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é���`��`| (dimethyl phthalate)!���`��¯| (diethyl phthalate)!���`��¶| (dibutyl
phthalate) Ú���`��É"| (dioctyl phthalate) X�á�¥, α- µþ�ü§0>Ì?1
ÿþ, �Ñ
�Aá
� α- µþ�²þµþ�m τa

α �§Ý T �Cz'X. ÏL τa
α �¢�(J�²�� Vogel-Fulcher-Tammann) ½

Æ τa
α = τ0

α exp(A/(T − T0)) �[Ü, ¼�
þãX�á�� τ0
α, A Ú T0. ©Ûuy, ����`��`|X�©

fýó¥%�fê8 n �Cz, á�� τ0
α, A, T0 Ú Tg LyÑ�½�5Æ5, äN�� n �O\, =©fSÜgd

Ý�Oõ, A Ú Tg ÑLyÑC��Ó�k~�2O�ª³,  1/τ0
α Ú T0 KLyÑÄ��Ó�k¯�~�, ,��

±Ä�þØC�ª³.

'�c: Àæz=C, 0>Ì, α- µþ, ���`��`|X�á�

PACS: 77.22.Gm, 64.70.pm

1 Ú ó

Àæz=C (glass transition) Å��&¢�ú
@�và�Ôn�Ø%¯K��, Ïd��´�é
¹��ïÄ+�¿Úå
Æâ.2��À. ��
�'�ïÄ´õ�¡�, ïÄá��)DÚ��z
Ô!ÃÅ�©f!7á!p©f!�NÚ�5¬
N�Àæá�; ïÄSN�)��!Le��ÚÀ
æ��(��ÄåÆïÄ, ±9Àæz=CL§ï
Ä�; ïÄÃãKÄ^
A�¤k�Ôn�{, X
åÆÌ�{!�9©Û�{!9)äEâ!0>
Ì�{!Ø^���{!Raman Ñ��{ÚO�
Å�[Eâ� [1−21].

· � À J 
 � � � ` � � | X � á �, �
)���`��`| (dimethyl phthalate)!��
� ` � � ¯ | (diethyl phthalate)! � � � ` �
� ¶ | (dibutyl phthalate) Ú � � � ` � � É "
| (dioctyl phthalate), ¿é§��ü§0>Ì?1

ÿþ©Û. Ì��Ï�:

1) XL 1 ¤«, TX�á�©fÌN(��Ó, �
duýó�Ý�ØÓ, ¦�©fSÜgdÝCz�
�, ¤±é§��ïÄ, én)©fSÜgdÝé
Àæz=C�K�, ±�Àæz=CÅ�, Ã¦´
kÃ�; 2) 0>Ì�{duÙuÿ�ª (�) ���
42, ¤�ïÄ��ÚLe��µþÄåÆ±9
Àæz=CÅ�4�~^�k��{�� [5−8]; 3)
duTX�á�3l¿§m©�±� 1 K/min �ü
§L§¥Ø¬(¬, �´���`��`|3lÙ
Àæ��,§L§¥, ÙLe�No¬(¬ [15−17].
Ïd�
éTX�á����ÚLe���0>
Ì?1é'ÿþ�©Û, ·�ÀJü§ÿþ.
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�©¥¤^�¬���`��`|!���
`��¯|!���`��¶|Ú���`��
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L 1 ���`��|X�á��©fª

���`��| ���`��¯| ���`��¶| ���`��É"|

¢�¤ìÌ�� Novocontrol Beta-ND .°ª
0>Ì¤, ÿþªÇ (f ) ��� 3 µHz—20 MHz, �
±ÿþ�¬�E>N

C∗ = C ′ − iC ′′, (1)

Ù¥ C ′ Ú C ′′ ©O�E>N�¢ÜÚJÜ, i�J
êü .

�NE>N�ÿþ&Þ!ÿ§Ú�§C�d
�¢�¿g1�O, Ù¥ÿþ&Þ÷X¶��¿¡
Xã 1 ¤«. �
¦�U~��N�¬��u, �
¬Ú7�>4��µ3A��Àæ´¥, �µá�
�û�z� AB �. ÿþ�¬E>N C∗ �>4�
�/�V²1�>Nì, Ïd�¬�E0>~ê

ε∗ = ε′ − iε′′ (2)

�'u C∗, Ù¥ ε′ Ú ε′′ ©O��¬ ε∗ �¢ÜÚ
JÜ.

ã 1 g��NE>Nÿþ&Þ÷X¶��¿¡«¿ã

�
��$§e�í3�µ�¬�´fþ(
X, ±�é�µ�)K�, ����é�¬�À/,
´f	���o¿��±3� 0.1 Pa �ý��¸
¥. e���, ü§�ª�½�Çü§, ü§�Ç
�� 1 K/min.

3 ¢�(J�©Û?Ø

ã 2—5 ¤«©O�l¿§m©� 1 K/min �
ü§L§¥, ���`��`|!���`��¯

|!���`��¶|Ú���`��É"|�
E0>~ê ε∗ (?¿ü ) �¢Ü ε′ ÚJÜ ε′′ �
§Ý T �Cz'X. (JL²3¤«§«, ε′ Ì�
kü�CzL§ Kα Ú Cd,  ε′′ Ì�kü�Cz
L§ Pα Ú Ld.

� T ��ª�Cz Kα Ú�Ñ¸ Pα, �´À
æá�¥��ÚLe��� α- µþL§. TL§
�Ônå�p§e©f��$Ä�Ý¯, U
�
�þ	|Cz��Ý, Ïd�	|�©f��4z
��, � ε′ ��; 3$§e, ©f��$Ä�Ýú,
±��Øþ	|Cz��Ý, Ïd�	|�©f�
�4z��, Ly� ε′ ��; 3¥m��½§Ý,
ε′ Ñy� T ��ª�Cz Kα. ε′′ �N�´á�é
	|UþáÂUå, ¿��©f$Ä�A��m�
	|Cz�A��m (ªÇ��ê) ���, áÂ�
r, ÏdLy�� Kα éA��Ñ¸ Pα.

α- µþL§��¡�ÄåÆÀæz=C (dy-
namical glass transition, DGT)[5−8], ±«©u DSC
�9Æ�{ÿþ�9åÆÀæz=C (thermody-
namic glass transition, TGT), ��Ò¡�Àæz=
C (glass transition). y�þ, DGT �N�´á�é
	| (>|ÚAå|�) �A,  TGT �N�K´
á�é§| (á��9ú±9á�SÜ�§ÝFÝ
|) ��A, ¤�� ε∗ �E'9 c∗ �4��q [22].
�´î8��, duÀæz=C��*Å�EØ�
Ù, Ïd DGT � TGT ���«O�éXE,Ø�
©�Ù.

ã 2—4 ¥^ Cd Ú Ld IP�L§Kåuá
�¥,�lf�*Ñ [23]. 3	>|��^e, �K
lf������½�*Ñ$Ä, Ó�duÿþ>
4éNClf�{N�^, �¦á�Ly�>4z
�A�. $§e, lf��Ä5�, �A� ε′ ��;
p§e, lf��Ä5r, �A� ε′ ��, �´�§
Ýv
p�, �Klfé¯*Ñ�>4NC, ε′ ò
ªu�Ú, �§ÝCz�ª³~f. ,	, lf3*
ÑL§¥, duÉ���©fÚlfr�Ñ�, 7
,���Ü©�½�*ÑÄU, 7Ll	>|¥á
ÂUþ5�±½�*Ñ$Ä, Ïd ε′′ ��. §Ý�
p, Ñ��r, ε′′ ��.
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ã 2 ± 1 K/min �ü§L§¥, ���`��`|�0>~ê
�¢Ü ε′ ÚJÜ ε′′ �§Ý T �Cz

ã 3 ± 1 K/min �ü§L§¥, ���`��¯|�0>~ê
�¢Ü ε′ ÚJÜ ε′′ �§Ý T �Cz

ã 4 ± 1 K/min �ü§L§¥, ���`��¶|�0>~ê
�¢Ü ε′ ÚJÜ ε′′ �§Ý T �Cz

ã 5 ± 1 K/min �ü§L§¥, ���`��É"|�0>~
ê�¢Ü ε′ ÚJÜ ε′′ �§Ý T �Cz
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lf*Ñ�©f���$Ä±9�>f*Ñ
�'�0>L§, Qk�q5qk²w�ØÓ. ä
NLy�: 1) lf*Ñ�©f���$Ä� ε′ �
��q,  ε′′ K²wØÓ; 2) lf*Ñ�>f*Ñ
� ε′′ ���q, � ε′ ²wØÓ. á�¥,�lf�
*ÑL§ Cd Ú Ld ��\©Ûò,©�[?Ø.

Äuã 2—5 �(J, �Ñ α- µþ�²þµ
þ�m τa

α �§Ý T �äN'X. d Debye µþ
nØ [4−8,24], þã ε′′ �Ñ¸ Pα �¸§ TP ?,
k 2πfτa

α(TP) = 1, dd�Ñ� τa
α � T �'X

Xã 6 ¤«.

ã 6 ���`��`|X�á�¥ α- µþ�²þµþ�
m τa

α �§Ý T �ê�Cz'X

ã 7 ���`��`|X�á�� A, Tg, 1/τ0
α Ú T0 � n

�Cz'X

yk�¢�(JL², Àæz=C§Ý Tg N

C, τa
α � T �Cz�±^Xe� Vogel Fulcher-

Tammann (VFT) ²�5Æ5£ã [25−67]:

τ t
α = τ0

α eA/(T−T0), (3)

Ù¥ τ0
α Ú A ��§ÝÃ'�á�~ê, T0 � VFT

§Ý.
ã 6 �(JÓ�L²���`��|X�á

� τa
α � T �'X÷v VFT 5Æ. ÏL (3) ªé¢

�(J�[ÜXã 6 ¥�¢�¤«, ¤�� τ0
α, A

Ú T0 XL 2 �1��1o�¤«. äN�[Ü�
Y�: �½X�� τ0

α, A Ú T0 �, ,�é���`
��|X�á�, ©O τ t

α � τa
α � T Cz�¤kê

â:��²�Ú σ =
∑N

i=1(τ
a
α(i)− τ t

α(i))2, Ù¥ N

�êâ:ê8, ¤���éA σ �����| τ0
α,

A Ú T0 �, =��Z[Ü(J. L 2 ¥��Ñ
�
Aá��Àæz=C§Ý T

[15]
g (1Ê�) Úýó¥

%�f�ê8 n (18�).

L 2 ���`��`|X��¬� τ0
α, A, T0, Tg Ú n �

τ0
α/s A/K T0/K Tg/K n

���`��`| 3.0 × 10−15 1400 156.0 192 4

���`��¯| 1.0 × 10−14 1180 150.0 183 6

���`��¶| 1.6 × 10−12 860 148.2 179 10

���`��É"| 1.0 × 10−12 1180 147.8 187 18

L 2 L², � n �O\, ���`��`|X
�á�� τ0

α, A, T0 Ú Tg LyÑ�½�5Æ5, ä
NXã 7 ¤«. Ù¥ Tg ´ÏL DSC ÿþ¤�, ä
N�©z [15] 9Ù¥�'©z. k��´, � n �
O\, =©fSÜgdÝ�Oõ, A Ú Tg ÑLyÑ
C��Ó�k~�,�O\�ª³,  1/τ0

α Ú T0

KLyÑÄ��Ó�k¯�~�, ,��±Ä�þ
ØC�ª³.

é���`��`|X�á�, � n C�, ©
fSÜgdÝO\. �±��, �©fSÜgdÝ
�O\, ©f��Ä5Or, I�3�$�§Ýâ
UÑy©f$Ä�È(y�, = Tg ü$. ,��¡,
ýó�O\7,����©fm$Ä�{N, ¦©
f��Ä5ü$, ÏdkO\ Tg �ª³. þãü«
ª³�U´�����`��`|X�á�� n

C�, Tg k~�O��Ï. �uéã 7 ¥��q5,
8cE,ØU�Ñ?�Ú�)º, �´�±ýÏ,
é§���\ïÄ, òén)Àæz=CÅ�Ã¦
kéud�.

a�H®�ÆzÆzóÆ�ÅÛ�Ç��¡�Æ¬J
ø���`��`|X��¬±9?1kÃ����?Ø.
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Measuring and analyzing the cooling dielectric
spectra of the α-relaxation in dimethyl
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Abstract
The cooling dielectric spectra of the α-relaxation in dimethyl phthalate, diethyl phthalate, dibutyl phthalate, and dioctyl phthalate

series materials are measured, and the average relaxation time of the α-relaxation τa
α as a function of temperature T is obtained. By

fitting the τa
α data to the empirical Vogel-Fulcher-Tammann law τa

α = τ0
α exp(A/(T − T0)), the values of τ0

α, A and T0 of the series
materials are obtained. The results of τ0

α, A, T0 and Tg show some variation regularities with the carbon number n in the side-group of
dimethyl phthalate series molecules. And specifically, with the increase of n, the internal degrees of freedoms of the molecules, A and
Tg indicate almost the same tendencies, i.e. first coming down and then going up, while 1/τ0

α and T0 have quite similar behaviors, i.e.
first reducing rapidly and then keeping at near constant values.

Keywords: glass transition, dielectric spectra, α-relaxation, dimethyl phthalate series
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