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æ^Äu1�5�n��³²¡Å�{XÚ/O�
 LiBX2 (B = Ga, In; X = S,Se,Te) ¬N�1Æ5��å
Æ5�. dB�°ÝíäÑ¬N|-1�úK����^S� LiGaS2 > LiInS2 > LiGaSe2 > LiInSe2 > LiGaTe2 >

LiInTe2. 8«¬N3~Øeþ÷vÅ�åÆ½5�¦, ��zÜÔ��59òÐ5ru;zÜÔ. ù
¬N�·
�>0>~ê ε1(0)!·�ò�Ç n(0) ÚVò�Ç∆n nØO���¢���Î. LiGaS2, LiInS2, LiGaSe2, LiInSe2

Ú LiGaTe2 Ê«zÜÔVò�Ç�p, ¿�§��áÂÌ���Ì3¥�ù	«´ßL�, Ïd�íäÑùÊ«z
ÜÔ�±¤�`É�¥�ù	��51Æá�.

'�c: �5~ê, 0>~ê, Vò�Ç, ��(�

PACS: 71.15.Mb, 71.20.Nr, 71.22. + I, 71.90. + q

1 Ú ó

LiBX2(B = Ga, In; X = S, Se,Te) ¬ N
´ Isaenko � [1−3] 3 2003 c�mmuÑ��a#
.1Æ¬N. ùa¬N@3þVÔl�c�Ò®
� Boyd!Kuriyama Ú Kamijoh Ü¤¿ïÄL [4−7],

�du��vk��p�þ��¬¬N, Ïdvk
��éÐ�A^. Cc5 Isaenko �|^pXü�
����å©��, æ^ Bridgman-Stockbarger )
�Eâ, ¼�äk�Ð1Æ�þ��º�¬N. d
uùa¬NäkÃõ�`:, X�°��Y; °�
ßLÅã; ·¥�Vò�Ç; p�9�; ��V1f
áÂXê�, ÏdáÚ
.�/��Æ[éùa
¬N?1ïÄ, Ù¥{I, �Ûd, {I, �I�Æ
[éùa¬NïÄ�õ, ISìÀ�Æ>X,��
é LiInS2 ¬N?1
XÚ�ïÄ [8].

3±c�ïÄó�¥·�uy, ùa¬Nþá
u���Y��N, 3Uþ�p�d;�¥, In-5s,

5p (Ga-4s, 4p) ;�� S-3p (Se-4p) ;��3�r
�,z�^, ùa¬NÓ�äklf���d�
5� [9,10]. Li � [11] ïÄuy, �lf3½ù
a¬N�¬N(��¡å���^; Li � [12]

�[©Û
 LiInSe2 �>f(�, 1Æ5�9¬�
�Ä; Kosobutsky � [13] ÏLïÄuy3 LiAlTe2,

LiGaTe2 Ú LiInTe2 n«zÜÔ¥, ;zÔ�1Æ
5���É5�²w, Ïd��·¨����5
1Æì�. ¦+IS	Æöéùa¬N�>f(�
91Æ5�?1
�½§Ý�nØïÄ, �vk<
�[©Ûùa¬N¥7á�� (Ga, In) Ú�7á
�� (S, Se, Te) é¬N5U�K��^, éù�
¯K�ïÄ¬�ùa¬N�A^Jø7��nØ
��. �©æ^Äu�Ý�¼nØ�1�5�n
é LiBX2 ¬N�1Æ5U�åÆ5U?1
�[
�é'ïÄ. 3 LiBX2 ¬N¥, du S, Se Ú Te �
�f�»�gO�, ��Ù¬N(�u)UC. 1
zÔ���(� (�m+ Pna21, :+ mm2), Áz
Ô�o�(� (�m+ I 4̄2d, :+ 4̄2m), ÝzÔ
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äk��Úo�ü«(��. [14,15], duÝzÔ
�½�.���(�, Ïd�©ïÄ
��(�
ÝzÔ�5�. �¬N�|¤��Cz�, Ø�¬
N(�UC, �Ù�7á�f�>K5Ú7á�
f�7á5�¬éùa¬N�1Æ5�ÚåÆ5
��)K��^.

2 O�L§ëê

� © æ ^ Ä u 1 � 5 � n O �
� CASTEP(Cambridge serial total energy package)

§S�, ïÄ
 LiBX2 (B = Ga, In; X = S, Se,Te)

�1Æ5�ÚåÆ5�. 3>f(�O�¥, ©O
éo«��'é³ [9,10], =Û��ÝCq (LDA) ¥
� Ceperley-Alder Perdew-Zunger (CA-PZ)!2ÂF
ÝCq (GGA) ¥� Perdew–Burke–Ernzerhof (PBE),

revised Perdew–Burke–Ernzerhof (RPBE) Ú Perdew-

Wang (PW91) 9 ü « � ³ [9,10], = � Å ð �
³ (NCP) Ú � ^ � ³ (USP) ? 1
ÿ Á. N X
oUþ�Âñ°Ý� 5.0 × 10−6 eV/atom, z��
fþ�å$u 0.1 eV/nm, Aå ��u 0.02 GPa,

 £ ��u 5.0 × 10−5 nm. 3ü«ØÓ��³
O�¥©Oæ^ØÓ� k :ê8Ú�äU, �Åð
�³æ^� k :ê8� 6 × 5 × 6, ²¡Å�äU
� 800 eV; �^�³ k :ê8� 4 × 3 × 4, ²¡Å
�äU� 350 eV. O�1Æ5��, æ^�^�³
Ú GGA-PBE ��'é¼ê, ��ê� 60, k :ê8
� 8× 7× 8 (��(�) Ú 7× 7× 4 (o�(�). å
Æ5UO�æ^�Åð�³, LDA-CA-PZ ��'
é³.

3 (JÚ?Ø

3.1 >>>fff(((���

ã 1 ´l«ØÓ�O��{¤¼�� LiBX2

�Y�9©z¢�� [2]. dã¥êâ�wÑ, �æ
^ØÓ�³9��'é³�, ¬N�Y�´ØÓ
�. Ù¥ USP O��(J�¢��Cz5Æ��
C, �Äu GGA-PBE ��'é¼êO���Y�
�¢����C. ��NB��Y�°Ý���
N�|¤���>K5��9§�4zUåk'.

�â>K5�Czª³ S > Se > Te, Ïd B—X

�ü«�f�p�^�rf^S� B—S > B—

Se> B—Te; éu7á��5`, du Ga �f�
�»�u In �f��», �� Ga—X ��fm�
^åru In—X �. 3zÜÔ LiBX2 ¥, �7á�
f��7á�fÓ�UC�, �7á�f>K5�
K��wÍ, �� In—S �Ñru Ga—Se, In—Se

�Ñru Ga—Te. dd�Ñ LiBX2 �Y��C
z5Æ� LiGaS2 > LiInS2 > LiGaSe2 > LiInSe2 >

LiGaTe2 > LiInTe2. ¬N�Y��°�±ýÿÙ|
-1�úK���� [16], dd�íäÑ LiBX2 ¬
N|-1�úK����^S� LiGaS2 > LiInS2

> LiGaSe2 > LiInSe2 > LiGaTe2 > LiInTe2.

ã 1 ØÓ�³���'é³¤¼���Y�

L 1 zÆ����Ú�ÙÛ

zÜÔ zÆ� �ÙÛ ��/Å zÆ� �ÙÛ ��/Å

LiGaS2

S—Ga 0.68 2.25 Li—S 0.06 2.35

S—Ga 0.71 2.26 Li—S 0.02 2.35

S—Ga 0.58 2.27 Li—S 0.03 2.36

S—Ga 0.75 2.27 Li—S 0.06 2.38

LiGaSe2

Se—Ga 0.32 2.44 Li—Se −0.14 2.59

Se—Ga 0.28 2.45 Li—Se 0.08 2.59

Se—Ga 0.46 2.45 Li—Se −0.09 2.60

Se—Ga 0.38 2.45 Li—Se 0.04 2.66

LiGaTe2 Te—Ga 0.20 2.59 Li—Te −0.07 2.68

LiInS2

S—In 0.56 2.46 Li—S 0.04 2.38

S—In 0.54 2.46 Li—S 0.06 2.38

S—In 0.56 2.46 Li—S 0.04 2.38

S—In 0.56 2.47 Li—S 0.07 2.39

LiInSe2

Se—In 0.33 2.63 Li—Se 0 2.66

Se—In 0.46 2.63 Li—Se −0.11 2.73

Se—In 0.13 2.64 Li—Se −0.11 2.59

Se—In 0.02 2.65 Li—Se −0.05 2.62

LiInTe2 Te—In 0.19 2.77 Li—Te −0.09 2.69
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�
�[��ïÄ B—X ��rÝ, L 1 �
Ñ
 Mulliken �UÙÛêâ, Mulliken �ÙÛê
â��C 1, L²zÆ���d5�r, �fm�
�p�^å��r. L 1 êâL² B—X �rÝ
�^S� B—S > B—Se > B—Te, � Ga—X �
Ñru In—X �, �þã©Û(J���. 3zÜ
Ô LiBX2 ¥ Li—X �Ì�Ly�lf5.

3.2 111ÆÆÆ555���

3.2.1 0>Ì
ã 2 � LiBX2 0>ÌJÜ�²þ� (ε2(ω) =

(ε2x(ω) + ε2y(ω) + ε2z(ω)) /3). 0>ÌJÜ��
¸� ��éAzÜÔU�(�k��'X. d
ã�wÑ, LiGaS2 � LiGaSe2; LiInS2 � LiInSe2;

LiGaTe2 � LiInTe2 0>ÌoNª³�q, �Ù¸r
Ý�3�O. ��7á��UC�, ¬K��0>
ÌJÜ$Uþ?¸�rÝ. �â LiGaS2 � LiGaSe2

�0>Ì9 LiInS2 � LiInSe2 �0>Ì, �|¤z
ÜÔ7á���Ó�, 0>ÌJÜ��p¸ê�'
��C, �Uþ$u 5 eV �, ÝzÔ0>Ì¸rÝ
²wpu1zÔ. ùÌ�´du Se �f�»�u S

�f, �A�>fÉ4zUå�ru S �f, l
����ÝzÔ3>|¥4zÇ�pu1zÔ. �
Uþ$u 4 eV �, LiGaTe2 � LiInTe2 0>Ì¸r
Ý'��C, Uþpu 4 eV �, LiGaTe2 0>Ì
¸�rÝ�pu LiInTe2. 1zÔÚÝzÔ�k�
Ó�(Ø. ù�y��±^���4z55)º,

du Ga Ú In �Ó�Ìx, Ga ��f�»�u In,

dd Ga—X �4zrÝ�u In—X �. ¦+|¤
zÜÔ����4z5Ué��zÜÔ5U�K
�´nÜ�^�(J, �lþã�©Û9éA�ã
Ì�±*	�, zÜÔ¥�7áÉ4z5U�rf
Ì�K�$Uþ?0>Ì�rÝ, zÜÔ¥7á
4z5U���Ì�K�pUþ?0>Ì�rÝ.

LiGaTe2 � LiInTe2 0>ÌÃØl¸�pÝ, �
´¸�/GÑ��A�1zÔÚÝzÔ²wØÓ,

ù´Ï�ÁzÔ�o�(�,1zÔÚÝzÔÑ�
��(�. ü«(�Ñæ^Òlf�;�æÈ�ª,

�o�(�¥��lfäk�r�¹Ä�m [15].

ù«(�þ�CzØ�¦§��0>Ìk���
O, �¬K�§��1Æ5�. L 2 �Ñ
 LiBX2

zÜÔ�
Ôn~ê�O���©z¢��. dL
¥êâ�w�o�(� LiGaTe2 � LiInTe2 ·�>

0>~ê εele
1 (0) Ú·�ò�Ç n (0) þ��pu

��(�1zÔÚÝzÔ, ¦+ù�Òlf�>4
zUå�ª³ (Te > Se > S) ´���, �(�þ
�K��´ØU�Ñ�. LiBX2 ·�>0>~ê�
O���u¢��, Ì��Ï´¢�¤*	��0
>~ê¢Sþ´>0>~ê�¬�0>~ê�o
Ú (¬�0>~ê´�lf3>|¥�0>�A),

Q,þãzÜÔÑäk�½�lf5�, ÏdÙl
f3>|¥�0>�AÒØU��Ñ, l��·
�>0>~ê�O���u¢��.

ã 2 0>ÌJÜ (a) LiGaS2 Ú LiGaSe2; (b) LiInS2

Ú LiInSe2; (c) LiGaTe2 Ú LiInTe2
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L 2 ²þ·�>0>~ê (ε1(0) = (ε1x(0) + ε1y(0) + ε1z(0))/3), ²þ·�ò�Ç (n(0) = (nx(0) + ny(0) +

nz(0))/3) ÚVò�Ç (∆n = nmax(0) − nmix(0))

εele
1 (0) n (0) ∆n

LiGaS2
O�� 5.30[10] 2.30[10] 2.16[17] 0.0248[10] 0.0572[17]

¢�� 2.10[18] 0.0399[18]

LiGaSe2
O�� 6.24 2.46 2.33[17] 0.0320 0.0165[17]

¢�� 8.10[5] 2.27[18] 0.0509[18]

LiInS2
O�� 5.41 2.33 0.0206

¢�� 0.01—0.04[19]

LiInSe2
O�� 6.15 6.23[11] 2.48 0.0441

¢�� 7.59[5]

LiGaTe2
O�� ε1xy : 7.68 ε1z : 7.94 no: 2.7709 2.8101[17] n e :2.8186 2.8421[17] 0.0477 0.032[17]

¢�� no:2.4979[20] n e :2.5914 [20] 0.094[20]

LiInTe2
O�� ε1z : 7.70 ε1xy : 7.68 n e :2.7757 no:2.7715 0.0042

¢�� 7.89[21] 2.81[22]

3.2.2 áÂÌ I(ω)

ã 3 �Ñ
 LiBX2(B = Ga, In; X = S, Se,

Te) 8« z Ü Ô � á Â Ì, d ã � w Ñ ù8«
zÜÔ�áÂÌoNª³´�C�, �´áÂ
> �   � k � 
 £ Ä, Ù á Å ? á Â > k ± e
' X: LiGaS2 > LiInS2 > LiGaSe2 > LiInSe2 >

LiGaTe2 > LiInTe2, ù�Cz5Æ��Y�Cz
5Æ�Ó, =�X�Y��O�, áÂ>�b	
� £ Ä. þ ã O � � á Â > ê � Ñ � � u ¢ �
� [2](LiGaS2 (3.88 eV); LiInS2 (3.56 eV); LiGaSe2

(3.35 eV); LiInSe2 (2.83 eV); LiGaTe2 (2.30 eV)). Ù
Ì��Ï´�Y�3O���$�
, ��O�¤
¼��áÂÌ��Å£Ä.

ã 3 áÂÌ

3.2.3 ��Ì R(ω)

ã 4 ´ LiBX2 (B = Ga,In; X = S, Se, Te) 8
«zÜÔ���Ì, �Uþ�$� (< 2.00 eV),8
«zÜÔ���Çþ$u 30%, (Üù8«zÜÔ
�áÂÌ�wÑ§�3¥�ù	«´ßL�, Ïd
§����ù	ßLá�. 8«zÜÔ��Ç�C
z5Æ�ÁzÔ�uÝzÔ�u1zÔ, ��zÜ
Ô���Uå�u�A�;zÜÔ.

/eV

R
(ω

)
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 LiGaS2 ( [10])
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ã 4 ��Ì

3.2.4 ò�Ì n(ω)

ã 5 � LiBX2 (B = Ga,In; X = S,Se,Te)8«
zÜÔ�ò�Ì, Ù·�ò�Ç�Cz5Æ���
Ç�Cz5Æ�Ó. L 2 ¥�Ñ
8«zÜÔ�
·�ò�Ç n (0) 9Vò�Ç ∆n, 8«zÜÔ¥
Ø LiInTe2 Vò�Ç� 0.0042, Ù¦Ê«zÜÔV
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ò�Çþ�p� 0.02—0.05, LiGaTe2 �Vò�Ç
�±�� 0.0477. Vò�Ç��Ù¢y� ���
VÇ��� [22], Ïd�íäÑùÊ«zÜÔ�~
k"¤�`É�¥ù	��51Æ¬Ná�.

/eV

n
(ω

)

 LiInTe2

 LiGaS2 ( [10])

 LiGaSe2

 LiInS2
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 LiGaTe2
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ã 5 ò�Ì

3.3 åååÆÆÆ555���

Ø Ó a . � ¬ N ( � � 3 A ½ � � 5 ~
ê, éu��(�¬N, �3 9 �Õá��5~
ê C11, C22, C33, C44, C55, C66, C12, C13 Ú C23.

� � ¬ N �
÷v Å � å Æ  ½ 5 I ¦, Ù
� 5 ~ ê 7 L÷v � ½ � ^ �, = Born I O:

(C11 + C22 − 2C12) > 0; (C11 + C33 − 2C13) > 0;

(C22 + C33 − 2C23) > 0; Cii > 0 (i = 1—6);

(C11+C22+C33+2C12+2C13+2C23) > 0. o�(
�¬Nk 6 �Õá��5~ê C11, C12, C13, C33,

C44, Ú C66, Born ½5IO� (C11 − C12) > 0;

(C11 +C33−2C13) > 0; C11 > 0; C33 > 0; C44 > 0;

C66 > 0; (2C11 +C33 +2C12 +4C13) > 0. L 3 �Ñ

 LiGaS2, LiInS2, LiInSe2, LiGaTe2 Ú LiInTe2 Ê
«zÜÔ��5åÆ~ê, §�þ÷vþã� Born

IO, L²ùÊ«¬N3~Øe´Å�åÆ½�.

Ï L ü ¬ � � 5 å Æ ~ ê � ± �
� LiBX2(B = Ga, In; X = S, Se, Te) 8«�N
õ¬á���5�þ, �5�þkn«ØÓ�O�
�{ [23,24]: Voight Cq!Reuss CqÚ Hill Cq�
.. L 4 �Ñ
ù8«�Nõ¬á��N�5�
þ B!}��þ G, ¼�þ E ±9Ñt' ν. N
�5�þ B L«NAå��ANAC�', �N
ÔN-|NAC�Uå, �¬N¥�f�(ÜU
���', �^5�ä²þd�rÝ, N�5�þ

��, �A�²þd�rÝ�r, �(Ü��;�.

N�5�þ B ���^S� LiGaS2 > LiInS2 >

LiGaSe2 > LiInSe2 > LiGaTe2 > LiInTe2, é²w1
zÔ²þd�rÝ�uÝzÔ�uÁzÔ, ;zÜ
Ô²þd�rÝ�u�A��zÜÔ. Ù©Û(J
�L 1 ¥ Mulliken �ÙÛ©Û(J���. }��
þ G L«} (�) Aå��A} (�) AC�', �N
ÔN-|�AC�Uå, �zÆ���k', }
��þ�ê��XzÆ�lf5�O\ü$ [25],

}��þ G ���^S� LiGaSe2 > LiGaS2 >

LiInS2 > LiGaTe2 > LiInSe2 > LiInTe2, dd©ÛÑ
�zÜÔ�lf5�u�A�;zÜÔ, ù´d
u��7á5ru;¤���. ¼�þ E ��
Aå��A�AC�', �NÔN-|�AC�U
å. ¼�þ E ���^S� LiGaS2 > LiGaSe2

> LiInS2 > LiGaTe2 > LiInSe2 > LiInTe2. Ñt' ν

L«3þ!©Ù�¶�Aå�^e, î�AC�
�A¶�AC�'�ýé�. L�
á�É@Ø
½.���Â Ç½)äÇ [26], Ñt' ν ��^
5ïþ¬���C½5, Ñt'��Ô���
5�Ð [27],8«zÜÔÑt'��3 0.228—0.313

�m, �zÜÔ���5��u;zÜÔ. Pugh Q
JÑ���äá�y>5�{ü�â [28,29], =^
NÈ�þ B �}��þ G �'�5ïþá��
y5, B/G ��òÐ5�Ð, Ù�.:� 1.75, X
J B/G > 1.75, Ká�¥yò5, ÄKLy�y5.

dL 4 ¥êâ�w�Ø LiGaSe2 äk�½�y5
	, Ù¦zÜÔÑäkòÐ5, ��zÜÔ�òÐ
5�u;zÜÔ.

L 3 �5~ê Cij/GPa

LiGaS2 LiInS2 LiInSe2 LiGaTe2 LiInTe2

C11 85.338 76.877 62.631 C11 49.954 39.502

C22 70.443 63.890 55.868 C33 52.356 44.201

C33 96.177 80.895 68.475 C44 23.845 19.189

C12 39.411 35.170 27.884 C66 22.742 16.685

C13 24.157 28.717 22.939 C12 24.069 20.935

C23 24.707 27.820 21.815 C13 29.742 25.445

C44 23.196 18.396 15.301

C55 19.039 16.204 13.964

C66 27.709 20.356 16.340
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L 4 N�5�þ B/GPa, }��þ G/GPa, ¼�þ E/GPa ÚÑt' ν

LiGaS2 LiGaSe2 LiInS2 LiInSe2 LiGaTe2 LiInTe2

B

BV 47.613 38.545 45.008 36.916 35.485 29.651

BR 47.291 38.047 [10] 44.672 36.780 35.243 29.250

BH 47.451 38.296 44.840 36.848 35.364 29.450

G

GV 24.901 25.659 19.655 16.743 18.667 14.438

GR 23.473 24.686 19.093 16.293 16.330 12.465

GH 24.187 25.172 19.374 16.518 17.498 13.451

E

EV 63.613 63.000 51.472 43.634 47.646 37.265

ER 60.423 60.889 50.1369 42.591 42.435 32.743

EH 62.023 61.945 50.805 43.113 45.063 35.022

ν

νV 0.277 0.228 0.310 0.303 0.276 0.291

νR 0.287 0.233 0.313 0.307 0.300 0.313

νH 0.282 0.230 0.311 0.305 0.288 0.302

B/G

BV/GV 1.912 1.502 2.290 2.205 1.901 2.054

BR/GR 2.015 1.541 2.340 2.257 2.158 2.347

BH/GH 1.962 1.521 2.314 2.231 2.021 2.190

4 ( Ø

�Ø©æ^�Ý�¼nØé LiBX2 (B = Ga,

In; X = S, Se, Te) ¬N�>f(�, 1Æ5�9å
Æ5�?1
XÚ�ïÄ, ¿�[©Û
ùa¬
N¥7á�� (Ga, In) Ú�7á�� (S, Se, Te) é
¬N5U�K��^. du¬N¥�|¤���
f���!>K5!4zUå�Ï�ØÓ, Ïd§
��1Æ5UÚåÆ5U��3�É.8«¬NB
�°Ý��^S� LiGaS2 > LiInS2 > LiGaSe2 >

LiInSe2 > LiGaTe2 > LiInTe2, L²1zÔd�rÝ
�uÝzÔ�uÁzÔ, ;zÜÔd�rÝ�u�

A��zÜÔ, ù�(Ø� Mulliken �UÙÛÚ
N�5�þ©Û(J���. ¬N�|-1�úK
���^S�¬NB�°Ý��^S�Ó. ¬N�
åÆ5�L²ùa¬N3~Øeþ´Å�åÆ
½�. 8«zÜÔ¥Ø LiGaSe2 äk�½�y5	,

Ù¦zÜÔÑäkòÐ5, ��zÜÔ�òÐ5�
u;zÜÔ, Ó�Ñt'êâ�w«�zÜÔ��
�5��u;zÜÔ. ùazÜÔ¥Ø LiInTe2 V
ò�Ç�$	, Ù¦Ê«zÜÔVò�Çþ�p,

¿�ùÊ«zÜÔ�áÂÌ���Ìêâw«§
�3¥�ù	«´ßL�, ÏdùÊ«zÜÔk"
¤�`É�¥�ù	��51Æ¬Ná�.
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Abstract

First-principles calculations of optical and mechanical properties of LiBX2 (B = Ga,In; X = S,Se,Te) are performed using

plane-wave pseudopotential method. According to the order of band gaps, the order of laser induced damage thresholds is LiGaS2

> LiInS2 > LiGaSe2 > LiInSe2 > LiGaTe2 > LiInTe2. The elastic constants of these crystals can all meet the mechanical stability

conditions at normal pressure, and the plasticitics and ductilities of indium compounds are better than those of gallium compounds.

Theoretical values of average static electronic dielectric constant ε1(0), average ordinary refraction index n0 and birefringence index

∆n of these crystals are in good agreement with the experimental data. LiGaS2, LiInS2, LiGaSe2, LiInSe2 and LiGaTe2 compounds

have the large birefringences and their absorption and reflectivity spectra are transmissible through mid- and far-IR region, so the five

crystals are likely to be promising materials for nonlinear optical applications in the mid- and far-IR region.

Keywords: elastic constant, dielectric constant, birefringence index, orthorhombic structure
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