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4-/TRAN S-4 '-n-ALKYLCYCLOH!ZXYL/ IS(YTII1 OCYANATOBENZENES 

A NEW CLASS OF LOW-YBLTINC STABLE NENATICS 

R.DqBROWSK1, J.DZIADUSZEK, T.SZCZUCINSK1 
Mil i ta ry  Technical Academy, 00-908 Warsaw, 

(Received for Publication July 5 ,  1984) 

The mesogenic proper t ies  of fou r  s e r i e s  of compounds with 
the  iso;hiocyanate terminal  group a re  compared, viz.  : 4-n- 
alkyl-4 -isothiocyanatobiphenyls / I  , &-/trans-b'-n-alkyl- 
cyclohexyl/benzeneisothiocyanates f 11, isothiocyanatophenyl 
4-n-alkylbenzoates / and isothiocyanatophenyl &/trans-  

compounds 2 have only the  nematic phase i n  the  homologous 
s e r i e s  from 2 t o  10 carbon atom i n  the a lky l  chain, and 
compounds 2 the  nematic and smectic A phases, while t he  s o  
f a r  known compounds 1 and 2 are  E o r  A smectics. 

Liquid-crystal l ine isothiocyanates  have not  a t t r a c t e d  hi-  

-4'-n-alkylcyclohexy ? /benzoates /g. It has been found t h a t  

t h e r t o  g rea t e r  i n t e r e s t  because of t h e i r  smectogenic proper- 
t i e s  . In  the  present  work we r e t e s t ed  t h e  mesogenic proper t ies  
of compounds with the  isothiocyanate  group and our r e s u l t s  con- 
firmed those of V a n  der  Veen , i .e.  t h a t  4-n-alkyl-4'-isothio- 
cymatobiphenyls  1 revea l  only the  smectic E phase, while iso-  
thiocyanatophenyl 4-n-alkylbenzoates 2 revea l  so l e ly  the  smec- 
t i c  phase when the  number o f  carbon atoms i n  the a lky l  chain is  
even. In  e s t e r s  with odd numbers of atoms i n  the  chain we ob- 
served the  nematic phase also. 

1 

1 

H ~ n + ~  c n m N c S  1 - 
The phase t r a n s i t i o n  temperatures, OC 

I C SE n 
5 5 3  . 74.5 

6 . 77 
7 56 73 

551 73 

We found, however, t h a t  smectogeneity is not  a general  property 
o f  compounds with the  NCS group. Other compounds, which have in 
t h e i r  molecule a cyclohexane r ing ,  were found t o  be nematics. 
This  r e l a t e s  t o  4-/trans-4'-alkylcyclohexyl/benzeneisothiocya- 
na te s  2 and isothiocyanatophenyl 4-/tran~-4'-alkylcyclohexyl/- 
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benzoates 4. 

The phase t r a n s i t i o n  temperatures,  OC 

n C N I 
xx 

2 23.0 ( *  -4 0 )  

3 38.5 41.5 
4 34.5 32.0 
5 67.5 ( .  49.5 . I  

43.0 
3bX 
12.5 6 

7 37.0 52.0 
8 28.0 48.0 

10 42.0 50.0 
x netas tab le  form observed d i r e c t l y  a f t e r  c r y s t a l l i z a t i o n  of 

the supercooled nematic phase, 
xx estimated value. 

5 
6 

7 
8 

The phase t r a n s i t i o n  temperatures,  OC 

C 
68 
73 
60 
60 
88 
52  
51 
62 
4 9 

( .  
( .  
( .  

N I 

- 
37.5 - . I  

( .  45 . I  
49.5 - . I  
491 - . I  
57.0 . 57.5 .) 
56.5 - 

40' - 

H2n+~ C n m C O O O N C S  

0 The phase t r a n s i t i o n  temperatures, C 

n C N 

4 - 

I 

2 148 - 214 . 
5 119 129 235 

10 95 1 87 201 . D
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I n  compounds of formula 2 w e  observed only the nematic phase 
even when long a lkyl  cha ins  were present.  For the  compound 
with the a lky l  a s  l a rge  as  n=lO we detected no smectic phase 
even a f t e r  deep supercooling, while i n  the  analogous s e r i e s  of 
compounds, 4-1 trans-4 '-alkylcyelohexyl/cyanobenzenes /PCH/ , a 
monotropic smectic phase is  observed f o r  t h a t  member . 
nematic and smectlc A phases simultaneously i f  n>5.  

t u r e s  when isothiocyanates  1. a re  compared with compounds of 
analogous s t ruc tu re  but  with the  terminal group CN /PCH/,  see 
Fig. l a .  The isothiocyanates  2 revea l  higher melting poin ts  when 
the  number of carbon atoms i n  the  a lkyl  chain is odd while the 
compounds with the  CN terminal group have higher melting poin ts  
f o r  compounds with even numbers of carbon atoms i n  the  chain. 
Attent ion should be drawn t o  the p a r t i c u l a r l y  pronouced frregu- 
l a r i t i e s  i n  the melting po in t s  of s e r i e s  2 compounds. This re- 
f e r s  espec ia l ly  t o  two successive members with n=5 and n=6. The 
former compound melts a t  67.5OC / A H  = 30.7 kJ/mole/, while the 
l a t t e r  melts a t  12.5OC / A  H = 26.8 kJ/mole/. 4-/Trans-4'-pen- 
tylcyclohexyl/benzeneisothiocyanate a l so  revea ls  a lower mel- 
t i n g  metastable solid: m.p, = 36OC, A H  = 13.6 kJ/mole, which 
i s  formed d i r e c t l y  from the  nematic phase on cooling at  ca.30 C. 
A t  a lower temperature it transforms subsequently i n t o  a s t ab le  
form of higher melting temperature with an exothermal e f f e c t  of 
17.1 kJ/mole. The c l ea r ing  temperatures /Fig. 1 b/ vary i n  the  
homologous s e r i e s  2 l i k e  i n  the  corresponding s e r i e s  with the 
group CN. The c l ea r ing  poin ts  being i n  the  s e r i e s  with the  NCS 
group only s l i g h t l y  lower /by 3-8OC/ as compared with those with 
the  CN group. For the  s e r i e s  of e s t e r s  2 and 5 we f ind  t h a t  the  
compounds with the  NCS group have lower, equal o r  higher clea- 
r ing  points.  

group t e s t ed  i n  the  present  work the  compounds of s e r i e s  2 de- 
serve p a r t i c u l a r  a t ten t ion .  4-/Trans-~'-n-alkylcyclohexyl/iso- 
thiocyanatobenzenes revea l  proper t ies  t h a t  a re  very i n t e r e s t i n g  
from t h e  p r a c t i c a l  po in t  of view: some compounds i n  t h i s  s e r i e s  
have low melting poin ts ,  low v i s c o s i t i e s  and sa t i s f ac to ry  re-  
s i s tance  t o  U.V. l i g h t ;  on exposure f o r  100 hours t o  l r r ad ia -  

2 

Compounds ft. revea l  only the  nematic phase i f  n t 5  and the  

Charac t e r i s t i c  d i f fe rences  a re  observed a t  melting tempera- 

0 

Among the  four  s e r i e s  of homologous compounds with the NCS 
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LOW-MELTING STABLE NEMATICS 159 

t ion  with an U.V. Q 400 lamp t h e i r  colour,  conduct ivi ty  and 
phase t r a n s i t i o n  temperatures did not change. The p r inc ipa l  pa- 
rameters of the  compound 2 /n=6/ a t  the  temperature 20' a re  gi-  
ven below: 
Die l ec t r i c  contants:  6, = 12.0, iL = 5.0 
Refract ive indeces : n, = 1.68, no = 1.52 
v iscos i ty :  y = 21 mP.s 

Density : 
The d i e l e c t r i c  anisotropy, D = ill - tL of compounds 2 is  

ca. 7 and i s  lower than f o r  s imi la r  compounds with the  CN group. 
T h i s  i s  due t o  the  lower value of the dipole  moment of group 
NCS as compared with group CN, which are  2.9 D and 4.0 D, res-  
pect ively.  Compounds 2 revea l  advantageous proper t ies  a s  regar- 
d s  production of l iqu id-crys ta l l ine  compositions, s ince  owing 
t o  t h e i r  l o w  melting poin ts  it i s  possible  t o  obtain from them 
low melting eutec- t ic  mixtures, e.g. a te rnary  onex: 
4-/ trans-4 '-n-propylcyclohexyl/ isothiocyanatobenzene F6w-t. 37.29 
4-/trans-~'-n-hexylcyclohexyl/isothiocyanatobe~zene 44.15 
~-/trans-~'-n-octylcyclohexyl/isothiocyanatobenzene 18.56 
which melts a t  - 8' and has a c lear ing  poin t  a t  42.5'. 

Liquid-crystal l ine compounds with t h e  NCS terminal  group do 
not y ie ld  molecular assoc ia tes  i n  the  form of p a i r s  with an t i -  
p a r a l l e l  arrangement of the molecules as i s  the case with com- 
pounds with the  CN terminal group. The compounds with the  NCS 
group have a l s o  l aye r  smectic spacings equal t o  the  length of 

A precious property of the compounds with the NCS terminal 
group is ,  furthermore, t h a t  t h e i r  presence i n  mixtures causes 
the decomposition of dimers o f  compounds with the CN group 
thanks t o  which the  mixture achieves a d i e l e c t r i c  anisotropy 
higher than it could be expected from the  cont r ibu t ions  from 
the pure compounds. 

3 90 = 1.01 g/cm 

a s ing le  molecules 3 . 

SXPERIM3NTAL 

Es te rs  2 and 4 have been obtained i n  the reac t ion  o f  equimo- 
l a r  amounts o f  4-isothiocyanatophenol and the  respect ive acid 

x This composition is  ava i lab le  under the t rade  mark W-25 from 
................................. 

FOCH, Lublin, Poland. 
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160 R. DABROWSKI, 1. DZIADUSZEK and T. SZCZUCINSKI 

chlor ides  i n  benzene-pyridine solut ion.  

4-/trans-4'-alkylcyclohexyl/anilines with carbon d i su l f ide  i n  
The cyclohexyl compounds 2 have been obtained by t r e a t i n g  

E t  TJ and subsequently with e thy l  chloroformate i n  E t  N: 
3 3 

I C lCOOEt  

H2nt1 cnm NCS 

The preparat ive procedure was s i m i l a r  t o  t h a t  described by 
4 us f o r  4-pentyl-I-isothiocyanatobiphenyl i n  an e a r l i e r  paper . 

CCNCLUSIONS 

The mesogenic proper t ies  of  the  compounds with the  N C S  t e r -  
minal group a re  much more sens i t i ve  t o  the  s t ruc tu re  of the ri- 
gid core than a re  those with the  CN terminal  group. Small chan- 
ges i n  the s t ruc tu re  o f  t he  molecular core / subs t i t u t ion  of t h e  
phenylhexane group f o r  the  biphenyl one/ change d r a s t i c a l l y  the  
proper t ies  of the compounds: from the highly ordered smectic E 
t o  the  nematic phase. 4-/Trans-4 '-n-alkylcyclohexyl/benzeneiso- 
thiocyanates  have only the nematic phase even i n  the  case of a 
ten  carbon chain. These compounds revea l  low viscos i ty ,  a re  re-  
sistant t o  U.V. l i g h t  and seem t o  be su i t ab le  as  components of 
mixtures f o r  displays.  
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