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The work reported i n  t h i s  t h e s i s  d e a b  mainly with 

t h e  X-ray ana lys is  of t h e  orya ta l  and molecular s t ruc tu res  

of some mater ia ls  t h a t  form l iqu id  orys ta l s .  The 

motivation f o r  undertaking these  studiee was two-fold. 

I n  t h e i r  pioneering invest igat ions  c a r r i e d  out i n  19J3* 

Berm1 and Crowfoot 111 ahowed t h a t  the re  is a r e l a t ion-  

@hip between the  moleaulerx paoking i n  the cxyata l l ine  

phase and t h e  s t r u c t u r e s  of l i q u i d  orystals .  With the 

tremendous rev iva l  of i n t e r e s t  i n  l i q u i d  orys ta l s  i n  

recent  years, it wae feLt t h a t  a more de ta i l ed  study of 

t h i a  fundamental problem would be of signifioanue. 

Seoondly, a knowledge of t h e  c r y s t a l  s t ruc tu re  of the  

mater ia l  i s  i n  i t s e l f  of ooneiderable impor taae  i n  the 

study of the  physioa of l iqu id  urys ta l s ,  Fox instance,  

i n  order t o  i n t e r p r e t  propert i  era l i k e  the  birefr ingence 

or the  diamagnetic anisotropy i n  the l i q u i a  a r y a t a l l i n e  

phase, it is neoeeeary t o  know the  anisotropy of t h e  

p o l a r i a a b i l i t y  o r  the  susuept ib i l i ty  of a e ingle  moleoule, 

and t h i a  can b e  determined from mcsasurermcsnts i n  the s o l i d  

a t a t e ,  but only i f  the orya ta l  s t r u c t u r e  is known. 

We s h a l l  begin t h i s  introductory ahapter with a 

b r i e f  descr ip t ion  of l iqu id  c rya ta le  and t h e i r  broad 



s t r u c t u r a l  c h a r a a t e r i s t i c s .  A more d e t a i l e a  account 

of t h e i r  s t r u c t u r e s  and phys iaa l  p r o p e r t i e s  may be 

llouna i n  s e v e r a l  reviewe and monograph@ a v a i l a b l e  i n  

t h e  l i t e r a t u r e  [2 ] .  

1.1 What a r e  liquicl o r y s t a b ?  

Liquid a r y s t a l s  represent  s t a t e s  of mat te r  i n t e r-  

mediate between t h e  o r y s t a l l i n e  s o l i d  and t h e  i s o t r o p i a  

l i q u i d .  Liquid o r y s t a l l i n i t y  i s  a l s o  r e f e r r e d  t o  as 

lmesomorphisml and l i q u i d  o r y s t a l l i n e  phases as tmesophasest. 

A compound which e x h i b i t s  a mesophase i s  known as a 

tmesogen' . Depending on t h e  var ious  molecular aha rm t e r i -  

s t i c s  (discussed i n  t h e  next e e c t i o n )  and a l s o  on the  

in te rmolecu la r  f oroee of a t t r a c t i o n ,  a c r y s t a l  may pass  

through one or more mesophases before  t ransforming i n t o  

t h e  i s o t r o p i c  l i q u i d .  

A l i q u i d  c r y s t a l l i n e  system aould be e i t h e r  

l yo t rop io  o r  thermotropio. I(he fortner r e f e r s  t o  a two 

or  more aomponent system i n  which t h e  mesomorphio behaviour 

i s  brought about by t h e  i n f luence  of solvents .  2hermotropic 

l i q u i d  ~ r y a t a l e  are obtained by pure ly  t h e n n a l  processes ,  

i .e . ,  by melt ing o r  p a r t i a l  mel t ing  of so l ids .  Aa t h i a  

t h e s i s  is concerned w i t h  the  study of t hemot rop io  systems 

only, a l l  f u r t h e r  d i scues ion  w i l l  be l i m i t e d  t o  t h i s  t ype  

of l i q u i d  c r y s t a l .  



Thermotropic l iquid c rys ta l s  a r e  conventionally 

c lass i f i ed  i n t o  th ree  broad groups: nematic, oholester ic  

and smeatic. 

( a )  Nematic l iqu id  crys ta ls  

The nematic mesophase i s  charaoterised by a high 

degree of long-range or ienta t ional  order ,but no long- 

range t rans la t ional  order. The molecules i n  t h i s  meso- 

phase are  spontaneously oriented approximately p a r a l l e l  

t o  each other. Fig. 1 .I shows a sohematic representation 

of the molecular arrangement i n  t he  c rys ta l l ine ,  nematic 

and isotropic  phases. 

(b) Cholesteric l iquid  crys ta ls  

Phe cholester ic  l iquid  c rys ta l  oould be eonsidered 

t o  be a nematic l iquid  orys ta l  except t h a t  it i s  composed 

of opt ica l ly  ac t ive  molecules. It ha@ a nematic-like 

s t ruc tu re  withasarew axis superposed normal t o  the preferreti 

d i rec t ion  of the molecule8 (Big. 1.2). The p i tch  of t h i s  

he l i c a l  arrangement may r w e  from a f rao t ion  of a micron 

t o  several micron@ and is temperature dependerit. 

( c )  Xmtactic l i q u i d  c rys ta ls  - 
Smectic l iquid  c rys ta l s  have layered struotursrs. 

of 
2he molecular arrangement within the l aye r  can be .various 

6 
types. 3mectio A is the most common type, i n  which the 

molecules within a layer  a re  upright w i t h  t h e i r  centres 



Bdhemertlo regreeent at i on of the moleaular arrange- 
ment in the aryetdl ine ,  nemartio and i~rotropio pharaes. 



Sohamatia regreeentati on of the molsoular arrm@ement 
in the oholerrterlo phoes 



i r r egu la r ly  @paced (pig. 1.3(a)). The, l ayer  thicknees 

i s  $emral ly of the order of the length 02 t h e  molecule. 

Xn smectic B, the  moleaules are  upright as i n  smeotic A 

but  t h e i r  centres a r e  hexag;onal close-packed within a 

layer .  The molecules i n  smectic O a re  inclined with 

respeot t o  the layers  and t h e i r  oentres a r e  i r r egu la r ly  

spaced as  i n  smectic A [Fig. 1.3(b)]. Smectio D is 

reported t o  have a cubic s t ruc tu re  A few other smectic 

modifications have a lso  been reported but aa ye t  t h e i r  

de ta i led  s t ruotures  have not been established oonclulsively. 

1.2 S t ruc tura l  charaoter iat ice  .. of mesogenic compounds 

From chemical etudies, it has been found t h a t  i n  

order t o  be a mesogen a compound should aa t i a fy  $he 

following s t ruc tu r a l  charac te r i s t i c s  : 

( i )  Xte molecurles should be geometrically ~ ~ o t r o p i c ,  

generally long, =row and rod-like i n  lohape with a high 

v d u e  fo r  the length/breadth r a t i o .  (However, mesomorphic 

behaviour i n  disc- like molecules haa been discovered 

recent ly [ J] ). @eometriccll anisotropy is a very essent ia l  

charac te r i s t i c  of a mesogen and i t s  importance w i l l  be 

evident from Ohe following exaniple. 'Phe compound 

2-n-deoyloxybenzoic - acid [Fig. 1,4(a)]  exhibit a both 

emectic and nematic meaophases. However, 3-bromo-4-a- 

decyloxybeneoic acid [ ~ i g .  1.4(b)] is not a mesogen a t  



$crhematio regreabntation of the moleoular arraqement 1s 
(a) emaatio A phaae, (b) smeatio C phase. 



I 
i t )  4 1-@ropyloxy blphewl-4- 

aarb oxy lie a c i d  



al l .  The presence of an extra,  l a t e r a l l y  subs t i tu ted  

bromine atom i n  the l a t t e r  molecule increases its width 

and thus i nh ib i t s  the formation of mesophase, 

( i i )  The molecules should contain aotive polar isable  

group8 l i k e  umaturatied bonds an8 aromatie rings. The 

presenoe of polar i  sable groups enhances the me s omorphio 

thermal s t a b i l i t y  of the, molecules. 'Phi8 i s  i l l u s t r a t e d  

i n  the following example. The ctnnpound rn-deerylox~benzoio - 
acid [pig. 1.4(a)] has a lower nanatio thermal s t a b i l i t y  

compared t o  4'-Q-propyloxy biphenyl-4-oarb oxylic acid 

[Fig. 1.4(c)]. Both the acids form diners. The reason 

f o r  the higher nematic thermal s t a b i l i t y  of t he  l a t t e r  

acmpound could be traced l o  t he  g rea te r  po la r i sab i l i ty  

a r i s ing  from the  presence of t rvo  extra  aromatic rings 

i n  each of i t s  dimerat. 

( i i i )  The presence of permanent dipole momentnter i n  the  

molecule is conducive t o  the formation of mesophase. 

However, t h i s  i s  not an absolutely cassential requirement, 

as can be seen i n  the aase of p -~u in~uepheny l  [pig. 1.4(d)]. 

If there i s  a strong dipole moment along the  long mole- 

cular axirs, the nearest  neighboura w i l l  tend t o  be 

an t i pa r a l l e l  [4], 

Zlhe presence and r e l a t i v e  positioning of the  

polar isable  groups governs the intermoleoular foroes 

which lead t o  spec i f i c  molecular packing i n  the mesogenic 



crys ta ls .  A detailed discussion on this aspect l a  

given i n  chapter 5 of t h i s  thesis .  

1.3 Outline of the thesis 

After the  classic, work of Bernerl and Urowfoot [ I ] ,  

reported i n  1933, no attempt was made t o  determine the 

c ry s t a l  a t ructurea of mesogens, u n t i l  qu i t e  recently. 

When the  author undertook the work desoribed i n  t h i s  

thes i s ,  only a few mesogenic crystal  s t ruc tu res  had been 

analyeed i n  d e t a i l ,  via.,  those of aniaaldehyde azine [5], 

4-4 -asodiphonetole [6] , benqylideneaniline - p-carboxylio 

aoid [7] and p-asoxyanieole [8], a l l  of which are  nemato- - 
genio and e thyl  - p-aaoxybenzoate 191 which is smectogenic . 
I n  t h e  present study, we report  the analyses of the  

c ry s t a l  s t ruc tures  of four  compounds: a nematogen, 

a smectogen, and two isomorphous cholesterogens. 

Chapter 2 deals with the c ry s t a l  and moleoular 

lgtructure of the nematogenic compound, g-p-methox y- - 
benaylidene - p-phenyl aeoaniline (MBPAA) [pig. 1.5(a)]. 

T h i s  compound c ry s t a l l i z e s  i n  the space group P ~ , / c  with 

eight  molecules i n  the unit c e l l .  !the arys ta l  s t ruc tu re  

analyais  was rendered d i f f i c u l t  due t o  the  paucity of 

r e f l ec t ions  d a t a  and the presence of 48 non-hydrogen 

a tom i n  the asymmetric p a r t  of t h e  uni t  c e l l .  A combi- 

nat ion of d i r e s t  methods and packing considerations: was 





employed t o  solve the crys ta l  s t ructura.  One of the 

independent moleaules i n  the aeymmetric p a r t  of t he  

un i t  c e l l  is  found to have a p a r t i a l  posit ional disorder  

about it e azo bond. 

The c rya ta l  and molecular s t ruc ture  of t h e  

smeotogen, - n-&-cyanobeal;glidene-2-n-octylaxymiline ... 
(CB00.A) [pig. 1.5(h)] i s  aosnribed i n  Ghqte r  J. CBOOA 

oryatzillises i n  the! apace group P2,jo with 4 molecules i n  

the uni t  ae l l .  Ihe c rys ta l  s t ruc tu re  wasr determined by 

d i r ec t  methods. 

Chapter 4 describes the crys ta l  s t ruc tu re  aYUaly~lis 

of two cholestcarics, via.,  aholesteryl  chloride and 

isomorphous cholesteryl  bromide [Pig. 1.5(c)]. These 

compounds c r y a t d l i s e  i n  t h e  space group P2,, with two 

molecules per uni t  c e l l .  The cryetal  s tmc tu re  waa analytlled 

b y  employing the heavy atom method. 

While the work reported i n  these chapterer was i n  

grogreas, several  other mesogenic c rys ta l  s t ruc tu res  were 

reported i n  the  l i t e r a t u r e  110-171. In Dhaptor 5, a  

summary of the common and prominent s t ruc tu ra l  characteri-  

s t i c e  which have emerged out of t t ~ e s e  crys t t i .  s t ruc tu re  

analylsea if? given, w i t h  special  armphasie, an the mode of 

packing i n  the oxystal l ine ghasdi and its rrrlationship 

t o  the formation of mesophase. 



Aa mentioned above, i n  the  course of t he  refine-  

ment of the o r p t a l  s t ruc tu re  of W3PAA (chapter 2) .  

p a r t i a l  poeit ional disorder about t he  azo-bond war 

dsteoted i n  o m  of %he independent moleoules i n  tho 

asymmetric p a r t  of the  unit  0011, A similar type of 

disorder  about tho asoxy bond hod, i n  f ao t ,  been aaolytsed 

by Krigbaum and Taga [ I 31  i n  the high temperature polymorph 

of t he  ameotogen e thy l  p-aeoxybeneoate. P r io r  t o  t h i e ,  -. 
Krigbaua e t  a 1  [8b] had mentioned the  poes ib i l i ty  of a 

partial posi t ional  disorder about the  aaoxy bond i n  the 

crymtal s t ruoture  a i  PAA, though they did  not present 

any q w n t i t a t i v e  analysis  of the disorder. Disorder 

about tho azo-bond had been found by Brown i n  two non- 

mesogenio oompozmde, viz., 2-aaotoluene [ 181 and tram- 

arsobeneene [ 191. Xn the preeent work, least-squares 

refinement he&@ been aarr ied out t o  invest igate  t he  

p a r t i a l  disorder ooaurring about t he  -Hd- bonds of 

theece aompoun8er. 'Phr d e t a i l s  and remalts of the re  

investigations a r e  given i n  chapter 6. 

Soma of t he  reaul ta  presented i n  t h i s  theclie have 

already been reported. The referenoes a r e  given below: 

1 Urys t a l  s t rue Cure of - n-g-aethaybemylidene-p- 
phenylasoaniline. (vi th  Kalyani V i  jayan) - 
Premana,Suppl. No, I (1 975). 75. 

2 The orys ta l  e t ructure af n-p-oyanobenzylidone- 
E-5-ootylaxyaniline, (with Kalyani Vi jwan) - 
Owrent Soienoe (1976), 3, 857. 



3) The c r y s t a l  and moLecular s t r u c t u r e  of t h e  
nematogenio compound - n-2-methoxybsnzylidene-2- 
phenyl azoianilina (HBPAA). (with Kalyani V i  jayan) - 
Auta Gryst. (1977), B a r  2236. 

4 C r y s t d  and moletcular s t r u c t u r e  of n-2-oyano- 
benaylidene-p-p-ootyloxyaniline (CBOOA). (with 
Kalyml Vi~ayan)  - MoL. Cryst. Lip. Cryst. (1977), 
a, 249. 

5 Crystalanr l  moleoular ~ t r u c t u r e  of cholersteryl 
ohloride and isomorphows cholcasteryl bromide. 
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In terna t iona l  Liquid Oryetale Conference, Bordeaux 
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