
The direo tor  define. the average direation of 

orientation o f  the long ases of the rno le~u le~ .  However, *he 

moleoulss thernselvea deviate from thia mean direation 'because 

of  thermal fluetuatiom. A t  my given instant, the orien%a- 

t i o n  of a molecrufdt with reageat t o  a laboratory f ixed 

coordinate aystea x, y, a, with $ along a, may be described 

by the three Eulerian angles 9, 9 and 0 .  Due to the 

oylindrlcaZ aymsretry of  the uniaxial smneotic A a d  nmatio 

pharsera and the ouourxsncre of nearZy free rotat;iom o f  the 

aoleoules about their long zurea 2-4 in these phases, a l l  

values of c\fr and are squally probable. The orientation 

of  a given moleoule ia therefore clromplettely specified by the 

angle 8 and the probabiliLy o f  s u ~ h  an orientation o m  be 

described by a normaliattd diertrZbuteon funczfion f (ooer 8 ) .  

The apuiralence of the directions fi and -s allowe one 

to expand this distribution funotion into a aerie8 of 

Legandre polynonials o f  even order.> Thus 



'Lhe cosffioiente Gl(cos 0 ) )  are defined as the 

oxientational order paratnettera of fhe systea, the a n a l a s  

b r a ~ k e t s  denoting an emsable average ores a l l  the mole~ules. 

The first two of there, < ~ ~ ( c o a  GD and +4(oos 8))  

are normally found aciequaee 90s d e s o r i b i ~  the long rm$e 

orientationrnl order of tkis syaQem. For eomplste order,  

<PZ(coB = <P4(ooe ep I ,  M i l e  for complete 

d i sorder ,  <Pp(cos  0p = e 4 ( c o s  8p 0 .  

The Bemperature deptsndenoe of  *he, orientatrional 

order parameter, e p ( o o s  @I>, normally denotrd as S, has 

been nearsused us&% a number of teohaques ~ u o h  a8 optical 

birefringence, 6 ,? infrared and ultraviolet l i n e a r  dichroim, 8,9 

diamagnetic anisotropy , 7 0 * 1 7  and ESR. j6 Tho 

valuihl of S in the nmatic phase i s  found t o  be sltrong;ly 

teaperatwe dependent and i t  drops diason~ingously t o  sero 

at the nematic-isotropic transrilion. In the smectio A 

phase, S i a  not as strongly temperature dependant as i n  the  

nermatio phaore. 'When the smeolicr A phase goes ovtsr direotly 

eo *her isotropic l i q u i d ,  a diaoontinuous o w e  in S is 

observe6 at the transit ion. 

When the smeatic A phase i s  followea by a nematic 

phase, %he behaviour of" S at the egicsotic3 A-nematic t r a e i t i o n  

depends on the order of %his  transi t ion.  When the transition 

is of  the first order, S showa a discontinuous change and 

when it  of the seoond order,  it  varieer crontinuously 



The imnperatura variafion of  8 i n  the nematio phase 

ha8 been exglaine8 quealitativaky by er srteeut Ei(s1d $heory by 

Mier and saupe,17 though the quoatitatire departure is 

aonieriderrable in mzly specif I@ aaolee, %Be intr@duation of 

hlgher order texxna in the Hder-Saps potential funotion 

ha@ been suggested t o  aocount for  these diaosepsnoies. 18,19 

This theory has been extended to the sa~ectio A phase by 

~ l ~ ~ i l l a n ~ ~  and qualitatire agreement with experiment has 

been oblmined. 

Following an initial auggeeliion by X4t8millan that the 

ansctio A-nematio transition in CBOQA ~nay be of the seooad 
21 order, oonaidexable exgerimnt sl, 22-25 and theoreticalz6 

vosk has been devoted towards unaeratandina; the naeure of 

this transition. The orientationdl order parsune %ex has 

therefore been studied by a nmaber of author&, We briefly 

review the asthods ueed by them. 

(a) Maaagnetic , aniaotrox: If X , and xp are *he 

principal  diamagnetic susoegtibilitie a of the molecule 

referred t o  its own pxinoipril. axes and AX , fhe diamagnetic 

anisotropy ger unit volume of the nematio m e d i a ,  the 

orien%ational order parameter i s  given by 27 



where n $8 the numbex o f  moleoulas per Wt volume. 

We lasae fxola the above exprrklrrrlon thwt; thb aberolute 

value of 8 m y  be drtelmimd if we can determine XI 

and X2 t arrB. t h i b  require@ a lcnowXedg@ of the 

or~nto l  struoture. H~rdouin e t  a1 .22 have luasured 

AX for DBOOA but have aot be en able t o  obtain X 

-6 X p  80 that only thss relative orien%ational 

arrder parameter is obfatmd from thelr  etudi%s.  

(b) Optical  bixeir%ngece: If ae and a. the 

principal polazi ~abilitiehi of the nemtlct aredim, and 

all  and a ,  are the pr inc ipa l  molecular p o l a r i e a b i l i t i e s ,  

the order parmeter is given byz7 

Using the Vuks relation 28f7 for the internal 

if eld , we have, 29 

where n, and no are the extraordinary and ordinary r e f r a c t i v e  



2 2 iadiccs and u = (11: + 25,)/3 and An = ne - n o is the  

Hu~ng eC a1.'' hare measured the birefringence i n  

the nematic gharje of QBOOA. Herre, beoaure of %he laek of 

refracOfva index data in the eryol&line phase they have 

not beern able t o  deternine all an8 arL, hence they obtained 

only the relative values of 8 ,  

Also,  since homogeneously aligned ameatic A   amp lea 

are d i f  f i ou l t  t o  produce, %his method i s  not cunvenien% for 

defemining the orien*atiorml oxdsr in allaeotie A phaeee, 

(Q)  -we- Nuclear Magnetic --- R a e o n a n ~ o l a r  --- s ~ l i t t i n g :  

!Ehe quadmpolar s p l i t t i n g  A H  in %he nematic and srneo%is 

phases, of nuclei with spin X 9 is proportional t o  the 

order parameter, the cona tan% of proportionali.t;y being 

semltive t o  the eleatrio f i e l d  gradient tensor at the 

nuclear site. 30 

Oabane and  lark" have measured the quadrupolar 

splitting of the central nitrogen atoa in fhe nematic and 

snncectic A phases. However, they are unable t o  obtain t h e  

iabfaolu.t;e value of the order parameter due t o  the lack of 

knowle4ge of %he electric f i e l d  gradient teasor a% the 

site of the nitrogen atom. 

We note that all these studies have been ab le  t o  



determine %he relative variat ion 09 the orlantatl om1 

order parameter. met abssnse of measuraraenta i n  the erolid 

phase 02 insadaquate irrionua ti on about the aolercrular 

struaturs hara rendered it baporstaible t o  d%Cennime the 

absolute value i n  d l  thew orarscsa. 

In t h i s  ohaptex we pssrsent the reml-tei of o w  

etudiea of the abrsoluta orierztatfona order parimete~ in 

CBOOA ursing inf'raredt cliahroisrm. 

6 . 2  Pr in~ ip l e s  of the method 
_IY_ -- 

In determining S from infrared sltudiee, one needs 

sr vibrational transition moaent in the molecule, whicrh 

nokes a known angle a with the long axis of the moleoul@. 

Using a homogeneou~ly aligned sample and polarized radiation, 

S o m  be evaluated $son %he two Integrated abeorption 

coeffiaients, 27 31 A 11 .nd A 1  ; the subscripts 'll and I 

denote, respectively, *he! c3aPrrsB wherla the inclidgat radiation 

fi~l polaxiaed parallel m d  perpendicular t o  *he d i r e a t i o n  

of alignment of the amp2.e. A simpler teohnlquce whiuh 

avoids the aeed f o r  polarized radiation u t l l i s ee  hoaoeo- 

tro$ioal ly  aligned sanaglse. 52 ~n t h i s  cam, man the 

incident radiation propagates along the uniaxial direction 

of the ewple ,  the, choPoe of a s g e c i f i o  dlreot ion of the 

elec trio vector becomels super9luous. An additional 

advantage i s  that aligned smestia A samplere oan be obtained 



more easily i n  the honocotropic configuration. In 

aontrast, i t  is  neeessary t o  cool the nematie phase i n  

the preaeme of an extarnal field,'' in mder t o  obtain 

a homogeneously a2igned 8meotic A ~anple .  

When a homo@otrapiosal~y oriented ~ m m p l t a  l e  wed,  

t h e  'diuhroicl rat io ,  R1 earn be defined ;as tho3 rat io  of 

the in$sgratetd aberozption of the band i n  the l i g u f d  

crystal t o  that i n  the, i g lo t r~p io  phaae. Ithean, i t  is 

relatively straightfoxward t o  @how %hat 

and henas, 

This result i o  derived in Appendix C. 

Ln evaluating R Sxom t&e exptaximatal. BaBa, one aurst 

ratio the integxated abaorption of the band i n  the l i q u i d  

crystal wi$h that i n  the irsrotropio phwe and not just the 

respective peak absorption coefficient a. Also,  the experi- 

mental absorption p r o f i l e  has t o  be correotsd for  the 

effeote of finite speotsalt slit width, 8ollowiflg Rasay's 

procedure34 we represent the true absorption proiAlr by e 

Lorentsian funof ion.  Ihe aorrect;srd integrated slbsorpt;ion 

rstrength i s  then calculated from t h e  t r ~ m i t t m ~ e  ourve 

Wing the  experimentally oblesrred values of the pe& 



srbsoqtion oosfficrien-k, BbRI Width 02 the abeorptisn 

grofi le  st half pa& height as well ae %he apectrzt2, erlit 

width o f  the iastrulsnmt, 1% I s  known that f ~ r  ruitably 

i8olaBed baala, the Losent saian funation moSLirils4 by the 

Finite weotra3. s l B t  width, @an ~ a t i ~ f  aa tori3.y appxasimat8 

the esxpcsrimant&k aberorpaon pro5ileer. '34 

The experimenCa1 value of R, ~ ( s r p )  . would in 

general be blfferent frola the tsue vdoe  beowss the 

refrac~.t;ioe indic@s of the l i q u i d  csrysrtd differ from that 

of' the isotxapio phaata. Hoxeoves, the polari%aliam P i e l a  

in the l i q u i d  crystail i s  expwtggl f a  be wiaotrtopia.  Hence 

we write, 

whcra , is the appropriate oorrection f aotor. Bollowing 

Beupa and Maier,27 it I s  shown i n  Appendix D that i n  our  

here. no is the refractive index of' the l i q u i d  arystal for 

the ordinary rag, n i s  the refractive index of %he isotropic 

liquid and f i a  a tessperature dependent factor which 

takes account of the suliaotropict polarieabi l i ty  of  the 

l i q u i d  crystalline o e d i ~ o  27 The rofrac t i re  indices relate 

$0 the pertinent wavelength r a g e ,  excluding the contri- 

bution from the stbesorption band of  interest. 



An eshirate of thus xeqnlxw a knowledge of no, 

n and 1, Jtn the o w e  of p-a~eoxyarniaoltt, by extrapolating 

the available zefractive index data35 t o  4.50 p, re f ind 

thaf the estiaated deviation o f  fmn unity l a  w i l l  

within 2% mar a r@soaorphic raage of 40.0 ond t h i s  dif ie -  

rence ie even lees at lower tta~~~psra.t;uxes. Although *he 

refractive inaioes of C1300A w e  no$ known in %e wave- 

length region of i n t e z e ~ t ,  we may aremaa );hat they do not 

d i i f  ex s ignif iomlly  from the oase of p-aaoxyanisole . 
"Eis is a rea~oaable aaemiptioa be3ca;u~e in both cams,  the  

refraative indices are being extrapolated t o  a wavelength 

range far 8wa;~r from %he di~perrsf  an region, whieh lZes i n  

Bhe ultrrariolet or t h e  shoxt wavelength end of the v i s i b l e  

region. On tihie bas%a, the possible  croxxeotionrs t o  the 

experinenta& values of %he order: garautetsr An CBQOA are 

a leo  expeabed t o  be within about 2s. A@ t h i e  correotion 

ie leara than our sxperiacsntal ulcextaz;lnties, I t  f a  not 

inoludtsd in our  determination of S. Tkua, within %ha 

experiment a1 sccruracy , the p~esen* study l e t  ads t o %he 

abeolute vduers of S in $he l i q u i d  oryathtlline pha~res of 

GBOOA, whereaa the earlier studies 15*22*29  yielded only 

the relative values of 8 ,  

6 . 5  kgerimntal 

The speotra were reoorded uairzg the L e i t r t  double, 

beam prfam spectrograph. The spectra were manned on aer 



expanded wavelength aeale t o  f aail itate aore aocturatt! 

neaswrerment s of the linewid, t M  , 

I e a a f i o  l i q u i d  oxystd l ins  sampler, slimed in t h e  

hornoeotropic oonfilguration were prepared follow&ng the 

method dssoribed in ~hapter 2, 2hs nmatio eamgler~~ #howrsd 

good e x t i n o t i ~ n  unaerr oroaaed prtrlsrisesa. Also ,  upon cro oling 

t o  the amectio .A phaaa, the Boaoaotropic d.igmtsnt was 

still preserved with no agparen2: aegraaati on whatsoever. 

Ha61 windows were w e d  and the smple thiokneairs was kept; at - 20 p us1129 a mylar speer.  

6.4 Results and discussion 

Tha infrared abaoxption band w e d  i n  o u r  study of 

the oritsnta%ional order is the looal iaed,  -03PJ ~stretohing 

mode arising from the n i t r i l e  group at one end o f  *he 

@00A moleoule. This i a  a distinc* a d  strong vibrational 

band, amonat free from any overlap with neiabouring l i n e s  

and having i t s l  franklition moment nearly parallel to the 

long axis of' the 9solecula. Tbs molecerlrax stmature of CJBOOA 

is shown in Pig. ?,I, Owfng t o  the l a ~ k  o f  any q e a i f i c  

knowledge concerning the ~ t a t i ~ t i ~ d  dfstribution of the 

difftseat  golesible oonf ormatiom o f  the o o t y l  tail .  i n  me 
oiesopha~lea, we .take the long mier of the mOOA aolecule sa 

the l i n e  passing through the ctent;res of the two bensene 

rings.  On th i s  b a s i s ,  the angle a between the transition 





moraent of the -0SBI ratretching a ~ d e  and %ha Long; axio o f  

the molecule i s  estimated to  be c~ lQO. 2his sstimte of 

a i s  fn close agreement with %he values a ~ ~ u a r d  in o-khex 

siailar oarear where gooa agreaament with eqcsrjlnaatal d a t a  

was obtdned.  36 , 57 

ifreing a hoaocsotropioally aligned amp18 an8 unlgalarised 

radiation in sonjunotion wiGh %he expsrismGd graomettqr 

nentionea above, %he absorption s trength  of this band was 

studied as a function of tempmature. Figure 6.1 shows the 

f y p i o d  resul4;a obf ained. A s  the t e m g s r a t u ~ s  is increased, 

the degzee of ordering of the moleouXes is expected f o  

rfecreaset. In view of the near psrallelirsm a f  the -05I 

%ransi t ion gloment with the long axis o f  the moleczule, %he 

absorption strength should henae Zncrrease with f noreasing 

temperature awrd t h i s  is c o w i ~ t e n t  w i t h  the abaerved 

behaviour. At  the f rmsitfon ts the iaotropio  phase, the 

absorption strength showed s 4S saantinuoue incsrcaaere oorre- 

spending t o  a disoontfnuous change in the maltsoular ordering 

st the nematia-isotropiu tranerf t i o n .  

Front the correcf ed intergxaf e8 abaoxp t i  on s t x e ~ ~ @ h s  34 

and Eq. (6), the var ia t ion  of S can be determined 11 A is 

assumed t o  be almorst unity and the3ee results are shown in 

Pig. 6.2. It oan be seen that the voluea of 8 detemined 

In t h i s  study at the A-8 aad I - T  t r a r w i t i s l w ,  a m ,  respecttivel~r, 

0.62 aad 0.413 these are c lose  t o  the ty-pio& values found 



c. 

PIGUiiE 6.2: Variation of S i n  the smeotic A and nematic phases of CBOOA. Open c i r c l e s  denote t h e  
values detemined i n  t h i s  study. The var ia t ion  of S determined from th ree  other s t u d i e s  i s  a l s o  
shown a f t e r  each se t  of  da ta  i s  normalized t o  t he  present da ta  at 1-T,=-19°K; T, corresponds t o  the  
respective N - I  t r a n s i t i o n  temperature i n  each case. The 1~ t r i a n g l e s  a r e  f r o m  diamagnetic 
anisotro y da ta  ( ~ e f .  22) ; f i l l e d  c i r c l e s ,  NNR r e s u l t s  (Ref. 15); crosses ,  birefringence r e s u l t s  
(lief. 297. 



near these trcznsitf om. 14~20,38 TMis tends t o  support 

our asamption that in the preasnt ease, doea not differ 

agpreoiably froa unity. fShe S ~ a l u e a  are estimesf;edl t o  be 

acourate t o  within the erper1metnBaZ scafter, which i@ lesec 

than 5 %  

We now ooapare the reaultar of this study with those 

obtained from earlier e h a i e s  on CBQQAu 45,22929 %on 

stuay of i t s  bfsefrir&eaoe in the neai%.t;jlo phaoe, Huwg 

et a l .  raFortcd2' that  their r e e u l t ~  d.18 not agree wi-Lh the 

3HAMP data15 or the dialaagnetic anisofropy rseulte. 22 The 

ddacrepsncy webs reported 10 be aubstmtia3. especially at 

temperatures c looe  t o  the PS-1 transition. In view of aii3, 

it is of Sn.i;erest to oonperre the present value8 of S with 

the earlier resul-ks. Pigttzlle 6.2 rshawes these data atormlf zed 

t o  ours al; a r e l a t i ve  teaperature of IP-lo = -19al(; her@ 'Eo 

donotes the xt.aapsc-t;ivs H'-1 trm.sf-t;ion tampersturts for eacrh 

s e t  of data. The relative +enperahre ohosen here for 

noma2iss;ing the differwrt sets  of data aosraspanda t o  the 

lowest  oommorr point on the temperature scale,  where all, %he 

f o u r  sete  of data re late  10 the nematic phase, It i ~ s  seen 

tha t  in the nematic phaas, the agreement between the dlffe- 

rent aets  of data i r s  reasonably sotisfactoxy, the deoiationmj 

being within the t y p i a d  l.lrei%a nomnally encountere4 while 

rromparing the value8 obtained 'by Bifferent me2;hods. The 

subs2;ax:tial difference@ noticed by Huang e t  ale are ottri- 

butable t o  the faot  that  these author8 compared the different 



aets  o f  Bata on a temperature soale referred CQ the A-g 

t r a m i t i o n  tapsrature. This tends t o  prohoe  aomider&le 

dis~repanoies, eepeoietlly at higher temperatures, because 

the different sets  of data are oharacterriset8 by ~dlil&h%Ly 

d i f  fexent 8-1 transition Lemperatures, premnaably bue t Q 

different ~ ~ ~ l ~ u n t  of iapu.ri%ie% in *hem. levexthelerss, 

as ~ c ~ o 1 1 ~ '  has shown the prasenos o f  enall mounts of 

Zmpuritios in a n e m ~ t i a  phwe does not nos~1aU.p affeat  the 

value of $he oriealatiowl order parameter at the ne~atio-isotropic 

transition. 2% 9s thw o l a m  tha- proper omparison 09 

the! orientational. order in the rtema.tio phase niust he based 

on a terlzperature scaler ref errea Lo the %-I tran8it;;ton tmpe- 

rature, although om can, in pr inc ip le ,  choose t o  noma1P;te 

the differeat sat& of data at  any given tmyeraturer wilhin 

the nematic r w g e .  

In %he smectiu A phage, %he preaeat results agree 

~ Z o a e l y  with the diao~agne.t;&@ ranisotropy data. 22 However, 

the RMR experimentsq5 show a auah steeper inorease in S at 

lower temperatures, than either of them two sets 02 data. 

The rnagneCio f i e l a @  uhlea in bo%h the ESPtIM a d  dlsrmae;aetic 

anisotropy measurements suce oomparablca, beiyl.13; rxeaxly 28 aud 

23. .0 kilogauss, rsapestively.  This indioates that the 

apparently higher orientertional order obtained from the 10HR 

measurement8 i s r  not entirely acrcounted for by tihe orienting 

effects of the magnetic f i e l d .  OptfcalLy, our a m p l e a  were 

seen to maintain good hoaosotropiu &ignililen% in the  rsmectia A 



phase a lso .  Thua, the origin of the observed d i i f  @race@ 

in the smectio A phase between the HXR rec~lts on one 

hand and -the present remlta &a w e l l  as t h e  diaaagnetio 

anisotropy data on the other, sewkina t o  be c l a r i f i ~ d .  

The diaaragnetda anisotropy remlta, do not depend 

upon any ageo i f i c  aeewptiona3 regarding the molecular 

Interactions o r  looal field efieotra. Pn thda light,  the 

agreement between fhe present data and the diaaaagpstfo 

a n i ~ o t r o p y  results over the entire temperature rage i s  a 

further indioatf on %hat poaarlble oorrecs%lons t o  our data 

from looal field s f f e a t s  are well within csur experimcwrtd 

As remarked earlier,  new a seeon& order A-N trmei- 

t i a n ,  the oriertitnticlinal order parameter is expected t o  

tr.;.~y continuously,  lsut it mar exhibit a. dLscon t tnu i ty  Ibn 

r;l.cpe. On .the ather hand, uhen the A-IY transit f 01% is 

9 9 o t i n c t l y  of first order, a diaoontinuous ohage  i n  the 

order parameter is expects? at the t r a m i t i o n .  20,40 The 

HXR r e s u l t s  of Cabane e t  show t h a t  the discont inuity  

in %he order parameter at the A-H t r a n s i t i o n  in CEOOA is 

loss than 0.3P and an t h i s  bawls, t h e y  n~ggest that 'this 

t r a n s i t i o n  may be of second order. 0ux data sho'm in 

Pig 6.2 do not  reveal, a mensurable Riscontinultt;y at; Bhe 

A 4  t r a n s i t i o n .  Rowever, I t  nust be noted tF: at the  poss ib le  

m a t t e r  i n  ow: data amourrts t o  - 5$ and 'hence our data  do 



not permit any conclusions t o  be drawn xe(gadfng the 

order of this  transition. 

6.5 gonrrlusion 

fiora the t;ernpsratizre dependent crhaagesl in %be 

intensl ty of are - C S  I ~jtrefohing mde , it has been 

g o a e i b l e  t o  deternine the abaolute o~ienta-t;iond. order 

parameter in bo%h a s  amectics A anfa ue!lia%ic phsses of 

CBOOA* The utl l f  zat i on  of w hsmoeotropicaUg sz;liepsii 

sample avoids the use of' a poka~ieer  and consequently 

improves the acouracy of %he measurements. We ffndl that 

the temperature variatiosa o f  $he ortier paramelex a p e e e ,  

for the aost part, with pretriow meawrmentss carried 

out using other teehniqueo. 
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