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SCALED PARTICLE THEOKY OF A SYSTHK OF RIGHD

6.1 Imtroduction

In chapters IV and ¥, we have discussed in great
detail the importance of the @ametrical' features of the
molocules in determining the propertiecsn of nemutic liguid
oerystals.

Disc-shaped molecules have been recently shown
{(Chandrasekhar et al, 1977) to exhibit a unew class of
liquid crystalline phases (the discotic phases). Some
of these have been found to exhiblit a *'fluid!’ pha.sn: with
anly & long raunge orientatimal ordexr, l.e., a discotic
nematic phasze (Linh et al, 1%7Y). Indeed the nmtio
phase exhibited by essentiully flat waleculws wus disco-
vered long ago in the pyrolisis of Coke by lrooks and
faylor (1965). The effect of plate-liie molecuies on
the nesatic phase transition was discussed theoretivally
by Alben (1973). Iafhara (1951) hae conaidersd phate
Win{m in anisotropiec colloidal solution: consisting
of dfse-like molscules, Iin an appx'oaeh mimilaar to Shat of

Onsager {1942, 1949).
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i we huve discussed in chapter IV, the

particle theory as developed by Cotser (1977s,b) gives
a good description of the mematic phase ol rod-like
poleculec. In this chapter, we extend the sculed particle
thoory to the discotic nematic phace. In discussing the
tharmodynanic properties of the nematic phase nade ol rode-
like molecules, 1t ig conventicnal that the
rolecules have a spherccylindrical shape. In order %o
be able to coxpare the results on disce-lite moleculen with
those ON rod-like molecules, we extend the thoory to a
gysten of right ciremlar cylinders. If r iz the radius

£ she cylinder and 1 its height, the shape~factor
R=x1ds > 0.5 for disc-like molecules and < ve5 for
rod-iike molecwles. Wa will in the next section, sumnmurige
the sealed parilcle theory of dotter (1Y77a) as extended

to such & syoter. The properties of rad-like amd diso~
like purticies have best compared for both a systen of

hard particles and aluo for a systen superposed with an

attractive potential.

6.2 3caled particle theory

As in ohapter IV, we can wxite the chenical potvential
¢f a hard oylindrioal molecule oriented in the directlion

iy @s
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B = kxlng ¢+ h(5,2) Ama= £)

where ?1 -3 i/? is the nusber density of molecules of

gth type and "wll(a. A) io the work function defined as the
reversible work of adding a scaled hard oylindrical molecule
of radius qr and helight Al, oriented in the direction N I
to the fluld of ¥ oylindrical molecules of radiua r and
height 1. For a and A vhich are sufficiently small

wl(a; A ) oan be written as
exp[-wi(a,?s)/ki“} s 1 - PZ. 83 13 | (2)

where 8, = ﬁgf‘a, n 4z the mumber of orientations allowed
for the molecule, P = I/V, vy is the volume sxcluded to
the centre of & regular cylinder with orientation j by the
prosence of tixe ocaled cylinder and is given by (lsihara,
1951)
T /zxrzl(i * a27\) +* mczl(uz +2) |aos “1;)'
» 200°(a + a?) |s$n ) 3, + 2x1%(a 2 +2) [8in 13‘

+ 41'21(0. + a7§} J! - aj.n2 au 8in* p do -
0

ces (3)

Por lorge vulues of « and A, ‘di(a. 72 ) must approach the
reversible work of creating a macroscoplic oylindricul cavity

in the fNuld, i.e.,
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€s Ay @ 1(«.70 = %xx 7s ”21 P - a?% A2 " (4)

where P* ia the pressure of the hard oylindex systenm and
% iz the volume of a cylinder. The average work function

¥ 13 expanded as
n
W o= 7:.8 L(a.a)-a »a,aa*cmz

+ 0,4 &N -fﬂaaaza»vo?‘a?\ (5)

vhere

. 28 b
% = E‘;F:(bn“ a:s}a wAm O
Uning equations (2 - 5), we got
Gm/k'ft » «ln{t - 4)
0, /%7 = a[2R (|sin 9, > + 4 (B9, )>/w3/(1 - d)
Gyy/k2 = d[(loos @ ‘|> -r 2(Imin 9 |> /%3]/(1 - a)
0,2 = d[2(jstn @, POV ERE A ))/u}/(i - )
. a’-'[zaoazn 841> + 4 (E(e %
* {(jnm 6“ \> * 2(\3113 3\>;m1]f (1 - a)z
aw/w w 4[ (lcos @ 13+ 2R &in 43“\>}, {1 - a)
+ a°[2R (|a1n 841>+ 4(3%( 3)>/u12/2(1 - a)?

mr.a-r/l.dnve and E(a 3)--f jt-amaijazngw

n
and <’13> 1.' Z 3‘33::13 By changing over to a conti-

nous distribution w.th the correspondisyg distridution
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funotion F{ecws €) (0 being tiae angle between the director

and the symmetry axis of the molecule), wo can write
. 1 1
<x.13> ] gd(@nm 65‘) 5} d(cos QJ)}?{QW ﬁi) P{cos 93)313 »

where P(cos 8&) and P(cos 93_) are the sinm; 'f;lcz particle

distribution funotions far the 1™ and 1 tyva of eylinders.

The average work function 18 now given by.

WkT w =1n(1 - 4) + A8/{1 = d) + Ba% (1 - a)®
* 'VO}’*/ﬁ {6)

vhere
A =u (48 + 4/5i)(sin 9 \)vv 86s{0 JD‘”‘ + 2{| cos 8‘{:)
B = [R{ain g PUAR: (.m{ 5));”:: +{ cou 9y )

+ 2{8in 9130,%}{2:1(1 sin 9, + 4 {9 3)>m3

In order W ba uble to develop the mean liold theuwry, we
expand |sin Q&J\ » |cos e”\ and E(éﬁ) in serums of even
Logendre polyncmials [? {coa © 3)3 o get

{Istn o, iy=§ - 22 2y - (%32“("4) - w;i—; a(%) - e
Cleos 344D "% 3 (22 = ) (2° + TR (T =+ e
(B0 40> -§~ -‘,23-@2) - ) =2 (Y

+ -151 (%fvjﬁ)z <1”’6>2 - ¥ 4ae

.ee(7)
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whiere
1

<P2n> - ( Pon (cos &) F{cos 3) d{cos &) {8)
0

Substsituting for {|sin 84400, Qeos ®y 4 1y and <E%'(9u)>.
A and B are simplified to

A = Aggy + Ao (PP # Moo <2 4 Mg PO
B = Doy + Paon B2 + Bozg P° * Boap >
+ Byoy (Ppd° (P4)2 + By (7457 (2t
+ Bygp (Pe° <"’2>2 * B p* + By 43"‘9%
+ Boog (?ﬁ)4 |

Whore
A500 = (R « 1)(=K + 1)/K

Ay, = 5(1 = 28) (xR ~ 2)/16R

Apog = ~4(3 + Ym/B)(3 + 8i)/{16)%0
Agp = 52(16R = 5)(16 = 522)/(16)*R

a 2n{nk + 2)(R + 1)2/1;53

Cm 20m(2n® 4 R = 1)(1 = w)/(16)°R

Boop © Gl nR(-2AP=338-0) + (~1BRP-121R~33)]1,°(16)°R
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- 13011 ~ S2R){16R% + 11k = 5)/(16)%

= 30x(168° = 22 - 3)(3a + 2)(16)%

Boon = 156%(2562% + 16R - 50} (1542 - 8),/(16) TR
= 520x(320° ~ 268 # 5)(5n2 - 26),(16)%x
= on(28 ~ 1)°(xk ~ 4)/(16)°n

216u(3ul ;t» 16)(8n + 3)2/(16)% -

a 1690u(256%° - 160 + 25)(Sux - 32),(16)%%.

The pressure for the hard particle aystea 1. obtalned
from the Gidbo~-Duhen opsatid, viz.,

-m 1 d ’asgﬁrm ‘.
' ]
[ oF )?(OW 8) =1l ol Jatean ) )

The abuve eation L2 solved witi the relatlion (L}, to
Evt
C ‘ ‘ -y T S .~ p
v,/ kT A/ (3=d) + A 200-0)C » BAT {14 {10)

Equations (1), (6) angd (10) can he ccmbined o sive the
chemical potensial p™,

%
- f :‘% eon éai)d(cna )

)

Adi{2-d)  Ba®(3-d) i

P d »
w (1n f(oos #,)> « Inly=y) + 757 ¢ 2{1-4)¢  3{1~a)’

enesl11)



hence the Helmholts free energy vf the hard cylinder
systen is

AHkT = e - Pty dkn

= (2n Ploos ,)> = 1 + [ f/(1 ~ Q)]
+ A8/2(1 = 4) + B&%/3(1 - 4)°, (12)

We assume that the molecule is moving with a unifornm
mean field potemtinl defined as

Y, = = Yp=Up (B Pylcos 8,). (13)
By including this attractive potential as in the last
two chaplers, we get the fallowing expressions for total

configurational Gibbs fraee energy, pressure, Helmholts
free energy and the internal eneryy:

a @ a

Wer = n%a*;;%~%%<ra>2 : (14)
v v, }&"‘2 1 Ul |
U RS- var CIver B, 09
A A, 0t 4 O

mer - xxﬁvz:ﬁv%-‘%’; (2 (16)
o= ~3U0 -3 ey (1)

where G:,. P* and A: are the Gibds free energy, the
pressure and the Helmholtsz free envrgy of the purely hard
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molecule aystem and are obtained respectively fram
equations (11), (10) and (12). Substituting these in
equations (14~16), we zet

) |
| e . d Ak (2= )
m = Qn How )« 1aliTyl iy 5T

, 3435-0) _ .‘f_’oﬁ 02? 2,2 (18)
+ 30-2) (207

Pv a2 S ICERV N o
w-g - L -.mg»o-‘ 2
X2 1) 2(¢1-a) (1-@)3 2v kT 2v KT Fa?
Ly (19)
and
‘0 GG mo

k7 ~ O T RS
= (in r(cms D =1 + 1al75g] *2(&)

‘112&2_.*02 2 .
w TEr - Er D, (20)

The normaliged single particle distridbution function
F(cos 6) which minimises the Helmholtsz frec eneryy {aq. 21)

is given by
expl-u,(d) (P, Pylcos 6) ~ Uy (d) (B> Pylcas 8)
~ ugla) (®g) Pgleos &)

F(cos 8)= —3
( axpl-u,(a) (B2) By(cas 6) = Uy (d)(PyP,lcon B)

O
- Ugla) (Pg) Pgloon 8)]deon &)

(21)
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where

28°
3(1-d)%

o
g

U, (a) = =232

2 . 2
{B200 * Ba2g P *+ B0

2. O.a?
* By <2’2>'£4 - R

;.1

G40 L 2 2 2 2 Py
+2B .0 {:3 ]
4 .
36@) = 2 + v B n g ¢ B @ By B

3(1-a) 2.
es {22)
For the sake of completeness we (ive the expressions for

the entropy change AS/Mk at ‘ZHI for the purely hard cylindexs |

é_f - m i&o .
Bk [ nem oo ] (23)

including the attractive potential, the interml energy
change at QKI is given by

au . o1 1 Uz 2
- _;f (Qiem = 8480 = 3 vk “nem &L (24)
For both cases, the isothermal compreseibility § of the
isotroplio phaue glven b,y

[ ] i [adisc? 1

2
v 1 &, 4 2B .4

okv i -1
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6.3 RESULRS AND DISCUSIION

As we have mentioned already, Alben (1%73a,b) has
used a lattice nmodel to discuss the nesatic-isotroplc
phate transition in a system of xectangular platea. In
a aingle mponent system, if the plates are not very mich
like square plates (i.e., they have a hiaxial nature),
Alden (1973a) also found a biaxial nonmatic phase, sepurating
e positive urdaxial rematic in which the longest axes of
the plates tend to be parallel and a negative uniosxial
nematic in which the flat facez of the platen tend to be
parallel. Howewer, iIn the ayntem of cylinders that we
have studled, the particles have mm:al*aymwy and
a8 such we can only get a positive uniaxial nematic in
the rod-like reglon (R < 0.5) and & negative unlaxial
neratic in the disc-liie region (X > 0.3).

The propertiss of the envenble are complately

determined Dy the shape factor R, the packing fraction 4

and tae HI transition temperature To. In egquutions (7)s
|sin 8|, |coo 8| and Z(8) have been expand in terus of
even Laegendre polyncuaials. It is necesgary to truncate the
eeries in order to muke calculagtions. we have plotted the
thraee functiong of 6 by retaining terms up %o the secmd,
fourth and sixth order lLegendre polynomials in figures fa-~le.
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It iz cleax from the fligures that the arrors gre reduced
by including highoar order texms. Retaining terms up to
Pglcos 9) only, the error in B(9) is putts swmall over the
entire range of values of © (Mg.1e), while the error for
\cos 6| s8till remains noticeable for large angles (Pig.ld.
As we had seen in the 1last two chapters, the inoluasion of
higher order terme terme in |sin ©| expunsion does not
affact the qualitative behaviour of the transition proper—
ties of a system of spherocylindexs. On the other hand,
from the present calculations on a system of oylinders, we
shall see that Me %(om 9) term is essential to get

a guslitatively correot trend in the resulis. We have
made calculations by retaining terms up to 2, (con 6),
%(cas 8) and Pﬁccw 8) reapectively in tho expansions (7)
for a haxrd particle system. uhen she adtractive potential
fa also included, the caloulations are made by retaladng
terms up to P,(cos 6) and Pg(cos @) in the expanaions (7).

(a) Besults for a aystan of hard cylinderso

Por the purely hard molacule system (7.2z = 130 s O), we
made the calculations as followa. For a given value of R,
apsuning some reasonables value of dnm’ we can use eyn.(8)
along with equations {21) and (22) to get coneistent values
of {P,,) - "he integrals have been evaluated on a DEC-10
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conputer by using a 16=-points Guassian guadrature schene
and the oonsistent valuea of @237 have been obiained by
adopting & least sgquares fitting procedurs. The pressure
oan then be calculated using sjuation (10). Setting
{Pyy) = 04 the same equation can then be used to calculate
the packing fraction of the isotropic phase (4, ) by
equating the preasure to that of the nenatio phass.
Equation (ti) van how be used %0 caloulate the cherloal
potentiale of the phases. & . is now adjusted by

an 1terative procedure to make the chemical potentiale of the
two phasea egual. The ealculations are repeated for a
range of wvalues of R between R = 0,08 {rod-like molecules)
and R » 3,0 (diso-like molecules). The data are used $o
caloulate AP/5 (which is the relative density change at
NI' transition, © = (Pr.. + Pg.,)/2), the isothermal
compresaibility B of the isotrapic phase and the entropy
change AS/Fk at KI transition. Retaining, in the firut
instance, only the first two torma i N eq.(7) the calculated
values of (1'2). 4. and AP/ &t the Al tranaition point
as functions of R A N shown in fig. 2. Ve see that A M
'rod-like' region (R<0.5) gets wery much compressed in the
figure compared to the ‘disc-like’ region (R)1.9). Hence
for a better compuricon between the two regions, we have
plotted the properties as functians of 2R for R) 0.5 amd
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1/2R Loz #<0.5 4n figure 3. Filguwres Jja~3c correspond

to calculations made by retaining terms up %o fezicw &),

P4(coa ©) and ?G(uoa 8) respectively as described above.

The entropy change A3/Mk (eq. . Pv kI and the iso-

thermal compressibility g (eq. 24) of the isotrapic phase
at the HI transition point are shown in Jigures 4a—ic.

Whon the expansion is restricted to terms up %o
Pz(cca 8), it is neen from equation (22) and from the
definition of A and B that there i no anirotropic phace
for R = .5 (as was noticed by Isihara (1951)). Put by
including higher orxder terms, we gat; the anivotropic phase
for the entire range of values of E. Though U,{(d) = O for
2= 0.5 U,(d) and Ug(d) still contribute 0 the stabllity
of the nematic phase. From fig. 3a, it is seen that as T-
shape anisotropy decreasss, l.e., as the value of R appreaches
C.5 from elither side, 4, al she LI transition increases
monotonically. Howewver, the closest pucied dencity for a
systern of right cilroular cylinders i s #/2{3 = 0.4%1. Wwe have
not shown the results for the range C.351 {H 0.6 in £ig. 3a,
ginse tix calculated value of dnem excead C.Y1 in this range.
This unphysical result ie removed hy including the higher
order terxs as is seen In figures 3b and 3¢, ang 4, . ut HI
point {s 2 maximum for R~0.47. |1 wmeans that less aniso- -

tropic particles exhibit the nematic phase at greuler packing
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fractions. The density change AP /g at tie NI transition
dgcroanes relatively rapidly as the anisoitropy of the
molecule is deorcased. Retalning terms only up to P,(cos @)
in the expansion, AC/F approaches zero. Including terns
up to P (cos 8) (fig. 3b) and Fgleos 9) (£1g.3e), AY s
attains a mindmum value = 0.008 Re.47. Betaining
terms only up to Pz(cos ©), we found that (¥,) decreasas

ae the shape-anisotrapy increases for the ‘rod~like' reglion.
Thia trend is opposite to trat for hard-spherogylinders

(see chapters IV and V). On the other hand IA the 'disc-
lice' region the wvalue of < Poy at Hl trancition appedrs ta
be cusentialily independent of R (fig.3a). iowaver, this ia
an artifact of the approxination, since inclucion of higher
order terms lead tw a symmetric trend in the two sides
(tigures 3b, 3c). {P,,) incresves ac the aniuotropy
decreases, attains a naxinum and haw a sharp dip as we
approach R = 0.5 taking a minimum wvalue Lor 2:20.47. As
seen in the same figures, (¥ 4> has higher values than

(Py> in a small range of values of 2R around 2R = 1. As
2R approaches the value =~ 1.3, ua(a) beewmes smller and
smaller. Hence to get the NI transition, (P,) has to
larger and larger values around 2R © 16 {(sve e€3.22). PAurther
slnce ﬁz(d)wﬂ at R=0.5, the transition | S mouitly determined
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by Uy(a). Hence in the reglon clese to 28 = 1.0,

(P;) exceeds the value of {By> - The uaxluun value of
(Pan> in the ‘rod-liie'region is sopevwhiat largey than that
in the ‘disc-like’ region. #From figures 3Ja=3c, selecting
the value of R moh that (2R),, . -, = (WVRR) L0 0y 00
we found that (Ppn)r G, aad 06/p Zor rod-like
moleculos are somevhat larger than those of the disnc-like
molecules. Further the product of (2R)z;. .0 3406 *

(1/2R)_ s _q1xe DAVADE the came value of &, at the X

trancition 1s neen %0 be o D.8.

The trends in other properties of the nenatic phasne
axre also changed saewhat as a conseguence of introducing
higher order terms. The entropy change A&TRk at NI
trangition point increases as the shape anisotropy decreases,
attaine a paximum and decreases gharply attaluing a zindrmm
value o 0.98 for B~ 0.47 (figures 4b and 4c). Lxperimentally
Deetrade et al (1579) found that ASMk<= G.U6 for ke 4
{sea table i). The calculated value i¢ an order of mugni-
tude larger. Pv ki inoreases as 4 approaches J.5 from
either side and reaches & maxluum 2 B0 for R« 0.47.

Asguming that the pressure it held constant, LI transition
texperature inoreuses as the anisotropy increases. Further
the isothermal compresaiblliity § of the lsotropic phase
decreases as R deoreases %o U.5 from either side and atiains
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Zable 1
The nematic-isotropic transition temperatures (Tyy)
of different hexa-alkoxybunzoates of triphenylene
. a,
R B S

G42‘190 > 300

35111 Y 298

0%!159 253

GBHW(} 244

639}1190 227

910“210 212

3 4Ha0 185 and A5/Kk = 0.054 _,

kcal mol
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a pinimum ~ 0.1 x 10‘10 mzf’dym at B GedTs

(b) Results after including the attractive potential

The theory haa three parveueters, viz., R, U, and 192» ,
We assume that Ty, = 600°K which appears to be a reasonable
value for disc-like mesogens {(see %able I). This will
espentially determine the valm of 1?2. Por a given waluoe
of R, we also fix 4, at B, %o detormine the value of 1?0.

The caloulations are nmade by assuning some value of
‘192/"701: to start with, and the self-conristent lony range
order parasetera (F,, ) are evaluated by using equation (8).
The pressure 15 then obtained by using eguation (19). It
is equated to the atmorpheric pressure to get the value of
/v k. Equating the pressure of the nematic phace to that
of the isotropic phase (obtained by using equation (2U)
with (P, > = 0), 4,, 45 calculated. Equation (18) is
now used to caloulate the Gibbs free energy of both the
nematic and isotropic phases. The assumed value of 02/”v°k
is adJusted by an iterative procedure to egualiase the
Gibbs free energy of Loth the phases. Calculatiom have
boeen repoated for different wvalues of K. The relative
density change AF/5, where T is the average value of the
densitiez of the mmatic and isotropic phases, the internal
energy change AU/Nk? (aq. 24) at 2y, and § of the isotropic
phase (eq. 25) can now be caloulated.
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From our calculations on a aystem of hard right
¢ireular cylinders, it i1s olear that the anglie-dependent
terns of the excluded volume have t0 be expanded at least
up to 1’4(caa 3) ta get gualitativaly correct results.
Including the attraciive potential, we now coumpare the
results with the angle dependent terns expanded up to
Pg(cos 8) with those in walch thoy are restricted to
P,(cos 8). '

Pilgures 5a and 5b exhilit warious Sxanniticn
properties when the expansion lg resiricted o 2, com ©)
and dne:n 1¢ assuped to bLe .6 at TEII“ recall tha%
there is 3 discontinulty in transilion properiics near

R o 0.5 for a oyatem of hard cyiindriocul molocules, since

the anisotropic part of the potential Is zero for 1w 0.9
vhen 132 = 0 (pee fiz. 3a). Purther fn thi. cuse as X
approaches C.% from elther side, the packiyg fraction tends

to excesd the closest packed density. Dut by incliuding

the attractive potential 1.92 # 19“ # J) amu dneu to
2 value lecs than the value of tho closest pucked density,

all the transition properties wury smoeoiilly avouwnd A = U

even when the expannlon iz rseutricted %o P, 805 v). (see tuble II

- From figure 5a, we see ihat the andsoiropic energy

parametor 192/ka takes o naximas value for O = JoD and
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TABLE IX

n
Resulta for R20.5. x({cos 8) nZ&O uanPan(con 8)
, n

U,/ v k ﬁo/vok {Bpy LB (R  ag/z AUMKT

n=1 0.0 0.0 Caleculations near R20,5 are not potisible
8inoa dnexa > dclcae packed

mas 2 0.0 0.0 0.483 0.5%8 - 0. 0082 0.925
mw3 UeQ 0.0 0.515 0.620 0.367 0.0087 1.008
me 1 4547.15 80365.358 0.434 - - 0.002% 0.376
dnem"0.6 )

m = 3 %3570.22 72833076 00832 0-629 0.413 0. 0026 1.858
anﬂﬂnﬁ

n=73 T7030.90 23573.03 0.667 U.337 Q. 136  «.098 0. 978
4 a0 4
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of angle dependent terms, we repesated the calculations
for various valuea of R by saking nzm = U6 at L. e
results obtained for different transition properiies are
shown in figuves 6a and 6b. Comparing these with the
results shown in fig. 5a and 5b, we find that the inclusion
of higher order terus leade to an increase in the strength
of the HI transition, 1.u., (?2) » A(’/-g and AUAKT increase
substantially at Ty. Both the energy parm-tam 130 and
152 decrease. IExcept for this quantitative differonce, the
gqualitative bDehaviour of all the propertier remain esuentially
similar .. Unlike in the hard particle cystem, (P> is
| ees than <1’¢> which itself | o lesg than {?2) for all
values of R. By including the higher order terns, the
range of wvaluea of R for which the culeulations yield positive
values of U, and U, for the given Tyy And Q... geto
somewhat reducedy 1/2K22.6 to 2R 2.2. However, the
varisztion of p changes osansiderably compared to that in
L£ig. Sb. For disc-like moleculer § increuses wiith decreuse
in the shape andsotrapy. For rod-lice wolecules, as the
shape anicotim py increasee, 38 first decreases slightly and
then increases{fig. 6b).

In order to study the effect of the packing denuity

on the phase transition properties, we have alszo made calcu-
lations by fixing % = 0.4 at iﬁm and by taking texms up
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to P(coa 8) in the expansion of the angle dependent

terns. The results obtained for various paoperties are
plotted in figures Ta and Th. In camparison with the
results on ihe nore closely packed systea (figure 6),

the range of posalble walues of R getn wider, Lfrom h
1/2k ~ 7.4 for rod-liie molecules to 28 ~ 6.6 for diso-

like molecules (#ig. 7a). Purther the vulues of (P,p
AU/EKT and 7,/ k deoreane whereae Af,F and Uy/v k
inorease. The variation of 3 as a functiom of R 18 very
much affeoted by tho decrease in the vaiue of dnm’
becoming almost symmetrical about R20.5 (Mg. Th). The
value of § 3teelf goes up by a factor of ~ 15. At R = 0.5,
f takes a maximum value decreases on either side as the
shupe anisotropy increases and takes o minicum value ot

!% ~ 24 fur rod-like molecules and at 2K ~ 2.4 for disc-
like moleculen. 4s the shape anisotropy increases further,
the value of § increases again. ’

In cmelusion, our calculations deuonsirate that the
phase tranusition properties of nematic 1l uid oxystals of
disc-1lixe moleculer are essentially anclogvus %o those of
rod-like molecules. The tranasition properiles are functions
af the ratic (larger dimensioy smaller -iixeunsion) of the
¢cylinders. JInclusion of higher order terzme u«t least up 40

P‘(cm 8) in the axpansions of angle dependent terms ia
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necessary to get gqualitatively correct results, for the
systen of hard cylindars. However this is not ©o mach
fmportant vhen the systenm is superposed with an attractive
potential, but it does effect the corpresaibility of the

aysten.

6.4 Comparison with experimental results

A8 we have already mentioned in the introduction,
the nematic phase exhibited by essentially flat molecules
was discovered long ago in the pyrolisis of coke by Brooks
and Paylor (1‘955). A fow hnnnlomus series of single
component diso-like molscules, viz., hexa-n-alkkonoyloxy
truxene, hexa-alkoxybengontes of truxens and of triphenyleme
have been found to exhibit the nomatic phase (see thﬁu
et al, 1979, 1980; Tinh et al, 1981). The chemical formulae
of hexa-alkoxybensoatee of triphenylene, hexa~n-alkanouton
of truxene and the proposod arrangement of the disc~like
molecules in the nematio phase are shown in fipures Ba, Bo
and 8b respeotively. The natune of the nematic phase was con-
firmed by Levelut et al (1981) Lrom mobility and X—ruy
diffruction studies. They also measured the magnetic suscepti-
bility for the sixth and the eleventh menmbers of the asories.
The magnetic anisotrapy is negative in the nematic phase as
is to e expocted for such flat molecules {see fig.Bb). They
alzo obrerved a jJump in the walue of magnetic anivotropy at
?ﬁI indicating that the transition is of firat order.




PI1G.8a: Chemical f ormula of hexa-alkaxybenzoates
of triphenyl ene



of a discotic nematic phase.

FI1G6.8h: Structure



FIG.8¢c: Chemical formmmla 0f hexa-n-alkanoates
of truxene
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The nematio~-isotropic transition temperature
obtained for the series are tabulated in tadle I. The
heat of transition is known only for the eleventh mepber
of the series. Our oalculated value of AU 4is larger by
an order of mugnitude. The experimentul values of T
decreaces as the chain length increases, At firet, this
may appear to contradict the calculated trem‘s in which “ﬂI
increases as the molesular sigze increusses. lHowover in
developing the theory, we have assumed the molecule to be
a rigid cylinder. But as we can =z¢e Lfrom fig. Ba, the
real molecules have s8ix chains around the periphery with a
lot of free spane datween thes and the chains can take
different conformations. Henoe the chain at‘aﬁauosha;
to de¢ taken into acoount in the development of the theory.
Por rod-like molecules, ua Marcelia (1574) has shown, chain
statistics plays an fmpoartant role in determining the
behaviour of Tgy. PFor instance he showed that for a homo-
logous series with relatively lhw transition temperatures,
Tyy increases with molesular sisze, while for series with
relatively high transition tesporatures, %, decreases as
the molecular zise Increases. For example, for p-p'=dl-n-—
alkyl-azoxybensenes, . Xanges from 25%C to 75°C and
increases as n increases whereas far p~p'-di-n-alkoxy-
agoxybenzenes, To, ranges fram 175*¢ to 100°¢ and decreases
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a8 n increases. In the first caze, because of the
relatively low teuperature, the chains are rigid and
increasing their lengths increases the average aniso-
troplo interactions between the molecules. In the
sgcond case, chains are rather flexible because of the
high tamperatures and the larger chainag wialcn are more
flexible decrsase the average Emmmo;pic interactions.
Yor hexa~alkoxybenzoates which exhibit the discotio
Bematic phase, Ty, Xangen from 155°C to 298¢ waten is
in a sufficlently high wange to explain the decreasing
trend of Tm: wth inereasing chain laxxg’t;x.

Recently Plapper and Veriogen (1981) made calou~
~lations on nematics made of dise-like and oblong molecules.
Po study the system of hard cylinders, they have used the
equation of astate of a system of hard :spheres as given by
Cornanan and Starling with the nodified definitiom of

@ = 0{¥prc1) » WhETE (V¥ ..) 18 the average value of
excluded volume of two cylinders (eq. 3). Terms oniy up
to P,(cos 9) are retained in the expansicn of Voxcl® Ihe
dlzcontinuity in the propertics that exists in this cuase
12 removed by an approximate expression fur Voxol® Gala—
lations are made by uaing bosh the uetusl und the approxi-
« In both tie cases they found

mate expressiona for Yoxcl

that (2, and A%/5; decrease as x (= "%ﬁ) decreases %o
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a value close %o 1. Xt starte increasing as the wvulue
of x iz decreased further and dmm behaves exactly in
the opposite manner. The qualitative behaviour of Af/g
and d‘nem as funetions of x are analogous to sur resuito.
The trend of our oalowlated value of (P,) depends on
the number of terms retained in the expression of ?&x o1
By inciuding an attractive potential, they made caleu=
lations for x = J1/2 by adjusting ,Oo and "32 to get
= 405" and y = 4.0 at e The other properties at
s;3 are found to be (P27 = 0.535, dpon  0.478, g~
UeU#E5 and A5k = 0.973. For the same value of x by
Lixing Iy; = 60U and Qo = 0.6 at L., we get
4,&,‘27 = 043, OC/F ® 0.0024 and ASHK * .34, i.6., a
conslderably weaker transition,
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