
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 12:08
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
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Dipolar Motions in Two Side-Chain
Liquid-Crystalline Polysiloxanes Studied
by the TSDC Technique
João F. L. Mano a , Natália T. Correia a & Joaquim J. Moura Ramos a
a Centro de Química-Física Molecular, Complexo I, I.S.T., Av. Rovisco
Pais, 1096, Lisboa Codex, PORTUGAL
Version of record first published: 23 Sep 2006.

To cite this article: João F. L. Mano , Natália T. Correia & Joaquim J. Moura Ramos (1995): Dipolar
Motions in Two Side-Chain Liquid-Crystalline Polysiloxanes Studied by the TSDC Technique, Molecular
Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals,
261:1, 567-575

To link to this article:  http://dx.doi.org/10.1080/10587259508033498

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, 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.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259508033498
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst. 1995, Vol. 261, pp. 567-575 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1995 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license by 

Gordon and Breach Science Publishers SA 
Printed in Malaysia 

DIPOLAR MOTIONS IN TWO SIDE-CHAIN LIQUID-CRYSTALLINE 
POLYSILOXANES STUDIED BY THE TSDC TECHNIQUE 

JOAO F. I,. MANO, N A T ~ I A  T. CORREIA, JOAQUIM J. MOURA 
m o s  
Centro de Quimica-Fisica Molecular, Complexo I, I. S.T. , 
Av. Rovisco Pais, 1096 Lisboa Codex, PORTUGAL 

Abstract In the present work, the technique of Thermally 
Stimulated Depolarisation Currents (TSDC) was used to 
study the dipolar relaxation mechanisms in two side-chain 
liquid crystalline polysiloxanes. The studied polymers 
differ significantly in the structure of the mesogenic 
side groups and this is at the origin of different 
features of the corresponding TSDC spectra. It is shown 
that the TSDC technique is able to separate the motions of 
the longitudinal ( p i / )  and of the transverse ( p l )  dipole 

moment components of the mesogenic side groups in the 

liquid crystalline phase. 

INTRODUCTION 

The Thermally Stimulated Discharge Currents (TSDC) spectrum of 
side-chain liquid crystalline polymers (LCPs) shows different 
relaxation mechanisrns.lr 2, At the glass transition 

temperature, Tg, the observed discharge has a characteristic 
feature, which is generally observed for polymeric materials, 
and is called compensation behaviour. This corresponds to the 
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observation that the individual components of this complex 
relaxation show a concomitant increase of the activation 
enthalpy and entropy as the temperature increases approaching 
Tg. This discharge observed at Tg is attributed to the 
cooperative brownian motions of the main-chain. In all studied 
LCPs a lower Tg relaxation is also observed.5 The main 
features of this relaxation are that it is broad in the 
temperature axis and that its components show low values for 
the activation enthalpy and entropy. This low temperature 
relaxation is attributed to local and non-cooperative motions 
of molecular segments and arises from slightly hindered 
internal rotations and conformational changes6. In the case of 
side-chain LCPs the features of this relaxation seem to be 
strongly influenced by the length of the spacer which links 
the mesogenic side group to the main-chain. Above the glass 
transition temperature, on the other hand, the TSDC spectrum 
of LCPs  also shows invariably a discharge1r2r5. The existence 
of this relaxation seems to be an universal feature of the 
TSDC spectra of polymeric materials since it is observed for 
amorphous polymers like poly(viny1 acetate) 4, for liquid 
crystalline polymers, as well as for many other polymers of 
diversified molecular structure7. Nevertheless, the molecular 
nature of this relaxation is a controversial subject. In fact, 

some authors consider that it arises from electrode 
polarisation effects or from charge trapping at 
crystal/amorphous interfaces1* *. Other authors, on the other 
hand, believe that it corresponds to a genuine dipolar 
relaxation process which would be associated to a liquid- 
liquid transition (T11 process) in the case of amorphous 
polymers7, or to the motions of the mesogenic moieties in the 
liquid crystalline phase in the case of LCPs2. 

In the present work  some features of the TSDC spectra of 
two side-chain liquid crystalline polysiloxanes are reported, 
namely concerning the Tg and the upper Tg relaxations. 
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TSDC STUDIES ON TWO SIDE-CHAIN LCP [ 1209]/569 

EXPERIMENTAL 

The liquid crystalline polymers studied in this work 
(structures {I} and { 2 } )  are from Merck (catalogue numbers 
LCP93 and LCPl respectively). Polymer {l} has a glass 
transition temperature T =-3.9OC and a smectic A/isotropic 
transition at 79.l0C. Polymer {2} has Tg=-70C and a smectic 
C/isotropic transition at 77Oc. 

9 

Experimental details concerning the used apparatus and the 
different techniques for obtaining the TSDC spectra are 
explained in ref. (4) . 

RESULTS and DISCUSSION 

Figure 1 shows a TSDC global spectrum of polymer {I} whereas 
Figure 2 shows a TSDC global spectrum of polymer { 2 } .  Peak 1 

in Figures 1 and 2 have a maximum intensity respectively at - 
4OC and -9OC and correspond to the glass transition relaxation 

of each polymer. 

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
 1

2:
08

 1
8 

Fe
br

ua
ry

 2
01

3 



570/[1210] J.F.L. MAN0 ET AL. 

2.0 

1.5 - - 
z 
a 
E 1.0 
d 

X 

. 
.c. 

2 
6 0 . 5  

0 .o 

-60.0 -40 .0  -20.0 0.0 20.0 4 0 . 0  60.0 
T \ "C 

FIGURE 1 TSDC global experiment of polymer {l}. 
Experimental conditions: polarisation voltage 400 

V / m ;  T =25OC; T0,-11O0C; heating rate 8OC/min. P 
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FIGURE 2 TSDC global experiment of polymer {2}. 

Experimental conditions: polarisation voltage 900 

V / m ;  Tp=300C; TO,-5O0C; heating rate 8OC/min. 
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TSDC STUDIES ON TWO SIDE-CHAIN LCP [ 121 11/57] 

The analysis of the fine structure of these Tg relaxations was 
performed by the partial polarisation (or thermal cleaning) 
technique and is illustrated on Figure 3 for polymer {2}. 
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8.0 v - 
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-40 -30 -20 -10 0 

T C C )  

FIGURE 3 Thermally cleaned components of the 
glass transition of polymer (2). The 
polarisation voltage was 600 V / m ,  the window 
width 2OC and the heating rate 4'C/min. The 
polarisation temperatures were -32, .-30, -28, 

-26, -24, -22, -20, -18, -16, -14, -12 and 

-1OOC. 

It can be seen from that Figure that there is an appreciable 
change in the shape of the thermally cleaned peaks which sharp 
significantly as the polarisation temperature, Tpr increases. 
This behaviour, which is also observed for polymer {l}, is a 
manifestation of the so-called compensation behaviour. The 
analysis of the thermally cleaned components of Figure 3 

allows to obtain the relaxation time as a function of 
temperature, 7(T) g .  The obtained results are presented on 
Figure 4 for polymer {2} in the form of Arrhenius plots of 
log ( 7 )  versus 1/T. 
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FIGURE 4 Arrhenius lines (log(~(T)) versus 1/T) 
for polymer {2) for different thermally cleaned 
components of the glass transition relaxation. 

On that Figure it can be seen another manifestation of the 
compensation behaviour: the Arrhenius lines converge to a 
single point, the compensation point. The existence of the 
compensation point associated with the glass transition 
relaxation is, as reported before, a consequence of a 
concomitant increasing, as Tp increases, of the enthalpy and 
the entropy of activation of the thermally cleaned components 
of the Tg relaxation. The coordinates of the compensation 
point are TC=-0.7OC and 7,=5.6 sec for the polymer {l} and Tc=- 
0.7OC and 7,=2.0 sec for the polymer { Z ) .  We can conclude from 
those values that the compensation temperature, T,, is closer 
the glass transition temperature, Tg, for polymer {l} than for 
polymer { 2 } .  As we pointed out previouslylO, the difference 
Tc-Tg is presumably a parameter which depends on the polymer 
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structure, on the mobility of the polymeric chains and on the 
width of the glass transition region. Nevertheless, the amount 
of available data is not enough to enable our understanding of 

the physical significance of such a parameter. 
The most striking difference between Figures 1 and 2 is 

the fact that in polymer {l} we observe only one discharge 
above Tg (peak 2 of Figure 1) whereas in polymer { 2 }  two 
separate discharges are observed in the mesogenic phase (peaks 
2 and 3 of the Figure 2). Since these discharges appear in the 
liquid crystalline phase, it seems reasonable to consider that 
they arise from the motions of the mesogenic side groups. 

Moreover, the fact that polymer {l} presents only a discharge 
above Tgr whereas polymer { 2 }  shows two well separated 
discharges, strengthens this attribution since the differences 
in the TSDC spectra of the two polymers in the liquid- 
crystalline phase can be ascribed to the structural 
characteristics of the mesogenic moieties of the two polymers. 
In fact, in polymer {l} the mesogenic moiety is a cyano 
biphenyl group which is a rigid group having a longitudinal 
dipole moment,pll, associated with the cyano group. In polymer 

{ Z ) ,  on the other hand , the side-chain is a phenyl benzoate 
group which is not rigid since the ester group between the two 
phenyl rings destroys the mutual conjugation of the ?r-electron 
system allowing internal rotation of one of those rings 
relative to the other. Moreover, in this mesogenic side group 
of polymer 12)  we have a transverse component of the dipole 
moment, /A I, (associated with the ester group) . The spatial 
orientation of p L  can be changed by internal rotation around 
the carbon-ester/carbon-phenyl bond as well as by the 
conformational changes involving the spacer. We thus suggest 
that the peak 3 in Figure 2 arises from the reorientational 
motions of the transverse dipole moment of the mesogenic side 
group. Peak 2 in Figures 1 and 2 would , on the other hand, 
be the consequence of the reorientational motions of pil. 

Finally, we would like to emphasise that the analysis, by the 
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thermal cleaning technique, of peak 2 in Figure 1 (polymer 
{l}) and of peaks 2 and 3 in Figure 2 (polymer { 2 ) )  show that 
the components of these relaxations observed in the mesogenic 
phase show a WLF behaviour. On the other hand, the relaxation 
3 of polymer {2} (reorientation of PI) is characterised by 
activation enthalpies and entropies which are lower than those 
associated with the relaxation 2 of both polymers. This 
observation constitutes probably a confirmation of the 
attribution we suggested for the different relaxation 
mechanisms in the liquid-crystalline phase, since it seems 
reasonable to suppose that the motions of the mesogenic side 
group as a whole (longitudinal dipole moment) are 
characterised by higher enthalpies and entropies of activation 
when compared with the motions involving only a segment of the 
mesogenic group. 

CONCLUSIONS 

From the study of the TSDC spectra of two polysiloxanes LCPs 
we can draw the following conclusions: 

1- The glass transition relaxation shows a compensation 
behaviour for both polymers, but in the case of polymer 11) 
the compensation temperature, Tc, is closer to the glass 
transition temperature, Tg, than in the case of polymer { 2 } .  

2- The relaxations observed above Tg are not artifacts or 
space charge effects, but correspond to the motions of the 
mesogenic moieties in liquid crystalline phase. 

3-  The fact that polymer {l} presents only a relaxation 
above Tg whereas polymer { Z }  present two such relaxations, 
arises from the different structural characteristics of the 
side group of the two polymers, namely that in polymer {l} the 
side group only presents a longitudinal component of the 
dipole moment whereas in polymer { 2 }  it presents also a 
transverse component. 
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