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PESOVORPHIC BEHAVIOR OF SOME NEbI FLUOREVE COMPOIJNDS* 

S.L. ARORA,** N.A.P. VP,Zf and J.U. DOAFlE 
L i q u i d  C r y s t a l  I n s t i t t i e  
East L i  verpool Campus 
Kent S t a t e  l l n i v e r s i  t y  
Kent, Ohio 44242, U.S.A. 

Several new f l  uorene d e r i v a t i v e s  have been synthe- 
s ized and t h e i r  l i q u i d  c r y s t a l l i n e  polymorphic behav- 
i o r  examined. S p e c i f i c a l l y ,  2-fluoren.ylmethy1 idene- 
4 ' - n - a l k y l a n i l i n e s  w i t h  d i f f e r e n t  a l k y l  groups a r e  
compared w i t h  correspondi ng compounds wherein t h e  
a l k y l  groups have been rep laced e i t h e r  by t h e  a lkoxy 
o r  o t h e r  d i f f e r e n t  groups. I n  a d d i t i o n ,  some o f  
t h e  4-a1 k y l  and a1 koxyhenzyl i dene-2-ami no f  1 uorenes 
have a l s o  been prepared f o r  comparison. Many o f  
t h w e  compounds show not  on ly  t h e  nematic phase b u t  
a l s o  two smectic phases. The presence o f  a l a t e r a l  
s u h s t i t u e n t  i n  analogous compounds decreases t h e  
n e m a t i c - i s o t r o p i c  t r a n s i t i o n  by about 6n°C. 

1. INTRODUCTION 

I n  o r d e r  t o  o b t a i n  compounds more s u i t a b l e  f o r  HMR s tud ies,  

we have synthes ized severa l  new f l  uorene d e r i v a t i v e s  

which e x h i b i t  l i q u i d  c r y s t a l  polymorphism. When t h e  

f l u o r e n e  group i s  f u l l y  deutera ted  i t  a l lows t h e  NMR 

* 
Research supported by t h e  Nat iona l  Science Foundation 
under Sol i d  S t a t e  Chemistry Grant DMR82-09739. 

blarren, Plichigan. 
+Present address: General Potors  Research Labora tor ies  , 
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162 S. L. ARORA, N.  A.  P. VAZ AND J .  W. DOANE 

exper iments t o  o b t a i n  t h e  maximum ach ievab le  i n f o r m a t i o n  

r e g a r d i n g  t h e  o r i e n t a t i o n a l  o r d e r i n g  o f  t h e  molecule. 

The f l u o r e n e  group i s  one o f  o n l y  a few such groups i n  

n a t u r e  which has t h i s  f e a t u r e .  T h i s  r e s u l t s  f rom t h e  

group b e i n g  r i g i d  and c o n t a i n i n g  f i v e  i n e q u i v a l e n t  and 

r e s o l  vabl  e t i m e  averaged deuter ium quadrupol  e i n t e r -  

a c t i o n s .  F i v e  such i n t e r a c t i o n s  f rom a group o f  known 
s t r u c t u r e  ( i n  t h e  absence o f  o v e r a l l  m o l e c u l a r  symmetry) 

a r e  necessary t o  f u l l y  determine t h e  elements o f  t h e  
1 Maier-Saupe o r d e r  m a t r i x .  

have been syn thes i zed  where t h e  c h a i n  l e n g t h  i n  t h e  a l k y l  
group i s  C1-Cl0, C12 and C,4. 

f o r  t h e  v a r i o u s  l i q u i d  c r y s t a l  phases a re  l i s t e d  i n  

Tab le  I .  
mined w i t h  a L e i t z  p o l a r i z i n g  microscope u s i n g  a M e t t l e r  

FP-2 h e a t i n g  stage. 

t r a n s i t i o n  temperatures were a1 so determined by d i f f e r -  

e n t i a l  scanning c a l o r i m e t r y  (Perk in-Elmer DSC I V  as shown 

i n  F i g u r e  1).  The m e l t i n g  p o i n t s  ( s o l i d - l i q u i d  o r  
s o l i d - l i q u i d  c r y s t a l  t r a n s i t i o n )  a r e  t h o s e  recorded 

upon heat ing.  DSC t r a n s i t i o n  temperatures o f  t hese  com- 

pounds matched w e l l  w i t h  those  determined by t h e  p o l a r i -  

z i n g  microscope. 

ments i s  es t ima ted  t o  be s m a l l e r  t h a n  52°C. 

When t h e  c h a i n  l e n g t h  o f  t h e  compounds i n  Table I i s  

C 

nemat ic phase i s  observed w i t h  carbon c h a i n  C2-Cl0. The 

monotrop ic  smect ic  1 phase s t a r t s  appear ing w i t h  a c h a i n  

l e n g t h  o f  C3-C5. 

c h a i n  C6-C14. 

A number o f  2 - f l  uo reny l  methyl  idene-4 '  - p a l  k y l  a n i  1 i nes 

The t r a n s i t i o n  temperatures 

The phase t r a n s i t i o n  temperatures were d e t e r -  

Fo r  some o f  t hese  compounds t h e  phase 

The e r r o r  o f  t h e  temperature measure- 

t h e  nemat ic  i s  monotrop ic ,  w h i l e  an e n a n t i o t r o p i c  1 

T h i s  phase becomes e n a n t i o t r o p i c  w i t h  a 
The smect ic  2 phase i s  monotrop ic  and 
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MESOMORPHIC BEHAVIOR 

0%-C I,=&(=& -R 

TARLE I 2-Fluorenylmethyl idene-4'-palkyl anilines. 

163 

Transition temperatures, OC, from solid 
or preceding liquid crystal states to 

R Smectic 1 Nematic Isotropic 

157 
149a 

C2H5 

C3H7 

124.5 144 

138 
110b 

165 

141 
123b 
qFF 
147 5 
1296 
92.5c 

135 

156.5 - - -  

(?A 1 164 

(?iH1 3 125.5 

125 

119 

123 

92.5C 

88.5C 

85.5C 

74c 

154.5 

C7H1 5 140.5 157 

145.5 151 

144 149.5 

C10H21 119 

118 

68. sc 
143.5 145.5 

141 

136.5 117.5 

aTransition from monotropic nematic. 
bTransition from monotropic smectic 1. 
CTransition from monotropic smectic 2. 
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164 S. L. ARORA, N .  A .  P.  VAZ AND I. W .  DOANE 

FIGURE 1 DSC cooling curve for the material, E-fluorenyl- 
methyl idene-4'-poctylaniline ( F . 8 )  showing the 
I-N, b l - S ~ ,  s A - s ; Z y  and S2-K transitions. 
data were acquired on the Perkin-Elmer DSC-IV. 

The 
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MESOMORPHIC BEHAVIOR 165 

s t a r t s  w i t h  carbon cha in  C4-Cio. 

t r a n s i t i o n  temperatures have been p l o t t e d  aga ins t  t h e  

number o f  carbon atoms i n  t h e  a l k y l  chain. A glance o f  

t h e  p l o t  i n d i c a t e s  t h e  usual a l t e r n a t i o n  o f  t h e  nematic- 

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

length.2 

The smectic 1 phase has a f o c a l - c o n i c  s t r u c t u r e  o f t e n  
c o n t a i n i n g  fans  and homeotropic areas. T h i s  smectic phase 

may be regarded as smectic A by t h e  t e x t u r e s  repor ted  

f rom Sackmann and D e m ~ s . ~  It i s  d i f f i c u l t  t o  say any th ing  

d e f i n i t e  about t h e  na ture  o f  t h e  smectic 2. I t s  i d e n t i f i -  

c a t i o n  i s  under i n v e s t i g a t i o n  and w i l l  be publ ished e lse-  

where. 

I n  F i g u r e  2, var ious  

Since these m a t e r i a l s  appear t o  form t h e  orthogonal 

s n e c t i c  phases i t  was o f  i n t e r e s t  t o  examine t h e i r  m i s c i -  

b i l i t y  w i t h  m a t e r i a l s  which c o n t a i n  t h e  smectic C phase. 

F i g u r e  3 shows t h e  r e s u l t i n g  phase diagram o f  a m i x t u r e  o f  

2 - f l u o r e n y l n e t h y l  idene-4I -n-octy l  a n i l  i n e  w i t h  hepty l  oxy- 

azoxybenzene. Th is  phase diagram i s  t y p i c a l  o f  such mix- 

t u r e s  and shows a r e l u c t a n c e  o f  these f l u o r e n e  d e r i v a t i v e s  

t o  form a t i l t e d  s t r u c t u r e .  

The t r a n s i t i o n  temperatures o f  2 - f luoreny lmethy l  idene- 

4 ' - f i -a lkoxyan i l ines  a r e  g iven i n  Table 11. These t r a n s i -  

t i o n  temperatures a r e  a l s o  p l o t t e d ,  aga ins t  t h e  number o f  

carbon atoms i n  t h e  a l k y l  cha in  (see F i g u r e  4) .  

odd a l t e r n a t i o n  o f  t h e  n e m a t i c - i s o t r o p i c  t r a n s i t i o n  tem- 

pera tures  has an oppos i te  t r e n d  t o  what i s  observed (F ig-  

u r e  2)  i n  t h e  case when t h e  group i s  a l k y l  ins tead o f  

a lkoxy  chain. 

i n  o t h e r  ~ e r i e s . ~  
these compounds appears t o  be SA w h i l e  t h e  smectic 2 phase 

The even- 

Th is  t y p e  o f  behavior  has been observed 

The s n e c t i c  1 phase i n  t h e  case o f  
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S. L. ARORA, N.  A. P. VAZ AND J .  W. DOANE 

N f M A l l C -  I S O T R O P I C  

A S M E C T I C Z - S M E C T I C l  
S O L I D - L I O U I D  C R Y S T A L  

O R  I S O T R O P I C  

“1 50 

1 
i 5 5 6 7 8 9 10 1 1  1 2  1 3  14 
c- N O . O I  C A U B O N  A T O M S  IN A L Y Y L  C H A I N  - 

FIGURE 2 T r a n s i t i o n  temperatures of 2- f luoreny lmethy l  i- 
dene-4I-n-alkyl - a n i l  i nes  p l o t t e d  against  t h e  

number o f  carbon atoms i n  the  a l k y l  chain. 
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MESOMORPHIC BEHAVIOR 167 

160 

100 

60 

I 

/ 
0 

SA 

0 
I 

K 

0 t 

0 0.5 1 

HOA8 FS 

FIGURE 3 Phase diagram r e s u l t i n g  from a b i n a r y  mix tu re  o f  

2-f luorenylrnethyl  idene-4'-:-octylanil ine (F.8) 
and 4 , 4 '  -hi  s-1-heptyl oxyazoxybenzene (HOAB) . 
t e n t a t i v e l y  i d e n t i f i e d  srnectic 2 a s  smectic E (SE) 
however more work i s  i n  p r o g r e s s  t o  be def in i te  
abou t  the i d e n t i f i c a t i o n .  

We 
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168 S. L. ARORA, N.  A.  P. VAZ AND J.  W.  DOANE 

TARLE 11. 2-F luoreny lmethy l  idene-4'-n-alkoxyanilines. - 

R O  

T r a n s i t i o n  temperatures,  O C ,  f rom s o l  i d  
o r  p reced ing  l i q u i d  c r y s t a l  s t a t e s  t o  
Smectic 1 Nema t i c I s o t r o p i c  

- - -  
- - -  
- - -  
- - -  

145 
1 27b 

139 
125b 

135 

132 

129.5 

127 

126 

172 

159 

154 

149 
144.5a 

152 

159 

163 

166.5 

167 

168 

- - -  

202.5 

195 

200 

190.5 

190 

184 

182.5 

178 

174.5 

169.5 

164.5 

a T r a n s i t i o n  f rom monotropic  smect ic  1. 
b T r a n s i t i o n  f rom monotropic  smect ic  2. 

was observed o n l y  i n  carbon cha ins  c6 and C7 because 

c r y s t a l l i z a t i o n  takes  p l a c e  q u i t e  r a p i d l y  i n  t h i s  s e r i e s  
o f  compounds. A l so  t h e  i d e n t i c a l  l i q u i d  c r y s t a l  t r a n s i -  

t i o n  temperatures o f  t h i s  s e r i e s  a r e  h i g h e r  by 2O-5OoC 
when compared w i t h  those  o f  t h e  analogous compounds 

l i s t e d  i n  Table I .  T h i s  can be e a s i l y  e x p l a i n e d  by t h e  
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MESOMORPHIC BEHAVIOR 

0 
f 120. 
.I 
L . 110. 
I 
I) I (i; 

60. 

SO. 

169 

e c H * a - , .  

FIGURE 4 Transit ion temperatures of 2-fl uorenylrnethyl i- 
dene-4' -E-al koxyani 1 i nes pl ot ted against  t he  
number o f  carbon atoms i n  the  alkoxy chain. 
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170 S. L. ARORA, N .  A .  P. VAZ AND J .  W. DOANE 

O - C H = N  -d - Y 

T a b l e  111. 2 -F luo reny lme thy l  idene-3 ' -X-4 ' -Y-ani l ines.  

T r a n s i t i o n  temperatures,  O C ,  

f r om s o l i d  o r  preceding 
l i q u i d  s t a t e  t c  

Y Nematic I s o t r o p i c  

H OCH3 172 202.5 

c1 OCH3 - -  164 
1 44a 

- -  157 
CH3 1 4ga 

H 

- -  153 c1 CH3 

a T r a n s i t i o n  f rom monotropic  nematic. 

f a c t  t h a t  t h e  a1 koxy group produces a permanent d ipo le .  

The t r a n s i t i o n  temperatures o f  4 - f l uo reny lme thy l  i- 

dene-3-chl oro-4-Y-ani  1 i nes a r e  g i v e n  i n  Tab1 e I I I. 
' Y '  i s  t h e  methoxy group a monotrop ic  nematic phase i s  

observed. 
w i t h  t h e  n o n l a t e r a l l y  s u b s t i t u t e d  compound. 

o f  nemat ic t o  i s o t r o p i c  t r a n s i t i o n  can be a t t r i b u t e d  t o  
t h e  1 a t e r a l  broadening o f  t h e  mol ecul  e. 536 When ' y '  i s  

t h e  methyl  group a l i q u i d  c r y s t a l  phase i s  n o t  formed. 

However, i f  t h e  c h a i n  l e n g t h  i s  i nc reased  l i q u i d  c r y s t a l  

phases may be observed. 

Tab le  I V  l i s t s  t h e  t r a n s i t i o n  temperatures o f  a n i l s  

where in t h e  i m i n e  l i n k a g e  (-CH=N-) i s  reversed. It i s  

i n t e r e s t i n g  t o  observe t h a t  t h e  analogous compounds o f  

When 

The N - I  t r a n s i t i o n  i s  l o w e r  by 59' when compared 

T h i s  l o w e r i n g  
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MESOMORPHIC BEHAVIOR 171 

TAPLE IV. E f fec t  o f  r eve r s ing  the c e n t r a l  imine l inkage.  

T r a n s i t i o n  tempera tures ,  O C ,  

from s o l i d  o r  preceding l i q u i d  
c r y s t a l  s t a t e s  t o  

R X Smectic 1 Nematic I so t rop ic  

!!-C7H1 5 -CH=N- 

-N=CH- 

-C H=FI- 

-FI=CH- 

-CH=N- 

-N=CH- 

- C H=N - 
- r i= CIH- 

125 140.5 157 

107 137 162.5 

139 159 184 

88.5a 

90a 

117 156 189 

135 163 182.5 

113.5 169 187 

129.5 167 174.5 

115 162 183 

aTrans i t i on  from monotropic smect ic  1. 
hReported by Gray e t  a l . ,  J .  Chem. SOC. 4359 (1955).  

2-fluoren,ylmeth.ylidene-4'-R-anilines have lower H-I t r a n s i -  
t i o n  temperatures when conpared w i t h  the PI-I t r a n s i t i o n  
tempera tures  of the compounds of 4-R-henzyl idene-ill-ami no- 
f l  uorenes.(; These d i f f e r e n c e s  i n  the  N-I t r a n s i t i o n  
tempera tures  nay he due t o  a twist ahout t h e  imine l inkage  
hetween the te rmina l  f l r iorene and benzene rings, thereby  
reducing the c o p l a n a r i t y  of the molecule. 
a f f e c t  the  mutual conjugat ion along the ent i re  molecule,  
t he reby  changing the p o l a r i z a b i l  i t y .8  

This  i n  turn may 

Recently Coates9 and Gri f f  i n10 have prepared com- 
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pounds having a t r i f luoromethyl  terminal  group. We there- 
f o r e  prepared some 2-fluorenylmethyl idene-a'-R-anil ines, 
where R i s  either t r i f luoromethyl  o r  o t h e r  terminal 
s u b s t i t u e n t s .  The t r a n s i t i o n  tempera tures  f o r  the 
compounds o f  t h i s  series a r e  given i n  Table  V .  I t  i s  
observed a t  a g l ance  of t h i s  t a b l e  t h a t  a l l  compounds of 
t h i s  series show a nematic phase except  when the terminal  
group i s  t r i f l uo romethy l .  
s i z e  of CF3 as suggested by CoatesYg and may i n  t u r n  cause 
a broadening o f  t h e  molecule t h u s  reducing f o r c e s  essen- 
t i a l  f o r  the formation o f  the l i q u i d  c r y s t a l  phases. As 
expected when t h e  te rmina l  group i s  CN the N-I t r a n s i t i o n  
i s highest. 

T h i s  may be due t o  the l a r g e  

~ - C H = N @ ) - R  

TABLE V.  2-Fluorenylmethyl idene-4I-R-anil ines 

T r a n s i t i o n  tempera tures ,  O C ,  

from s o l i d  o r  preceding l i q u i d  
c r y s t a l  s t a t e s  t o  

R Nema t i c I so t rop ic  

CH3 

OCH3 

NO2 

CN 

COCH3 

CF3 

172 

191 

151 .!i 

183.5 

157 
149a 

202.5 

203 

21 6 

198.5 

199 

aTrans i t i on  from monotropic nematic,  
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2. PREPARATION OF MATERIALS 

2-Fl uorenecarboxyal dehyde, and 2-ami nof 1 uorene a re  corn- 
mercially available and pure enough for the synthesis of 
the  f ina l  products. 

Most of the substituted an i l ines  and benzaldehydes 
required f o r  our work were available commercia??y. 
of these s t a r t i n g  materials were purified e i t h e r  by re- 
c rys ta l l iza t ion  o r  d i s t i l l a t i o n  under reduced pressure. 

Many 

2.1 2-F1 uorenylmethyl i deneani 1 i nes were prepared by 
refluxing the equimolecul a r  quant i t ies  o f  the  E-fluorene- 
carboxyaldehyde and the appropriate subst i tuted ani l ine in 
absolute alcohol with a few drops of glacial  acet ic  acid 
fo r  5-6 hours. After isolat ion the  product was recrystal-  
l i zed  several times from su i tab le  solvents unti l  t h e  
t r a n s i t i o n  temperatures remained constant. 

2.2 Benzyl idene-2-ami nofl uorenes were similarly prepared 
as the anil s of 2-fl uorenecarboxyal dehyde. 

For purified compounds the t rans i  t i  on temperatures 
between mesophases and from t h e  isotropic  l iqu id  t o  the 
mesophase were sharp and reversible.  
mination of such temperatures d u r i n g  the heating and 
cooling of a pure compound in most of the cases were, 
w i t h i n  a f ract ion of a degree, equal t o  temperatures for 
these t rans i t ions .  

Microscopic deter- 
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