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î8��, ¿vk�ÊH�É��N·�0>~ê��*nØ�., Ì��Ï´éáur'éXÚ��N¥
©f�m���'éA�EØ�©�Ù. �©Äu Weiss ©f|nØ (WMFT), éY (water, H2O)!`U (methanol,

CH4O)!¯U (ethanol, C2H6O) Ú�ZU (1-propanol, C3H8O) � 4 «45�N¥·�0>~ê, äN� Curie-Weiss

~ê!Curie §ÝÚ Weiss ©f|Ïf�§ÝCz5Æ?1©ÛïÄ, �Ñþã�N¥: 1) c>'é (ferroelectric

correlation, FC) Ú�c>'é (anti-ferroelectric correlation, AFC) ��, � FC ' AFC r�õ, ±9�§Ýü$ FC ~
fÚ/½ AFC Or; 2) (�þ!� WMFT ØU½þ£ãþã�N¥v
$�§Ýe�~��·�0>~ê. �±�
� FC Ú�f AFC ���7,��45�N¥'éS��mØþ!, dd�öJÑ
�mØþ!'éS�oâC
q� Weiss ©f|nØ, ¿^dnØéþã�N¥·�0>~ê�§Ý¯�Cz�1�?1
)º. þã(Jé�
\@��NÔnÆ, �)Àæz=CÅ��&¢, Ã¦´kd��.

'�c: �N·�0>~ê, Weiss ©f|nØ, c>'é, �c>'é

PACS: 77.22.−d

1 Ú ó

�¬NÚíN�', é�N�Ä�(�±9·
��ÄåÆ�5��@�, =�NÔnÆ, ´�é
k�� [1−53]. ���Ñ�´, Àæz=C��*Å
�&¢�ú@�và�Ôn�Ø%¯K��, Ùï
ÄSN�Ü©Ñ�9��NÔnÆ [1,5−45].

� N ´ ; . � Ä U � ³ U � � � r '
é (strong correlation) XÚ, 
î8��¿vkuÐ
Ñ£ãr'éXÚ��!k��nØ [1,3,4,8,11,12].

yk��
r'éNX�¤õnØ, Ñ´3�\@
�Ù¥�*'éA��Ä:þ¼��. Ïd, &¢
�N¥©f�m�'éA�, é�\@��NÃ¦

´kÃ�.
·��é0>~ê (static relative dielectric con-

stant) εs ´�N�­�A�ëþ��, ù´Ï�§
Q´�N>0��­�A^ëê��, ����N

©fm�����'éA� [1−4,8,11,12,46−49,53].

�´î8��, ¿vk�ÊH�É��N εs ��*
nØ�. [2−4,8,11,12,53].

�
ÏL εs ïÄ45�N¥©fm��'é
5Æ, �©|^ Curie-Weiss ½Æ [54,55], éY (wa-

ter, H2O), ` U (methanol, CH4O), ¯ U (ethanol,

C2H6O) Ú�ZU (1-propanol, C3H8O) 4 «45�
N¥ εs �§Ý T Cz�¢�(J?1
½þï
Ä, O�Ñ�A� Curie-Weiss ~ê Cexp Ú Curie

§Ý T exp
C � T �Cz, 2�â Weiss ©f|n
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Ø (Weiss’s molecular field theory, WMFT)[54,55] O
�Ñ Weiss ©f|Ïf β � T �Cz(J. ,�,

ÏLé Cexp Ú T exp
C � WMFT ¤ýó� Curie-

Weiss ~ê Cm Ú Curie §Ý T
(m)
C �é'©Û±

9 β � T �Cz5Æ, éþã�N¥©f�m��
�'é?1
©Û?Ø.

2 Weiss ©f|nØ

é ( � k S Ú Ã S � � (T « ( � � � �
E,Ø�Ù) �r'é�N [1,8,11,12,48], �©À
J WMFT éÙ εs � T Cz1��'�©f�
�'é?1
ïÄ, ùÌ�du: 1) �þ¢�(J
L², Ø��C��.§«	, WMFT éc>NX
¥^> - c>�CL§¥ εs �½þ£ã [2−4] ´4
�¤õ�; 2) du´²þ|nØ, nØ��é¤£
ãNX�(�¿vkAÏ��¦, Ïd�Kþ·^
u�N [54,55], Ø�Ùk�Ôn�Ý�u 2 Ú/½0
*(�´Øþ!�.

WMFT �Ä�Ñu:�, ���¹�ê��p
�^�©fXÚ, ?u§Ý� T �9ú¥, ü N
È�©fê�Ý� N , ©fk�>ó4Ý� µ. �
XÚü NÈ�>4zrÝ� P , XÚ¥?¿�
�©f� Weiss ©f|� βP , Ù¥ β �©f|Ï
f [54,55].

é©fk m (m > 2) ���G�ê��/,

WMFT �Ñ�pu�C§Ý�NX� εs � [54,55],

εs − 1 =
Cm

T − T
(m)
C

, (1)

Ù¥,

Cm ≡ (m + 1)Nµ2

3(m − 1)kε0
(2)

� WMFT ýó� Curie-Weiss ~ê,

T
(m)
C ≡ (m + 1)Nµ2β

6(m − 1)kε0
= βCm (3)

�XÚ� Curie §Ý, k � Boltzmann ~ê, ε0 �ý
�0>~ê.

�§ (2) L², � m �O\ Cm ~�, = C2 �
�
 C∞ ��. ���Ñ�´ m → ∞ �� C∞

�©fgd^=�/� Curie-Weiss ~ê CF ��,

= C∞ = CF.

ÏL�§ (1)—(3) �¢�(J�'�©Û, �
±�Ñ m, µ Ú β, =©f��'é�&E [54,55].

3 ¢�êâ�©Û�?Ø

Y!`U!¯UÚ�ZU� 4 «45�N
� εs � T �¢�(JX©z [53] ¤«, ùpÄk
|^©z [53] �¢�(J±9eã� Curie-Weiss

½Æ [54,55]

εs − ε∞ = Cexp/(T − T exp
C ) (4)

O�Ñ
�A� Curie-Weiss ~ê Cexp Ú Curie §
Ý T exp

C , Ù¥ ε∞ ��A�N�1ª0>~ê [52].

äN�{�, ¦+��ÿþ§«S (εs − ε∞)−1

� T � C z ¿ Ø ÷ v � 5 ' X [53], � ´ � �
ü�§Ý:� (εs − ε∞)−1 o´(½�^��,

d�§ (4) ��T���Ç��ê�u Cexp, 

3 (εs − ε∞)−1 ¶þ��å�u T exp

C /Cexp. ,�,

d��� Cexp Ú T exp
C , 2�â�§ (3) �±O�

Ñ β = T exp
C /Cexp.

ã 1—4 ¤«�©O´Y!`U!¯UÚ�
ZU� Cexp, T exp

C Ú β � T �Cz(J. ��, þ
ã�N� Cexp � T �ü$¯�O\, l�p��
$ ÿ þ T C z ∼ 10—20 �. ã ¥ � ©O � Ñ


ã 1 Y (water, H2O) ¥ ¢ � ¤ � � Curie-Weiss ~
ê Cexp, Curie §Ý T exp

C Ú Weiss ©f|Ïf β � T �
Cz(J, ã 1(a) ¥ C2 Ú CF ©O�©f� µ � µ0 �,
WMFT ýó�©f���ü�G�Úgd^=�/eY
� Curie-Weiss ~ê
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ã 2 `U¥¢�¤�� Curie-Weiss ~ê Cexp, Curie §
Ý T exp

C Ú Weiss ©f|Ïf β � T �Cz(J, ã 2(a)
¥ C2 Ú CF ©O�©f� µ � µ0 �, Weiss ©f|nØý
ó�©f��� 2 �G�Úgd^=�/e`U� Curie-
Weiss ~ê

Y!`U!¯UÚ�ZU¥©f��G�ê m =
2 Ú m → ∞, µ �©f�k>ó4Ý µ0 �, WMFT

ýó� Curie-Weiss ~ê C2 Ú CF (äNê�XL 1

¤«). ,	, T exp
C Ú β � T �ü$
¯�~�.

L 1 Y!`U!¯UÚ�ZU�©f�k>ó4Ý µ0!©fê
�Ý N , �â WMFT (�§ (2)) O�¤��©f��� 2 �G�Ú

gd^=�/e Curie-Weiss ~ê C2 Ú CF

µ0/D N/m−3 C2/K CF/K

Y 1.85 3.342 × 1028 10320 3440

`U 1.69 1.880 × 1028 3840 1280

¯U 1.69 1.307 × 1028 2658 886

�ZU 1.58 1.002 × 1028 1812 604

1D = 3.33 × 10−30 C·m

ÏLþã(J� WMFT (�§ (1)—(3)) �'
��©Û, �±�Ñ:

1) m Ú µ Ñ(½� WMFT Ã{½þ£ã Cexp

� T �Cz;

2) ^ m � T ü$
~�!µ � µ0 � WMFT,

ã 3 ¯U¥¢�¤�� Curie-Weiss ~ê Cexp, Curie §
Ý T exp

C Ú Weiss ©f|Ïf β � T �Cz(J, (a) ¥ C2

Ú CF ©O�©f� µ � µ0 �, Weiss ©f|nØýó�
©f���ü�G�Úgd^=�/e¯U� Curie-Weiss
~ê

==U
½þ£ã0u C2 Ú CF �m��A§«
� Cexp, 
Ã{½þ£ãÙ§§«;

3) �âã 1(a), 2(a) Ú 3(a) ¥p§«� Cexp <

CF ±9�§ (2), �±�Ñ3v
p�§Ý µ < µ0,

L²þã�N¥©f7,�3Ü©��ü�5ü
$ µ, =�3�c>'é (anti-ferroelectric correla-

tion, AFC), ã 4(a) q��Ñ�ZU¥Ø�3 AFC,

�ù�U´ÿþ§ÝØ
pÚå�;

4) �âã 1(b)—4(b) Ú 1(c)—4(c) ¥��§«
$§« T exp

C �pu 0 K Ú β Ñ�u 0, L²þã
�N¥©f�m7,�3Ó�ü��ª³, =�
3c>'é (ferroelectric correlation, FC), ¿� FC

' AFC �r�õ (XJ AFC ' FC r, T exp
C ò�

u 0 K);

5) du β ´ FC � AFC ��Ó�^�(J, �
âã 1(c)—4(c) ¥��§« β � T ¯�~�, �±
ýÏ FC � T ü$
~�Ú/½ AFC Or;

6) éAu Cexp > C2 �§«, d�§ (2) �±
�Ñ µ > µ0, L²��3v
$�§Ýe, (�þ
!� WMFT ØU½þþã�N, Ø�b�þã�
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N©f� µ0 �§Ýü$
�ÌO\ 2 ��m, 

ùw,´Ø�U�.

(Üþ¡¤�Ñ�!(�þ!� WMFT Ø
U½þ£ãv
$§Ý�N� εs � T Cz1�,

¿�â�N¥ FC Ú AFC ��� FC ' AFC r�
õ�(Ø, e¡}ÁJÑoâ (coarse grain) Cq
� WMFT, éþã�N¥ εs � T Cz1�?1)
º. Ì�Ñu:�:

1) �f AFC ¦� εs �~�, ����©f
� µ0 ü$������k�� µ e ;

2) FC � AFC ��7,3�N¥�)��'
éSØþ! (heterogeneous) �'é«, ù��N¥
(��ÄåÆ�Øþ!(J´��� [1,8,11,12]; X
þ¤ã, du FC ru AFC, �N¥7,/¤ FC �
rÚ�f�'é«, ùpòT« FC Øþ!XÚC
q�Xe�oâXÚ:

a) XÚ�ü NÈ¥k Nc �oâ, z�oâ
¥�¹ nc = N/Nc �©f, oâ¥ FC 'év
r,

Ùo>ó4Ý�u ncµ e , �k m ���G�;

b) XÚ¥Ù¦oâé?¿��oâ� Weiss

k�S|��^Ïf� β.

éþãoâ'éXÚ, Äu Boltzmann ÚO
�n´�puÙ�C§Ý�, XÚ�·�0>
~ê εc

s �

εc
s − 1 =

Cc
m

T − Tm,C
C

, (5)

Ù¥

Cc
m ≡

(m + 1)Nc(ncµ e)2

3(m − 1)kε0
= nc

(
µ e

µ

)2

Cm (6)

�oâXÚ� Curie-Weiss ~ê,

Tm,c
C ≡

(m + 1)Nc(ncµ e)2β
3(m − 1)kε0

= βCc
m (7)

�oâ'éXÚ� Curie §Ý.

d�§ (6) ��: 1) p§� nc Ú µ e ��, Cc
m

�±�u Cm, =þãoâCq WMFT �±)º
p§� Cexp < CF �(J; 2) �,� T ü$Åì
~f� FC Ú/½Or� AFC ¦� µ e � T ü$

~�, �´�� nc � T ü$
þ,�u µ e �

eü, þãoâCq WMFT �±½5/)º$§
« Cexp > C2 ¢�(J.

ã 4 �ZU¥¢�¤�� Curie-Weiss ~ê Cexp!Curie
§Ý T exp

C Ú Weiss ©f|Ïf β � T �Cz(J, ã 1(a)
¥ C2 Ú CF ©O�©f� µ � µ0 �, Weiss ©f|n
Øýó�©f���ü�G�Úgd^=�/e�ZU
� Curie-Weiss ~ê

o�, �©Äu WMFT, éY� 4 «45�N
¥ εs � T Cz5Æ?1©ÛïÄ, �Ñþã�N
¥: 1) FC Ú AFC ��, � FC ' AFC r�õ, ±9
�§Ýü$ FC ~�Ú/½ AFC Or; 2) (�þ!
� WMFT ØU½þ£ãþã�N¥v
$�§Ý
e�~�� εs. �±��, FC Ú�f AFC ���
7,��45�N¥©f��'éS��mØþ
!, dd�öJÑ
�mØþ!��'éS�oâ
Cq WMFT, éþã�N¥ Curie-Weiss ~ê� T

¯�Cz�1�?1
½5)º. �±��, þã
(Jé�\@��N·�0>~ê��*Å�, ±
��NÔnÆ, �)Àæz=CÅ��&¢, Ã¦
´kd��.
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Abstract

There is no widely accepted microscopic theoretical model of the static dielectric constant of liquids so far. This is mainly

because the orientational correlation between molecules in liquids, belonging to the strong correlation systems, is still not clear. In

this paper, the variations of the static dielectric constants of 4 kinds of polar liquids, i.e., water, methanol, ethanol and 1-propanol,

specifically the Curie-Weiss constant, Curie temperature and Weiss molecular field factor with temperature are studied according to the

Weiss’s molecular field theory (WMFT), and it is concluded that 1) ferroelectric correlations (FCs) and anti-ferroelectric correlations

(AFCs) between molecules coexist in the liquids, and FC is stronger than AFC, as well as FC becomes weak and/or AFC stronger

with temperature decreasing; 2) WMFT of homogeneous structure cannot quantitatively describe the abnormally large values of εs of

the liquids at low enough T . It can be expected that the coexistence of FC and weak AFC must lead to the spatial distribution of the

correlation orders, and consequently, we propose an WMFT of coarse grain approximation of the spatial distribution correlation orders,

and use the WMFT to explain why the static dielectric constant varies rapidly with temperature. The above results can benefit the

understanding of the liquid physics, including the glass transition mechanism.

Keywords: liquid static dielectric constant, Weiss’s molecular field theory, ferroelectric correlation, anti-
ferroelectric correlation
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