RHTHTHHE TR EH H I

=a
]

ST BRI

B gaeasE, 10, 3 (1986) 168-176

R v R o B b R T D

b R F Fr*
(1985 4F 12 H 14 AZH)

Thermally Stimulated Depolarization Currents of Benzene Derivatives
C. KITAZAWA*
(Received December 14, 1985)

Thermally stimulated depolarization currents (TSDC) have been measured with the pressed
discs of pentachloronitrobenzene (PCNB), pentachloroaniline (PCA), pentachlorotoluene (PCT)
and tetrachloro-m-xylene (TCmX) under different polarizing conditions. The peak temperature
at which the maximum current occurred in TSDC for PCNB, PCA, PCT, and TCmX were
found always at —81, —120, —123, —138°C, respectively, with the constant heating rate.
The polarization calculated by the Debye’s dipole theory were in fair agreement with the
observed values of TSDC peak. The peak of the substances may be caused from the orienta-

tional polarization of the whole molecule in the solid state.
rotation were determined by the initial rise method of Garlick and Gibson.

The activation energies for the
The activation

energies of these substances have been compared and discussed with relation to the depolariza-
tion charges, and the effect of the size of substituents and of the magnitude of the dipole

moment.
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Fig. 1 Schematic diagram of the apparatus used
for measuring TSDC and TSPC.
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Fig. 2 TSDC spectra for pressed disc of pentachlo-
ronitrobenzene (PCNB) polarized under
various polarizing field (Ep).
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Fig.4 Relationship between the depolarization
charge (Qa) for PCNB and Ep.
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Fig. 6 Recorder plots of TSPC (upper curve) and
TSDC (lower curve) for PCNB in the low
temperature range.
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Table 1 Comparison of the charge of TSPC with
that of TSDC for PCNB.

Ep Qp Qa T'm
(kV/cm) (109 C) (102 C) : °C)
0.7 0.29 0.31 ~81
3.6 1.45 1.46 —81
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Fig. 7 Recorder plots of TSPC 1 and TSDC 2 for
PCNB in the high temperature range.
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Fig. 8 TSDC spectra for pressed disc of pentachlo-
roaniline (PCA) polarized under various
Ep.
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Fig. 9 TSDC spectra for pressed disc of pentachlo-
rotoluene (PCT) polarized under various Ep.
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Fig. 11 Relationship between the depolarization
charge for benzene derivatives and Ep.
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Fig. 12 Application of the partial heating method
for resolving the peak 1 for PCNB.
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Table 2 Comparison of the calculated and observed values of polarization for benzene derivatives.

. E T © Density Po Pob

Material (10 /em) °C) (D) (g/cm) (109C/em?)  (109C/em? ~ molwt

PCNB 8.0 " 2.33% 1957 (obs)® 1.3 L5 265.3
120 % 1193 (disc) 0.4

PCA 8.7 45 2.635 196 (X-ray)e 2.2 5.0 265.5
L5 * 186 (disc) 0.6

PCT 7.4 45 L56° 196 (X-ray) 0.7 L9 264.4
1.73 (disc) 0.6

TCmX 8.3 15 L56¢ LTl (Xray)! 0.7 3.0 243.9
163 (disc) 0.7

o Ref. 3); » Ref. 5); ¢ Ref. 36); d assumed the same value as PCT; e Ref, 37); f Ref, 38)
* estimated using the Onsager equation (for pure polar liquid)
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Table 3 Comparison of the results calculated from
TSDC and dielectric measurements.

TSDC Dielectric
Material T JE T'm AE
(°C)  (kcal/mol) (°C)  (kcal/mol)
PCNB —81 6.6 —81 16, 1>
PCA - 120* 3.6 —123 12. 32
PCT —123* 4.9 —127 11.6¢, 12.1¢
TCmX —138* 4.0 —148 8.3

a Ref. 3); b Ref. 5); ¢ Ref. 2); 4 Ref. 4); © Ref. 46)
* g=2.0°C/min
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LT B9, ZOHEEND, TSDC # %\~ TSPC
m,%ﬁ@%&ﬁﬁ%ﬂ%%ﬁﬁ,?kh%lhuhﬁ
il Sh s EE TRV EBbhD.

k%,:h%@%ﬁ%movf—d%~¢00ﬁ§ﬁ
- DSC iz (e v vy +1mcal/s, F{H#EE
Mﬂmm,5%%%7»5%,@%@%%&@%%Dﬂ3
m;ot)%ﬁmot%TBKﬂmféﬁﬁfmﬁiﬁ
E R B LTI, BEH L BRO EBLEbR
Z)‘D‘
B, PCNB o —7 21%, WILTE I & D 71
KW&%%%&LfﬁMéhh@ﬁ«%n%ﬁKlé%
Okﬁ%hé.it,%@mm@v%E%MVTVé:
&#B%@#%@%ﬁ@ﬁlﬁkb@?ﬁkv%&%b
h%.%:fﬁﬁ&ﬁkéﬁﬁktf,%%ﬁﬁﬁmb
5w73ht4*7ﬁ®§@%ﬁﬁ%kbh6.CM%
ﬁ%%@TfEﬁ%K%&LT,&khﬁPﬁyfﬁﬂ
1%@?5@?&65.ﬁﬁﬁ%<tba4ﬁy@@@
EEA kX fehted, To BRVHE, WY BN
L(@ﬂ,%@ﬁk%<kq<Qd@73&ﬁ&(®
4)ﬁﬁwéﬂhb,ik,tpﬁﬁ<&%ﬁbtﬁof
*yﬁvﬁT64*v®ﬁﬁ%LTQdﬁ%m(@m
?6@?@55.%Lftﬁ%MMnfm%&Lk4ﬁ
v%%@ﬁ%m%ﬁbf@ﬁﬁﬂ%ﬁbhf<5®fm
kb#&%bh%.W)imlofﬁbtﬁﬁﬁiiw
¥13 12.4 kcal/mol TH%.

4.3 BRSO EERSFEAEORR

%3mTﬂm&%%Mﬁ#B@6ht7h%lUAE
Oﬁ%ﬁbt.::f%%MﬁTDIhm,%%@WO
Arrhenius 7 v » b % SR (equivalent fre-
wmw)mﬁﬂﬁﬂ’“%ﬁbt&%®ﬁﬁﬁﬁ%ﬁ
ﬂ%®1$.%@ﬁmTﬂmwﬁfﬁt1h&;<%
m?%.%@ﬂﬁﬁﬁ%wnﬁﬁmmﬁﬁ?é&mﬁﬁ
EE@T%ék?hﬁ%ﬁéh%~ﬁfﬁé.LmLk
ﬁb,ﬁﬁkm*»%movrﬁk%tﬁﬁﬁ&ha
R pEHE & LT, MERER,IEHCHERL TS =
&,%%EME'BUJWE&%EWK%%Mﬁmx6
s rannwEEF TR ETFLORLTY B AU = DTS
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Fig.13 Arrhenius plots calculated for PCNB from
dielectric measurement and extrapolated to
the equivalent TSDC frequency.
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1) |Rvzgsep= Feyvary, NVEImreT =
Vv, Rvgsan PV BIOF SR R -m-F
¥V VDB BT, —170~ —60°C DI I 35 D
BOH—D v — 24 f:?&ﬁﬂﬁﬁ%%@%ﬁﬁﬁ?ﬁﬂéh
t.:hao%ﬁm,@@%%éﬁo&7€7%@ﬁm
Eie‘?%ﬁlﬁﬂﬁ%?%@ﬁ@ﬂﬁm Lo THBIhE, miE
DIEHEAL =5 A 41, Wi ER B s X 04T EE-dot:
ﬁ#ﬁ’afﬁfﬁ?ﬁtkﬁéiﬁﬁiﬁé.

2) PCNB iz $s\»C partial heating iz ¥ . cigm
(ST AT Y v EARI iz, TSDC 535 Ay
M 7e TSPC H3E & i, T, CoWEOSED -
K%H%E~7u,4¢v@§ﬁ%ﬁaﬁmmi%%@
BEL LR,

3) TSDC EFBNE B\ THHE 2SR LB th 5
EE Tm 4L X WSS 2 bha. L Ui bes
FIIT K E 250D bz,

SO E D B e b, DRICTIRE LT E L
BT E ¥ LB LB ERT A R i1 2 ¢ oD
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