
1 29 ò Or

2005 c 12 �

p U Ô n � Ø Ô n
HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS

Vol. 29, Supp.

Dec., 2005

C70 B�/æ����pØ�CïÄ *

��
1

4XX
1;1)

4�3
1

û��
1

�²1
1

q2X
1

oz
2

ÛÂÞ
2

oòS
2

4µ
2

B.Sundqvist
3

1 (3��Æ�Má�I[:¢�¿ �S 130012)

2 (¥I�Æ�pUÔnïÄ¤ �® 100049)

3 (Department of Experimental Physics, Ume̊aUniversity, 90187 Ume̊a, Sweden)

Á� ÏLMJ�u{¼�
O��C70B�/æ���G¬N, �»�∼500nm, �Ý�∼10µm, ¥8

��æ (hcp)(�. |^7f�éºÿ (DAC)pØC�, æ^ÓÚË�UþÚÑX1UþÚÑû��{

(EDXD)ÚpØ.ù1Ì, ïÄ
ØåéC70B�/æ���(��K�, ¢�¥�pØå�26.1GPa.

(JL², 3O·YØ^�e, 323.3—26.1GPaØå��S, hcp(��C70B�/æ���u)
d

hcp(���¬z��C, �CØå'Ná�p�5GPa, T�C´Ø�_�C, �T�C´duC70

3pØe<G(��»�¤���.

'�c C70 B�/æ��� ÓÚË�X1û� .ù1Ì pØ �C �¬z

1 Úó

C60, C70 �LVL (fullerene)´%3g,.¥Ø


�$Ú7f��	�13«Ô�/�
[1, 2]

. duÙ

AÏ�<G(�9Ù3pØe´L�(�CzA5,

LVL�pØïÄÚå
�Æ.4�'5
[3—10]

. ®

k�ïÄó�L², C60 �pØ(��C�~´L,

Ù3ØÓ�Øå§Ý^�e¥yõ«ØÓ�(�.

Duclos�ÄguyC60 3¿§16.0GPa�u)
�Ã

S� (disordered phase)�=C
[5]

; Núňez-Regueiro�

<uy3p§^�e, �Øå�L20GPa�Ü©C60

=C�õ¬7f�
[6, 7]

. Blank�<uy3p§!Ø

å317—34GPa ���C60 =C�'7f��M�

�
[8]

. �éuC60 �pØïÄ, C70 pØ�¡�ó��

�. �$Øåe, Maksimov�ÚSood�©Ouy3

5.5GPa�hcp��C70 u)������'����

C, C70 E�±<G(�
[9, 10]

. �pØåe, Wasa�

ÏLRamanÌ�ïÄ, uyhcp��C70 318GPa�

Øåeu)
�¬z�C, T�¬z�C3Øå�u

35GPa�´�_�C, 3Øå�u35GPa�´Ø�_

�
[11]

. 8c, éC70 �pØïÄÌ�8¥uNá�þ,

éB�ºÝ�C70 ¬N, AO´O���C70 B�¬N

�pØïÄ�����.

�©ÏLMJ�u{Ü¤
C70 B�/æ���,

|^ÓÚË�X1UþÚÑû��{Ú.ùÑ�1

Ì�{pØe3 ïÄ
C70 B�/æ����(�

�C.

2 ¢�

¢�¥¤^��¬´ÏLC70(Alfaúi, XÝ�

u99%)M��u{���
[12]

. |^7f�éºÿp

ØC�3 ïÄ
3¿§eC70 B�/æ����Ø

å�Cz. 7f�Øÿ�ÿ¡���500µm, µ=á

��T301ØCg, ²ýØ�}Ñ�»�120µm��

¬¿. ^`U!¯UÚY�NÈ'�16:3:1�·ÜM

���DØ0�, ù����ØIÔ�, �âù��

�F1¸R1 ¸ �Øå� £O�Ønp�Øå.
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æ^ÓÚË�X1UþÚÑû��{ïÄ
C70

B�/æ����¬N(��Øå�Cz, ¢�¥¤

����pØå�26.1GPa. T¢�´3¥I�Æ�

pUÔnïÄ¤ÓÚË�¿ (BSRF)�ÓÚË�X1

þ?1�, 1����20µm×30µm, pØ¢�¥

2θ À��13.5◦. ��¢�L§¥;U�>fUþ�

2.199GeV, >6rÝ�110—55mA.

æ^.ù1ÌïÄ
ØåéC70 B�/æ���

�¬��Ä�K�, ¢�¥�pØå�26.1GPa. ¢

�¥|^ inVia Renishaw.ù1Ì¤, -uÅ��

514.5nmÚ830nm.

3 ¢�(JÚ?Ø

ã 1 ¥ (A) � Ñ 
 ; . � ¬ × £ > f w � º

(SEM)ì¡. lTã�±wÑ, C70 ¬N¥yB�/æ

���G(�, z�C70 ���»��∼500nm, �Ý

�3∼ 10µm. aq/G�C70¬N�Ü¤�����.

ã 1 C70B �/æ � � � � SEM ì ¡(A); ~ Ø

e C70B�/æ����.ùÌã(B)Ú~Øe

C70B�/æ����EDXDÌ(C)(2θ = 13◦)

·�|^.ù1ÌïÄ
�¬�(�, �ã1(B),

lã¥�*	�)1567cm−1 Ì¸3S�õ��Ä�

ª. ²��©C70 ®"���.ù1Ì�'�, ù´;

.�C70 ©f�.ù1Ì, C70 �D5h é¡5©f, ä

k8Ag1+10Eg2+15Eg1 �33�.ù�Ä, Ù¥Ì¸

1567cm−1 éAXC70 ©f¥8��þ�%�f��

��Ä�ª. dd, ·�íä¤Ü¤��¬´C70 B

�/æ���.

�
?�Ú(@�¬�(�, ·�|^ÓÚË

�X1UþÚÑû��{ïÄ
§�¬N(�. ã

1(C)�Ñ
~ØeC70 B�/æ����UþÚÑX

û�Ì (2θ = 13◦). duû�¢�¥, ¬¡må�

�, ÉÓÚË�¢�^����, EDXDÌ¥��


û�¸U\3�å, Ïd·�éEDXDû�Ì?1


Gaussian[Ü. [Ü��ÌãXã¤«, �±uy

Uþ��38—20keVd5 �û�¸|¤, Ù¥ u

8.7keV�m (IP�“F”)�¸duØ��Ý�Cz

u)£Ä, �@½�F1¸; Ù¦4�û�¸ÏLO�

�géA�d�©O��@�hcp(��C70 ¬N�

(110)!(103)!(112)Ú (114)û�¸. ¤±, (@C70

B�/æ���´hcp(��C70 ¬N.

ã 2 ¿ § O · Y Ø ^ � e, Ø Ó Ø å e C70B

�/æ����EDXDÌ(2θ = 13.5◦)

·�?ïÄ
ØåéC70 B�/æ���¬N

(��K�. ã2´3\ØL§¥, ØÓ·YØåe

C70 B�/æ����EDXDÌ. Ìã¥, $U«�F

1¸, Ø�Øå£Ä; û�¸þ�Øå�,p�

pUþ��£Ä, =�d�C����£Ä, L²�¬

�Ø . lã¥�±wÑ, 30—23.3GPaØå��S,
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�¬�û�Ìkü��±©E�û�¸, ©O�@

�hcp(�C70 � (112)Ú (114). �Øå��23.3GPa

�, (112)û�¸²wCf, (114)û�¸u)°z, �

Øå��26.1GPa�, (112)û�¸��, Ó�vk#

�û�¸�Ñy, ·�©ÛTy��UéAXd¬N

��¬Nu)
=C.

ã3 ¤«��Ø�ØÓØåe�¬�EDXDÌ

ã. é'ã2, �±wÑ, �XØå�Åìü$, $��

Øå¡E�~Ø�, �¬�EDXDÌE,Ú�pØå

26.1GPa��Ìã�C, `²3�ØL§¥��~Ø,

�¬E,�±pØ�(�, ù?�ÚL²3Øå��

^e�¬
�Uu)�¬z�C, �T�C�Ø�

_�C.

ã 3 �Ø�C70B�/æ���ØÓØåe�EDXDÌ

�
?�Úy¢C70 B�/æ����¬u)�

¬z�y�, Ó�©Û�¬z�)�Ôn�Ï, ·�

qïÄ
ØÓØå�^��¬�.ù1Ì. ã4 ¥

“survived from 23.0GPa”¤«�l23.0GPaØå�Ø

���¬�.ù1Ì. T.ù1ÌE,LyÑ��©

C70 �¬���.ù�Ä, `²=¦Øå��23.0GPa

�, C70 B�/æ���E,�±�5�<G(�, ù

�c¡�EDXD�¢�¥¤uy�323.0GPa �E

�±hcp(��(J�¬Ü. ã4¥“transformed”¤

«�þã26.1GPa�Ø��¬�.ù1Ì (-uÅ�

830nm). �\Øc�¬�.ù1Ì�', Ì¥®²Ø

�3C70 �.ù�Ä�ª, Ly�;.��¬%�

.ù�ÄA�, `²�¬3pØ�^eC70 �<G(

�®²�»�, /¤
�¬%. ù�(Jy²
�

¬(¢3pØeu)
�¬z�C, Ó�`²Ù�¬

z�Ì��Ï´duC70 ©f3pØe<G(��»

�E¤�.

ã 4 ØÓØå�Ø��¬�.ù1Ì

ÏLþ¡�.ù1Ì¢�, Ó�(Ü3 pØ

EDXD�¢�êâ, ·�ä½hcp(��C70 B�/æ

���323.3—26.1GPaØå��u)
Ø�_��

¬z�C. c<|^�·�¢�¥�Ó�DØ0�,

éhcp(��C70 Ná��pØe.ù1ÌïÄuy,

Ná��C70 3��18GPa=C��¬. ���',

·�¤ïÄ�hcp(��C70 B�/æ�����¬

z�CØå'Ná���CØåp�5GPa, ù�U

´B�á��º��A�(J. ù«�X¬âº�C

��CØåO\�y�3Ù§B�á�, XB�¬

ZnO!ZnS¥�uyL, þ@�´dº��A¤�.

4 (Ø

ÏLþã¢��Ñ±eA:(Ø: ÏLMJ�u

{¤õ¼�C70 B�/æ����¬, �»�∼500nm,

�Ý�3∼ 10µm, .ù1ÌÚEDXDÌL²Ù�hcp

¬N(�. 3O·YØ^�e, 323.3—26.1GPaØå

��S, hcp(��C70 B�/æ���u)
dhcp

(���¬z��C, �CØå'Ná�p�5GPa,

T�C´Ø�_�C. .ù1ÌïÄL², T�¬z

�C´duC70 3pØe<G(��»�¤���.
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7 Núňez-Regueiro M, Abello L, Lucazeau G et al. Phys. Rev.,

1992, B46: 9903

8 Blank V, Popov M, Buga S et al. Phys. Lett., 1994, A188:

281

9 Maksimov A A, Meletov K P, Osip’yan Yu A et al. JETP

Lett., 1993, 57: 816

10 Sood A K, Chandrabhas N, Muthu D V S et al. Philos.



Or ���µC70 B�/æ����pØ�CïÄ 115

Mag., 1994, B70: 347

11 Wasa S, Suito K, Kobayashi M et al. Solid State Commu-

nications, 2000, 114: 209

12 WANG Lin, LIU Bing-Bing, LIU De-Di et al. to be pub-

lished

High Pressure Studies of Nano/Sub-Micrometer C70 Rods *
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Abstract We have successfully synthesized C70 rods in nano/sub-micrometers scale by evaporating solvent method.

The diameter of the as grown C70 rods is ∼500 nm, and the length is ∼10µm. The EDXD pattern and Raman

spectroscopy for as -grown sample indicate that the as grown C70 rod is in hcp structure. The pressure-induced

structural phase transition has been studied by using DAC combined with EDXD and Raman spectroscopy methods

under quasi-hydrostatic pressure up to 26.1GPa. It is found that hcp structure transforms into amorphous phase for

C70 rods in the pressure range from 23.3 to 26.1GPa, which is higher than the transformation pressure for bulk C70

crystals. The phase transition is irreversible and it is induced by the collapse of C70 cage.

Key words C70 rods in, nano/sub-micrometer size, synchrotron radiation X-ray diffraction, Raman spectrum, high

pressure, phase transformation, amorphous
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