
CHAPTER 5 

KESOBENIC CRYSTAL STRUCTURES AND MOLECULAR PAEIKILBQ 

9. 1 Early X-ray w r k  on mesogenic compounds 

Though compounds exhibit ing l iquid  c rys ta l l ine  

behaviour have been known fo r  over 85 years, X-ray ansilysis 

of the c rys ta l l ine  as well  a s  t h e  l i qu id  c ry s t a l l i ne  forms 

has reaeived very l i t t l e  a t t en t ion  u n t i l  receptly.  In 

par t i cu la r ,  single c rys ta l  X-ray work has gained i n t e r e s t  

only during the  l a s t  t e n  years. The e a r l i e s t  X-ray 

s tudies  on l iqu id  c ry s t a l s  dates back t o  1921 when Huckel 

[I] attempted t o  understand t h e  packing of molecules i n  

mesophases. He observed t h a t  t he  d i f f rac t ion  pat terns  

from nematic mesophases resemble those of i e o t  ropic 

l iqu ids ,  indica t ing  an absence of three-dimensional order. 

Frieda1 [ 2 ] ,  i n  1925, showed that the smectic phase 

ooraeists of equidistant pa r a l l e l  layera. I n  1927, Kast 

[T] studied magnetically aligned nematia phase of 

p-erzoxyanieole w i n g  X-rays  and observed two d i f fu se  ..+ 

d i f  f rac ti on maxima. Hermnn and ICrummacher [4]  have 

reported X-rw powder analyses of some mesogens. 

Bernal and Crowfoot [ 5 ] ,  i n  1933, were *e first 

to undertake the  c rys ta l  ertructure analysia of mesogens 

using s ing le  oryst&@. They studied by X-ray and optical  



methods eeveral mesogranic compounds, v i  z., p-azoxyanisole , - 
p-aeoxyphenetole and anisd. 1 : 5 diewino naphthalene, a l l  
..d 

of which exhibit  netnatio mesophmear; two isomorghous 

cholesterogenic compounds, via. , cholesteryl  chlor ide 

and cholesteryl  broglidet and dibenzy lidene benddine ,  

e thyl  anisd. p-minocinnamate, e thyl  phenyl beneyleuaino .. 
cinnamate and d ie thyl  - p-xylidine-bis aminocinnamate 

which form smectic l i q u i d  orystals. They determined the 

pr lnclpal  optic directions f o r  a l l  these compounds, and 

the un i t  c e l l  dimonmlom and space groups of dl except 

the last. two compounds i n  t h e  l ist .  Oombining the  pre l i-  

minary da ta  w i t h  the intenarit ies of a few very intense 

X-ray rrofleatiunls, they have f ixed within f a i r l y  narrow 

l imi t  s the posf t ions  and orientations of t h e  molecula~~ 

within the uni t  c e l l ,  which i n  t u r n  gave t h e  scheme of 

the molecular pasoking i n  the c rys ta l .  They obstwved a 

part l l le l  arrangement of nematogenic molecule ls i n  t h e i r  

respect ive c ry s t a l l i ne  phasee. This was found t o  be 

very similar t o  the type of molecular arrangement expected 

i n  t h e i r  nematic mesophasea. Thqy r e f e r  t o  t h i s  type of 

moleculer arrangement as  ' imbrioatedl, implying thereby 

t ha t  t he  end of one molecule i s  overlapping on a 

neighbowing molecule. They a lso  observed t h a t  i n  t h e  

c rys ta l l ine  phase, smectogenic molecules pack i n  layers ,  

The moleoular arrangement i n  each l iqu id  c ry s t a l l i ne  

phase is spec i f i c  and i s  most often re la ted  t o  t h e  



molecularr arrangement i n  t h e  r e  spective c rys ta l l ine  phase 

also. Later s tudies  on c rys ta l  s t ruc tures  of mesogena 

have confirmed t h a t  nematogena generally have an imbxioated 

moleoular packing, as contrasted with the  layered paoking 

arrangement found i n  smectotgens. 
i 

Bernal and Orowfoot report  t h a t  beside8 the  'sharp 

r e f l e cUons l ,  t he  X-ray photographs of most of these 

mosogenic c ompowrds contained blurred Lines, known as  

'amear l i n e s t .  Similar 'smear l i nee l  were eaz'liex observed 

i n  the  photographs of c e r t a in  minerds  l i k e  asbestos and 

mica, which have sheet-like ratmctures. They a t tx ibu te  

these 'smear Pines' t o  d i f fuse  ref lec t ions  from ce r t a in  

planes of t h e  reciprooal l a t t i c e ,  whose plante nonnals a r e  

pa r a l l e l  t o  t h e  molecular length and mention t h a t  the  

molecules are  l i k e l y  t o  have a c e r t a i n  freedom of trans-  

l a to ry  movement &long their long molecular axes. Ihe  

t rans la tory  freedom of motion could eventually lead t o  

disorder i n  the  ePtruoturet which i n  tu rn  gives r i o e  t o  t he  

'smeax l i ne s1 .  2hey have used t h i s  fea ture  a l so  i n  

predicting t h e  molecular or ientat ion i n  t he  liquid c rys ta l l ine  

phase. 

The o rys ta l  s t ruc tu res  prediatsd by Bexnal and 

Crowfoot very well accounted for  t h e  opt ica l  proper t i  e s  

of the compounds bu tagreed  only qua l i t a t ive ly  with the  

with the  X-ray d i f f r ac t i on  pa t t e rm .  Nevertheless, t h e i r  



c lass ic  work based on meagre X-ray da ta  i s  extremely 

valuable. 

5.2 Mesoganic c rys ta l  s t ruc tu res  

From 1933 t o  1968, e t ructure determination of 

mesogenic compoun&% using s ing le  c r y s t a b  d i d  not receive 

much at tent ion.  However, i n  recent years, c rys ta l  s t ruc tu re  

analys is  02 mesogene has gained considerable i n t e r e s t  and 

a large number of c rys td .  s t ruc tu res  have been reported. 

A great  deal of X-rw work on t h e  various mesophases 

themselves has Eirao been reported. The account given i n  

t h i s  sec t ion  concerns only with t he  r e s u l t s  of t h e  X-ray 

invest igat ions i n  the  o rys ta l l ine  phase and, i n  p a r t i  oular, 

with s ing le  crys te l  analysis.  A summary of t h e  common 

and prominent s t r uc tu r a l  charac te r i s t i c s  which have 

emerged out of these analyses i s  given below, with special  

emphasis on t he  mode of packing i n  the  crys ta l .  For t h e  

sake of: completeness, t h e  ear ly work of Bernal and Crowfoot 

has a l so  been included i n  t h i s  l i s t i n g .  

(a )  Nematogenic C r y s t a l  Structures 

( i )  p-arr;oxy;hnisole, - PAA (s table  f o m )  [ 5 , 6 , 7 , 8 , 9 ] ,  
lS\igures 5.9 and 5.2. 

BernaL and Crowfoot [ 5 ]  report  t h e  presence of 

'emear l i n e a t  on the X-rw photographs of PAA. Ca r l i s l e  

and Smith [6] suggest t h a t  t he  presence of 'amear l i n e s '  







is due t o  t h e  existence of s t a t i e t i c a l  d i sorder  involving 

t h e  displacement of moleculea p a r a l l e l  t o  t h e i r  long axea. 

B e r n d  and Crowfoot, however, do not  mention any disorder ,  

The l a t e r  aoourate work of Krigbaum e t  a 1  [7]  does not 

support the presence of any such disorder. The imbriaated 

paaking of moleculea obtained by Krigbaum e t  a1 i s  i n  

general conformity with the  prediotiona of Bernal and 

Crowfoot. The methaxy group of one molecule i s  nearly i n  

contact  with t h e  aeoxy group of i t s  xmighbour. The 

proximity of these  a c t i v e  groups leads t o  t h e  intermolecular 

Qohesive forces.  

( i f )  p-azoxyyhenetole [51 Pig. 5.3. 
- - 

'&ear l i n e s '  were observed on the X-ray photo- 

graphs. The rnoleoules a r e  imbricated and t h e  a c a v e  groups 

of neigbbouring mo1ecules, v iz . ,  the  e ther  group of one 

molecule an& the  amxy group of t h e  other,  are, i n  c lose  

proximity. 

( i i i )  Anlsal I .  5 diamino naphthalene [5] Fig. 5.4a 
an8 Fig. 5.4b. 

The compounid has a atable  s o l i d  Porn obtained 

from so lu t ion  and tiwo metastable forms obtained from t h e  

nematic melt. !the authors  f e e l  t h a t  t h e  oonsiderably 

interlooked molecular arrangement shown i n  Fig. 5.4(a) 

and Pig. 5.4(b) ntay not oorrespond t o  the  arran$ement i n  



f l m e  5.31 The nolcaular aran$ruont in the orystnllim 

phase of p-a~oxyphencrfsle - as gredioted by 

Berm1 rrnd CIxowfoot [ S ]  . 



i! 

(b 1 

?islure 5.9, The molecular arrangement i n  the atable s o l i d  

phase of anisal  1 : 5 didnonaphthalene as  
predfctea by Berm1 an8 Crowfoot [5]. 



#he l iquid  6rystaZline phase. Arraording t o  them, it i e  

the molecular packing i n  the  crys ta l  s t ruc tu re  of the  

higher metastable form which might hold i n  the l iqu id  

c rys t a l l i ne  phase also. 

( i v )  Antsraldehy8e-asine [ l o ] .  1Fig. 5.58 C Fig. 5.5b. 

Ithe moleculsrr packi ng i s  imbricated s o  tha t  t h e  

terminal ac t ive  groups containing wygw atoms have 

a ipolar  interact ions with the atoms Pormiag the double 

bonds i n  the cen t ra l  p o l u r i ~ a b l e  groups of the  neighbowing 

raoleoules. %he molecules pack with t h e i r  axes more or l e s s  

parallel. t o  one another. 

(v) 4-4' amdiphenutole [J1,12J. Fig. 5.6 

The moleaule8 pack I n  an imbricated fashion, 

with t h e i r  pure@ para l l a l  t o  one another and the  taminabl 

ac t ive  group of  one molecule i s  i n  cloae proximity t o  %he 

cent ra l  polarisable group of i t s  nei@lbour. 8aah molecule 

i s  surrounded by s ix  neighbows, givitlg r i s e  t o  a hexagonal 

type of packing. 

(v i )  p-methoxy cfnneaatic acid [ I31  PI&+ 5.7, Fig. 5 - 8 0  - 

The molecules ex i s t  as hydrogen bondea dhuers. 

The longitudinal area of the  dimere a r e  d l  parallel and 

*he aimera arcs stacked one dbovs t h e  o ther  i n  a stepped 

farshi on, !the ateipped i?tmke are  repeated p a r a l l e l  t o  one 



t Eho mologular paaking l a  tho  (a) ao-plam and (b) &-pbmo 
of ani~aldehjbe-ad- [ 101. 





5.2; fhe moleoular packing in the be-palm. bf 

2-melhoxyrinnsrmio acid  11 33 . 





another. The longitudinal displacement within sr stack 

r e s u l t s  i n  the  earboxy-groupa of one d iner  being hela 

between ~ e o c h e m i a a l l y  r i g i d  o l e f i n  groupe of neighboure 

above and below. Also, due t o  t h e  displacement betwean 

the atacks,  the  ow% oxy-linlcages hare the o l e f i n  groups 

and the  ghenyl r ing6 as neighbows on e i t h e r  rside. Thie 

type of inabricated molecular arrangement i s  found t o  be 

conducive t o  mesophasre Pornation. I n  t h i s  arrangement, 

even i f  t h e  hydrogen bonaa rupture, the  overlap cf t he  

neighbowing moZecules p e r s i s t s  t o  a conei&eriiJlle extent 

and t h e  imbricated arrangemen* 18 retained. 

The signffiaance of imbrication o f  molecules i n  the  

mesophaea formation i s  obviours when t h e  c rys ta l  s t m a t u r e  

of p-methoxycinaamic - aaid i s  aompared with t h a t  of a-ts>- 

cinnouoic aoid [ I 3 1  (~dg. 5.9 and Fig. 5.10). Ginnamic 

acid a l so  e x i s t s  ara a hydrogen bon4ed Blmer. Even though 

the moleaules a r e  geoaetr lcal ly  anisotropic,  t he  conpound 

doe6 not exhibi t  meeomorphism. 2he probable reason f o r  

t h i s  i e ,  t h a t  the  p a r d l e l  overlap between the dimersr within 

a s taok i a  muoh l e s s  i n  cirmarnic acid,  ccmpaxed t o  

p-methoxy ainnamlc acid,  leadin$ t o  weaker in temolecu la r  - 
interaotSons wwithin a stack. Klao, unlike i n  the ease of 

p-rsethoxy ainnamic acid, it the  hydrogen bonds rzrpliure, - 
t he  i ab r ico t ion  o f  t h e  molecules i s  l ou t .  merefore,  t h e  

l~o lecu la r  arrangwzment does not appear t o  be aoxid1tcive t o  

the f orma%ion of me sophase. 
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The si&nificasnce of t h e  very o r i t i c a l  nature 

of t he  intennolacular Poscee i n  the formation of me%oph&e 

could be appzeoiatted fkrWer by comparing the  molecular 

packing i n  the  nemtogm p-methcxy cinnamic uoid with tha t  

i n  p-methoxy- m d  p-ethoxy - beamic sloids [14,15], which 

are not meeogens. Unlike i n  jp-methoxy cinnamic acid,  t he  

moleeulcrr arrangement i n  the l a t t e r  two ocu~pounde i a  such 

tha t  the ghenyl ring of  one rnol~to~~le  has ghenyl r ings  of 

the ail jacent uroleculas as neighbouring: woupa. This d i r ec t  

overlay between twe phenyl rings reuul ts  i n  a s t rong 

molecular interact ion with high binding energy, which i n  

t w n  leads  t o  a hi& melting point f o r  the  compound. The 

strong ini;eractlons and the  high binding enexgy valuers, 

t h m ,  Beem t o  inh ib i t  meeophsrse formation. 

Ihe oommon feature& of  orystal  s t ructures  of a l l  

the nematqens mentioned so f a r  are (1) imbricated arrange- 

ment of molecules, and ( i i )  the active sna group of one 

moleoule ly ing near the  act ive group in the  central  part 

of a nsi&bourir@ moleraule. In the naatogenio e rys t a l  

strmcturets delscribed belew, the  paoking of  the  molecule8 

is sXightly d i f ferent  . 
( p i i )  Ban%ylidme m i l i n e  - p-carb oxylic acid [ 163 

Fig. 5.19 

Xhe moleoulea are arranged such t h a t  they a r e  

linked across the  inyeraton cen%rers in to  dinere by the 





formation of hydrogen bonda be tween c a b  oxyl groupe . 
Unlike i n  the orys ta l  s t ruc tures  described ao f a r ,  the  

aimera i n  benzylidene an i l ine  p-carboxylic acid a r e  padkea 

i n  a herringbow-like f aahion. 

( v i i i )  2,2 (-d1brom0-4-4'-bis-(p-me - thoxybenzylidene 
emino)biphenyl [ 171 Pig. 5.12. 

!Chis molecule can be divided i n t o  two halvea 

a t  the biphenyl bond 8 however, the  two halvers a re  not 

iden t ica l  orys tallographicany. The asymmetris uni t  consiete 

of the 'half '  portions of tit10 d i f ferent  molecules. The 

moleculee a r e  paaked i n  an imbricated arrangeanent i n  t h e  

crys ta l .  The plane of one h a l l  of t h e  moleoule i s  nearly 

perpendicular t o  the plane of the  other  half. This, couplea 

w i t h  the  imbrication of bho molecules, causes each half 

portion sf one molecule t o  be approximately perpendicular 

to  Oh@ oorxesponding half  portion of i t s  neighbowing 

molecu2e* ArJ ra resu l t ,  a herringbone-like packing of the  

benzene r ings  i n  planes perpendicular t o  t h e  molecular 

axes i s  obtained. 

( i x )  Cp-methoxyben~lideno-p-phmyXaeoaniline (IVIBPAA) . 
~ i g .  5.15. 

- 

A detailed account of tb.e crysta?. structure analysis 

of tihis mmatogen i s  given i n  chapter 2 o f  th in  thesis.  For 

the sake of comp2e-t;uneusP a br ief  mention o f  ,the molecular 

packing i n  this c rys ta l  i s  made here. The c ~ s t a l l o g r a p h i c a l l y  







independent molecules i n  the unit  c e l l  a r e  an t ipara l l e l  an8 

l i e  almost exactly above each other i n  the  bc-pro jection. 

20 describe the  packing o f  the  molemles, t he  two crystallo- 

graphically independent molecules and t h e i r  symmetry equi- 

ralemte generated by the centre of inversion a t  t he  origin,  

can be considered a8 one unlt. T h i s  is  indicated i n  F i g .  5.13. 

These quadruple molecular un i t s  a r e  arranged i n  an imbricated 

fashion eLna fo rm an in f in i t e  column along the c-axle. The 

molecular uni te  i n  adjacent l?tolunrs a r e  incl ined t o  each 

other a t  about T O 0 ,  leading t o  a herringbone-like pattern. 

(x) Propyl4-(4'-meth~xyben%ylidene amino)-%-methyl 
cinnamate [18] i 5.14. 

The molecular packing i n  the c rys ta l l ine  phase of 

t h i s  nemtogen is considerably &iff erent from t h a t  i n  the 

a r p t a l  s t ructures  of the neaatogerw mentioned s o  fa r .  The 

eight molecules i n  the unit c e l l  a r e  associated i n  pairs.  

A dimsr fosmed by two an t ipara l l e l  molecules re la ted  by a n  

inversion centre, cumprlses the basic structureil unit.  

These dimes un i t s  a r e  rrtaoke8 i n  a crossed fashion, 

resul t ing  i n  a highly imbricated packing. I n  th i s  s t ructure,  

it i s  d i f f i c u l t  t o  corre la te  the highly imbricated packing 

arrangement with the formation of the m a t i c  mssoghase. 

However, the authors suggest t h a t  the nematic phase may be 

formed a s  a consequence of the rupture of t he  interact ions 

between the dimare, when the dimer unit  i t s e l f  remain8 

Intact.  Thia i s  possible because the  in terac t ion  energy 



(I 5.14:  he mekeouhx axrawemat i n  a h - ~ l m  
of propyl 4-(4,-methoxy bensyliaeaelLIP1~0)-4" 
methyl oimamate [ la] .  



between two neigihbouring dimers i s  much emaller Compared 

t o  the in te rac t ion  energy between t he  two an t i pa r a l l e l  

moleeules whioh form the diner. 2he rupture of the  

in terac t ions  iamong t h e  dimers would lead t o  a loo& 

psrucallel alignment of t h e  dimere, r e su l t ing  i n  an arrange- 

ment s imilar  t o  t h a t  i n  a nematio mesophase* Phe authors 

thua predict  t h a t  t he  dimerio uni t  formed by two an t i-  

pa ra l l e l  molecules pe r s i s t s  i n  the nematic phase also.  

(b) Srnectogenic ~ r i r s t a l  Structures. 

A s  i n  the previous erection on nematogens, the very 

ea r ly  X-ray work on smectogens w i l l  be first refer red  t a  

before describing i n  d e t a i l  t he  r e s u l t s  of t h e  recent 

c rys ta l  s t ruc ture  analyses. 

(i) Ethyl ernisal p-amino - cinnamata [5] Pig. 5.1 5 .. 

Berm1 and Crowfoot prediot  a layered s t ruc tu re  

f o r  t h i s  c ry s t a l ,  with t he  neighbowing molecules within 

a layer  having an an t i pa r a l l e l  arrangement. 

( i i )  Ethyl g-aeoxybemoate [ I  9,201 Fig. 5.16 and 
Fig. I i r 1 7 .  

Phis smectogen ex i s t s  i n  two polymorphic 

oryeta l l ine  modifications, referred t o  as so l id  I a d  

so l i d  I1 respectively.  The c ry s t a l  sltructures i n  both 

theee phases have been determined. A layered staakfng 

of aroleculas, charac te r i s t i c  of a smectogen i s  found i n  







UFO 5.12: %he noleoulas a x x a ~ m n 9  i n  *he rrolid XI 
phase of e$hyl p-sr~ox~maoate [20] + 



both the  phases. Solid 11 has been found t o  be disordered, 

consisting of the  trans-qis and t h e  a j a - t w ! ~  oonformers 

of the molecule i n  the unit c e l l .  Of these,  the  former 

conformer i s  fonnd to  be more abundant. I n  cont ras t ,  

so l i d  I does not exhibi t  any disorder and oonsis ts  only 

of t h e  o j a - c ~ s  conformer. I n  so l id  11, the value of the 

component of the  dipole moment perpendicular t o  the  

molecular axis  and i n  the  plane of the molecule i s  found 

t o  be l e s s  than half  the value i n  so l id  I and the bportanoe 

of  dipolar interactioncl is found t o  reduce on going from 

so l id  I t o  so l id  11. Therefore, the authors f e e l  t h a t  

dlpolar interact ions a r e  not l i k e l y  to make a s igni f icant  

contribution t o  the l a t e r a l  a t t r a c t 1  ons be tween the  

moleaules i n  the  emeotic phase, which f ollows t h e  so l i d  I1 

phase. 

( i i i )  (Methyl-2-butyl)-2(0xo-l-~entyl)-7 dihydro-9, l u  
phenanthrene [21]  pig. 5.18. 

This smectogenic compound belongs t o  the  acyl- 

a lkyl  dihydro phenanthrene ser ies .  I n  the c rys ta l  strucliure, 

the  isopentyl ohain of one of the  two independent molecules 

i s  disordered and ex i s t s  i n  two equiprobable posit ions.  

The nearest  neighboursl i n  the uni t  c e l l  a r e  oriented anti-  

pa ra l l e l  t o  each other and t h e  molecules a r e  stacked i n  

layers.  





( l v )  Butyl-~(0x0-1 penty1)-7 dihydro-9,10 phenanthrene 
[22] Big. 5.19 

This emeotogen also belongs t o  t h e  aoyl-alkyl 

dihydro phenanthrene ser ies .  The molecules i n  t h i s  orys ta l  

rstructure pack i n  layers  and the  molecules within a layer  

a r e  associated i n  weak van der  Waals interactions.  The 

in terac t ions  a r e  between the a l i pha t i c  s ide  chains and the 

cen t r a l  r ings ,  an8 between two a l i pha t i c  aide ohalns of 

neighbowing molecules. The i n t e r a c t i  om between t he  

adjacent layers  a r e  of the dipole-dipole type a r i s ing  due 

t o  the interact ions between neighbouring oarbonyl groups. 

The nearest  netighbours a r e  an t ipa ra l l e l .  The atoms i n  

the a l ipha t io  s ide  chalns on e i t he r  s i de  of t h e  cent ra l  

aromatic group are  characterised by  very high thermal 

vibrat ions,  but no epeci f i  c mentf on of disorder  has been 

made. 

(v) Terephtal-bis-p-butyl an i l ine  (TBBA) [23] ,.-. 
Pig. 5.20. 

This oompouad e a i b i t s  two c r y s t a l l i n e  phases and 

several  l iquid  c rys ta l l ine  phases. The c ry s t a l  s t ruc tu re  

i n  the  room temperature so l id  phase has been determined 

by Doucet e t  al [23]. The molecules pack i n  layers  pa r a l l e l  

t o  the  bc-plane. The two butyl  s ide  chains of t h i s  molecule 

have been found t o  be disordered i n  the  room temperature 

so l id  phase. 



"She proktng of rolaeul.ea i n  the cryertal. sfpucsliwro of 
but@-2 (~xo-l-~ent!yl)-7 dthJdrs-9,10 ph,banmfhr*na [22]. 



%!he moleoular arrawoent i n  l(he orystal ~ 2 r u o t ~ e  of 
tesepht~nl-bis-p-bu%yl - aniline [ 231 . 



(vi)  8-p--Cyanobensylidsme-p-n-octy - - - l o x y a n i l  (QBOOA) . 
Fig. 5.21. 

The crys ta l  s t ruuture  of CBOOA hae been w a l p e d  

by the author and a detailed account is given i n  Chapter 3 

of t h i s  thesis .  The moleculee i n  t h i s  crys'tal a r e  paoked 

i n  layers  pa ra l l e l  t o  the ao-plane. The arrangement of  

moleoules i n  tlra bc-plane could be described as a herringbone- 

l i k e  pa t te rn  with the pairs  of molecules re la ted  by an 

inversion uentre oonsidered as  the  basic repe t i t ive  uni t ,  

The nearest nei@bours are oriented ant ipara l le l  t o  eaoh 

other. 

( v i i )  Oholesteryl myristate 1241 Big. 5.22 

$!hitis ermectogen exhibits a cholester io phase 

intermediate between i t s  smactic and ieotropic phases. 

The molecular packing i n  the crystal  corresponds t o  a 

layered s truoture expeoted o f  a smeotogen. But unlike 

i n  the other sme~togenic c rys ta l  s t ruotures dirscwsed i n  

thler section, t he  moleoules i n  oholegteryl myxistate 

pa& i n  bileyere. 20 describs t h i s  bilayer,  ra s t ruc tura l  

uni t  oomprised of two an t ipara l l e l  cholestesyl ny r l s t a t e  

moleoules oan be defined. These molecules a re  displaced 

longitudinally wi th  respect t o  each other  so t h a t  only 

t h e i r  myrfstate chains werlap.  %!he thicbieas of the  

b l l ayer  i e  approximately equal t o  the effeot ive length 

of t h i s  s t ructura l  unit.  



'pne ~ w e 1 p e a t  of rioxecu~e. an the bo-plmr o i  OQOQA ( @ W t e r  3) 





The 0(17) side chains of b 0th the  orys t a l lwraphi -  
aa l ly  indepem¶ent moleoules of cholesteryl  myrista%e a r e  

i2har~rcterised by very hi& t h e m a l  parameters and a r e  

found t o  be disordered. 

(a)  Qholesterogenio Orystal Structures 

Crystrit s t ruc ture  of no l i q u i d  o rys t a l l i n s  compound 

which transforms d i reo t ly  from the  s o l i d  t o  the oholesterio 

phase ha8 been reported. Cholem~leryl myrlstate [24] whose 

orystal  s t ructure  has been mentioned above i n  sec t ion  

5.2(b), exhibi ts  a smectio A phase intermediate between 

i t s  wild and oholesteria phases and heme, the molecular 

gacllting i n  i t s  orys ta l l ine  phase reremblee that i n  it@ 

smectf c phase. 

A detailed aiscussion on the  orystal  s t m c t u r e s  of 

aholosteryl ahloride and the  isornorphoua oholesteryl 

broinI.de (pig. 5.23) is given i n  Chapter 4 of t h i s  thes is .  

These are monotropic l iquid  c rys ta l s  an8 exhibit  t he  

choleeterio mesophase only while cooling. Cholesterics 

being very similar t o  nanatics, t he  molecular arrangement 

in a oholesterogen oould be expeated t o  be very similar 

t o  that i n  a ntomatogen. Howewer, it is in teres t ing  t o  

note t h a t  the moleoules i n  these iosomphous cholesterogemic 

Crystal8 pack i n  l ayers  i n  a smectic-like f a h i o n .  !the 
Cry@l;al s t ructures  a r e  charaoterlsled by very high themal  





parameters and t he  end chain i s  found t o  be disordered. 

5 3 Characterist ics - of mesogenic arys tal s t ructures  

Ihe above survey of t he  mesogenic c rys ta l  a tmctures  

confirms Ohe observatiom of Bernal and Crowfoot [5] t ha t  

nemtogene generally have an imbricated molecular packing, 

aa contrasted with the layered arrangement found i n  

amectogens. Among the  smectogenic osysbal s t ructures  

&t ecussed above, (methyl-2-buty1)-2(oxo-1-penty1)- 
7 &i hydro-9,10 phenanthrene [ 2  11 and ethyl-p-azoxybenzoate 

[I 9,201 transform d i rec t ly  i n to  the isotropic phase from 

the  smectic mesophase where-, the others exhibit  an 

intermediate nematic or cholesterio mesophase also.  But 

there i a  no d ia t ina t  difference i n  the molecular packing 

i n  these two types of compounds i n  t h e i r  respective 

c rys ta l l ine  phases. The layer- like packing i n  the 

cryeta l l ine  phase of all t heere compound s resemble a t ha t  

i n  t he  emectic phase which Immediately follows, and does 

not seem t o  be affeated by the ghaees following the 

smeotic phase. 

Ihe intsxmollscular cohesive f orces among the  

polar i  sable groups of neighbowl ng molecules gene r a l l y  

r e s u l t s  i n  a pa ra l l e l  (or an t ipara l l e l )  arrmgcment of 

molecules i n  a mesogen. The s trength 09 those fo~oerr i s  

determined mainly by the type of polar isable groups present 

and the i r  r e l a t i ve  positioning and t h i s ,  i n  turn,  is 



ref lected i n  the  arrangement of molecules i n  the  crys ta l  

etructure.  l!hus, the  presence and positioning of 

polarisable groupu, the  intermolecular foroes ana the 

molecular arraagermant i n  the  crys ta l  a re  interdepenaent 

am5 jo in t ly  determine the mesogenic or non-mesogenic 

nature of a compound consis t ing of geometrically aniso- 

tropic  molecules. 

When the molecules a r e  geometrically anisotropic,  

a arys ta l  l a t t i c e  having a layerea molecular arrangement 

i s  l i k e l y  to form a smectic mesophase if the  l a t e r a l  

foroes between the  molecules are strong and the terminal 

forces a r e  weak. If theso l a t e r a l  ooliesione a r e  strong 

enough, they may perrsist u n t i l  the isotropic phase i~ 

reached whereas weaker l a t e r a l  a t t rac t ions  may lead  t o  

the formation of a nematic mesophase intermediate between 

the  smectic and the  i so t ropic  phases. On the  other hand, 

i f  the  cohesive forces a r e  too strong, the c ry s t a l l i ne  

phase m y  transform d i rec t ly  i n t o  the  isotropic phase. 

A s imi lar  l i n e  of argument is also t rue  f o r  a c rys ta l  with 

an i sbr ica ted  molecular arrangement. 

Bowever, based on Che present day understanding 

of the  intermolecular foxces, it is d i f f i c u l t  t o  predict  

whether a oompound w i l l  form a l iquid c r y s t a l  on heating 

or the type of meetophase it w i l l  exhibi t ,  even when the  

molecular packing i n  the c rys ta l  i s  known. 
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