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DETECTZON OF A NEW LZQUZD CRYSTAL PHASE TN A BZNARY 
SYSTEM BY THERMAL PHASE STUDIES 

* 
PBK SARMA, G SATYANANDAM, and CRK MURTY 
D c p m c M R  u d  P h y b i c n ,  N a g u h j u n u  UniwcuLcsy, 
NAGARJUNANAGAR 5 2 2 5 1 0 ,  Ind ia  

( S u b m i L t e d  d O h  p u b L i c a t i u n  A u g u n t  2 5 ,  1 9 8 0 )  

A b n L t c t c t :  
undecylena te- te t rabuty l  t i n  have been c a r r i e d  o u t  a t  
h igher  concent ra t ions  than previous ly .  The mixture ,  
during the  cool ing  cyc le ,  p re sen t s  a new t e x t u r e  
resembling ' I sogyres ' .  The photographs show the  
formation of t he  I sogyres  a long wi th  t h e  o the r  phases .  
Pre l iminary  comparisons of t he  I s o g y r i c  s t r u c t u r e  
sugges t  t h a t  t he  new phase i s  c h o l e s t e r i c .  

S tudies  on the  b inary  mixture EPAP 

InLtuducLiOn: 
s t a b i l i t y  on a s c a l e  of i nc reas ing  temperature i s  
So l id  + Smectic -+ Nematic/Choles t e r i c  + I s o t r o p i c .  
t h i s  order  i s  gene ra l ly  t r u e ,  r ecen t  i n v e s t i g a t i o n s  of b ina ry  
mixtures  of mesogenic cyano compounds by Cladis '  and of pure 
compounds by Madhu Sudana ct a1.* have revealed the  ex i s t ence  
of r e e n t r a n t  nematic phase t r a n s i t i o n s  on cool ing.  A t  
e l eva ted  p r e s s u r e s ,  r e e n t r a n t  nematic phase t r a n s i t i o n s  i n  
pure cyano compounds have a l s o  been observed."'" 
of dev ia t ion  from the  genera l  behaviour are r e l a t i v e l y  few 
i n  l i t e r a t u r e  r e p o r t s .  

I t  i s  we l l  known t h a t  t he  order  of  mesophase 

Though 

Such types  

In  the  p re sen t  work, a new dev ia t ion  i s  repor ted  f o r  t h e  
f i r s t  time f o r  a b ina ry  mixture  of a mesomorphic and a 
non-mesomorphic sys  tern. 

EPAP undecylenate  i s  the  chosen nematic  so lven t  and t e t r a -  
bu ty l  t i n ,  a non-cor re la t ing  and non-mesomorphic s o l u t e ,  i s  
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156 P. B. K. SARMA, G .  SATYANANDAM, and C. R. K. MURTY 

taken f o r  i n v e s t i g a t i o n  as the  s o l u t e .  S tudies  of phase 
diagrams of t h i s  b ina ry  mixture  f o r  lower concent ra t ions  have 
been repor ted  elsewhere.  The p resen t  s t u d i e s  have been 
extended t o  h igher  s o l u t e  mole f r a c t i o n s  with a view t o  f ind ing  
the composition range of nematic s t a b i l i t y .  

ExpU~&~~vLtul?: The s tudy of t h e  phase t r a n s i t i o n s  has  been 
c a r r i e d  out  us ing  a p o l a r i z i n g  microscope wi th  a hot -s ta  e. 
The accuracy i n  t h e  measurement of temperatures  i s  L0.25 C. 
So lu te  mole f r a c t i o n s  from 0.30 onwards have been s tud ied .  

8 

Previous s t u d i e s 5  of t he  same b inary  system showed the  presence 
of a two phase reg ion  f o r  bo th  hea t ing  and cool ing cyc les  up 
t o  a s o l u t e  mole f r a c t i o n  of 0.30. However, a t  a mole 
f r a c t i o n  of 0.319, a two-phase reg ion  i s  observed only while  
hea t ing ,  and t h i s  phenomenon has  continued up t o  0.478 mole 
f r a c t i o n .  I t  i s  f u r t h e r  observed t h a t  f o r  concen t r a t ions  
higher  than 0.478,  t he  t r a n s i t i o n  i s  from the  s o l i d  t o  the  
i s o t r o p i c  phase d i r e c t l y .  However, i n  t he  cool ing  c y c l e ,  an 
i n t e r e s t i n g  new phase i s  observed a t  concent ra t ions  between 
0.319 and 0.610. 

Various s t ages  of t he  process  have been photographed wi th  the  
sample between crossed p o l a r i s e r  and ana lyser  and us ing  
t r ansmi t t ed  l i g h t .  

Figure 1 shows t h e  s o l i d  s t a t e  of t he  b inary  mixture .  
Figure 2 presen t s  t he  Nematic-Isotropic  two-phase r eg ion ,  a t  
a mole f r a c t i o n  of 0.380, i n  the  hea t ing  cyc le .  

The i n t e r e s t i n g  observa t ion  dur ing  t h e  cool ing cyc le  from the  
i s o t r o p i c  s t a t e  f o r  a l l  t h e  concent ra t ions  under s tudy i s  the  
onse t  of a t e x t u r e  resembling ‘ I sogyres’6  as depic ted  i n  
Figure 3 f o r  t h e  concent ra t ion  of 0.590. On f u r t h e r  cool ing ,  
parallelogram-shaped f l a k e s  s t a r t e d  appearing as  i n  
Figure 4 .  The f l a k e s  are i n i t i a l l y  seen as rods viewed along 
the  p lane  of t h e  para l le logram.  I n  the  nex t  s t a g e ,  these  
rods ,  r o t a t i n g  about themselves,  gave r i s e  t o  c l e a r  
para l le lograms as can be seen from Figure 5. The disappearance 
of Isogyres  and the complete appearance of f l a k e s  i n  the  
e n t i r e  f i e l d  of view i s  d isp layed  i n  F igure  6. 
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EPAP UNDECYLENATE-TETRABUTYL TIN 15 7 

F I G U R E  7 S o k U  phae 

F I G U R E  2 N-Z Awo-phune hcgion i n  Xhc hcat ing 
cqc& 
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F l G U R E  3 On-heR 0 6  1 h o g y m h  aX 0 . 5 9 0  cOnct?n~&ion 
( cuu&ng cycRe I 
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Zldcubrlion: Figures  1 and 2 b r ing  out  t he  usua l  f e a t u r e s  of 
t he  b ina ry  system. The occurrence of Isogyres  i n  t h e  cool ing  
cyc le  (Figure 3) i n d i c a t e s  a new phase t r a n s i t i o n ,  and 
comparison of t h e  p r e s e n t  t e x t u r e s  wi th  those  found i n  the  
l i t e r a t u r e 6  9 7  suggest  t h a t  t h i s  new phase i s  c h o l e s t e r i c .  
This  i s  a s u r p r i s i n g  r e s u l t ,  as  t he  system i s  apparent ly  
non-chiral ,  b u t  d e t a i l e d  and repea ted  i n v e s t i g a t i o n  of t he  
t e x t u r e  obta ined  on cool ing  prec ludes  the  p o s s i b i l i t y  of any 
s p e c i a l  t e x t u r e  of t he  nematic  phase i n  t h i s  b inary  system. 

For concent ra t ions  h ighe r  than  0.478, t h e  I s o g y r i c  t e x t u r e  
i s  r e t a i n e d  i n  t h e  monotropic s t a t e .  A normal, r e v e r s i b l e  
s o l i d  t o  i s o t r o p i c  t r a n s i t i o n  i s  observed i n  both  hea t ing  
and cool ing  cyc les  f o r  concent ra t ions  of 0 .61  onwards. The 
var ious  phases  observed are presented  i n  Table  1. 

TAGLE I 
Phases  observed f o r  va r ious  s o l u t e  mole f r a c t i o n s  

of t e t r a b u t y l  t i n  

Phase observed on 

Solu te  mole 
f r a c t i o n  Heat ing Cooling Type of 

t r a n s i t  ion  

0.300 Nem + Is0 Is0 + N e m  Enan t i o t r op i c 

0.300 - 0.478 Nem + Iso* Is0 + Choles t e r i c  Enan t io t rop ic  

0.478 - 0.610 So l id  + Is0 Is0 + Choles t e r i c  Monotropic 
0.610 onwards So l id  + Is0 Is0 + Sol id  - 

* 

* 
The N - I  and I-Ch temperatures  a r e  t h e  same 
wi th in  0.2' 

The i n t e r e s t i n g  d i f f e r e n c e  i n  t e x t u r e  between Figure 1 and 
Figure 6 sugges ts  t h e  probable  ex i s t ence  of another  phase 
t r a n s i t i o n  (poss ib ly  t o  a smect ic  phase) between the  
c h o l e s t e r i c  and s o l i d  phases .  This  i s  because the  para l le logram 
shaped f l a k e s  e x i s t  over  a d e t e c t a b l e  temperature range (4 ' ) .  

Fur ther  s t u d i e s  of t h e  ex i s t ence  of t hese  d i f f e r e n t  phases 
us ing  o t h e r  techniques i s  under progress .  

We are g r a t e f u l  t o  P ro fes so r  GW Gray f o r  a l l  h i s  kind he lp  
and encouragement. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

3:
30

 2
3 

Fe
br

ua
ry

 2
01

3 



EPAP UNDECYLENATE-TETRABUTYL TIN 16 1 

PE C l a d i s ,  Phys R e v  L e t t ,  35, 48 (1975).  

NV Madhu Sudana, BK Sadashiva ,  and KPL Moodithaya, 
Cum S c i ,  48 ,  613 (1979).  

PE C l a d i s ,  RK Bogardus,  and D Aadsen, Phys  R e v ,  A 7 8 ,  
2292 (1978).  

D Gwil lan,  PE C l a d i s ,  and J B  Stamatoff , P h y s  R e v  L e t t ,  
4 7 ,  1598 (1978).  

K Bangar Raju,  PBK Sarma, G Satyanadam, and CRK Murty, 
t o  b e  publ i shed .  

8 Bot tcher  and G Graber ,  i n  "Proceedings of t h e  Thi rd  
I n t e r n a t i o n a l  Liquid  C r y s t a l  Conference",  Pa r t  I (1972).  

GT S t e w a r t ,  i n  "Proceedings of t h e  Second I n t e r n a t i o n a l  
Liquid C r y s t a l  Conference",  Kent , Ohio, Aug (1968).  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

3:
30

 2
3 

Fe
br

ua
ry

 2
01

3 


