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(�O��>f5�©ÛL², ÄuAÏ�©f(�, %N�(�¥Ñy
C/� sp3 ,z/ª. ù¦� hcp-C3

%N�(�¥åÆA5äk²w����65. åÆ5�O�L², ÷X [0001] ¬�, %N�(���5�þ�

� 1033 GPa,|.rÝ�� 124.17 GPa,|ØrÝ�� 381.83 GPa,÷ [21̄1̄0] ¬��|ØrÝ��
 458.34 GPa,l
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1 Ú ó

õc±5, %Ó�É/Nduäk�©`D

�åÆ5���
2��ïÄ. du%��A

Ï��f;�üÙ, %Ó�É/N¥U
Ñy sp,

sp2, sp3 �;�,z/ª [1], ¦%Ó�É/NU


Ð«`D�åÆA5, ¿¦�õêäk4�å

Æ5��á�Ñ8¥u%Ó�É/N¥. 3B

�á�+�, %B�+äk 75—135 GPa�|.

rÝ.[2,3], �$Lá�äk 130 GPa�.�rÝ

Ú�L 1000 GPa�¼�þ.[4,5], ´��>F�

���Ì�ÿÀá�. 3Ná�+�, %Ó�É

/NÓ�w«Ù`É�åÆA5. 7f���

<�¤Ù��%Ó�É/N, äk 420—490 GPa

� | Ø r Ý [6,7], 220 GPa� | . r Ý [7−10],

100 GPa± þ � M Ý � å Æ 5 �.[8,11,12], Ï 

�À�pr9pMá��I�. 8�%á�ä

k 727 GPa� | Ø r Ý.[13], 130 GPa� | . r

Ý.[8,13], ±9 152 GPa�MÝ5� [8], ÙÃõå

Æ5��C$��L7f�. %± bct-C4(��3

�, ÙN�þ���7f�aq� 428 GPa[14], w

«Ù�7f���C�`DMÝA5. ± C2/m �

m+�3� M .%Ó�äk 428—431 GPa�N�

þ [14,15], ¿Ð«ÙÑÚ�åÆA5.

¦+ù�, ïÄ<
E,3Ïéäk`DåÆ

5��#.%Ó�É/Ná�. ùp, �
?�Ú

©Û%Ó�É/N�åÆA5, ·�©Û
�«#

.�%Ó�É/N —– %N�(��¬N(��

åÆ5�. N�á�´�«äk8�/ hcp-C3(

��%á� [16], 8cù«á�Æ5��ïÄ�©

D�. ·�ò¦^1�5�n, ©ÛN�á��¬

N(�9>f(�, ¿3dÄ:þ©ÛN���5

5��rÝ5�. �©ó�òr?#.%Ó�É/

N�ïÄ, ¿�prÝá�+��'ïÄJø�«

#�ÿÀá�.

2 O��{

·�¦^ CASTEP � VASP ü«^�O�


 hcp-C3N�á��¬N(��>f5�. O�

¥, æ^Xã 1(a)� (b) ¤« 12 �f��N¬�.

�¦^ CASTEP^��, æ^�Åð�³ [17,18],

¦^2ÂFÝCq�{ (GGA) � PBE �Ý¼ê

L«���'U [19], ¿3Ùp�«�7 Gamma

:�� 7 × 7 × 10 K : [20] ?1O�, ��Uþ

�ä�� 600 eV, (�`z���UþØ��
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u 10−5 eV ��. �éu CASTEP^��, VASP

^���N´O�á��©Å��Ý�5�. 3

¦^ VASP ^��5O�N�(��>f5��,

æ^ÝKM\²¡Å PAW �{, ¦^2ÂFÝC

q�{� PBE�Ý¼êL«���'U, 3Ùp�

«�7 Gamma:�� 16×16×12 K :?1O�,

��Uþ�ä�� 500 eV,(�`z���UþØ

��u 10−5 eV ��.

ã 1 hcp-C3%N�á��(�ã, O��æ^��¹ 12 ��f��N¬�, Ù:Àã� (a), áNã� (b). hcp-C3%N���

d8�¬�L« (c) :Àã (d) áNã, �{ü��) 6 ��f

?�Ú�, ¦^ CASTEP^��O� hcp-C3

N�á��åÆ5�. O�á���5Ý
�,

UCn�¬��¬�~ê, ¦Ù©O�)ACÝ


¥ 6 �ÕáAC©þ. �½¬�~ê, ¿µþ

¬�S��f, ?1gUO�, ¼�z�«AC

e¬�S¤�)����þ�Aå©þ, |^ú

ª Cij = ∆σik/∆εkj, i, j, k = 1, 6, ¦)á��f

ÝÝ
. ù«�{��^uO�LÝ7á�zÔ

�á���55� [21]. á��¼�þ¦^ú

ª Ei =
σii

εii

=
6∑

i,j=1

CijSij

Sii

, i, j = 1–6[22] ��lf

ÝÝ
¦)��.

O�á��rÝ�, |^1�5�n�{O�

á��AåAC�.[8,10,12] , ¿lAåAC'X

�¥J�4�:, ��á��|.½ö|ØrÝ.

äN�O��{�: ÷X�½���, X%N�(

�� [0001] ¬�ÅìO\¬�~ê, ¦Ù�)�

½�÷X [0001] ¬��AC, Ó���µþÙ¦�

��¬�~ê!/G�¤k�f� �, ��R�

u [0001] ¬�þ�Aå±9�f¤«É�AåÑ

�u 0.1 GPa�Ê�O�. ,�, JÑ [0001]¬�þ

�Aå, ±9éA�AC, ±�AåAC�, �½

á��|.½ö|ØrÝ.

3 O�(J�?Ø

Ä k, · � © Û N � á � � ¬ N ( �. 3

ã 1 ¥�Ñ
N�á�(�«¿ã. �±wÑ,

hcp-C3N�(�äk P63/mmc �mé¡5, ±

ã 1(c) � (d) ¤«8��IXÚL«�, ¬�~

ê� a = b = 4.405 Å, c = 2.501 Å, �{¬�S

� 6 ��f�±d � (0.552,0.104,0.250)ÏL�

mé¡'XC�¼�. lã 1 ¥�±wÑ, ù«

%Ó�É/Näk�©AÏ��m(�, %�f

�e±aqu8�(/�/ªü�, ¥mÑy�
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Y(�, Ïd, ù«(���Ý�é�$, Ù�Ý

� 2.8488 g/cm3, $u7f� 20%�m. NX¥, ¤

k�fÑ�±��%�f/¤
 4 �zÆ�, ù


zÆ�©�ü|, �|zÆ�÷ [0001] ¬�ÿ

Ð, Ù��� 1.513Å, Ñ�u7f�¥ sp3 ��

� 1.554Å.[23] ½ 1.526[7], ±9 bct-C4¥�%%�

��� 1.562Å.[14], ,�|3 (0001)²¡SÿÐ,

��� 1.4899Å, Ù��Ñ�u bct-C4¥���

á�%%���� 1.506Å[14], ¿²w�u7f�

¥�%%��. Ó�, ÷ [0001] ¬���ü��n

�%�f�m�%%��� 114.95◦, Ñpu7f

�¥sp3���� 109◦, 3 (0001)²¡S���

� 60◦, «OuÙ¦%Ó�É/N.
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ã 2 hcp-C3N�(��o��Ýã (J��¦^ VASP ^��

O��(J, ¢��¦^ CASTEP^��O��(J)

,�, ·�O�
 hcp-C3N�(����

Ý, ¿ L « 3 ã 2 � ã 3 ¥, ã 2 � Ñ � ´ ¦

^ CASTEPÚ VASP ü«^�O���� hcp-C3

N�(��o��Ýã, �±wÑ, ¦^ü«^�

O����Ýã, 3¤�U?�eéÐ�Ü. O

���� hcp-C3N���Y� 2.3 eV,w«ý�N

A5. 3¤�U?±e, ��ÝÌ�©Ù3 −25—

16.7 eV,−16.2—0 eV ü�Uþ��S. dã 3 ¥¦

^ VASP ^��O��©Å��Ýã�±wÑ, 3

�$�Uþ��þ, %� s ;��>fkX�õ�

©Ù,  p ;�©Ù��. Uþ�p���, C � s

>f©Ù��,  p ;�©Ù²w�õ. �Nþ,

hcp-C3N�¥�>fw« sp3 ,z, �´ù«,z

/ª�«Ou7f�� bct-C4N�(�¥�;�

,z�ª [14], ��«C.�sp3,z.

?�Ú�, ·�©Û

 hcp-C3(��åÆ

5�. Äk, ·�O�
N�(��fÝÝ
,

� C11 = 587.63 GPa,C12 = 192.78 GPa,C13 =

64.01 GPa,C22 = 579.23 GPa,C23 = 66.52 GPa,

C33 = 1030.46 GPa, C44 = C55 = 374.59 GPa,

C66 = 195.44 GPa,ùp� 1 ��éAu [01̄10] ¬

�, 2 ��éAu [21̄1̄0] ��, 3 ��éAu [0001]

��. �±wÑ, N�(�� C11, C22 þ� 600

±S, Ø´�©âÑ. �´Ù C33 � 1033 GPa,�

C7f� 1212.47 GPa���fÝXê [13], �

u á � � z ' � 811—920 GPa� � � f Ý X

ê [24].  Ï L f Ý Ý 
 ¦ ) � N � ( � � 

¼�þ� E1 = 521.75 GPa,E2 = 513.96 GPa,

E3 = 1019.47 GPa,Ù�p¼�þÓ�puá�

�z' 847—923 GPa��Aê� [24]. ù`² hcp-

C3 N�(�äk`D��55�, �ù«5�ä

k²w����65.
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ã 4 hcp-C3N � á � � 3 ü ¶ 1 Ö e � A å A C  �,

÷ [0001] ¬ � N � á � � | Ø r Ý � 122 GPa,| Ø r Ý

� 381.83 GPa,÷ [21̄1̄0] ¬��|ØrÝ� 458.34 GPa,w«û

Ð�åÆA5
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ã 4 �Ñ
N�á�÷ [01̄10] , [21̄1̄0], [0001]

¬�.�9ü¶Ø L§�AåAC�. dd

AåAC��±wÑ, N�á��rÝ5�Ó

�äk²w����65. ÷X [0001] ¬�, N�

�|.rÝ��
 124.17 GPa,�B�+�|.r

Ý��C; |ØrÝ��
 381.83 GPa,Ó���

ê|ØrÝpu 300 GPa�prÝá�. ��A

Ï�y�´÷X [21̄1̄0] ¬�, N�á��|ØrÝ

��
 458.34 GPa,�nØý��7f��|Ør

Ý 420—545 GPa[6,7,13] �©�C. w«
N�á�

`D�rÝ5�.

4 ( Ø

o �, hcp-C3N � á � ´ � « p r Ý � %

Ó�É/NNá�, Ùäkn��m+, 3%�

f S � ) C z �sp3, z. ù ¦ � hcp-C3 N �

á�äk`D�åÆ5�, �)��fÝXê

� C33 = 1033 GPa,¼�þ E3 = 1030 GPa,

��|.rÝ� 124.17 GPa,±9��Ø rÝ

� 458.34 GPa. hcp-C3N�á��±��#.pr

á�2�A^.
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Abstract

For developing novel high strength materials, we study the crystal structures, electronic properties and mechanical properties of

hcp-C3 carbon bulk rings based on the first principles method. Electronic structure analysis shows that the viable sp3 hybridization

appears in this carbon allotrope. It caused the mechanical properties of the carbon bulk ring to exhibit strong orientation dependence.

Along the [0001] orientation, the carbon bulk ring demonstrates an elastic modulus of 1033 GPa, a Tensile strength of 124.17 GPa, and

a compressive strength of 381.83 GPa. Furthermore, along the [21̄1̄0] orientation, the compressive strength reaches 458.34 GPa,which

shows the excellent mechanical properties of hcp-C3 carbonbulk rings.
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