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æ^Äu�Ý�¼nØ (density functional theory) Ä:þ�1�5�n�³²¡Å�{, O�ïÄ
 MgS ¬
N B2 �.3ØÓØre�AÛ(�!�55�!>f(�Ú1Æ5�. O�(JL², 3pØ�^e, T(���
�U?k�pU?£Ä�ª³, 
d�U?k�$U?£Ä�ª³. Ó�, éì��Ý©Ùã9pØeU?�£Ä
�¹, ©Û
 MgS B2 �.3pØ�^e�1Æ5�, uypØ�^e, áÂ1Ìu)
²w�7£.

'�c: MgS, 1�5�n�³²¡Å�{, >f(�, pØ

PACS: 71.15.Mb, 71.20.Dg, 71.20.–b, 91.60.Mk

1 Ú ó

~Øe MgS ¬N´�«°�Y��N, �±
^5��põÇ?Úp§e¦^���, ��±�
�7É1!71!b	��õ«u1ì�, CAc
5Úå
¯õÆö2��'5 [1−24]. �TzÜÔ
3pØe¬u)(���C, Ïd,ïÄ MgS ¬N
3pØe��«5�3ÔnÚá�A^��¡Ñ
äk­��d�.

~Øe MgS ¬NÏ~ko«�., = NaCl �
. (B1 �., Fm3m �m+)!CsCl �. (B2 �.,
Pm3m �m+)!ð ¶�. (B3 �., F43m �
m+) ÚY ¶�. (B4 �., P63mc �m+). 3
pØ�^e, ®²uy, B1 �.!B3 �.Ú B4
�.þ¬=C� B2 �. [11,12,24], �´�8c�
�, ���pØe B2 �.�'5��XÚïÄ�
�. �©æ^Äu�Ý�¼nØ (density functional
theory, DFT) Ä:þ�lÞ��³²¡Å�{, �
¡ïÄ
 MgS B2 �.3pØe��55�!>
f5�Ú1Æ5�,ïÄ
pØeáÂ1Ì�Ør

�Cz. ù�ïÄò� MgS �CÅn!pØe1
Ì�¢�ïÄ±9pØeb	ì����Jøn
Ø�â9ë�.

2 O��.Ú�{

3O�À^��.¥, B2 �.�¬�¥©O
¹k 1 � Mg �fÚ S �f (Xã 1 ¤«). �ó
�æ^Äu�Ý�¼nØ�lÞ�²¡Å�³�
{, d�{®¤�ïÄ¬N9ÙL¡��«��
�nØO��{ [25−27]. �� - �'Uæ^2Â
FÝCq (GGA) e� PW91 �¼5£ã [28], >
fÅ¼êÏL²¡ÅÄ|Ðm, �¦þ~�²¡
ÅÄ¥�ê, æ^�^�³ (USPP)[29] 5£ãl
f¢�d>f�m��p�^³. �(�O��
ÝÚv
�°Ý, ²¡ÅÄU�ä�À� 600 eV,
XÚoUþÚ>Ö�Ý3Ùp�«�È©O�¦
^ Monkhorst-Pack[30] �YÀJ k �m��:, Ù
p�« k ¥þ�� 12×12×12, �y
NXUþÚ
�.3O��Äþ�Âñ. �fm��p�^Âñ
IO� 0.1 eV/nm, Uþ�ÂñIO� 5 µeV/atom.
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UþO�þ3�´�m¥?1, �
��°(�O
�(J, é¬�(�?1
`z, 3dÄ:þO�
>f5�!�55�Ú1ÆA5. �5~êÏL
é¬N�¬��\���^å, �)�AAC, l

¦�.

ã 1 MgS B2 �.(�«¿ã

3 (JÚ?Ø

3.1 AAAÛÛÛ(((���ÚÚÚ���555555���

dc·�®²é~Øe MgS � B1, B2, B3
Ú B4 �¬N(�?1
`z, O��3�Ü©�
¹e�é HF, LDA, TBLMTO �Ù¦�{U�Ñ�
Ð�O�(J [24]. �©æ^
kc`zÐ� B2
�. (Ør�"�) ��Z¬N(�ëê (�L 1).
�
n)\Ø� MgS B2 �.¬N�>Ö=£�
¹, ·�O�
 Mulliken >Ö=£. lL 1 ¥N´
uy, Mulliken >Ö�XØr�O�
O�, `²
Ørr¦>fu)
?�Ú�=£. Ó��±w�
�ÙØ�3Åì~�, `²�d5Åì3~f, �
d��lf�=C; �ØrO\� 10 GPa ±þ�,
ÙØ�C¤�u"��5��, `²���Åì�
W¿, (��5�Ø­½.

L 1 MgS B2 (�3pØe�¬�~ê!N��þ!>Ö=£þ!��Ú�ÙØê

Ør/GPa 0 5 10 15 20 25 30

¬�~ê/nm 0.3278 0.3210 0.3157 0.3112 0.3074 0.3041 0.3011

N��þ/GPa 70.27 142.33 237.43 356.38 500.06 669.40 865.30

>Ö=£þ/|e| 0.85 0.88 0.90 0.91 0.92 0.93 0.94

��/nm 0.2839 0.2780 0.2734 0.2695 0.2662 0.2634 0.2608

�ÙØ 0.32 0.10 –0.09 –0.28 –0.47 –0.65 –0.82

ã 2 � B2 �.�Ør-NÈ V (P ) 'X­�,
lã¥�±�Ù/wÑ, �XØr�O�, ¬�~
êÅì~�, dd��NÈ�A~�, ¥yÑ�f
���5Cz, `²dØre MgS B2 �.á��
|ØUå�r, ·Ü3pØeó�; ã 3 £ã
T
á�N��þ�Ør�Cz�¹, ²wwÑØr¦
N��þÅìOr, Czª³�NÈCz²w, `
²pØe B2 �.á�äk�p�MÝÚL:.

ã 2 MgS �NÈ�ØrCz'Xã

ã 3 MgS �N��þ�ØrCz'Xã

l·�O�5w, MgS � B2 �.�á�¬N,
Ïdk 3 �Õá��5~ê, lã 4 ¥�±�Ù/
wÑ 3 ��5~ê3Ør�^e�Cz�¹, =�
5~êþ�XØr�O�
O�, C11 �O�ª³
�' C12 ���
. � C44 k���ª³, �XØ
r�O�
~�, 
�¬dK�C���.
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¯¤±�, á�¬N�2Â­½5IO�

C11 + 2C12 > 0, C44 > 0, C11 − C12 > 0.

dã 4 �±wÑ, B2 �.ÃØ3pØ�´$
Ø�^e, þ÷v C11 + 2C12 > 0, C11 − C12 > 0
ùü�^�, �Ør�$ ($u 30 GPa) �ØU÷
v C44 > 0, �V« MgS ¬N� B2 �.3$Ø
e´�­½�.. �Ør�� 30 GPa ±þ�, ÷
v C44 > 0 �­½^�, `²pØe B2 �.´­
½(�. du MgS ¬N3~ØÚ$Øe B1 �.´
­½�., �`²3���½Øre MgS ¬N¬
u) B1 � B2 �.�=C, �nØïÄ(Ø´�
�� [11,12,24−31]. B1 �.´ MgS �$Ø�, 
 B2
�.´pØ�.

ã 4 MgS B2 �.��5~ê�Ør�Cz'Xã

3.2 >>>fff(((���

éu B2 �., ·�ÀJ'� 5 GPa Ú 50 GPa
e���Ý©ÙÚU�©Ù, Xã 5 Úã 6 ¤«,
�±²wwÑ,Ørl 5 GPa O\� 50 GPa �, �
���Ý©Ùu)
²w�UC.

�Ør� 5 GPa �, ?3Uþ�$ ��d
� (–10— -15 eV) Ì�5g S 3s ;�>f�z, U
��é'�dÄ, w«Ñ s >fäk�r�½�5,
�Ù¦d�S�U?mvk²w��p�^; éu
?3¤�U?e�� 5.0 eV ��S�þd�, Ì�
´ S 3p ;�>f�z. 
 u¤�U?þ����
Ü©K± Mg 2p ¤©�Ì.

�Ør� 50 GPa �, ²w�±wÑ, ����
Ý©ÙO°, ¸pÝk¤eü, d�S>f�$U
?£Ä, Ó�, S � s >fÚ p >f��ÝUþmY
�ØrO�
~�, V« S �f� s Ú p ;�>f

�m�p�^k¤\r; 3¤�U?±þ, �Ør
O�, ��Ý¸²w�pU?£Ä.

	.ØrÚå��Ý©Ù�UC�±n)�,
Ør�5
�õ�>Ö=£, d� á, lfm�
p�^Or, ¦���Ý¸©ÙO°, ¸pÝ²w
~f, d�>f�$U?=£, �S>fm�p�
^Or, ��>f�pU?£Ä.

ã 5 MgS ¬N3ØÓØre�©Å��Ý (¤�U? uU
þ� 0 eV ?)

ã 6 MgS B2 �.3pØe�U�(�ã

3.3 áááÂÂÂ111ÌÌÌ

� � 5 `, � N ÷ * 1Æ� A ¼ ê � ± d
1 � E 0 > ~ þ ε($) = ε1($) + iε2($), ½
E ò � Ç N($) = n($) + iK($) 5 £ ã, Ù
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¥ ε1 = n2 − K2, ε2 = 2nK, |^���[V
Ç�½ÂÚ Krames-Kronig ÚÑ'X, �±í�Ñ
¬N�0>¼êJÜ!¢Ü!��Xê!áÂ
Xê±91>��� [32]. e¡, =?ØÙáÂ
Xê�Ør�Cz. Ù¥áÂXê�O�úª

� α($) =
√

2$
[√

ε2
1($) + ε2

2($) − ε1($)
]1/2

,
ª¥: $ ��ªÇ. áÂXê�O�úª�A
U
?�m>f�[¤�)1Ì�u1Ån, ·�O
�áÂ1Ì�æ^�Ør©O� 10, 20 Ú 30 GPa.
MgS �áÂ1Ì5�´dÙ¬N(�û½�, B2

ã 7 MgS B2 �.3ØÓØre�áÂ1Ì

�. MgS �¬N(�´��Ó5, ¤±, B2 �
. MgS �áÂ1Ì�´��Ó5�. ã 6 �Ñ�
´õ¬ MgS B2 �.�áÂ1Ì.

dã 7 �±wÑ, pØe MgS �áÂ1ÌÌ
�8¥3b	Åã, ��Ør�O�LyÑ7£A
�, ù´dupØ��^¦��U?�pU£Ä

d�U?�$U��£Ä, �¦>f�[��áÂ
�õ�UþâU�¤, ¤±áÂÌÑk�pU��
£Ä (7£) �ª³. �XØr�O�, áÂ¸þk
Or�ª³. MgS �ù«A��^upØeb	1
ì��ï�.

4 ( Ø

æ^Äu DFT Ä:þ�1�5�n�³²¡
Å�{, O�ïÄ
 MgS B2 �.3ØÓØre�
AÛ(�!�55�!>f(�Ú1Æ5��C
z�¹. pØe B2 �.´­½(�, äk�p�M
ÝÚL:. 3pØ�^e, ��U?k�pU?£
Ä�ª³, d�U?Ñk�$U?£Ä�ª³. á
ÂÌ3pØ��^ek7£�ª³.
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First principles study of the elastic, electronic and
optical properties of MgS under pressure
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Abstract

The structural, elastic, electronic and optical properties of MgS B2 crystal under high pressure are studied by accurate first-

principles plane wave pseudo-potential method which is based on the density functional theory. Our results show that the conduction

band of the structure has a shift tendency toward higher energy, and the valence band has a shift tendency toward lower energy under

high pressure. We analyze the optical properties associated with the partial density of states and the shift of energy level under high

pressure. At the same time, the absorption spectrum of the MgS B2 crystal has an evident blue shift.
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