APPEFDIX A

PENORNTICAL BAGKGROURD CUNGERNING THE RAMAN
MASURINENTS OF (P> AND <.

Ae Orisntational ssatistios and microsoople
exder paramsters :

W assume the moleciles %0 he rigid but of

arbitrary shape and comsider two codrdinate systems:
(1) the labommsaxy frawe (x,y,8) fixed with respeot
40 the liguid orystal medium with the 5 axis parallel
%o the dirwotor B, and (i1) the molecular frame
(1,2,3) fixed to the molecule. The 3 axis is chosen

%0 be parallel to the major molecwlar axis.

AS any inetant the orientation of a partioulny
molecule is desorided Dy the three Muler angles (x,j,v)
1inking the two coordinmte systems.’ The orientational
oxrder of thw moleoulss Oan theh be described by a
distribution funation f(«,p,v) vhich can be expanded

in Sexsms of the goneralised spherical harmonies, e
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ware <...) represents a statistical average.

The ecertiotents al%) itk nem-sero L depent
on the Gegres of orientatiomal exdering. They are
temperature dependent and saturate to CORStat valuss
42 the system deoomes completely = They
therefare de chosen as & set of gewralised axientatiooml
order parameters characterising the degrese of exrdering.
IV oan be shown Shat for sach I thers are (2L + 1)%
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independent real orientational order pavremeters.

Considering a uniaxial mmeroscopico systen
with the waique axis parallel %0 the 3 axis, the
disteidution funotian is independent of & and only
s with m' = 0 gontribute 40 the summtion. 2he
physical equivalence of R and -n leaves only Serms

with even L. ig Shen ave

£(x,f,7) = Z i u) (x‘)('oﬂrf)

cee (2)

vhere

2E iy = R " L)

Thus we have (ZL+1) real, independent arder paramsters
for esch (even) L. For the case L = 2 we have five
nontrivial oxder paramsters.

Buation (2) can be written explicitiy*
enploying % e yeal quantities 4\9" and ISI‘) diven
ny
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symmstric rods, ome obdtains

2L + 1
faper) = == e a5 P (00ap)  (3)

L even Ox°

o
an
25(p) = ax [ ay £(«p.v)
9 o
Ze
- N S X T I O
2
5 even
“ .
=
a0 w | ainp e v (oms ) £5(8)
]
w P (o0s p)> (5)

where 8 45 the unit veetor along the symmetry axis

of the molecule.

mmmmsémnuuwxnwnpm.
a1 in the campletely oxdered phase and should tales Wiluss
Aying between 0 and t in the liyuid orystalline phuse.
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B. Orientational Order by Ramat Jeattexring

The pover spectrum of the Hammn scatbered light
san be sxpressed as a fourth rank tensw which is
related te the aversge ariensatianal corxrelation
function of the molecular Hasan polarisability. Thie
suggestc that appliontion of Haman seatturing o e
anisotrapic liquid aryssalline systea will yield nog
only the oxrder paraneters with i = 2 byt also paraneters
of the next higher order, S.e., Serms vish L = 4.°

Cannider a single Rasan aotive vibrational mode
with normal ccordinate 4 and frequenoy . e intwroduce
a Jaman polarisability sensar «', ulsmﬁv time dependence
ia a reference frane fixed with respeot %0 the malscule

follows that of Q.

2
&' = (-) q (6)
24 =0

If x' 1is interpreted as a mioroscqulie property
of the individunl moleculs ane should, in principle,
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apply loeal field carrections %0 canevs the
sasrosoapio properties to the RiOraso0pio ones.
Aovever, several eapirical evidences ™! suggest that
these are not significant here. Thws a' in equation (6)
oan be treated as a moleoular pelarissbility which is
essentially unchanged in the molecular frams when the
material cshanges fram the isotropia %o any liquid
erystalline pla&!-'

Iax and Nelson® have develaped theoresioal
exprecajions relating the obasarved rasioe of intSegrated
intensities (depalarisation ratios) far a parsioular
Reman band $9 the statistiocal averages of the Ausan
polarisability Semsars a; a8 axpresssd in the laboratory
frame, Saking into asoaunt salid angle changes and
tramsnisgion losses at the sample swiaces. Jor the
gemetries employed in ocur experiments (ses figure 6.2,
chaptex 6) these recults are
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The Ranasn Sensar for a particular Beman act¥ive

vibration will have same form ll’. in the molesular

frame o reference. Howver, there 15 always some oSher

moleoular axis, related $o this one, in which the Remn
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he campenents of &' 4n the molecwlar frame
can be expressed in tame of «,8,» and the three
Balerian angles & p‘mﬂ uﬁnﬁbﬂmmpﬂmm
axis of & (i.e., Whe axis for whioh & has the diagonal
fom) into caincidence with the special symewry axis
of the malecule.

For a syaten with maeroroopie uniaxial symmetry,
there are oily four independent orientational averages
in terms of which the thres ratios (equation 7) can dbe

Towritten am
XL~

R - ’
1 % <"‘£’L N
LeL)a>

- — (9)
a L)% >
L)y >
l’ -

L (m)ee>



These ratios san be expressed in %erms of the
nisroscopic nolecular quantities a and b, the Blerian
angles (e, B . T,)s and the orientational oxder para~

motere coryesponding o L = 2,.4.

In the special case of eslindrival symsetry
about the J-axis one ohwmg

A“2<(l£):.> - %0#-&*@0#0&?
Q(ﬁlwiﬂ-%ﬂ~w)<ﬂfﬁ>
v p - 30« Bif) est >,

S L) > dp e 40« B o (@ - i) <ooa® 5>
v Ggp - 30+ §57°) <omnt 5>,

7 Lphay = o do- Gon i Low® o>
-3 - 0« §p) Loos* >,
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SRR -ERE RS BY X8
-(a...zc-v}nv-}nz) Coos? p>

* (b - 20 ¢ *n’) <¢u‘ 8> ., (10)

i-n;,tn;zoc;’.

3 o= (/A (}ay, --52)2 -Hx;gl ’
| 2 2

0 = (/A (myy + my) o

D = (1/ANZmgy - By = 835) -

AS any particular Vesperature the thres ratios
in enation (9) give thres squations linewr in the two
unknowns <m2 g and <m‘ § > with thres paraxeters
B, Cand D. In addition, the depolarisation rasie in
the isotraopic phase gives another relatiom between these

Yhree parameters,
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IS is then possidle to salve fyram the data for

the two order paranoters

‘52) - §<m2ﬁ~'> ’

A8 o b ososst 5 - 30006 p e3> . (12)



160

Refexrences

1 §. Jen, N.4.Cdaxk axd P.4.Pexehan and
B.b.Priestley, J.Chem.Phys. §§, 4635 (1977).

2 H. Goldstein, Olasnioal Mechanios (Addison-
Nesley, 1930).

3 R.R.Rose, X«

(Wiley, Hew Yoxk, 1957).
4 See page 4637 of Ref. 1 wdove.

S R.A.Priestley, P.S.Pershan, R.B,Heyer amd
D.H.Dedphin, Reman Mes. Vol. Vijnana Parishad
Anusandhan Patriks 14, 93 (¥91N).

6 N.2.Vuks, Ops. Ipeotrosc. 20, 3561 (1964).

7 8. handeaseimr and XN,.V.Madhusudama, J.Mhays.
30, G4-24 (1969).

8 (a) M.Iax and D.Y.Nelsam, FPhys.Rev.B4, 3694 (1971)
(b) R.Iax and D.X.Neloon, Proe |

on Cohexent and Guantum Optics, edited by L.Mandel
and Z.¥Wolf (Plemum, New York, 197%).

¥ " Y
3} T B E ik
N ey

9 Bes page 4640 of Bef. 1 shove.



PROCEDURE AND PROGRAN USED Y0 CALOUIATE CP,>
ASD (P, FRON RAMAN DEPOLARIZATION RATXOS

A  Procedure

In & fyume of Yeference fixed %o the meleculs,
& partioular Raman polarissdility Senscr ean be written
in the diagenal form given in squatien (8) ef Appendix A.
Prom the symmetry of the 70B and 8 O0B moleculss employed
in the studies described in ohapter 6, A% is yeasonabdle
%0 ssswme Waat the molecnlax axis oeineides with one of
e 2ues in the Ranan temsor. Ye take YAis % de the
S axis.

Assuming thas the melecular polarisability is nos
uniaxial (a ¥ b), the parameters A, B, 0 and D 4in
equations (10) of Appendix A reduoe %o

A= 1eaed

B = (a-w)/add

¢ = 0O

D m (Z~m~0)/A (1)
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Alse,

3af e e 1ca-baa)
- b ——
“‘” 5(&0341)}L+4(nfﬁ|!¢1-.-b~‘)

4 sew (2)
Starting with an axditrary walue of ‘(0{,‘ <1) a %a
determined fram equation (2) and hence the paramsters
Ay B and D 4in equation (1).

Ooubining equatioms (10) with eyuasions (9) of
Appendix A we odtain,

3 « gl - Jo o P20 com® 0>

- 1 + Pt + ) com® o>

g o -doodp®) - )
[0 - 0 - 3) - §F) Com® @)

o (gm0, 0 + §5%) « HB + 35°)) Coont 0>

¥ ERXRERY " RE S PP~y )

Hare ¢ replaces § employed in Appemdix A. (3) and (4)



unmnm.quummmmmmm‘"»
and au‘e>. Yo solve for them and impoese Yhe condi-
tion J<4o0’ © <1 which 10 & physical requiremns.

¥e Bnow compute

ayont) g - ) cow® >0 ndo?) connte> 1]
[§+ 33 + 40+l oo - I3 - 3% Coun® 0 >
i-‘?z(l 0#) <M‘ ") e ()
ﬂmmmndﬁﬁtwmer%.

e [Ry(om1) ~ ll,(u:pt)[ Z 0.01 we ignore the
resulds, go back to syuation (2) and repeat the sexries
of caloulations with an inoremented value ® +4Qb. The
provedure is repeated t111 |Ry(oml) - l,(um)[(a.m.
Now tho incremental value AD is xeduced te 4 B/10 and
the saloulations repsated 1111 we obtain |Ry(eal) = Ry(expt)/
K0.001. ¥e aseept the walue of b (and henoe the & awe~
sponding values of a, A, B and D) which satisfiss this
requirensns and then sclve for 4‘..2 8> ad 40:‘ >,
Rinally, ve cempute the order parameters given by |

pylees 3)> = 33 wes® @) =~ 1] (6)
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oloes 0)> = gi3s <pos*e> -3 @t 8) + 3] (D

B. Mﬂ.ﬂl m

pylees 0))> ant P (008 G)> values were calou~
lated from She experimemtally deternined Raamn depolari~
sation yaties Ry, Ry, Ry and A, AN the sarreciioa
facter 0,, ewpleying the sbove iterative prosefurs, on a
Hevlett-Packard Model 98214 prograssmble desk-tep onlwm-
1ater. The following progrem ws employed. "‘

01
me 2/,%X, “OCOMPUTATION OF ORDPR PARAMETERS Py AND P4
TROM" 3 TYP|

t:
e /0%, "RANAY DRPOLARISATION RATIOS'™ TYP

2 ,
Pe 3/,5X, “O0ONPOUKD™, 61, "FHASE™ , €X, “TRMPERATURE" 4
*YP -

J s
ne ‘/u“o "9‘»'0 8x, "93“0 ax, “A%, 8x, "B*%, uo"ﬁ" »
”.'W“M“ » 3X,5 TP
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ne "oos(ahed™ , S5X, "R3(0AL)", X, " P(2) ‘', 5K,

"’(‘)“n/i 3 ¢ o

- N}
EXT? “ROTY , At6, “R(I30)7" , RS |

6:
RREADY™ 3 O->R19; ENT "EE?* , RI7, "NOTY , R18 |

1T
(R16 « R17)/(BR16 « R18) —> RS ARSI — 13

8
WT TRI?® NT, YR2TO, A2, "RI(RXPR)T?V , B4 |

9
T *BOGE) 19 , R10, "B(MAX) 7%, R1Y |

10 3
ENT "DELTA B, R 12 |

1 3
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» INGREWENT ' 3 I¥ (ABS(X-R4)< .01)(R19m1)y RI2/10 > R¥Z T~
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12
R1O#R12 > K10 |

131
IF¥ R10 >Riyy <%0 "END* |-

4
S6(S-1)(R5(3R10 1 @ + ZR10+3) = (R0 12 = RIDe1)) > & |

153
J((3(R1001)(2R5+1)) 1 2 = 3) > RIS

16 1

(=3(R10 « 1)(2RS +» 1) « R15)/6(3R5 ~ 1) ->RW
,

17

(=3(R10+1)(2RS+1) ~ R15)/6(385 - 1) >R |

18 3
“SPART™ 3 1 4 R20 & RIC—>R403 1 + R30 « R10 5>MS |

19
(820 = A1G)  2/4M40 12 >R50; (00 = K10) } 2/4045 12 >RSS5
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20 3 ‘
(2 = B20 = R10)/M40—>R603 (2 - M50 = R10)/M45 —>RE3 |-

21 3
1/0mBE0 )} 2 + R1/RIM(RSO = 1/3mA60 « 1/6mRS04 2) —>R70

22 s
1/omit5 T2 ¢ RI/ION(RSS = 1/5u65 + 1/6ni6S 12) - ROO |

23 s ;
~(.SR%0 + 25060 1 2)(R1/RS « .3) —> MO I

24 1
"“om, + N85 T‘a)(n‘i’n R a’)'#nm o

2%
R1/K30(.5R50+1/36uR60 1 2 + 1/9m(1 - 260)) - 25830 ->R110 |

26 :
R1,/550(. SR55+1,/36m265 T2 « 1/9m(1 = RE5)) ~ 295855—> K120 I

27 s
RZR3{1/8nR50 ~ 1,/6mR60 ~ S/40mab0 12) - 1/8mn0 12 >R130 F
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28 3
R2R3(1/0uR55 ~ 1/6uR6S - 5/40un65 12) ~ 1/0un65 12 > X140 -

29 2
+29(RSO + SRE0T 2)(1 « . TIRRS) —> R1%O

30 3
«25(N55 + 5063 '2)(1 + .T5HAND) —> K160 |-

3% s
+I5RS0 ~ R2RSI(1/9 + 3R50/16 + R60,18 « 11060 1 2/288) — R170 -

b - 2N ] ,
<25RSS ~ RZR3(1/9 + SRS5/16 « RE5/18 + 11863 12/288) - R8O |-

9% :
(RYSOR1 10-RYOR170)/ (RTOR150=R130190) —> X —> R0V

34
Xr (1/3&1)(& < 1)y R20 S R190; RT0 -5 A2103 RYO — R2204
R110 - R0y R1J0 — R0 |-

3% 3
I¥ (1/3 <X)(X &)y R150 —>R504R1T0 —> AR6O; RO —> Ay RO —> By
B60 —0 |-
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36
(R16OR120-RIOCR 180 )/ (ABOH160-R140RI00) — X |-

37 s
Ir (1/3@1)(: £3)s- ¥ —> X200 R30 —> R190; . RBO —>R210y
R100 —» R2203 R120 —RIW

W
TP (1/3<X)(YL 1) R140 —>R240y R160 —> R2504 RI80 —> R260s
M3 >A; 35> By K65 >0

), 2
(R210R260~R240%230 ),/ (A2 10R2950~-R240R22C ) —> RO -

40 2
1/9+38/1640,/18+41100/208+ (B/8-0/6~500/48)R200 —3

41 2
2¢3/16n(B+00/2)R400 > Y

42 3
(1/8n(3B~. 500) 8200+ 1,/16m(B+. 50) (R400+1)) /X > X

43 3
I¥ .0t > AB8 (X-R4)sR19+1 RS |-



179

44 3
IP ABS (X-B4) > .0013 020 "INGRIMENT |-

45 3
HIRINE™ § (SR200=1),/2 —> R410; (ISR400~JOR20043)/8 —I4D |~

46
e/, 2%,57XD 2.6,27X0 12.6,39D '2.‘5‘ YP R190,R10,A,D0,C,
R200, R400, X, 410,420 |-

47 o
»e /,2X,97XD 8.43 TYP A1,R2,M,R5,R18,R17,K3,R1/R5,R203 +

48 2
Q10 “READY® -

49 1
wRND* 3 BND |



