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N[r† $�¤ Éu

( dH��Æ�Ôn�>f&EÆ�, d² 341000 )

( 2011c 4 � 12 FÂ�; 2011c 5 � 6 FÂ�?Uv )

3 Y �k�Ø³Cqe, é H ©OÀ 6-311++G(3df,2pd), AUG-cc-PVTZ, AUG-cc-PVQZÄ|, A^�Ý�¼n

Ø� B3LYP �{, `zO�
 YH(D,T) ©fÄ��Uþ, ²ï(�, Ú��ªÇ. �â�f©f�A·åÆ�n, �

Ñ
 YH(D,T) ©fÄ��Ünl)4�. ÏL`zO�(JÚ®k�¢�ÚnØêâé', �Ñ LANL2TZ/AUG-

cc-PVQZ·ÜÄ|�éNX?1O���`Ä|. Äud, 3 B3LYP/LANL2TZ/AUG-cc-PVQZY²é YH(D,T) ©

fÄ��³U¡?1
ü:U×£. ¿æ^���¦{[Ü��
�A� Murrell-Sorbie³U¼ê. O�Ñ
ù


©f�å~ê (f2, f3, f4) Ú1Ì~ê (Be, α e , ω e , ω eχ e , D e ). (J�®k�¢�êâÎÜ�éÐ.

'�c: YH,YD,YT ©fÄ�, ©f(�, ³U¼ê, 1Ì~ê

PACS: 31.50.Bc, 33.15.Fm, 33.15.Mt

1 Ú ó

k (Y) ´��Dè��, �´;.�7á�

�, Ù3·IdH/«;þ��´L. §�7á¹

¸5=guw7áÚwè7á��, U/¤zÆ

½��zÔ!®zÔ!1zÔ, �±Ú�!�!

%!�u)�A, ´Muí�!1�Ú��¥. Y

�	�>f|�´ 4d15s2, d ;��¹�, �Ùk�

��|^d�k����±^�1��m'á�

3y�ó²¥kNõ�A^ [1]. du Y �7

á¹¸5ÚÙ��Dè���ÔÑ/ , ék�z

ÜÔ�ÔnÚzÆ5��ïÄ��´����9

���K, YH ���{ü�kzÜÔ, Cc5, k

Ø�'u YH �ïÄ(J��.

¢��¡, 3 1976 c, BernardÚ Bacis[2] *

	� YH Ú YD �>f1Ì, ;�X3 1977 c,

q��
é YH Ú YD �=Ä©Û�¹ [3]. Ä

u@Ïé ScH ©f��
lÞ�(J, ¦�@

� YH ©f�Ä��X3∆. 1994cÚ 1995c, Ram

Ú Bernath[4,5] æ^Fp�C�©1¤, 3 690 nm—

3 µm Ì«¼�
 YH Ú YD ©f�p©EÇF

p�C�u�Ì, ¿P¹
 YH ©f� C1Σ+—

X1Σ+, d0+(3Σ−)—x1Σ+, e3Φ—a3∆ Ú YD ©f

� C1Σ+—x1Σ+, e3Φ—a3∆ Ì�, Ó�éÌ�?

1
=Ä©Û, ��
ü©fÄ� (X1Σ+) �Ü©

1Ì~ê. 2002c, Jakubek� [6] |^-1p�F

1 (LIF) Eâ, ¼�
 YH ©f��
pU��ü

Ún>f�, ¿ÿþ
����Æ·; Ó�c,

Jakubek� [7] q|^d©��A*ÿ¿P¹
 YH

©f�p©EÇd©�1Ì, ¼�
o^Ì�, t

�
T©f1Ì¥�É��¹, 2g¢�(½Ä�

´ X1Σ+, �(½
Ä�Úo�-u���4Ý.

2002c, Wang� [8] ÏL-1LK M (M=Sc,Y,La)

� H2 �A, ¼�
 MHx(x = 1, 2, 3)��Ô��

X�ù	1Ì.

n Ø � ¡, 1979 c, Pyykkö[9]æ^ DFOCC

(dirac-fock one-centre calculations)� { Ä k ï Ä


 YH ©f���Úå~ê, ���®k¢��

ÎÜ��Ð. 1987c, Langhoff � [10] 3�éØ

k��f¢³ (RECP)Cqe, éT©f�o�

$>f�?1
 SCF/SDCI/CPFO� (O�vk

�Äg^ - ;��p�^), ��
l)U, ²ï

���1Ì~ê (D e , R e , µ e ), ¿�@�Ä�A

T´ X1Σ+. 1989c, BalasubramanianÚ Wang[11]

?1 CASSCF/SOCI/RCIO� (O��Ä
NX�

>f�'Úg^ - ;��p�^�K�), ��

* ôÜ���e�EOy�8 (1OÒ: GJJ10240)]Ï��K.
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 YH ©f� 29 �>f��³U�Ú1Ì~

ê (Re, ωe, Te), ¦��@�Ä�AT´ X1Σ+.

1990 c, Balasubramanian[12] 3 RECPCqe, $

^ CAS-MCSCF�{, ïÄ
1�üLÞ7á�z

Ô (YH-CdH) �Ä�Ú$-u�, (½
Ä�Ú$

-u��1Ì~ê (R e , µ e , D e , ωe, Te). 2002c,

Wang� [8] A^ DFT Ú MP2 �{, é YH, YH2 ©

f?1
nØO�, ��
Ä�ÚÜ©-u���

þ1Ì~ê (R e , ω e , T e ). 2004c, öf� [13,14] ^

�éØk��f¢³ (RECP)Ú�Ý�¼� B3LYP

�{ïÄ
 YH �³U¼êÚ1Ì~ê (B e , α e ,

ω e , ω eχ e , D e ).

nÜ±þ�¢�ÚnØ(J��, ®k�¢�

(JÌ���
 YH Ú YD ©fÄ��Ü©1Ìê

â, �vk�9 YT ©f��¹l®k�nØO

�5w, ®k©zé YH ©fÄ��²ï�� R e

Ú�5ªÇ ω e ���õ, �éÙ¦1Ì~ê�ï

Ä��, �Ü©1Ìêâ l¢����, Ó��

�?1Ó �O�Ú��ïÄé��©Û³U¼

ê©f³U¼ê´ïÄ�f©f-EÚ©f�

AÄåÆ�Ä:, �´ïÄ©f½5��â. §

3Ë�zÆ!-1zÆ��¡k2�A^. Cc5,

©f�©Û³U¼ê�ïÄ®²��´L, kØ�

'uù�¡�ïÄ�� [15−17]. �u±þ�Ï,·

�ÀJ YH(D,T) ©f��ïÄé�, éÙ©Û³U

¼êÚ1Ì~ê?1�\�nØïÄ.

�©Äk�â�f©f�A·åÆ�nÚ

+Ø5K [18,19], (½
 YH(D,T) ©fÄ���

(�l)4�. ,�3 Gaussian03§S�¥A^

�Ý�¼� B3LYP �{, 3 Y �k�Ø³Cqe,

é H æ^ 6-311++G(3df,2pd), AUG-cc-PVTZ, AUG-

cc-PVQZÄ|, '�O�
 YH(D,T) ©fÄ��²

ïAÛ(�. ?¦^�Ý�¼� B3LYP �{

Ú`ÀÑ5� LANL2TZ/AUG-cc-PVQZ ·ÜÄ|

é YH(D,T) ©fÄ�?1
ü:U×£, ��^�

��¦{[ÜÑÙÄ�� Murrell-Sorbie³U¼ê,

¿3dÄ:þí�
Ù1Ì~ê, ¿�®k�nØ

Ú¢�êâ?1
'�. (JL², �©O���

¢��ÎÜ��~Ð.

2 YH(D,T) ©fÄ��l)4�

d©z [4—12] Ú ` z O � �, YH(D,T) ©

fÄ�� X1Σ+. ©f³U¼êéA�½�>

fG�, �
O(L�éA>fG��³U¼

ê, 7L(½�(�l)4��â�f©f�A

·åÆ¥�©l�f{ [18], U(½�U�>f

G�Úl)4� Y Ú H �Ä�>fG�©O

� 2Dg Ú 2Sg, þáu SU (n) +, )¤� YH ©

fáu C∞v + SU (n) +�Ø��L«�±©)

� C∞v +�Ø��L«��Ú, ÏL�ÈÚ�z

�� C∞v +�Ø��L«, =¤/¤©f��U

>fG�. Y (2Dg) Ú H(2Sg) ©O©)� C∞v +

�Ø��L«��Ú=� 2Dg = 2Σ+
⊕

2Π ⊕
2∆

Ú 2Sg = 2Σ+. ÏL�ÈÚ�z�±�� YH ©f

�U>fG�, (J�

2Σ+
⊗

(

2Σ+
⊕

2Π ⊕
2∆

)

= 1,3Σ+
⊕

1,3Π ⊕
1,3∆.

L 1 U?c�U?�� LANL2DZ dÄ8Ü P ;�¼êÜ©

U?c U?�

P 3 1.00 0.000000000000 P 3 1.00 0.000000000000

0.3884000000D+01 −0.8206010451D-01 0.3884000000D+01−0.8206010451D-01

0.7660000000D+00 0.6756413371D+00 0.7660000000D+00 0.6756413371D+00

0.2890000000D+00 0.4195482230D+00 0.2890000000D+00 0.4195482230D+00

P 2 1.00 0.000000000000 P 4 1.00 0.000000000000

0.2896000000D+00 −0.1501079339D+00 0.3884000000D+01 0.2507810000D-01

0.6290000000D-01 0.1068692529D+01 0.7660000000D+00−0.2548121700D+00

P 1 1.00 0.000000000000 0.2890000000D+00−0.1018642900D+00

0.2230000000D-01 0.1000000000D+01 0.6290000000D-01 0.7523223700D+00

P 1 1.00 0.000000000000

0.2230000000D-01 0.1000000000D+01
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N´wÑ(J¥¹k YH(D,T) ©f�Ä� 1Σ+ �,

Ïdl Y(2Dg) Ú H(2Pg) Ä��f�|Ü�±�

� YH(D,T) ©f�Ä�. d�f©f�A·åÆ�

�*L§��_5�n, K YH(D,T) �Ä>fG�

�l)4�©O�

YH(D, T)(X1Σ+) → Y(2Dg) + H(2Sg).

3 nØ�{

Y Q´��Dè��, q´LÞ7á. éu

LÞ7á5`, �	� s ;��	� p ;��,

vkÓâ>f, �éLÞ7á�ÜÔ�(�%k

��K�. pdSÜ�Ä|, Xùp·�æ^

� LANL2DZ Ä|, é p ;��£ã�U�9�

	��Óâ� p ;�, ¤±3ïÄ�LÞ7ák

'�5�Ú�A�, éd>fÄ|�?U´k7

�� [20,21]. Y �f�Ä>f|�� (Kr)4d15s2, ¤

kO�Ñ´3 Y �k�Ø³Cqe?1�, ¥%

>fê 28 � (1s22s22p63s23p63d10), d>fê 11

� (4s24p64d15s2), é Y ©Oæ^ LANL2DZ, U

?� LANL2DZ, LANL2TZ Ä8Ü, é H æ^ 6-

311++G(3df,2pd), AUG-cc-PVTZ, AUG-cc-PVQZÄ

¼ê. é YH(D,T) ©fÄ�?1
nØO�. Ù¥

U?c�U?�� LANL2DZ dÄ8Ü p ;�¼

êÜ© [20] XL 1 ¤«. LANL2TZ Ä8ÜäN�

¹�L 2.

éuÄ�V�f©f, Murrell-Sorbie¼ê´�

«éÐ�)Û³U¼ê, §U�(�Nü½|Úá

Ú|, ¿�k�Ð��§³, Ù/ª�

V (ρ) = −De

(

1 +

n
∑

i=1

aiρ
i
)

exp(−a1ρ), (1)

L 2 LANL2TZ Ä8Ü

dÄ8Ü k�Ø³

S 1 1.00 Y-ECP 3 28

1.7510000 1.0000000 f³

S 1 1.00 5

1.1430000 1.0000000 0 578.4310349 −0.0404817

S 1 1.00 1 152.7792004 −20.6194344

0.3581000 1.0000000 2 44.9301524 −116.7522279

S 1 1.00 2 11.4587918 −43.7975806

0.1058000 1.0000000 2 3.7523267 −5.4247609

S 1 1.00 s-f³

0.0318000 1.0000000 4

P 1 1.00 0 59.4715114 2.9801339

3.8840000 1.0000000 1 17.2173553 34.7834676

P 1 1.00 2 18.4797093 28.8453246

0.7660000 1.0000000 2 4.3276192 64.7642088

P 1 1.00 p-f³

0.2890000 1.0000000 4

P 1 1.00 0 45.7271005 4.9885783

0.0629000 1.0000000 1 49.4595886 19.6506564

P 1 1.00 2 18.9952373 194.0943181

0.0223000 1.0000000 2 3.6603193 43.1349769

D 2 1.00 d-f³

1.5230000 0.1074843 5

0.5634000 0.4563954 0 62.8268435 3.0066647

D 1 1.00 1 31.8897904 25.9879250

0.1834000 1.0000000 2 18.3646572 85.7172897

D 1 1.00 2 7.3062400 48.7792568

0.0569000 1.0000000 2 2.4051635 11.4535104
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ª¥ ρ = r − R e , r Ú R e ©O�ØmåÚ²ïØ

må De, ai (n = 3, 4, 5, · · · )�[ÜXê, /Ïù


Xê�±O�Ñ��å~ê Murrell-Sorbie³U¼

ê�Xê���å~ê�'XXe:

f2 = De(a
2
1 − 2a2), (2)

f3 = 6De(a1a2 − a3 − a3
1/3), (3)

f4 = De(3a4
1 − 12a2

1a2 + 24a1a3 − 24a4), (4)

f2, f3, f4 ©O���, n�Úo�å~ê, �â[

Ü�����³U¼ê, ¦^±eúª�±O�1

Ìëê [19]:

Be =
h

8π2ucR2
e

, (5)

αe = −
6B2

e

ωe

(f3Re

3f2
+ 1

)

, (6)

ωeχe =
Be

8

[

−
f4R

2
e

f2
+ 15

(

1 +
ωeαe

6B2
e

)2]

, (7)

ωe =

√

f2

4π2uc2
, (8)

ª¥, Be Ú αe ©O�²ï=Ä~êÚ�Ä=ÄÍ

Ü~ê, ωeχe Ú ωe ©O���5ªÇÚ�5ªÇ,

u�©f��z�þ, c�1�.

4 (J9?Ø

4.1 ÄÄÄ|||���`̀̀ÀÀÀ

YH, YD,YT ´ V � f © f, á u C∞v +

�©À ^ B3LYP � {, é Y æ ^ LANL2DZ,

U ? � LANL2DZ, LANL2TZ, é H æ ^ 6-

311++G(3df,2pd), AUG-cc-PVTZ, AUG-cc-PVQZÄ

|, `zO�
 YH ©fÄ��²ïAÛ(�, �

5ªÇÚUþ. ¤�(JXL 3 ¤«.

L 3 YH(D,T) ©fÄ��`zO�(J�®knØÚ¢���'�

©f �{/Ä| Re/nm ω e/cm−1 E/a.u.

YH B3LYP/modified LANL2DZ/6-311++G(3df,2pd)0.18887 1617.9747 −38.4565151

B3LYP/ modified LANL2DZ/AUG-cc-PVTZ 0.19056 1605.2291 −38.4599303

B3LYP/modified LANL2DZ/AUG-cc-PVQZ 0.19091 1591.2925 −38.4616682

B3LYP/LANL2TZ/ AUG-cc-PVQZ 0.19161 1536.8526 −38.4653894

B3LYP/LANL2DZ/AUG-cc-PVQZ 0.19023 1600.0828 −38.4602734

¢�� [4] 0.19228 1530.456

B3LYP/SDD/6-311++G(d,p)[13,14] 0.1919 1497.5312

CASSCF/SOCI/RCI/3s3p3d1f[11] 0.1865 1510

CPF/RECP[10] 0.1961 1558

BPW91/SDD/6-311++G(d,p)[8] 0.1999 1526.2

BPW91/SDD/6-311++G(d,p)[8] 0.1915 1554.4

MP2/SDD/6-311++G(d,p)[8] 0.1918 1566.2

YD B3LYP/modified LANL2DZ/6-311++G(3df,2pd) 0.18887 1150.907 −38.4565151

B3LYP/modified LANL2DZ/AUG-cc-PVTZ 0.19056 1141.841 −38.4599303

B3LYP/modified LANL2DZ/AUG-cc-PVQZ 0.19091 1131.9275 −38.4616682

B3LYP/ LANL2TZ/ AUG-cc-PVQZ 0.19161 1093.203 −38.4653894

B3LYP/LANL2DZ/ AUG-cc-PVQZ 0.19023 1138.1802 −38.4602734

¢�� [5] 0.19204 1089.1183

BPW91/SDD/6-311++G(d,p)[8] 0.1999 1085.6

BPW91/SDD/6-311++G(d,p)[8] 0.1915 1105.7

MP2/SDD/6-311++G(d,p)[8] 0.1918 1114.1

YT B3LYP/modified LANL2DZ/6-311++G(3df,2pd) 0.18887 945.6747 −38.4565151

B3LYP/modified LANL2DZ/AUG-cc-PVTZ 0.19056 938.2251 −38.4599303

B3LYP/modified LANL2DZ/ AUG-cc-PVQZ 0.19091 930.0794 −38.4616682

B3LYP/LANL2TZ/ AUG-cc-PVQZ 0.19161 898.2603 −38.4653894

B3LYP/LANL2DZ/AUG-cc-PVQZ 0.19023 935.2171 −38.4602734
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lL 3 �±wÑ, eé Y À^ Gaussiang�

� LANL2DZ, =¦é H ¦^�©¤æ^�Ä¼

êê8�õ� AUG-cc-PVQZÄ|, ÙO�(J�

¢�����3�½ �. �eé Y æ^U?

�dÄ8Ü, @o�Xé H ¤¦^Ä|�Ä¼ê

ê8�Oõ, O�(J��þk
²w�Jp, À

^ LANL2TZ/ AUG-cc-PVQZ ·ÜÄ|`zO�¤

��²ïØmå R e Ú�5ªÇ ω e 'Ù¦Ä|

Ú± �nØO�(J���C¢��. Ïd, e

¡é YH(D,T) ©fÄ�?1ü:U×£�·�

3 B3LYP/LANL2TZ/AUG-cc-PVQZY²?1.

4.2 YH(D,T) ©©©fffÄÄÄ������³³³UUU¼¼¼êêê

A Û ( � ` z Ú ª Ç ©Û�¤ �, ·

� ¦ ^ B3LYP/ LANL2TZ/AUG-cc-PVQZ � {

é YH(D,T) ©fÄ�?1
ü:U×£, ×£O�

��� 0.1—0.74 nm,�O�
 640�ü:³U�.

×£L§¥¦^��«ëêØü�f�m�ål

3ØäCz	, Ù¦ëêþ�(�`z��±î�

����� YH(D,T) ©fÄ���X�ü:³U

���, ^���¦{[Ü� Murrell-Sorbie³U

¼ê. �
U��÷¿�(J, �©[Ü
 n = 3,

4, 5, 6, 7, 8, 9ù 7 «�¹, (Juy, éu¤O�

©fNX, n ���, [Ü(J�Ð. d[Ü¤�ê

â D e , a1, a2, a3, a4, $^ (2)—(4)ªO�����

�å~ê f2, f3, f4. du�Ì�Ï, ùp·�=�

Ñ n = 9 � Murrell-Sorbie³U¼êXêÚ�Aå

~ê, (J�L 4.

0.0 0.2 0.4 0.6 0.8
-4

-2

0

2

4

6

8

10

—

V
↼r
↽/
e
V

r/nm

ã 1 YH(D,T) ©fÄ��³U�

�âå~êÚ1Ì~ê�'X, d (5)—(8) ª,

�±¦Ñ YH(D,T) ©fÄ��1Ìêâ B e , α e ,

ω e , ω eχ e . 1ÌêâXL 5 ¤«.

L 4 YH(D,T) ©fÄ�� Murrell-Sorbie³U¼êXê���å~ê

D e /eV a1 /nm−1 a2/nm−2 a3/nm−3 a4/nm−4 a5/nm−5 a6/nm−6

2.92 14.092 −49.493 −72392.897 −26.233 −1065.761 5513.77

a7/nm−7 a8 /nm−8 a9/nm−9 f2/10−16J·nm−2 f3/10−15J·nm−3 f4/10−14J·nm−4

222772.655 −303232.595 −6231.264 1.3897 −4.4946 11.8132

L 5 YH(D,T) ©fÄ��1Ì~ê

©f D e /eV B e /cm−1 αe/cm−1 ωe/cm−1 ω eχ e /cm−1

YH 2.92 4.6132 0.08846 1538.423 18.9134

¢�� [4] 4.567 0.09145 1530.456 19.437

nØ� [13] 4.309 4.5914 0.1123 1497.5312 22.4149

nØ� 2.95[10],2.93[12]

YD 2.92 2.33 0.032 1094.333 9.55

¢�� [5] 2.32 0.033 1089.118 9.85

YT 2.92 1.576 0.01766 899.188 6.46

lL 5 �±wÑ, éu YH Ú YD,·�¤��

�1Ìêâ B e , α e , ω e , ω eχ e �©z [4] Ú [5] �

��¢��ÎÜ�éÐ. éul)U D e , �,�

8c���vk¢��(J��, �·�¤���

nØ��©z [10] Ú [12] ¤���nØ��ÎÜ

�éÐ. éu YT ©f, �8c��, ���k�'

�nØÚ¢�(J��. Äud,·�?�ÚO�


 YT ��'1Ìêâ,·�@�, k'1Ìêâ´

���.

ã 1 �Ñ
 YH(D,T) ©fÄ��³U�, ã

¥�lÑ���nØO�³U�, ¢��[Ü³U

�, dã�±w�, ÃØ´3áÚ|�´ü½|,

043105-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 4 (2012) 043105

×£���³U��[Ü�þÎÜ�éÐ, ù

`² Murrell-Sorbie³U¼ê

V (ρ) = −De

(

1 +

n
∑

i=1

aiρ
i
)

exp(−a1ρ), n = 9

(9)

U�(�N YH(D,T) ©fÄ��³U¼ê.

5 ( Ø

�©| ^ � f © f � A · å Æ � n, í �

Ñ 
 YH(D,T) © f Ä � � l ) 4 �. © O À

^ LANL2DZ, U?� LANL2DZ, LANL2TZ Ú 6-

311++G(3df,2pd), AUG-cc-PVTZ, AUG-cc-PVQZÄ

|é YH(D,T) ©fÄ�?1
(�`zÚªÇ

©Û. 3dÄ:�þ, 3 B3LYP/LANL2TZ/AUG-cc-

PVQZ Y²é YH(D,T) Ä��³U¡?1
ü:

U×£, ,�|^×£(J, [ÜÑ
 YH(D,T) Ä
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Abstract

Using the density functional theory(B3LYP) method, the 6-311++G(3df,2pd), AUG-cc-PVTZ, AUG-cc-PVQZ basis sets for

H and effective core potentials for Y, the energies, equilibrium structure and harmonic frequency of the ground states of YH(D,T)

molecules are calculated. Based on the theory of atomic and molecular reaction statics, the reasonable dissociation limits of the ground

states of YH(D,T) molecules are derived. By comparing the calculation results with the existing experimental and theoretical values,

we find that the mixed basis sets LANL2TZ/AUG-cc-PVQZ are most suited for the calculation of the molecules. Consequently, the

potential energy surfaces of the ground states of YH(D,T) molecules are scanned at the B3LYP/LANL2TZ/AUG-cc-PVQZ level of

theory. The potential energy curves of the ground states of YH(D,T) molecules are obtained by the least square fitting to the Murrell-

Sorbie potential energy function. The spectroscopic constants (B e , α e , ω e , ω eχ e , D e ) and force constants ((f2, f3, f4)are calculated

and compared with experimental results, indicating that the calculation results are in good agreement with the experimental data.

Keywords: YH,YD,YT molecules ground states, structures of molecules, potential energy function, spectroscopic
constants
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