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NEW NAPHTHALENE DERIVATIVES WITH LIQUID 
C R. Y ST AL L TN E GL AS S Y  STATE S 

W, SCMFER, G,  UHLXG, H, ZASCHKE, D, DEMUS, 
S. DIELE,  H. KRESSE, S, ERNST and W, WEDLER 
Se k t  i o n  Chemie  , Mart in-Luther-Un i v e r s  i t Y t  
Ha l l e ,  GDR, Mtihlpforte I, DDR-4020 Hal l e  

(Submit ted f o r  p u b l i c a t i o n  September I, 1989) 

A b s t r a c t  New d e r i v a t i v e s  of a- and /IJ- naph tho l  
have been syn thes i zed  a l l  o f  which have glass 
t r a n s i t i o n s  n e a r  t o  room tempera ture .  T h e  former 
a r e  i s o t r o p i c  1 i q u i d s ,  t h e  l a t t e r  are monotropic 
nemat ic  w i t h  p robable  b i a x i a l i t y  i n  t h e  g l a s s y  
s t a t e .  The compounds have been i n v e s t i g a t e d  by 
c a1 o r  ime t r y  , v i  s c 0 s  ime t r y  , d i e 1 e c t ri c and X-ray 
measurements. 

Keywords l i q u i d  c r y s t a l ,  nemat ic ,  g l a s s y  phase ,  
b i a x l a l i t y ,  naphthol  d e r i v a t i v e s ,  d i e l e c t r i c  an- 
i s o t r o p y  

JNTRODUCTION 

The glass-forming tendency i s  c l o s e l v  connec ted  w i t h  
CL g r e a t  a s c e n t  of v i s c o s i t y  by  c o o l i n g  a l i q u i d  phase 
a n d  w i t h  an e f f e c t i v e  p r e v e n t i o n  of  c r y s t a l l i z a t i o n .  
T h i s  tendency can be i n f l u e n c e d  by  t h e  chemical  s t r u c -  
t u r e  of t h e  molecules.  

I n  low molecu la r  s u b s t a n c e s  bulky  s u b s t i t u e n t s  and 
s ideg roups  may cause  EL g l e s s - t r e n s i  t!m be%-ri.our. 
A r l d i t i c n a l l v  +n t h e  bii1I:v s t r u c t u r e  mesogenoiis mole- 
c u l e s  m u s t  possess a g r e a t  l eng th - to -b read th - ra t io .  
VORLaDEBt e t  a l .  /l/ f o r  t h e  f i r s t  t i m e  d e s c r i b e d  suoh 
llbulkyll mol e c u l a r  s p e c i e s .  I n  c o n t i n u a t i o n  of t h i s  
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270 W, SCHAFER e t  a1 . 
t r a d i t i o n  we i n v e s t i g a t e d  a- and ,8- n a p h t h y l e s t e r s ,  
The t tbulkytt  p a r t  o f  t h e s e  compounds is t h e  condensed 
naphtha lene  c y c l e  system. 

produce subs t ances  and mix tu res  f o r  e l e a t r o - o p t i -  
c a l  s t o r a g e  modules /2/, /3/. 

The a i m  of our  work w a s  t o  f i n d  s t a b l e ,  e a s y  to 

S YNTHE S I S 

We syn thes i zed  t h e  e s t e r  1; and 2 accord ing  t o  t h e  f o l -  
lowing scheme, u s i n g  s t a n d a r d  procedures :  

SOCI 
RQCOOH - 
I t 1  R2 Ri R2 

p y r i d i n e  

R ~ ; O R ~ C H O  - C r 0 3  R S O C l  

CH3COOH 
R R. R R 

R = a lky loxy ,  -CN 

R1 = -H, 4 1 ,  -Br, -CH 3' -NO2, -OC2H5 
3 R2 = -H, -CH3 ; R P -OCH3, -H, -Br 
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NAPHTHALENE DERIVATIVES WITH GLASSY STATES 27 1 

The pure  e s t e r s  were o b t a i n e d  by r epea ted  c r y s t a l l i -  
z a t i o n  w i t h  e thano l / to luene  u n t i l  t h e i r  t r a n s i t i o n  
t empera tu res  were cons t an t .  

RESULTS AND DISCUSSION 

We i n v e s t i g a t e d  t h e  thermal  behaviour  o f  t h e  com- 
pounds by c a l o r i m e t r i c  measurements u s i n g  a Perk jn-  
Elmer DSC-2 c a J o r i m e t e r  which was c o n s t a n t l y  cooled  
by  an ethanol-C02-mixture. We used subs t ance  amounts 
of 4 - 6 me, placed  i n  c a p s u l e s  of aluminium. A l l  

measurements were made i n  t h e  fo l lowing  wav: 
1. Hea t ing  t h e  c r y s t a l l i n e  material i n t o  t h e  i s o t r o -  

2. Cool ing  down t h e  l i q u i d  phase ( 2 0  or 40 K min-') 

3. Second h e a t i n g  of t h e  g l a s s y  phase i n t o  t h e  i so -  

p i c  phase (20 K min"). 

i n t o  t h e  g l a s s y  s ta te .  

t r o p i c  phase (20 K min''). 
I n  c a s e s  of  a n  i n t e n s i v e  tendency  of  c r y s t a l l i z a t i o n  
we had to!  cool down t h e  l i q u i d  phase o u t s i d e  t h e  ca- 
l o r i m e t e r  r e a l i z i n g  a g r e a t e r  c o o l i n g  r a t e .  

Table  1 g i v e s  some examples of  c a l o r i m e t r i c  data,  
observed  a t  pure compounds. Gene ra l ly  one c a n  p o i n t  
o u t  t h e  fo l lowing  f a c t s :  
a )  a - naphtha lene  e s t e r s ,  a p a r t  from some e x c e p t i o n s ,  

form o n l y  i s o t r o p i c  l i q u i d  phases .  Unl ike  t h a t  

b ) a  - naphtha lene  e s t e r s  have h i g h e r  g l a s s  t r a n s i -  
p - naphtha lene  e s t e r s  form nematic  mesophases, 

t i o n  t empera tu res  TON t h a n  ana logous ly  c o n s t r u c t e d  
p - naphtha lene  e s t e r s .  

c)The l o n g e r  a r e  t h e  a l k y l ,  a c y l  and a l k y l o x y  c h a i n s ,  
t h e  lower is t h e  g l a s s  t r a n s i t i o n  t empera tu re  T 

d)Add i t iona l  s i d e  groups and p o l a r  s u b s t i t u e n t s  r i s e  
t h e  g l a s s  t r a n s i t i o n  tempera ture  T 
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212 W. SCHAFER e t  a l .  

One can conclude, t h a t  glass-forming tendency and me- 
sogen i ty  a r e  faced  c o n t r a r y  t o  each o the r .  

I n  o rde r  t o  r e a l i z e  ou r  aim we were i n t e r e s t e d  i n  
not  c r y s t a l l i z i n g  substances.  Pure compounds a r e  not  
a b l e  t o  s a t i s f y  t h i s  demand. The c r y s t a l l i z a t i o n ,  
however, i s  s t r o n g l y  hindered i n  mixtures .  Therefore  
we c r e a t e d  some mixtures  of glass-forming components. 
Figure I shows t h e  DSC-plot ( s t e p s  2 and 3) o f  a f o u r  
component mixture. Only t h e  c l e a r i n g  po in t  of t h e  ne- 
matic phase and t h e  g l a s s  t r a n s i t i o n - i n t e r v d  a r e  v i -  
s i b l e .  Planning the  g l a s s  t r a n s i t i o n  behaviour  i n  t h e  
mixture i s  very  easy. Are TON 
p e r a t u r e s  of t h e  g l a s s  t r a n s i t i o n s  of t h e  components 
and xa t h e i r  molar f r a c t i o n s ,  one can e s t i m a t e  t h e  

t h e  c h a r a c t e r i s t i c  tem- 
g i  

I 
TON of t h e  mixture using t h e  formula 

B 
TON = E x i  TON . 

g 

FIGURE i DSC-plot of a f o u r  component mixtiire 
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NAPHTHALENE DERIVATIVES WITH GLASSY STATES 273 

An advantage of our compounds is the non-symmetrical 
molecular construotion which makes possible a synthe- 
sis of highly polar molecules. We made measurements 
of the dielectric anisotropy of the mentioned mixture, 
which was oriented by a magnetic field. As a result 
we found two relaxation mechanisms parallel and per- 
pendicular to the direction of the magnetic field 
(see figure 2 ) ,  corresponding to a rotation of the 
molecules around the long (fRL) and the short (fR,,) 
axis. Both mechanisms show a typical VOGEL-FULCHER- 
TAMMA"-behaviour with characteristic VFT-temperatu- 
re8 TOOi = 255 X (mechanism I) and Ta2 = 231 K (me- 
chanism 2). 

X-rays. The mixture, consisting of compounds 4 

Moreover, we investigated an oriented sample by 

* -  
FIGURE 2 VFT-behaviour of the two relaxation 

mechanisms in the glass-forming li- 
quid-crystalline mixture from fig. 1 
( fR - relaxation frequencies) 
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274 W. SCHAFER et al. 

(50 mole-%), 5 ( 3 0  mole-$) and 6 ( 2 8  mole-%) (see ta- 
ble I) has a characteristic onset-glass-transition 
point TON o f  310 R and a clearing point of 3 9 9 . 1  K. 

Reflexes o f  several orders, caused by cgbotacti c 

groups, are visible (see figure 3 ) .  The wide-angle 
reflexes of the lateral distances give a hint to a 
possible biaxiality of this nematic glass. 

g 

TABLE 1 Calorimetric data of selected compounds. 

Formula of compound ToN/.K Tmax /K I3 cryst 

dl - Naphthylesters 
1 . C H 3 0 P C O O G C n 0 8  826 425 

Br CH30 \ /  

Br CH30 \ /  

2 .  C 2 H 5 0 P O O Q C O O g  321 40 i 

1- Naphthyl e s t er s 

6 .  C 3 H , 0 0 C O O P O O a  299 366 

C1 CH30 
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NWHTIIALENE DhRIVATIVES WITH GLASSY STATES 

TABLE 1 ( c o n t i n u e d )  
TS A c ~ / J  mole - 1 r l  C r  N 

1. .+ 432.2 / + 1 5 1  

2 .  + 447.7 / + I 6 4  

3. + 422.2 / + 125 

4. + 463.0 ( +  449.1)  + 150 

5 .  + 422.0 (+  382.2) + 165 

6. + 428.4  ( +  362.4)  + 179 

1. 41.6 

2. 45.2 

3 .  38.2 
4 .  33.8 
5 ,  46.5 

6 .  43.6 

- 
1.24 

1.04 

0 .79  

A l l  temperatures  i n  K.  Tmax cryst - temperature 

o f  t h e  maximum o f  t h e  c r y s t a l l i z a t i o n  peak 
i n  t h e  DSC-output. 
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276 W. SCHAFER e t  a1 . 

FIGIRE 3 Ske4.ch of X-ray-reflexes in a g l a s s y  
nematic mixture ( s e e  t e x t ) ;  sample 
oriented i n  the d irect ion of  the arrow 

REFERENCES 

/I/ a )  K U H R M A " ,  C H . ,  Diss. Halle  ( S )  ( 1 9 2 6 )  

b,) BAENTSCH, S., Diss. Halle ( S )  ( 1 9 3 1 )  
DEWS, D. ; WEULER, W e  ; SCHkFER, .We ; UHLIG, G. ; 
WEISSFLOG, W. ;, ft.4nisotrope optische Medien" ; 
DD WY C09IC/316 239/7 

,/2/ 

/3/ DEWS, D . ;  PELZL, G . ; .  WEDLER, W . ;  Proc. o f  
'Eurodisplay ' 8 T 1 ,  London, Sept .  1987 ,  p. 71 

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

0:
45

 1
9 

Fe
br

ua
ry

 2
01

3 


