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�©æ^1�5�n�{, ©Û
 bct-C4 %á��åÆ5�, cÙ´|ØrÝ5�, ¿3ïÄ¥©Û
3Ø 
L§¥ bct-C4 %����Ø AC�Cz5Æ. O�(JL², bct-C4 %á�Ø=äk`D��55�ÚMÝ5�,

�äk`D�rÝA5, Ù÷ [100] ¬��|ØrÝpu7f� 6.9%. �©�ó�L², bct-C4 %´�«prÝ�
%Ó�É/N, �±^uØ �)7f�3S��«Ô�, ¿�^uïÄÔ�3pØe�(�Cz±9å!>Æ�
5�. Ó�, ����~, �©ïÄÓ��±�ÏéåÆ5���7f��Ô�Jøëì.

'�c: 1�5�n, åÆ5�, bct-C4 %

PACS: 31.15.es, 62.20.de, 62.20.D–

1 Ú ó

Cc5, bct-C4 (body-centered tetragonal) %á
�duÙ sp3 ��p�^Ú`D�åÆ5���

2��'5. 1998 c, Peter �<¦^1�5�
n�{ý�
 bct-C4 %��3, ¿©Û
ù«%
Ó�É/N�(��>f5� [1]. 2005 c, Omata

�¦^©fÄåÆ�{ïÄuy3 (10, 10) B�
+þ�\ 20 GPa �AåU
¦Ù=C� bct-C4

%á� [2], �éù«#.�á�5�¿vk�
�'5. �� 2010 c, Umemoto �<Äu1�5
�nïÄuy, bct-C4 %3�°�Øå�� (0—

95 GPa) eÄåÆ½, ¿�3 18.6 GPa e'�
$�\½ [3]. TïÄÓ�uy, bct-C4 á��
N�þ�� 428.7 GPa[3], �©�Cu7f��N
�þ 446—468 GPa. ù3�½§Ýþ`²
 bct-

C4 á��MÝ5��Cu8c@��M�U,
Ô� —— 7f�. �5�ïÄuy, bct-C4 á�

�MÝ�� 88 GPa[4], ®²�Cu7f� 97 GPa

�MÝ [5]. Ó�, ïÄ¥�uy, bct-C4 %á�
����5~ê� C33 � 1161 � 1189.6 GPa[4,6],

�Cu7f� 1208 GPa �ê� [7]. Ù��.�
rÝ�� 130.4 GPa[4], �8�%á� 130 GPa �
|.rÝ�©�C [7]. bct-C4 %���}�r
Ý� 108.6 GPa, pu7f��}�rÝ 92.5 GPa

� 17%. ù`²
 bct-C4 %äk`D�åÆ5�.

Ó�, ·��5¿�, aqu M- % [8], W- % [9]

�#.%Ó�É/N, bct-C4 %Ó��±3eØ^
�ed�$=C¤ [3]. Ïd, bct-C4 %�åÆ5
��ïÄ, éu M- % [8], W- % [9] �eØ^�e�
3�%Ó�É/N�5�ïÄ, ±9éu©ÛpØ
eÔ��åÆ5�äk�¿Â. 'X, ±�¹�
<�ïÄÒL², p}�rÝ bct-C4 ���3�U
´eØ�$U
y�7f���Ï. ù´eØ^�
epØ�åÆ5�3¢�¥����A^. 3ù
p, ·�?�Úæ^1�5�n�{ïÄ bct-C4 %
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�ü¶Ø 5�, ¿©Ûü¶|ØrÝ�5. �
©ïÄkÏu�\n)%Ó�É/N�åÆ1�,

¿�Ïé�r�Ô�JønØ|±.

2 O��{

· � ¦ ^ CASTEP þ f z Æ ^ � � O �

 bct-C4 %á��¬N(�!>f5��åÆ5
�. 3O�¥, æ^Xã 1 ¤«�¹k 8 ��f�
o�N¬�. æ^�^ð�³5£ãNX¥�³U
�p�^, ¿æ^ PBE �Ý¼ê92ÂFÝCq�
{ (GGA) L«NX¥����'U [10]. 3�{Ù
p�«, æ^ Monkhorst-Pack �{�� 6×6×10 K

: [11] O�NX�Uþ. O�¥À^
�p�
Â ñ � �, Ù ¥ � � Å ¼ ê � U þ � ä � �
600 eV, N X � ( � ` z � � � U þ Ø � � u
10−5 eV ��.

bct-C4 %á���5Ý
�O��{´, 3
� � � S U C n � bct-C4 % á � n � ¬ � �
¬ � ~ ê, ¦ ¬ � © O � ) é Au � ) n � �
A C Ú n � } � A C � C /. £ ½ ù « C /

( �, � � µ þ ¬ � S � � f   �, � � � f
þ í { � A å � u 0.05eV/� f � Ê � O � ¿
J � ¬ � � A å Ü þ, � n � = � ¼ � N X �
f Ý Ý 
. ù « � { � � u O � L Ý 7 á �
z Ô � á � � � 5 5 � [12]. | ^ f Ý Ý 
,

Ï L ú ª Ei = σii/εii =
6∑

j=1

CijSij/Sii, i, j =

1—6[7] =���lfÝÝ
¦) bct-C4 %á�
�¼�þ.

bct-C4 %�rÝ5���±ÏLO�AåA
C���ªd1�5�n�{O���, äN
�O��{� [5,13,14]: 1) À½��.�½öØ 
¬�, ÅìN�T��þ�¬�~ê, ¦n�¬�
¼��X�÷XT���AC. 2) ÏL�½÷X
T���¬�~ê£½TACê�, ,���µþ
Ù¦�¬�~ê, ¬��Ý, ±9¬�S��f 
�. 3) ��(�`zL§¥ØAC��	, Ù¦¬
���þ�í{Aå�u 0.1 GPa, ¿�¬�S¤
k�f¤«É�Aå�u 0.1 GPa �, Ê�(�`
z. 4) J�O����AC&EÚO�¼�Aå(
J, ±�÷ØÓ¬��Aå - AC�, ?©Û�
n bct-C4 á��rÝA5.

ã 1 bct-C4 �¬N(�ã (a) O��æ^��¹ 8 ��f��N¬� (3©Û bct-C4 %÷X [100] ���|Ø5��, ò÷
X [100] ���zÆ��½�Ì�, 3 (110) ²¡S�zÆ��l� 1, ÷X [010] ¬��zÆ��l� 2); (b) bct-C4 �¬N¥
ü��pR���¡ (3z��¡þ, %�f�ü�/ªaquC/��$L)

3 O�(J�?Ø

Äk, ·�O�
 bct-C4 %á��¬N(�.

Xã 1(a) ¤«, bct-C4 %á�áu I4/MMM �
m+, ·�O��� bct-C4 %á��¬�~ê
� a = b = 4.3899 Å, c = 2.515933 Å, Wyckoff �f
 �� 8h(0.1804, 0.1804, 0), ù�(J�1�5�
n�{O��êâ [3,6,15] �©ÎÜ. ·�©Û bct-

C4 %�¬N(�, 3ã 1(b) ¥·�w�, bct-C4 %
��u�$L(��þC/�R����3�å
|¤�¬N(� [16]. �u�$L4�`D�rÝ
ÚMÝ5�, ù«AÏ(��U¬¦ bct-C4 äk`
D�rÝÚMÝ5�.

�d, ·�©Û bct-C4 %�åÆ5�, Äk,

·�O�
 bct-C4 %á���5Ý
, Ùê�
� C11 = C22 = 903.9 GPa, C33 = 1149.7 GPa,
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C12 = 151.4 GPa, C13 = 40.82 GPa, ÏLfÝÝ

O����¼�þ� E1 = E2 = 877.5 GPa,

E3 = 1146.58 GPa, ù
ê�, �©z¥�êâ
� © � C [4,6]. · � w �, bct-C4 % � � � 
¼�þ E3 = 1146.58 GPa, pu hcp-C3 %��
5 � þ 1019.47 GPa[17], ± 9 I . % �  ¼ �
þ 920.38 GPa[18], �©�Cu7f����¼
�þ 1208 GPa[7], T(J�Ó�`²
 bct-C4 á�
äk`D��5A5.

?�Ú�, ·��æ^1�5�n�{O�

 bct-C4 á��MÝ. O��{ëì©z [19] ��
{?1, du bct-C4 á�¥äkü«%%��, ¬
�Sü«zÆ�êþ'~� 1 : 2 �¬N, Ïd, I
�¦^õ��¬NMÝO�úª5?1O�:

Hv = [(Hv,bond1)(Hv,bond2)2]1/3, (1)

Ù¥, Hv,bondi ´��d��� 1.583 Å�zÆ�,

½öd��� 1.524 Å�zÆ��¤�Ô��MÝ,

Ùê��±¦^úª

Hv.bondi(GPa) = 350
N

2/3
e,bondie

−1.191fi

d2.5
(2)

O��Ñ. ª¥, Ne,bondi ��´z«zÆ�éA�
d>f�Ý, d©z [19], �±ÏLúª

Ne,bond1 = (Zbond1/Nbond1 + Zbond2/Nbond2)

×[4(dbond1)3 + 8(dbond2)3]

/[V × (dbond1)3],

Ne,bond2 = (Zbond1/Nbond1 + Zbond2/Nbond2)

×[4(dbond1)3 + 8(dbond2)3]

/[V × (dbond2)3]

(3)

O���.

ù p Zbond1 Ú Zbond2 © O é A | ¤ � �
� 1.583 Å� z Æ �, ± 9 � � � 1.524 Å� z
Æ��%�f�d>fê, Nbond1 Ú Nbond2 ©
OéA|¤��� 1.524 Å�zÆ�, ±9��
� 1.583 Å�zÆ��%�f�� ê.

zÆ��lfzXê�

fi = 1 − E2
h/E2

g , (4)

Ù¥ Eh � Phillips �Y

Eh = 39.74/d2.5. (5)

L 1 bct-C4 %MÝO�(J

d/Å Eh/eV Eg/eV fi V Neu Hvi/GPa Hv/GPa

1.583 12.6045 13.2 0.088192 44.93486 0.495759 62.60858 81.62567

1.524 13.8601 13.2 –0.10251 44.93486 0.555595 93.20156

|^7f��¤� - ���Y Eg = 13.2 eV,

�\�þãMÝO�úª, =�¼� bct-C4 %�
MÝ5�. äN�O�êâÚMÝO�(J3
L 1 ¥«Ñ. �±wÑ, ·�O���� bct-C4 %
�MÝ� 81.62567 GPa, �Cu©z [4] O��ê
â. Têâ®²�©�C7f� 95—97 GPa �M
Ýê� [5], �y
 bct-C4 %`D�MÝA5. �

�c[/©Û bct-C4 %á��åÆ5�, ·�
O�
 bct-C4 á�3.�ÚØ �¹e�AåA
C�, Xã 2 ¤«. ��é', 7f�÷X�p
|ØrÝ¬� [111] ¬��AåAC�Ó�«
uã 2. �±wÑ, 3²ï¬�~êNC, ¬N÷
X [001] ¬�äk����Ç, ù�c¡O���
��5�þêâ�ÎÜ. ¬NÉ�÷X [001] ¬�

�.��, Ð«ÑéÐ�.�A5, Ù��.�A
CÑy3 24% �, � 131.69 GPa. Tê�� Xu[4],

±9±�¹�< [16] O��(J�©�C, ��
8 � % á � 130.23 GPa � � � | . r Ý Ä �
�Ó [7]. Ó�, ÷X [110] ¬�, bct-C4 á��|.
rÝÓ��U
�� 130.9 GPa, � [001] ¬��
ê�Ä��Ó, ù`²
 bct-C4 á�3õ�¬�
þÓ�äkép�|.rÝ, w«
Ù`D�åÆ
5�.

·�UY©Û bct-C4 á�3Ø �¹e�
AåAC'X. �±wÑ, 3²ï¬�~êNC,

bct-C4 3Ø �, AåAC��Çl����
^S�g´� [001], [100], [110] ¬�. ù(J�
�5�þ�O�(J�ÎÜ. ÷X [001] ¬�Ø
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 �, ¬Né¯Òu)»�, »��4�AC==
�� 22%�m. ùÒ��
¦+3 bct-C4 %á�
� [001] ¬�þäk¬N��p�5�þÚ�p|
.rÝ, �¿vkÓ�Ñy¬N��p|ØrÝ.

�* [100] ¬�, ÷XT¬�, bct-C4 %á��¼
�þ� 877.5 GPa, Ø9 [001] ¬�� 1149.74 GPa,

��XØ AC�ØäO\, AåAC���Ç
ØäO\. Ó�, ÷X [100] ¬�, bct-C4 %�Ø 
4����
 28%. 3ù��Ï�nÜ�^e, bct-

C4 %÷X [100] ¬��|ØrÝ��
 524.3 GPa,

pu¦^Ó��{O����7f��|Ør
Ý 490.0 GPa[20], � 6.9%. ù�ê�, 38c®²
�w�êâ¥, =$u8�%��pü¶|Ør
Ý 723 GPa[7], puÙ¦®�Ô��ü¶|Ør
Ý. ù`² bct-C4 ��%Ó�É/N�±Ø �
)7f�3S�Ù¦Ô�, lïÄÔ�3pØe
�(�Cz, ±9d4pü¶Øå���á�å
Æ!>Æ!1��«Ôn5�Cz. Ó�, bct-C4

%���«äk4pü¶|ØrÝ�%Ó�É/
N, �±�ÏéåÆ5���7f��Ô�Jøë
ì, Ïdäk��nØ¿Â�A^d�. ,��
¡, du bct-C4 %�±3 20 GPa eØed�$=
C¤, �©ó��V«
�$3eØ��, �±
��pFØá�¦^.

ã 2 bct-C4 �3ü¶.�ÚØ ^�1Öe�AåAC
� (Bct-C4 %��p|ØrÝÑy3 [100] ¬�, � 524.3 GPa,

pu7f���|ØrÝ 6.9%)

d	, ·��5¿�, ©z [16] ¥æ^1�5
�n�{O�, ��
 bct-C4 �}�rÝ'7f�
p 17%�O�(J. nÜ©Û±þæ^1�5�n
�{O���� bct-C4 %��5!MÝ!rÝ, ±

9©zþ'u bct-C4 %}�rÝO��(J, ·�
�±w� bct-C4 %�åÆ5��©`É, Ù���
5�þ!MÝ�©�C7f�, ��|ØrÝÚ}
�rÝ�L7f�. ù?�Ú`²
 bct-C4 %��
�«3 0 Øåe½(� [3], Ó��´�«���
nÜåÆ5�U
�'u7f��Ô�.

ã 3 bct-C4 97f�3��Ø ��þ, ���ACCz�
�. Bct-C4 �l�3Ø L§¥���Ø Çpu7f�l
����Ø Ç, ´�� bct-C4 äk'7f��p�ü¶|Ø
rÝ�Ì��Ï (a) bct-C4; (b) 7f�

�©Û bct-C4 %äkp|ØrÝ��Ï, ã 3

�Ñ
÷X [100] ¬�Ø �NXSzÆ���C
z��¹. �
�B«©, 3 bct-C4 %á�¥, ·�
b½÷X [100] ¬��zÆ��Ì�, 3 (110) ²¡
S�zÆ��l� 1, ÷X [010] ¬��zÆ��l
� 2. �±wÑ, 3 bct-C4 (�¥, bct-C4 %�Ì�
��
4��Ø , ´«É1Ö�Ì�zÆ�. T
zÆ�l�©��� 1.583 Å, Ø �
 1.305 Å, Ø
 §Ý��
 15.2%. ù�Ø Ç®²�©�C7
f��÷ [111] ¬�þ»���Ø Ç 15.77%(X
ã 3(b) ¤«). ��, ÷Ø ���Ø Ç5ù, bct-
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C4 �7f��zÆ�Ø §ÝÄ��Ó. bct-C4 ¼
��p|Ø Uå��Ï, �UuÙ¦��þ�
zÆ�. lã 3(a) ¥�±wÑ, l� 1 3Ø L§¥
��l 1.524 ÅØ �
 1.499 Å, ���Ø §Ý
� 1.653%; l� 2 3Ø L§¥��l 1.583 ÅØ
 �
 1.548 Å, ���Ø Ç� 2.13%. ùü«z
Æ��Ø ÇÑpu7f�¥ [111] ¬�Ø ��
«1��zÆ����Ø Ç 1.07%. ��, l��
p�Ø §Ý´�� bct-C4 äk'7f��p�
|ØrÝ�Ì��Ï. ù«prÝ�5�38�
%äk'7f�p 33.4%�|ØrÝ��Ï ——

8�%�l��'7f�U
«É��Ø  [7] �
Ån�©�q.

4 ( Ø

o �, � � � « # . � % Ó � É . N, bct-

C4 Ø=äk�p�¼�þ (1146.58 GPa)!M
Ý (81.62 GPa) Ú|.rÝ (131.69 GPa), �äk4
p�|ØrÝ (524.3 GPa), ´�k�nÜåÆ5
U�7f��©�C�Ô�. 3·��O�¥,

bct-C4 %��p|ØrÝ�� 524.3 GPa, pu7
f� 6.9%. Äuù«rÝ5�, bct-C4 ��%Ó�
É/N�±Ø Ù¦Ô�, $�´7f�, lï
ÄÔ�3pØe�(�9Ôn5��Cz. Ó�,

�©�ïÄÓ�U
�ÏéåÆ5���7f�
�Ô�Jø�/�.
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Abstract

bct-C4 carbon allotrope has been attracted great interest because its excellent mechanical properties. In this paper, we study the

elastic properties and the strength properties of bct-C4 carbon by first-principles method. Our results show that bct-C4 presents a super

uniaxial compressive strength of 524.3GPa, which is 6.9% more than the corresponding value of diamond. The high compressive

strength originates from the high compressive rate of chemical bond deviating from compressive direction. Our work suggests that bct

–C4 carbon can be widely used in the area of high pressure research.
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