
I. 1 Xtiquid Crystals 

%ring the  process of m e L t i n . g ,  c e r t a i n  organic 

c r y s t a l s  pass through one or more t u r b i d ,  f l u i d  phase@, 

before they transform t o  a clear i s o t r o p i c  Liquid .  This 

was first d i s c c ~ . ~ r e d  b y  ~ e i n i t z i r  in 1888. Such i n t e r-  

mediate phases possess l i q u i d  l i k e  properties such as 

viscos i ty  axid surface tension. At the same lime, they 

exhibit many crys taXlinc pxope r t f  es, i . e. , ~ p t i c a l  

biref  ringenoe, dielectric a ~ d  diamagaetic anisolropies, 

etc .  A83 their physicd. propertieis are intermediate 

between those of crystals a d  l iquids ,  such phases a re  

ca l l ed  liquid csys tala or mesophases , 

The molecular osdering in l i q u i d  c rys ta ls  d i f f e r s  

f rom normal cryss-bals, in which t h e r e  is long range 

5-dimensional g o s i t i  onal  ordering, and f r o m  i s o t r o p i c  

l i q u i d  in which no &ow range correlat ions of any natuxe 

ex i s t .  The ordering i n  l i qu id  cr.y.r;%als i s  only partial 

and it may be posi t ional . ,  o r ien ta t iona l  o r  both. 

Two major ca-tegori es of l i q u i d  c rye ta l s  are knowa. 

Thermotropic l i q u i d  crystals a re  t h o a e  i n  which the 



me sophaee ie brought about by the  action of heaS on the 

crystalline sol id .  Lyotropic mesophaaes are obtained, 

on the other hand, by d i s s o l v i n g  the jrmaterial in suitable 

solvents. When the concentration exceeds a e r i t i  c d  value, 

the solute molecules tend to become aligned, thus giviw 

rise t o  the rnesophaaea, 2hks t h e s i s  i s  concerned only 

with thematropic  l i q u i d  c s y s t d s  . 
Based on the nature of the molecular order ing they 

exhibit ,  l i q u i d  c rys t a l s  have been d i v i d e d 2  i n t o  three  

major classes: neanalica , ~ko les t e r i r r z j  and m a c  t i c a ,  

(a) Pematlc --a-m --* .- IAuid crystals: Nematics are characterized --- A **. 

by a high degree of l ong  range arienta-t;ionaL ordering, but 

they possess no 10% range translati on& ordering. The long 

axes o f  the molecules have a tendency to align themselves 
A 

parallel t o  each other (~ig. I . la ) .  The unit vector, n , 
along the average direct ion of  digr;nz@,..:t i s  call-ed We 

A /2- 
d i r e c t ~ x .  kkperiaents show that  n an4 -n are equ ivden t  

A 
and hence n is apslax. The ~ n f ? ~ a % i c  ghaae i s  o p t i c a l l y  

uniaxial and strongly birefrPngea%. 

(b) Cholestaric l i p i d  c z s t a l s :  Cholestezic l i q u i d  
------m.-. *'...A --- ... -- -- 

cxys-bals are nematic type of l i q u i d  c rys t a l s  with  the 

difPerence that  the molecules  are  o p t i c a l l y  ac t ive .  The 
A 

d i r e c t o r ,  n(nx, ny, nz) as a consequence, follows a hel ix  

(~ig. 1.1b) of the farm 



where a is the direction of *he axis of  the hel ix  and 

rp is a phase angle. Phe structure is periodic with a 

spatial period L = n/qo When L corxeayornds to the wave- 

length of visible l i g M ,  %hey are found to re f l ec t  the 

l i g h t  s t r o n g l y  in a Bragg like il;anmr. 

( c )  Smectic .- 1%id crjrstals. !?!he ~mectfc mesophase --- "...- 

has a layered structu.re.  The in ter layer  caupling is weak 

enough t o  a l l o w  the layers to s l i d e  past each other, thus 

givil:.g r i s e  t o  the fl uidAty .  The varl.o.tns p o s s i b l e  rilolecu2a.r 

a r ~ ~ ~ - ~ c r n e ~ : : t ~ ~  within z l aye r  eive ~ 1 9 ~  t o  the different s-mectic 

m a d i  f 5.c iti o.tns. 

In Lhe smectic A phase, the molecules wi th in  each 

layer have a long  range or fan  ta-tionah order ing,  but 110 Long 

rasgo pox.it.loi?al nsaering (Big. 1. lc). The d i r e c t o r  is 

p a r a l l e l  t o  the l ayer  normal. There .-is an. i l l l f ini te  fold 

s y : n i ~ e t ; ~  axis coraal t o  the l a y e r s  and t h i a  leads - t o  the 

u t r ~ f a i a l  character  of t h i s  plzaae. 

The smectie C phase is similar to the saectic? A except 

t h a t  the molee~Xes  v d t h i n  the la.yero are .t;i2ted w i t h  respect 

to the  iayer  narrm,l [Fig. I . l d ) .  T h i s  phase I s  o p t i c a l l y  

biaxia l .  The a g l e  of tilt may railair; ~oast:icrit ~r it may 
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vary w i t h  ternperaturs . '5,4 

In the smectic B and H phases, the molecuXes are 

arranged in a hexagonal l a t t i c e  wi th in  the layers. Hence, 

these layers possess a t w o  dimensional p o s i t i o n a l  ordering. 

In the B phase, the director is parallel t o  the layer 

normal, whereas in the H phase it i s  t i l t e d .  

Other amectic ~ o d i f l c ~ t i a c a ,  labeked E, P, G, e t c .  

have been dis C ~ O F B T ~ ~  l r ~ .  j.eeen.% years. 'the5 x d e t a i l e d  

s t r u c t u r e  is y e t  to b e  un8erstood coaple-tely, 

Some uoaterials exhibi t  crr,ly 0:v.e mesophase be tween 

the s o l i d  and I s o t r o p i c  phases, v'a,Lle sane r4tk~.er~ exhibit 

more %ban one.  The latter t y p e  are s s i d  t o  be po lpe r i o -  

aorphic . Mesophases which oc cru dur ing  both heating alld 

cooling are known as esflal: t io tx3og io ,  while t b  osje tha t  appear 

only on cool ing are termed man~tropias.  

generally &served i r ~  iiiz-tcrials kiaavinfl: tlre schematic 

s t ruc tu re  

r/ ---\ -1 1 /----~.k, 

-- -.- / n , 59 
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where X an6 2 arc ecd graugc, t y p i c a l l y  rallryl, alkoxy , 



cyano, e tc .  and Y is 8 linLkage group which i s  typical ly 

aso, azoxy, azeomethirre, ester, etc .  and n = 0,1,2. In 

some oases, as in 4 ' -n-&kyX-4-cyanobiphenyls , no linkage 

group may be prarsea2t; at a l l ,  ChoLesterie l i q u i d  crystals 

are usw3.ly obtained f r o m  ap t j . ca l ly  a#-Give der iva t ives  

of ehole8tcro l .  

When a l i q u i d  crystalline sample is contained 

between Lwo un.t;rea'ted glass pla tes  of ;t o e l l ,  a large 

number of domain8 can be observed. Zach domain is well 

ordered within i-liself, but t h  e d f r s c t o r ~  of the  d i f f e ren t  

iaornainn are  ar-canged l a  a r:mdom nanxnes. 2he d o a  ns can 

be al.igned i s z  a common d%z:.ec.tiou using r s l a t i v d - y  3.07fir e l e e t r i ~  

and magnetic f i e l d s .  It is a l s o  p o s s i b l e  ' to  acca;lx;d.3.%11 

t h i s  through appropriate treatment of She su.bstrale su1~facr8. 

Depending on whether the aollecules are  parallel. o r  perperadi- 

cu la r  t o  the w a l l s ,  of the c e l l ,  the &.$$mat is refexred t o  

as 'homogcneoue' cr  Phomoeotr~gict respectively (Pig. 4.2).  

The m i s o l r o p f z  mt-are of' the mesophasee gives x i ~ e  

t o  @averax i a . t a r e ~ % i n g  physical p r o p e r t i  es such 2s curvature 

slasticity, a n i s o t r o p i c  v i scos i ty ,  e t c . ,  buL we sh,dl a o t  

h e  coacerned with those  aspects of the subJece. They have 

been d e a l t  with extensively in a number of recent xevigwg 

and  monograph^ I 5 ?Je a h a l l  cox~fine o w  a t t en t ion  in t h i s  

thesis p r i m r i l y  %o %Be iyrg7.L~ t ? t i u a i :  or" ililf xared + eohni i ;~es  

to %he , ~ t x ; l d ~ r  _;f t;he:tB!qo.t;:ro~ic 3 - i ~ ~ ~ j . d  i.t.yet&s, 
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1.2 V l b r a t i o ~ l  Spectra of L i q u i d  C r y s t d a  
II---...-- ---.. -." --,.----**-..*- -- --. ...-a- --". 

2he dagreee of freedom a~ailable to the m o l e a ~ l e ~  

in the dif ferent  types of rnasophasea hac~ been a t o p i c  sf 

considerahla i n t e r e s t  b o a  f r a ~  the expcrimmtal a d  

theoret ical  ~3 tibadpoi*, &per;i.men t s ~ b ~ o w  that in the 

uniaxial  nenatic am 8mecti.r: B phas~es, the  molecrulca 

r o t  ne 235 .v f ~ c ? ~ ! , ? ?  :dTt 91: t $kc i;.: ?,o?i, - I ; & ~ B  , 
6-8,12 

smectjc: H phases pxecui l r  Ll~;;!t ~ A I  these phases such r o t a d i o n  

is abf5eii-b. 3"-I 7 Bowevex recent exper3.r.aerx-t B 80 not i;ui;pcrrt 
1 1  

this ' -'3 iii. ?act; the ueutrcn cca-tteriiig c r p e r i -  
4 z, 

aenta ' 8eex.n %c. show t h a t  body r e u 2  t i  ~ - ; f  %'kc 

irlcrXscules about  t k e l r  I-ow azea c m  ocGur evczl, i r :  ; ~rn;~c%ic 

the d g ~ ~ % m i c s  of t h e  alkyl  end chains of mesoggnic moleculen 

%ole c-ci 1;t r. osd er ling S n li i p j .  2 o L J Q  --- .-- "- l i d s .  - 2hid has beeai 
? 3-17 

de1*n.ons%s..-s%eCa by rece~--b r:.ijte~t-$riie;~i,& I?- ar:d L i 4 ~ ~ ~ e t i c d  

w o ~ k ,  I r a  th.S.s : 7 3 ~ : 3 ; 7 ~ 3 t ~  ii.>y;;ij'i;; t l ~ x , P ~ ; ~ ~ a . & ~ u ~ ~ &  ~ l ~ a r e ~ ~  

t h a t  e m  occur i't?. t he  c i ~ ( l  c,.lAalsru *;;he diff @rent; mesophases 

p a r t i c u l a r  i n t t z . : r ~ ~ t  an<. 8sc;.trur~d. 8 - h  dies b v e  been csrr ied  

out  in t h i s  d i r ec t i on ,  48-22 .Rmked p ct ' rmsi  t i o n  pheno- 

mena have a l e 0   be^^ x ~ : ~ o r l e d  i n z  so ie  eases i - r  t h e  Behaviour 

of t h e  c?yt:ta1XIY,t~ r d l _ i . S  i ; l  a t;empe.ra-t&r:.e i n t e r v d .  3uz-t 



preceding tho crystal-mesoghaae transition. 49923-25 

These changes were attributed t o  the ocaurrowe of 

incrtaased molecular mot ion trhf ch 'prepares the o r y s  td 

for the l x m s i t i o m  t o  the meaophaaes. 

Brom the foregoing remarks it Sa evident t ha t  the 

study of intria and i n t e m o l e o u l a r  vibrations i n  t h e  

different phasres of mesogem is of considerable importance. 

The v ibra t iona l  spectra of several Pi quid c rysLd ls  have 

been studied from this view point using SMxaxled axla Raman 

spectroscopic methods, 26-28 but as l i q u i d  crys ta l l ine  

systems are rather complex, the anawers t o  n1my of the 

problems touched upon in t h e  preceding paragraph a r e  by 

no meam tAneguSvocal. The present study was undertakala 

with a view t o  throwing f u r t h e r  Pi@% on some of these a d  

o t h e r  related pyeoblem~. We begift. w i t h  a b r i e f  review o f  

the underlying principles  of vibra t ional  apectroacopy. 

According t o  classictal. theory, a modulated com~~saze~~t of 

the dipole moment of a physical  sycteru w i l l  l e a d  to the 

emission or a b s o r p t i o n  o f   cadia at ion, If the i n i t i a l  s t a t e  

of the system is described by the wave function ql!~p and 5. 
the f i n a l  s t a t e  by ?ff , then absorpt ion or re-emission 

of r a d i a t i o n  can accm during t h i s  tx~lnsit9on only if t h e  

m t r i x  element 



here p is the d i p o l e  moment of the system. Only the 

creation ox annihilation of a single photon i s  involved 

f n this psooess. On the other band, Raman scattering 

is the inelastic sca%tering of photons by e x c i l a t i o w  i n  

any medium. An fneident photon is dss%royed in t b i a  case, 

and a scat-tesed photon merges with  a d i f f e r en t  energy, 

the d i f  fesence i n  energy csrse%porading t o  a oharactexistic 

quantaun of exc i ta t ion  of' t h e  system, For such a process 

t o  occur ,  the appropriate candf ti on is t h a t  

where a is the p o l a r i e a b k l i t y  t e n s o r  02 the sgsten. 

CZassically, K;-~maxi scat-leriykg can occu r  only when a time- 

varying component of the  polax*izabi%ity  tensor exis* in 

the EYE:-kern. $!he physical  c ;~ lg im or' isgrared absorption 

an6 Har~lan scattering b u i e  d i f  f ~ r w  t ,  the t w o  spec-bra often 

yielii  compZemen%ary f iXoxmafiorz. In particu Par, f o r  sys%eas 

which possess  a centre of iwession, the  two spectra are 

m u t u a l l y  exclusive and both are rieeded t u  o b t a i n  a atwe 

complete p i c t u r e  of t h e  oibrationa.3. spectmzm. 29  

A free polyatsmic, geometrically non-liaeax moleoule 

containing M atoms would possess 5%-6 in%rarnoleculax normal 

modes. Based on the symmetry of the molecule, group theory 

enables one t o  c lass i fy  these norm1 mode8 according t o  the 

dff f erent irreducible represental i  ow: of th,; p a i n t  gL"Q)gt? of 



&he ~xmlccule. Such a classificatf on is a l s o  useful in 

predicting the number of infrared and Bman act ive  modes. 

S p e c i f i c a l l y ,  if a t  least  one cornponer~t; of the d i p o l e  

mome::~-t; transform according t o  %hc irreduoible representa- 

t i o n  of a given normal mode, that mode w i l l  be active in the in 

infrared speetmm. Similarly, the mode will be Raman active 

only fi its representat ion i~3 contained in the reduction 

In the c%sa o f  complex o s g a ~ f  c molecules, the large 

number of aLoms end the l o w  cyme t ry  of  t h e  molecules can 

complicate %he in% erpretaqtfon of the s p e c t r a .  However, 

a y s t m s t i c  akudies on a large ~ t ~ w b c r  o f  cilernica2ly reePn-Z;ett 

syatemg have led t o  the iderr t i f ica l iou  02 I g o u p  f ~ c ~ j u s r c i e s ' ,  

i, e* , the  frequcxkcf e s  ooxreaponziiin~ -1; r;: the uibral ioz% 09 

spec i f i c  pairs or g r o u p  of a t o m s ,  such data  are ofLen 

useful  in i n t e r p r e t i n g  a a v e a  speetsufi  and in obtwii-dng 

s t r u c  tiara1 Pn;Gor'~flaSion about  t h e  arc;leouLee %he gso i.ip 

~ L b r a t i o m  which involve gairs of at oms o r  sviall g ~ o u p s  

af  them, wo.ma11y o c c u r  i f i  +;he high frc~aeitncy region ,  
-1 between 650 cm and 3500 cmw'. iIencc, t h i s  reg-imi i s  

o f ten  referred to as the 'fiweryrisct' region of the spectrum. 

The grcjup v i b r a . t i a ~ s  o f  s t i l l  larger clusters of atoms, aa 

e x i s t  in mesogenic molecules, may be observed ,zt mucS lower 

frequencies. While re ly ing  OB group frequencies Zto 



interprat the spectra o f  complex molecules, due oaution 

must be exercised as the group v i b x a t i ~ n ~  may no.% necsssa- 

r i l y  correspond t o  t h e  normal. .modes s f  fha molecule. 

Detailed studies of low frequency intermole@ular  

vibrational modes in mesogens has beon at tenpted  oa ly  

since t h e  last Len years. The progress made in t h l a  

d i r e c t i o n  is uncSloub$edly due t o  the increased atraila;bility 

of improved expa;rirne~z-bt;aP Lechni~uea a k d l  ;spectrome'ters. 

H i s t o r i c a l l y  , intt"rared spec%ra were elifficu1-t to ob-tain in 

the region below .-d 250 am*', meinly due t o  the lack of 

strong sources of r ad i a t i on  and sensi t ive  detectors. The 

use of dispersive spectromet ess in t h i s  region anlg aggrs- 

v a t e s  tlze problern as they a re  I n h e r e ~ ~ t l y  wasteful  of radiat ion 

and hence yield spectra with poor rsigml-lo-noise sa t i  o .  

The development of c o m e r ~ i a l  f as- infrared P a w q i e r  Bile ctro- 

meters dlxri~ng the last I Q  years has caratribuLed vastly to 

the  r e l a t i ve  ease and accuracy with which far-infrared 

spec t ra  can be obta ined  now-a-days. A11 the l o w  frequency 

infrared spectra r e p o r t e d  in t h i s  th esis were uieasuxed 

using the Yolyt ec f ar-infrared Pourie~ spe ctromeler. Near- 

infrared epecltra axe re la t f  vely  ea#y t o  obta in  w i t h  cowen- 

ti d i  ~ p e r a i v e  ins tsument s and a 5ei-t z double-beam 

spectrograph waa used to obzain such speotra* The d e t a i l s  

of these ,kmt;rmrnent s and the experiment PJ techaicpes 

etrrployed d~aix l iz ;  t h e  work r epo r t ed  i n  t h i s  thesis are 

discussed in chapter 2* 



Organic materials often e%bibi l  s o l i d  s take  

polymorphism and t h i s  is true of many mesogens t o o d  30-34 

However, these t r a a s i t i o n s  acquire, particular importance! 

i n  mesogenic materials  because the changes in the s o l i d  phase 

may reflect an anticipation of the formation of t h e  wesaphaae. 

X-ray s . t ruc tu ra l  data on .the s o l i d  phases of p-azoxyanisole 

(MA) avid p-azoxypheraetole (PAP) cshow t h a t  t h o  molecules 

are a r r z r s e d  with t h e i r  low axes nearly parallel t o  each 

o t h e r  ia an imbricaGed s t ruc tu re*  35 Such an arrangement 

in it l e s s  ordered f a sh ion ,  with. tbe molecules &~CpS.ring 

t r a l s l a t i o n a l  freedon1 an8 t h e i r  lax% axe&, coulcl h a d  

$0 %he f o r m t i o n  of th& nema&le phase, faecc~t studies on 

c ? ~ o l . e s t a r y l  e s t e r s  show %ha% slight3.y below the t r a n s i t i o n  

t o  t h a  rueyophase, the cr;irst;alline order deckeases narkedlg 
z 

in dicec-bions uoruaa;l Lo -the long axas of t h e  urolecule;ss'"" 

%o th3 rserusykaae" l.~hich, 0% c o w s e ,  exhibi ts  ccsrnp3.e te 

;a;olee~t:~~s.  l%cm ~ ~ e u t r o n  ucatteriag arad infrared studies 

02 %'ire s o l i d  phase3 or% PAA a:a p-mslhuxybenzyPide11e-p'-n- 

butylt:xnilirse (~wBA) , $he exfs talc e of c;x s o f t  a o ~ i d '  region 

be1 ow the rxeasatie Z;saj.;si t f on t eniperature has &G beer? 

A csy3ta5.2i.xne solid exhihit s ccharac-tcristic external 

or 1aa-t;tfee modes whic?~ arise ~ U C  %O tf;l?c coupled r i g i d  body 



~ o t a t f a m  and "t;ranslatic;sa sf the aoleculea within a 

unit ceJ,kp 2fkese rnod~a, ;Uch  are 02 low frequency, are 

therefore soasitivs t o  $he c r y s t a l  8txuetuxe. Bencs, in 

the cace of pre- t rans i t ion  effects i r r  the s o l i d  Maae, 

whcxs tlze moleculaa are thought to acquire grea'fex mot% o3n;zl. 

freedom, or i n  goPymorphf c %rs+wi t i o m *  where the o r y s l a l  

slruc-t-,ust~ u.ndergoes an a b r u p t  change, i t  can be expected 

-kha"l,trLsso cx-Lcsnu2. modea should exhibi t  a.trikl.ng ckLange8, 

In chapter 3 ,  w@ discws  the r s s u l % s  of a s tudy of 

the  tompe rntlilre dependence of' ths f ax-irxf's~ared and H a m a  

s p e ~ t r a  of the  ~ ry sb ; a l . I i  ne ghyase of n-p-cyao'ben1:yIfde~le- 

p-r -ac t y l o x y 8 , n i . I . i ~ ~  (CBODA) . This s tuay reveals %he 

existence of la so l id-so lkd.  .trmsP-l;i on EI01: below %he soLid- 

8mectic A t r a n s i t i o a .  We have colnfiraed %hi s  transill on 

usf 3 % ~  d i f  f e s e n t i d  acar~zing ~ a ; L ~ r i l p e t r y .  We have also 

s t u s l i e d  %he X-ray powder diffrac'tlun galterns o f  these two 

phases, These show tirat the crys-bal stractures are Sifferelzt 

in the two plisiveao We a lso  d i s c u s s  the impJica%ions: uf 

t h i a  b;r:mz3/-j;iox~ .f;o $he occurrerice of' th e mesophase. 

In a ozystd,l."ln~ s o l i ~ 1 $  IJM-vt. V L ~ C - ~ ~ J X  ~~a'~z3erna-Prioz~ 

dic t a t  zs -bhh=,r it: ff  :cg";ci,dez- v i b r d t l i a ~ ;  d. 9p~lt ::'i;xztm, OSL!.~ 

$has@ nadcs,s can partic;fpaS;s whose wave oe~t r :m fm saearlg 

fixexwe 3.wh o p t i c 2 3  msldea l i e  clase t (J t'k! e cct?~ti?e of %lie 

B r i l l - o a i n  zone o f  "c lze crgstd 2nd are heme ref erred 

~oE.e-~c%trr;  rflcrda s .. For t h e w  r ~ t o d ~ $ ~ ,  %'EL e characterP9tj.c 



atomic motioas are i n  phaeo over a very l ~ , r g c  xiumber of 

unit o e l l a  with in t3.e c ~ y s t a l .  T h u s ,  t r a1zs1a t j . o~~  c a  be 

conaidered to be t h e  fdevrtfty element. XTA order Sc deter- 

mine the number of vibrational rnodes fxz n f irs t  or&er 

spectrum and %he irreducible represesrtta9;ior~ t o  which they 

belong, it is 'neuec sufficient;  t o  coneider only the o i m t  

g r i ~ ~ p  3,y:nmstyy ~f t ? , ~  z ~ i ; r ~ l r ; - d  aiid exmiin@ tSe ' I c i shd~iou~ of 

t h e  stccmt:> ?.?:t;"l_Sn t;he ;.r.imit j:ve ce l l .  233 EI j , ~  e a s i l y  
- * acccay;l~ slled U.P S .;k; :s:l;xaigh$f crxw:r~r: G.3 grau$>+--the~ret,i c21 

meY.ad  s: . " r57 pw ~ , t h ~ ~ y ; ,  or!$ 2 3  c2:l-rr J Q oncerr,zd 

w i t h  tile r;xal-*.~:~.-!* :i+r/dc!., it, i,& : x f  b'ii",.; c:~A% rey,-?#r.l -$.he 

mslect~lce %r r tg ' l~?  t r i t i t s ,  St~s.; bJhs naibea.  ,aria sf-$0 

a y n ~ ~ ~ t q '  o f  %'r. e rr,ql~;:~c;?les d..tlri;i U;e L~~:imj.-%ivct (:a?. 4. i e  ,211 

the iwr%orm~.$,ioz inecdsd f i?z C! c3;3Serra.i'nij,ng gr;~;,ou~ n~;e?L1::~~j..1~y +ih 

~ i7 j l f fb~~  of ~ ~ t ~ ? X ? k ? i ' , : ' n .  s ~ ~ Q ~ ~ ~ @ s  &!id $he if P Q ~ U C ~ ~ ~ C  ~@;IT~:F~C?'?S 3's;o~& 

?~jh!~?i /1kQ,'. kt',l"JK4.g' $1 gx~jU@ *Ll i t : i lre$l~~l  ~ i ; l ] . ~ ~ ~ ~ ;  ~f !;t:e 

ex%sz'*a~..! ~ O ~ C C  ~f @2 '?O,!l 't;ezepil2.1~al -bj.e-bu-t;-yZar j..:l.j,:-.s 

(5%?r"-) kine hefir: c s r r j e d  out ~1a2 - I t l i s  i a  d i s c u s s e d  $13. 

A y p r ~ - . d f ~  4 .  

Ia chapter 4 we dise:;ns the rest-ul%a a% a n e L a  EWL~ 

f a.r--1nPrnred ~ ~ e c - t r 3 s c o p i . c  sta4.y. of t h e  ~ ~ h i 2 ~ e  t, r:mj3:3 i t l  .!?x:; 

in CBC0.A. We ?lave o b t a i r e i  egaideirc e For  confoxmati on31 

changes in the allc,??. c:"l di:~ai@ .I% the crystal-smectic A 

t s a m i J ~ i o n .  We a l . ~ o  yresen-t; %he raq.,li, ',$ af a 1 i ~ h ~ o j . s ~  

s-t;udy in the n e a  and f w - i n f r . t r u d  r:<g:io;x-, fa] i tz - i~ i, 3. .r;l . t*~ 



assignments have a l s o  been made f o r  many of %he observe4 

bands. 

The liaeshs~ge of vibrational bands zbnd %heir 

accompaying changes at fhe different t r a n s i t i o n s  exhibited 

by mesogem deserve a c a r e a x  analysis. It is w e l l  know, 

that  such i n f o m a l i o n  can provide much insight into the 

t!iyrsnmiss os i n t e r  and i n t r m s ~ c a u ~ a r  IPSLIO~. " The =ture 

of aole~ular mot ion  is c lea r ly  in.fl.uenced by Whe locaJ  

ordsaciag and environment of Lhs molecule8 rand %his varies 

considerably within %he m a y  dif f ereat types o f  me sophsses 

t h a t  are now known to e x i s t .  In recent  years mutron 

aaat  bering 7 13124 m d  HP21'i have emerged as especia l ly  powerful 

methcads for such s-tudif es on mesogem, M/cl~rev&r, t h e ~ e  

techniques are quite s f t en  l i m i t e d  in t h e i r  a b i l i t y  $0 

probe, PM d e t a i l ,  any molecular mot ion  which occurst on a 

time scale faster than 40- sec. :dn the afher hand, the 

i n f r a r ed  and R m a n  speetsa of t h e s e  sys-tans are  pot@nt i ;a l ly  

csapable csf dieoerux i .~  aolecular rotations ox rrsorientotioms 

*which occur at much higher f re tpencies ,  Despite t h i ~  

advantage, systematf G and de ta i l ed  s tud i e s  on vibra t iona l  

bandshapes of mesogens have remainad quite scarce sa 

fax * 4ii941 The ra ther  r ich  vibratiollal  spectra  of  mesogens 

and the crrnse quent d.i.fficulty of making unambiguous assign- 

ments to the observed bands are perhaps the  major reasons 

for this s i t ua t ion ,  Hevertheless, such investigations 



would be interebsting, especially in the oarae of poly- 

mesomor]ehic materials. Psr this reason, we c w r i e 8  out 

lineshape s t u d i s s  on an absorption band of TBBA and this  

has enabled the determination of correlatf  om %t;imes 

characteristic of intramolecular reorientation8 f n t h e  

high.fy ordered smeetic pha~es o f  t h i s  meosgen. These 

resul ts  are discussed in chapter 5 .  

A useful measure of the l ong  range orien-tationzral 

ordering is %he parameter, S ,  defined aa 

where 6 is the deviat ion of the Xorg axis 09' t he  nioleoule 

from the average direct ion of or ienta t ion tiad Pp i s  the 

seuond Legendre polynonxial. 2he angular  brackets denlot e 

a s .Ga t i s t i cd  average o v e r  a11 moleoules in t ibe med%,u. 

For perisc-t o r d e ~ ~ i n g  S = 1 and fsr cortlplete d i s o r d e r  S = 0, 

It is of i n t e r e s t  t o  consider the fenperatu:rce 

var ia t ion  of 8 .  This has been aneaaured in nematic and 

amecffc A l i q u i d  crgsta1.s u s i n g  a lrimber o f  .st;echni@ee. 42-52 

Host infrared studies  performed hitherto t o  rueasure t h e  

o r i e n t a t  ionaJ order parmeter  hatre us ed kkornogene ous3.y 

aligned samples and p o l a r i z e d  r a d i a t i o n ,  The need for 

p o l a r i z e d  radiatf on and the consequent redzlcfiors in available 

energy are two of the inhesent disadvantages of th l ls  method. 



In contrast, a homeotropically a l i p e d  sample faci l i tates  

the use of unpolarizied radiation. 53 This method also 

poasesaes other  dis t i n e t  advantages 1 consequently we have 

it in a l l  o w  measurements of .the orientationid. ordering 

irn the  ernectio A and nematic phases of lipid crys ta l s .  

In chapter 6, we &iscuss  this ~rietkd and apply i t ;  t o  deeter- 

naivae -the orf en-tatlorial arderirg in flXJOCiA, $:'he ~ e s u l i ;  a o f  

our inve~utfgationrs a re  fouad -to agree well with gone u f  

the e a r x i e x  s S ; u d i e s  of the  orienf;at;iun&b o r d e r  psr.meter in 

%his aaatc;r.ia*l 

The temperature and entropy of t h e  fiematic-iso t r o p i c  

trmrsi-t i ~ n  as wel l  as the order  parme t e r  a t  %he Lrawi tion 

are h o w  t o  exhibit  m alter.nali+sze; behaviour as a homolagous 

series is ascended. Recent t h e o r e t i c a l  work 15n1'1 has shown 

that the nature of %he ct7nfomations adop2;ed by  the hydro- 

carbon end-chains in pr1mrfZy r e 8 p 0 9 ~ i b l e  %or P l f i i ~  behaviour.. 

ln chapter 7, we cli.scuss the remlts of  o w  s tudy of the 

o r i e n t q t i o n a l  o-rdsr parhameter in s ~ i e c t i c  .A and nematic 

phases uf soma metnbera of the h~rno l~gr jus  ser3.e a ,  trans-p-ai- 

alkoxy-a-methyl y '-cyanophenyl cin2amatcs ( n - O ~ C P C )  The 

orde r  par-meter diseontinult ies  a t  the smectlc A-nematic 

t r a n a l t i o n  i n  some of the  higher  homolloguea sf t h i s  series 

have a l so  been meaaured and correlated with t h e i r  thermo- 

dynamic proper t ies .  Calorimetric evidence f o r  t r i c r i t i c a l  

bekaviow of the smecGic Pi-nematic t r a n s i t i o n  in mixt;ures 



o f  t h e ~ e  c o m ~ o w d s  are &so presented i n  this chapter. 

A novel BiPferent;iaX 't eclmi que haa "been developed 

in the cwurse of the presenf; s%udy for obtai.Ptixg the 

diohrairclr spectra o f  -uniaxial l i q u i d  crystals f ron  a ~ i n x l e  

spectraf scan, using u9:xpoIarized radia t ion.  The differen- 

t i a l  &echN.que is equably app1fcabl.o t o  the ~ t u d y  of miso- 

t r o p i c  s o l u t e  rnolecales which can be aligned in a liquid 

cs;f w%aiiii:te ~ o l % r @ ~ l & ' .  Yhece & % p ~ c f i s  of d i f f 8 3 ~ 6 ~ k t i a 1  d ichro ic  

spoctroacopy w i t h  bPZu8traLlvs r e s u l t 3  are gresented in 

Sanre of the reaultra eXis1=ucb8ed in. t h i s  t h e s i s  are 

repor ted  in Lke f sllstding pGubllcatlons : 

f ,  Pss-Infrasea =l;j[ hkuan S ~ e ~ t z a  of t h e  Solid  phase^ 

af GBOCA ( s ,  Vt~cugogalan, 3 . 3 .  E'exsm-des aK:d r2.9b.Vanl) - 
MO&EGOLNL CRYSTALS AND LIQUID CRYSTALS 2, 29-46 ( 1 5 7 5 ) .  

2 .  Infrared Spectros cogic Study o f  O r i  entat i isnd Gsder 

and Phase lsaasformations f m L i q u i d  GryataJ.lirae CBGOA 
(J .a. Ferx;land@a and S .  Benugogalan) - MOU2C;j'LM- CRI STALS 

AND L I Q U I D  CLLHSYALS 3, 1 - 1 4  (1S76).. 

3. Far-Infrared Absorp t ion  i n  the kil.gh.1~ Ordered h e c t i  rs 
Phases of 1633BA (S.Ven.agop%asn., J,R.Psrxl.andes an.d 
V, Sureskdra.na.t;h) - IUIOL2CUWiR CRiSThLS A;e1\!D LX QISJD CRYSTALS 

4-9, I P C ~ - Y C ; I  e.tf;a7,. 

4 .  D i f  fe~e47m.a;i~l Eichr~rJ-CI S p e ~ t x ( a ~ c o p y  in L i q u i d  i;;k,yr-; t d s  

3af ng Unpolarized Badiatlioxl (J .k. P@rulai:dec; and S. Vemgopalara) 
CHEMICAL PHYSIC8 1,ETEFRS .- 5 407 (1978). 



5 .  8rienta%$o&%3. 6~3c;r am3 Y!kBorbfica~ Bsha.rr%sw i 2 - I  

the tram-p-n-Uk~xy-ax-M8%%zy2 p*-Cymapheayl C i m w a t e  
(~-oMCPC) Seriea of L i q u i d  C q a t a l s  (J.R.PsrmMes 
a5:d S. $@nugopalan$ (to be submi.t.%ed], 
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