
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 23 February 2013, At: 06:07
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Calorimetric and Dielectric
Investigations of MBBA (N-
(p-methoxybenzylidene)-p-
butylaniline) and HAB (4,4′ -di-
n-heptyloxyazoxybenzene)
J. K. Mościcki a , X. P. Nguyen a , S. Urban a , S.

Wróbel a , M. Rachwalska b & J. A. Janik c
a Institute of Physics of the Jagiellonian University,
Cracow
b Institute of Chemistry of the Jagiellonian
University, Cracow
c Institute of Nuclear Physics, Cracow
Version of record first published: 21 Mar 2007.

To cite this article: J. K. Mościcki , X. P. Nguyen , S. Urban , S. Wróbel , M.
Rachwalska & J. A. Janik (1977): Calorimetric and Dielectric Investigations
of MBBA (N-(p-methoxybenzylidene)-p-butylaniline) and HAB (4,4′ -di-n-
heptyloxyazoxybenzene), Molecular Crystals and Liquid Crystals, 40:1, 177-191

To link to this article:  http://dx.doi.org/10.1080/15421407708084481

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407708084481
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

6:
07

 2
3 

Fe
br

ua
ry

 2
01

3 



Mol.  Cryst. Liq. Cryst.,  1977, Vol. 40, pp. 177-191 
@ Gordon and Breach Science Publishers, Ltd.. 1977 
Printed in Holland 

Calorimetric and Dielectric 
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Part 1 of this paper presents the results of calorimetric investigations of p-methoxybenzylidene- 
p-n-butylanihne (MBBA) and 4.4’-di-n-heptyloxyazoxybenzene (HAB). In both these sub- 
stances two modifications of the solid phase, a metastable and a stable one, have been found to  
exist. Part I1 presents the results of measurements of the complex dielectric permittivity 
E* = E’ - j c ”  for the solid and liquid phases of both substances. The metastable modification 
of MBBA was found to feature a dielectric relaxation process in the kilohertz range associated 
with the rotational motions of the tail groups about the long axes of the molecules. No such 
process was revealed in the case of HAB. In the liquid phases of these two compounds relaxation 
processes were observed in the microwave-frequency range; these are interpreted a s  being due 
to the rotation of entire molecules about their own long axes. The existence of such motion in 
the smectic phase C of I-lAB seems to be not in agreement with the predictions of McMillan’s 
theory. 

t Address: Institute of Physics of the Jagiellonian University, 30-059 Krakow, ul. Reymonta 
4. Poland. 
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I NTRO D U CTlON 

J. MOSCICKI, e /  a/ 

Temperature-dependence measurements, although they are extremely 
tedious and time-consuming, of specific heat by means of an adiabatic 
calorimeter, provide much fuller and more precise information regarding 
the thermodynamic properties of the examined substances than that ac- 
quired by the commonly used DSC methods. On the other hand, since in 
most liquid-crystalline substances the molecules possess permanent dipole 
moments, dielectric measurements are very useful for studying the reorienta- 
tional motions of molecules in the various phases. 

This paper is concerned with the calorimetric and dielectric relaxation 
measurements of MBBA (N-(p-methoxybenzy1idene)-p-butylaniline) and 
HAB (4,4’-di-n-heptyloxyazoxybenzene). The substances examined are 
different both as regards molecular structures and liquid-crystalline prop- 
perties. For instance, MBBA has only a nematic phase, whereas HAB also 
has a C-type smectic phase. However, it was thought that it would be inter- 
esting to see whether such different types of liquid crystals could have 
similar properties. 

I CALO R I M  ETRlC I NVESTl GAT10 N S 

1 M B B A  

Detailed information on the calorimetric investigations of MBBA is available 
in Ref. 13. Figure 1 shows the specific heat us. temperature curve. It  dis- 
tinctly shows the existence of two modifications of different thermodynamic 
properties in the solid phase; these are the metastable (upper curve) and 
stable phases (lower curve). An interesting point is the existence of a c(T)  
anomaly in the vicinity of 212-217°K in  the metastable modification. 
Andrew? suggests that this anomaly is associated with a change in the 
freedom of the conformational motions of the tail groups in the MBBA 
molecules. 

2 HAB 

The basic goal of the calorimetric investigations of HAB was to find whether 
the solid phase of this substance features two modifications, as is the case 
for MBBA. Therefore, the HAB specimen was submitted to thermal treat- 
ment just like the MBBA specimen. The sample material used in the calorim- 
etric measurements was manufactured by the firm W. MERCK (for spectro- 
scopic purpose). 
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FIGURE I MBBA. Specific hear tvrsus temperature 

Figure 2 shows the results of measurements of the specific heat of HAB 
as a function of temperature in the range from 90 to 420°K. The error of the 
c (T)  measurements for temperatures below about 360°K was smaller than 
1 x, whereas above this point it reached 2-30/,. The upper curve was ob- 
tained after the sample was quickly cooled (v  = -2S"K/min) from the 
isotropic phase to liquid nitrogen temperature. (All calorimetric measure- 
ments began at about 90°K). In the heating process the melting point of the 
sample was never achieved because above 340°K the metastable solid 
phase modification obtained thus spontaneously transformed (in an exo- 
thermal process) into the stable modification. Subsequent research has 
shown that, like the case of MBBA, the stable modification can be acquired 
only through a transformation from the metastable modification. The 
transition time is up to well over ten hours, but may be reduced to several 
hours by applying thermal pulses, i.e. a one minute period of heating, then 
30 minutes of temperature stabilization over and over again. In contrast to 
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KK) 150 200 250 300 350 Loo T r K I -  

FIGURE 2 HAB. Specific heat ocrsus temperature. 

MBBA, the metastable modification of HAB does not demonstrate an 
anomaly in the specific heat. 

After the stable modification is cooled to 90°K and then reheated the 
lower curve in Figure 2 is obtained. At the 330°K point the difference of 
specific heat values of the two modifications, (c,,, - c , , ~ ~ ) / c , , ~ ~ ,  amounts to 
5 %. The reproducibility of the results of the measurements in both modifica- 
tions was excellent. 

TABLE I 
Temperatures, enthalpies and entropies of phase transitions in HAB : K-S- 
from solid to smectic. S-N-from smectic to nematic and N-I-from nematic 

to isotropic. 

Transition K -S S-N N -I 

347.75 0.05 368.20 0.30 397.25 f 0.05 
AH[cdl/mole] 9860 i 830 650 & 150 770 & 110 
AS[Cdl/mOk K] 30.3 & 4.6 1.68 & 0.45 2.06 & 0.3 

TIKl 
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Table I gives the values of temperature, enthalpy and entropy of the phase 
transitions acquired when the stable modification of HAB is heated. The 
values of the transition temperature are in good agreement with literature 
data.3,'5 

I I DIELECTRIC I N V EST1 G AT1 0 N S 

1 M B B A  

Measurements of the complex dielectric permittivity, E*,  were carried out 
on non-oriented samples in two frequency ranges: the kilohertz range from 
0.03 to 300 kHz (by the Schering bridge technique) and the microwave range 
from 1.0 to 10 GHz (by the short-circuited wave-guide technique2'). The 
accuracy of the c' and c" measurements was better than 4 % and 7 % in the 
wave-guide version and 2 % and 3 % in the bridge version, respectively. The 
MBBA specimens were synthesized in the laboratories of the Institute of 
Organic Chemistry and Technology, Technical University of Warsaw. 

a) Radio-fr-equency range The measurements of E' and c" in the solid phase 
of MBBA were made in the range from about 180°K to about 280°K every 
10 degrees (the metastable modification) or every 15 degrees (the stable 
modification) at seven field frequencies v:  0.3, 0.8, 3.0, 10.0, 30.0, 100.0 and 
300.0 kHz. The reproducibility of results obtained for the two modifications 
at various cooling rates was very good. No ageing of the sample throughout 
the measurements was observed; the melting point was 293.5"K and the 
clearing point 320°K. 

Figure 3 shows the results of measurements of E' and E" us. temperature 
for the metastable and stable modifications of solid MBBA. The fundamental 
difference between the dielectric properties of the two modifications is quite 
evident. In the metastable form there is dipole absorption and dispersion 
which do not appear in the stable modification. At the lowest frequencies, 
near the melting point, there appears in both modifications a distinct in- 
crease in the dielectric losses, presumably associated with ionic conduc- 
tion. 

The values of c'(v) and ~ " ( v )  found for the metastable modification can be 
described on the (c', E " )  plane by the Cole-Davidson equation' with the 
parameter p equal about 0.5, 

E, - E ,  
E* = E ,  + 

(1  +j.271V.Z)P 
(11.1) 
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FIGURE 3 MBBA. Temperature dependence of the dielectric losses E” and dielectric constants 
I:‘ for two modifications of the solid phase: a = metastable and b = stable, with frequency 18 

as a parameter: = 0.3 kHz, X = 0.8 kHz, A = 3.0 kHz, 0 = 10 kHz, = 30. kHz, 
0 = 100 kHz. 0 = 300 kHz. 

The dielectric increment (being the difference between the values of per- 
mittivity at high temperatures-here 290°K and low temperatures-here 
180°K) is about 0.6, which corresponds to a dipole moment of about 1.2 D. 

The relaxation times, z, determined from the positions of the E”(T) loss 
maxima for each of the frequencies, vary from 8.0 x sec to 8.5 x lo-’ 
sec in the range of temperatures from 191°K to 254°K. The character of the 
t ( T )  dependence above and below the temperature of about 218°K differs 
slightly.16 The value of z extrapolated to the melting point is about 5.0 x 
lo-’ sec. The Arrhenius activation enthalpy of the observed relaxation 
process, averaged over the entire range of temperatures examined, equals 
(8.7 1.0) kcal per mole. 

As reorientational motions of entire MBBA molecules in the solid phase 
are rather improbable, we put forth a possible explanation of the observed 
dipole relaxation, namely, that it is due to intramolecular reorientation 
jumps of the tail groups (the OCH, groups mainly) about the long molecular 
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INVESTIGATIONS OF MBBA AND HAB [897] 1 183 

axes. Both the magnitude of the calculated dipole moment (typical values 
of the dipole moment of methoxy groups in many compounds are of the 
order of 1.3 D9) and the relatively small value of relaxation time near the 
melting point speak in favor of this view. It is interesting that this interpreta- 
tion corroborates the model considerations of the thermodynamic prop- 
erties of MBBA's metastable modification of Andrews.' A detailed discussion 
of the observed relaxation process and in particular the mechanism of 
dielectric dispersion and absorption both above and below 218°K will be 
presented in a future paper.16 

b) Microwave-frequency range Measurements of E* in the gigahertz range 
comprises the main temperature ranges of the nematic and isotropic phases 
of MBBA. Measurements were made in the temperature range from about 
260'K to about 340°K every several degrees for the following five field 
frequencies v :  1.0, 1.6, 1.8, 2.9 and 9.9 GHz. Reproducibility of results was 
excellent. The substance was found to age rapidly, however, which effected 
a difference in the values of the clearing points for samples measured at the 
various frequencies. 

Figure 4 presents the results of E' and E" measurements in the microwave 
band as a function of temperature for three condensed phases of MBBA. 
The dependence ~ : ( 7 )  at a frequency of 300 kHz, accepted as the static 
dielectric permittivity, is also plotted. The dependence of E' and E" on tem- 
perature and frequency alike indicates the occurrence of dielectric dispersion 
in both of MBBA's liquid phases in the examined frequency range. The 
distribution of measurement points in the ( E ' ,  E )  plane could be described 
well by the Cole-Cole equation6 : 

(11.2) 

Figure 5 depicts typical Cole-Cole arcs obtained for the nematic and 
isotropic phases of MBBA. The estimated values of relaxation time in the 
nematic phase ranged from 2.0 x see to 1.6 x 10-losec in the tem- 
perature range from 295°K to 305"K, whereas in the isotropic phase from 
1.5 x 10- l o  see to 1.2 x lO-'Osec in the 322°K to 335°K range, respectively. 
The accuracy of the estimated relaxation time is not better than 10%. 

The Arrhenius enthalpy of activation determined from the temperature- 
dependence of the relaxation time was found to equal (4.6 f 0.2) kcal per 
mole for the isotropic phase and (3.8 k 0.3) kcal per mole for the nematic 
phase. 

The Cole-Cole plots obtained for the nematic phase gives a non-zero 
difference between &EX'' and E,.  This difference is quite large, and is above all 
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FIGURE 4 
6' for the isotropic, nematic and solid phases, in microwave frequency range. 

MBBA. Temperature dependence of the dielectric losses d' and dielectric constants 

the dielectric dispersions observed in the megahertz range of frequen- 
associated with the rotation of molecules about the short molec- 

ular axes. 
Dielectric relaxation at gigahertz frequencies is associated primarily with 

the reorientational motions of the molecular dipole moments about the 
long molecular axes. The MBBA molecule possesses two permanent non- 
zero dipole moments associated with the CH=N group (1.6 D) and the 
OCH3 group (1.3 D). The CH=N dipole moment is practically perpendicu- 
lar to the long axis of the molecule, whereas the methoxy group's moment 

ciesl, 17.1 8 
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INVESTIGATIONS OF MBBA AND HAB [899] / 185 

makes with this axis an angle of about 70”. Since the small difference E: ‘~  - 
E ,  = 0.1 (c, = n 2 ,  n being the mean refractive index) is presumably due to 
resonance absorption in the far infrared,” it seems that the observed micro- 
wave absorption and dispersion in the nematic phase of MBBA is caused 
by rotational motions of the two dipole moments about the long molecular 
axis.16 

The relaxation process in MBBA’s isotropic phase was observed 
earlier.’*5”2 The value of the relaxation time obtained according to our 
measured data is in good agreement with the results of Price et aI.’*’’ but 
our activation enthalpy value is much lower (compared with 7.2 kcal per 
mole of Price et ul.). As is seen in Figure 5, in the isotropic phase there is a 
relaxation process having a broad spectrum of relaxation times, as revealed 
by a lowering of the Cole-Cole arc. Both the cited authors and we agree 
that the main mechanism of this relaxation seems to be rotational jumps of 
the molecules about their long axes. 

A comparison of the activation enthalpies and the relaxation times extra- 
polated to the clearing point for the two liquid phases is extremely interesting 
(Table 11). Apart from the relatively considerable errors of the determined 
qualities, everything seems to point to a confirmation of the expectations of 

MBBA 
I nematic 

0.9 

0.3 

307K 1 8  
a=0.06 

isotropic 

L 

nt 3.0.3.5 4.0 4.5 c* & -x 

FIGURE 5 MBBA. Representative Cole-Cole diagrams for the nematic and isotropic phases 
in microwave frequency range. The rectangles correspond to the experimental errors of E’ and 
d’, frequencies in GHz are given above them. 
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TABLE I1 

Values of activation enthalpy for isotropic and nematic phases 
of MBBA and the macroscopic dielectric relaxation times 

extrapolated to the clearing point (320 K). 

Activation enthalpy Relaxation time at 
Phase kcal per mole clearing point 

Nematic 3.8 k 0.3 1.25 x IO-"sec 
Isotropic 4.6 -I. 0.2 1.60 x 10- ' 'sec 

Tsvetkov's theorylg which predicts both faster rotation and a lower activa- 
tion barrier for the motion about the long molecular axis in the nematic 
phase than in the isotropic phase. 

2 HAB 

a)  Temperature dependence of E' and E" The dielectric properties of HAB 
were studied by Maier and Meier" (in the radio frequency range) and by 
Axmann4 (at three microwave frequencies) for oriented samples. Our mea- 
surements of the dielectric permittivity were carried out on non-oriented 
samples during their cooling and heating. In the radio-frequency range 
various cooling rates were used in order to be able to examine the behaviour 
of both solid phase modifications. The temperature-dependence of c' at 
300 kHz is shown in Figure 6.  At room temperature a value of E' of 2.77 was 

I I ! 

330 350 370 390 TlKl  

FIGURE 6 HAB. Temperature dependence of E' for various thermal treatments of the sample 
at the frequency of 300 kHz. The fast cooling 11 was used to study the metastable modification. 
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INVESTIGATIONS OF MBBA A N D  HAB [901] / 187 

obtained for the metastable modification, whereas for the specimen formed 
by slow cooling from the isotropic phase (hence, not entirely stable), the 
value of E' was 2.30. In contrast to MBBA, no relaxation effect was observed 
for HAB's metastable phase. 

In the smectic phase the values of E' and E" obtained in the radio frequency 
range and at low microwave frequencies (Figures 6 and 7), become arranged 
along different curves, depending on the way it was obtained, whether by 
melting the solid phase or cooling the nematic phase. A similar effect, but 
much weaker, is observed in the nematic phase at temperatures near the 
S-N transition. It should be added that an analogous phenomenon had 
been observed by Gasparoux et in their investigations on the magnetic 
susceptibility of compounds with A and C smectic phases. Hence, this effect 
is a feature of smectic structures, and its survival to HAB's nematic phase 
seems to indicate the existence of smectic cybotactic groups in it.  

K S S N  

1.6 

31 

0.2 

330 350 370 390 T LKI 

FIGURE 7 HAB. Temperature dependence oft' and 6'' at the frequency of 1 GHz. 

6) Dielectric relaxation in the microwave-jirequency range The results of 
dielectric investigations of HAB presented here for the microwave-frequency 
range are not yet complete and the quantitative data therefore give only a 
sense of direction. The E* measurements were made at frequencies of 1, 1.8, 
3,6 and 10 GHz in the temperature range comprising all liquid phases. The 
results of the measurements, presented in Figures 8 and 9, show the existence 
of distinct dielectric dispersion and absorption in each of the liquid phases. 
In the Cole-Cole diagrams (Figure 10) the points arrange themselves, as in 
the case of MBBA, on an arc of a circle of a lowered center (the parameter c1 
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HAR. Temperature dependence of c' for several microwave wavelengths. FIGURE 8 

330 / 350 370 390 410 TLKl 

FIGURE 9 HAB. Temperature dependence of 8'' for several microwave wavelengths. 
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[903] / 189 

I I I I- 
o 303 crn 
I L 9 9  crn 

ISmRoAC x la05 crn 
1661 crn 

o 299 cm 
407 K A 3.10' crn 

- 

NEMATIC i 
o.6t 383 - -- 
0.21 p 

SMECTIC i 
O.[ 0.2, 3 6 4 ; / 5 7 ,  - 0 .  I 

I I 

2.5 3.0 3.5 40 E' 
FIGURE 10 HAB. The Cole-Cole diagrams for the isotropic, nematic and smectic phases. 

is of the order of 0.2). The values of dielectric relaxation times calculated 
for the various phases are as follows: 

z, = 0.6 x lO-"sec (at 407'K), 

zN = 1.1 x lO-'Osec (at 383"K), 

zs = 2.0 x lo-'' sec (at 363°K). 

The observed process of dielectric relaxation is presumably linked with the 
rotation of molecules about their long axes. The existence of this process in 
HAB's isotropic and nematic phases had been suggested earlier by Axmann4 
who performed dielectric measurements at three frequencies above 9 GHz, 
hence, very far from the critical frequency. The value of the activation en- 
thalpy estimated from the temperature-dependence of the relaxation times 
is of the order of 5 kcal per mole for all three liquid phases. 
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The most important result of this study is the finding of the existence of 
the dielectric relaxation phenomenon in the smectic phase of HAB. This 
fact contradicts the prediction of McMillan’s theory,14 which states that in 
C-type smectic phases dipole correlations cause the long molecular axes 
to become inclined, while the dipole-dipole interactions are strong enough 
for the rotation of the molecules about their long axes to become frozen 
(such rotation is possible in A type smectic phases, however). 

Ill CONCLUSIONS 

Despite the distinct differences in the structure of MBBA and HAB mole- 
cules, these substances do demonstrate many similar properties. 

In both cases there are two modifications in the solid phase: the met- 
astable and stable modifications. The lack of the relaxation process and 
anomalies in the specific heat in HABs  metastable modification seems to 
be caused by the more developed and more flexible tail groups of the mole- 
cules of this compound, as compared with those of analogous groups in the 
case of MBBA. 

The values obtained for dielectric relaxation times and the barriers 
hindering dipole rotation in the liquid phases of the two compounds imply 
that in the isotropic and nematic phases, and in the smectic phase of HAB, 
the mechanisms of molecular reorientation are very similar. 
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