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APPERDIX A

GROUP~THEORETICAL DERIVATION OF THE NUMBER AND IRREDUCIBLE
REPRESENT ATIONS OF THE EXTERNAL ZONE-CENTER PHONONS OF
CRYSTALLINE CBOOA AND TBBA

As discussed in chapter 1, the numba of extermal
onar-center modes of a molecular erystal and their classi-
fication according to the irreduclible representations of
the point group symmetry of the orystal can be determined
by treating the individual molecules as rigid units, Ve
associate with each non-linear molecule three transl at ory
and three rotatory degress of freedom. |f there are s
moleoules i n a primitive! cell of the erystal, the number
of external sgone-center phonons and their representation

must be sueh that

where a, is the number of phonoms belonging to the ith
irreducible representation and d; isthe degeneracy of

that representation.

A.| Bhagavantam end Venkatarayadu net hod

The transl at ory or rotatory notions of the molecules
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in a primitive cell transform, i N general, according

to a reduci bl e representation T . Let X(R) denote the
character of |  corresponding to any symmetry operation

R of the paint group of the crystal. Only the nunber of
molecules U, that are |eft invariant under the symmetry
operation R, eontribute to X(R). fThe reducible represen-
tation | oan be decomposed into the irreducible

representations of the point group, thus
M=2a T (2)

The number Of times the irreducible representation [

ocours in | is given by2
8 = % %xm X3(x) (3)

where h is the total number of symmetry elements in the
point group and X,(R) i s the oharacter of T} corresponding
to the operation R.

For modes which involve only translations of the

molecules, it ean be shown that1

(R = Uplg 1 + 2 cos gp) (4)

where g5 is the angle of rotation in the operation R.
The + Sf gn corresponds to 'propexr!' operations of the fype



cn and the - sign corresponds {0 'improper’ operations
of the type S, wherein the rotation 4s followed by a

reflection.

| N a similar manner, fOr modes which involve only

rotation of the molecules,1

X (R) = TR(1 + 2co0s «pB) (5)

Using equations (3) and (5), the representations of the 3s
rotatory external modes can be deduced. Similarly, using
equations (3) and (4), the representations of the 3s trans-
latory external modes can also be determined. Among the
latter category, three degrees of freedom must correspond
to the acoustic modes. Thus, there exist 6s-3 external

optical modes of which 38-3 are of the translatory type,

(1) Application to CBOOA (Phase II): Phase II of crystalline

CBOOA belongs t o tho space group3 cgh. The point group
symmetry of the crystal is Cope The primitive cell IS
identical to the crystallographic unit cell and there axe
four molecules per unit cell. The analysis along with the
character table for the C,p Oroup is shown I N Table A.1.

\\é see that the representation d the external optical modes
is given by

6A8+5Au+6}3g+43u .



gok

aok

ou

8ok
ou

gok

W Oin 9w =
- O N

o

1 %6

WO W

el

P-

WI!

O

¥e

ci

130
sdfg
£xo3ea0Mi (9

adfy
LxoseT
~SUBIY,

84 90027
84 sooz+i¥
gy

4'5 m‘eﬂ mﬁ ﬁﬁi

)
-

SATIO®
paxexyur

sAT}O®
uemey

913de ayjsnode

Te30%

Te

¥

nwo

IV o1qeg



159

A.2 The method of eoupling?’?

The point group correspénding t 0 the site symmetry
of the molecules in the orystal is a subgroup of the point
group of the erystal. For equivalent molecules related by
symmetry elements Oof the erystal, the site symmetry deter-
mines the irreducible representations to which the trans-
latory and rotatory motions must bal cug. These irreducible
representations of the site point group must, in turn, be
compatible with the point group symmetry of the erystal
itself. Thus, the representations originating from all the
equivalent molecules in a primitive cell are obiained by

the group theoretical corzela'bions

of the appropriate
representations of the site point group with the representa-
tions of the point group of the ¢rystal. This procedure,

as 18 to be expected, leads to identical results as the
Bhagavantam-Venkatarayadu method. However, the physical
origin of the extermal npdes is more explicitly incorporated

In the method ¢f coupling.

(1) Application to CBOOA (Phase II): The sSite symmetry of

the mol ecul es in the primitive ecell is ¢,. In the point
group €, the tranlatory and rotatory notions of a molecule
belong to the representation 6A. A correlation of the
species A in the site symmetry group ¢, with the representa-

tions of the point group 02h gives the irreducible representa-
tions of all the external modes.
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Oy 8 6A —> G,y ¢ 6(Ag + Bg + A, + B .

'Phis 18 the same result as obtained in A.1(1). Again,
after subtracting the acoustic modes, the reduction of

the optical modes is given by

SAB + 5Au + Gag + 43“ .

(11) Application to TBBA (Phase VIII)G ¢ At room tempe~

rature, THEBA erystallizes in the monoclinic system Cgh with
eight molecules per unit ceII.6 | n this case, the primi-
tive Or Brawals cell is mot identiecal to the erystallographic
unit eell, but I's half the erystallographic unit cell,

Hence the number of molecules in the Bravais cell is 4.

The point group symmetry of the Bravais cell ie C,p, and

the site symmetry of molecules is C,» The analysis is now
identical to that in the case of (BOOA, so that the reduction

of the external optical modes is again given by

6Ag+ @g+ 54, + 4B, .
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APPERDIX B

DERIVATION OF THE RESULTZANT LINESHAPE WHEN
TWO LORENTZIAN SPECTRA ARE CONVOLVED

Let the intrinsic spectral distribution Of the
vibrational band be represented by a Lorentzian Av(v)x

8y
(1)

Ay() = ; 5
hers, \Dov i s the frequency of the band center, ij is
the half width a half maximum (HWHM) and ay is a constant.
Similarly, we represent the reorientati onal spectrum by
anot her Lorentgzian,

2R

AR(") = T_z (2)

2
(3= )" *+' g

when ~Vogs T—'R and ap are the corresponding parameters
of the reorientational spectrum

The observed lineshape Ay(¥) is the convolution of
Ag(>) and A (V). Symbolically,

4E) ® 4O

f AR(\))d A/

-0

Ag(») = (3)



163

By the convolution theorem \e have

Fag0) @ 4300] = 2 I[ag(M)] Flag)] (4)
Conversely

Ay () ap¥) = Jfox %#[Av(v)]:ﬁ[%(v)]} (5)

| N equations (4) and (5), ¥ and ¥ =1 denote, respectively,
the direct and inverse Fourier transformations. Now,

o0

70 a 1 a —1t\>d
— | — e M
(V-v )2 +T[ /2 (0 -2 +T2
-0
witV. -
- /g‘%ei” [Tl (6)

Substituting the appropriate expressions in (5), we have
L) @ Ay)

. /5;*1{% . 3y%p ,"“"ov*"oa)*' - KTy + n)“l}

<
0 ]

. = _%¥%R f,"i("ov""’on)" - (TyTpsl A
LA
-0
# ay ap(Ty + Tp)/Ty Ty
= (1)

(Voy +Vop ~¥)% + (T3 +TR)?
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Now,
(s3]
oy * 8
f 2 T2 oo T (8)
—® (vQR -\)) +TR R

Combining equations (3), (7) and (8), we have

. av( rv + R)/G
AY) = (9)
(Mov + Vor -2 (Ty +Tp)

It is seen that A;(V) | s anot her Lorentzian
whose peak is at Y,y +Yog and its HwHM, T, 4is given
by

We note t at the observed peak frequency is shifted
from that of the true vibrational spectrum. However, or
generally 1ies i n the microwave region while ov isin
the infrared region. Hence\’on < \)OV and i n most
practical cases, the shift is negligible.



APPENDIX C

RELATIONSHIP BETWEEN THE ORDER PARAMETER AND TEE °'DICHROIC'
RATIO FOR A HOMEQTROPICALLY ALIGNED SAMPLE

Consider a sample aligned iNn the z direction of a
space fixed coordinate system (x,y,z). Let a be the angle
made by the transition moment, p, with the long axis. We
choose 4 coordinate system (x', y', z') fixed to the
molecule such that the long axisis along z' and the transi-

tion moment |lies in the y2 plane, so that
Byt =0 By =posina,  p,, =y cosa (1)

If the radiation IS tneident along the direction of
alignment, i.e., the z axis, the absorption due tothe

molecule is given by
t V(8 2
A = kpy 4+ pg) (2)

where k' i S a constant, SO that the absorption due to an

engemble of N molecules IS given by
2 2
A = k(<pr> + <uy> ) (3)
where k = Nk' and the brackets denote an ensemble average.

The coordinate system (x', y', z') may be related
to the system (x,y,z) by means of the Eulerian angles



Figure Cc. 1: The rotations defining the Eul erian angles.
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(Y, 9, ©) shown in Fig. C.1. Transforming the components

of p from (x', y', 2') to (x,y,z),1 we hare,

by = =(sin?¥ cos g + cos © sin ¢ cosY )u,

+sinesingp,, (4)

by = (cos © cos 9 cosY - sinY sin cp)p,y,

- sSin e cos ¢ p,, (5)

Free rotati on about the long axis of the molecule leads

to equal probability fer all values of ¥ so that

<lein ¥>= <oos ¥> = 0 and
<sin2 V> = <0082 > = % ] (6)

Further, in the uniaxial nematic and smectic phases, the
structure is symmetrical sbout the optic axis so that ¢
can take all values Wth equal probability. Hence

<cos 9> = <sin ¢> = O, and
<gos? > = <sin® ¢ = 3 (7)

Squaring (4) and (5) and taking the ensemble average, and
using (6) and (7) we have

<p,§> = <p§> = %(1 +<<z'c>s2 9> )ug. + % <sin2 9> Uso (8?
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The long range orientational order parameter, S, is defined

as

S = (3 <eos? & -1 (9)

Combining egns. (1), (3), (8) and (9) we have, for the

nematic phase,

2
, 2
Ap = %)5&-[33 8in® q - 28 + 2] (10)

| n the isotropic phase 8 = 0, so that

P
& .
4450 = T3 (11)

The t*dichroie' ratio R is defined by

R = Anem/ﬁlso (12)

so that, we have, using (10), (11) and (12)

2

R = 4[38 sin® « - 25 + 2]
which yields
' X (13)
S = o 13
1 - % ain2 Q
Reference

1. H. Goldstein, Classical Mephaniocs (Addison-Wesley
Publ i shing Co. 1950).
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APPENDIX D

AN ESTIMATE (-5 THE REQUIRED CORRECTION TO THE ORDER
PARAMETER WHEN A HOMEOTROPICALLY ALIGNED SAMPLE | S
USED

For a light beam propagating aleng the optic axis
of a uniaxial 1liquid erystalline sample, the true absorption

coefficient A, 1is related {0 the experimentally measured
1

absorption coefficient, (Aexp)o by
%o
Ao = B gl (1)
o

wher e n, Is the refractive index of the ordinary ray i n the

absence oOf the absorption and &, isthe internal field factor:

2 2 p
nf + 2 + a(nt - 1)
3

Here a is the anisotropy factor given by
Ye = (1 - 28) (3)

wher e, Ye IS the internal field constant when the electric

field is parallel to the optic axis of the medium.

For the isotropiec liquid, a = 0 and equations (1)
and (2) beconeg,

Mso = fﬁ' (Aiso)exp (4)
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and

where a is the refractive index of the isotropic liquid
I N the absence of the absorption.

The 'dichroie' ratio, R, ies defined as

£30)

R = =roem (6)
Aiao

Combining equations (1), (2), (4), (5) and (6) we have
R = A Rexp (1)

where

A .

no(n2 + 2)

(8)

2
2 2
n[no + 2+ at(no - 1)]

We see from equation(7) that the measured dichroic
ratios have to be corrected by the factor _/\ to obtain the

true dichroic ratio.

| n the absence of refractive index: data for CBOOA,
we have chosen to evaluate /\ for atypical liquid erystal,

PAA, at three different temperatures.

The refractive index data for PAA are available in

the visivle region.? yo extrapolate these data to 4.45 m

using the empirical relation,
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2 el = A4 —2 (9)

where A and B are constants to be determined. »x _ is
0.35
for PAA. The temperature dependence of a was calculated

WO

the resonance wavelength and has been found t o be

using equation (3) and t he values of Yo taken from Ref. 4.

The results of these calculatione and the corre-

gponding values of A ace shown | N Table D1.

& note that at the lowest temperature, i.e., 95° ¢
which is 42° below the stm me tic-isotropic trsnsition, the
correction factor A IS identical t 0 unity whereas ON
approaching the transitian, it increases slightly. Even
at 134°C, which i s |0 below the nematic-isotropic transition,
_/\ differs from unity by only 2% | n contrast, while using
a homogeneously aligned sample t he estimated correetion
factors differ from unity by about 8 - 10% over the entire

range of measurement. 4

As the required correction i N OUr geometry is well
within the experimental uncertainties, NO correction has

been made t 0 the S values obtained from our measurements.
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