


APPENDIX 1 

ENHANCED SMECTIC A MESOPHASE I N  MIXTURES OF TWO 

TERMINALLY POLAR COMPOUNDS 

INTRODUCTION 

Compounds hav ing th ree  phenyl r i n g s  and e s t e r  

l i n k a g e  groups w i t h  t h e  d i p o l e s  opposing t h a t  o f  t h e  end 

cyano o r  n i t r o  groups are  known t o  e x h i b i t  a  v a r i e t y  o f  

smect ic A phases [ 1 , 2 , 3 ] .  I n  order  t o  s tudy t h e  e f f e c t  o f  

molecular  s t r u c t u r e  on t h e  mesomorphic p r o p e r t i e s ,  severa l  

homologues o f  n i t r o  compounds s i m i l a r  t o  t h e  above b u t  

w i t h  o n l y  two phenyl r i n g s  have been synthes ized i n  our  

l a b o r a t o r y  [ 4 ] .  Though none o f  them i s  mesogenic, when t h e  

t w e l f t h  homologue i s  mixed w i t h  even a  few percent  o f  

o t h e r  nematogens w i t h  p o l a r  end groups, a  smecti  c  

phase i s  ' induced' .  

Induced smectic phases are u s u a l l y  formed when 

weakly p o l a r  nematogens a r e  mixed w i t h  nematogens w i t h  

h i g h l y  p o l a r  end groups (HPEG) [5]. Charge t r a n s f e r  

complex fo rmat ion  between the  two species appears t o  

favour  the  fo rmat ion  o f  the  layered phases [ 6 ] .  The 

smect ic A phase e x h i b i t e d  by many compounds w i t h  HPEG i s  

o f  t h e  Ad type.  I n  b ina ry  mixtures o f  these w i t h  p u r e l y  

nematogenic compounds having HPEG t h e  AN t r a n s i t i o n  

boundary o f t e n  has a  p a r a b o l i c  shape, r e s u l t i n g  i n  t h e  



occurrence o f  a reen t ran t  nematic phase f o r  c e r t a i n  

composition ranges [7,8]. Usual ly  i n  such systems t h e  AN 

t r a n s i t i o n  p o i n t  T AN  decreases as the  concent ra t ion  o f  

the pure nematogen i s  increased. But i n  the phase diagram 

o f  a s i m i l a r  system, described below, we f i n d  a 

considerable enhancement i n  T AN before i t t u r n s  around 

and s t a r t s  decreasing. We have a lso  measured t he  smectic 

layer  spacings and the d i e l e c t r i c  constants f o r  a few 

compos i ti ons . 

EXPERIMENTAL 

Tbe compound 5-(4-n-butylpheny1)-2-(4-cyanophenyl)- 

pyr imid ine (4PCPP) was obtained from Hoffman-La Roche 

and was used wi thout  f u r t h e r  p u r i f i c a t i o n .  n-dodecyl-4-(4'- 

ni t robenzoyloxy)  benzoate (12 NBOB) was synthesized i n  our 

laboratory  us ing standard procedures. I t  was f i r s t  

p u r i f i e d  by column chromatography on s i l i c a  ge l  us ing 

benzene as e luant .  I t was f u r t h e r  p u r i f i e d  by 

r e c r y s t a l l i z a t i o n  from absolute ethanol. The s t r u c t u r a l  

formulae and the t r a n s i t i o n  temperatures are g iven i n  

F ig .  1. The t r a n s i t i o n  temperatures o f  the mixtures were 

determined using a Me t t l e r  FP52 ho t  stage and a p o l a r i z i n g  

microscope. The Xray s tud ies  were made on samples taken i n  

Lindemann c a p i l l a r y  tubes. Copper Kq: r a d i a t i o n  r e f l e c t e d  

o f f  a bent quartz  c r y s t a l  monochromator was al lowed t o  



f a l l  on the  magnet ical ly a l igned  sample. The d i f f r a c t i o n  

pat terns  were recorded photographical ly .  The low frequency 

p r i n c i p a l  d i e l e c t r i c  constants were measured a t  1592 Hz 

using a  Wayne Kerr (8642) br idge.  The d ispers ion  s tud ies  

up t o  13 MHz were c a r r i e d  o u t  w i t h  a  Hewlett  Packard L.F 

impedance analyser(4192 A ) .  Both the s t a t i c  and d ispers ion 

s tud ies  were made on samples taken between two aluminium 

coated g lass p la tes  separated by mylar spacers o f  about 

125 pm thickness. A 14 kGauss magnetic f i e l d  was used t o  

a l i g n  the  samples so t h a t  the same sample cou ld  be used 

f o r  measuring the p r i n c i p a l  d i e l e c t r i c  constants p a r a l l e l  

and normal t o  the d i r e c t o r .  The c e l l  was i nse r ted  i n t o  the 

heater assembly which was evacuated t o  remove any a i r  

bubbles present i n  the sample and then f lushed w i t h  

n i t rogen.  The temperature was recorded using a  copper- 

constanton thermocouple. 

RESULTS AND DISCUSSION 

As can be seen from the  s t r u c t u r a l  formula (F ig .  

I), i n  4PCPP the d ipo le  moments o f  the py r im id ine  bonds 

re in fo r ce  t h a t  o f  the  cyano end group. The nematic- 

i s o t r o p i c  t r a n s i t i o n  p o i n t  o f  t h i s  compound i s  r a the r  h igh 

a t  244.7"C. I n  12 NBOB the two ester  d ipo les  a re  opposed 

t o  t h a t  o f  the n i t r o  end group. The compound i s  non- 

mesomorphic. We could supercool the i s o t r o p i c  phase down 



t o  only about 4 5 ' C .  

The phase diagram o f  the b inary mixtures o f  4 PCPP 

and 12 NBOB i s  shown i n  F ig .  2 .  Addi t ion o f  even about 

6% o f  4 PCPP leads t o  t h e  formation o f  a monotropic 

smectic A  phase i n  12 NBOB . The I A  t r a n s i t i o n  p o i n t  

increases w i t h  increase o f  4 PCPP content, and i t  becomes 

enan t io t rop ic  a t  about 70% o f  12 NBOB. By ex t rapo la t i ng  

the I A  t r a n s i t i o n  curve back t o  pure 12 NBOB, one gets a 

'hidden' I A  t r a n s i t i o n  p o i n t  a t  about 4 0 ° C .  A s  mentioned 

e a r l i e r ,  we could no t  supercool the i s o t r o p i c  phase o f  12 

NBOB t o  t h i s  temperature. The N phase appears f o r  

compositions w i t h  less  than about 65% o f  12 NBOB and the  

N I  t r a n s i t i o n  temperature increases ve ry  s teep ly  wi th '  

f u r t h e r  decrease o f  12 NBOB content. A t  t he  same time, the  

AN t r a n s i t i o n  boundary develops a curvature towards the 

composition ax i s  and i t becomes parabol ic  w i t h  the  a x i s  o f  

the parabola t i l t e d  a t  a considerable angle. The A phase 

does no t  e x i s t  f o r  l ess  than about 37% o f  12 NBOB and the  

mixtures having j u s t  h igher 12 NBOB content e x h i b i t  the  

reent rant  nematic phase ( N R ) .  The A - NR t r a n s i t i o n  i s  

monotropic f o r  a l l  compositions. Both the N I  and A1 

t r a n s i t i o n s  are broad, w i t h  a considerable temperature 

range o f  coexistence o f  t he  two phases. On the o ther  hand, 

the AN t r a n s i t i o n s  are  qu i t e  sharp. The i n i t i a l  



Fig.1. Structural formulae and transition temperatures of 
(a) 5-(4-n-butylphenyl)-2-(4-cyanophenyl)-pyrimidine(4 
PCPP) and (b) n-dodecyl-4-(4'-nitrobenzoy1oxy)bencoate 
(12 NBOB). 
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F i g . 2 .  T h e  phase diagram of mixtures of 4 PCPP and 12 
NBOB. T h e  melting curve i s  shown in dashed lines. (The 
AN and ANR coexistence ranges are less than 1°C). 



enhancement i n  the thermal s t a b i l i t y  o f  the  A phase w i t h  

an increase i n  the 4 PCPP content, and the f a c t  t h a t  TNA 

a t t a i n s  the (broad) maximum value f o r  the 50 mole percent 

mixture i nd i ca te  t h a t  there may be s p e c i f i c  i n t e r a c t i o n s  

between the two types o f  molecules favour ing the  s t a b i l i t y  

o f  the A phase. These features  are usua l ly  observed i n  

b inary mixtures o f  h i g h l y  ( t e r m i n a l l y )  po la r  mesogens w i t h  

weakly o r  nonpolar ones. Charge- transfer complex format ion 

between the two types o f  molecules i s  responsible f o r  t h i s  

behaviour 161. Therefore i t i s  poss ib le  t h a t  charge- 

t r ans fe r  complexes are formed i n  the system under study. 

The r e s u l t s  o f  the d i e l e c t r i c .  s tud ies  discussed l a t e r  

f u r t h e r  support t h i s  conclusion. Since both the components 

o f  t h i s  system possess h i g h l y  po la r  end groups i t  i s  

d i f f i c u l t  t o  i d e n t i f y  the donor and the acceptor. But  the  

d i f fe rence  i n  the o r i e n t a t i o n  o f  d i f f e r e n t  d i po les  i n  

these two molecules may be o f  importance i n  t h i s  context .  

A n i t r o  compound w i t h  a  s i m i l a r  s t r uc tu re  as 12 NBOB bu t  

w i t h  three phenyl r i n g s  and an alkoxy chain i s  known t o  

e x h i b i t  two reent rant  phases [9]. The absence o f  the  t h i r d  

phenyl r i n g  i n  12 NBOB apparent ly adversely a f f e c t s  i t s  

po ten t i a l  t o  form mesophases. The most s i g n i f i c a n t  f ea tu re  

o f  the phase diagram (F ig .  2 )  i s  the tilt o f  t h e  a x i s  o f  

the  parabol ic  AN t r a n s i t i o n  curve. The 'enhancement' o f  

the  A phase may be a  consequence o f  the steepness o f  the  



N I  boundary. I n  t h i s  contex t  i t  may be noted t h a t  Keyes 

[ l o ]  has recent ly  developed a Landau theory o f  the  

reent rant  nematic phase by inc lud ing  a term coup l ing the  

nematic and smectic order  parameters. This would imply 

t h a t  the shape o f  the AN boundary would be s t rong ly  

in f luenced by t h a t  of the N I  boundary as found i n  t he  

present inves t iga t ion .  

The temperature v a r i a t i o n  o f  the layer  spacings 

( d )  i n  the A phase o f  several  compositions are shown i n  

Fig.  3 .  The mixture w i t h  40% 12 NBOB which e x h i b i t s  a 

reent rant  nematic phase, has a small thermal v a r i a t i o n  o f  

d but  shows a broad minimum i n  the middle o f  t he  smectic 

range, i n  agreement w i t h  e a r l i e r  s tudies on some reen t ran t  

compounds [ 1 1 1 .  When the  12 NBOB content i s  more than 80%, 

the layer  spacing decreases w i t h  temperature, as i n  

compounds w i t h  bas i ca l l y  s i m i l a r  s t r uc tu re  13 ,121 .  The 

molecular length  ( 1 )  o f  both the components were found 

using the Dreid ing models. It i s  2 1 . 8  f o r  4 PCPP and 32 

f o r  12 NBOB . The d / l  r a t i o  i s  p l o t t e d  as a f u n c t i o n  o f  

composition a t  T AN = 2.C i n  F ig .  4 .  It i s  about 1 . 2 3  f o r  

the mixture w i t h  40% O f  12 NBOB and increases w i t h  

increase o f  12 NBOB content  up t o  about 60% o f  t he  l a t t e r  

compound a f t e r  which i t satura tes  a t  about 1 . 3 2 .  We can 

compare the d/1 values o f  t he  12 NBOB r i c h  mixtures w i t h  



Fig.3. Temperature variation of the smectic layer spacing 
of a few mixtures of 4 PCPP and 1 2  NBOB. Numbers 
against the symbols indicate the mole percent of 12  
NBOB . 

Fig.4. Variation of d / l  ratio with the concentration of 12  
NBOB. d value of each mixture corresponds to the 
temperature T TNA - 2°C.  The 1 values of the 
mixtures are calculated as the sum of the component 
values multiplied by the mole fractions. 
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those of s i m i l a r  compounds w i t h  three phenyl r i ngs .  

DB8N02 which has an o c t y l  chain shows an Ad phase w i t h  

d / l  r a t i o  about 1.45 [13], wh i le  DB9ON02 w i t h  a nonyloxy 

chain exh ib i t s  a s i m i l a r  phase w i t h  d / l  about 1.25 [ 9 ] ,  

the  l a t t e r  compound e x h i b i t i n g  a r i c h  polymesomorphism. 

The reduct ion o f  the  number o f  phenyl r i ngs  t o  two reduces 

the smect ic- isotropic t r a n s i t i o n  temperature so s t r o n g l y  

as t o  make it unobservable i n  pure 12 NBOB. 

The low frequency d i e l e c t r i c  constants are shown 

i n  Figs. 5 and 6 f o r  two compositions. The mixture w i t h  

70% 4 PCPP has a la rge  d i e l e c t r i c  anisotropy ) ,  as the  

4 PCPP molecule has a la rge  long i tud ina l  d i po le  moment. 

The la rge N I  coexistence range (Fig.2)  r e s u l t s  i n  a smooth 

v a r i a t i o n  o f  E, ,  and values across the broad t r a n s i t i o n  

region. increases w i t h  increase o f  temperature due 

t o  a reduct ion o f  a n t i  para1 l e l  co r re la t i ons  between 

neighbouring molecules [14]. However, < E >  =(E,, + 2€,)/3 i n  

the nematic phase shows a decrease w i t h  temperature, 

probably implying t h a t  the  associat ion between neighbours 

i n  the h igh ly  po la r  4 PCPP component i s  e s s e n t i a l l y  

unaffected by the  increase o f  temperature i n  the  

o r i e n t a t i o n a l l y  ordered nematic phase. 

The mixture w i t h  60% 4PCPP (see Fig.  6 )  cou ld  n o t  



Temperature ,O C 

Fig.5. The low frequency principal dielectric constants 
and the dielectric anisotropy at 1592 Hz of the 7 0 % , 4  
PCPP mixture as a function of temperature. 



be supercooled below about 50°C i n  the d i e l e c t r i c  c e l l .  A 

cur ious r e s u l t  i n  t h i s  mixture i s  an increase o f  as the  

temperature i s  lowered i n  the  A phase. Th is  again may be 

a t t r i b u t e d  t o  the format ion o f  charge- transfer complexes 

i n  the  mixture which would increase the  transverse 

p o l a r i z a b i l i t y  [ 1 5 ] .  

The d i e l e c t r i c  d ispers ion o f  E,, i s  shown i n  F i g .  7 

f o r  a mixture w i t h  50% 12 NBOB, i n  the form o f  a Cole-Cole 

p l o t .  I t i s  i n t e r e s t i n g  t o  note t h a t  even though the  

mixture has equal propor t ions o f  two d i f f e r e n t  components 

w i t h  d i f f e r e n t  molecular lengths, t he  d ispers ion i s  

character ized by a s i n g l e  re l axa t i on  t ime and the Cole- 

Cole p l o t  gives good semic i rcu lar  p lo ts ,  w i t h  the  centres 

l y i n g  on ly  s l i g h t l y  below the  E '  ax is .  We have l i s t e d  i n  

t a b l e  1 the re laxa t ion  frequencies (f,) a t  TNI - T =25"C 

and the a c t i v a t i o n  energies of mixtures w i t h  30,40 and 50 

mole percent o f  12 NBOB. There i s  a reduct ion i n  f, and 

an increase i n  the a c t i v a t i o n  energies as the  12 NBOB 

content i s  increased (up t o  50%). These t rends appear t o  

conf i rm t h a t  the two types o f  molecules have s p e c i f i c  

i n te rac t i ons  l i k e  charge- transfer complex format ion and 

i nd i ca te  t h a t  the molecular complex responds as a u n i t  t o  

the ex terna l  AC f i e l d  1161 .  The a c t i v a t i o n  energies have 

values t y p i c a l  o f  s i m i l a r  systems and as i s  observed f o r  
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Fig.6. The low frequency principal dielectric constants 

and the dielectric anisotropy at 1592 Hz of the 60% 4 
PCPP mixture as a function of temperature. The 
vertical arrow on the temperature axis indicates the 
nematic -smectic transition point. 

Fig.7. Cole - Cole plots for E,, relaxation in the 50% 12 
NBOB mixture at three different temperatures. 



TABLE 1 

Mole % Relaxat ion frequency Ac t iva t ion  Energy ( e V )  ...................... 
o f  a t  TNI - T = 2 5 ' C  Nemat i c Smectic A 

12 NBOB (MHz)  Phase Phase 

* Extrapolated 

The re laxa t ion  frequency and the  a c t i v a t i o n  energies o f  a 
few mixtures o f  4 PCPP and 12 NBOB. 



several other compounds and mixtures, it is lower in the 

smectic A phase than in the nematic phase [ 1 7 - t 9 1 .  

In conclusion, 12 NBOB has a hidden smectic A 

phase which becomes evident on mixing it with even a very 

small quantity of a second polar compound. Our studies on 

mixtures of the former with 4 PCPP show some interesting 

features like a tilt of the axis of the parabolic AN phase 

boundary and also indicate the presence of specific 

interactions between the two types of molecules. 
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APPENDIX 2 

INDUCTION OF SMECTIC C PHASE IN BINARY MIXTURES OF 

COMPOUNDS WITH CYAN0 END GROUPS 

INTRODUCTION 

Mesomorphic compounds w i t h  s t rong ly  po la r  cyano end 

group e x h i b i t  a  v a r i e t y  o f  i n t e r e s t i n g  phenomena. 

Neighbouring molecules o f  such compounds tend t o  a l i g n  

w i t h  an a n t i p a r a l l e l  con f igu ra t ion  [1,2] t o  minimize the  

mutual i n t e r a c t i o n  energy. Generally t h i s  leads t o  the  

formation o f  b i l aye rs ,  w i t h  an i n t e r d i g i t a t i o n  o f  p a r t s  o f  

neighbouring molecules [3,4] .  The b i l a y e r  spacing depends 

upon the molecular s t r uc tu re  o f  the compounds. In e a r l i e r  

s tudies i n  our labora to ry ,ce r ta in  i n t e r e s t i n g  p rope r t i es  

were found i n  compounds w i t h  two es te r  l inkages and a  

l a t e r a l  methyl group i n  the aromatic core. For example, 12 

CPMBB (F ig .  l a )  has the es te r  d i po le  moments a c t i n g  

p a r a l l e l  t o  t h a t  o f  the  cyano end group. The compound 

e x h i b i t s  the reent rant  nematic phase a t  temperatures lower 

than those corresponding t o  the s t a b i l i t y  o f  the  smectic A 

phase 151. Further ,  Xray s tud ies  [ 6 ]  ( F ig.  4 )  reveal  t h a t  

the b i l aye r  spacing d  z 1 . 3  1  where 1  i s  the molecular 

length as ca lcu la ted using Dr ieding models. If we now 

interchange the two end groups, the r e s u l t i n g  12 PMCBB 

(F ig .  1b) has the es te r  group d ipo le  moments i n  an 

an t ipa ra l  l e l  a1 ignment w i t h  reference t o  t h a t  of t he  



terminal  cyano group. 12 PMCBB e x h i b i t s  a  very la rge  

b i l a y e r  spacing ( z  1.7  1)  a t  the lowest temperature o f  

measurement, which decreases r a p i d l y  as the temperature i s  

ra ised i n  the A phase C71. Further ,  the layer  spacing vs. 

temperature diagram e x h i b i t s  a  slope change i n d i c a t i v e  o f  

a  possib le Ad-Az t r a n s i t i o n  (Fig.  4 ) .  

A physical  model t o  account f o r  these observat ions was 

proposed i n  Ref. 7 . While neighbouring 12 CPMBB molecules 

would p re fe r  t o  have i n t e r d i g i t a t i o n  o f  the  e n t i r e  

aromatic cores t o  minimize the  i n te rac t i on  energy, such a  

s t ruc tu re  would lead t o  a  s t rong ly  repu ls i ve  d i p o l a r  

energy between the  cyano group and an es ter  group o f  t he  

neighbouring molecules i n  t he  case o f  12 PMCBB (F ig.  5 ) .  

Our s tud ies  on mixtures o f  12 CPMBB w i t h  12 PMCBB are 

reported below. Unexpected1 y , the mixtures exhi b i t  an 

' induced' smectic C phase over a f a i r l y  wide range o f  

composition. 

EXPERIMENTAL 

The compounds were synthesized i n  our chemistry 

laboratory and t h e  d e t a i l s  o f  the synthesis are reported 

elsewhere [5,8]. The mixtures were made by weighing 

d e f i n i t e  propor t ions o f  the compounds and p h y s i c a l l y  



mixing them i n  the i s o t r o p i c  phase. The t r a n s i t i o n  

temperatures were determined using a M e t t l e r  FP52 h o t  

stage used i n  con junct ion w i t h  a p o l a r i z i n g  microscope. 

The Xray s tud ies  were made on samples taken i n  Lindemann 

c a p i l l a r y  tubes. Copper K e  r ad ia t i on  r e f l e c t e d  o f f  a 

bent quartz c r y s t a l  monochromator was al lowed t o  f a l l  on 

the magnet ical ly a l igned sample. The d i f f r a c t i o n  pa t t e rns  

were recorded photographical ly .  The temperature o f  t he  

sample was measured using a copper-constanton 

thermocouple. 

RESULTS AND DISCUSSION 

Many o f  the mixtures e x h i b i t  s t r i p e d  f oca l  con ic  

domains and the sch l ie ren  t ex tu re  c h a r a c t e r i s t i c  o f  t he  C 

phase when cooled from the  A phase (Fig.  2) .  When 

observat ions are made between crossed po la r i ze rs  on 

homeotropical ly a l igned regions o f  the A phase, the A-C 

t r a n s i t i o n  i s  heralded by the appearance o f  a f a i n t  

wh i t i sh  background, the  i n t e n s i t y  o f  the t ransmi t ted l i g h t  

increasing a t  lower temperatures. This i s  caused by the  

increase o f  the tilt angle o f  the molecules as t he  

temperature i s  lowered i n  the  C phase. 

The phase diagram o f  the  mixtures i s  shown i n  Fig.  3. 

A l l  the  t r a n s i t i o n  temperatures correspond t o  those 



Fig.1. Structural formulae of ( a )  4-cyanophenyl-3'-methyl- 
4'(4"-n-dodecylbenzoyloxy)benzoate (12 CPMBB) and (b) 
4-n-dodecylphenyl-3'-methyl-4'(4"-cyanobenzoyloxyjbenz- 
oate (12 PMCBB). 

Fig.2. The schlieren texture of the smectic C phase of the 
50% mixture of 12 CPMBB and 12 PMCBB. 



recorded whi le coo l ing  t he  sample. I t i s  seen t h a t  

mixtures w i t h  about 10% t o  a  l i t t l e  over 65% o f  12 PMCBB 

e x h i b i t  the  C phase. As we noted e a r l i e r ,  pure 12 CPMBB 

e x h i b i t s  the reen t ran t  nematic ( N R )  phase. The ANR 

t r a n s i t i o n  p o i n t  decreases as 12 PMCBB i s  added t o  t h i s  

compound, and the  mix ture  w i t h  about 10% o f  12  PMCBB 

e x h i b i t s  the  sequence A - C - NR as i t  i s  cooled. Beyond 

about 15% o f  12 PMCBB, the  sample c r y s t a l l i s e s  before it 

can be supercooled s u f f i c i e n t l y  t o  observe the  CNR 

t r a n s i t i o n .  The AC t r a n s i t i o n  temperature ( T A c )  goes up 

s lowly as the p ropor t ion  o f  12 PMCBB i s  increased, 

a t t a i n i n g  a  broad maximum a t  about 55% o f  t he  l a t t e r  

compound. The mixture w i t h  80% 12 PMCBB d i d  n o t  e x h i b i t  

the C phase though the A phase could be supercooled r i g h t  

down t o  the room temperature. I t i s  i n t e r e s t i n g  t o  note 

t h a t  the AN t r a n s i t i o n  boundary shows a  shal low minimum 

f o r  the composition f o r  which the A, C and NR phases 

coex is t  a t  a  c e r t a i n  temperature even though TAN occurs 

a t  about 8 0 ° C  above t h a t  temperature. 

The temperature v a r i a t i o n  o f  the layer  spacings o f  12 

CPMBB (taken from r e f .  6), 12 PMCBB (taken from r e f .  7 )  

and a  few mixtures are shown i n  Fig.  4. 12 CPMBB shows a 

broad minimum i n  the curve, the  layer  spacing increas ing 

s l i g h t l y  as the temperature approaches both TAN= and 



Fig.3. Phase diagram of the mixtures of 12 CPMBB and 
12 PMCBB. 

U 
' - 100- 
? 
3 - g 80-  

5 

Fig.4. Temperature variation of the smectic layer spacing 
in inixtures of 12 CPMBB and 12 PMCBB. The number 
against each curve indicates the mole percent of 
12 PMCBB in the mixture. 

A 

t- 60 

LO 

20-  

- NRE 

. 
I I I I I I I I I 

0 10 20 30 LO 50 60 70 80 90 100 

Mo le  Percent of 12 PMCBB 



T A N .  12 PMCBB shows a substant ia l  increase i n  t he  layer  

spacing as the temperature i s  lowered. Fur ther ,  a slope 

change i n  the curve i nd i ca tes  a possib le A-A t r a n s i t i o n .  

Curiously, the mixture w i t h  80% o f  12 PMCBB shows an 

even l a rge r  increase i n  layer  spacing over a s i m i l a r  

temperature range (F ig .  4 ) .  I n  the case o f  the  mixture 

w i t h  65% o f  12 PMCBB a lso ,  the layer  spacing expands 

subs tan t i a l l y  on coo l ing  the sample, t he  r a t e  o f  

expansion increasing as t he  temperature i s  lowered, u n l i k e  

i n  the case o f  mixtures w i t h  la rger  p ropo r t i on  o f  12 

PMCBB. Fu r the r , i n  the former case the layer  spacing goes 

through a wel l  def ined maximum a t  about 5 2 . 5 ' C  and then 

s t a r t s  decreasing w i t h  f u r t h e r  lowering o f  temperature, 

i n d i c a t i n g  t h a t  the AC t r a n s i t i o n  has taken place. A 

s i m i l a r  t rend i s  noted f o r  mixtures w i t h  5 0 , 3 6 , 2 4 . 7  and 18 

per cent o f  12 PMCBB. The layer  spacing genera l ly  

decreases as the p ropor t ion  o f  12 PMCBB i n  the  mix ture  i s  

lowered, except f o r  a cross over between the  24 .7  and 18% 

mixtures c lose t o  T A N .  However, the peak values show a 

monotonical ly decreasing t rend.  

The Xray d i f f r a c t i o n  photographs show a c l e a r  c u t  

broadening o f  the Bragg spots on going from the  smectic A 

t o  the  C phase. The second order r e f l e c t i o n  i s  s t rong f o r  

mixtures conta in ing 80% and 65% o f  12 PMCBB a t  low 



temperatures, both i n  the  A and C phases. But f o r  mixtures 

w i t h  lesser  percentages of 12 PMCBB the  second order  

r e f l e c t i o n  i s  no t  observed even a t  lower temperatures. 

We have ca lcu la ted t h e  'expected' values o f  l ayer  

spacings o f  the mixtures us ing those o f  the  two pure 

compounds a t  the temperature corresponding t o  t he  peak i n  

each case. The ca lcu la ted value agrees w i t h  the  measured 

value on ly  f o r  the 50% mixture.  On the o ther  hand, the  

ca lcu la ted  value i s  h igher ( lower)  than t he  experimental 

value f o r  mixtures w i t h  lower (h igher )  percentage o f  12 

PMCBB. Obviously mutual i n te rac t i ons  between 12 CPMBB and 

12  PMCBB molecules are important  i n  the mixtures. We could 

v i s u a l i s e  the formation o f  12 CPMBB-12 PMCBB p a i r s  w i t h  an 

a n t i p a r a l l e l  alignment. The energy o f  such a  p a i r  a r i ses  

from (1 )  the st rong an i so t rop i c  d ispers ion f o r ce  between 

the aromatic pa r t s  o f  t h e  molecules which favours a  

maximum overlap between the  cores and ( 2 )  the  i n t e r a c t i o n s  

between the  cyano and es te r  d ipo le  moments o f  the  two 

molecules which may be e i t h e r  a t t r a c t i v e  o r  repu ls ive .  A s  

we have mentioned e a r l i e r ,  two 12 CPMBB molecules would 

favour a  complete over lap o f  the aromatic cores as i n  

F i g .  5 (a ) ,  whi le two 12 PMCBB molecules would favour an 

overlap on ly  near the po la r  end groups as i n  F ig.5(b) .  The 

l a t t e r  s t r uc tu re  i s  f r a g i  l e ,  s ince the  i n t e r a c t i o n  



Fig.5. Schematic diagram of the proposed arrangement of 
(a) a pair of 12 CPMBB molecules, ( b )  a pair of 
12 PMCBB molecules and (c) a 12 CPMBB molecule and a 
12 PMCBB molecule. 



hold ing the  p a i r  together i s  conf ined t o  one end o f  the  

molecule. Thus i t can e a s i l y  break up g i v i n g  r i s e  t o  the  

la rge  thermal con t rac t ion  o f  the layer  spacing (F ig .  4 ) .  A 

simple est imate shows t h a t  i f  there i s  a  complete over lap 

o f  the aromatic cores o f  a  p a i r  o f  12 PMCBB and 12 CPMBB 

molecules, the ne t  d i po la r  i n t e r a c t i o n  i s  weakly p o s i t i v e .  

Probably the  energy minimum occurs f o r  a  p a r t i a l  over lap 

of the cores as i n  F ig .5 (c ) .  This would lead t o  a  b i l a y e r  

thickness which i s  in termediate between those o f  12 CPMBB 

and 12 PMCBB pa i r s .  This s t ruc tu re  could account f o r  the 

dev ia t ions between the ca lcu la ted and measured values 

o f  the layer  spacings o f  the mixtures. Fur ther ,  t h i s  

s t ruc tu re  should a lso  be r e l a t i v e l y  f r a g i l e  and the break 

up o f  the s t ruc tu re  would con t r ibu te  t o  t he  l a rge  

temperature v a r i a t i o n  o f  the  layer  spacing o f  the 

mixtures. 

We a lso  no t i ce  from F ig .  5 (c )  t h a t  wh i le  t he  d i p o l a r  

i n t e r a c t i o n  between the cyano group o f  the  12 PMCBB 

molecule and one o f  the es te r  groups o f  the 12 CPMBB 

molecule i s  a t t r a c t i v e ,  t h a t  between the cyano group o f  

the 12 CPMBB molecule and an es ter  group o f  the  12 PMCBB 

molecule i s  repuls ive.  I t i s  thus l i k e l y  t h a t  such a 

s t ruc tu re  would be splayed, w i t h  t he  two molecules n o t  

being exac t l y  a n t i p a r a l l e l  t o  each o ther .  Th is  may i n  t u r n  



be p a r t l y  responsible f o r  t he  occurrence o f  t he  smectic C 

phase over a considerable composition range o f  the  . - 
mixtures. As the  temperature i s  lowered, the  number o f  

p a i r s  o f  molecules w i t h  t he  s t ruc tu re  o f  F ig.  5 ( c )  should 

increase, con t r i bu t i ng  f i r s t l y  t o  t h e  layer  expansion, and 

as the number reaches some c r i t i c a l  value, t o  t h e  t i l t e d  

s t ruc tu re  c h a r a c t e r i s t i c  o f  t he  C phase.As the temperature 

i s  lowered i n  the C phase, it i s  very l i k e l y  t h a t  the  

number o f  p a i r s  o f  12 PMCBB - 12  CPMBB as we l l  as two 

12  PMCBB molecules cont inues t o  increase. Hence we have 

not  t r i e d  t o  ca lcu la te  the tilt angles from the  measured 

layer  spacings. 

I t i s  worthwhile no t i ng  t h a t  i n  some e a r l i e r  work 

where b inary  mixtures of cyano compounds one o f  which 

e x h i b i t s  the C phase have been studied, the  l a t t e r  phase 

does no t  extend over a wide composition range o f  the  

mixtures [9]. 

I n  conclusion, mutual d i po la r  i n t e r a c t i o n  between the  

12 CPMBB and 12 PMCBB molecules appears t o  be responsib le 

f o r  the induct ion o f  the  t i l t e d  smectic C phase. 
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