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Results of dielectric studies of the low frequency relaxation process in several substances exhibiting 
nematic - smectic C polymorphism are presented. They are compared with the data obtained re-
cently for substances with nematic-smectic A and nematic-smectic B phase sequences. It was found 
that the rate of molecular reorientation around the short axes does not change at the transition 
between the nematic and a liquid-like smectic phase (Sm A, Sm C), whereas it is considerably 
retarded at that of the nematic-solid-like smectic (Sm B) phase. However, the activation barrier for 
this motion is markedly lower in the orthogonal smectics (Sm A, Sm B) than in the nematic and 
Sm C phases. The analysis of numerous experimental data on the activation enthalpy in the nematic 
phase shows that the Arrhenius equation conforms better with results than the Diogo-Martins 
approach, if the nematic range exceeds 10 K. 

Introduction 

Dielectric relaxation studies of liquid crystals (LCs) 
showing nematic and smectic polymorphism can give 
interesting information about the rotation of molecules 
in different surroundings, especially for the low fre-
quency (l.f.) relaxation process connected with rota-
t ions of molecules abou t the short axes. This mot ion 
should change essentially between the nematic phase 
and a smectic phase having additionally a posit ional 
order in form of a layer structure. Taking into account 
the s t ructural features of smectics, one can distinguish 
between liquid-like smectic phases, Sm A and Sm C, 
and solid-like smectic phases, Sm B, Sm G, Sm E , . . . , in 
which some elements of long-range or ientat ional and / 
or positional order of the molecules can be found [1,2]. 

The experimental evidence of the influence of the 
phase s t ructure on the l.f. dielectric relaxation pro-
cesses is ra ther scarce [2-9] . The studies have shown 
jump-wise changes at the nematic-smectic phase t ran-
sition of the relaxation times ty and activation en-
thalpies AH|| characterizing the molecular mot ions 
a b o u t the short axes. As one could expect, the relax-
at ion times become usually longer in smectic phases, 
but surprisingly the activation enthalpy is lower in the 
Sm A and Sm B phases than in nematics [2-9] . This 
was established for single substances [ 2 - 4 , 6 - 8 ] as 
well as for homologous series [5, 9]. 
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The present paper deals with six substances show-
ing the nemat ic and Sm C polymorphism, and a sub-
stance with the N - S m A - S m C phase sequence. The 
results are compared with the da ta of a series of sub-
stances with the N - S m A polymorphism [5] and the 
N - S m B po lymorph i sm [8, 9]. The applicability of 
some act ivat ion equat ions for the description of ty (T) 
behaviour in the nemat ic phase having different tem-
perature intervals is discussed. 

Experimental 

Table 1 conta ins the chemical s tructure and transi-
tion tempera ture of the substances studied. They were 
synthesized by one of us (R. D.), except of H O A B 
produced by Merck. The measurements of the com-
plex dielectric permittivity, (v) = e'y (v) — i e"\ (v), 
were performed in the frequency range 1 - 1 3 M H z 
using an H P 4192 A impedance analyzer. A parallel-
plates capaci tor was cal ibrated with s tandard liquids. 
The samples were oriented by a magnetic field 
( ~ 0.7 T). The measurements started in the N phase, 
and then the samples were cooled down step by step. 
However, the al ignment of the samples usually failed 
when the t ransi t ion to a smectic phase was achieved. 
The tempera ture of the sample was stabilized within 
± 0.1 K. 
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Table 1. Substances studied and their phase transitions. Results 

Subs t ance and phase transit ions [°C] Abbrev ia t ion 

H 1 5 C 7 0 < Q ) - N 2 0 - < ^ > 0 C 7 H i ! 

Cr-74.0-Sc-95.3-N-124.1-Is 

HOAB 

H 1 7 C , O ^ C O O ^ O C t H 1 J 

Cr-55.4-Sc-66.7-N-91.0-Is 

C80/0C6 

H 1 7 C , O ^ Q ) - C O O - < ^ O C 7 H 1 3 

Cr-62.0-Sc-70.0-N-89.0-ls 

C80/0C7 

H 1 1 C 3 ^ ) - C H 2 C H 2 ^ ^ - C O O ^ Q ) - O C i H 1 7 

Cr-66.8-Sc-84.2-N-156.0-Is 

C5CyC2/OC8 

H , 3 Q ^ ^ - C H 2 C H 2 ^ > - C O O - < Q ) O C 1 H , 7 

Cr-77.6-Sc-90.8-N-201.0-Is 

C6BCyC2/OC8 

H 1 3 C 6 ^ ^ - C H 2 C H 2 ^ > - C O O j ( Q ) - O C » H „ 

Cr-74.5-Sc-105.3-N-192.2-ls 

C6BCyC2/OC9 

H Ä O 0 - C O O ^ ^ - O C ^ , , 

Cr-61.0-Sc-77.0-SA-83.0-N-89.5-Is 

CIOO/OC6 

H 2 n . , C 0 ^ ^ ^ - C O O - < g ^ N C S [5] 

Cr- 109-SA- 124.5-N-239-Is 
Cr-117-SA-129-N-235-Is 
Cr-104-SA-146.5-N-225-Is 
Cr-109.5-SA-155.5-N-222-Is 

nPCHB-NCS 

4PCHB-NCS 
5PCHB-NCS 
6PCHB-NCS 
7PCHB-NCS 

Table 2. Activation enthalpies AH ^ and the ratios of the 
relaxation times TT m at the transition temperature between the 
nematic and smectic A or smectic C phases for particular 
substances. 

S u b s t a n c e A H n [ k J / m o l ] T s m a / t n t s m c / i n 

N Sm A Sm C 

HOAB 90 + 4 93 + 3 2.82 
C 8 0 / 0 C 6 115 + 3 105 ± 3 1.26 
C 8 0 / 0 C 7 125 + 4 113 + 4 1.41 
C 5 C y C 2 / O C 8 79 + 2 100 + 2 1.22 
C 6 B C y C 2 / O C 8 76 + 2 102 + 4 1.27 
C 6 B C y C 2 / O C 9 79 ± 3 1 1 5 ± 4 1.16 
C I O O / O C 6 233 + 10 128 + 10 107 + 4 1.18 (1.10)* 
4 P C H B - N C S [5] 59 ± 3 38 ± 5 0.95 
5 B C H B - N C S 61 + 3 41 + 5 0.78 
6 P C H B - N C S 55 ± 3 40 + 3 0.82 
7 P C H B - N C S 66 ± 5 46 + 3 0.87 

* Corresponds to TSmC/TSmA. 

Because the or ientat ion of the samples could not be 
well established in the smectic phases, the measured 
permittivity values do not characterize properly the 
s tubstances under study. Therefore, the tempera ture 
dependence of the static permittivities will not be ana-
lyzed. The observed relaxation processes for all sub-
stances were of the Debye-type. The relaxation times 
were calculated f rom the frequencies corresponding to 
the maxima of losses C a x :T | | = 1/(2 TC vmax). As an ex-
ample, Fig. 1 shows the absorpt ion spectra measured 
in the nematic and Sm C phase of two substances. The 
relaxation times obtained for the substances with N 
and Sm C polymorphism are presented in Fig. 2 in the 
form of log T|| versus (1 /T — 1/TNC) plots (TNC corre-
sponds to the N - S m C transition) in order to avoid 
shifts in the transit ion temperature. The same coordi-
nates are used in Fig. 3, showing the results obtained 
recently for n P C H B - N C S homologous series with the 
N - S m A polymorphism [5]. Separately, in Fig. 4 a 
plot of log T| vs. 1 /T for the substance with two smec-
tic phases is shown. The activation enthalpies A 
were calculated from the Arrhenius equat ion 

and are listed in Table 2. 

Discussion 

Let us first consider whether (1) can be used for the 
calculation of the activation enthalpy in a nematic 
phase existing in very different tempera ture ranges. It 
has been well established [2, 3, 10, 11] that substances 
having a nar row range of the N phase exhibit a s t rong 
tempera ture dependence of the relaxation time t y . 
This is also observed in present studies, especially in 
the case of C lO/OC 6 (see Fig. 4 and Table 2). In Fig. 5 
we have gathered the activation enthalpies obtained 
for 35 substances with a large spread of temperature 
ranges of the N phase. Only in case of a very nar row 
TNI — T range (below, say, 10 K), the AH^ values are 
unrealistically large. Fo r broader nematic ranges a 
large scatter of points seems to suggest that other 
factors, like molecular lengths and polarity, may influ-
ence the magni tude of the activation enthalpies. 

Benguigui [3] has generally questioned the appli-
cability of the Arrhenius equat ion to the N phase. He 
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HO AB 

/ 
y f N, 108.6°C y 

smectic C 

Fig. 1. Examples of the dielectric loss spec-
tra, ef|'(v), measured for HOAB and C 1 0 0 / 
O C 6 in different phases. 

Fig. 2. Activation plots for substances 
with the nemat ic-Sm C polymorphism: 
1 - HOAB, 2 - C 8 O / O C 6 , 3 - C 8 0 / 
O C 7 , 4 - C5CyC2/OC8, 5 - C6BCyC2/ 
OC8, 6 - C6BCyC2/OC9. (TNC corre-
sponds to the nemat ic -Sm C transition.) 
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- 6 

log(T|/s) 

smect ic A 

i o M ^ - ^ I / A " 

Fig. 3. Activation plots for nPCHB-NCS compounds with n shown in the Figure (7NA corresponds to the nematic-Sm A 
transition). 

argued that the relation derived by Diogo and Mar -
tins [13] would be more appropria te : 

kBT 
exp 

e S 
exp 

OS 

T - Tn 
, (2) 

where h is Planck's constant , and S the order pa ram-
eter. e, 6 and T0 are nonuniversal parameters depend-
ing on the materials. The first exponential te rm is the 
probabil i ty that a molecule has enough energy to 
j u m p over the nematic potential q = eS, whereas the 
second one is the probabil i ty that there is enough 
room for that motion. As it has been discussed by 
Massalska-Arodz [14] the second term may be impor-
tant at low temperatures close to the glass t ransi t ion 
(if it exists). In the vicinity of the clearing point , where 
S changes distinctly, the energy term seems to be im-
por tan t . Really, in case of a na r row tempera ture range 
of the N phase, (1) gives unrealistic parameters . F o r 
example, in the case of C I O O / O C 6 the preexponen-
tial factor r 0 is of the order of 1 0 " 4 0 s and AH is over 

200 kJ/mol, thus much larger than for other similar 
compounds . 

O n the o ther hand, the plots of lnt i ( versus 1 /T are 
usually straight lines (see Figs. 2 - 4 ) which favors (1) 
ra ther than (2). Namely, bo th equations could be 
equivalent if the order paramete r S ~ (T — F0)0-5, 
whereas it is well described by the Haller equat ion 
5 = S0(T* - Tf with X ~ 0.2 [15, 16] (additionally it 
is necessary to note that T* is close to TNI, whereas T0 

is supposed to be distinctly lower [3, 13]). Therefore, 
Benguigui 's object ions seem to be not substantial , es-
pecially when the N phase is very broad and the mea-
surements are performed in temperature intervals 
which are far below of TNI. That is the case for 
n P C H B - N C S substances, as well as for C 5 C y C 2 / 
O C 8 , C 6 B C y C 2 / O C 8 and C 6 B C y C 2 / O C 9 com-
pounds , for which the dielectric spectra were mea-
sured at T < (F n i — 50) K [5], where S ( T ) changes 
very slowly. In those cases the preexponential factors 
i 0 are of the order of 1 0 ~ 1 7 s , like in the smectic 
phases. 
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Fig. 4. The Arrhenius plots for CIOO/OC6 in different 
phases. 

Let us compare the present results with the ones 
available in l i terature for other LC substances exhibit-
ing the nema t i c - smec t i c polymorphism. At the transi-
tions between N and Sm A, and N and Sm C phases 
the relaxation times -r t) change rather little (see Figs. 1, 
2 and Table 2). O n the other hand, at the transi t ion 
between N and Sm B phases the rat io TN/TSmB is dis-
tinctly larger, reaching values ~ 2000 [8, 9]. Thus, the 
rate of molecular reorientat ions a round the short axes 
does practically not change when the nemat i c - l i qu id -
like smectic phase transit ion point is approached , 
whereas it becomes distinctly retarded in the solid-like 
smectic B phase [2, 3, 8, 9]. 

Surprisingly, the energy barrier hindering the mo-
tion under considerat ion does not behave in the same 
way. As it can be seen in Table 2, the activation en-
thalpy is always larger in the N phase than in the 
Sm A phase. This holds for very different LC sub-
stances and different Sm A phases [2-5] . Also, in the 
Sm B phase activation enthalpy is smaller than in the 
N phase [8, 9], In the case of N - S m C polymorphism 
the activation enthalpies obtained in both phases are 
roughly equal for two-rings compounds , and are 
larger for Sm C phase in case of three-rings com-
pounds . A small increase of a hinderance of the mo-
tion is observed for longer members of a homologous 

60 80 100 120 

Tvi - T / K 

Fig. 5. Values of the activation enthalpy ob-
tained for different compounds in the nematic 
phase versus the range of the phase. The re-
sults come from: x - present paper, O - [10], 
A - [ 1 1 ] , V - [ 5 ] , + -[12], ® - [ 7 ] . 
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series, whereas the replacement of cyclohexyl by a 
bicyclic ring does not influence the activation barrier 
markedly. 

Conclusions 

The results on the low frequency relaxation process 
in several LC substances exhibiting the nematic and 
smectic polymorphism allow to conclude that: 

- the rate of molecular mot ions a round the short axes 
becomes practically unchanged in the case of 'ne-
mat ic - l iqu id- l ike smectic' (Sm A, Sm C) phase 
transitions, whereas the transit ion ' nemat i c - so l id -

like smectic' (Sm B) results in a considerable de-
crease of the relaxation times; 

- the activation barrier hindering the motion under 
considerat ion is markedly lowered if the 'nematic -
o r thogona l smectic' (Sm A, Sm B) transition is 
passed; however, the question why the relaxation 
time considerably increases at the N - S m B transi-
tion while the energy barrier decreases is still open; 

- at the phase transi t ion 'nematic - Sm C' the values 
of AH,| are a lmost unchanged in case of two-ring 
compounds , whereas a marked increase is observed 
for three-ring compounds ; 

- the Arrhenius equat ion seems to be appropr ia te to 
the analysis of ty (T) dependencies if the nematic 
range exceeds ca. 10 K. 
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