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Abstract—The temperature dependences of the dielectric permittivity of 4-(2,3-epoxypropbaiReky-
azoxybenzenesn(= 1-10) and 4-propoxy-4alkoxyazoxybenzenes (= 1-10) with mesomorphic properties

were measured by dielectrometry. The introductrion of the terminal epoxy group increases the dielectric
permittivity and its anisotropy. The dipole moments of molecules of 4-(2,3-epoxyproptajiekyazoxy-
benzenesr(= 1-10) and 4-propoxy-4alkoxyazoxybenzenes € 1-10) were determined by the second Debye
method. The epoxy-substituted azoxybenzenes have higher dipole moments than their structural analogs.

Previously [1, 2] we have studied the effect exerted As the liquid crystals under consideration contain
by the epoxy ring on the volume and optical properno highly polar groups, their dielectric anisotropy
ties of mesogenic azoxybenzenes. It was shown [Xdhould be small [3, 4]. At the same time, as the ori-
that introduction of this substituent increases the derentation of the epoxy ring may vary because of the ro-
sity of the short-chain homolog# & 1-5) of disub- tation around the axes of the-O and G-C & bonds,
stituted azoxybenzenes, whereas the density of high#ris impossible to consider the specific effects of this
homologs decreases. In addition, the epoxy ring leadsubstituent on the dielectric properties. In addition, it
to increased jumps of the molar volumes in the neshould be noted that we found no data on the behavior
matic-isotropic liquid phase transition and raises theof epoxy-containing mesogens in the electric field.
amplitude of the everodd alternation. At the same
time, the introduction of the relatively rigid terminal .
glycidyl substituent results in less compact packinq
of azoxybenzene molecules.

Therefore, we measured the dielectric permittiv-
ty of 4-(2,3-epoxypropoxy)-4alkoxyazoxybenzenes
a-lj and 4-propoxy-4alkoxyazoxybenzeneBa—llj
within the temperature intervals of existence of ne-

As in the case of volume parameters, the introducmatic and isotropic liquid phases [5].
tion of the epoxy ring substantially increases the an-
isotropy of molecular polarizability of the short-chain
(n = 1-5) homologs, whereas lengthening of the chain ¢ H,,, . 1O-QN=NOOCH2CH—CH2
of the alkoxy substituent levels out this effect. It was e oS
also shown that introduction of the glycidyl substit- la—l]
uent only slightly affects the orientation order param-

eters of azoxybenzenes. CnH2n+1O-QD!=N OOCsH?
0

However, to make unambiguous conclusions about .
the supramolecular structure of the disubstituted azoxy- lla—llj
benzenes under consideration, it is necessary to study_
how the epoxy ring affects their anisotropic dielectric, é)(a), 20).30.4@.50.60.70.80.90,
properties. The anisotropy of dielectric permittivity '
depends on the polarizability of the molecule, its di- The temperatures of the nemaigotropic phase
pole moment, degree of ordering, and the angle beransition in compounds andll are listed in Table 1.
tween the dipole moment vector and the maximallhe temperature dependences of the dielectric permit-
polarizability axis. tivity are given in Tables 2 and 3.
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Table 1. Nematic-isotropic liquid phase transition temperatures of 4-(2,3-epoxypropoxghkdxyazoxybenzenek—|j
and 4-alkoxy-4propoxyazoxybenzeneHa -ll]

Comp. no. ty), °C Comp. no. tyy °C Comp. no. tyy °C Comp. no. tyy °C
la 121.2 If 131.4 lla 113.8 f 123.4
Ib 124.8 lg 122.1 lb 144.1 llg 118.4
Ic 125.0 Ih 126.3 llc 121.5 llh 117.7
Id 135.5 li 122.3 ld 129.4 i 115.2
le 128.7 lj 123.4 lle 120.6 1] 118.1

Table 2. Temperature dependence of the dielectric permittivity of 4-(2,3-epoxypropdalkekyazoxybenzenes—lj

T, °C 8” € 8” € 8” € 8” € 8” €
la Ib Ic Id le
116 9.08 9.90 7.26 10.95 7.42 8.16 4.14 5.08 6.59 8.26
118 9.31 9.82 7.28 12.69 7.42 8.08 4.15 5.06 6.56 8.17
120 9.57 9.74 7.31 14.97 7.42 8.01 4.18 5.03 6.55 8.08
122 9.68 9.66 7.34 9.77 7.42 7.88 4.22 4.99 6.56 8.00
124 9.61 9.60 7.35 8.67 7.44 7.69 4.26 4.94 6.57 7.93
126 9.55 9.54 7.47 8.51 7.47 7.56 4.28 491 6.58 7.82
128 9.48 9.47 8.34 8.39 7.44 7.43 4.30 4.89 6.61 7.62
130 9.42 9.42 8.25 8.26 7.31 7.30 4.33 4.84 7.16 7.17
135 - - 8.01 7.92 6.97 6.99 4.66 4.66 6.98 7.00
140 - - 7.78 7.59 6.65 6.68 4.66 4.64 6.83 6.82
If Ig Ih li lj
116 3.38 473 6.25 7.63 3.09 4.23 3.09 3.97 5.46 6.47
118 3.38 471 6.31 7.52 3.09 4.22 3.13 3.92 5.47 6.40
120 3.38 4.67 6.35 7.43 3.09 418 3.19 3.86 5.47 6.33
122 3.40 4.62 6.40 7.39 3.10 413 3.64 3.66 5.46 6.25
124 3.40 459 6.63 7.20 3.11 4.13 3.60 3.62 5.56 6.15
126 341 4.56 6.89 6.89 3.14 4.02 3.56 3.58 5.99 6.01
128 3.47 4.50 6.85 6.85 3.57 3.58 3.51 3.55 3.93 5.93
130 3.55 4.49 6.81 6.82 3.54 3.53 3.47 3.51 5.86 5.85
135 4.18 4.18 6.71 6.72 3.46 341 - - 5.67 5.66
140 4.14 4.15 6.61 6.62 3.38 3.29 - - 5.48 5.47
Table 3. Temperature dependence of the dielectric permittivity of 4-alkox@rdpoxyazoxybenzeneHla-llj
T, °C 8” € 8” € 8” € 8” € 8” €
lla IIb llc Iid lle
110 11.44 5.49 6.16 6.42 2.11 2.23 4.57 5.56 4.04 4.11
112 5.89 3.90 6.10 6.36 2.15 2.25 4.52 5.41 4.03 4.10
114 3.93 3.89 6.02 6.30 2.22 2.25 4.47 5.32 4.01 4.07
116 3.90 3.86 5.95 6.24 2.26 2.54 4.41 5.22 4.00 4.03
118 3.86 3.83 5.90 6.20 3.54 3.47 4.37 5.09 3.98 4.02
120 3.83 3.80 5.89 6.16 3.27 3.25 4.34 4.98 3.99 4.01
122 3.80 3.77 5.84 6.12 3.16 3.12 4.32 4.90 3.97 3.97
124 3.77 3.74 5.79 6.08 3.05 3.07 4.31 4.81 3.93 3.93
126 - - 5.76 6.04 3.03 3.06 4.32 4.70 3.89 3.88
128 - - 5.72 6.00 3.02 3.04 4.31 4.64 3.85 3.84
130 - - 5.69 5.96 3.01 3.02 4.29 4.30 3.81 3.80
135 - - 5.61 5.84 - - 4.09 4.07 - -
140 - - 5.58 5.69 - - 3.89 3.82 - -
145 - - 5.59 5.55 - - - - - -
150 - - 5.41 5.44 - - - - - -

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 72 No.7 2002



DIELECTRIC PROPERTIES OF 4-(2,3-EPOXYPROPOXY)- 1101
Table 3. (Contd.)
T, °C 8” SJ_ 8” SJ_ 8” SJ_ 8” SJ_ 8” SJ_
If lig 1y} [ [j

110 3.86 4.00 3.49 3.68 5.74 5.32 3.40 3.46 4.50 4.65
112 3.86 3.97 3.48 3.65 6.61 5.24 3.40 3.43 4.50 4.62
114 3.85 3.94 3.46 3.63 5.69 5.08 3.40 341 4.49 4.60
116 3.84 3.92 3.45 3.61 4.65 4.93 3.38 3.37 4.49 4.56
118 3.83 3.90 3.49 3.57 4.84 4.84 3.37 3.37 4.54 4.52
120 3.82 3.87 3.51 3.51 4.76 4.74 3.37 3.36 4.48 4.47
122 3.82 3.84 3.49 3.49 4.62 4.63 3.36 3.36 4.42 4.41
124 3.81 3.81 3.46 3.47 4.50 4.52 3.35 3.36 4.34 4.35
126 3.81 3.80 3.44 3.45 4.40 4.42 3.36 3.36 4.31 4.30
128 3.80 3.80 3.42 3.43 - - - - 4.26 4.24
130 3.80 3.80 3.40 341 - - - - 4.20 4.18
135 - - 3.35 3.35 - - - - - -

Our experimental data show that epoxy-substituted In both homologous series, the dielectric anisotropy
azoxybenzenek-lj have higher dielectric permittiv- varies only slightly with the length of the alkoxy
ities (Tables 2, 3) and anisotropies (Figs. 1, 2) tharchain (Fig. 3). The exceptions are the second homolog
their structural analogsla-llj . Ib of the 4-(2,3-epoxypropoxy)-élkoxyazoxybenzene
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Fig. 2. Anisotropy of dielectric permittivity of 4-alkoxy-4
propoxyazoxybenzenes vs. temperatlife(T* = T — Ty).
Compound: {) lIb, (2) Iid, (3) lle, (4) lif, (5) llg, (6) lIh,
20+ (7) lli, and @) Ilj.
—Ag
50F
4.0
30F
10
20F 1
1.0 |
-1.0F
1 1 1 1 1
. ) 2 4 6 8 10 n
=50 =30 -10 T%°C Fig. 3. Anisotropy of dielectric permittivity vs. the num-

Fig. 1. Anisotropy of dielectric permittivity of 4-(2,3-
epoxypropoxy)-4alkoxyazoxybenzenes vs. temperatilire
(T* =T - Ty)- (@ Homologs 1) la, (2) Ic, (3) Id, (4) le,
(5) If, (6) 1g, (7) Ih, (8) Ii, and Q) Ij; (b) (10) homologlb.
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ber of carbon atom® in the terminal alkoxyl substituent
of (1) 4-(2,3-epoxypropoxy)-4alkoxyazoxybenzenes and
(2) 4-alkoxy-4-propoxyazoxybenzenes @t* —10°C in the
nematic phase.
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series and the firstlia) and secondllc) homologs zenes. The lower, as compared to the otherpmmds

of 4-alkoxy-4-propoxyazoxybenzenes. Ther@rmally of this series, dipole moment of 4-(2,3-epoxyprop-
high dielectric anisotropy ofb (Fig. 1b) is probably oxy)-4-methoxyazoxybenzenk is evidently due to
due to a combination of several factors [6]. For ex-partial compensation of the vector components of its
ample, the molecular polarizabilitiy, dipole moment,dipole moment. In the series of 4-alkoxi+gtopoxy-
and degree of orientation order of 4-(2,3-epoxyproazoxybenzenesa—lj, an oddeven alternation of di-
poxy)-4-ethoxyazoxybenzenkd are noticeably higher pole moments is observed, which is manifested in the
than those of the other glycidyl-substituted azoxy-saw-tooth plot ofu vs. the number of carbon atoms
benzenes. in the alkoxy chain.

Of all the studied mesogens, only 4-methoxy-4
propoxyazoxybenzenka has a small positive dielec-

tric anisotropy (Table 3). Presumably, in this com- -
pound the component of the dipole moment directed The liquid crystals were prepared by the procedures

. . blished in [5, 7]; their structure was confirmed by
along the long axis of the moleculg,, is greater than pu . H
that of the lateral dipole momenrd,. The only homo- elemental analysis and NMR and IR spectros-

log with zero dielectric anisotropy is 4;dipropoxy- copy. Compound$a—lj andlla—lj were purified by

azoxybenzendic (Table 3), which is probably due to (r:lglutgwrrllec(hqurrl?tggr;%@gtor; O?I%JVF\TI]eIgabWIS'IaESLOrLOBO:T]
the equal contribution of the orientation component t P ' ' y ying

QO constant weight.
8” and SJ_- g

EXPERIMENTAL

The dielectric permittivity was measured by the
dge method with an R-5058 ac bridge at 1000 Hz.
e liquid crystals were oriented by a stationary mag-
netic field with a strength of 5000 G. The cell for

Along with the dielectric permittivities of 4-(2,3- measuring the dielectric permittivity was a 0.25 mm
epoxypropoxy)-4alkoxyazoxybenzenesa-lj and thick plane capacitor with an area 0f44 cnt, which
4-propoxy-4alkoxyazoxybenzenesla—llj, we also was thermostated with the accuracy £3.1°C. The
determined their dipole moments (Table 4). As can bélielectric constants were determined at the cell volt-
seen from these data, compoundslj have higher age of 1.2 V. The cell was calibrated with benzene of
dipole moments than their structural analogs. It ishemically pure for spectroscopy grade. Checking the
worth noting that, in both homologous series, dipolegperformance of the unit with a series of solvents [8§]
moments are only slightly dependent on the numbeof chemically pure for chromatography grade showed
of the homolog. The only exception is the first homo-that the measurement error in determination of the
log la in the series of glycidyl-substituted azoxyben-dielectric permittivity did not exceed 0.7%.

In both series of azoxybenzenes, the anisotropy qt;ri
the dielectric permittivity decreases with increasing.l_h
temperature.

The dipole moments of disubstituted azoxyben-
Table 4. Dipole moments of 4-(2,3-epoxypropoxy}4 zenes were determined by the second Debye method
alkoxyazoxybenzends—lj and 4-alkoxy-4propoxyazoxy- [9] from the dielectric permittivity, density, and re-

benzeneslla-llj fractive index of infinitely dilute solutions of the lig-
uid crystals in benzene at 25. Because of small
Comp. no. u, D Comp. no. u, D amounts of the solutions, it was impossible to deter-
mine their density with sufficient accuracy. There-
la 2.22 lla 2.21 fore, we calculated the dipole moments by the Gug-
Ib 3.66 lIb 2.53 genheimSmith formula (1) [6].
Ic 3.34 lic 2.12
Id 2.88 lid 2.17 - 1 112
le 3.21 lle 1.88 k= 002208 (e, + 2)di? [Ma(er = PYTIE ()
If 3.01 1f 2.10
Ig 2.91 lg 2.14 Here g, is the dielectric permittivity of benzene,
lh 3.06 Ilh 2.44 d, is the density of benzeneayl, is the molecular
li 3.34 Ili 1.98 weight of a liquid crystal, and is the temperature.
lj 3.40 Ilj 2.26 The parameterst and B were found from Eqgs. (2)

and (3) by the least-squares method.
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81,2 = amy + gy, 2
N3y o = Boy + Npy. 3

3.

4.

Heree, , is the dielectric permittivity of the solu- g

tion of a liquid crystal,np; , is its refractive index,
np; is the refractive index of benzene, amg is
weight fraction of the liquid crystal in the solution.

The absolute error in determination of the dipole7.

moments wast0.05 D.
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