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PYROELECTRIC AND DIELECTRIC BEHAVIOUR OF THE CRYSTALS
OF THE BIS-TOLUENE SULPHONATE DIACETYLENE MONOMER AND
POLYMER

XIAD DING QUAN*, DAVID JOHN ANDO AND DAVID BLOOR
Department of Physics, Quesn Mary Collsge,
Mile End Road, London E1 4NS, ENGLAND.

Abstract Ths pyroelectric and dielectric properties

of the monomer and partially and fully polymerized
crystals of the bis(p-toluene sulphonate) of 2,4~
hexadiyne-1,6-diol (TS) were measured along their

b-axes from 100 - 300 K. The transition temperatures

of the crystals determined from pyroelectric anomaliss
are similar to those from X-ray and heat capacity
determination. The ageing sffect of polymer TS crystals
has been observed. It is concluded that these crystals
lack a Centre of Symmstry.

INTRODUCTION

The presence of pyroelectricity in non-polarised crystals
indicates the presence of spontaneous polarisation within
the materials and its variation with temperature. Therefors,
the observation of pyrocelectricity in the toluene sulphonate
diacetylene (TS) is apparently in conflict with the centro-
symmetric structure determined by X-ray diffraction.

We have made further measurements of the pyroelsctric
effect in monomer, and partially and fully palymerised
crystals of this material, in order to confirm the results
of Kiess and Clark1. and to determine if the monomer and
partially and fully polymerised crystals are non-centro-

*Present Address: Dspartment of Physics, Sichuan University,
Chengdu, The People's Republic of China.
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symmetric. Our results reveal a pyroelectric effect along
the b-axes of all the monomer, partially and fully polymer—
ised TS crystals studied over the temperature range 100 -
300 K, and enables us to make comparisons with recent obser-
vations of phase transitions in similar samples.

Nine months after the first measurements, the sign and
magnitude of the pyroelectric coefficient of the polymer TS
crystals remain almost unchanged. There are, however,
significant changes near the phase transition region and in
the temperature at which the pyroslectric current changes its
sign as described bslow.

We have also measured the dielsctric properties of the
monomer and polymer TS crystals. No dielectric aenomaly has
been found along elther thelr b-axes or a-axes over the same

temperature rarge.

EXPERIMENTAL
MATERIAL - TS
0 H H 0
H C= —-g-o—é- c= c—c=c—t':-o-§' —CH
3 T T - ] i 3
0 H H 0

TS monomer crystals grown from acetons solutions were
cut parallel to the (010) plane, i.e. the polymer chains are
perpendicular to the contact area, and the samples were
thermally polymerized in the solid state at 333 K, The
polymerization tims, ranging from 5 to 170 hours, depends on
the requirements. Silver paste electrodes wers spread on
opposing (010) surfaces. For pyroelectric measurements the

electrode area was typically 0.03 to 0.1 cm2, and for
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dielectriec measurements, 0.2 - 0.3 cmz. The thickness of

all the samples was about 0.05 cm.

PYROELECTRIC MEASUREMENT
The pyroelectric effect was investigated by using the pyro-

electric current method
I = dQ/dt = pA dT/dt, (1)
and the current was measured with two Keithley Model 610C

electrometers., The experimental apparatus is shown schem-

atically in Fig. 1. The magnitude of the pyroelsctric signal

RECORDER
COPPER PLATE I
SPRING 1
\/ L
ELECTRODE “+_ /
ELECTROMETERS
CRYSTAL ——— \
ELECTRODE f/'\ , 4'
]
A\
COPPER BLOCK
COPPER/CONSTANT AN
THERMOCOUPLE

FIGURE 1., Schematic of experimental apparatus.
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was of the order of 10-13 A, well above the maximum back-
ground current, which was lsses than 2 x 10-14 A.

The crystals were cooled and heated at a quasi-constant
rate, and the temperature and its rate of change were
monitored by a DTC-2 digital temperature controller. The
system was carefully calibrated by .using a copper versus
constantan thermocouple to correct for a small temperature
gradient between the DTC-2 ssnsor and the sample.

The sxperimental conditions werse:

Temperature range 100 - 300 K,
Temperature change rate 0.6 - 0.15 K/s,
Vacuum pressurs of cryostat <2 x 10_5 torr,

Electric field in the crystals <1 V/cm.

DIELECTRIC MEASUREMENT
The capacitance C and conductance G were measured at 1 KHz
with an autobalance universal bridge (WAYNE KERR B642),
The sample holder and measuring conditions were similar to
that used in pyroselectric measurements.

The system for the measurements of pyroelectric and
dielectric praopsrties were tested by using a BaTiO3 crystal

sample.

RESULTS AND DISCUSSION

All thé honomer, partielly and fully polymsrized TS crystals
under investigation show a pyroelectric effect along their
b-axes over the temperature range 100 - 300 K., The sign of
the current for heating is exactly the reverse of that for
cooling. An example of the recorded currents (for monomer
TS) is shown in Fig. 2. The pyraelectric behaviour of
polymer TS crystal is very similar to the results of Kiess

and Clarke.1
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FIGURE 2, The pyroelectric currents rescorded from

monomer TS crystals in their b-axes upon a) cooling and

b) heating.

corresponding temperatures.

The figures in parenthesses are the
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The pyroslectric coefficient calculated from the
recarded currents for monocmer, partially and fully polymsr-
ized TS crystals in their b~axes are shown in Figs. 3 and 4.
The maximum pyroslectric coefficients for polymer TS is
(3-4) x 1071 ¢/cm® K, similar to that of the polarized
polyvinyl chloride (3 x 10—11 C/cm2 K), but about 2 orders
of magnitude smaller than that of polyvinylide fluoride
(1.0 - 2.4) x 10”% c/en? K.

The phase transitions obtained from the anomaliss of
pyroelectric behaviour (sees Fig. 5) are in reasonable agree-
ment with X-ray diffraction and specific heat capacity
measurements. The two pesaks in the pyroelectric coefficient
of the crystals polymerised for lsss than 15 hours at 33 K
correspond to ths two phase transiticns, 1.s. the high
temperature commensurate phase to an incommensurate phase,
and the incommensurate to low temperature commensurate phassa.
The values of the transition temperatures for TS monomer
are 206 and 163 K (from X-ray datazl, 193 and 157 or 192 and
156 K (from heat capacity data3'4] and 192 and 151 K (from
our pyroelectric datas). The epparsnt discrepancies probably
occur due to the sensitivity of the transition temperatures
to traces of polymer or the ageing sffects. Our results
suggest a lowser limiting value for the transitian tempsraturs,
185 K, than that observed by Patillon gt al, 205 K,

The oscillation of thse pyroelectric current near the
phase transition (two sxtrema exist in this tsemperature
region) suggests that two transitions occur, i.e. that an
incommensurate phase exists within 4 K of the phase trans-
ition temperature reported previously.,

By considering the experimental conditions, all the
mechanisms, such as injection of charge, preferred orient-

ation of dipoles by sxternal field, dislectric absorption
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FIGURE 3. The temperature dependence of the component
Pb of ths pyroelectric coefficient along the b-axis, for
TS monomer crystals (@,—), 5 hours partially poly-
merized TS crystaels (&4,—.—.-] and 10 hours partially
polymerized TS crystals (@,—-~<) (all measured upon

heatingl). (Reproduced with the kind permission of the
North Helland Publishing Company.)
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FIGURE 4. The temperaturs dependsnce of the component
Pb of the pyroelectric coefficient along the b-axis, for
TS crystals partially polymerized for 15 hours (@,—),
20 hours (A,~—-=—-=) and 72 hours (@,——--=) (all
measurad upon heating). (Reproduced with the kind per-
mission of the North Holland Publishing Company.)
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current, photo-electric current, occurrence of ionic charges
on crystal bounding surfaces and their temperature depend-

ence, etc., were excluded to explain the observed current.

240 +
220} e B e e e e —
200 k
g #..\ ._*---‘-—-—._.—.—.—-1—.—
180
o/ ”
160 ’// X
L.-._._‘_______*’
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FIGURE 5, The phase transition temperaturss as a
function of polymerization time at 333 K obtained
from the pyreelectric measurements (upper transition,

o,

s lower transition, @8, —es—-— 3 temperaturss
carresponding to Pb maxima ,.,-——-——1] (Reproduced
with the kind permission of North-Holland Publishing

Company. )

From the expseriments of varying the temperature change rate

dT/dt, it is very clear that the current depends on dT/dt
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(this can also be seen from Fig. 2), and conseguently the
themoslectric current is also excluded. Therefore we
concluds that the pyroelectric effect in these crystals
indlcates that the crystals must lack a centre of symmetry.

The marked difference in the pyroelectric behaviour of
the monomer and polymer crystals suggests different origins
for the non-centrosymmetry. For crystals with low polymer
content, the non-centrosymmetry results from the occurrence
of the incommensurate phase, which is thought to be either
an orientation wave invelving torsion of the side groups or
a probability wave involving the two different side graoup
configurationss.' Since the side-groups contain polar 802
groups {see crystal structure for details7J any perturbation
of the structure can give rise toc a net dipole for the
crystal. The occurrence of domains or the pinning of the
incommensurate structure at dislocations are two perturb-
ations which could produce this effect. Since the upper
phase transition is nearly second order8 the effect of
perturbations will be weaker than that at the lower phase
transition. In addition, at lower transition the wavelength
in the incommensurate phase approaches infinity so that any
perturbation of the structure would have a much larger
effect, as observed experimentally,

The large pyroslectric effect observed over a wide
temperature range for crystals with high polymer content is
more difficult to explain. It is probably a result of the
strain which occurs in partially polymerised crystals due to
the mis-match between the monomer and polymer.

The ageing effect of the pyroelectricity of the polymer
TS crystals, which were stored in the dark in a refrigerator,
has been observed., After 8-~8 months of the first measurement

{i.e., about one year since the crystal growth), the sign
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and magnitude of the pyroslectric coefficient of polymer TS
crystals was essentially unchanged, but the oscillation of
the pyroelectric current near the phase transitiaon region
decreases or even completely disappears, and thq temperature
at which the pyroelectric current changes its sign is lower.
The typicel pyroelectric current curves recorded aon cooling
for both surfaces of a polymer TS sample (polymerized at

333 K for 72 hours and stored for 9 months) are shown in
Fig. 6. Comparing Fig. 6 with Fig. 4 (the curve for 72 hours
polymerization]), one can clearly ses the difference between
them. The loss of the two extrema suggests that the trans-
ition from higher temperature commensurate phase to lower
temperature commensurate phase occurs continuously.

The dielectric properties of monomer and palymer TS
crystals along their b-axes were measured over the temper-
ature range 100 - 300 K. The temperature dependance of the
dielectric constant is shown in Flg, 7, together with the
results for polymer TS crystals along their a-axes which
were converted from the data of Saundersg. No dielectric
anomaly has been found for monomer and polymer TS crystals

in either b-axes or a-axes in the temperature range studied,
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FIGURE 6., Typicel recorded curves on cooling for
both surfaces of a TS sample polymerized at 333 K for
72 hours; measurements taken after, samples had been
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FIGURE 7. The temperature dependence of the
dielectric constant of the monomer and polymer TS
crystals slong their a- and b~axes: ea[o,——J.
polymer TS crystals, a-axis (coverted from ref. 8);
€,7P {(Xy—=—--), polymer TS crystals, b-axis;

€M { & y—-~—-~), monomer 7S crystals, b-axis,
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