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The dielectric properties of the third (3. OAOB) and fifth (5. OAOB) members of the PAA 
homologous series have been investigated in the frequency range from 0.1 to 12 MHz. Negative 
dielectric anisotropics have been obtained in the nematic phase of both substances. For the 
dielectric relaxation processes observed parallel to the nematic director, the relaxation times and 
activation energies have been estimated and discussed. 

1. Introduction 

D u e to anisot ropic propert ies of both the molecu-
lar and m e d i u m structures, several reorientational 
processes can be observed in a nemat ic liquid 
crystal [1]. In o rder to investigate these relaxation 
processes d i f ferent experimental techniques are 
necessary: nuclear magne t ic resonance, quasielastic 
neu t ron scattering, R a m a n and infrared spectroscopy 
and dielectric re laxat ion measurements . By using 
the dielectric m e t h o d one can investigate the re-
or ientat ion of polar molecules a round the long and 
short axes. In nemat i c liquid crystals, the former 
process usually appea r s in the G H z range and latter 
at about two orders of magni tude lower frequencies 
[2 — 6]. It has also been established [ 2 - 6 ] that the 
low f requency dielectr ic relaxation process can be 
well character ized by a single D e b y e relaxation 
t ime. 

In this paper we present dielectric investigations 
in the M H z range on two nematogenic substances: 
4 ,4 ' -di -n-propyloxyazoxybenzene (3. OAOB) and 
4,4 ' -di-n-pentyloxyazoxybenzene (5. OAOB). It 
should be noted that these substances belong to the 
PAA homologous series, which is the subject of 
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molecular dynamics studies carried out by the 
Cracow Molecular Crystal and Liquid Crystal 
G r o u p [1,5, 6], 

The dielectric anisotropics of 3. O A O B and 
5. OAOB have been measured earlier by Maier and 
Meier [2] and by de Jeu and Lethouwers [7], respec-
tively. The measurements by Maier and Meier for 
3. OAOB, pe r fo rmed in the f requency range f rom 0.1 
to 1.6 MHz, have also indicated the existence of a 
dielectric absorpt ion and dispersion effect in the 
nemat ic phase of this substance. 

2. Experimental 

In the structural fo rmula 

H 2 „ + i C „ - 0 — C 6 H 4 - N 2 0 — C 6 H 4 — 0 - C „ H 2 „ + i 

there stands n = 3 for 3. O A O B and n = 5 for 
5. OAOB. 

The net d ipole momen t has contr ibut ions f rom 
three group moments : N 2 0 and two OC„H 2 „ + 1 

groups. The substances have been synthesized in the 
Institute of Chemis t ry of the Siedlce Agricultural 
and Pedagogical College. T h e tempera tu res of the 
phase transit ions are 

for 3. OAOB: TKN = 388.8 K, Tm = 396.8 K, 

for 5. OAOB: = 348.8 K, TN1 = 396.3 K, 

which is in good agreement with the values ob-
tained by Arnold [8]. 

The complex dielectric permit t ivi t ies in the fre-
quency range f rom 0.1 to 12 M H z were measured by 
using a mul t idecamete r D K 0 6 ( W T W Weinhe im, 
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Obb.) . A magnet ic field of 0.5 F was used to orient 
the samples. The t empera tu re was varied f rom 
345 K to 410 K to cover the whole nemat ic phases 
and a few degrees of the isotropic phases of the sub-
stances. 

5. O A O B are negative, which is in agreement with 
earlier results [2, 7]. 

3 b) The dynamic dielectric properties 

In this section we shall discuss the relaxat ion 
process observed for the E" component . As was 

3. Results and Discussion 

The results of our measurements are presented in 
Figures 1 - 6 . 

The f requency dependences of the complex di-
electric permit t ivi t ies will be discussed in terms of 
the Debye equat ion 

4 
ET 

EJ EJ J EJ EQOJ 
1 + /' OJ ZJ 

(1) 

where / denotes a par t icular relaxation process 
observed for two or ientat ions (j a n d -L) of the 
nemat ic phase* , and and e X t i are, respectively, 
the low- and h igh- f requency limits of the dielectric 
permit t ivi ty of the / th process. The inset in Fig. 1 
shows, in terms of a Cole-Cole d iagram, the 
meaning of e0 ] and £x< , . 

3 a) The static dielectric constants 

Tempera tu re dependences of the dielectric per-
mittivities measured at 0.1 and 5.4 MHz are present-
ed in Figs. 1 and 2. As one can see, in the case of £jS 

and E'± no dispersion effect has been observed for 
both substances. The measured values could then be 
accepted as low-frequency limits of the respective 
dielectric permitt ivit ies, i.e. of £ 0 . i s

 a n d £O,_L- How-
ever. the measurements carr ied out in the direct ion 
parallel to the director showed that E' exhibits a 
strong f requency dependence . The E\ permit t ivi ty 
decreases with increasing f requency f rom % I t 0 

£x< j. This effect is accompanied by the absorpt ion 
process seen in Figs. 3, 4 and 5. The £X i u presented 
in Figs. 1 and 2 have been obta ined by fit t ing the 
Debye equat ion (2) to the E" (CO) exper imental 
points (see below). 

As is seen f rom Figs. 1 and 2, the dielectric aniso-
tropics E0 - £ o , ± obta ined for 3. O A O B and 

* In the case of parallel orientation of molecules with 
respect to the measuring field the dielectric relaxation 
process observed in the present work will be denoted as 

1" in order to distinguish it from the " 2" process 
observed in the GHz range [3-6] . 

E , 

L 

Fig. 1. Temperature dependences of the dielectric permit-
tivities of 3. OAOB. x and • are the experimental points 
measured at 0.1 and 5.4 MHz. respectively. • and A are, 
respectively, the low- and high-frequency limits of the 
dielectric permittivities obtained by fitting (2) to the ab-
sorption curves (see Figure 3). 
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Fig. 2. Temperature dependences of the dielectric permit-
tivities for 5. OAOB. Denotions are the same as in 
Figure 1. 
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ment ioned above, the f requency dependences of 
e " (w) were measured for both substances (Figs. 3, 4 
and 5). Mak ing use of the Debye equation (1) one 
gets the fol lowing formula for the dielectric loss 
factor: 

CO T J 
E"(OJ) = (E0, I-EX, L) 

1 + (CO T , ) 2 
(2) 

which is a Lorentzian curve. By fitting (2) to the 
absorpt ion curves we found the dielectric incre-
ments ( % i — £oo, i) and the t , relaxation t imes 
(see Table 1). The fitted curves are presented in 
Figs. 3 and 4. The errors of the estimation of re-
laxation t imes are about 1 0 - 1 5 % for 5. OAOB and 
1 5 - 3 0 % for 3. OAOB. 

In the case of 3. O A O B we have measured the 
t empera tu re dependence of the dielectric loss factor 
at the f requency / = 12 M H z (Figure 5). Because 
the m a x i m u m value of e" shows up at 390.2 K, the 
cor responding relaxation t ime, as shown by Schalla-
mach [9], should be 

r , (390.2 K) = 1/2 n • f = 13.2 x 10~ 9 s . 

Table 1. The relaxation times and dielectric increments 
estimated for different temperatures in the nematic phases 
of 5. OAOB and 3. OAOB. 

5. OAOB 
T[ K] 
r , -109[s] 
£ 0 . 1 — £ o o , J 1 

348.8 356.2 
469 298 

0.42 0.40 

368.5 
107 

0.35 

374.2 384.2 
72.8 33.5 
0.34 0.30 

3. OAOB 
T[K] 390.2 ± 0.5 390.0 395.2 
z , -109[s] 13.26 13.9 ± 1.8 8.51 ± 3 . 9 
£ 0 , 1 ~ e o o , 1 - 0.38 0.31 

HMHzJ 

Fig. 3. Dielectric absorption curves measured at two tem-
peratures in the direction parallel to the nematic director 
of 3. OAOB. x are the experimental points to which the 
solid curves are the fitted (see text). 
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Fig. 4. Dielectric absorption curves measured at different 
temperatures in the direction parallel to the nematic direc-
tor of 5. OAOB. The curves are representated in the 
reciprocal scale of temperature and in the logarithmic 
scale of frequency. The denotions are the same as in 
Figure 3. 
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Fig. 5. Temperature dependence of the dielectric loss 
factor of 3. OAOB measured at the frequency / = 12 MHz. 
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Fig. 6. Dielectric relaxation times vs. MT of the low-fre-
quency relaxation process in the nematic phase of 3. OAOB 
and 5. OAOB. 

The t empera tu re dependences of the relaxation 
t imes obta ined for 5. O A O B and 3. OAOB are 
presented in Figure 6. On assuming the Arrhenius 
law 

r i = t 0 exp (E/R T) ( 3 ) 

we found the activation energies E ~ 84 kJ /mol for 
5. O A O B and E - 146 kJ /mol for 3. OAOB. 

For the t empera tu re range ( F N I - 4 0 K ) < F 
< ( F N , - l 0 K ) of the nemat ic phase of 5. OAOB, 
the good fit of the Lorentzian funct ion to the ex-
perimental points (Fig. 4) suggests that there is only 
one relaxation process. The activation energy of this 
process is almost t empera tu re independent . Its 
estimated value, £ ~ 84 kJ /mol , is s imilar to those 
obtained for the second and seventh m e m b e r of the 
same homologous series [6]. 

F rom the values of the activation energies as well 
as f rom the geometry of the measurements one may 
conclude that the low-frequency relaxat ion process 
observed is connected with the reorientat ions of the 
molecules around their short axes. 

It should be noted that in the case of 3. OAOB, 
due to the restricted f requency range available, we 
could measure the relaxation t imes only for three 
points in the tempera ture range of 10 K below the 
clearing point, i.e. (FN, - 10 K) < F < FNl (F igures 
3, 6). Except for an inaccuracy arising f r o m the 
small n u m b e r of experimental points and the small 
t empera ture range [13], the value 146 k J / m o l 
obtained for the activation energy seems to be too 
large for 3. OAOB which is shorter than 5. OAOB. 
We explain this by supposing that in the t empera -
ture range qui te near to the clearing point, where 
the order parameter S varies rapidly with F, the 
dielectric relaxation t ime of the low f requency 
process decreases more and more quickly with in-
creasing temperature . This effect has recently been 
observed by Zeller [11] who connected it with the 
density change. Noack et al. [10], however, suggest 
that in the pretransitional range beside the molec-
ular mot ions showing up in the lower t empera tu re 
range there must be an addi t ional molecular mot ion 
known as f luctuat ion of the order parameter . In our 
present measurements we could only note a small 
de format ion f rom the symmetr ic form of the ab-
sorption curve (Figure 5). 

Because the two substances investigated have al-
most the same clearing temperatures , one can com-
pare directly their relaxation t imes at any t empera -
ture in the nematic phase. As it could be noted f rom 
Fig. 6. the extrapolated relaxation t ime of 5. O A O B 
is about 2 t imes larger than that obta ined for 
3. OAOB at the same temperature . This fact appea r s 
to be related to the difference in the moments of 
inertia of the two molecules [13]. 

4. Conclusions 

From the dielectric measurements in the fre-
quency range of 0 . 1 - 1 2 MHz we could deduce the 
following conclusions: 

1) In the direction parallel to the nematic di rector 
of 3. OAOB and 5. OAOB a dielectric relaxation has 
been observed, which is connected with the reorien-
tation of the molecules around the short axes. 

2) In the tempera ture range f rom 349 to 384 K of 
the nemat ic phase of 5. OAOB the observed dielec-
tric relaxation process seems to be uninf luenced by 
other motional processes. 
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3) The behav iour of the low frequency dielectric 
relaxation process in the pretransit ional range is 
more compl icated. O u r results suggest that the slope 
of the t empera tu re dependence of the relaxation 
t imes in this region is larger than that in the lower 
t empera tu re region. 
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