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|^ÓÚË��Ñ X ��û�Eâÿþ
¿§^�e 0—0.74 GPa Øå��S Ce ��§Ø �. uy γ-Ce
�¿§�§Ø �¥	à/, ù´dÙpÅ(f�^z¤�. |^�(ÿþ���N�5�þ�ØåCz�5Æ,
é¢�¤���Øå�NÈêâ, ^��Ún� Murnaghan �§!��Ún� Birch �§!n� Xu �§±9�
� Vinet �§?1'�, ¿�éù
G��§���N�5�þ�Øå�Cz5Æ��(¢��(J�é', uy
n� Murnaghan �§Ún� Xu �§é γ-Ce �·^.
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1 Ú ó

Ce ��;þ���Dè�� (þÓ/�Ô
�þ� 0.0046%) ±9;.� f >fLÞ7á, Ï
ÙÕA�ÔnÚzÆ5�Úå
±È2��'
5, Ù¥�áÚ<��á Ce ���k��NÈC
z� γ ↔ α �C [1−9]. ~§~Øe, Ce � γ �,
3 300 K 9Ør P = 0.75 GPa �=C¤ α �¿�
�k� 17% �NÈ¥� [6], òØåº���í
Ø�, q��¡E¤ γ �. §Ý,p, �C�NÈC
z�ÌÝ~�, ���.:��. γ Ú α ��Ä�¬
N�fþá¡%á�(�, Ïd, γ ↔ α ��C�
��@�´�(��C. gl 1927 c Bridgeman[7]

1�guy Ce �ù����C±5, ïÄö�J
ÑØÓ�nØ�.)º�CL§¥�NÈ¥�, �
�<�Ù��Ò´ Mott =C�.Ú Kondo �..
~X Lipp � [8] ^ Kondo �.éÐ/)º
p§
pØ� γ → α NÈ¥�.

γ � Ce äk���©AÏ�5�, =�Øå�
,p, §�pÅ(f�Ý~�, Ïd§�N�5�
þ�Øä~�, ùÒ´¤¢�pÅ(f�ÚN�5

�þ�^zy�. ,, ù�y�%é�Úå<�
�5¿. Decremps � [10] ^�(��{��ÿþ

pØe Ce � γ ��N�5�þ�^zy�, Jeong
� [11] �é¥fû�9 X ��û����ØåÚ
NÈêâ?1L©Û. �©Äu·��pØ X ��
û�¢����ØåÚNÈ (P -V ) (J, (Üc<
��'êâ, �é γ-Ce �pÅ(f�ÚN�5�
þ�^zy�?1
�[�?Ø, ¿^ØÓ�G�
�§éù�y�\±£ã.

2 ¢��{

¢�3�®ÓÚË�C� (Beijing Synchrotron
Radiation Facility, BSRF) p Ø ¢ � Õ ¦ ^ � Ú
Ñ X ��û� (angle dispersive X-ray diffraction,
ADXD) ��{?1. üÚ1Å�� λ = 0.6199
Å, ² K-B (Kirkpatrick-Baez) �åà�ºà�� X
� � 1 � º � � � 20 µm (R �) ×30 µm (Y
²), æ^ MAR345 .¡&ÿìÂ8��û�Ì.
^ FIT2D[12] ^�é��û�ÌÈ©?n��rÝ
Úû��'XÌ.
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�¬ Ce �l Alfa úi	ï�XÝ� 99.9%,
�»� 6.35 mm ��G�¬. ¦^g���I�7
f�Øÿ¼�pØ. ¢�¤^7f�Øÿ��¡�
»� 500 µm, µ=á�� Re, ýØþÝ� 85 µm,
�¬n�»�� 140 µm. r NaCl ýØ¤¡, k3
�¬nS��� NaCl ¡, 2rl Ce �þ�e5
� Ce �3 NaCl ¡þ, 3þ¡2��� NaCl ¡. ù
�, 3�¬n¥/¤�� NaCl/Ce/NaCl �n²£
�¬|Ü. ùp NaCl Q��DØ0�, q�ØåI.
æ^ 1986 c Birch � NaCl G��§ [13] I½Øå.

ã 1 �Øå P = 0.02 GPa � γ � Ce Ú NaCl
� � � ; . � � � û � Ì. ã 2 � T û � Ì
² FIT2D È©¤���¬¡må d ��rÝ�
û�¸.ã. �¢���pØå� 0.74 GPa, 3�
p�Øåe, γ-Ce =C¤ α-Ce.

ã 1 P = 0.02 GPa � γ � Ce Ú NaCl �;.��Ñ X ��
��û�Ì

� � � � � � � � � � � � � � � � � �� � �	 
�� ���� � � ������ � ������ � ������ � 
������� � ������ � 
������� � ������ � 
�������
ã 2 P = 0.02 GPa � γ � Ce Ú NaCl ��Ñû�¸.ã

3 ¢�(J9?Ø

ã 3 �Ñ
·�¢���� P -V êâ (G�
�§) �©z [8,10,11] êâ�'�. lã 3 �±w
�, �©¢��©z [10,11] �Ø �ÎÜ�é
Ð. ©z [8] �êâ3 P < 0.4 GPa �, �Ù¦ï
ÄöêâkÑ\. ¤kù
êâ���á��G�
�§k²w�«O, 3�� γ-Ce ½�Øå«m

S, γ-Ce �G��§¥y	à�/ª, ù´Ï�3
ù�Øå«mS d2V/dP 2 < 0, = γ-Ce �N�5
�þ3^z.

2009 c Decremps � [10] ^�(��{, °(
/ÿþ
 γ-Ce �N�5�þ B �Øå P �Cz.
w,, B Ú P Ø¤�5'X, ´¤éÐ��gõ
�ª'X. �
(½·Ü γ-Ce �G��§, ·�é
ù
�(êâ^

B = B0 + B1P +
1
2
B2P

2 (1)

�'X?1[Ü, Ù¥ B0 �N�5�þ B �"Ø
�, B1 Ú B2 ©O´ B é P ���Ú���ê�
"Ø�, [Ü�� B0, B1 Ú B2 ��©O� 21.08,
2.285, −38.05.

�
£ãþã� P -V 'X, ·�æ^�~�
�A«G��§?1[Ü, Xã 3 ¥¤«. �u8
céG��§��g�{'�·Ï, ùp·�±G
��§ëê¤�¹�N�5�þ��g��G�
�§�g��â, G��§��g'TG��§�
¹�N�5�þ��p�gp��. ~X, Ï~¤
`� Murnaghan �§�¹
N�5�þ�"�Ú
��Øå�ê�"Ø� B0 Ú B1, TG��§�¹
�N�5�þ��p�g B1 ���, ¤±·�¡
T�§��� Murnaghan �§ (P� 2-Murnaghan).
Ón, Birch-Murnaghan �§���¹ B0 Ú B1, ¢
SþAT´����� Birch �§ (P� 2-Birch).

ã 3 ØÓïÄö���¿§e Ce � γ � P -V Ø �9æ
^ØÓG��§�[Ü(J

Xã 3 ¥¤«, ·�©Oæ^
 2-Murnaghan,
3-Murnaghan, 2-Birch Ú 3-Birch, 3-Xu �§, ±9 2-
Vinet �§é¿§e Ce � γ � P -V Ø �?1

[Ü. 2-Murnaghan Ú 3-Murnaghan[14−16] �L�
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ª�

P =
B0

m

[(
V0

V

)m

− 1
]

, (2)

P =
2B0

m

[(
V0

V

)mn

− 1
]

×
[
(n − 1)

(
V0

V

)mn

+ (n + 1)
]−1

, (3)

Ù¥ V0 �"ØNÈ, ëê m Ú n �N�5�þ B

�"�!��Ú���ê"Ø� B0, B1 Ú B2 �
'X�

m = B1, n =
[
1 − 2B0B2

B2
1

] 1
2

. (4)

N � Birch �§ [16−18] �

P

B0
=

3
2

( V

V0

)− 5
3

N∑
i=1

bi

[(
V

V0

)− 2
3

− 1

]i

, (5)

XJ N = 1, K
b1 = 1. (6)

ù�G��§��¹ B0, Ïd (5) ª��� Birch
�§. XJ N = 2, Ø
� (6) ª�Ó� B1 �	, �
k1��

b2 = (3/4) (B1 − 4) , (7)

ù�, G��§�¹ B0 Ú B1, (5) ª��� Birch
� §, = Ï ~ ¤ ` � Birch-Murnaghan � §. X
J N = 3, Ø
� (6) Ú (7) ª�Ó� B1 Ú B2

�	, �k1n�

b3 =
1
24

[143 + 9(B1 − 7)B1 + 9B0B2] , (8)

ù�, G��§�¹
 B0, B1 Ú B2, (5) ªC�n
� Birch �§.

1976 c, MLS [19] JÑ�«#�p��§G
��§, XJ��n�, TG��§�/ª�

ln
V

V0
=k1 ln

(
1 +

P

P0

)
+

k2

P0

[
1 −

(
1 +

P

P0

)−1
]

+
k3

P0

[
1 −

(
1 +

P

P0

)−2
]

, (9)

^ 3-Xu L«. Ù¥, G��§ëê ki (i = 1, 2, 3)
Ú P0 �d±e'X��

k =
3∑

i=1

ki

(P + P0)i
, B =

1
k

. (10)

éu γ-Ce, P0 = 13.84, k1 = 113.96, k2 = −3140.8,
k3 = 21766.

1986 c, Vinet � [20−22] JÑ
��Ê·G�
�§, �¡ Vinet �§, /ª�

lnH = ln B0 + η(1 − x), (11)

Ù¥
x3 =

V

V0
, (12)

H =
Px2

3(1 − x)
, (13)

η =
3
2
(B1 − 1). (14)

duT�§�¹
 B1, ¤± Vinet �§´����
�§.

é u γ-Ce, | ^ (1) ª [ Ü � � � B0, B1

Ú B2 ÏL (4), (6)—(8), (10) ±9 (12)—(14) ª,
�±O�����ëê, ?�ÑG��§. dã 3
�±wÑ, P 6 0.3 GPa �, �«G��§���
êâ:�¢�êâÎÜ�'�Ð, P > 0.3 GPa �
«�, �«G��§���êâ:�¢�:Ñy
 �. Ù¥, 3-Murnaghan Ú 3-Xu �§é γ-Ce �
·Ü. ùü��§�¢�:� �3�±�É��
�S.  2-Murnaghan �§!2-Birch �§!3-Birch
±9 Vinet �§¿Ø·Ü γ-Ce. �
�²(ù�*
:, ·�qÏL��G��§��N�5�þ B �
Øå P �Cz'X. �â�§^�e

B = −V
dP

dV
, (15)

d�G��§��� P -V 'X�±�� B-P '
X, Xã 4 ¤«. �±w�, 3-Murnaghan Ú 3-Xu
�§L«
�(� B-P 'X, Ù¦A��§L«
� B-P 'X l¢���, ù´ù
�§ØU�
(£ã γ-Ce �pØG�����Ï.

ã 4 N�5�þ B �Øå P �Cz
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N�5�þ B = ρ

[
V 2

L − 4
3
V 2

T

]
, ρ ��Ý, VL,

VT ©O�pÅÅ�ÚîÅÅ�, γ-Ce � VT �Ø
åO\ÑkO\ [10], ¤± γ-Ce ÑyN�5�þ
�^zy�¢Sþ´ ρV 2

L (=pÅ(f�) �^
z. dã 4 �±²wwÑ, �'uÙ¦G��§�
�� B-P , d 3-Murnaghan Ú 3-Xu G��§��
�(J��(¢����C. � 2-Murnaghan �
§!2-Birch �§±9 2-Vinet �§�N�5�þ B

�ØåO\O\�¯,  3-Birch �§LyÑL
Ý�^z, �¢���ØÎ. ¤±�é γ-Ce pÅ(
f�^zù�y�, �k 3-Murnaghan �§� 3-Xu
�§´·^�.

4 ( Ø

|^�ÚÑ X ��û�¢���� P -V êâ,

(Ü Decremps æ^�(ÿþ�{���N�5�
þêâ, ïÄ
 γ-Ce pÅ(f��^z (=N�
5�þ^z) y�, ¿æ^ØÓ�G��§éÙ?
1£ã. ¢�(J9©ÛL², ~^�A«G��
§, X 2-Murnaghan, 3-Murnaghan, 2-Birch, 3-Birch,
3-Xu ±9 2-Vinet ¥, �k 3-Murnaghan �§ (=L
�Ï~¤`��� Murnaghan �§) Ú 3-Xu �§
�·^u γ-Ce.

�,O�L² NaCl �±�±ûÐ�·YØ5
� [23], �·��´F"3·��¢�¥, �±}Á
íNDØ0�. dupØíNµC��ÿ�Ò ,
Ce �¬qLyÑr��zÆ¹5, $§íN��
µCvk¤õ. ·�F"�±3±��¢�¥'�
ØÓDØ0�é¢�(J�K�.

a��®ÓÚË�C�pØ¢�Õ4µ!�UÌ�Ç

ÚoòS!o¡ÀïÄ
3¢�¥��Ï.
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high pressure and equation of state of γ-Ce∗
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Abstract
Angle dispersive X-ray diffraction measurements of γ-Ce are performed in a diamond anvil cell under up to 0.74 GPa at room

temperature. The accurate high pressure bulk modulus data obtained from ultrasonic measurements are used to calculate the parameters
of various equations of states (EOSs). We find that the three order Murnaghan EOS and three order Xu EOS are fitted best to the
relationships of the pressure vs. volume and the pressure vs. bulk modulus for γ-Ce.

Keywords: γ-Ce, equation of state, X-ray diffraction

PACS: 64.30.Ef, 07.35.+k

* Project supported by the Science and Technology Foundation of China Academy of Engineering Physics (Grant No. 2008A0101001) and the
National Natural Science Foundation of China (Grant No. 10874158).

† E-mail: biyan cn@yahoo.com.cn

116401-5


