
As discuerss4 5n ohagmt;er 1, .t;he number of external 

sonar-center modes of a malsoular o r y s t d  and their crlassi- 

the point group symmetry of the orystal  o m  be detemined 

by taeating the individual nnoleaules aa rigid uni.t;a. We 

as~oc i ia t  es with each non-line ar molecule three translat ory 

and three rotatory aegress of freedom. If there are  s 

moleoules in a primitive! cell of the crystal, the number 

of external mne-center phononmr and their rergreaentation 

m u s t  be eiuoh that 

where pi 1. the nunber of phonom belonging t o  the i th 

irreducible repreaentatior!. and di i s  the degeneracy of 

that represeatati on. 
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?he translat ory or rotatory motions ~f the molecules 



in a plciaitire cell tranrsfora, in general, acoording 

t o  a reducible representation r . Set #(B) Uenote the 

character o f  T corresponding t o  any symmetm apeartion 

R of the paint group of the arystril. Only the number of 

aoleoules Ug that w e  l e f t  imariant under the symmetry 

operation R ,  oontribute Oo %(a) .  3%. redwfble represen- 

f a t i o n  r o m  be deoomposed into the irreducible 

rapressntatlona of the paint group, *hw , 

2he number of tiae. the irreduoible repseaentation Ti 
occurs i n  r i s  given by2 

where B i s s  the total amber of sy~ggletry elements in the 

point group and x$(R) is the character of r; corresponding 

t o  the opexa3ion R. 

For mode8 whi~h  incvolve only translations of the 

molecules, it oan be ahown tha t  1 

(R) = u~(+ I 1 + 2 cos pa) 

where pR i a  the angle of rotation i n  the operation B. 

lhe + sf gn corresponds t o  'propert operations o f  the fype 



a, on4 the - ~ L g n  oorrosponds t o  ~Impropsrt aperations 

of  the type S, wherein tha rotation As followed by a 

refXae$$on. 

In a similar ~lluznsx, for node8 whleh l m o l v ~  only 

rotatf on of the aoleaules, 1 

Uasisg equatfon~ (3)  and ( 5 ) *  $he repre~entationsr of the 38 

rotatory external node8 o m  be deduoed, Sinilarlg, usinqf 

equations ( 3 )  and (41, the reprsserrta-tionis of the 363 ~ r m s -  

latary external moBes can also be, aetsxmined. Among $he 

latter eategorg, %hree degrees o f  freedom mwt @orrespond 

t o  the acoue~tic modets. Thus, there exist 6a-3 external 

ogt i~ la l  made8 o f  which 38-3 are of the traneslertory type, 

(9) ApgLSoation t o  GB00A (Phase IX) r Phase I1 of crystalline 
3 5 CBOOA belongs t o  tho spaoe gmup 02h. The point group 

syametry of  the crystal ia CZh* The priait ive c e l l  is 

i d e n t i a d  t o  the oryetallograghia urit cell and there axe 

four saoleoulear per unit u e l l ,  !the onely~l is  along with the 

charaoter table f o r  the CIzh group is ahown in %?able A . 7 .  

We see that the repreerentation of the external opt ica l  aodea 

i r ~  given by 





2 The method of c o u p l i ~ ~ ~ ~  

Ihe point group oorreapbnding t o  the e i t e  symnetry 

of Plae mo&eauIes in the orystal i s  a aubgroup of the point 

group of the sqa ta l .  %QZ equivalent sroleoatl@s related baf 

spametry elenrent8 of $he a r y i ~ t a ,  the s i t e  8 y ~ u ~ e t r y  deter- 

m i a s @  the Srreduoible r@pres@ntatiora t o  whioh the trans- 

latory and rotatory g lo t low  awt bal oug. Ihese irreaucible 

repreaentatlons of the s i t e  point group sust, i n  turn, be 

compatible with the point group aymmetry of the oryatal 

itself. ghw, the repreacsntationa originating Sroa a31 the 

equivalent noleoulas  i n  a primitive c e l l  are obtiained by 
5 the gmup theore t ica l  correlatf on of the agproprf ate 

representations, of the s i t e  point gxaup with tihe repreaenta- 

tltons 09 the point group of the ctryartal. proctedure, 

aa: i a  t o  be expeoted, ZeaCta t o  identiad. results as the 

B h a g a ~ ~ t  am+-Vsnkatsrapdu nae%hoc%. However, the phys iczall 

origin of the oxtemal modes i a  nore e x p l i a i t l y  Inoorporated 

i n  the aethod a9 @oupling. 

(1 )  & p l i ~ ~ o _ n & ~ g ~ ~ ( p c ; h , a s j I I ) :  The s i t e  symmetry of 

the molecules i n  the primitive c e l l  i s  C1. In the point 

group C, , the tranlatory and rotatory notions of  a aoleoule  

belong t o  the xrsgreraentatlon 6A.  A ~ o r r e l a t i o n  o f  %he 

speoies  A in the site s ~ ~ m a t r y  group 0,  with the rspresenta- 

*ions of the point group CZh gives the irreduoible repreaenta- 

t i s n s  of a11 the external atodea. 



'Phis i a  the spun@ result as obtained in A.1 (i). AgaAn, 

a f tas  aubfmaa2lxyg the a c o w t i o  nodee, %he redSucrrtion of 

the optioal  sodas i e s  given by 

3 r a t u r e ,  !lBBA crystall irre~ in the monoclinic syetcm Cph with 

ef ght wloleoules per u d t  c e l l .  In this cam, the p r i m & -  

tivcs or Bravsis 06311 is xro% i8entioal to the srystdlographio 

u n i t  oall, but I s  half  %he ~ryata3Lographia aurPC cell. 

Reme %he n~lbrliber of molecules in the Bravais ceslll i c s  4. 

The point  group symmetrg o f  the Bravaie c e l l  ie Cgh and 

the s i t e  rpranetrg of aolecules I. C1. The onalysls ie now 

fdent;icsl t o  that in the oarrrse, of CBE400A, so that the reductioa 

of the s x d ~ m a l  opt ica l  modee i# again given by 

+ hB + 5$ + 4B, . 
Q 
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Let the intrinsio speetral Qlstribufiion of the 

vibrational band be reprs8ent.d by a Lorentdan r 

hers, 3 OV i s  the frequencr of the band center, rv i s  

the half width at half iwxfrua (HWBlt) and aV is a constant. 

Slmilaxly, we r6tpreetln'k the resrientaf ional spectrum by 

another Lorent oian, 

when QOR, rR snd .g are ths corresponding parsnetera 

of the reorientat ional spectrum. 

Iba observed lineahape A+(\.') is the convolution of 

46) and ~ ~ ( 3 ) .  ~ y r b o l i c a ~ ~ . y ,  



By the corr~olution theorem we have 

In egua%ions (4) and ( 5 ) ,  am? " denote, respeatirely, 

the d i reo t  and invtaroe Foxmiex fraasfomatioxm . %ow, 

Substituting the appropriab axpreseions i n  ( 5 ) ,  we have 

Q ARL+) 



It is seen that 4(3) I s  another Lorantdan 

whose peak is at $OV + VoB and i ts  HWHII, r , i a  given 

by 

Wa note t. st the obaez?V@d getilk frsquenay ie ijthiftied 

from that of the txuc vibrational apectrupl. However, QQB 

generally lie. in the nicrowave region while OV is in 

the inirared region. ~ e n o e 9 ~ ~  < gOV and in most 

practf~al oases, the shift ia negligible.  



Rli:XiArPIOWSHIP BETWBBPJ THE ORBER PARAMEl!EB AND TEE 'DXCERQIg' 

RATI €3 FOR A HO~OrPRUPI[CALLP AXJXQRED SAMPLE 

Comider a ar~nple aligned i n  the s direation of  a 

spaca fixed coordinate syates (x,y,e). L e t  a be the angle 

m d a  by the transition moi%ent, p, w i t &  the long w i ~ ~  we 

e h e o ~ ~  a ooardinerte rsys tern { ( x l  , y 8  , s f )  f ixed t o  t h e  

noZeou1e such that f h ~  long axis is along: %' and the fransi- 

t i o n  glonent l i e s  i n  the Jr'# phns ,  so t h a t  

If the  radiation i s  incident along the direction of 

alignment, i. e. , the z axis, like abaorpti  on due t o  the 

molecule f e  given by 

where kt i s  a comdant, s o  that the absorpt;ion due t o  an 

ensrsmble o f  ?4 moleouXas is given by 

where k = @kt and the bxacke-ts denote ax1 ensemble average. 

The ooordinate ayatern ( x t ,  y e ,  z l )  may be related 

t o  the system (x,y,5) by means of the Eulerian angles 



Figure  C. I : The r o t a t i o n s  d e f i n i n g  the Eulerian angles. 



(It" , 9, 8 )  ahown in Pig. 0.1. Tranaf onning the oomponent e 

o f  p f r o  , y t P  s t )  t o  ( x , j , s ) , '  we hare, 

p, -( .ant  cos + eos .in p a o s T  )py, 

+ sin 0 s i n  q~ p,, 

'5 = (cos €9 cos ) c o s y  - s i n ?  s i n  Q ) P ~ ,  

- s i n  B cos p p,, (5) 

Pree rotation (nbawb the long axis crE $he nr~locule! laads 

t o  equal probabil i ty ~ Q X  all values of so that 

Further, i n  the unfaxiel nematic and ~meotic phases, the 

struoture ia ayrmetriodl about the optio axis so  that y 

can take a l l  vdluea with equal probabi.lity. Hence . 
<cos y> - <ein q> = O ,  and 

1 +0e2 qi> <sin2 
qi> = p 

Squaring (4) and (5 )  and taking the enselgble average, arrd 

ueing; ( 6 )  and (7) we have 



%he 10% rangar orienta%ional oraer parwa~eter, S, i a  defined 

as 

s = 3 <oos2e> - 1) (9 )  

Ooabining eqner. (I), (31, ( 8 )  and (9)  we hwe, for the 

nemaf ie phaere , 

In the isotropio phase 8 = 0, so that 

The 'dlohroio* r a t i o  B i s  defined by 

s o  t h a t ,  we have, using ( l o ) ,  (11)  and (12) 

whioh yields  
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AH ES!l!IP4A!I!E OF THE REQUIRED C0RREC"PION 20 TEE ORDER 

PARAHE!PER WHEN A MOEC&OTROPXO&LH UIGIISfi) S M I %  IS 

USED 

For a light beam propagating done; the optic! a x l a  

of a uniaxial If quid oryatal l ine  smple , the true absorption 

ooefffcient A. i a  related t o  the ~sxpexinr@ntally meanawed 

abscrxpti on e;oefficieat;, (A  ) by 1 
0 

where no is the refractive index o f  the ordlnary ray in the 

absanae of the absorption aad go is the internal field f ac to r :  

Here _a i a  the anisotropy facrtor given by 

where, ye is  the i n t e r n a l  f i e l d  o o n s t a a t  when t h e  electric 

f i e l d  98 parallel t o  the opf;ic axis of the medium. 

For the i oo trop ic  l i q u i d ,  a = 0 and equations (1 )  

and (2) become, 



where a is the ~ e f s a a t i t ~ s  inaex of the! i sotropic  l i q u i d  

in the abssncra of the eibsorptiaa. 

The 'diohroie'  ratio, B, i e  defined afj 

conbining equations ( I ) ,  (21, ( 4 1 ,  ( 5 )  and (6) we haw 

where 

we see from equation (7) that the measured dichroio 

rat ios  have f o  be c!orrec$ed by factor t o  obtain the 

true dichroic rat l o .  

In the absence of refraolive index: da-ta for CI3008, 

we have ahoaen t o  evaluate for a typical liquid orystal, 

PAA, at three different temperatarea. 

The refractive index data for PAA are available in 

the viisibla h'e extrapolate them data t o  4.45 p 

using; the empirical ralat iow,  



where A end B are conetanta t o  be drtenimd.  A. is 

the resoll~me wave1engt.h m d  has been found t o  beJ 0.35 p 

for FAA. The tlemp%raturs dependence 0% a - waar ~alcrulattdd 

wing .@stion ( 3 )  and the va lwa  of ye taken iroa Ref. 4. 

Ztre result$ of thaee calculation8 -4 the  corre- 

s p o n d i w  valuee of axe s h o w  in Tabla D1. 

We note %hat at the lowest femperature, 3.. e., '35@ C 

which is 42@ below %he  stm me tic-isotropic t r 8 ~ s i % i o n ,  the 

correction fac tor  is idenDical to unil;y whereas on 

apgroaohlng the -breznshJ;f an, it Iacreasea s l i g h t l y  . Even 

at  1114@C, which i s  l o  below %he nsmotio-isotropic tranrsi%ioa, 

differs Zron unit3 by only 2;f. In con% rast , while using 

a homogeneously aligned %angle the estimated crorrsotion 

factore differ i ron  unit$ by about 8 - 10% over the entire 

range of neaauremsn%. 4 

A.B the r e q u i r ~ i 3  eorractioxl in our geometry fe w e l l  

within t h e  experimental uncertainti ea, no oo meot ion  h a  

been m d s  to the S values obtained f r o m  our meaeruremente. 
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