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FORMULATION A N D  P R E D I C T E D  PROPERTIES OF 
N E M A T I C  E U T E C T I C  MIXTURES OF ESTERS 

J .  D .  M A R G E R U M ,  A .  M .  L A C K N E R  
J .  E .  JENSEN, L .  J .  M I L L E R ,  W .  H .  SMITH, J R .  
S . -M.  W O N G ,  A N D  C .  I .  V A N  AST 
H u g h e s  R e s e a r c h  L a b o r a t o r i e s  
3 0 1 1  M a l i b u  C a n y o n  R o a d  
M a l i b u ,  C a l i f o r n i a  9 0 2 6 5  

T e c h n i q u e s  a r e  d e s c r i b e d  b o t h  f o r  
f o r m u l a t i n g  new n e m a t i c  l i q u i d  c r y s t a l  (LC) 
e u t e c t i c  m i x t u r e s  a n d  f o r  c a l c u l a t i n g  
s e v e r a l  o f  t h e i r  p r e d i c t e d  p r o p e r t i e s .  
E s t e r  L C  c o m p o n e n t s  f r o m  v a r i o u s  s t r u c t u r e  
c l a s s e s  a r e  u s e d .  E m p h a s i s  i s  p l a c e d  o n  
o b t a i n i n g  m i x t u r e s  w h i c h  h a v e  r e l a t i v e l y  
s h o r t  a v e r a g e  m o l e c u l a r  l e n g t h ,  a n d  w h i c h  
a r e  s u i t a b l e  f o r  d y n a m i c  s c a t t e r i n g  e l e c t r o -  
o p t i c a l  a p p l i c a t i o n s .  E x a m p l e s  a r e  g i v e n  of' 
b i n a r y  e u t e c t i c  m i x t u r e s  m a d e  w i t h  L C  e s t e r s  
o f  e s s e n t i a l l y  t h e  same m o l e c u l a r  l e n g t h .  
S e l e c t i o n  r u l e s  a r e  d e s c r i b e d  f o r  m i x i n g  
s h o r t  l e n g t h  c o m p o n e n t s ,  b o t h  f r o m  
h o m o l o g o u s  s e r i e s  a n d  f r o m  d i f f e r e n t  c l a s s e s  
o f  e s t e r s .  A p p r o x i m a t e  c l a s s  v a l u e s  o f  
b i r e f r i n g e n c e ,  d i e l e c t r i c  a n i s o t r o p y ,  a n d  
v i s c o s i t y  a r e  a s s i g n e d  t o  e a c h  t y p e  o f  e s t e r  
s t r u c t u r e ,  b a s e d  o n  e x p e r i m e n t a l  r e s u l t s  i n  
s e l e c t e d  m i x t u r e s  o f  s h o r t  m o l e c u l a r  l e n g t h .  
P r o p e r t i e s  o f  m u l t i - c o m p o n e n t  e u t e c t i c  
m i x t u r e s  a r e  c a l c u l a t e d ,  a n d  c o m p a r i s o n s  a r e  
s h o w n  b e t w e e n  t h e  p r e d i c t e d  a n d  t h e  o b s e r v e d  
v a l u e s  o f  m e l t i n g  p o i n t ,  c l e a r p o i n t ,  
v i s c o s i t y ,  d i e l e c t r i c  a n i s o t r o p y ,  a n d  
b i r e f r i n g e n c e  o f  new e s t e r  m i x t u r e s  
d e v e l o p e d  f o r  d y n a m i c  s c a t t e r i n g  d e v i c e s  a n d  
d i s p l a y s .  
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104 J .  D. MARGERUM et al. 

1 .  INTRODUCTION 

M u l t i c o m p o n e n t  l i q u i d  c r y s t a l  ( L C )  m i x t u r e s  a r e  
g e n e r a l l y  n e e d e d  t o  o b t a i n  a n e m a t i c  p h a s e  w i t h  a 

w i d e  t e m p e r a t u r e  r a n g e .  I n  t h e  f o r m u l a t i o n  o f  

LCs f o r  d y n a m i c  s c a t t e r i n g  a p p l i c a t i o n s ,  we h a v e  

s h o w n  t h a t  i t  i s  a d v a n t a g e o u s  t o  u s e  s h o r t  

m o l e c u l a r  l e n g t h  c o m p o n e n t s  t o  o b t a i n  l o w  

v i s c o s i t y  a n d  o t h e r  f a v o r a b l e  p r o p e r t i e s . ’ - 5  

H o w e v e r ,  s p e c i a l  s e l e c t i o n  t e c h n i q u e s  a r e  
r e q u i r e d  i n  c h o o s i n g  c o m p o n e n t s  i n  o r d e r  t o  

p r e p a r e  L C  e u t e c t i c  m i x t u r e s  w h e n  c o m b i n i n g  s h o r t  

l e n g t h  e s t e r  c o m p o n e n t s  o f  s i m i l a r  m o l e c u l a r  

l e n g t h .  O t h e r w i s e ,  s u c h  c o m p o n e n t s  c a n  a c t  a s  

s o l i d  s o l u t i o n s  a n d  n o t  g i v e  a l o w e r e d  m e l t i n g  

p o i n t .  I t  is  a l s o  h i g h l y  d e s i r a b l e  t o  b e  a b l e  t o  

p r e d i c t  k e y  a n i s o t r o p i c  p r o p e r t i e s  a s  w e l l  a s  t h e  

n e m a t i c  t e m p e r a t u r e  r a n g e  o f  e a c h  new 

m u l t i c o m p o n e n t  m i x t u r e  b e i n g  c o n s i d e r e d  f o r  u s e .  

I n  t h i s  p a p e r  b o t h  o f  t h e s e  i s s u e s  a r e  a d d r e s s e d .  

We d e s c r i b e  s e l e c t i o n  r u l e s  f o r  o b t a i n i n g  b i n a r y  

e u t e c t i c  m i x t u r e s  w i t h  e s t e r  c o m p o n e n t s  o f  

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

how t o  u s e  t h e s e  L C  p a i r s  i n  t h e  f o r m u l a t i o n  o f  

m u l t i c o m p o n e n t  e u t e c t i c  m i x t u r e s  w i t h  r e l a t i v e l y  

s h o r t  m o l e c u l a r  l e n g t h .  We a l s o  s h o w  how we 

a s s i g n  a p p r o x i m a t e  c l a s s  v a l u e s  o f  b i r e f r i n g e n c e  

( A n ) ,  d i e l e c t r i c  a n i s o t r o p y  ( A € ) ,  a n d  v i s c o s i t y  

( Q )  t o  t h e  v a r i o u s  t y p e s  o f  e s t e r  s t r u c t u r e s  

b e i n g  c o n s i d e r e d  f o r  u s e  i n  o u r  m i x t u r e s .  

F i n a l l y ,  we c o m p a r e  a c t u a l  e x p e r i m e n t a l  v a l u e s  

v e r s u s  o u r  p r e d i c t e d  c a l c u l a t i o n s  of n e m a t i c  
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FORMULATION AND PROPERTIES OF EUTECTIC MIXTURES 105 

m e l t i n g  p o i n t  ( m p )  a n d  c l e a r p o i n t  ( c l p t . ) ,  a s  

w e l l  a s  p r e d i c t e d  v a l u e s  o f  A n ,  A E ,  a n d  I- a t  25OC 

f o r  s e v e r a l  m u l t i c o m p o n e n t  L C  e s t e r  m i x t u r e s  o f  

i n t e r e s t  f o r  d y n a m i c  s c a t t e r i n g  a p p l i c a t i o n s .  

2 .  E X P E R I M E N T A L  

T h i s  s t u d y  i n c l u d e s  d a t a  o n  a n d  c a l c u l a t i o n s  w i t h  

3 2  d i f f e r e n t  c l a s s e s  o f  e s t e r  L C  s t r u c t u r e s ,  w i t h  

s p e c i f i c  r e f e r e n c e  t o  95 i n d i v i d u a l  c o m p o n e n t s .  

B o t h  t h e  c l a s s e s  a n d  t h e  i n d i v i d u a l  c o m p o u n d s  a r e  

r e f e r r e d  t o  h e r e  b y  a c o d e  n o m e n c l a t u r e  s i m i l a r  

t o  o n e s  we h a v e  u s e d  C l a s s  c o d e s  

f o r  v a r i o u s  s t r u c t u r e s  a r e  s h o w n  i n  F i g u r e s  1, 2 

a n d  3 .  T h e  c l a s s  s t r u c t u r e s  w h i c h  w e  r e p o r t e d  

p r e v i o u s l y  a r e  s h o w n  i n  F i g u r e  1 .  T h e  c l a s s  

s t r u c t u r e  a n d  c o d e  o f  o t h e r  e s t e r  c o m p o u n d s  

s y n t h e s i z e d  by  u s  m o r e  r e c e n t l y  a r e  s h o w n  i n  

F i g u r e  2 .  T h e  s t r u c t u r e  a n d  c o d e  f o r  o t h e r  

e s t e r s  o b t a i n e d  c o m m e r c i a l l y  a r e  g i v e n  i n  F i g u r e  

3 .  T h e  R a n d  R '  e n d  g r o u p s  i n  e a c h  c l a s s  a r e  

n - a l k y l  g r o u p s ,  a n d  t h e  s p e c i f i c  c o m p o u n d s  a r e  

i d e n t i f i e d  b y  n u m b e r s  c o r r e s p o n d i n g  t o  t h e  n u m b e r  

o f  c a r b o n  a t o m s  i n  t h e s e  a l k y l  g r o u p s .  F o r  

e x a m p l e ,  i n  t h e  R - R '  c l a s s  p - n - h e p t y l p h e n y l  

_ -  p - n - b u t y l b e n z o a t e  i s  r e p r e s e n t e d  by  7 - 4 ,  w h i l e  i n  

t h e  R O - R '  c l a s s  - p - e t h o x y p h e n y l  p - n - p r o p y l b e n z o a t e  - 
i s  2 0 - 3 .  T h u s  i n  o u r  c o d e  t h e  d a s h ,  - ,  i s  f o r  

t h e  c e n t r a l  p h e n y l  b e n z o a t e  s t r u c t u r e ,  w i t h  

a l t e r n a t e  c e n t r a l  s t r u c t u r e s  r e p r e s e n t e d  b y  S 

f o r  p h e n y l  t h i o b e n z o a t e ,  - [ C ]  f o r  p h e n y l  

c y c l o h e x a n e c a r b o x y l a t e ,  [Cl- f o r  c y c l o h e x y l  

_ 

_ _  

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:
20

 2
0 

Fe
br

ua
ry

 2
01

3 



106 J.  D. MARGERUM er al. 

STRUCTURE CLASS CLASS CODE 

RO-ICI R' 

R-R'  

RO-R' 

R-OR' 

RO-OR' 

R O f R '  

RS-OR' 

ROS-OR' 

NC-R 

R-OOCR' 

RO-OOCR' 

R-OOCPR' 

R-(CI)OOCPR' 

RP-R' 

R-PR' 

R(CNI-PR' 

R(CNI-POR' 

13798- 1 

REFERENCE 

2. 3. 5 

5 

1.  3. 5 

4. 5 

3. 5 

3. 5 

5 

3. 5 

5 

5 

3. 5 

5 

3. 5 

5 

5 

3.  5 

5 

F I G U R E  1 S t ruc t l l r e  and c l a s s  code of e s t e r s  
p rev ious ly  r e p o r t e d .  
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FORMULATION AND PROPERTIES OF EUTECTIC MIXTURES 107 

STRUCTURE CLASS 

13198-2 

CLASS CODE COMPOUNDS 

R e O O C  R’ R--YR’ 2-Y3. 2-Y5, 4-Y3 

CH3 

Br 

R SOC R ’  

RO OOC R’ 

R f Y  R‘ 

RO-Y R ’  

R OOC OOC R ’  R-OOCYR’ 

IPv1 -POR 

1 ICH3)-Y3 

1(Brl-Y3 

l f Y 3  

20-Y3, 20-Y5 

4-OOCY4 

[Py l  -PO5 

R-OOC -OR‘ ROOCPPOR’ 3OOCPPO6 

F I G U R E  2 S t r u c t u r e  and c l a s s  code  of o t h e r  es ters  
s y n t h e  s i I a16 

benzoate, [ C ] - [ C ]  for cyclohexyl 

cyclohexanecarboxylate, and [Pyl- for 2-pyridyl 
benzoate. Additional rings in the structure are 

represented by P for phenyl and Y for cyclohexyl, 

while only - o-substituents are shown in 
parenthesis, e.g. 1(Br)-Y3 stands for 2-bromo-p- 

tolyl - p-(4-propylcyclohexyl)benzoate. 
The molecular length (L) of each c o m p o u n d  is 
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108 J. D. MARGERUM et al. 

m e a s u r e d  w i t h  a m o l e c u l a r  m o d e l ,  a n d  t h e r m a l  

a n a l y s i s  d a t a  o n  m p ,  c l p t .  a n d  h e a t  o f  f u s i o n  

( A H f )  a r e  o b t a i n e d  by  d i f f e r e n t i a l  s c a n n i n g  
c a l o r i m e t r y .  I n  p r e v i o u s  r e p o r t s ,  1 - 4  t h e s e  

m e t h o d s  a r e  d e s c r i b e d  a n d  t h e  r e s u l t s  were 

t a b u l a t e d  f o r  many o f  t h e  c o m p o u n d s  u s e d  i n  t h i s  

s t u d y .  T a b l e  I 

t h e r m a l  p r o p e r t  

h e r e  f o r  e u t e c t  

STRUCTURE CLASS 

R a O O C e  

s h o w s  t h e  m o l e c u l a r  l e n g t h  a n d  

i e s  o f  t h e  a d d i t i o n a l  e s t e r s  u s e d  

i c  m i x t u r e  c a l c u l a t i o n s .  

R' 

N C e  OOC a R 

R o e  SOC a R' 

R --@OOC R' 

R q 0 0 C - W  

CN 

R *OOC-(.ItR' 

R OOC- R' 

CLASS CODE 

R- lCl  R '  

NC-ICI R 

R O f I C l  13' 

R-YR' 

RlCN)-YR'  

RY- [C I  R' 

R I C I - Y R '  

R I C l  -IC1 YR 

COMPOUNDS 

5-[CI 5 

NC- lC l5  

20flCI 5 

3-Y3 

4(CN)-Y3 

3 Y - i c 1 4  

13798-3 

SOURCE 

ATOM E RG IC 

ATOMERGIC 

ATOM€ RG IC 

MERCK 

MERCK 

MERCK 

31Cl-YZ. 3 l C l - Y 4  MERCK 

SIC1 - IC l  Y 4  MERCK 

FIGURE 3 Structure and c l a s s  code of commercial 
esters  G 
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FORMULATION AND PROPERTIES OF EUTECTIC MIXTURES 

TABLE I Thermal properties of components? 

109 

Component 

10- 4 

10-01 

10-04 

10-06 

20 -01  

4 0 - 0 1  

1504 

1 0 5 4  

2053  

2 0 5 5  

4 0 5 1  

4 0 5 3  

4056  

2-Y3 

3-Y 3 

4-Y3 

1 5 Y  3 

3P-4 

4 -0OC P 4 
4-OOCY4 

1 9 . 7 0  

1 7 . 5 2  

21 .09  
23 .54  

1 8 . 7 2  

2 1 . 1 3  

2 0 . 1 8  

2 0 . 0 0  

1 9 . 9 8  

2 2 . 3 8  

20 .12  

22.50 

2 6 . 2 0  

2 3 . 0 5  

2 4 . 2 8  

25 .52  

22 .53  

2 5 . 5 5  

2 8 . 3 1  

28 .74  

s p  
( C )  

6 1 . 8  

1 2 3 . 8  

9 1 . 5  

9 3 . 1  

9 6 . 7  

7 9 . 1  

8 1 . 7  

6 4 . 5  

8 5 . 4  

8 1 . 3  

6 5 . 9  

5 0 . 9  

40 .2  

1 0 3 . 8  

8 9 . 0  

9 1 . 7  

1 2 0 . 4  

93 .4  

8 8 . 5  

6 4 . 8  

Clpt. 

24 .6  

(OC) 

20. ob 

____ -~ 

79 .2  

76 .4  

93 .0  

80 .4  

80 .0  

57 .4  

96 .2  

8 7 . 5  

78 .2  

81 .  E 

69.6 

1 7 5 . 1  

1 8 6 . 0  

1 7 4 . 2  

219 .0  

1 8 2 . 3  

186 .0  

1 8 5 . 0  

AH 
(kcal/mole) 

5 .99  

7 .39  

9 . 6 5  

1 0 . 8 6  
7 . 7 8  

8 .24  

7 .66  

6 . 6 6  

6 .43  

7 .17  

6 . 6 6  

5 . 2 2  

4 .98  

5 . 1 3  

5 . 0 0  

5 . 3 3  

4 . 4 5  

4 . 9 7  

5 . 7 1  

7 . 2 7  

'These properties for the other components used in this 
study for eutectic calculations have been reported pre- 
viously. (References 1 - 4 ) .  

bEstimated. 

T h e  e x p e r i m e n t a l  m e t h o d s  o f  m e a s u r i n g  A E  a n d  

An a r e  t h e  same a s  r e p o r t e d  p r e v i o u s l y , 1 - 4  e x c e p t  

t h a t  n o  c o n d u c t i v i t y  d o p a n t s  a r e  u s e d .  I n  t h e  A s  

m e a s u r e m e n t s  t h e  f i e l d  s t r e n g t h  i s  6 . 5  kG a n d  t h e  

c e l l s  a r e  503um t h i c k .  T h e  v a l u e  o f  t h e  A E  

m e a s u r e m e n t  i s  o f t e n  i n d e p e n d e n t  of  t h e  m e a s u r i n g  

f r e q u e n c y  i n  t h e  1 0 0  t o  1 0 , 0 0 0  Hz r a n g e ,  i n  w h i c h  

c a s e  t h e  v a l u e  r e p o r t e d  i s  t a k e n  a t  5 , 0 0 0  H z .  

When t h e  A E  v a l u e s  a r e  o b s e r v e d  t o  d e c r e a s e  w i t h  
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1 I0 J .  D. MARGERUM et al. 

increasing frequency, then a value at a lower 

frequency (e.g. 200,500 or 1000 Hz) is used in 

the range where A E  is not changing with 

frequency. The flow viscosity measurements and 
assigned class viscosities are reported in other 

from our laboratory. 
The Schroeder-Van Laar relationship, 

equation 1 ,  is used to estimate the crystal to 
nematic melting point and the mole fraction of 
the components in a eutectic mixture. 

Ti = L I 

-- A H f  - R I n  xi 
m 

M '1 

Where: Ti= upper end of the melting range 
Of i in the mixture; AHf= molar heat of 
fusion of pure compound i; TM= melting 
point of pure compounds; x i =  mole fraction 

of component i in the mixture; and R =  gas 

constant. 

When E q .  1 is satisfied for each component, 

the mixture will be a eutectic mixture -- 

assuming that ideal interaction occurs. This 

calculation, which is made with a computer 

program f o r  multicomponent mixtures, is assumed 

to give approximately the correct composition for 

the actual eutectic mixture. I f  the mp is 
considerably higher than the calculated value, 

then a more accurate eutectic mixture can be 

determined experimentally by partial freezing 
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FORMULATION AND PROPERTIES OF EUTECTIC MIXTURES 1 L l  

f r a c t i o n a t i o n s  o f  t h e  c a l c u l a t e d  e u t e c t i c  

m i x t u r e .  8 

T h e  n e m a t i c  t o  i s o t r o p i c  c l e a r p o i n t  ( T  ) o f  
C 

a m u l t i c o m p o n e n t  m i x t u r e  c a n  b e  e s t i m a t e d  f r o m  

t h e  c o m p o s i t i o n  a n d  t h e  c l e a r p o i n t s  o f  t h e  

i n d i v i d u a l  c o m p o n e n t s  ( T  c ( i ) ) :  

3 .  RESULTS A N D  DISCUSSION 

3 .1  S e l e c t i o n  o f  S h o r t  L e n g t h  M i x t u r e s  

A l t h o u g h  e s t e r  m i x t u r e s  w i t h  s h o r t e r  a v e r a g e  

m o l e c u l a r  l e n g t h  (L) s h o w  s u p e r i o r  d y n a m i c  

s c a t t e r i n g  p r o p e r t i e s  o v e r  s i m i l a r  m i x t u r e s  w i t h  

l o n g e r  L ,  s p e c i a l  c a r e  m u s t  b e  t a k e n  t o  s e l e c t  

s h o r t  L c o m p o n e n t s  w h i c h  w i l l  f o r m  e u t e c t i c  

m i x t u r e s  w i t h  o n e  a n o t h e r .  I f  t h e  c o m p o u n d s  a r e  

t o o  s i m i l a r  i n  s t r u c t u r e  a n d  l e n g t h  t h e y  c a n  f o r m  

a s o l i d  s o l u t i o n  m i x t u r e  r a t h e r  t h a n  a e u t e c t i c  

m i x t u r e .  T h i s  i s  t h e  c a s e ,  f o r  e x a m p l e ,  w i t h  a 

m i x t u r e  o f  6 0 - 4  a n d  6 0 - 5  w h i c h  s h o w  a m e l t i n g  

p o i n t  b e t w e e n  t h o s e  of  t h e  t w o  p u r e  c o m p o n e n t s  

r a t h e r  t h a n  o n e  b e l o w  b o t h  o f  t h e m  a s  i s  e x p e c t e d  

f r o m  a n  e u t e c t i c  m i x t u r e .  O f t e n  t h i s  p r o b l e m  h a d  

p r e v i o u s l y  b e e n  a v o i d e d  by  s e l e c t i n g  m i x t u r e  

c o m p o n e n t s  w h i c h  were e a c h  d i f f e r e n t  i n  l e n g t h  b y  

a t  l e a s t  t w o  m e t h y l e n e  g r o u p s .  However ,  

m u l t i c o m p o n e n t  e s t e r  m i x t u r e s  a r e  n e e d e d  t o  

o b t a i n  b r o a d  n e m a t i c  t e m p e r a t u r e  r a n g e s ,  a n d  w h e n  
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112 I. D. MARGERUM ef al. 

m a n y  c o m p o n e n t s  a r e  u s e d  t o g e t h e r  i t  is  v e r y  

d i f f i c u l t  t o  o b t a i n  s h o r t  m i x t u r e  i f  e a c h  

c o m p o n e n t  i s  t w o  o r  m o r e  m e t h y l e n e  g r o u p s  

d i f f e r e n t  i n  l e n g t h  f r o m  a l l  o f  t h e  o t h e r s .  To 

c i r c u m v e n t  t h i s  p r o b l e m  w e  h a v e  d e v i s e d  m e t h o d s  

o f  s e l e c t i n g  e q u a l  l e n g t h  c o m p o n e n t s  w h i c h  c a n  b e  

u s e d  t o g e t h e r  i n  e u t e c t i c  m i x t u r e s . 9  

O n e  t e c h n i q u e  ( M e t h o d  I )  i s  t o  u s e  a b i n a r y  

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

c o m p o n e n t s  f r o m  a h o m o l o g o u s  s e r i e s  b y  s e l e c t i n g  

c o m p o n e n t s  i n  w h i c h  t h e  a l k y l  e n d  g r o u p s  a r e  

s u b s t a n t i a l l y  d i f f e r e n t  a t  t h e  same m o l e c u l a r  

p o s i t i o n .  S e v e r a l  s e t s  o f  s u c h  b i n a r y  m i x t u r e s  

a r e  l i s t e d  i n  T a b l e  I1 u n d e r  M e t h o d  I .  I n  

g e n e r a l  i f  t h e  n u m b e r  o f  c a r b o n  a t o m s  i n  t h e  

n - a l k y l  e n d  g r o u p s  a r e  r e p r e s e n t e d  by R a  a n d  R , I  

i n  ComQound A ,  a n d  by R b  a n d  R b I  i n  c o m p o u n d  B ,  

t h e n  a b i n a r y  e u t e c t i c  m i x t u r e  w i t h  A a n d  B o f  

e q u a l  l e n g t h  ( i . e .  R a  + R a '  = Rb + R b ' )  C a n  b e  

made  by s e l e c t i n g  a l k y l  g r o u p s  t h a t  d i f f e r  by  2 

c a r b o n s  o r  more a t  e a c h  s p e c i f i c  e n d  o f  t h e  

- 

s t r u c t u r e ,  i . e s  I R a  - R b l  22 a n d  I R a ' - R b 1 1 L 2 .  
T h i s  i s  i l l u s t r a t e d  f o r  t h r e e  d i f f e r e n t  

h o m o l o g o u s  s e r i e s  i n  T a b l e  11, b y  c o m b i n a t i o n s  o f  

s u c h  a s  2O-3/40-1, 2055/4053, a n d  1 0 - 0 4 / 4 0 - 0 1 .  

A n o t h e r  t e c h n i q u e  ( M e t h o d  11) i s  t o  u s e  a 

b i n a r y  e u t e c t i c  m i x t u r e  c o n s i s t i n g  o f  two 

e s s e n t i a l l y  e q u a l  l e n g t h  c o m p o n e n t s  f rom 

d i f f e r e n t  c l a s s e s  o f  e s t e r s .  I n  t h e  n o t a t i o n  

a b o v e  f o r  c o m p o u n d s  A a n d  B o f  d i f f e r e n t  c l a s s e s ,  

b i n a r y  e u t e c t i c s  c a n  b e  m a d e  w h e n  
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FORMULATION AND PROPERTIES OF EUTECTIC MIXTURES 113 

TABLE I1 Binary LC eutectics with equal length components. 

Thermal Mole Nematic Temp. Range 
Components Dataa Fraction Calc. ( O C )  Obs. (OC) 

Method I 
20- 3 
40-1 

20-5 
40-3 

205 3 

4051 

2055 
4053 

1054 
4051 

10-04 
40-01 

Method I1 
10-4 
1054 

10-4 
1504 

1055 
10- CC IS 

20- 3 
20- CC 13 

40-6 
4056 

It3 
1 

1,3 
1 

Table I 
Table I 

Table I 
Table I 

Table I 
Table I 

Table I 
Table I 

Table I 
Table I 

Table I 
Table I 

3 
2.3 

1.3 
2.3 

1.3 
Table I 

0.515 
0.484 

0.581 
0.419 

0.367 
0.633 

0.256 
0.744 

0.505 
0.495 

0.366 
0.634 

0.583 
0.417 

0.680 
0.320 

0.358 
0.642 

0.319 
0.681 

0.412 
0.588 

53.0-60.6 

47.3-60.2 

50.5-84.7 

39.4-83.3 

42.7-67.6 

66.0-80.0 

43.6-38.2' 

48.0-42.3' 

24.8-70.9 

36.4-74.6 

20.7-61.1 

52.1-61.9 

43.8-60.8 

45.4-84.4 

39.2-75.5 

28.8-65.8 

64.8-81.2 

43.1-39.0' 

49.5-38.2' 

27.9-68.4 

37.8-73.9 

21.9-61.8 

aSource of experimental mp, clpt., AHf, and molecular length. 
bCalculated mole fraction from Schroeder-Van Laar equation. 
CMonotropic mixture. 

'a + R , '  = Bb + R b ' .  I n  t h e  c a s e s  s h o w n  i n  T a b l e  
11, M e t h o d  11, t h e  a l k y l  g r o u p s  c a n  b e  t h e  same 

a t  e a c h  s p e c i f i c  e n d  of  t h e  s t r u c t u r e ,  
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114 J .  D. MARGERUM et al. 

e . g .  R a  = Rb a n d  R, '  = R ~ '  i n  b i n a r y  c o m b i n a t i o n s  

s u c h  a s  1 0 - 4 / 1 0 ! 3 4  a n d  2 0 - 3 / 2 0 - [ C ] 3 ,  e t c .  

H o w e v e r ,  i t  i s  a l s o  a l l  r i g h t  i f  R a  f~~ w h e n  

o t h e r  e q u a l  l e n g t h  c o m p o n e n t s  f r o m  t h e s e  c l a s s e s  

a r e  c o m b i n e d ,  e . g .  2 0 - 3 / 1 0 - [ C ] 4 .  I n  s o m e  c a s e s  

( n o t  s h o w n  i n  T a b l e  11 )  i t  i s  n e c e s s a r y  t o  u s e  a 

c o m b i n a t i o n  o f  M e t h o d s  I a n d  11. F o r  e x a m p l e  t h e  

c a l c u l a t e d  b i n a r y  m i x t u r e  f o r  6 0 - 0 1 / 6 0 ! 3 0 1  g i v e s  

a s o l i d  s t a t e  s o l u t i o n ,  w h i l e  t h e  m i x t u r e  

6 0 - 0 1 / 1 0 5 0 6  g i v e s  a n  e u t e c t i c  t y p e  d e p r e s s e d  

m e l t i n g  p o i n t .  

E a c h  o f  t h e  b i n a r y  s e t s  i n  T a b l e  I 1  i s  

f o r m u l a t e d  w i t h  t h e  m o l e  f r a c t i o n s  c a l c u l a t e d  b y  

t h e  S c h r o e d e r - V a n  L a a r  r e l a t i o n s h i p  ( e q u a t i o n  l), 

a n d  e x p e r i m e n t a l l y  e a c h  s e t  i s  a e u t e c t i c  t y p e  

m i x t u r e  w i t h  a m e l t i n g  p o i n t  s i m i l a r  t o  t h e  

c a l c u l a t e d  ( i d e a l )  v a l u e .  T h e  o b s e r v e d  

c l e a r p o i n t s  a r e  a l s o  s h o w n  f o r  t h e s e  b i n a r i e s  i n  

T a b l e  11,  a n d  a r e  a l l  c l o s e  t o  t h e  i d e a l  v a l u e s  

c a l c u l a t e d  b y  e q u a t i o n  2 .  H o w e v e r ,  t h e  

c l e a r p o i n t s  a r e  o f t e n  near ( u s u a l l y  s l i g h t l y  

b e l o w )  t h e  v a l u e s  c a l c u l a t e d  w h e t h e r  o r  n o t  t h e  

m i x t u r e  s h o w s  e u t e c t i c  p r o p e r t i e s .  

T h e  b i n a r y  s e t  o f  L C  c o m p o n e n t s  d e s c r i b e d  

b y  o u r  m e t h o d s  I a n d  11, a n d  i l l u s t r a t e d  b y  t h e  

e x a m p l e s  i n  T a b l e  11, c a n  b e  u s e d  i n  t h e  

f o r m u l a t i o n  of  m u l t i c o m p o n e n t  L C  e u t e c t i c  

m i x t u r e s  w i t h  r e l a t i v e l y  s h o r t  L by  c o m b i n i n g  

o n e  o r  m o r e  s e t s  o f  t h e s e  s h o r t  l e n g t h  b i n a r i e s  

t o g e t h e r  w i t h  o t h e r  s h o r t  l e n g t h  e s t e r  L C  

c o m p o n e n t s .  C o m b i n i n g  s e t s  o f  b i n a r y  m i x t u r e s  
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FORMULATION AND PROPERTIES OF EUTECTIC MIXTURES 115 

w i t h  common c o m p o n e n t s  c a n  g i v e  t e r t i a r y  a n d  

q u a t e r n a r y  e u t e c t i c s  o f  e q u a l  l e n g t h  LCs. O u r  

s e l e c t i o n  r u l e s  f o r  t h e  o t h e r  c o m p o n e n t s  a r e  t h a t  

i n  g e n e r a l  t h e y  s h o u l d  d i f f e r  f r o m  t h e  b i n a r i e s  

a n d  f r o m  o n e  a n o t h e r  e i t h e r  by  b e i n g  f r o m  a 

d i f f e r e n t  e s t e r  c l a s s  o r  by  b e i n g  a b o u t  t w o  

m e t h y l e n e  g r o u p s  ( 2 . 5 A )  o r  m o r e  d i f f e r e n t  i n  

l e n g t h .  An e x c e p t i o n  i s  t h a t  some v e r y  s h o r t  

l e n g t h  c o m p o n e n t s  o f  t h e  same c l a s s  c a n  b e  u s e d  

t o g e t h e r  when d i f f e r i n g  b y  o n l y  o n e  m e t h y l e n e  

g r o u p  i f  t h i s  d i f f e r e n c e  i s  b e t w e e n  a m e t h y l  a n d  

a n  e t h y l  e n d  g r o u p .  A s  e x p l a i n e d  i n  t h e  

e x p e r i m e n t a l  s e c t i o n ,  t h e  m o l e  f r a c t i o n  

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

m u l t i c o m p o n e n t  e u t e c t i c  by  u s i n g  t h e  S c h r o e d e r -  

Van Laar e q u a t i o n .  T h i s  is  a s s u m e d  t o  g i v e  a 

r e l a t i v e l y  c l o s e  a p p r o x i m a t i o n  t o  t h e  t r u e  
e u t e c t i c  c o m p o s i t i o n  ( i f  i t  e x i s t s  f o r  t h e  

c o m p o n e n t s  s e l e c t e d ) ,  a n d  t h i s  t h e o r e t i c a l  

c o r n p o s i t i o n  i s  t h e  o n e  t h a t  w e  u s e  t o  t e s t  t h e  

m i x t u r e .  

A v e r y  s h o r t  L e u t e c t i c  m i x t u r e  o f  RO-R' 
c o m p o n e n t s  i s  t h e  H R L - 2 N 4 2  m i x t u r e  w h o s e  

c o m p o s i t i o n  a n d  p r o p e r t i e s  a r e  s h o w n  i n  T a b l e  

111. T h i s  f i v e  c o m p o n e n t  h o m o l o g o u s  m i x t u r e  

c o n t a i n s  t w o  s e t  o f  M e t h o d  I b i n a r i e s  (20-3/40-1 

a n d  2 0 - 5 / 4 0 - 3 )  a l o n g  w i t h  10-1, w h i c h  i s  a 

p s e u d o - n e m a t i c  c o m p o n e n t . '  T h e  o b s e r v e d  n e m a t i c  

r a n g e  i s  a c t u a l l y  b e t t e r  t h a n  t h e  c a l c u l a t e d  

r a n g e ,  a n d  t h i s  p a r t i c u l a r  m i x t u r e  i s  u s e d  

e x t e n s i v e l y  i n  t h e  p r e s e n t  w o r k  a s  a h o s t  L C  f o r  
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116 J .  D. MARGERUM et al. 

1 Composition 
Components Mole. Fraction 

10- 1 0.112 
20-3 0.222 
20-5 0.283 
40-1 0.191 
40-3 0.192 

Characteristics 
Property Calc. Obs. 

Clpt. (OC) 57.0 57.7 
Length(a) 20.39 - 
An(23O) 0.158 

m p  (OC)  28.8 5.3 

- 
- A E  (25O) -0.21 

q(25O.cP) - 32.6 
I 

e x p e r i m e n t s  i n  d e t e r m i n i n g  t h e  r e l a t i v e  c l a s s  An 

a n d  A E  c o n t r i b u t i o n s  o f  o t h e r  L C  c o m p o n e n t s  

S e v e r a l  o t h e r  s u c h  RO-R' e u t e c t i c  m i x t u r e s  h a v e  

b e e n  d e s c r i b e d '  w h i c h  i n c l u d e  e q u a l  l e n g t h  b i n a r y  

s e t  c o m p o n e n t s .  A n o t h e r  r e l a t i v e l y  s h o r t  L 

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

g r o u p  i s  t h e  7 - c o m p o n e n t  RO-OR' m i x t u r e  HRL-2N54 

s h o w n  i n  T a b l e  I V .  I t  c o n t a i n s  t h e  t w o  b i n a r y  

s e t s  10-04/40-01 a n d  10-06/60-01. I t  a l s o  

c o n t a i n s  t h e  s h o r t  l e n g t h  c o m p o n e n t s  1 0 - 0 1  a n d  

20-01. T h e  o b s e r v e d  n e m a t i c  r a n g e  o f  2N54 i s  

w i d e r  t h a n  t h e  c a l c u l a t e d  o n e .  T a b l e  V s h o w s  a n  

e x a m p l e  of  t h e  s h o r t  l e n g t h  t h i o e s t e r  e u t e c t i c  

m i x t u r e  HRL-5N3. T h i s  i s  a 7 - c o m p o n e n t  e u t e c t i c  

m a d e  w i t h  two c l a s s e s  of  t h i o e s t e r  LCs. I t  

i n c l u d e s  t h r e e  c o m p o n e n t s  o f  t h e  same l e n g t h  

( c o r r e s p o n d i n g  t o  t h r e e  b i n a r y  s e t s ) ,  n a m e l y  

1094/2033/4031. T h e  5N3 m i x t u r e  h a s  a 

n e m a t i c  r a n g e  v e r y  c l o s e  t o  t h e  c a l c u l a t e d  r a n g e .  

B e f o r e  e x a m i n i n g  o t h e r  m u l t i - c o m p o n e n t  e u t e c t i c s  

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

f o l l o w i n g  s e c t i o n s  d e s c r i b e  t h e  a s s i g n m e n t s  o f  
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FORMULATION AND PROPERTIES OF EUTECTIC MIXTURES 117 

Composition 
Components Ref. Mole. Fraction 

10-01 I 0.145 
10-04 I 0.051 
10-06 I 0.033 
20-01 I 0.078 
40-01 I 0.118 
40-05 3 0.291 
6 0 - 0 1  3 0.385 

Characteristics 
Property Calc. Obs. 

mp (OC) 24.9 - 
Clpt. (OC) 78.3 80.2 
Length(8) 23.23 - 
An (23OC) - 0.171 

Ac (25O) - -0.35 
n (25O,cP) - 106 

TABLE V Thioester eutectic mixture HRL-5N3. 

Composition 
Components Ref. Mole Fraction 

1054  I 0.094 
1055 3 0.123 
10506 3 0.110 
205 3 I 0.058 
4051 I 0.097 

~~ - ~~ - 

Characteristics 
Property Calc. O b s  . 

mp(OC) -0.6 - 
c1pt. (OC) 78.6 76.0 

Length(8) 23.05 - 

4053 I 0.217 
4056 I 0.302 

c l a s s  v a l u e s  o f  A n ,  A E ,  a n d  11. T h e s e  a r e  u s e d  i n  

o u r  c a l c u l a t i o n s  t o  p r e d i c t  t h e s e  a n i s o t r o p i c  

p r o p e r t i e s ,  a s  w e l l  a s  t h e  n e m a t i c  t e m p e r a t u r e  

r a n g e ,  f o r  new m i x t u r e s .  

3 . 2  A s s i g n m e n t  o f  C l a s s  B i r e f r i n g e n c e  

T h e  An o f  a n e m a t i c  e s t e r  L C  d e p e n d s  m a i n l y  o n  

t h e  c l a s s  of t h e  e s t e r  s t r u c t u r e ,  a n d  s o m e w h a t  

u p o n  t h e  l e n g t h  o f  i t  a l k y l  e n d  g r o u p s .  T h i s  h a s  

b e e n  s h o w n  p r e v i o u s l y  f o r  1 0 0 %  m i x t u r e s  o f  R O - R 1 ,  

RO-[C]R1, a n d  R - O R 1  s t r u c t u r e s . '  * * j 4  B e c a u s e  i t  
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118 J .  D. MARGERUM er al. 

i s  n o t  e a s y  t o  p r e p a r e  100% m i x t u r e s  f o r  e a c h  

e s t e r  c l a s s  s t r u c t u r e  o f  i n t e r e s t ,  we i n s t e a d  

o b t a i n  a p p r o x i m a t e  An c l a s s  v a l u e s  by  m e a s u r i n g  

t h e  An o f  m i x t u r e s  c o n t a i n i n g  s p e c i f i c  c o m p o n e n t s  

o f  a g i v e n  c l a s s  a d d e d  t o  a s t a n d a r d  h o s t  L C .  

T h e  RO-R' m i x t u r e  2N42 i s  u s e d  a s  t h e  h o s t ,  a n d  

i t  i s  g e n e r a l l y  m i x e d  w i t h  2 5  m o l e  p e r c e n t  o f  t h e  

c o m p o n e n t s  b e i n g  s t u d i e d .  T h e  An c o n t r i b u t i o n  o f  

t h e  a d d e d  c o m p o n e n t  i s  e s t i m a t e d  by  t h e  

a p p r o x i m a t i o n  o f  s i m p l y  s u b t r a c t i n g  o u t  t h e  

c o n t r i b u t i o n  d u e  t o  t h e  h o s t .  T h u s  w i t h  2 5 %  

a d d e d  c o m p o n e n t s  t o  7 5 %  2N42 a t  23OC,  t h e  A n c a l c  

f o r  t h e  a d d e d  c o m p o n e n t s  is  o b t a i n e d  f r o m  

e q u a t i o n  3 .  

= 0 .25  (Ancalc ) + 0 . 7 5 ( 0 . 1 5 8 )  '"obs ( 3 )  

F o r  e x a m p l e  a ' "obs o f  0 . 1 7 0  i s  m e a s u r e d  w h e n  25% 
o f  4 0 3 3  i s  a d d e d  t o  2 N 4 2 ,  g i v i n g  a An 

0 . 2 0 6  f r o m  w h i c h  we a s s i g n  ROSR' 
0 . 2 1  i n  t h e  e n v i r o n m e n t  o f  a s h o r t  l e n g t h  R O - R '  

h o s t  L C .  T h i s  i s  t h e  m a n n e r  i n  w h i c h  m o s t  o f  t h e  

AnclaSS v a l u e s  a r e  a s s i g n e d  f o r  t h e  30  d i f f e r e n t  
e s t e r  c l a s s e s  s h o w n  i n  T a b l e  V I .  I n  s e v e r a l  

c a s e s  t h e s e  e x t r a p o l a t e d  An class v a l u e s  a r e  f o u n d  
t o  b e  i n  g o o d  a g r e e m e n t  w i t h  Anobs f o r  1 0 0 %  

m i x t u r e s  o f  t h e  same c l a s s ,  a s  n o t e d  i n  T a b l e  V I  

f o r  R O - O R ' ,  R - ( C l ) O O C P R ' ,  a n d  RO-[C]R' m i x t u r e s .  

T h e  Anclass  a s s i g n m e n t s  f o r  R O - R '  a n d  R-OR' 

m i x t u r e s  a r e  e s t i m a t e d  f r o m  1 0 0 %  m i x t u r e s  a t  a n  

c of  2 2  A. 

t h e  a v e r a g e  v a l u e  o b t a i n e d  f r o m  m e a s u r i n g  t h r e e  

c a l c  o f  

a Anclass  o f  

T h e  AnclaSS f o r  R-RI i s  t a k e n  from 
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FORMULATION AND PROPERTIES OF EUTECTIC MIXTURES 119 

'TABLE VI Assignment of class birefringence values. 
b a Components Measured Anclass Class 

R P - R ' ,  R-PR' 0.25 3P-4, SP-4, 5-P5 
R(CN)-PR' 
R(CN) -FOR'  

ROSOK' 

RSYR' 
ROSR' 
RSOR' 
R-OOCPR' 
RO-OR' 

RO-YR' 
ROOCP POR ' 
R- (C1)OOCPR' 

R-YR' 
RO-R' 
R-OR' 

R(Br) -YR' 
NC-R 
R(CH3)-YR' 
RO-OOCR ' 
R-OOCR' 
R(CN) -YR' 
ROS [ C ] R '  

R-OOCY R ' 
RO- [ C ] R' 
NC-[C]R 
R[C]-YR' 
RY - [ C ] R' 
R - R '  

R-[C]R' 
R[C]-[CIYR' 

0.25 
0.23 
0.23 
0.23 
0.21 
0.21 
0.18 
0.17 
0.17 
0.17 
0.16 

0.15 
0.15 
0.14 
0.14 
0.13 
0.13 
0.13 
0.12 
0.11 
0.11 
0.11 
0.09 
0.08 
0.08 
0.07 
0.07 
0.04 
0.04 

7 (CN) -P5  

4 (CN) -PO3 
10504, 10506 
1SY3 (10%) 
4053 
1506 
2-OOCP2, 4-OOCP4 
40-05,60-05;(100% 2N54) 
20-Y3, 20-Y5 
3OOCPPO6 
2-(c1)oocP2,5-(c1)oocP5 
(also, 100% 2P37) 

2N42; 2N43 etc.' (100%) 
2~13;etc." (100%) 

2-Y3,4-Y3 

1 (Br) -Y3 
NC-4 ,NC-7 
1 (CR3 -Y 3 
40-00C4.60-00C5 
3-00C5,7-00C5 
4 (CN) -Y3 
20s[ c] 5 
4-OOCY4 
2O-[C]5 (also,100%6N7) 
NC-[CIS 

2 

3[CI-Y2, 3[CI-Y4 
3Y-[C]4, 3Y-[C]S 

5-[c]5 
3[C]-[C]Y4 

7-6; 7-4; 5-5 

aExtrapolated value of An at 23OC for ester classes 
in environment of short length RO-R mixtures. 

bMeasured in HRL-2N42 with 25% concentration of 
components (total) unless noted otherwise. 

d i f f e r e n t  m i x t u r e s  o f  R - R '  c o m p o n e n t s  i n  t h e  

h o s t .  I n  many c a s e s  m o r e  t h a n  o n e  c o m p o n e n t  o f  a 
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120 J .  D. MARGERUM et al. 

g i v e n  c l a s s  i s  n e e d e d  t o  o b t a i n  a 2 5 %  s o l u t i o n ,  

s u c h  a s  t h e  u s e  o f  1 0 9 0 4  a n d  1 0 9 0 6  t o g e t h e r  

i n  2 N 4 2 .  When s u c h  c o m p o n e n t  m i x t u r e s  a r e  u s e d  

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

i n d i v i d u a l  c o m p o n e n t  i s  t h e  same a s  t h o s e  

r e p o r t e d  i n  o u r  v i s c o s i t y  s t u d i e s . 5 * 6  

H i g h e r  b i r e f r i n g e n c e  v a l u e s  i n  L C  s t r u c t u r e s  

a r e  g e n e r a l l y  r e l a t e d  t o  h i g h e r  m o l e c u l a r  

p o l a r i z a b i l i t y  a l o n g  t h e  d i r e c t o r  a x i s .  T h i s  i s  

p a r t i c u l a r l y  n o t i c e a b l e  i n  T a b l e  V I  f o r  t h e  

Anclass v a l u e s  o f  b i p h e n y l  e s t e r  a n d  t h i o e s t e r  

s t r u c t u r e s .  L o w e r  AnclaSS v a l u e s  a r e  f o u n d  w h e n  
c y c l o h e x y l  r i n g s  r e p l a c e  p h e n y l  r i n g s  a n d  w h e n  

a l k y l  g r o u p s  r e p l a c e  a l k o x y  g r o u p s .  T h u s  t h e  

e s t e r  c l a s s  R [ C ] - [ C I Y R '  w i t h  n e i t h e r  p h e n y l  n o r  

a l k o x y  g r o u p s  h a s  t h e  l o w e s t  Anclass  i n   able V I .  

3 . 3  A s s i g n m e n t  o f  C l a s s  D i e l e c t r i c  A n i s o t r o p y  

As i n  t h e  b i r e f r i n g e n c e  s t u d i e s ,  we a s s i g n  c l a s s  

v a l u e s  o f  A E  b a s e d  l a r g e l y  o n  m e a s u r e m e n t s  o f  

s e l e c t e d  c o m p o n e n t s  m i x e d  w i t h  t h e  R O - R '  h o s t  

2 N 4 2 .  We a r e  a w a r e  t h a t  i n t e r m o l e c u l a r  

a s s o c i a t i o n  e f f e c t s  i n  L C s  c a n  s u b s t a n t i a l l y  

a l t e r  o b s e r v e d  v a l u e s  of  A E ,  a s  was n o t e d  

p r e v i o u s l y  p a r t i c u l a r l y  f o r  l o n g e r  l e n g t h  R-OR' 
m i x t u r e s . '  T h u s ,  i n  t h e  s t r i c t  s e n s e  o u r  

e x t r a p o l a t e d  A E  c l a s s  v a l u e s  f r o m  m e a s u r e m e n t s  
i n  2 N 4 2  r e p r e s e n t  j u s t  t h e  c o n t r i b u t i o n s  o f  t h e  

a d d e d  c o m p o n e n t s  i n  t h e  e n v i r o n m e n t  of t h e  s h o r t  

l e n g t h  R O - R '  h o s t .  When t h e  f i n a l  m i x t u r e  
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FORMULATION AND PROPERTIES OF EUTECTIC MIXTURES 121 

consists of 25% added components and 75% 2N42, 
then the for the additives at 25OC 
obtained from equation 4: 

0.25 ( A E ~ ~ ~ ~  - 0.75 (0.21) (4) 

For example, a ASobs of 0.138 is measured when 
25 mole percent of 1(CH3)-y3 is added to 2N42, 
giving a Aceale of  1.18 from which we assign 
R(CH3)-y~' a of 1.2. A list is shown 
in Table VII for the assigned Acelass values of 
23 different class ester structures. AS 
indicated in Table VII, most of the assignments 
are made from measurements of 10 to 25% additives 
in 2N42. 
R-OR' structures are taken from the 100% mixtures 
of these previously studied. ' 9' 

The AEclass values f o r  the RO-R', and 

Several generalizations can be  noted from 
the relative A E ~ ~ ~ ~ ~  values in Table VII. The 
thiobenzoate structures are all considerably more 
positive in A E ~ ~ ~ ~ ~  values then the 
corresponding benzoate structures, e.g. 
RSYR'(1.6) VS. R-YR'(0.6), ROSOR'(O.4) VS. 

RO-OR'(-O.3), and ROSR'(O.0) vs. RO-R'(-0.2). 
Use of a cyclohexanecarboxylate group in place of 
a benzoate group gives a considerably more 
negative value of A E ~ ~ ~ ~ ~ ,  e.g. R-oocYR'(O.~) 

RO-R'(-0.2), and R-[CIR'(-1.2) vs. R-R'(O.1). 
These results, which are summarized schematically 
in Figure 4 for An and n as well as AE, are 

VS. R-OOCPR'(7.3), RO-[C]R'(-2.1) VS. 
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122 J. D. MARGERUM er a1 

TABLE VII Assignment of class dielectric anisotropy values. 
b Class Components Measured Concn. '€classa 

NC- 1 C ] R 

R-OOCPR ' 7.3 (4.7) 
RSYR' 1.6 
R (CA 3 ) -YR ' 1.2 
RP-R' , R-PR' 0.8 
R-YR' 0.6 
ROSOR' 0.4 
R-OOCY R ' 0.3 
R-OR' 0.2 
RO-YR' 0.1 
R-R' 0.1 
ROSR' 0.0 
ROOCPPOR ' 0.0 
RO-R' -0.2 
RO-OR' -0.3 
R(Br)-YR' -0.8 
RO-OOCR ' -1.0 

19.8 
R- (C1) OOCPR' 7.9 ( 4 . 7 )  

R-[C]R' -1.2 (-0.3) 
RO- [ C] R ' -2.1 (-1.4)C 
(Py) -POR -2.5 
R(CN) -PR' -5.4 ( - 3 .  7) 
R(CN) -YR' -6.5 (-3. 7)c 

NC-LCJ5 25% 
2- (C1) OOCP2,5- (C1) oocP5 10% 
2-OOCP2, 4-OOCP4 25% 
1SY 3 12.5% 
1 (CH3) -Y3 25% 
3P-4, 5P-4, 5-PS 25% 
2-Y3, 4-Y3, 2-Y5 25% 
1054, 10506 2 5% 
4 -0OCY4 12.5% 

100% 2P13, etc. 
20-Y3, 20-Y5 25% 
7-4 25% 
4053 25% 
3OOCPPO6 2 5% 

100% 2N42; 2N43; etc. 
60-01; 40-05, 60-05 25% 
1 (Br) -Y3 25% 
40-00C4, 60-OOC5 25% 
5-CcI5 25% 
20- [C] 3 25% 
(Py) -Po5 10% 

4 (CN) -Y3 10% 

4 

1 

7 (CN) -P5 25% 

aExtrapolated value of A E  at 25OC for ester classes in 
environment of short length RO-R mixtures. 
bConcentration of components (total) added to HRL-2N42 
for A E  measurement. 

CAc'class values extrapolated from 25'C measurements of 
A E  for the components in the RO-[C]R' mixture HRL-6N7. 

consistent with the relative polarizability along 
the long axis of these molecules. 

In Table VII we also note several A E ~ ~ ~ ~ ~ ~  
values calculated f o r  components measured in the 
short length RO-[CIR' mixture HRL-6N7. These 

AEtClaSS values are all smaller in magnitude 
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FORMULATION AND PROPERTIES OF EUTECTIC MIXTURES 123 

13798- 4 

CLASS VALUES OF 

An,  Ae, AND r )  

FIGURE 4 C e n t r a l  s t r u c t u r e  eFfec t  on 
r e l a t i v e  c l a s s  v a l u e s ,  showing 
direction of poz i ' c ive  i n c r e a s e  

( p o s i t i v e  o r  n e g a t i v e )  t h a n  t h e  A E ~ ~ ~ ~ ~  v a l u e s  
m e a s u r e d  i n  2N42. We d o  n o t  y e t  know w h a t  c a u s e s  

t h e  d i f f e r e n c e s  b e t w e e n  o u r  c a l c u l a t e d  A E  

a n d  A E t c l a s s  v a l u e s .  E a c h  m o l e c u l e  i n  t h e  2N42 
h o s t  h a s  t w o  p h e n y l  r i n g s  w h i c h  s h o u l d  p r o v i d e  a 

s t r o n g l y  p o s i t i v e  m a g n e t i c  a n i s o t r o p y  a n d  

c o r r e s p o n d i n g l y  g o o d  m a g n e t i c  f i e l d  a l i g n m e n t  

a l o n g  t h e  L C  d i r e c t i o n  i n  t h e  A E  m e a s u r e m e n t s .  

E a c h  m o l e c u l e  i n  t h e  6N7 h o s t  h a s  o n e  p h e n y l  r i n g  

a n d  o n e  c y c l o h e x y l  r i n g ,  r e s u l t i n g  i n  a 

s u b s t a n t i a l l y  r e d u c e d  m a g n e t i c  a n i s o t r o p y  a s  

c o m p a r e d  t o  m o l e c u l e s  w i t h  two p h e n y l  r i n g s .  l o  

H o w e v e r ,  b e c a u s e  o u r  m e a s u r e d  A E  v a l u e s  a r e  n o t  

s t r o n g l y  a f f e c t e d  b y  v a r i a t i o n s  i n  t h e  m a g n e t i c  

f i e l d  s t r e n g t h  b e t w e e n  3 . 8  t o  6 . 9  k G ,  we b e l i e v e  

t h a t  t h e  6N7 i s  n e a r l y  f u l l y  a l i g n e d  a t  t h e  

6 . 5  k G  s e t t i n g  u s e d  i n  o u r  e x p e r i m e n t s .  P e r h a p s  

t h e  m o l e c u l a r  a x i s  o f  a g u e s t  a d d i t i v e  is  a l i g n e d  

a t  a d i f f e r e n t  a n g l e  w i t h  r e s p e c t  t o  t h e  d i r e c t o r  

c l a s s  
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I24 J .  D. MARGERUM et al. 

o f  t h e  6 N 7  h o s t  t h a n  t h a t  o f  t h e  2N42 h o s t .  O r ,  

m a y b e  t h e  m a g n e t i c  f i e l d  a l i g n m e n t  d i r e c t i o n  i s  

o f f - a x i s  f r o m  t h e  L C  d i r e c t o r  i n  6N7. T h e s e  a r e  

o n l y  s p e c u l a t i o n s ,  a n d  a d d i t i o n a l  s t u d i e s  w i l l  b e  

n e c e s s a r y  t o  d e t e r m i n e  t h e  s o u r c e  o f  t h e  

a n d  A E ' ~ ~ ~ ~ ~  d i f f e r e n c e s .  

3.4 A s s i g n m e n t  o f  C l a s s  V i s c o s i t y  

T h e  a s s i g n m e n t  o f  r e l a t i v e  v a l u e s  o f  c l a s s  

v i s c o s i t y  f o r  1 8  d i f f e r e n t  e s t e r  c l a s s e s  ( i n  a n  

R O - R 7  h o s t  LC) h a s  b e e n  r e p o r t e d  p r e v i o u s l ~ . ~  

T h e  c l a s s  v i s c o s i t i e s  o f  many a d d i t i o n a l  c l a s s e s  

o f  e s t e r s  a r e  a s s i g n e d  s i m i l a r l y  i n  a new p a p e r . '  

I n  n e a r l y  e v e r y  c a s e  t h e s e  n v a l u e s  a r e  
a s s i g n e d  b y  e x t r a p o l a t i n g  t h e  e f f e c t  o f  1 0  t o  25% 

o f  t h e  c o m p o n e n t  o n  t h e  f l o w  v i s c o s i t y  o f  2N42 a t  

25'~. ~ h u s ,  t h e s e  q C l a s s  v a l u e s  a r e  j u s t  
r e l a t i v e  v a l u e s  c o m p a r i n g  t h e  e f f e c t  o f  e a c h  

s t r u c t u r a l  c l a s s  on  t h e  17 o f  a s t a n d a r d  s h o r t  

l e n g t h  R O - R 7  m i x t u r e .  I n  a n  e n v i r o n m e n t  

d i f f e r e n t  f r o m  t h i s  t y p e  o f  R O - R 7  m i x t u r e ,  t h e  

a d d i t i v e s  w o u l d  b e  e x p e c t e d  t o  s h o w  a d i f f e r e n t  

I l c l a s s .  N e v e r t h e l e s s ,  b e c a u s e  m o s t  o f  t h e  
m u l t i - c o m p o n e n t  m i x t u r e s  w h i c h  we a r e  s t u d y i n g  

c o n t a i n  s e v e r a l  s h o r t  l e n g t h  R O - R '  c o m p o n e n t s ,  

t h e  q c l a s s  v a l u e s  d e r i v e d  f r o m  2N42 a r e  i n  f a c t  
q u i t e  u s e f u l  i n  p r e d i c t i n g  t h e  v i s c o s i t y  o f  new 

e u t e c t i c  m i x t u r e s ,  a s  n o t e d  b e l o w .  D
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FORMULATION AND PROPERTIES OF EUTECTIC MIXTURES 125 

3 . 5  F o r m u l a t i o n  a n d  P r e d i c t e d  P r o p e r t i e s  o f  
M i x t u r e s  

Our M e t h o d  I o f  u s i n g  e q u a l  l e n g t h  b i n a r y  s e t s  o f  

s h o r t  l e n g t h  L C  c o m p o n e n t s  i n  m u l t i c o m p o n e n t  

h o m o l o g o u s  m i x t u r e s  i s  i l l u s t r a t e d  b y  p r e v i o u s l y  

r e p o r t e d  R O - R '  m i x t u r e s '  HRL-2N42, - 2 N 4 3 ,  - 2 N 4 4 ,  

a n d  - 2 N 4 8 ,  a w e l l  a s  t h e  A - O R  m i x t u r e 4  HRL-2P21.  

I n  t h e  R O - R '  m i x t u r e s  t h e  b i n a r y  s e t s  2 0 - 3 / 4 0 - 1  

a n d  2 0 - 5 / 4 0 - 3  a r e  u s e d  i n  2N42 a n d  2 N 4 3 ,  w h i l e  

2 0 - 5 / 4 0 - 3  i s  u s e d  i n  2 N 4 4 ,  a n d  6 0 - 5 / 8 0 - 3  i s  u s e d  

i n  2 N 4 8 .  I n  t h e  A - O R '  m i x t u r e  t h e  b i n a r y  s e t  

3 - 0 5 / 7 - 0 1  i s  u s e d .  

Our  M e t h o d  I1 o f  u s i n g  e q u a l  l e n g t h  b i n a r y  

s e t s  o f  d i f f e r e n t  c l a s s  L C s  i n  m u l t i c o m p o n e n t  

m i x t u r e s  i s  i l l u s t r a t e d  by s e v e r a l  m i x t u r e s  

p r e v i o u s l y  d e s c r i b e d . 3  I n  p a r t i c u l a r :  HRL-2N52 

c o n t a i n s  t h e  b i n a r y  s e t s  2 0 - 3 / 1 0 - 0 0 C 3  a n d  

4 0 - 0 5 / 4 0 - 0 0 C 4 ,  HRL-25N4 c o n t a i n s  6 0 - 0 1 / 1 0 5 0 6 ,  

HRL-26N3 c o n t a i n s  t h e  t e r t i a r y  s e t  6 0 - 5 / 6 0 -  

[ C ] 5 / 8 0 - 3 ,  HRL-26N4 c o n t a i n s  t h e  t e r t i a r y  s e t  

2 0 - 3 / 2 O - [ C ] 3 / 1 O - O O C 3 ,  a n d  HRL-256N5 c o n t a i n s  

t h i s  same 2 O - 3 / 2 0 - [ C ] 3 / 1 0 - 0 0 C 3  s e t  a l o n g  w i t h  

6 0 - 0 1 / 1 0 5 0 6 .  I n  T a b l e  VII we s h o w  t h e  o v e r a l l  

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

( a l o n g  w i t h  HRL-246N1)  a n d  we c o m p a r e  o u r  

c a l c u l a t e d  v a l u e s  o f  mp,  c l p t . ,  A n ,  A E ,  a n d  q 

w i t h  o u r  o b s e r v e d  v a l u e s .  T h e  m e l t i n g  p o i n t  a n d  

c l e a r p o i n t  a r e  c a l c u l a t e d  u s i n g  e q u a t i o n s  1 a n d  

2 ,  r e s p e c t i v e l y ,  w h i l e  t h e  o t h e r  p r o p e r t i e s  a r e  

e s t i m a t e d  s i m p l y  b y  s u m m i n g  t h e  t o t a l  m o l e  

f r a c t i o n  Of e a c h  c l a s s  ( x j )  t i m e s  i t s  a s s i g n e d  
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126 J .  D. MARGERUM et al. 

class value (equations 5-71. 

The assigned class values of An and AE are taken 
from Tables VI and VII, respectively, while the 

nclass values are taken from other 
 publication^.^^^ For each eutectic mixture 
composition calculated by the Schroeder-Van Laar 
equation (e.g. all in Table VIII except HRL- 
256N5) our computer is programmed to calculate 
the other properties as well. The computer 
contains a file on the mp, clpt, AHf, L, and 
class values of An, A E ,  and q for each component. 
The program calculates the mole fraction of each 
component for the idealized eutectic mixture, and 
these mole fractions are used to calculate the 
predicted values of An, LIE, and q for this 
mixture. 

Most of the properties calculated for the 
mixture in Table VIII are fairly close to their 
observed values, indicating the general utility 
of using this technique to predict properties of 
new mixtures. The observed mps for 2N52, 25IJ4, 
and 26N3 are within 5' of those calculated, but 
both 26N4 and 246N1 have considerably higher 
observed than calculated mps due to small amounts 
of crystals that remelt near room temperature 
after the samples are stored for long periods at 
-4OOC. This indicates that the calculated 
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FORMULATION AND PROPERTIES OF EUTECTIC MIXTURES 127 

3 TABLE V I I I  Calculated and observed properties of prior m i x t u r e s .  

Component 
Classes 2N52 
RO-R' 0.384 
RO-OR' 0.315 
RO- [CIR' 
ROSR' 
ROSOR' 
RO-OOCR ' 0.302 
R- (C1)OOCPR' 
R(CN) -PR' 

- Properties 3 
Length (2) 24.9 

mp Calc. 3.0 
Obs . 7.0 

Clpt. Calc. 73.0 
Obs. 71.9 

An Calc. 0.15 
Obs . 0.150 

A E  Calc. -0.5 
Obs. -0.45 

II Calc. 63 
Obs . 64.2 

Mole Fractions in HRL Mixtures 
25N4 26N3 26N4 246Nl 256N5 
0.420 0.266 0.228 0.181 0.149 
0.270 0.065 0.194 0.157 0.263 

0.500 0.222 0.390 0.142 
0.155 0.142 
0.155 0.094 

0.354 0.210 
0.169 

0.272 

25N4 SN6 26N4 -- 246Nl 256N5 
23.9 26.4 23.3 26.3 23.3 

-0.9 -15.0 6.7 1.3 - 
5.0 -20.0 21.0 19.0 -9.0 

74.7 77.5 78.0 83.4 - 
71.6 75 .8  77.0 81.0 77.4 

0.18 0.12 0.13 0.16 0.16 
0.169 0.118 0.141 0.143 0.158 

-0.1 0.2 -0.9 - 2 . 4  -0.6 
-0.13 0.06 -0.96 -1.55 -0.49 

58 49 54 80 59 
59.2 4 7 . 8  49.3 66.6 58.2 

e u t e c t i c  c o m p o s i t i o n  o f  26N4 a n d  246N1 is  

p r o b a b l y  s l i g h t l y  d i f f e r e n t  t h a n  t h e  t r u e  

e u t e c t i c  o b t a i n a b l e  w i t h  t h e s e  c o m p o n e n t s .  The  

o b s e r v e d  c l e a r p o i n t s  i n  T a b l e  VIII a r e  a l l  o n l y  

a b o u t  1 t o  3 O  l o w e r  t h a n  t h o s e  c a l c u l a t e d .  S u c h  

d i f f e r e n c e s  a r e  g e n e r a l l y  t h e  c a s e ,  a n d  a r e  

p r o b a b l y  i n d i c a t i v e  of some n o n - i d e a l i t y  o f  t h e  

m i x t u r e s .  The o b s e r v e d  a n d  c a l c u l a t e d  An a r e  i n  

good  a g r e e m e n t ,  g e n e r a l l y  w i t h i n  0 . 0 1  of o n e  

a n o t h e r .  T h e  o b s e r v e d  A E  a r e  i n  good  a g r e e m e n t  

w i t h  t h e  c a l c u l a t e d  v a l u e s  f o r  2 N 5 2 ,  2 5 N 4 ,  2 6 N 4 ,  
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128 J.  D. MARGERUM et a!. 

a n d  2 5 6 N 5 ,  b u t  d i f f e r  s l i g h t l y  f o r  t h e  26N3 a n d  

c o n s i d e r a b l y  f o r  t h e  2 4 6 N l  m i x t u r e .  T h e  s t r o n g l y  

p o s i t i v e  A E  c o m p o n e n t  5 - ( C l ) O O C P 5  i s  p r e s e n t  i n  

2 6 N 3 ,  a n d  a s  i n d i c a t e d  i n  T a b l e  V I I  i t s  A E  c l a s s  
o f  7 . 3  ( i n  a RO-R' m i x t u r e )  i s  m u c h  h i g h e r  t h a n  

i t s  A E '  of  3 . 2  m e a s u r e d  i n  a RO-[CIR' 
m i x t u r e - - w h i c h  c l a s s  makes u p  5 0 %  o f  2 6 N 3 .  T h e  

s t r o n g l y  n e g a t i v e  A E  c o m p o n e n t  7(CN)-P5 i s  

p r e s e n t  i n  2 4 6 N 1 ,  a n d  i t s  A E  o f  - 5 . 4  i s  

l o w e r  t h a n  i t s  A C t c l a s s  o f  - 3 . 8 .  A s  d i s c u s s e d  
a b o v e ,  t h e  p r e s e n c e  o f  t h e  RO-CCIR' m o l e c u l e s  i n  
t h e  m i x t u r e s  a l t e r s  t h e  A E  m e a s u r e m e n t s .  T h e  

o b s e r v e d  v a l u e s  of  11 a r e  i n  g o o d  a g r e e m e n t  w i t h  

t h e  c a l c u l a t e d  v a l u e s  f o r  2 N 5 2 ,  2 5 N 4 ,  2 6 N 3 ,  a n d  

2 5 6 N 5 ,  a n d  a r e  l o w e r  t h a n  t h o s e  c a l c u l a t e d  f o r  

26N4 a n d  2 4 6 N 1 .  T h u s ,  d e s p i t e  t h e  l i m i t a t i o n s  

i n h e r e n t  i n  u s i n g  rl v a l u e s ,  we f i n d  t h a t  

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

o b s e r v e d  v a l u e s .  

S i x  new e u t e c t i c  e s t e r  m i x t u r e  c o m p o s i t i o n s  
a r e  s h o w n  i n  T a b l e  I X  t o  i l l u s t r a t e  f u r t h e r  o u r  

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

m i x t u r e s  w i t h  i m p r o v e d  p r o p e r t i e s  f o r  d y n a m i c  

s c a t t e r i n g  a p p l i c a t i o n s . 7  T h e i r  p r e d i c t e d  (& 

c a l c u l a t e d )  v e r s u s  t h e i r  o b s e r v e d  p r o p e r t i e s  a r e  

s h o w n  i n  T a b l e  X .  I n  t h e s e  f o r m u l a t i o n s  w e  a r e  

s e e k i n g  a w i d e  n e m a t i c  r a n g e  ( 0  t o  7 5 O C ,  o r  

b e t t e r ) ,  a r e l a t i v e l y  low v i s c o s i t y  

( n 1 2 5 0  <40 c P ) ,  a n d  a s l i g h t l y  n e g a t i v e  A E .  

E x t e n s i v e  u s e  i s  made o f  o u r  f o r m u l a t i o n  m e t h o d s  
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FORMULATION AND PROPERTIES OF EUTECTIC MIXTURES 129 

I a n d  I1 ( b o t h  s e p a r a t e l y  a n d  c o m b i n e d )  i n  o r d e r  

t o  o b t a i n  s h o r t  l e n g t h  m i x t u r e s ,  a s  i n d i c a t e d  b y  

t h e  f o l l o w i n g  l i s t  o f  e q u a l  l e n g t h  b i n a r y ,  

t e r t i a r y ,  a n d  q u a t e r n a r y  c o m b i n a t i o n s  u s e d :  

HRL M i x t u r e s  E q u a l  L e n g t h  C o m b i n a t i o n s  

2 4 5 6 N 1  2 0 - 3 / 4 0 - 1 / 2 0 - c c 1 3 ,  

2 5 6 ~ 1 9  1 O - C C I 5 / 1 0 5 5  

256131 3 1  [ 2 0 - 5 / 4 0 - 3 / 2 0 - c c 1 5 ,  

2 6 N 2 5  

2 6 N 3 5  

2 6 N 3 6  

2 0 - 3 / 2 0 -  cc  1 3 1 1  0 - o o c 3 ,  

2 0 - 5 / 2 O - C C I 5  

T h e  o b s e r v e d  m p s  a n d  c l p t s .  i n  T a b l e  X a r e  a l l  

f a i r l y  close t o  o u r  p r e d i c t e d  v a l u e s  f o r  t h e s e  

e u t e c t i c  m i x t u r e s .  T h e  o b s e r v e d  An v a l u e s  a r e  i n  

e x c e l l e n t  a g r e e m e n t  w i t h  t h e  c a l c u l a t e d  v a l u e s .  

T h e  o b s e r v e d  A E  a r e  g e n e r a l l y  s l i g h t l y  l e s s  

n e g a t i v e  t h a n  t h e  c a l c u l a t e d  v a l u e s ,  a p p a r e n t l y  

d u e  t o  t h e  p r e s e n c e  o f  s u b s t a n t i a l  p e r c e n t a g e s  of 

R O - [ C ] R f  c o m p o n e n t s ,  a s  d i s c u s s e d  a b o v e .  T h e  

o b s e r v e d  I- v a l u e s  a r e  a l l  c l o s e  t o  t h e  c a l c u l a t e d  

v a l u e s ,  r a n g i n g  f r o m  7 t o  1 4 %  l o w e r  t h a n  

p r e d i c t e d .  A f t e r  a d d i n g  a p p r o p r i a t e  d o p a n t s  w i t h  
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130 J .  D. MARGERUM et al. 

TABLE IX Compositions of new eutectic mixture. 

Mole Fraction of Component in HRL Mixture 
Component R e f .  2456N1 256N13 256N19 26N25 26N35 26N36 

1 0.054 0.051 0.050 0.061 0.054 0.057 - 
20- 3 

20-5 
40- 1 
40- 3 
40- 6 
60- 3 
60-5 
1o-[c15 
20-cc13 
2o-cc15 
10s 5 
10-OOC3 
40-OOC4 
2-Y3 
3-Y 3 
4-Y3 
1SY 3 
3P-4 
4-OOCP4 
4 -0OCY 4 

1 0.058 0.055 
1 0.037 0.034 
1 0.034 0.032 
1 
1 0.163 0,156 
1 
2 0.246 0.236 
2 0.125 0.118 
2 0 . 0 6 6  0.062 
3 0.133 0.128 
3 
3 
6 - 0.059 
6 
6 - 0.065 
6 

5 0.082 - 
5 
6 

- - 

- 

- - 
- - 

- - 

- - 

- - 
- - 

0.053 
0.033 
0.031 

- 
0.152 

- 
0.232 
0.115 
0.060 
0.125 

- 
- 
- 

0.082 
- 

0 .066  - 
- 
- 

0.067 
- 
- 
- 
- 

0.229 
0.272 
0.142 
0.077 

- 
0.037 
0.045 

- 
- 
- 

- 
0.070 

- 

0.058 
0.037 
0.034 

- 
- 

0 . 2 0 4  

0.245 
0.124 
0.066 

- 
0.032 

- 
- 

0.087 
- 
- 
- 
- 

0.059 

0.062 
0.039 
0.036 
0.110 

- 
0.214 
0.256 

- 

0 . 0 7 0  
- 
- 
- 
- 

0 .091  
- 
- 
- 

0.065 
- 

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

m i x t u r e s  h a v e  f a v o r a b l e  d y n a m i c  s c a t t e r i n g  

p r o p e r t i e s .  T h e  2 6 N 2 5 ,  2 6 N 3 5 ,  a n d  2 6 N 3 6  m i x t u r e s  

w i t h  r e d o x  d o p a n t s  3 9 ’ ’  a r e  p a r t i c u l a r l y  u s e f u l  

a s  i m p r o v e d  L c s  f o r  l o n g  l i f e  d c - a c t i v a t e d  

d y n a m i c  s c a t t e r i n g  a t  e l e v a t e d   temperature^.^ 

4. CONCLUSIONS 

1 .  M u l t i c o m p o n e n t  e s t e r  e u t e c t i c  m i x t u r e s  

w i t h  s h o r t  a v e r a g e  m o l e c u l a r  l e n g t h  c a n  b e  

p r e p a r e d  b y  i n c l u d i n g  s e l e c t e d  b i n a r y ,  t e r t i a r y  
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FORMULATION AND PROPERTIES OF EUTECTIC MIXTURES 131 

TABLE X Calculated and observed properties of 
new eutectic mixtures. 

Properties HRL Mixtures 
2456Nl 256N13 256N19 26N25 26N35 26M36 

Length (2) 
mp Calc. 

Obs . 
Clpt. Calc. 

O b s .  

An Calc. 
Obs . 

A E  Calc. 
Obs. 

rl Calc . 
Obs. 

22.1 

-5.1 
0 

78.3 
73.8 

0.14 
0.133 

-0.9 
-0.70 

30 
27 

22.1 

-6.2 
-5 

82.4 
77.7 

0.13 
0.127 

-0.9 
-0.60 

31 
28.4 

22.0 

-6.8 
-15 

88.5 
84.5 

0.13 
0.133 

-0.8 
-0.52 

32 
28.7 

23.2 

-2.3 
0 

79.2 
73.9 

0.12 
0.120 

-0.7 
-0.57 

36 
31 

23.0 

-5.2 
-4 

86.3 
81.9 

0.12 
0.12 

-1.0 
-0.70 

34 
32 

23.8 

-4.0 
-13 

83.4 
77.6 

0.13 
0.13 

-0.3 
-0.28 

38 
35.6 

and quaternary sets of short length ester LC 
components of essentially equal molecular length. 
Two methods are found to be suitable for 
selecting eutectic LC binary sets (and 
combinations thereof to give tertiary and 
quaternary sets) with equal length components. 
Guidelines are described for combining these 
binary sets together with other components, and 
such multicomponent ester eutectics are each 
found to have a nematic temperature range close 
t o  the theoretical one calculated by applying the 
Schroeder-Van Laar equation. 

2. Approximate class values of 
birefringence and dielectric anisotropy (as well 
as viscosity, reported elsewhere) can be assigned 
by measuring the effect of specific class 
components on these properties in a standard 
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132 J .  D. MARGERUM et al. 

s h o r t  l e n g t h  R O - R '  m i x t u r e .  T h e s e  c l a s s  v a l u e s  

a r e  f o u n d  t o  b e  u s e f u l  i n  s e v e r a l  w a y s .  T h e i r  

r e l a t i v e  m a g n i t u d e  p r o v i d e s  a b a s i s  f o r  

q u a l i t a t i v e  c o m p a r i s o n s  of  s t r u c t u r a l  e f f e c t s  o n  

t h e s e  a n i s o t r o p i e s .  T h e  a s s i g n e d  c l a s s  v a l u e s  

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

g o o d  a c c u r a c y ,  t h e  room t e m p e r a t u r e  v a l u e s  of  A n ,  

A E ,  a n d  rl f o r  new m u l t i c o m p o n e n t  e s t e r  m i x t u r e s .  

3 .  S e v e r a l  new s h o r t  l e n g t h ,  

m u l t i c o m p o n e n t ,  e u t e c t i c  m i x t u r e s  o f  e s t e r  L C s  

a r e  s u c c e s s f u l l y  f o r m u l a t e d  w i t h  t h e  p r o p e r t i e s  

d e s i r e d  f o r  d y n a m i c  s c a t t e r i n g  a p p l i c a t i o n s .  

T h e s e  new m i x t u r e s  h a v e  a w i d e  n e m a t i c  r a n g e ,  

r e l a t i v e l y  low v i s c o s i t y ,  s l i g h t l y  n e g a t i v e  

d i e l e c t r i c  a n i s o t r o p y ,  a n d  g o o d  c o m p a t i b i l i t y  

w i t h  r e d o x  d o p a n t s  f o r  d c - a c t i v a t i o n .  
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