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PHASE DIAGRAMS OF EUTECTIC MIXED SYSTEMS WITH 
MONOTROPIC LIQUID-CRYSTALLINE PHASES 

H. ONUSSEIT and H. STEGEMEYER 
Department of Physical Chemistry 
University Paderborn 
D-4790 Paderborn, F.R. Germany 

The phase diagrams of three different eutectic liquid- 
crystal 1 ine systems with monotropic transitions have 
been investigated by differential scanning calorimetry 
(DSC) as well as by polarization microscopy. In all 
systems the monotropic transition becomes enantiotropic 
as a function of composition, because of the intersec- 
tion o f  a phase equilibrium line with one liquidus line. 
Consequently, a horizontal phase equilibrium 1 ine 
occurs which separates two two-phase regions. The spe- 
cial features of these complicated phase diagrams are 
discussed and experimentally verified. 

In the case o f  systems with more than one meso- 
morphic phase, the high temperature mesophase again 
appears in the low temperature two-phase region. This 
effect may simulate a reentrant behaviour o f  liquid 
crystal 1 ine systeriis. 

1 .  INTRODUCTION 

In a considerable number of mesoqenic organic compounds , the 
liquid-crystalline phases are monotroplc, i. e. they will 
be formed only on cooling below the melting point by spon- 
taneous organization from the supercooled melt. For techni- 
cal applications usually eutectic mixed systems of mesogenic 
compounds are used with the eutectic composition, due to 
their wide mesomorphic range, For this reason, a large num- 
ber of phase diagrams o f  mixed systems exhibiting mesophases 
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32 H .  ONUSSEIT AND H .  STEGEMEYER 

have been s t u d i e d ’ .  Many of t h e s e  mixed systems show simple 
e u t e c t i c  behaviour.  Sometimes, however, an e n a n t i o t r o p i c  
t r a n s i t i o n  i n t o  a mesophase becomes monotropic ( o r  v i c e  
v e r s a )  a s  a func t ion  of composition. The phase diagrams 
r e s u l t i n g  in  t h e s e  cases  a r e  r a t h e r  complicated.  I t  i s  t h e  
aim o f  t h i s  paper t o  po in t  ou t  the spec ia l  f e a t u r e s  of 
those  phase diagrams which sometimes have been overlooked 
in t h e  l i t e r a t u r e .  

2 .  I G E N E R A L  REMARKS 

I t  i s  we1 1 k n o w n  t h a t  a two-component sol id-1 iqu id  equ i l  i - 
b r i u m  with l i q u i d s  misc ib l e  in  a l l  p r o p e r t i e s  and no appre-  
c i a b l e  s o l i d - s o l i d  s o l u b i l i t y ,  g ives  a simple e u t e c t i c  
phase-diagram ( f o r  example S b / P b  o r  S i / A l ) .  The e u t e c t i c  
diagram i s  c h a r a c t e r i z e d  by the e u t e c t i c  mixture ( t h e  
lowest me1 t i n g  tempera ture  composition) and by t h e  me1 t i n g  
tempera tures  of the pure compounds. I n  t h e  tempera ture  com- 
pos i t i on  diagram we f i n d  a ho r i zon ta l  l i n e  ( s o l i d u s  l i n e )  
below which only s o l i d  i s  p re sen t  (pu re  A + pure B ) .  The 
l i q u i d u s  l i n e s  running from the e u t e c t i c  po in t  t o  t h e  
melting po in t s  of t h e  pure compounds r e p r e s e n t  t h e  condi- 
t i o n s  a t  which s o l i d  f i r s t  forms from t h e  l i q u i d .  Between 
one of the l i q u i d u s  l i n e s  and t h e  s o l i d u s  l i n e  we have a 
two-phase region ( s o l i d  A o r  B and l i q u i d ) .  I f  both com- 
pounds have t h e  same e n a n t i o t r o p i c  mesophase, a f u r t h e r  
phase l i n e  mesomorphic/isotropic l i e s  above t h e  l i q u i d u s  
l i n e s .  In t h e  two-phase region we have s o l i d  A o r  B and the 
mesophase, above t h e  l i q u i d u s  l i n e s  t h e  mesophase, and above 
t h e  c l e a r i n g  l i n e  the i s o t r o p i c  l i q u i d .  I n  b inary  mixed 
systems in  which an e n a n t i o t r o p i c  t r a n s i t i o n  changes i n t o  
a monotropic one, t h e  simple e u t e c t i c  phase diagram g e t s  
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PHASE DIAGRAMS OF EUTECTIC MIXED SYSTEMS 33 

I 
I- 

i so 

/ 

/ meson E B + meson 

B+iso 

B+ meson 

I 
I 

A + 0  

a tb tc Id e 

XB - 
FIGURE 1 Eutectic phase diagram with different intersec- 

tions between a phase equilibrium line and a 
liquidus line. Two-phase regions (meso I/meso I 1  
and meso II/iso) are omitted (also in Figs. 2, 3 
and 5). 

more complex. A change from monotropic to enantiotropic in 
the mixed system results in an intersection o f  a phase equi- 
librium line and one of the liquidus lines. By the inter- 
section of the liquidus line consequently the two-phase 
region splits up into two two-phase regions. Fig. 1 shows 
a simple eutectic phase diagram with the liquidus lines in- 
tersected by different phase equilibrium lines. Below the 
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34 H. ONUSSEIT AND H. STEGEMEYER 

solidus l i n e  there  a re  two so l id  phases: pure A + pure B. 

A t  TE the eu tec t ic  composition melts in to  mesophase 11. 
Above the solidus l i n e ,  system a s p l i t s  u p  in to  the two 
phases so l id  A + meso 11. Heating up, more A melts a n d  the 
composition of the mesophase becomes more rich in A. A t  the 
temperature where the l iquidus l i n e  crosses the phase equi- 
librium meso I/meso 11 ,  we ge t  a n e w  p h d s e  equilibrium line: 

the p a r t  of the mixture already melted into mesophase I1  
now changes into mesophase I .  Now we enter  the two-phase 
region A + meso I .  Heating u p ,  more and more A melts, unt i l  
a t  the l iquidus l i n e  a l l  A i s  melted. Only mesophase I re-  
mains. Further temperature elevation brinas the sample into 
the region o f  mesophase I 1  a n d  f i n a l l y  into the i so t ropic  
l iqu id .  The temperature where the two-phase region A + 
meso I1  changes into the two-phase region A + meso I i s  
only determined by the temperature where the phase equ i l i -  
brium l i n e  meso I/meso I 1  i n t e r sec t s  the l iquidus l i ne .  Con- 
sequently, we get  a h o r i z o n t a l  phase equilibrium l i n e  which 
separates two two-phase regions. To the l e f t  o f  t h i s  i n t e r -  
sect ion point ,  a l l  mixtures have an enant iotropic  rneso- 
phase I between the l iquidus l i n e  a n d  mesophase 11 .  However, 
since a t  the eu tec t ic  temperature T E  the eu tec t ic  composi- 
t ion o f  a l l  possible mixtures melts into mesophase 11 ,  there  
must be fo r  a l l  of these mixtures a phase equilibrium 1 ine 
where the melted mesophase I1 becomes mesophase I .  Heating 
u p  system b y  we enter  the two-phase region A + meso I 1  a t  
T E .  Because system b l i e s  t o  the r igh t  of the intersect ion 
point ,  we have only one enantiotropic mesophase (meso 1 1 ) .  
Heating up, more a n d  more A melts un t i l  a t  the l iquidus 
l i n e  a l l  A i s  melted into mesophase 11. Further temperature 
elevation f i n a l l y  brings the sample into the isotropic  
1 iquid. 
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PHASE DIAGRAMS OF EUTECTIC MIXED SYSTEMS 35 

System c l i e s  t o  t h e  r i g h t  o f  t h e  e u t e c t i c  c o m p o s i t i o n .  A t  

TE we now come i n t o  t h e  two-phase r e g i o n  s o l i d  B + nieso 1 1 .  

Tempera tu re  i n c r e a s e  b r i n g s  t h e  sample f i r s t  i n t o  t h e  r e g i o n  

o f  t h e  mesophase I 1  and  t h e n  i n t o  t h e  i s o t r o p i c  l i q u i d .  

The b e h a v i o u r  o f  sys tem d i s  a b i t  more complex because 

i t  has o n l y  a m o n o t r o p i c  mesophase 11. H e a t i n g  up such a 

sample above TE we e n t e r  t h e  two-phase r e g i o n  B + meso 11. 

F u r t h e r  t e m p e r a t u r e  e l e v a t i o n  causes more and more B t o  m e l t .  

A t  t h e  t e m p e r a t u r e  where t h e  c l e a r i n g  1 i n e  i n t e r s e c t s  t h e  

l i q u i d u s  l i n e ,  t h e  mesophase t r a n s f o r m s  i n t o  t h e  i s o t r o p i c  

l i q u i d .  Now we have a two-phase r e g i o n  B + i s o .  Above t h e  

l i q u i d u s  l i n e ,  we f i n a l l y  a r e  i n  t h e  r e g i o n  o f  t h e  i s o t r o p i c  

l i q u i d .  F o r  a l l  m i x t u r e s  t o  t h e  r i g h t  o f  t h i s  i n t e r s e c t i o n  

p o i n t ,  we g e t  a f u r t h e r  h o r i z o n t a l  phase e q u i l i b r i u m  l i n e ,  

w h i c h  s e p a r a t e s  t h e  two two-phase r e g i o n s  B + meso I 1  and  

B / i s o .  System e shows a s t i l l  more complex b e h a v i o u r .  Be- 

cause compound B has an e n a n t i o t r o p i c  mesophase 11, t h e  

phase e q u i l i b r i u m  1 i n e  mus t  i n t e r s e c t  t h e  1 i q u i d u s  1 i n e  

t w i c e .  H e a t i n g  up  such a m i x t u r e  we r u n  a c r o s s  t h r e e  two-  

phase r e g i o n s  above TE: B + meso 11, B + i s o ,  B + meso I 1  

( a l l  s e p a r a t e d  by  h o r i z o n t a l  e q u i l i b r i u m  l i n e s ) .  

A l t h o u g h  t h e  appearance o f  t h e  h o r i z o n t a l  phase e q u i -  

l i b r i u m  l i n e s  between two two-phase r e g i o n s  i s  a b s o l u t e l y  

n e c e s s a r y  i f  any phase e q u i l i b r i u m  l i n e  i n t e r s e c t s  one o f  

t h e  l i q u i d u s  l i n e s  * - 5 ,  t h e y  a r e  m i s s i n g  i n  many p u b l i s h e d  

phase d iag rams  o f  b i n a r y  e u t e c t i c  m i x e d  systems w i t h  such 

an i n t e r s e c t i o n  p o i n t  - 16. The r e a s o n  f o r  t h i s  may b e  t h e  

f a c t  t h a t  t h e  e x p e r i m e n t a l  measurement o f  t h i s  phase e q u i -  

l i b r i u m  l i n e  i s  r a t h e r  d i f f i c u l t .  T h r e e  p rob lems  a r i s e :  

i) t h e  t r a n s i t i o n  o f  t h e  m e l t e d  p a r t  o f  t h e  sample w i l l  be 

super imposed on t h e  m e l t i n g  o f  t h e  c r y s t a l l i n e  p a r t ;  

ii) i f  t h e  c o m p o s i t i o n  o f  t h e  i n t e r s e c t i o n  p o i n t s  i s  f a r  
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36 H. ONUSSEIT AND H .  STEGEMEYER 

from the e u t e c t i c  composition, the mass of the melt  i s  stiia11 
and t h e  thermodynamic e f f e c t s  r e s u l t i n g  froni the phase t r a n -  
s i t i o n  of t h e  melted p a r t  a r e  a l s o  small ( f o r  example :H); 

i i i ) t h e  thermodynamic e f f e c t s  of t h e  phase t r a n s i t i o n  meso/ 
meso o r  meso/iso a r e  themselves small w i t h  r e s p e c t  t o  t h e  
me1 t i n g  t r a n s i t i o n .  

3. EXPERIMENTAL 

All subs t ances ,  c h o l e s t e r y l  a c e t a t e  ( C h - 2 )  , -myr i s t a t e  
(Ch-14),  - ch lo r ide  ( C C ) ,  t r a n s ,  trans-4'-n-heptyl-bicyclo- 
h e x y l - 4 - n i t r i l  ( C C H  7 ) ,  E .  Plerck, and p-pentyl -phenyl-2- 
ch loro-a- (p-penty l  benzoy1oxy)-benzoate (PCPB) , Eastrnan, 

were p u r i f i e d  by r e c r y s t a l l i z i n g  t h e  samples severa l  t imes 
in an approp ia t e  s o l v e n t .  

The measurements of t h e  phase t r a n s i t i o n  tempera tures  
were made by DSC i n v e s t i g a t i o n s  (DSC-2, Perkin-Elmer) a s  well 
a s  by p o l a r i z a t i o n  microscopy ( L e i t z  Ortholux I1 - POL B K  
with Met t l e r  hea t ing  s t a g e  FP 5 /52) .  

4 .  RESULTS 

Three d i f f e r e n t  mixed systems with i n t e r s e c t i o n  p o i n t s  be- 
tween a l i q u i d u s  l i n e  and a phase e q u i l i b r i u m  l i n e  were i n -  
v e s t i g a t e d .  Because of t h e  descr ibed  d i f f i c u l t i e s ,  we looked 
s p e c i f i c a l l y  f o r  t h e  ho r i zon ta l  phase equ i l ib r ium 1 i nes  be- 
tween t h e  d i f f e r e n t  two-phase r eg ions .  In t h e  c a s e  t h a t  t h e  
two-phase reg ion  crys t lmeso  goes i n t o  the reg ion  c r y s t l i s o ,  
the i n v e s t i g a t i o n  of the t r a n s i t i o n  i s  poss ib l e  by means o f  

t h e  p o l a r i z i n g  microscope. Heating u p  a mixture w i t h  such a 
phase t r a n s i t i o n  ( 1  i ke  example d) , we can see  a t  T E  the 

s t a r t  of t h e  me l t .  Between crossed  p o l a r i z e r s  t h e  c r y s t a l -  
l i n e  and mesogenic p a r t s  a r e  both co loured .  A t  t h e  phase 
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PHASE DIAGRAMS OF EUTECTIC MIXED SYSTEMS 31 

0 0.2 0.6 0.8 1 

x PCPB - 
FIGURE 2 Phase diagram of t h e  mixed system C h - 2 / P C P B .  

t r a n s i t i o n  c rys t /meso  + c r y s t / i s o ,  t h e  mesogenic p a r t  goes 
i n t o  t h e  i s o t r o p i c  l i q u i d .  Above t h e  phase t r a n s i t i o n ,  t h e r e  
a r e  co loured  c r y s t a l s  embedded in t h e  black i s o t r o p i c  1 i qu id .  
Heating up,more and more c r y s t a l s  melt  and above t h e  l i q u i -  
dus l i n e  t h e  whole f i e l d  of view i s  b lack .  F igs .  2 + 3 show 
two d i f f e r e n t  mixed systems possess ing  such behaviour.  The 
phase t r a n s i t i o n  c rys t /meso  -+ c r y s t / i s o  can a l s o  be seen in  
t h e  DSC thermograms. In F ig .  4 t h e r e  a r e  two DSC t r a c e s  o f  
the system C C / C C H  7 1 7 .  I n  sample A t h e  c h o l e s t e r i c  mesophase 
i s  e n a n t i o t r o p i c .  The thermograni shows t h e  e u t e c t i c  peak, 
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38 H .  ONUSSEIT AND H .  STEGEMEYER 
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I- 
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3 50 
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cryst  

I I I 1 

0 0 2  0.4 0.6 0.8 1 

x c c  - 
FIGURE 3 

the  melting peak, a n d  the i so t ropic  peak. The mixture B has 
only a monotropic choles te r ic  mesophase. When the crystal  - 
l i n e  mixture i s  heated, f i r s t  the eu tec t i c  composition melts.  
Further temperature e levat ion causes more and more CC t o  
melt ,  un t i l  a t  350 K the  l iquidus l i n e  in t e r sec t s  the equi- 
l ibrium l i n e  chol / i so .  A t  t h a t  temperature the choles te r ic  
p a r t  transforms in to  the  i so t ropic  l iqu id  resu l t ing  in an 
additional sharp t r ans i t i on  peak. A t  higher temperature the 
l a s t  c r y s t a l l i n e  p a r t  becomes i so t ropic .  

smectic-A/cholesteric i n t e r sec t s  a 1 iquidus 1 ine.  In  such a 
case the determination of the t r ans i t i on  cryst/chol + 

cryst /SA i s  very d i f f i c u l t  by means of polar izat ion micros- 
copy. However, we can de tec t  these t r ans i t i ons  in the DSC 
t r aces .  I n  Fig. 6 two DSC thermograms of d i f f e ren t  mixtures 

Phase diagram of the mixed system CCH 7 / C C .  

Fig. 5 shows a phase diagram where the equilibrium l i n e  

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
 1

3:
19

 2
0 

Fe
br

ua
ry

 2
01

3 



PHASE DIAGRAMS OF EUTECTIC MIXED SYSTEMS 39 

4- t 
9 
I 
73 

20 C C /  80 CCH 7 

I I I I I 

75 CC I 2  5 CCH 7 

I I I I 1 

320 340 360 
T [KI- 

FIGURE 4 DSC-traces of two d i f f e ren t  compositions o f  the 
system CCH 7 / C C .  Sample mass ca.  5 .5  mg, heating 
r a t e  5 K/min. 

o f  the system C h - I 4 / P C P B  a re  given. Mixture A has an  enan- 
t i o t rop ic  smectic A a n d  an enant iotropic  choles te r ic  phase 
( l i k e  example a in Fig. 1 ) .  Heating u p  such a mixture, f i r s t  
the eu tec t ic  composition melts into the choles te r ic  s t a t e  
a t  308 K .  Further temperature elevation turns  more a n d  more 
c rys t a l l i ne  Ch-14  in to  the choles te r ic  s t a t e .  A t  337 K the 
equilibrium l i n e  smectic-A/cholesteric i n t e r sec t s  the 1 i -  
quidus l i ne .  The choles te r ic  p a r t  of the sample transforms 
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FIGURE 5 Phase diagram o f  t h e  mixed system Ch-I4/PCPB. 

i n t o  t h e  smect ic  A phase. In t h e  DSC t r a c e  we see  a shoul -  
de r  i n  t h e  mel t ing  peak. A t  t h e  l i q u i d u s  l i n e  t h e  whole 
sample i s  in t h e  smectic A s t a t e .  Fu r the r  hea t ing  b r ings  
the sample i n t o  the c h o l e s t e r i c  phase and f i n a l l y  i n t o  the 
i s o t r o p i c  l i q u i d .  Sample B i s  a mixture with only one e n a n -  
t i o t r o p i c  c h o l e s t e r i c  mesophase ( l i k e  example b i n  Fig.  1 ) .  
A t  308 K the e u t e c t i c  composition goes i n t o  t h e  c h o l e s t e r i c  
s t a t e .  Heating u p ,  more and more Ch-14 becomes c h o l e s t e r i c .  
Above t h e  l i q u i d u s  l i n e  t h e  whole sample i s  c h o l e s t e r i c .  A t  
364 K the sample goes i n t o  t h e  i s o t r o p i c  l i q u i d .  The small 
t r a n s i t i o n  peaks c l o s e  below t h e  i s o t r o p i c  t r a n s i t i o n  show 
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15 PCP0135CM 
2.OmJis 

15PCP0155CM 

31 0 330 350 

FIGURE 6 DSC-traces of two different compositions of the 
system Ch-I4/PCPB. Sample mass ca. 10 mg, heating 
rate 1.25 K/min. 

the transition cholesteric 
range of the Blue Phases is very small (=0,5 K ) ,  we do not 
show the Blue Phase region in Fig. 5. 

Blue Phase18. As the temperature 

5. CONCLUDING REMARKS 

In all mixed systems in which an enantiotropic transition 
changes into a monotropic one by composition variation (or 
vice versa), the two-phase region between the solidus line 
and the liquidus line splits up into two two-phase regions 
with a horizontal phase equilibrium line. These equilibrium 
lines can be determined by polarization microscopy or DSC 
investigations. In the melted part of the two-phase regions 
below the liquidus line in systems with more than one liquid 
crystalline phase, the phase sequence is reversed (cf. Fig. 
5). Such an effect must not be confused with the reentrant 
behaviour observed in liquid-crystalline mixed systems , 19 
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42 H.  ONUSSEIT AND H. STEGEMEYER 

where t h e  phase t r a n s i t i o n  sequence o f  homogeneous phases i s  
r e s e r v e d .  The phase sequence r e p o r t e d  h e r e  i s  o n l y  a compo- 

s i t i o n  e f f e c t  w i t h i n  t h e  m e l t e d  p a r t  o f  t h e  two-phase r e -  

g i o n s .  

REFERENCES 

1. H. KELKER and  R .  HATZ 
Handbook o f  L i q u i d  C r y s t a l s  
V e r l a g  Chemie, Weinheim 1380 p. 372 - 383 

2. H. ARNOLD and  H. SACKMANN 
Z. phys. Chem., 213, 145 (1960)  

Z .  phys. Chem., 252, 93 (1973)  

Mol. C r y s t .  L i q .  C r y s t . ,  28, 293 (1974)  

Mol .  C r y s t .  L i q .  C r y s t . ,  62,  125 (1980)  

M o l .  C r y s t .  L i q .  C r y s t . ,  8 ,  93 (1969)  

J .  Phys. Chem., 76, 3089 (1972)  

blol.  C r y s t .  L i q .  C r y s t . ,  25, 145 (1974)  

1101. C r y s t .  L i q .  C r y s t . ,  31, 161 (1975)  

Mol. C r y s t .  L i q .  C r y s t . ,  44, 97 (1978)  

Mol .  C r y s t .  L i q .  C r y s t . ,  49, 193 (1979)  

Mo l .  C r y s t .  L i q .  C r y s t . ,  56, 257 (1980)  

3. D.  DEMUS, K.-H. KOLZ and H. SACKMANN 

4. J.M. LOHAR and D.S. SHAH 

5. NGUYEN HUU TINH, A. POURRERE and C .  DESTRADE 

6. J.S. DAVE, P.R. PATEL and  K.L. VASANTH 

7. A.V. GALANTI and R.S.  PORTER 

8. E.C.-H. HSU and J.F. JOHNSON 

9 .  ZS. SZABO and I. KOSA-SOMOGYI 

10. 11. KOZAWAGUCHI and  M. WADA 

11 .  8 .  ENGELEN, G. HEPPKE, R. HOPF and F. SCHNEIDER 

12. NGUYEN HUU TINH, M. JOUSSOT-DUBIEN and C .  DESTRADE 

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
 1

3:
19

 2
0 

Fe
br

ua
ry

 2
01

3 



PHASE DfAGRAMS OF EUTECTIC MIXED SYSTEMS 43 

13. R.J. COX,  J.F. JOHNSON, A.C. GRIFFIN and N.W. BUCKLEY 

14. G. PELZL, U. BUTTGER and D. DEMUS, 

15. NGUYEN HUU TINH, C .  DESTRADE and H. GASPAROUX 

16. G. PELZL, B.  OERTEL and D. DEMUS 

Mo l .  C r y s t .  L i q .  C r y s t . ,  69, 293 (1981)  

Mo l .  C r y s t .  L i q .  C r y s t . ,  64, 283 (1981)  

Mo l .  C r y s t .  L i q .  C r y s t . ,  72, 247 (1982)  

C r y s t a l  Research and Techno logy ,  18, K 18 (1983)  

17. H.J. KERSTING, D i p l o m a r b e i t ,  U n i v e r s i t a t  Paderbo rn ,  1983 

18. H .  STEGEMEYER and  K. BERGMANN 
S p r i n g e r  Ser. Chein. Phys . , l l ,  161 (1980)  

A.N. KALKURA, G. HEPPKE and R .  HOPF 
Mol .  C r y s t .  L i q .  C r y s t . ,  99, 185 (1983)  

19. S .  K R I S H N A  PRASAD, R .  SHASHIDHAR, K.A. SURESH, 

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
 1

3:
19

 2
0 

Fe
br

ua
ry

 2
01

3 


