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The results of dielectric relaxation studies of series of four n-alkyloxy cyanobiphenyl (nOCB) 
compounds with n ranging from 5 to 8 are presented. The complex dielectric permittivity, 
e*(o)) — e'{oj) — i e"(co), was measured in the frequency range 1 kHz - 3 GHz, with the use of an 
impedance analyzer and a time domain spectroscopy (TDS) set-up. The relaxation times: longitudi-
nal ij| in the nematic and smectic A phase (80CB) , transverse t ± in the nematic phase, and t is in the 
isotropic phase, were obtained as functions of the temperature. This allowed the calculation of 
activation barriers for different molecular relaxation processes occurring in particular phases. More-
over, the retardation factors g^ and g± and the nematic potential q according to two theoretical 
models were calculated. The analysis of q(T) and its relation to the order parameter S is done taking 
into account the results of N M R studies of the compounds under consideration. Finally, the 
dependencies of the obtained quantities on the number of carbon atoms in the alkyloxy chains are 
analyzed. 

Introduction 

The properties of liquid crystalline (LC) phases can 
be studied by the dielectric method. Static permittivity 
measurements give information about the dielectric 
anisotropy, Ae = £y — e x , of a LC phase in relation to 
the dipole moment of a molecule, while measurements 
of the dielectric dispersion, e'(a>), and absorption, 
e"(co), enables one to study different relaxation pro-
cesses associated with the anisotropic reorientation of 
the dipolar molecules in LC phases. Two main types 
of reorientations, those around the short (low fre-
quency, l.f., process) and around the long molecular 
axes (high frequency, h.f., process), occur with different 
time scales. Additionally, both these motions can be 
easily distinguished by a proper orientation of the 
director rt in relation to the probing electric field (par-
allel, E\\n, and perpendicular, Ein, respectively). In 
the isotropic phase these relaxation processes merge, 
giving one broad spectrum. Since several experimental 
techniques must be used for seeing particular pro-
cesses, comprehensive dielectric studies of LCs are 
rather scarce. In this paper we report on dielectric 
investigations of four n-alkyloxy-cyanobiphenyls 
(nOCB, n = 5, 6, 7, 8), carried out with two separate 
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equipments for impedance measurements in the fre-
quency range 1 k H z - 1 3 M H z and time domain 
spectroscopy (TDS) [1] in the frequency range 
10 M H z - 5 GHz. 

The substances belonging to the nOCB ho-
mologous series are used for the preparation of LC 
mixtures applied in the display technology. The mem-
bers with n < 7 form the nematic phase whereas those 
with n > 8 exhibit also (or exclusively) the smectic Ad 

polymorphism [2]. 8 0 C B is known to show the 
reentrant phenomenon under high pressure [3, 4]. The 
nOCB molecules possess a large longitudinal dipole 
moment caused by the strongly polar terminal C N 
group; this gives a pronounced relaxation spectrum in 
the M H z frequency range at E\\n geometry (the l.f. 
process). However, due to the alkyloxy group placed 
at the opposite side of the biphenyl core, also a small 
perpendicular component of the dipole moment is 
present that can give some contribution to the high 
frequency relaxation process observed in the G H z fre-
quency range at Ein geometry. In spite of their po-
tentially interesting dielectric properties, the nOCB 
compounds, except 7 0 C B [5], have not been studied 
over a wide frequency range [6, 7]. In contrast, they 
have been intensively investigated with the use of deu-
terium N M R techniques [8-11]. Some aspects of these 
studies can be useful for the discussion of the dielectric 
results. 
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The molecular dynamics in LC phases is governed 
by the nematic or smectic potential (q) which arises 
f rom the strongly anisotropic interactions between 
rod-like molecules. In the Maier and Saupe mean-field 
theory of the nematic state [12] it was supposed that 
the or ientat ion dependent potential energy of one 
molecule in the field of its neighbors is given in the 
form 

U(0)= -qP2 (cos 9), (1) 

where P2 (cos 9) is the second rank Legendre polyno-
mial. It was assumed that the nematic potential is 
p ropor t iona l to the order parameter S = <P2 (cos 0)>, 

(2) 

where the interact ion coefficient $ determines the 
energy scale of the potential and is temperature inde-
pendent. Theoret ical considerations predict that this 
potential hinders strongly the reorientations of mole-
cules a round the short axes, whereas the reorientation 
a round the long axis is even facilitated in relation to 
the mot ion in the isotropic liquid [13-19]. In order to 
consider quanti tat ively the effect of the nematic poten-
tial on molecular reorientations, Meier and Saupe [13] 
have introduced the so-called retardat ion factors de-
fined as GH = T| | /T0(> 1) and G± = TX /T0(< 1), where 
r 0 corresponds to the situation when q = 0; in prac-
tice, T0 is est imated by extrapolat ion of Tu to the ne-
matic phase [13, 20-22] . There are two expressions 
relating the parallel re tardat ion factor g^ with the 
nematic potent ial q. Originally Meier and Saupe [13] 
considered the l.f. relaxation process in the Maier-
Saupe potential assuming that the per turbat ion of the 
angular distr ibution function by the probe electric 
field has the form of a cosine at all times after the field 
is switched off. In this manner they circumvented the 
need for solving the equat ion for the distribution func-
tion exactly. They obtained the relation 

011 = T~ = 
e° — 1 

(3) 

with the nematic potential barrier parameter a = q/RT. 
Recently Coffey et al. [16-19] have developed a new 

approach to the problem of Brownian rotational mo-
tions of a single axis ro ta tor in a uniaxial potential. 
Using very sophisticated mathematical procedures, 
the au thors have obtained the exact analytic solution 
for the re tardat ion factors and g± in terms of a. The 
following formula for the parallel retardat ion factor 

approximates closely the exact solution for all a: 

- 1 ( 2 
9\\=— = a V l + l / f f 

(4) 

The two formulae differ considerably, especially for 
a > 1. Therefore the q values calculated with (4) are 
approximately 25% greater than those obtained with 
(3), see [23, 24], Coffey et al. [16, 19] give also the 
relations between the retardat ion factors g^ and g± 

and the order parameter S: 

9?\ = 
2S+ 1 

1 - S 9s,= 
2 - 2 S 

2 + S 
(5) 

However, the expression for the longitudinal retarda-
tion factor does not provide a correct description of 
the behavior of for a > 2, whereas the one for g ± is 
valid for all a [18, 19]. By combinat ion of the Eqs. (5) 
one gets the general relationship between the re tarda-
tion factors 

(9ii + l )0x = 2 . (6) 

A discussion of the relationships (3)-(6) is given in [23, 
24], The present results can also be discussed in terms 
of the above relations. 

Experimental 

The HOCB samples were produced by one of us 
(R.D.). Their transit ion temperatures are listed in 
Table 1. They agree very well with the literature da ta 
[2]. 

The measurements of e* ( / ) = e(| ( / ) — ie[[ ( / ) for 
the nematic phase of 5 0 C B , 6 0 C B and 7 0 C B , and 
for the smectic phase of 8 O C B were performed in the 
frequency range of 1 k H z - 1 3 M H z using a H P 4192 A 
impedance analyzer. A parellel-plate capacitor 
(A % 1 cm2) was calibrated with the use of s tandard 
liquids. The distance between electrodes was 0.2 mm. 
The samples were oriented by both the electric D C 
(Ess 1500 V/cm) and magnetic (B « 0.7 T) fields. 

Table 1. Transit ion tempera tures (in °C) for n O C B com-
pounds . 

Substance 5 O C B 6 0 C B 7 O C B 8 O C B 

Melt ing 48.0 57.0 54.0 54.5 
Smectic A - n e m a t i c - - - 67.5 
Nemat ic - isotropic 68.0 75.5 74.0 80.5 
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Starting from the isotropic liquid, the samples were 
slowly cooled down step by step. This allowed consid-
erable supercooling of the samples below the nominal 
freezing points. The temperature was stabilized within 
± 0 . 1 K. 

The measurements of e* in the isotropic phase and 
£* in the nematic phase of all four substances, and £* 
in the nematic phase of 8 OCB, were performed with 
the aid of the time domain spectroscopy technique 
(TDS). The experimental details can be found in [1, 23, 
24], In the case of the isotropic phase, two time win-
dows were used (10 ns and 100 ns) and then the spec-
tra were spliced as described in [24], For the nematic 
phase of 8 OCB, the 200 ns time window was used, 
which allowed for covering the frequency range from 
ca. 2 M H z to ca. 400 MHz. In this case the orientation 
of the sample was not perfect, however, and therefore 
the static permittivities (extrapolated) are markedly 
lower than those obtained in other studies [6, 7]; it was 
proved [25] that this fact does not alter the values of 
the relaxation times determined from the position of 
£^ax. The spectra for EL n geometry were collected in 
the same way as in the isotropic phase. 

Results 

The dielectric spectra in the form of Cole-Cole plots 
e" vs. e', measured in different phases of partcicular 
substances, are shown in Fig. 1 (the LC phases) and 
Fig. 2 (the isotropic phase). The particular spectra 
were analyzed with the well known Debye, Cole-Cole 
(C-C) and Davidson-Cole (D-C) equations [26] 

e* — £ „ 1 
(C-C) — = • 

^oo l + O ' C O t o ) 1 - « ' 

where £s and s^ are the static and high frequency 
permittivities, respectively, and a and ß characterize 
the distributions of the relaxation times (symmetric 
and non-symmetric, respectively). 

In the case of E || n geometry (nematic and smectic 
phases) we are dealing with a single relaxation process 
well described by the Debye equation (a = 0) with the 
relaxation time Ty as the fitting parameter (see Fig-
ure 1). The obtained relaxation times are shown in 
Figure 3. In order to avoid the temperature shifts they 
are presented as log x versus (1/T — 1/TNj), which is 

Fig. 1. Cole-Cole plots for LC phases of four «OCB com-
pounds. In case of £* (co) spectra, the lines correspond to the 
Debye equation. One typical spectrum obtained at E i. n 
geometry is shown for the nematic phase of 6 OCB, which 
can be described by the Cole-Cole equation with a % 0.25. 

equivalent to Arrhenius plots. The calculated activa-
tion enthalpies AH^ are listed in Table 2. 

Concerning the h.f. relaxation process appearing at 
the E L n geometry, the quality of the T D S spectra 
was rather poor due to weak intensity of the dielectric 
loss e'[. A typical spectrum obtained for 6 O C B is 
shown in Fig. 1 (in fact there are two spliced spectra). 
The shapes of the £^(co) spectra suggest that they 
consist of different relaxation processes which cannot 
be easily separated. Therefore the spectra were ana-
lyzed with the use of the Cole-Cole equation with a 
large parameter characterizing the distribution of the 
relaxaion times (a ~ 0.25). The calculated relaxation 
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Fig. 2. Cole-Cole plots for the isotropic phase of nOCB com-
pounds. The solid lines correspond to the Davidson-Cole 
equation. The dashed semicircles illustrate a possible divi-
sion of the spectrum into two Debye-type relaxation pro-
cesses. 

times Tj_ are shown in Fig. 3, and the activation 
parameters are presented in Table 2. 

The T D S spectra of the isotropic phase are de-
formed at the high frequency wing. One can suppose 
(see discussion) that they consist of two relaxation 
processes with considerably different amplitudes and 
relaxation times. Therefore we tried to fit to them two 
Debye-type semicircles (dashed curves in Figure 2). 
Unfortunately, due to a large difference in the ampli-
tudes of both contributions, the analysis of the spectra 
measured at different temperatures did not give a con-
sistent separation. The best fits were obtained when 
the Davidson-Cole equation was used (solid lines). 
Additionally, the frequencies fc corresponding to the 
maximum of losses e„ax were calculated. In fact, all 

2 1 0 1 2 3 

1 0 4 ( W UK"1 
1 'ni 

Fig. 3. Log t v s . ( l / T — 1/Tni) for different relaxation pro-
cesses shown in Figures 1 and 2. A non-typical unit in the 
abscissa was taken in order to avoid the shifts caused by 
different nematic-isotropic transit ion temperatures of the 
substances. The dashed line shows the extrapolat ion of the 
relaxation time xis to the nematic phase. 

Table 2. The parameters of the Arrhenius equat ion t = A 
• exp ( A H / R T ) obtained for different phases of nOCB com-
pounds. 

Substance Phase A/sec A H / k J m o l " 1 

5 O C B isotropic 9.54 x 10" 1 6 43.3 + 1 
nematic || 1.89 x 10" 1 9 70.0 + 1 
nematic i 2.77 x 10" 1 0 5.1 ± 1 

6 O C B isotropic 6.48 x 10" 15 37.9 + 1 
nematic || 4.36 x 10" 1 9 6 8 . 2 + 1 
nematic i . 1.16 x 10" 1 6 6.4 ± 1 

7 O C B isotropic 4.65 x 10" 15 39.1 + 1 
49 + 5 [5] 

nematic || 1.41 x 10" 1 8 64.6 + 1 

1 0 
65 + 5 [5] 

nematic i . 3.30 x 10" 1 0 4.2 + 1 
< 4 [5] 

8 O C B isotropic 1.32 x 10" 1 6 50 .0+1 
nematic || 7.16 x 10" 2 0 74.6 + 2 
nematic i - < 3 
smectic Ad || 3 . 2 8 x 1 0 " 1 7 56.2 + 1 

calculated relaxation times t i s characterizing the main 
relaxation process in the isotropic phase were very 
close for all models, similarly to the case of 7 PCH [24], 
The average values of i i s are shown in Fig. 3, and the 
parameters of the Arrhenius equation are listed in 
Table 2. 



838 S. Urban et al. • Dielectric Relaxation Studies of n O C B 838 

Discussion 

The molecules of rcOCB c o m p o u n d s possess two 
dipole groups: the cyano-CN group gives a s t rong 
componen t along the main molecular axis, and the 
alkyloxy H 2 n + ^ „ O - g r o u p gives a dipole m o m e n t 
deflected by ca. 72° f rom that axis. Due to this, both 
the longitudinal, and the transverse, /i t, compo-
nents of the dipole moment may give contr ibut ions to 
the relaxation spectra in LC phases as well as in the 
isotropic phase. The g roup dipole moment calcula-
tions [27] yield /z, = 4.40 D and /it = 1.22 D, with the 
resultant dipole momen t of 4.57 D. Because the dielec-
tric increment ÖS = es — Ex is roughly propor t iona l to 
fi2, the relaxation process governed by the longitudi-
nal component should domina te over the transverse 
one in the substances under considerat ion. According 
to the mean-field theory [4, 12, 20, 21] the relative 
intensities of the absorp t ions given by both compo-
nents of the dipole moments in the nematic phase are: 
p2(l + 2S)/n2{\ - S) for the E\\n geometry, and 

S)/n2(\ + S/2) for the Ein geometry, which 
(assuming S = 0.6) leads to ca. 70:1 and 4 :1 for the 
ratios of ampli tudes at the two geometries, respec-
tively, whereas for the isotropic phase the rat io is ca. 
13:1. This shows that a real influence of both main 
molecular reorientat ions on the £*(co) and £*(cu) re-
laxation spectra of the n O C B compounds can be ex-
pected. This is well seen in Figs. 1 and 2. In the spectra 
of the isotropic phase (Fig. 2) the h.f. process appears 
as a small wing at G H z frequencies (see also Buka 
et al. [5]). The l.f. process in the N and SA phases is a 
monodispersive one, while the spectra measured at the 
perpendicular geometry are broad . Probably they 
consist of at least two processes, i.e. the molecular 
rota t ions a round the long axes and a small angle fluc-
tuat ion of the dipole moment in respect to the direc-
tor, which are characterized by similar relaxation 
times. This causes that they cannot be separated and 
only the mean relaxation time r x , presented in Fig. 3, 
could be calculated. 

The activation enthalpies, calculated from the da ta 
of Fig. 3, are presented in Table 2. In the isotropic 
phase the highest values of A H h = 50 kJ /mol is ob-
served for 8 O C B that is markedly larger than 
AH n = 30 kJ/mol obtained f rom the viscosity mea-
surements [28]. Such difference may arise in par t f rom 
the fact that the cyanobiphenyl molecules form an-
tiparallel dimers even in the isotropic phase [5] and the 
association energy contr ibutes to the activation en-

thalpy. Also the enthalpy AH{1 is highest for 8 OCB. It 
should be mentioned, however, that 8 O C B has the 
smectic A phase and a relatively na r row range of the 
nematic phase. In such situation the nematic phase 
may show some peculiar properties [21]. Therefore the 
present measurements were performed in steps of 
ca. 1 K in both the nematic and isotropic phase of 
8 OCB. It is characteristic that the activation barrier 
hindering molecular reorientations a round the short 
axes in the SA phase is distinctly lower than the corre-
sponding barrier in the N phase, similarly to many 
other substances exhibiting the N - S A po lymorph ism 
[29, 30], Dielectric studies of 8 C B [31] and 8 O C B [32] 
under high pressure have shown that the pressure 
influences the activation enthalpies in the N and SA 

phases of these compounds , but marked differences 
between the activation enthalpies of bo th phases per-
sist up to ca. 100 M P a . It should be added that a 
considerable decrease of AT/y was also observed in the 
pressure studies of 5 C C H when the nema t i c - smec -
tic B (monotropic) transit ion was passed [33]. Thus it 
seems that the more ordered or thogona l smectic 
phases facilitate the molecular reorientat ions a round 
the short axes. 

In the case of E1 n geometry the relaxation times Tx 

are distinctly shorter than the other ones and show a 
weak dependence on the temperature, compare Fig. 3 
(the observed increase of Tx in the vicinity of the clear-
ing point is caused by a fail of or ientat ion of the 
samples). Thus the molecular reorientat ions a round 
the long axes are really very easy and fast, which 
proves a common assumption about rod-like shape or 
cylindrical symmetry of molecules. 

The relaxation times obtained for the nematic and 
isotropic phase can serve for calculating the re tarda-
tion factors and the nematic potential according to the 
formulae mentioned in the Int roduct ion. In order to 
do that, the values of the order parameter S have to be 
known. In the literature one can find very few experi-
mental da ta on S(T) for the substances under study 
[8 -11 , 34], We shall consider here the da ta obta ined 
by the nuclear magnetic resonance ( N M R ) methods. 
Emsley et al. [9] have performed deuter ium N M R 
studies of p-xylene-d1 0 dissolved in a series of n O C B 
compounds (n = 1 12). The principal componen t 
S,, of the second rank orientat ional order ing matr ix 
can be used for our purpose. However, due to the 
indirect way of obtaining them, the 5 . , -value cannot 
properly characterize the host-molecules ' degree of 
orientat ion in the nematic phase; they are distinctly 
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Fig. 4. Order parameter as a function of the reduced temper-
ature (T — Tni) in the nematic phase of 6OCB: right hand 
scale and open points: Szz measured for p-xylene dissolved in 
the substance [9], left hand scale and crosses: S measured for 
a neat substance [10], full points: 2.61 x Szz. 

lower than the proper S-values. Similarly to recent 
studies on 7 P C H [24] we asume proportionality be-
tween both quantities: S = k Szz. In the case of 6 OCB 
this assumption can be checked taking the S( r e v a l -
ues obtained by Dong and Ravindranath [10], who 
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performed N M R studies for a neat substance. Fig-
ure 4 shows both sets of S-values, those obtained by 
Dong et al. ( x ) and that calculated from Emsley et al. 
5, . -data multiplied by the factor k = 2.61 (•) (these 
and other N M R data were taken from original figures 
with the aid of a computer assisted scanner). One can 
see a nice consistency of the experimental and normal-
ized order parameters. Thus it seems justifiable to take 
the same /(-factor for the calculation of S-data from 
the Szz ones for all substances under study. They are 
shown in Fig. 6 as solid lines. These order parameters 
will be used for further discussion (this is named 
E -I- D normalization). 

Another normalization can be considered if the S-
data measured by Poon et al. [11] for all four nOCBs 
at T — TNI = 10 K are taken into account. In that case 
a separate normalization factor for each compound 
has to be taken: k = 2.31, 2.34, 2.93 and 2.45 for n = 5, 
6, 7 and 8, respectively. They are shown in Fig. 6 as 
dashed lines (named E + P normalization). 

Figure 5 presents the retardation factors g^ and gL 

obtained for 5 OCB, 6 O C B and 7 OCB from the data 
of Fig. 3 (i0-values were calculated by extrapolation of 
i i s to the nematic phase as is shown in Figure 3). They 

Fig. 5. The retardation factors gn and g ± as functions of the reduced temperature for the nematic phase of 5 OCB, 6 O C B and 
7 OCB. Open symbols: experimental, full symbols: calculated according to (5). 
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Fig. 6. The nematic potentials q and the core interaction parameter X3 (left hand scale) and the order parameter S (right hand 
scale) as funct ions of the reduced tempera ture for «OCB compounds . The open symbols cor respond to Meier-Saupe (3) 
and full symbols to Coffey et al. (4). Solid lines are the order parameters obtained with the E + D normalizat ion, and dashed 
lines with the E + P normal izat ion (see text). X a -da ta come from N M R studies of Counsell et al. [8] ( + ) and D o n g et al. ( x ). 

Fig. 7. q and Xa versus S plots for the nematic phase of «OCB compounds . The symbols have the same meanings as in 
Figure 6. 

are compared with x calculated using Coffey et al. 
formulae (5). Large disagreement between experimen-
tal and theoretical retardation factors is observed for 
all substances. Moreover, the factor (g^ + 1 )g± is less 
than unity, in contradiction to the prediction of (6). 
(The use of S according to the E + P normalization 
leads to similar relations.) 

For each substance the nematic potentials q were 
calculated according to (3) and (4). Figure 6 presents 
q-data versus the reduced temperature T— TNI. One 
can see that the points corresponding to the Coffey 
et al. formula (4) (full symbols) are distinctly higher 
than those corresponding to the Meier-Saupe formula 
(3) (open symboles). They are compared with the core 

interaction parameter Xz obtained by Counsell et al. 
[8] (6 OCB and 8 0 C B - + ) and Dong et al. [10] 
( 6 0 C B - x ) from fitting of the theoretical order 
parameters to the experimental ones. In fact, the X a 

parameter plays the same role in the mean-field theory 
considered by these authors as the nematic potential 
q does in the Maier and Saupe theory. As can be seen 
in Fig. 6, in case of 6 O C B the nematic potential values 
obtained from the dielectric relaxation studies with 
the simpler Meier-Saupe formula (3) are much better 
consistent with both sets of N M R data than those 
yielded by the Coffey et al. formula (4). This concerns 
the values as well as the temperature dependence of q. 
In case of 8 OCB one can observe the opposite be-
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havior - formula (4) leads to a better agreement be-
tween the dielectric and N M R data. It should be men-
tioned, however, that in this substance the Xa-values 
were obtained in a different way than for other sub-
stances studied [8]. Counsell et al. have found a com-
mon temperature dependence of Xa for the com-
pounds with n = 3, 4 and 6, and markedly different 
behavior for n = 8. 

By comparison the data in Table 2 and Fig. 6 it 
should be noted that for all n O C B compounds the 
nematic potential does not exceed ca. 15% of the acti-
vation barrier hindering molecular rotation around 
the short axes. The same proport ions have been found 
for other LC substances [23, 24, 31, 32, 35]. This indi-
cates that the main hindrance for such rotation is 
caused by two other factors: friction of the medium 
and dipole-dipole associations between strongly polar 
molecules. A broader discussion of this problem can 
be found in [35, 36]. 

In Fig. 6 we compare the temperature dependencies 
of the nematic potential and the order parameters 
obtained according to both normalization proce-

Table 3. Mean-field interaction coefficient g determined 
from the deuterium N M R spectra and the dielectric relax-
ation studies for LC substances belonging to three ho-
mologous series: «OCB, «CB and « P C H having strongly 
polar C N groups. 

Substance Interaction Coefficient ^"/kJ m o P 1 

N M R Dielectric Relaxation 

E + D norm. E -(- P norm. 

3 OCB 11.73 [8] 
4 O C B 11.73 [8] 
5 OCB - 9.8 + 0 . 2 a 

(12 .4±0.2) b 
11.4 + 0.2 

(14.6 ±0.2) 
6 OCB 11.73 [8] 10.5 + 0.8 11.3 + 0.6 

10.5 [10] (13.8 ±1.2) (14.4±0.6) 
7 OCB - 10.0 + 0.4 

(12.5 ±0.5) 
9.0 + 0.4 

(11.2 ±0.5) 
8 OCB 12.40 (SA) [8] 10 + 1 11 + 1 12.40 (SA) [8] 

(13 ± 1 ) (14 ± 1 ) 
5 C B 10.9 ±0 .1 [38] 11 ± 1 [37] 
6 C B — 8.1 + 1 [35] 

(10.1 ± 1 ) 
8 C B 10.9 ±0 .1 [38] 
5 P C H - 17.4 + 0.3 [24] 

(19.6±0.3) 
7 P C H — 14.4 + 0.5 [24] 

(18.4 ±0.5) 

a Meier and Saupe formula (3). 
b Coffey et al. formula (4). 
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Fig. 8. Dependences of the measured quantities upon the 
number of carbon atoms in the alkyloxy chains of nOCB 
compounds. S and q are taken at TNI — T = 10 K, t i s and z y 
are extrapolated to TNI. 

dures. As can be seen, both quantities exhibit a 
roughly similar behavior within the nematic phase. 
This seems to justify the next step in evaluation of the 
results. In Fig. 7 the nematic potentials are plotted 
versus the order parameter in order to check the rela-
tion (2). The values of Xa taken from [8] and [10] are 
also included in the plots for 6 O C B and 8 OCB. For 
each substance the points do not lie exactly on the 
lines going through the origin. This concerns also the 
N M R results of Dong et al. [10] for 6 OCB. On the 
other hand, the data of Councell et al. [8] fulfill (2) 
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a l m o s t exac t ly . In t he F igs . 6 a n d 7 we h a v e m a r k e d 
fo r q - v a l u e s t h e e r r o r b a r s a r i s ing f r o m the die lect r ic 
r e l a x a t i o n s tud ies , b u t t h e e r r o r s c a u s e d by the w a y of 
o b t a i n i n g of t h e o r d e r p a r a m e t e r s c a n n o t be easily 
e s t i m a t e d . T h e r e exis ts a m a r k e d d i f fe rence b e t w e e n 
the q(S) b e h a v i o r s o b t a i n e d by b o t h N M R - g r o u p s fo r 
6 O C B , a l t h o u g h the q{T) d e p e n d e n c i e s a r e closer; 
th i s s u g g e s t s t h a t t h e y o b t a i n e d d i f f e ren t o r d e r 
p a r a m e t e r s fo r t he s a m e s u b s t a n c e u s i n g the s a m e 
e x p e r i m e n t a l m e t h o d . Espec i a l l y a p r o p e r S(T) de-
p e n d e n c e in t h e v ic in i ty of t h e c l ea r i ng p o i n t is de-
s i red. 

T h e s lopes of t he l ines d r a w n t h r o u g h t h e exper i -
m e n t a l p o i n t s a n d t h e o r ig in give t h e va lue s of the 
s t r e n g t h coef f ic ien t S. T h e y a r e l is ted in T a b l e 3 to-
g e t h e r w i t h t h e access ib le d a t a for o t h e r c y a n o - c o m -
p o u n d s . B o t h n o r m a l i z a t i o n p r o c e d u r e s a p p l i e d in 

c a l c u l a t i o n s of t h e o r d e r p a r a m e t e r s give d i f f e ren t 
s t r e n g t h p a r a m e t e r s . H o w e v e r , t h e c o n s i s t e n c y of t he 
N M R a n d p r e s e n t d i e l ec t r i c r e su l t s is q u i t e c lose. So 
the N M R d a t a c a n be u s e d as a tes t of t h e c o r r e c t n e s s 
of (3) a n d (4). R a t h e r u n e x p e c t e d l y , t h e o ld M e i e r -
S a u p e f o r m u l a s e e m s t o b e b e t t e r in t h e ca se of n O C B 
c o m p o u n d s as well a s fo r s o m e n C B s u b s t a n c e s [35], 

T o s u m m a r i z e t h e resu l t s , w e p l o t t e d all o b t a i n e d 
q u a n t i t i e s a s f u n c t i o n s of t h e n u m b e r of c a r b o n a t o m s 
in t he a l k y l o x y c h a i n of n O C B c o m p o u n d s in F ig -
u re 8. N o spec ia l o d d - e v e n ef fec ts c a n b e seen. I t m a y 
o n l y be n o t e d t h a t all p a r a m e t e r s c h a r a c t e r i z i n g t h e 
m o l e c u l a r d y n a m i c s in p e n t y l o x y c y a n o b i p h e n y l a r e 
re la t ively h i g h in c o m p a r i s o n w i t h t h e n e x t t w o ne-
m a t o g e n s in t h e series. T h a t m i g h t i n d i c a t e s t r o n g e r 
i n t e r m o l e c u l a r i n t e r a c t i o n s in th i s s u b s t a n c e . 
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