013: cyano end-group whereas
the other consists of molecules which do not have the cyano
end-group. Such mixtures exhibit \\/e smsotic A phase in sane
rauge of compositions evenr when each component by itmelf
shows only the nematis mesophass. These smectie A phases are
reforred (0 &8 'induced smectic A* (denoted by the symbol Ay
hersafter) phases (Engslen st al 1978).

Ve have studled the phase diagrums of a few binary
mixtures exhibiting mnd gmectic A mesomorphism. We have
also measured the orientational order parameter and elastic
oconstants of some of thess mixtures | 8 the nematic phase with
a view to study the correlations between these properties and
t he ocourrence of {niused smectic A phase-

5.2 merimntd
a) Study of binary mirtures. The two components of the



mixture were weighed into A glass ocup provided with g ground
glasa stopper. ¢ mixture was heated {0 the isotropic phase
and mixed thoroughly by mechanical stirring. Then it wes
maintained | N the 4isotrople phasge for A fev hours.

A slide was prepared by transferring the sauple in the
isotropic phase ON {0 the slide. The transition temperatures
were determined Dy examining the alide through A polarising
mioroscope provided with a hot stage. 8Some of ihe transitions
were SouUNd t O ooour over relatively wiie ranges sf temperature.

b) Determination Of refractive indices. Ue have determined
the ordinsry and extracrdinary sefractive indices (n, and m ) of

nematic liquid erystals b7 the prizxz method {Pellet =nd Chatelain
1950, Madhusudana et al 1971).

Conetruction Of the priem. 4 small angled (angle ~ &6*)
hollow glams priSm was constructed using fwo reotangular glass
plates (11 zm x / mm) having perfectly parallel and flai surfaces.
A gonicmeter spectrometer (Prazisionsmechanik Model SGo 1.1)

provided with a gaussian eye-piece wzs used in making A proper
seleotion Of glaass plates. Ths eye-plece is provided with a

source Of light, A beam of light from this source MOVES along

the axis of the telescope and i S reflected from the gluss plate
held i N front Of the telescope objective. - The reflected light ~—
forns an image of an illuminated crosz i Nthe fleld of view Of

the telescope. - Wien the surfaces Of the glaas plates are not
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parallel to each other onre 0 d d see two coroasses produced by
reflections at the two surfaces. If the surfaces are not flat,
the inages would be blurred. Only thoae glass plates which
give asingle, olear image of the cruss when held iNn fromt Of
the telescops were selected.

The selected glass plates were ¢leaned thoroughly and
dried. ZThen they were ocated with 510 at an oblique angle of
~ 60* with respect t 0 the normal by the wapour deponition technique.
Thie is done (O facllitate homogencous sllgament of the lignid
erystal. The coating wus done guch that the molecules slign with

their long axes parallel { O the shorter edges Of the glass plates.

The prisma was castructed by placing the glass plates one
on top of the other {such that the Si0 coated surfaces fuce each
other) With a thin strip of glass of uniform thickneas placed
in between thom a% one end. The strip of glass was placed parallel
to the width of the glass plates (figure 5.1) end i S cenented to
the two plates using araldite.

Oven and semple holder. The prism was kept with itS edge
wvertical inside o small rectangular copper enclosure (Figure 5.2a).
In order to see that there is no contamination of 3he mample by
coppexr, thin shests of teflon were placed around the prim
(ezcept Af the refracting facea) so that the sample does NOt come
IN direct contast With eopper. The coppexr enclosurs was placed
inside a massive copper chamber of rectangular cross-section



PIGURE 5.1

Small angled prism made of two optically flat glass
plates 1 and 2 :cemented together with a strip of
glass (shown by the striped region) at one end. The
glass plates are bevelled near. the refracting edge of
the prism to facilitate the filling of the sample.
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(figure 5.2d). A parrow hole (~3 mm in diameter) present

Ch one side of the chamber allows light to be incident an the
prism and a suitable apexrture present On the Other side allows
the pasasage of (he refraoted light beams. The copper chamber
was placed lnside dN oven having 1 oa thick copper plates as
the inner walls. The oven was heated Dby passing A direct
eurrent through the heating coil of the oven. On the two ends
of the heater the copper blocks were scovered Dy sheets of
bakelite {O aveid heat loases and to minimise temperature

gradients.

The tenperature of the sample was measured using & cali-
drated chromel-alumel thermocouple and a nanovolitmeter as
described in ghapter IV. The temperature could be maintained

and measured to an socuracy of 40.025 *C.

The sample was introdused into the primms in tha nenstie
phase by mears of a eapillary t ubs* The sumple got aligned
homogensously parallel {0 the edge of the priam and typically,
it occupied a width of ~2 mn from the refraoting adge.

The refractive indices were determined using a gonic-
Met er spectrometer which can measurc angles to an accureey Of
2 Before taking any measurement the position of the prism
was adjusted SO that the refracting edge of the prism is perfectly
vertical. This adjustment was dona with the help of the gaussian
eye~piece and the levelling screws of the priss table. The



1light reflected from the plates 1 and 2 of the priem (figure
5.3) form two images Of the illuainated cross. The levelling
porews Ware adjusted t O get the two Llmages in A horizontal
plans. Then the two plates Sf the prism would be vertical.
The anzle between the two refleoted beams glvea the angle € of
the prisnm,

[
A suitably attenuated laser beam ()= 6325 A) was incident
noxmally on one face ef the prism and the angles of dsviation (D)

were neasured far the ordinary and extraordinery beams {(figure
5.4). The refractive indices wore caloulated using the formula .

sin(Q

ain O

¥hile taking each met f readings it was ascertiained that
the incident bDeam was exactly normal to the front face of the
priom. The readings werae taken at variocus steady temperatures
|N the nematic phase ¢f the sample.

Measurement of elastie¢ constants. The spiay and bend

elastic constants were detexmined by the Freedericksg transitlion
teohnique (Chapter IV).

5.3 Resulis and discusaion

a. Phase diagrans of binary mixtures. V¢ have atudied the ,

phase diagrams of the following mixtures,




FIGURE 5.3

Schematic diagram of the setting of the prism
for measuring the angle C of the prism.



PIGURE 5.4

Refraction Of light through the prism.
D, and D, are the angles of deviation for
the ordinary and extracrdinary rays.



1) 7B (4'-n-heptyl-4-cyanobipheryl) and OH-X8BA [ (2-hydraxy)-
p~ethoxybengylidene~p'~butylaniline]

i1) PCH-7 {4~oyanophenyl-trans—4'~n-heptyleyelchexans) and
OR~IBBA, and

1113 7CB and HOAR (4,4'-diheptyloxyasoxybensene).

The molecular structures of 70B, OE-EBBA and HQAB are shown in
ﬂm' 505- A

1) Mixtures of 7C(8 and OH-RBBA: The phase diagram for
these » i i N shown in figure S.6. The two pure compounds
show only the nematiec (hereafter denoted by K) mesophase. But
the mixtures having ~ 15-65% of TCB exhidit A; phase in addition
to the K phase. Ml 13 typical of such mixtures.,cf AII transition
tezperature curve peaks sround some gomposition which in this
w elias ~35%of 708. The H transition is almso Influensed by
this ae ean he meen from the diagram,. The NI transition curve
haz got a bump i N 1t for almoat the smme ccmposition as that
corrasponding to the peak | N the AII transition curve. For
higher percentages Of 7CB, the A N transition takes place over
fairly wide ranges of temperature. [Or thess compositions, when
the mixture is cocled down from the N phase, batonnets begin
%o appear i N the f£ield Of dew of the miecroscope at & certain
temperature indicating that the B4, transition has Just siarted.
The transition will be complete only after coolinz the sauple by

a few degraes when the batonnets cover the entire area giving
rizse to a focal conic texturs. Por percentages Of 7CB less than
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Struotural formulae of (I) 7aB, (11) OH-:B3BA, and
(1II) HOAB
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that ocorresponding to the peak in the a0 transition cuxve,

the A f transition tekee place over a fairly shert temperature
range {~0.5 = 1°C) and this has not bean explicitly shown in

the disgrem, 7or low concentrations of either of the a—

nents (<10% and > 65% of ?@), the mixtures show only the

B phase. For some 7CB-rich compositions, the ilﬁ and solid=
mectic transition temperatures could NOt be determined accurately.
These have been represented by dashed lines in the dlagrem.

ii) Mixtures of PCH~7 and OH-EBBA. In order tO study the
influence Or the strongly pol ar component of the mixture an the
formation Of Ay phass, we have investigated the phuss dlagram
of mixtures of PCH~T and OH~EBBA. A PCH~7 moleculs (c.,n 15-—06118--
e6n4-m) differs froma 73 molecule | N that the phenyl ring
attashed tO the alkxyl chain iNnthe latter is replaced by a cyoclo-
hexane ring in the former. Conseguently the polarisability of
a PCH-7 molecule would be cunsiderably less than wymwkemy that
of a 7¢B moleocule. In the PCH~7/0H-EBBA pystem mixtuzres having
a oomposition of ~ 10-50% Of PCH-T7 exhibit the A, phase (figure
5.7). The Ui, transition surve is bel owt he l1iquidus curve for
all compositions. Hence \'\© oould measure NA, transition tempe-
ratures only while cooling the sample. The NAI trangition
point has A peak value ( ~ €0°0) for o oomposition of ~ 25%
PdHi~7. Both thesa values are less ihan the corresponding
values { ~T0°C and ~ 35% 708) for 7(B/CH~-ERBA mixtures. Thus
the effect of reducing the polarieasbiliity of the sirongly polar
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molecule is tO lover the peak value of A transition curve
and tO reduce its concentration eorrespondiing (Ot he peak
value. (Since W\ had a limited quantity of PG-7 and our
interest wis only in the i, phase we have NOt completed other
paxts Of the phase diagrmm).

1i1) Mixturea Of 703 and HOAB. The phase diagrazs »f mixtures
of /B and BEOAE is shown iz flgure 5.8, Purs HOAB shows smectie ¢
and nematic mesophases. Mixtures Rating less than ~.15% of 7¢B
ahov nematic and smeotio C phasesn, wnen the percentaye of 7(B
is more than 13, the mixtures exhibit L, phase. There is 4 small
composition range in whieh the mixturee exhibit szeciic 0,
mectic A, a4 well as X phates. At high percentages of 7CB
{ >90), thOo mixtures show only the ¥ phase. 7For percentages of
70B in the range 2085, the i, phase goes over direcily tO the
isotropic phame. The smgctio-isotropic transition curvs peaks
for A composition Of ~30% 52 73, forjhighar conoentrations
of 708, the A; and isotropic phases coexist Over fairly wide
ranges Of temperatures. J7or lower concentrations, this tempe-
raturs range {s comparatively amall. The solid-A; txransition
temperatures could not De determined accurately in some mixtures.
These have Lesn represented by dashed lines in t he dilagram.

We have also found that some other mixtures like HOAB
an8 2 wMord (szang-p~n-sthyloxy-g-methyloyenophenyl cinnamate)
and HOAB and 10 oMGPC (trans-pem-decyloxy-a-methyl cyanophenyl
oimmamate) exiidit irduced mmeotieo phases. Ve will have eccasion
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to refer t O these mixtures in o sudbsequent chapter {chapter VII).

iz pointed sut sarlier, the phenomenon of induced mmectic A
mesomorphiam is associuted with the presanve of the eyano -
group i N moleoules ¢f ona of the components Of the mixture. o
elucidate this point further, we refer to the studies meck by
Engelen at ol (1979) ON binary mizturss of 4-n~pentylphenyl~4'-
n-octyloxybensoate (5.0.5) ana Nep-oyanobengylidene~p ‘-n-
octyloxyaniline (CBOOA), the latter consiating of molecules with
eyane end group:  The phase disgrax for these mixdures is shown
N tigure 5,%9a. One of the ccmporents, vig., B4 has got a
saeotio A phase in additlon (O the nematic phass. JYn the phase
diagram, the smectiec A phame Of CBOOA is separated from the
induced smeotic i phase by a nematiec phase. IR scze camposition
ranges, these mixtures slso exhiblit the re-entrant nsuaties pnase
wideh &gain is linked with the presence of nolecules having
¢yans end-groups (ses chapter 1I).

Engelen et al (1979) have also measursd tho layer opacing
as a function of compoaition at temperatures repreaented Dy the
dashed line in figure S.9a. Toe layer spacing plotted against
composition is shown in figure 5.9b. 4s the percentage of CBOOA
I N 8¢ mixture Lncresses from gero, the spacing decreases almost
linearly up to about 503# composition of BOVA. If tuisline is
extrapolated to pure JBO0A, A layer spacing eomparadle to the
molecular length of CBOOA is abtained. Aotuslly, however,
beyond 50% composition of CBOOA the spacing increases quite
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(a) Phase diagram for the mixtures of 8.0.5 and BOOA.

(b) X—ay agacing cglotted against composition for mixtures
of 8.0.5 and CBOOA. The spacings correspond tO the

tenperatures represented by a dashed line in f£ig. 5.%a.
(Reproduced frum Engelen et al 1909).



sharply approaching the bilayer spacing of pure @BCoA. It
is interesting (O note that the AIH transition ouxve peaks
for about 50 per cent oomposition of UBOQA,

A sirilar txend | N $he variation of |ayer spacing can
be expected {0 oocur in the systems studied by US. Indeed,
preliminary x-ray ntndtg: esonducted i N ow: laboratory have
confirmed this %rend m!l?M ERBA system. We canl now try
tO understand 4he physical mechenism of t he formation of tho
A, phase. A% low conoentrationg Of 70B, individual mclecules
of 7¢3 may de expected to be surrounded by OH-EBBA molgoules.
The sirongly polar 73 molstules polarise the neighbouring
Og-Z8B. molecunles and this imteraction should favour i
collection Of OH~E:EL molecules around a 7(B molecule thus
favouring the formation of A layered arrangement, Beyomd A
cartain concentration of 702, the layered arrangement t kLl
On long-range characteristics giving rise SO the A, phase,
As the concentration of 7CB is inoreased, some of the neighbours
¢f & glven 7CB molecule will be 7CB moleculea themselves and
beyond ~  35% eoncentration (which corresponds (O the peak i N
the AN transition cirye), a part of 7E will retain t he
bilayer structure. An a eonsequencs ( he average layer spacing
starts tO inorease. Furiner, aince pure 7@ shows enly the
nematic phase, the dbuild UD of the bilayer structure St tho
cost of { he monolaymr gtructurs reduces the 4% transition
point. Thus the _nmfha eontalning more than 35% of 7CE consista



of a mixture of bdilayer arni monolayer species. The pressnce
of Doth thase species alzc explains the relatively wide
rarges of coexistence of the A and % phases in the phase
transition region.

¥e have ealeulated the eutectic teperature and sutectio
composition Of the mixtures using the rax Laar equation. 7The
caloulated ard observed values axe given in table51 It; ean
be seen that the observed val uer of eutectic temperatures are
lower (by ~ 6-3*) than the caloulated values. Also, the
eutectio concentration of 70B {s considerably less (by ~ 15-30%)
than the ealculated values. This is probably associated With
the formation of induced smectic A phases i N these mixtures.

%, Order parameters. 1Ins oréer parameters of the
following systemas have been measured | N the nematic phazes as

funotions of temperature.

1) OH~EBBA

11) Mixture | Of 7(B and OH-EBBA (molar ratio 16:84)
111) Mixture II of 7(B and OH~EBBA {molar ratio 62:38)
iv) 7B,

Both the mixturea exhi bit the Ay Phase in sddition %o
the B phase. The transition temperatures of the systems studied
are given | N table 5,2.

1) Refraotive indices. The ordinary and extraordinary
refractive indices of the asystems plotted against temperature



are shown in figures 5.10, 5.11, D12 and 5.13. The valuss
have been listed in tadbles 5.3, 5.4, 55 and 5.6,

ii) Densities. The densities of 7(B and OH-EBBA were

mepsured Dy the capillary tube method ai some known tape-—
r~—— &1,02% gnfoe far 7@ at 25*C and 1.07 &m/oc for
OH~EBBA at 90%0). Using this data the valuss Of @ were calou=
lated from eguation 1.9. Zhe values Of & for ilhe mixtures
were caloulated using sn additivity law(see equation 3.11).
These data are glven im tabla 5.7. Then usdng the value Of
A the values Of density S different temperatures wore salou-
lated USIi N equation 1.5. %Theae valuee ars plotted in figure
5-14 and axe givean in tebles 53 54 5.5 and 56  Farther,
knowing the densities of the purr compounds the wvalues for
the mixtures ¢an also be saloulated using an additive lav for
molar volumes. These values are found { O agree quits well
wiih the data obtained d{rectly from optical measurements.

111) O der parameters. The crder paramsters wors caloculated
using equation 1.3, vis.,
= 22 -n? |
¢ = =% % 2 (5.3)
D& pf - g

For 7CB, the value of &/ & was obtained by normalising
our results with the ordey parametexr (0..52“‘ at 26°C) obtained
by Razan soattering studies.(Prasad and Vemugopalan 1980a).
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O dinary and extraordinary refractive indices Of OH-EBBA
plotted against rel ative temperature {(for X = 6328 A).
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Qdinary and extraordinary refractive indices of mixture |
-]
plotted against relative temperature (for \= 6328 A)
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O dinary and extraordinary refractive indices of mixture II
plotted against relative temperature (for » = 6328 A
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plotted against relative temperature (for »= 6328 A), .

(Data taken grom Karat &hficMadhusudana 1976)
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FIGURE 5.14

Denasities of OH-EBBA, mixture |, mixture 11 and 708
plotted against relative temperatures.



A new extrapolatiop procedure. \\c have used A new

0 evaluate «/se from the tape-
rdative order parameter of OH-EBBA.

extrapolation proced
rature variation of
Haller St al (1973) found that waen leg(s, = g,) is plotted
against las(zn - ), & straight line is cbtained gt the
lowez temperatures of the nenstic phase. They extrapolated
the straight line tO the point corresponding to ¥ » 0, to
get the 1imiting wvalue Of (3, "~ « o) which is assumed to be
agwl 1O Aa.  Subrahmanysa et al (1974) plot | og e againet
log -y~ %o get & straight line again at lower t&npaﬂaturea i n
the nenatic phase. Extrapolating t he straight line to 2 = O
%,/%, can be obtained. Exnowing the value of &, a , and a

¢an bs caleulated. [N both of these methods data i nonly a

relatively small temperature range (i.e., at the lower tempe~
ratures sufficlently removed from !!m) 1s useful for extra~
polation and conssguently the wncertainty in the estimated
vaiue of ~< tends (O be somevwhat largs.

I the NX transition was Of second order, the order
parameter would havs become zerc Al a temperature TEI’ Bay.
8ince the HI %rangii¢n i actually A first order transition,
the :rder parameter drops frvan a finite value tO zero at a
temperature 2, which is somewhat lower than E;I To A
Teasonable approximation, ihe relation between a and
[(% - zr)/m;I] can be expected to be of the form

a [M]x (5.4)
Ty



where x i S a positive index. Xgquation (5.4) has been
written SO as t 0 give the proper imiting walues, Vie.,
e =0st B and 1 at 0° K.

Then, from equations (5.3) and (5.4), we get,

2 2
n -1 “ 41

By assuming different values of !;I (,‘>!'x we have plotted

1°5[(§1 E)/!;IJ agal nst los[(n‘ = 2)/(n. - 1)} (figure

5.15). We f£ind that the beat Strai ght line which pusses

through meat Of the points N the gntire runge uvf the nematic

phase is obtained for @5, = ey = 0.2 for oH-EBBA. By extra-
. |

polating the straight [ineto? @, we find that

Ac m 29.1 x 10724 oo,

The values Of Aa for the mixtures are obtained by
using an additive law. These values are given intable 5.7.

The values of @ obtained for the different systems
under stuldy are given i N tablea 5.3, 54, 55 ad 5.6.
These Values are plotted against relative temperature i N
figure 5.16. At awy relative temperature, OH~EBBA hasz got a
higher order paraueter (by ~ 0.03) than that of 7¢8. mhe a
values Of mixtures lie between those of the pure components.
Huwever, these values do not strictly follow a moar additivity

laws; the observed values are mumaller (by ~/0.03) than the



FIGURE 5.15
1n[(-3e§1 - :c)/mn’fl] plotted against ln[tnd ~ nﬁ)/(:é = 1)]
for OB-EBBA
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FIGURE. 5. 16

Order parameiers of OH-EBBA, mixture |, mixture X
and 7CB plotted against relatiye tenperature.



calculated values.

a, #astie constante. The splay and bend elastic

constants Of the systems mentioned above were determined
using the forwula (see equations 46 47 and 48

x° 2
kﬂ - -2;22 'é_ﬁ;ﬂf (5.5)

The value of AK |Or 7(B was calculated by the method
deseribed i N chapter IV, For On-EBBA, this calculation was
not possible as the principal susceptidilities of the O = X
band are not known. Leerhouts (€7Y) has glven g wvalue of
54 x 10~° on>/mole for AK of OH-MBBA, which ie the lower
honologue of OH-FEBA. VWe have mads We reasonnble assumption
(Karat and Madhusudana 1979) that AE has the same value for
both COH-FRBA ond OH-MBBA. The wzlues of AX for the mixtures
wera calculated using an additive law. Theee valuaes Are
given i N table 5.8.

The values oOf k4 for 7¢B, OH-EEDRA and the two mixtures
are given in tables 59. 510 511 and B and these are
Plotted against relative temperature i N figure 51/ At a
given relsative temperature the val ues of Kqq for CH-INBA is
higher { ~ 1.0 times) than thoas of 7(B. Mixture I which has
got 16# TCB has values of k,, which are higher {~1.2 times)
than even those of pure OH~XBEA. The values of k, ., for

11
mirture I which has got 6234 70B are intermediate | .
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FIGURE 5.17

Splay elaatic oconstants (k 11) of OH-EBBA, mixture |,
aixture II and /(B plotted against relative temperature.
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between those of 702 and OH-EBBA. 4An almost similar trend
iN the variation of k,, has been reported by Park and Labes
(1©77) who have measured the values of k¢ | N mixtures Of
MEBA und 802 which ghow induced smectic mssomorphdsm, They
have found that at the same relative temperature as the
concentration of 302 inereases | Nt he mixture, k,, increases
up to a csrfain concentration and thereaflter remains almost

constant.

IN gimplo nematicn, the elastic oconstants are expeoted
{0 follow the predictions of the mean fleld theory,.e. ’icu S2
{Saupa 1960). However, im many cases, oxperimental results
{see, for evrample, Karat and HMadhusuwdana 1979) show considerable
deviations from thios relation. Hence we have tried to £it the
results to a formuls of the type k,, = 04 where x and O are
constants, ZThis waz Jone by pletting log kyq @gainst log a
Fram the elope and intercept of the beet straight line that
could be drawn through the poinsa, the values of x and ¢ were
ohtained. The values so obtained are givenin table 5.13.
OH-EBRA and mixturs I have Ot higher values (~ 2.5) of X
compared t 0 those Of mixture IT and 7¢8 (--2.2).

Tables 514 5.15, 5.1¢6 and 5.17 give the values of k33
Tor the systems under study. These vaiues are plotted against
relative temperatures in figure 5.18. 4is in the cuse of k:“
al a given relative tamperaturs QH~LBLA hag got a higher
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FIGURE 5.18

Bend elastic constants (k__) of OH~EBBA, mixture |,
mixture 11 and 7(B plotted against relative tempe-
rature.



(by ~ 1,25 times) value for k33 t han for 738, The k33
valuss of %ohetwo mixtures are intermediate between those Of
708 and CH-¥BRBA at all relative temperatures except those
which are close to the AN transition point. Even though
mixture X has a higher percentage of 708, its Kz Values

are higber than those Of mixture I. 4s pointed out earliex
both t he mixtures exhibis the i; phase. s the i % transition
poi nt is approached both of them show pretransitional

inereanses in k33.

In figures 519 and 5D we have plotted k. ,, k33 and
5 agalinet composition ¢f the mixtures &t twe rolative tempe-
ratures. The Order paraueter deoreuses steadily with increese
i N the concentration of 7UbB. The Tigures bring out the notably
high value of k,, and low value of k,, for mixturs I {which
has ~ 164 7a8) .,

In figure 521, we have plotted 2:33/1:" agalnst relative
temperature. (k-”/k") < 1 for OR=ERDA and 1% zemains more
Or less independent of temperaiure. This result canr be compa—-
red witn the k.”/k" ratio of CH-MBBA (Leenhouts et a1 1979)
which 18 slignhtly greater than 1 at lower temperatures and
becomes | ess than 1 s« the temperature approaches Ty..
Mixtures I and II also have &33/1:.“) < 1 a temperature
cloge tO Tyre the walue belng the lowest for mixture 1. As
the tezpsrature is decreased, k”/k" decreases | N zixture |
attaining a value < 06 beforeit sharply increases as the
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Kyqo k33 and & plotted against eoncantration of
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1c33/1»:11 of OH-EBBA, mixture |, mixture II and 7CB
plotted against relative tenperatures.



AN point i s appronched. In mixture II, k:.ﬁ/k” slowly
inoreases as the temperature iS lowered from Ty, and shows

the usual pretransitional increase olose to the A, transition
temperature. In 7B, (k”/k”) ~1 at temperatures close to
ENI and increases graduslly aS the temperature | S decreased.

We can qualitatively understand same of these results
in terms of Priest's (1973) theory of elasticity of nematic
liquid cryatals whigh {2 a detailed analysis based on the
mean fiecld theary (Saupe 1960). The specific results of the
theary which can be compared With experimental data are the

following.
k -
.._:1.1 = 1 A - 3&' ;ﬁ * one
k . P,
:2-—-21- » 1 - 2/__\"' _{’_‘3. ‘:-A + aee (5.6)
k Py
X »
B om 1en a4 2. }
k P2 )
k +
where k = 11 :2—2 = k.ﬁ and A and A ' are molecular

parameters depending on the Nature of the compound and

52 = a is the average second order Legendre polynomial and
7 4 ie the average fourth oxier Legendre polynomial. Higher
ordar terms ('ﬁs ete.) should be included iNn principle, but,
thelr contributions becuome progressively smaller,



If 2 and o' are posSitive, eqations (5.5) lead to
the result that when (k3¥k“) <1, 54/52 is negative.
This means that 54 is negative, €ince p, |S always positive.
Such negative p, values have hean observed experimentally in
Raman seattering studies (Miyano 1977, Prasad and Venugopalan
1980b) O same other compounds. However, no =mich data is
available fOr the systems e have studied and hence zs direot
comparison eould be made with Priest's theory. DBut we may
point out that the negative val ues of 5'4 are ecompatible with
tho obaserved S values of the systems. The s values Of mixtures
caloulated using the molar additive law ¢ane out to be more
(by ~8%) than the observed values. <This implies Chat the
peak ol the astual distribution function of the molecule at
@ = 0% i3 not as sharp as the molar additivity |aw would suggest.
Such a distribution eculd give rise to negative 5‘ values.

Further, Aand ot are related tOo the length to dreadth
ratio (R) of the molecules. The higher the value of & the
larger Will be the value of k”/k". Indsed, dn a pure hard
rod model (Priest 1973): Aand A*' are Only functions Or &
and it turms out that as R goes delew ~ 1.5, 1:33/1:11 will be
less than 1 even Wen '54 is positive, 9This has been experi-
nmental |y confirmmed (see | Or example, Leenhouts €t al 1979,

Karat and Madhusudana 1979). | N figure 5.5, the eomposition
of mxture I (164 7CB) lies on theleft aide of the peak in

the AN transition eurve and hence the layer spacing corresponda



t0 an appropriate average length of single molecules, as we
argued earlier. On the other hand, the composition Of

mixture 11 (62% TCB) Lies on the right side of the peak

where the sample is suppossed to be amixture of moncmoleculax
snd bimolecular species. At any given relative temperature,
the value of k”/k“ for mixture | is lower than that Of
mixture II. This oould eiiher mean that 54/1"2 is more negative
iN nixture I than in mixturs [f or, if It has comparable values
I N the two cases, the value of R is lower | N mixture | than

iN aixture XI. £he latter explanation iS to be preferzed i N
view Of x—-ray results. Moreover, i n these cases Where short
renge order effects are strong, R has t O be interpreted az
equal to &,/§, (Karat and Madlusudana, 19763 @uler 1975)

where 5, and T, are the ocorrelation lengins Of tho eybotactic
groups al ong and perpendicular tO e direoctor resgpectively,
rather t han as M e length t O breadth ratios Of individual mole-
cules (de Jou e% al 1975, Karat and Madhusudana 1979). The
values Of k”/k" for mixture T| 1lie i N between those Of °
mixture | and 70B. This is again a consequence Of %he faot
that mixture 11 L5 indeed A xnixture Of monomolecular and
bimglecular species.
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FABLE 5.1

Calculated and obaexved sutectic texperatures
for the mixtures wier study

Heats Of Ratectie Bateatic
Moltirg melting t erature composition
Mixture points tramsition sape (molax fraction)
vad *K lated % Obserwvad lated
7C8 ; 301.5  19.0 286.0 291.5 @ 0.63 0.77
OH-EBBA § 344.8  23.16 0.%37  0.2%
PCH-T 5 303.0 6.4 - 294.8 - 0.74
7% ; 301.5  19.0 290.5 297.6  0.65 0.9
HOAB 348.0 40.14 .35 0.09
QABLE 5.2
Tranaition temperatures (in *“Q) of OH-EHBA, 708 snd sone
mixtures
a..gud. Renatic-
aematic iaotropie
OH-EBBA 70.8 85.8
Mixture I 65% 80.5

(7CB : OH-EBBA = 16 : 84)

Mixture II 42" 62.5
(7CB s OH~EBBA = 62 : 38)

7CB 28.1 42.2

r'ec::t'srcwpoxadn t o the nighest temperature ol;, which Ay phase
appears ON cooling.



TABLE 5.3

Refractive indlces, densities and order paraseters

of OB~EEBA
Ty = T n, B f em/ca a8
Trial Noa?
0.5 1.697 1.555 1.072 0.377
1.0 1.708 1.549 1.072 0.423
2.3 1.719 1,545 1.074 0.463
4.0 1.730 1.540 1.075 0.505
55 1.738 1.538 1.077 0.5%%
6.2 1.742 1.538 1.080 0.539
8.8 1.75% 1.537 1.085 0.575
10.0 1. 759 1.537 1.087 0,585
12.1 1.763 1.536 1.088 0.598
16.3 1.7 1.535 1.092 0,620
Zrial No.2
0.45 1,695 1.552 1.073 0,381
0.85 1.701 1,549 1.073 0.405
2.00 1.712 1.545 1.075 0.445
4.35 1.724 1.540 1.077 0.491
6.15 1,730 1.537 1.080 0.5%0
7.20 1.743 1.534 1.081 0.556
8.40 1.749 1.53% 1.083 0.574
9,80 1.755 1.532 1.085 0.591
14.00 1.764 1.532 1,090 0.613

[values of i:. and R sorzespond to )= 6328 3.]



TABLE 5.4

Refractive indices, densities and order parameters of

Mixture 1 °
(Values of n, and n, correspond to = 6328 i)

I - B %  fem/fec a
0.7 1.676 1.547 1.059 0.355
1.0 1.678 1. 546 1.059 0.363
1.4 1.681 1.544 1.059 0.377
1.6 1.685 1543 1.060 0.39
2.5 1.694 1.541 1.062 0.420
34 1.699 1.539 1.064 0.439
4.0 1.70% 1.538 1.065 0.453
4.9 1. 706 1. 535 1.064 0.470
5.8 1.711 1.534 1.066 0. 486
T.2 1.717 1.532 1.067 0.507
8.5 1.721 1.529 1.066 0.527

10. 1 1.728 1.529 1.069 0.545

12.2 1.754 1.527 1.011% 0.566

14.5 1.741 1.526 1.073 0.587

17.0 1.748 1.524 1.075 0.611
TABLE 5.5

Refractive indices, densities oand order parameters of
Mixture II

Byy~T ne n fen/oa 8

0.95 1.652 1.537 1.021 Q.333

1.20 1.656 1.536 1.022 0. 3548

1.90 1.662 1.535 1.024 0.367

310 1.672 1.533 1.027 U.401

4.90 1.680 1.530 1.029 0.433

6.20 1.684 1527 1.028 0.453

8.40 1.693 1.525 1.031 0. 484

10.10 1.696 1.522 1.034 0.503
12.80 1.703 1.521 1.032 0.524
15.30 1.709 1.520 1.034 0.544
18.10 1.713 1.518 1.035 0.561
20.80 1.716 1.518 1.036 0.56%

(val ues of n, and R, correspond to )\ = 6328 1)



TABLE 5.6

Refractive indices, densities and order parameters of 7GB

y ~ T R R, { gm/ce ]
1.2 1.645 1.529 0.996 0. 350
2.0 1.65% 1.526 0.997 0.384
2.9 1.657 1.525 0.999 0.398
- 1.660Q 1.524 0.999 0.410
4.5 1,665 1.522 1.000 0. 431
4.9 1.668 1.521 1.000 0.443
6.2 1.672 1.520 1.002 0.458
8.5 1.679 1.51% 1.004 C. 381

10.0 1,682 1.518 1.005 0.493
11.3 1. 685 1.518 1.006 0.502
12.4 1.687 1.517 1.006 0.541
1501 1-692 1;517 1-009 00524
17.4 1.696 1.516 1.510 Q0.539
18.2 1.69 10516 1.011 0.542
1%.4 1.69 1.516 1.012 C.54T
20.0 1.701 1.516 1.013 0.553
[values of n  and n, correspond to )= 6328 A]

TABLE TABLE 5.8

& and a/ rx for the aysteuns

Anigotropy of molar diamagnetie

atudied susceptidbilitien
Sample 'ﬁxwm' oag e/ ra Semple AK x wt em’/nelo
OH~EBBA 37.59 1.284 OH-EBBA 54.0
Mixture I  37.36 1.306 Mixture I 51.6
Mixture II . 36,69  1.349 Mixture 1I 44.7
708 36.13 1,39 7¢B 39,0




TABLE 5.
Spray elastic conatants of OH-EBBA

x, - 23.5 p , ; :? = 2%5.6p
Ty~ B, gauss k,x10° aymes @, -7  Hg gmuss k, x10° aynes
. 2725 0.320 0.8 2750 0. 326
9.32 2303 0.;98 1.9 3000 0.429
2.90 3025 0. 475 4.2 3200 0.566
4.50 3200 0.556 6.0 3350 0.651
9.60 - %525 - 0.778 10.2 3600 0.822
11.80 . %625 0.852 - 12.6 ‘%675 0.902
15.30 3750 _ 0.928  15.0 - 37150 0.95%
18.60 3838 1.009 16.7 8O0 ©0.985
TABLE 5.10 .‘ PABLE 5.11
Splay elastic constants of Splay elastic constants of
Mixture | ' Mixture IX
x, - 281 g x, - 27.0 p
!‘BI-& H o Bauss l:1 1:10"dyms I‘I-& H g Es8 l:1 1x105mea
0.50 2500 0.319 0.2 2450 0.217
1.2% - 2612 0.95% 1.0 2600 0.280
2.53% - 2750 0.4T1 2.4 2775 0.352
7.60 3188 0.780 7.3C 3125 0.546
9.70 3350 0.902 8.98 3200 ‘ 0.600
12.75 = 3600 1.110 11.3%0 3300 0.667
14.40 3750 1.23% 13.65 3350 0.712
16.45 3425 0.770
TABLE 5.12 TABLE 5. 12

Splay elastic constants of 7(B The expsrimental values fitted to

= 315
a the equation k" = 3%

Tyy~T H, gauss X, 1:c105 dynes

Sample x a
0.50 2075 0.196
1.50 3188 0.2%7 QH-EBBA 2.50 3.29
3,20 338 0.314 | y |
4.40 2412 0.352 ixture I | 2,54  3.27
2. gg %g;g g. igg Mixture II = 2.12 . 2.72
10. 10 2650 0.492

11.70 2688 0.521




Qggag 2.1! ‘ TABLE 5.1

Bend elastic conatants of Bend elastic constants Of
. OH=-EBBA x, = 32.9% Mixture |
: j k: ” x = 23.4
:nr-r H_ ganas 3: ynes
¢ : , P ®
Eil_m Hg:aansa k33110 dynes
0.43 1825 0.264 0.40 1675 0.204
3.25 2075 0.363 1.00 1762 0.243
4.88 2162 - 0.508 2.50 1888 0.289
3.08 2225 0.579 4.80 2025 0.401
13.20 2425 0.762 ' 10.60 2238 0.562
16.43 2462 0.805% 14.00 2400 0.672
19.00 2550 - 0.874 15.70 2462 0.729
. 16.00 2525 Q.7T713
16.35 2550 - Q.T91
16.67 2650 . 0.858
16*95: 2750 0.950
17.15 2925 1.057
TABLE 5.16 PARLE 517
Bend elastic econstants of Bend elastie comstents of 748
Mixture II -
X, " SOn X, " .2 p
— n -g
’h: - Kc ganss k33 x 108 gﬂI P Hc &augs 335 x 10
dynes dynes
1.05 ’ 1325 0;2“ . 0033 1825 ﬂr‘?B
2.23 135715 = 0.286 0.94 1950 0.217
3.45 1500 0.376 2.77 2125 0.299
6.37 1600 0.476 5.00 2300 0.388
8.65 1700 0.570 T.70 2425 0.464
13.45 1775 0.67 10.33 2550 0.540
14.72 1838 0. 73 13.30 2675 D.619
16.78 1950 0.85 16.50 2810 0.706
18.75 2050 0.96 )
20.25 2115  1.102
21,07 2300 1.237
21.33 2425 1.3717
21.52 2500 1. 46T

21.60 - 25.75 1.560
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