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Utilization of the Pyroelectric Effect in Studies of Thermal Denaturation of
y- Irradiated BAT collagen.
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Abstract: The measurements of the total pyroelectric
coeflicient were done to study the thermal denaturation
process of dry y- irradiated BAT collagen. The character of the y-irradiation influence is related to the existence of more or less ordered regions in BAT collagen.
The maximum value of the total pyroelectric coeflicient
depends on the absorbed dose. The temperature of the
relative extreme of the temperature dependency of the
pyroelectric current marks the beginning of the thermal denaturation process. The activation enerry of a
charge liberated during heating is determined by the
type of dominant irradiation after-effect. The research
has been done for doses of 50 kGy and 500 kGy.
INTRODUCTION

studies

[]

scribed elsewhere [7].
RESI.JLTS

The dependence of the pyroelectric current ottained on
K to 490 K (Figurel) can be divided
into three regions separated by the points at which the
pyroelectric current changes sign. Irradiation causes the
elimination of the second relative extreme observed for the
non-irradiated sample at 450 K.
heating from 374
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Bovine Achilles Tendon dewas applied by Liboff and Furst [2] in

The pyroelectric effect
scribed by Lang

collagen was irradiated in dry air at room temperature
*Co, with the average energy of quantum equal
using
7
1.25 MeV, and the average dose rate 4.5 kGy/h.
Samples were prepared according to the procedure de-

in protein denaturation. The

pyroelectric effect

which is the manifestation of the temperature dependence
of the spontaneous polarization, is related to the symmetry
of the collagen molecule. Modification of the spatial
structure of the collagen is produced by y- irradiation and
provides changes in the pyroelectric properties of collagen. The y- irradiation influences the thermal denaturation
process of dry BAT collagen. The irradiation dose 50 kGy
induced small but measurable changes, and the dose 500

kGy intensive changes in the physical properties of BAT
collagen [3].
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Fig.l

Temperature dependence of the pyroelectric current
intensity for nonirradiated and inadiated BAT collagen

METHOD

In this work, pyroelectric

properties were studied by the
temperature measurement of the pyroelectric current using
the static measurement technique [4]. The total pyroelectric coefficient p and activation energy of charge carriers
liberated during heating were calculated on the basis of
results obtained.
Different methods of heating were employed:
l. single heating from 375 K to 490 K,
2. multiple heating, where the sample was heated to a few
degrees above the first relative extreme of the dependence
studied and then cooled to the temperature of 374 K [5].
Aftenvards, the measurement was repeated. From the difference between first and second thermogram the relation-
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Fig.2 Temperature dependence of the pyroelectric current
of nonirradiated BAT collagen.

ship sought and the relative extreme were found. This

During subsequent heating (Figure 2) the peak observed

procedure was repeated to the pyrolysis temperature. All
measurements were carried out in a vacuum of 10 Pa.
Prior to measurement, the binding water was removed by
heating at 378 K under the pressure of l0 Pa [6]. BAT

earlier disappeared, due to the denaturation phenomena.
Multiple heating of inadiated samples (Figure 3) permitted the separation of the individual extreme at 487 K (50
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kGy) and 485 K (500 kGy), and checking that the inflection points observed at 453 K (50 kGy) and 438 K, 450 K
(500kGy) were not the relative extremes.

treme marks the beginning of the temperature range within

which pyroelectric current decreases leading to the sample
repolarization. The temperature of the first extreme decreases with increasing dose. Increasing the dose results in
an increasing value of the first relative extreme. Such
behavior and the decreased energy activation value, proves
the domination of bond cleavage and the polymer chain
degradation.
The disappearance of the second relative extreme at 450 K
may be attributed to a decrease of the cross-linking of the
sample and a shift of the temperature to the temperature of
subsequent extreme.
The third relative extreme shows that the structure is more
stabilized. The parts of biopolymer chains of lorv degree of
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Fig. 3 Temperature dependence of the pyroelectric current
for second heating.
DISCUSSION
The thermal denaturation process of non-irradiated BAT
collagen may be treated as being composed of three subsequent processes described by three relative extremes which
is related to the occurrence of regions of different crystallinity [8]. Calculated values of the total pyroelectric coefficient and the activation energy shows Table l.

l. The temperatures, values of the local extremes
the total pyroelectric coeffrcient and activation energy
Table

Dose

Local ex-

kGv

treme's
number

50

I
II
ru
I
UI

500

I

n

T
K

of

Activation p
energy C.m-2.K-t
eV

4t5 l.9r0.l 4.40.t0'1
447 2.010.1
5.37.10-6
487 3.00il.05 1.04.10-3
413 t.47fl.12 7.01 .10-7
481 2.5tfl.02 1.04 .10-3
410 1.4610.03 r.42 .rc-6
485 3.3010.10 4.54 .10-3

The values of the total pyroelectric coefficient are averages
of 6 measurements weighted with a relative

from a series
enor t2%.

Calculated values of the activation energy show that heated
non-irradiated BAT collagen changes its weak semiconducting properties to weak dielectric properties.
Irradiation of dry BAT collagen brings about changes in
the temperature dependence of its pyroelectric current
intensity, whereas that at which the sign of the sample
polarization remains the same. According to [2J this is the
denaturation temperature. Thus it follows, that the temperature of the individual relative extreme is more sensitive to irradiation than that at which the sign of the sample
polarization changes. The temperature of the relative ex-
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crystallinity, broken earlier, can create new chemical
bindings. The increasing value of pyroelectric coefficient p
shows up new energy traps. This extreme is due to the
denaturation of the stable crystalline region [8].
CONCLUSION
The temperature dependence of the total pyroelectric coefficient indirectly provides the information about the run of
the thermal denaturation process of BAT collagen and the
inlluence of T.irradiation on this process. The value of the
pyroelectric coefficient depends on the absorbed dose value
during irradiation. The temperature of the relative extreme
of the temperature dependency of the pyroelectric currents

marks the beginnings of the thermal denaturation process.
The activation energy of charge liberated during heating is
determined by the type of dominant irradiation after-effect.
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