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Äu1�5�n�³²¡Å�{é³ê¬N CuCl, CuBr, CuI �N�þ!N�þéØr��� �ê!>f(
�!ò�Ç�1Æ5�?1
O�. O�(JL², 2ÂFÝCq (GGA) e CuX(X = Cl, Br, I) ¬N�¬�~ê�
N�þ�O���¢�����. �Û��ÝCq (LDA) �', GGA �·Üu CuX(X = Cl, Br, I) ¬N�O�. ù
nö�d�Ñ5u Cu � 3d �, ��Ü©Ì�5g Cu Ú®�� s >f�z, é�Ü©5g®�� p >f�z. O
��� CuCl, CuBr, CuI �ò�Ç©O� 1.887, 2.015, 2.199, �A^ Gladstone-Dale �²�'X���(JÎÜ�é
Ð.

'�c: >f(�, 1Æ5�, 1�5�nO�, CuX (X = Cl, Br, I)
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1 Ú ó

CuX(X = Cl, Br, I) ¬Näk����Ý, ©
O� 4.14 g/cm3, 4.98 g/cm3, 5.63 g/cm3. ����
Ná�, äk���B�°Ý, ©O� 2.95 eV[1],
3.05 eV[2], 3.1 eV[3]; du Cu � d >f�®x��
� p >f�m�r�p�^, CuX(X = Cl, Br, I) ¬
Näk���g^;�3� [4], CuX(X = Cl, Br, I)
¬N�ù
A5-å
ïÄ<
�,�. Ù¥, CuI
¬N´®���m�A�¯�ÃÅðcá���,
Ùu1P~�m=� 90 ps[5], k"3�5� γ Ú X

���pOêÇÿþ¥u���^, Ïd¤�#
���¯ðc¬NïÄ�Ì�é�. 8c, é Cu �
®zÔ�1Æ5�Ú1ÆÅn���'��, 2006
c, Amrani �^�³�5M\²¡Å�{O�
p
Ø^�e� CuX(X = Cl, Br, I) ¬N�(�5�Ú
1Æ5� [6]. �©æ^Äu1�5�n��³²¡
Å�{O�
 CuX(X=Cl,Br,I) �>f(�Ú1Æ
5�. O�(J�®k¢�(J?1
'�, �y


O�(J���5. 3é¬N1Æ5��ïÄ¥,
·�ÏLO���
¬N�éÜ��Ý?��
Ù0>¼ê9ò�Ç. duéÜ��Ý���¬N
�1Æ�[�', ��±��¬N�áÂ1Ì, ù

ÑòkÏuïÄu1á��ðc5U.

2 O��{

�©æ^Äu�³Ú²¡Å�{� ABINIT
§S� ?1O � [7]. ò l f ³ ^ � ³ O �, >
f Å ¼ ê Ï L ² ¡ Å Ä | Ð m. æ ^ 2 Â F
ÝCq (GGA)[8] ÚÛ��ÝCq (LDA)[9] 5£
ã > f � > f � p � ^ � � � ' é ³. � ³
À� Perdew-Burke-Ernzerhof ³ ¼ ê [10,11] � )
� Fritz-Haber-Institute(FHI) � ³ [12]. O � ¥ �
¹� CuX(X = Cl, Br, I) �d>f|�©O�:
Cu[3d104s1], Cl[3s23p5], Br[4s24p5], I[5s25p5]. �â
ÂñÿÁ, ²¡Å��äUÀ� 50 Ha, Âñ°Ý
� 1×10−6 eV/atom, ÏLAÛ`z¦��fm�å
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�u 1×10−4 eV/A, �f�IÚ¬�~ê�`zæ
^ Broyden-Fletcher-Goldfarb-Shanno(BFGS)[13] �
{. d Monkhorst-Pack �{)¤ 6×6×6 � k :
��. éu1Æ5��O�æ^
}Ïf?�,
¦O���Y��u¢��Y�, �Ödu GGA
E¤��Y� �, �y1Æ5�O�(J�O(
5.

3 (J�?Ø

3.1 AAAÛÛÛ`̀̀zzz

~§e Cu �®zÔ CuX(X = Cl, Br, I) ¬N
�ð ¶(�, �m+ F43m, �m+Ò 216, z�
¬�¥¹k 4 � CuX(X = Cl, Br, I) ©f, � 8 ��
f, Xã 1 ¤«.

ÏLé CuX ¬N�AÛ(�?1`z, �±
��¬N�¬�~ê!�ÝÚ��NÈ. L 1 ¥�
Ñ
O���¢��, ¬�ëê�nØ��¢��
ÎÜ�Ð. '�uy GGA �O�(J �, LDA �
O�(J �; ¿� GGA e�nØ(J�¢��
ÎÜ��Ð.

L 1 CuCl, CuBr, CuI ¬�ëêO���¢���'�,

)Òp�êiL«�¢����éØ�

GGA-FHI LDA-FHI Exp. [14]

CuCl a/Å 3.874 (1.07%) 3.715 (3.08%) 3.833

CuBr b/Å 4.081 (1.34%) 3.921 (2.63%) 4.027

CuI c/Å 4.321 (0.93%) 4.159 (2.83%) 4.281

ã 1 ~§e CuX(X = Cl, Br, I) ¬N�(�«¿ã

3.2 NNN���þþþ

·�©OO�
 CuCl,CuBr,CuI ¬N���N
È�Uþ�'X, ¿æ^ 3 � Birch-Murnaghan G

��§?1[Ü:

E(V ) =E0 +
9V0B0

16

{[(V0

V

) 2
3 − 1

]3

B′
0

+
[(V0

V

) 2
3 − 1

]2[
6 − 4

(V0

V

) 2
3
]}

,

Ù¥, B0 �N�þ, B′
0 �N�þéØr����,

V0 �²ïNÈ, E0 �²ïNÈe�Uþ. éO�(
J?1[Ü� (ã 2 éA GGA e�O�(J), �
�
¬N�²ïNÈ!N�þ, ±9N�þéØr
����ê, XL 2 ¤«.

ã 2 UþÚNÈ�O�� (a) CuCl; (b) CuBr; (c) CuI

O�(JL²:GGA � LDA ���N�þ(
JÑ �, Ù¥ LDA �O�(J�¢�����;
�X®��fSê�O\, N�þ��~�, ù´
du�fSê!�»9�f�m�ålþO\,
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¦�¬N “C^”. lL 1 �±w��X®��f
Sê�O\, ¬�~ê��AO\. éu B′,GGA
� LDA �(J�OØ�, �¢��'�þ �.

GGA �¬�~êÚN�þnØ��¢��Î
Ü��Ð, ù´Ï� Cu �®x���mÌ�/¤
lf�, LDA ¬E¤�lf�ÒlfLÝ¤�, ¦
�O�(J�¢�� l�õ.GGA Ü©�Ä
N
X�>Ö�Ý�Xål�Cz (>Ö�Ýé ��
���), Ïd�\ÎÜ CuX NX�¢S�¹, ��
�(J��O(. Ïd, ±��O�Ñòæ^ GGA.

L 2 CuCl, CuBr, CuI ¬N�N�þ B ±9N�þéØr���

 �ê B′ �O���¢��'�

GGA-FHI LDA-FHI Exp. [14−16]

CuCl B/GPa 47 70.2 39.8

B′ 4.9 5 4

CuBr B/GPa 41.2 60.9 36.6

B′ 5.1 5 4

CuI B/GPa 37.7 54 31

B′ 5.1 5 4

3.3 >>>fff(((���

3AÛ`z�Ä:þ, ·�©OO�
 CuCl,
CuBr, CuI ¬N1� Brillouin «¥pé¡:9,

pé¡��þ�Uþ�. CuCl, CuBr, CuI ¬N�U
�(�©OXã 3 ¤«.

òd�º�� 0 eV, ã¥¬N�U�(�é�
q. lã¥�±wÑ��ka�Ô�G�U�, é
A
5g s >f��z; 3d�ºNCkeZ^U
þ�~Û��U�, éA
 d >f�; CuCl, CuBr,
CuI þ����Yá�, d��p:����$:
Ñ3 G :, �Y�©O� 0.67 eV, 0.71 eV, 1.18 eV.
æ^ GGA O����B�°ÝÏ~$u¢��,
ù´duO�¥æ^���'é³Ü©�Ä
>
f����^, éu�õê¹k s ½ p >f�NX
ó´���Ð�Cq, �éu¹k d,f >f�N
X, >fm�'é�^ér, áur'éNX, O�
Ø��. �
�y1Æ5�O�(J�¢���'
5, ·�Äkæ^}Ïfé�Y?1?�, ,�
2?11Æ5���'O�.

¬ N � 1 � � � ± Ï L ú ª LY =
(106/βEg)SQ[17] O�Ñ5. Ù¥, LY �1��,
Eg �á��UY, β �=��Ç (éu�õê��

NÚý�Ná�, =��Ç β ��� 2—3), S �U
þD4�Ç,Q �þf�Ç. lúª¥�±wÑá�
�UYé1��kK�, UY��1����. á
��¢S1��´$unØ1���, �±ÏL�
,½ö´~��Ë��[��{5Jpá��1
��.

ã 3 U�(� (a) CuCl; (b) CuBr; (c) CuI

ã 4(a)—(c) ©Ow«
 CuCl, CuBr, CuI �o
��Ý (DOS) Ú©Å��Ý. òd�º�� 0 eV,
lo��Ýã�±wÑ, −5 eV NCk��°Ý�
� 2 eV �Ä�, Ì�5g®x�� p >f��z;
−1.7 eV—0 eV �m��|¤
d� (VB), n«¬
N�d�ºÌ�� Cu � d Ä�; �X®��fS
ê�O\, ®��f3 Cu �®zÔ¥áÚ>f�
Uå~�, =®x�� Cl, Br, I �>K5�g~�,
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Ly� CuX(X = Cl, Br, I) ¬N¥ Cu � s >f��
ÝO\; d >féd���z\r, d U�%�$
U��£Ä. ��.Ì��®�����z. ��
±w� Cu � d >f� Cl, Br, I � p >f©O3©
Å��Ýã� −5 eV, −4.2 eV, −3.5 eV NCÓ�Ñ
y
k¸, ù`² Cu � d >f�®��f� p >
f�mkr���p�^.

ã 4 o��ÝÚ©Å��Ý (a) CuCl; (b) CuBr; (c) CuI

3.4 òòò���ÇÇÇ

$^O���� CuCl, CuBr, CuI �·�0
> ~ ê ε, ¿ d ò � Ç n � 0 > ~ ê ε � '

X [18,19]n (ω) =

√
ε1 (ω) +

√
ε2
1 (ω) + ε2

2 (ω)
2

(ε1 �

0>~ê�¢Ü, ε2 �0>~ê�JÜ) ��á�
�ò�Ç, �L 3. du CuCl, CuBr, CuI �ò�Ç´
��Ó5�, ¤±3 x, y, z n���vk�O, �
IO�����þ�ò�Ç. duvk¢��, ·
�rO�(J�A^�²� Gladstone-Dale[20,21]

'X���ò�Ç?1
é', �öÎÜ�éÐ,
ù`²·��O�´���.

·��uy�X®��fSê�O\, CuX(X
= Cl, Br, I) ¬N�ò�Ç�g~�. ù´du�X
ÒlfSê�O\, �f�»C�, ®x�� Cl, Br,
I �>K5�g~�, Òlféd>f�åPUå
eü, ¦�	�>f�N´�4z, ��ò�ÇC
�.

L 3 CuCl, CuBr, CuI �·�0>~ê ε Úò�Ç n �O���

�²���'�

ε n �²��

CuCl 3.562 1.887 1.853

CuBr 4.062 2.015 1.993

CuI 4.837 2.199 2.167

4 ( Ø

�©Äu1�5�n��³²¡Å�{, ÏL
O�Ú©Û�±��±e(Ø: 1) ·�©Oæ^

 GGA Ú LDA é CuCl, CuBr, CuI �¬�?1

(�`z, ¬�~ê�nØ��¢��ÎÜ��
Ð, Ù¥, GGA e�O�(J�¢�����; 2)
^ GGA Ú LDA ©OO�
 CuCl, CuBr, CuI ¬N
�N�þ B!N�þéØr��� �ê B′, N
�þ B 3 GGA e�¢�(J�\�C; 3) 3 GGA
e©OO�
 CuCl, CuBr, CuI ¬N�U�(��
��Ý, (Jw« CuX (X = Cl, Br, I) ¬Ná��
�Yá�, d�Ì�5u Cu � 3d �, ��Ì�
5g Cu Ú®�� s >f�z, é�Ü©5g®�
� p >f�z; ¿� Cu � d >f�®��f� p
>f�mkr���p�^; 4)CuCl, CuBr, CuI ¬
N�ò�Ç©O� 1.887, 2.015, 2.199, d(J�A
^ Gladstone-Dale 'X���(JÎÜ��Ð.
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Abstract

We use first-principles calculation with pseudo-potential and plane wave method to study the bulk meduli, electronic structures

and optical properties of copper halides CuX (X = Cl, Br, I). A comparison of the calculation results with the available experimental

results show that it is more suitable using the generalized gradient approximation to study these properties than using the local density

approximation. The results show that valence bands of CuX(X = Cl, Br, I) are dominated by the d bands of Cu. Conduction bands are

mainly from s bands of Cu and halide atoms, as well as from p bands of halide atoms. The calculated refractive indices of CuX(X = Cl,

Br, I) are 1.887, 2.015, and 2.199, respectively. These results are in good agreement with the those calculated from the Gladstone-Dale

relationship.
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