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Abstract-Two new series of nematic SchifT base liquid crystals, methyl 
p-alkoxybenzylidene p-aminophenyl carbonates and alkyl p-anisylidene 
p-aminophenyl carbonates were synthesized. Preparative methods and 
transition-point data are given. Electro-optic measurements show the alkyl 
p-anisylidene p-aminophenyl carbonates to possess a negative dielectric 
anisotropy and to exhibit dynamic ' scattering preceded by classical domain 
formation at  6-10 V rms. In contrast, the methyl carbonates have a positive 
dielectric anisotropy, and in samples where the nematic alignment is initially 
an all el to the electrodes, the liquid crystal haa a dielectric realignment 
threshold at 5-10 V rms, above which the nematic layer tends towards the 
homeotropic state. 

1. Introducbion 
One current emphasis in the liquid crystal field has been to obtain 
nematics with wide temperature ranges, extending above and below 
room temperature, for display applications. The only well-known 
single component nematic liquid crystal that exists a t  room tem- 
perature is p-methoxybenzylidene p-n-butylaniline.(l) However, a 
room temperature mesophase range having useful electro-optic 
properties has often been achieved by mixing higher temperature 
nematics. 

The purpose of this paper is to describe two novel series of Schiff 
base nematics that have reduced crystalline-to-nematic points in 
binary and ternary systems. These compounds are similar in 
molecular structure to  the known and electro-optically useful p -  
alkoxybenzylidene p-aminophenyl acylates. (2) They differ in that 
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96 MOLECULAR CRYSTALS AND LIQUID CRYSTALS 

the acylate moiety is replaced with a carbonate group to give the 
following two series labelled A and B : 

R 1 - O e C H  = N - @ - p ,  

0 

R1= CH3 + C&17 

Series A Series B 
Rl = CH3 
R, = CaHb C7H16 R, = CH3 

2. Preparation 
The alkoxybenzaldehydes, where not commercially available, were 

prepared by etherification of p-hydroxybenzaldehyde with the 
appropriate alkyl iodide. The phenolic Schiff bases were obtained by 
the condensation of the appropriate p-alkoxybenzaldehyde with 
p-aminophenol. The carbonates were prepared by treatment of the 
phenolic Schiff base with the appropriate alkyl chloroformate in 
basic solution. Reagent grade chemicals were used throughout 
without further purification except where noted, and were identified 
by infrared spectra and, where possible, by melting point. Analyses 
were performed only on the end product liquid crystals by Galbraith 
Laboratories and agreed with calculate,d values to f 0.3%. Nuclear 
magnetic resonance spectra were run by Sadtler Laboratories. 
Typical synthetic procedures are as follows : 

p-Go-Pentoxybenzaldehyde was prepared according to the procedure 
of Weygand and Gablera by refluxing p-hydroxybenzaldehyde 
(10.6 g ; 0.087 mole) and l-iodo-3-methylbutane (19.8 g ; 0.1 mole) 
in--60 cc dry methanol containing 6 g KOH for 48 hours under 
nitrogen. Distillation of the neutralized ether extract gave 8.94 g 
(63% yield) p-iso-pentoxybenzaldehyde bpo.ol mm 80-2 "C ; ~ ~ C C I ,  

2846, 2736, 1700 cm-l (HC=O). 
p-n-Butoxybenzylidene p-arninophenol : The condensation of p-n- 

butoxybenzaldehyde (8.9 g ; 0.06 mole) and p-aminophenol (6.6 g ; 
0.05 mole) in dry ethanol gave 13 g (91% yield) p-n-butoxybenzyli- 
dene p-aminophenol mp 162-3 "C ; ir,,,,~3300-2400 (OH), 1600 cm-l 
(-C=N-), no C=O. 

n-Heptyl p-anisylidene p-arninophenyl carbonate : To p-anisylidene 
p-aminophenol (2.3 g ; 0.01 mole) in 20 ml dry pyridine, distilled 
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CARBONATE SCHIFF BASE 97 

from BaO, containing 2.1 g (0.02 mole) triethylamine was added 
dropwise with stirring n-heptylchloroformate (3.58 g ; 0.02 mole). 
After 4 hours a t  room temperature, water was added and the 
aqueous reaction mixture extracted with benzene. Evaporation of 
the benzene layer followed by recrystallization from ethanol, then 
hexane, yielded 3.12 g (84% yield) 7, mp (40) 75-7 "C nem. ; ircc141765 
(C=O) 1600 cm-l (-HC=N-) ; anal. calc. for C,,H,,NO, : 

Nethyl p-hexoxybenzylidene p-aminophenyl carbonatp : To p-n- 
hexoxybenzylidene p-aminophenol (6.0 g ; 0.02 mole), mp 150-1 "C, 
prepared from purified E.K. p-hexoxybenzaldehyde, in 20 ml 
pyridine (distilled from BaO) and 4.2 g triethylamine was added 
dropwise with stirring methyl chloroformate (3.8 g ; 0.04 mole) 
in 25 ml dry benzene. After stirring 2.5 hours at room temperature, 
the reaction mixture was flooded with water and extracted with 
benzene. After evaporation, a solid residue was formed. Fractional 
recrystallization from ethanol and then hexane gave a constant 
melting point mixture of 14 with p-n-hexoxybenzylidene p-amino- 
phenol; mp 88 "C (63 : 37% -by NMR), and 1.46 g (21% yield) 14, 
mp 67-113 "C, nem. ; ircc14 1765 (C=O), 1600 cm-l (C=N), no 0-H 
or N-H; anal. calc. for C,,H,,N04 : -70.96, H-7.09, N-3.94; 
found (3-71.21, H-7.07, N-4.16 

C-71.52, H-7.37, N-3.79; found -71.44, H-7.56, N-3.64. 

3. Measurement Procedure 

All transition temperatures were measured in capillary tubes in a 
Mel-Temp apparatus and then observed through a Bausch and 
Lomb polarizing microscope in both heating and cooling cycles on a 
KoHer hot stage. All transition temperatures are corrected. 

To observe electro-optic response, the liquid crystal materials 
were placed in parallel-plate sample cells having transparent elec- 
trodes. The electrodes consisted of indium-oxide coating on flat 
glass plates (Nesatron(4)). Teflonc6) shims between the plates 
maintained a uniform plate separation of 13 p. Two edges of the 
sample cell were sealed with epoxy and electrical lead-ins were 
attached with silver epoxy. The liquid crystal compound in powder 
form was placed at an open edge of the cell while the cell was heated 
to about 100°C. The compound melted and flowed into the half- 
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98 MOLECULAR C R Y S T A L S  A N D  L I Q U I D  C R Y S T A L S  

sealed cell, giving a nematic layer 13 p thick. The optical character- 
istics of the sample in its nematic phase were observed through a 
polarizing microscope while the sample was kept at a constant 
temperature on the hot stage. At the same time, the sample cell was 
excited with a steady sinusoidal ac electric field in the 5 to 20,000 Hz 
range. Then the measurements were repeated with dc electrical 
excitation. The resistivity of the liquid crystals tested ranged from 
2 x 108 to 4 x lo8 Ohm cm. 

4. Results and Discussion 
Thermal Behavior: All of the Series A and B samples that were 

prepared exhibited liquid crystal phases. The transition temperatures 
for these compounds are given in Table 1. The variation of transition 

TABLE 1 Transition Temperatures for Carbonate Schiff Basea Prepared for 
This Study 

~~~ 

Transition temperatures ("C) 
No. RI R* C-Sm SmLNem(8) Nem-Iso 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

(46)(b)88 
(52) 88 
(64) 99 
(58) 75 
(59) 89 
(60) 78 

(45)(C) (69)(d)67(e) 
(36) (77) 84 

(39) 82 
(43) 78 
(23) 68 
(27) 47 
(29) 67 
(40) 75 
(50) 75 

109 
134 
108 
114 
102 
85 

113 
106 
102 
87 
87 
82 
78 
78 
77 

(a) If there is no smectic phase, then this is the crystal to nematic transition 

(b) Monotropic nematic phase obtained on the cooling run. 
(c) Monotropic smectic phase obtained on the cooling run. 
(d) Two monotropic smectic phases were noted, with a transition from Smectic 

(e) Only compound 7 did not exhibit a monotropic nematic liquid crystal 

temperature. Temperatures in parenthesea were obtained on cooling. 

I to Smectic I1 at 59OC. 

phase. 

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
 0

7:
52

 2
3 

Fe
br

ua
ry

 2
01

3 



CARBONATE SCHIFF B A S E  99 

temperatures with increasing chain length for Series B (1-8) is shown 
in Fig. 1. The similarity of the transition temperatures to those for 
the corresponding acetatescaS6) particularly in the nematic-isotropic 
transition, can be seen. Figure 1 shows that the usual behavior of an 
hoyaologous series is followed, namely alternation of transition temper- 
atures with increasing chain length, attributed to the “ cog-wheel ” 
conformation of the alkyl chain.(’) As with many other homologous 
series of liquid crystals, early members show nematic character and 
later ones show smectic, albeit monotropic, character. 

Series A (9-25) on the other hand, in which the carbonate alkyl 
chain length is varied, has a transition temperature vs chain length 
behavior, as shown in Fig. 2, that does not follow the odd-even 
alternation attributed to “ cog-wheel ’’ conformation. There is no 

40t-l-Uuj 
30 1 2 3 4 5 6 7  

n ( carbon chain length ) 

Figure 1. Variation of transition temperatures with chain length for 

Series B (- ) aa compared with those for the acetates 

taken from Refs. 2 and 6. 
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100 MOLECULAR C R Y S T A L S  AND L I Q U I D  C R Y S T A L S  

reason to assume that the alkyl group in the carbonate chain does not 
follow the same geometry as the alkyl group in Series B. Rather it 
appears that the influence of the carbonate group itself dominates 
over any contribution from the cog-wheel conformation of the carbon 
chain. As seen in Fig. 2, although the nematic phase hrta decreased 
substantially in thermal stability when R,=C,H,, and C,H,,, no 
smectic phase, even monotropic, was observed. Following Gray's 
theory@) concerning molecular requirements for liquid crystal 
behavior, in Series A the mesophase-forming attractions are largely 
terminal with dispersive forces becoming more important with longer 
carbonate chain lengths. If, as Gray points out, a predominance of 
lateral attractions is instrumental in allowing the formation of a 
smectic phase, the carbonates listed in Fig. 2 have weak lateral 
attractions. With increasing chain length and the accompanying 
fall-off of terminal attractions, the nematic stability fades without 
the usual inception of a smectic phase (Fig. 2). This indicates 
either that the carbonate group does not contribute a strong cross- 
axis dipole or that it is shielded from close approach to other dipoles 

10 I- 4 
-- 

I 2 3 4 5 6 7 8  
i (cubm chain I 

Figure 2. Variation of transition temperatures with chain length for 
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CARBONATE SCHIFF B A S E  101 

by the long alkyl chain. By analogy with the ether Schiff bases, the 
latter possibility does not seem likely. 

Electrical Behavior: In an electric field, the compounds in Series 
A (9-15) exhibited hydrodynamic instabilities. t a p g )  They became 
turbulent or " dynamic scattering "(8) throughout their nematic 
range under the influence of 10 to 15 V dc, preceded by the formation 
of Williams' stripe domains(10) at 6 to 1OV dc. For ac drive, the 
dynamic scattering threshold increased with increasing drive 
frequency, rising rapidly at a critical frequency, fa of 60 to 100 Hz. 

In our experiments, the molecular alignment of the nematic layer 
was homogeneous, that is, the long axes of the molecules were 
oriented parallel to the electrode surfaces. This molecular texture, 
seen in transmission between crossed optical polarizers, appears 
" white ". Using the crossed-polarizer set-up, this texture was 
observed in two voltage ranges: from zero voltage to the domain 
voltage for f < fe, and from zero to 50 Vrms for f > fc. In both cases, 
the texture was stable and did not darken. 

The stability of the homogeneous texture in an electric field 
applied normal to the axes, and the occurrence of conventional 
dynamic scattering, imply that the Series A nematics have negative 
dielectric anistropy (ell - el .c 0).(11) 

The Series B compounds behaved dserently. They exhibited 
dielectric reorientation, commencing at  a threshold of 4 to  8 V rms 
at frequencies from 5 to several thousand hertz. Through crossed 
polarizers, the observed color of the Series B sample changed with 
increasing voltage from threshold to about 20 V rms, followed by 
darkening from 20 to 50 V rms. In  other words, the nematic layer 
went from a homogeneous to a " hemi-homeotropic " or half-dark 
texture. This indicates that molecules initially parallel to the 
electrode surfaces were caused to realign almost perpendicular to 
those surfaces. That the sample went only half-dark is the result of 
the nematic having reached a stable alignment with its optic axis not 
quite perpendicular to the electrode surfaces. 

The Series B compounds also exhibited weak turbulence at 
frequencies below 100 Hz for applied voltages in the 20 to 75 V rms 
range. This turbulence was " nucleated ", that is, it took place in 
small, separated areas and resembled boiling from a point source. It 
was not preceded by domain formation at lower voltages. There was 
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102 MOLECULAR C R Y S T A L S  A N D  L I Q U I D  CRYSTALS 

a small amount of optical scattering associated with the turbulence 
and the optical transmission of the samples decreased slightly when 
they were turbulent. 

At dc, the lower alkoxyls, 1-5, exhibited a more densely packed 
turbulence when subjected to 11 V or more. However, the higher 
homologs 7 and 8, showed dielectric reorientation at  do without the 
onset of turbulence. 

Figure 3 summarizes the olectro-optic behavior of the Series B 
nematics and shows the frequency dependence of two thresholds for 
a typical Series B compound, these being the dielectric reorientation 
threshold and the nucleated-turbulence threshold. The figure also 
illustrates the molecular response in the various frequency-voltage 
regimes. 

The field-induced transition from homogeneous to hemi-homeo- 
tropic alignment, described above, is a clear indication that the 
Series B methyl carbonates (1-8) have a positive dielectric anistropy 
( E , ,  - el > 0) ,  unlike (9-15). Assuming this, the voltage-frequency 

- 
alignment parallel to walls - ("white" transmission) 

1 I I 1  I I l l  I I I I  I 1 I [  
' I  10 100 I k  10 k 

FREQUENCY ( Hertz 1 
Figure 3. Threshold for electro-optic response vs. frequency of applied 
voltage for a representative Series B nematic liquid crystal at T =lOO°C. 
Initial ordering of molecular axis was parallel to the electrodes. 
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CARBONATE SCHIFF B A S E  103 

diagram of Fig. 3 is complementary to the diagram given in Ref. 11 
(Fig. 7) for a negative-anisotropy nematic. Both diagrams show @ 

dielectric reorientation (Freedericksz transition) occurring at 
voltages below the hydrodynamic instability threshold. 

Previously, only molecules with strong on-axis dipoles, such as 
p-ethoxybenzlidiene-p-aminobenzonitrile,(la) have been shown to 
possess positive dielectric anisotropy. In  the Series B compounds, 
the existence of a strong, on-axis, permanent dipole moment is not 
obvious from an examination of the. molecular structure. Therefore, 
using the on-axis criterion, a satisfactory explanation for the positive 
anisotropy cannot be offered at this time. 

5. Summary 

Two new series of Schiff base nematic liquid crystals which behave 
differently in their thermal and electro-optical properties have been 
prepared and examined. In  the transition-temperature measire- 
ments, the carbonates with increasing carbonate alkyl chains do not 
show the influence of " cog-wheel " conformation as do the carbonates 
with increasing alkoxyl chains. In an applied electric field, the 
methyl carbonates with increasing alkoxyl chain length exhibit 
dielectric reorientation from a spontaneous homogeneous alignment 
to a hemi-homeotropic alignment, indicating a positive dielectric 
anisotropy. The alkyl carbonates exhibit domain formation and 
turbulence in an ac or dc field, with no realignment of the initial 
homogeneous texture, indicating a negative dielectric anisotropy. 
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