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A number of derivatives of the homologous series of 4-cyanophenyl-4'-(4"-n-alkoxy-
benzoyloxy)benzoates are reported. Most of the derivatives exhibit a metastable reen-
trant nematic phase (Ng). The laterally unsubstituted dodecyloxy derivative exhibits
phase sequence I S, N K on cooling. The binary phase diagram of this compound
with that of the octyloxy derivative confirms that the lower temperature phase is indeed
nematic.

INTRODUCTION

In the last few years, the reentrant phenomenon has been observed
in a large number of compounds belonging to different homologous
series.!~® The occurrence of the reentrant nematic and smectic phases
in relation to the chemical structure have been reasonably well under-
stood.’~!! However, the synthesis of new compounds have led to the
observation of not only new phases but a number of interesting dif-
ferent sequences of phase transitions. Recently,'? an example of an
inverted sequence I S, N S¢ S, has been described. We report here
the simplest case of an inverted sequence of phase transitions in a
pure compound of the series 4-cyanophenyl-4'-(4"-n-alkoxybenzoyl-
oxy)benzoate, represented by the general formula

X

ol Yoo Yool Jew

Where R:CnHzn.H’x:H or CH3
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RESULTS AND DISCUSSIONS

The compounds were all prepared by standard methods described
elsewhere.* They were purified by several recrystallizations from suit-
able solvents. The mesophases and the transition temperatures were
determined by means of a polarizing microscope equipped with a
Mettler heating stage (FP52) and controller unit (FPS). These were
confirmed from thermograms recorded using a differential scanning
calorimeter (Perkin-Elmer Model DSC-2) with a heating rate of 5°
min.

The transition temperatures of the compounds synthesized are given
in Table I. As can be readily seen compounds 2,3,4,5 and 7 exhibit
a metastable réentrant nematic phase. However, compound 5 does
not show any nematic phase above the smectic A phase and goes
over to the isotropic liquid with a fransition enthalpy of 0.83 K cals/
mole. On cooling the smectic A phase, one can observe the thread
like nematic phase appearing well below the melting point of this
compound. It is however not possible to measure the enthalpy of this
transition; it can at best be seen as a shift in the base line of the
thermogram (suggesting a very weak first order transition). Figure 1
shows the relationship between the mesophase transition tempera-
tures and the number of methylene units in the chain.

The introduction of a lateral methyl group reduces the mesophase
isotropic transition temperature. Further, the unsubstituted deriva-
tive (compound 4) has a smectic A phase range of 109°C. The lateral
methyl group (compound 6) has completely eliminated this phase.
The dodecyloxy derivative (compound 5) has a phase sequence I S,

TABLE I

Transition temperatures (°C) of the compounds with the general formula 1

No. n X K N Sa N I
1 8 H 123 - - . 2325
2 9 H 122 . M7 - 1985 - 2285
3 10 H 1060 - (95) - 208 - 210
4 11 H 103 - @86 - 212 . 2170
5 12 H S0 AR - 2150
6 11 CH, - 1005 - - . 1675
7 12 CH, - 101 . (76 - 1465 - 162.0

K: crystal, Ng: reentrant nematic phase, S,: smectic A phase,
N: nematic phase, I isotropic phase. Temperature in parentheses indicate monotropic
transition.

*There is a solid-solid transition at 101°C.
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FIGURE 1. Smooth curve relationship of the N-S,, transition temperatures (on cooling)
of the successive homologues of the 4-cyanophenyl-4'-(4"-n-alkoxybenzoyl-
oxy)benzoates. The dotted line indicates the probable N-S, phase boundary.

N K on cooling. The methyl group (compound 7) has altered this
sequence to I N S, N K in addition to reducing the mesophase ranges.

Figure 2 shows the binary phase diagram of a mixture of compounds
1 and 5. Compound 1 has only a nematic phase which has a range
of about 110°, while compound 5 has only smectic A phase (on heat-
ing) with a range of 113°. It is clear from the diagram of state that
the metastable phase of compound 5 is continuously miscible with
the nematic phase of compound 1 confirming that it is nematic. Also,
the mixture exhibits an enantiotropic reentrant nematic phase when
compound 1 is present in the range of about 65 to 85 mole%.

In conclusion the dodecyloxy derivative of the homologous series



Downloaded by [Tomsk State University of Control Systems and Radio] at 14:26 19 February 2013

146 B. K. SADASHIVA

20 :

220

Temperature ,°C
] = D ® S

8

™
o

. —— O —— 4

60 |
A 50 Mole %% B
FIGURE 2. Diagram of state of a mixture of A: 4-cyanophenyl-4'-(4"-n-dodecyloxy-
benzoyloxy)benzoate; B:4-cyanophenyl-4’-(4"-n-octyloxybenzoyloxy)benzoate. The
broken curve indicates phase transition in the supercooled state.

4-cyanophenyl 4'-(4"-n-alkoxybenzoyloxy)benzoates exhibits the in-
teresting phase sequence I S, N K on cooling at atmospheric pressure.
This is the simplest case of such an inverted phase sequence.
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