
��
��
����
�	��

��
�� �

��

� ��
���

�������	
�

��
��	
��
��������
��
�	
��

���
� 	
���

���

�  !
"#$
% &'
"�  ()
% "**+*,.-&/ "$ 
0*1-+
( "2
30*,

4 56
78:9<;= >?6
@7AAB 6C?@6DA@4 @>E5>?6
= A@FG
CB 96
HGI?
@J >CEKGAL96
HGI?
@JM

N CGO6
@IG?J AD= >?6
@7AAM = >?6
@7AAMQP
C?>@GAM B >C>E>

RS 6I6>@L9I588 A@?6E
TJ ?96
U>?5@>7V LG6
CL6I>CEWCX GC66@GCX S 6I6>@L9
B A5CLG7



��
���
�����
	

�
�
 �
���
	�

 ��
�
��
��
��
����
�

�&
�� �
�� ���� ��� �� � �� 
� ��! "
#!�!
$�  
� !$� "%�&
�� '��
( �
$� ��! ��� ��� )

*+,-
./0
123
./45
67-
.1/8 497545
//4
8 : 71-
; 0545
<>=
?@BAC@ 7/7D49-
62D
E @ 5
60

0545
; -95
//21-4-
: -/-
F .715
603
./42: /7D-
667D470
7/7D49-
62D
145471265

126F /75
65/8 121 G

H&
��I
�!I "
��� ���� �� � "!�� �
� "�!I "
%>J
� � 
��� ��K �I�� �L!� �� ��&
�� '��

� '�#!�! �! �
K � )

M &
��� ��L �#� �
�! "
��� �$� ��# �$� �� ��
��
� '�ON� �� �!� � "!� �� ��
�K �� �QP
�(�� �#�

� '�#!�! �! �
K � )

*A67R 7D4
@ 4,21: 971.3714,544,75
65/8 121: 9-
S20715975/2142D
F /-
T5/

: -476425/7679
F8 D
.9S7 G

U&
��� ��L �#� �
� "�!I "
���� � !���
� J
� '% � �$! "
���� ���� ��K � ��� � �� ���

*"&, &)
VW)
XW)
; -9D7D-
6145
641@ /-
6FZY95
6F 7: -476425/D-7[ D27641

*7\: 7D4542-
6S5/.71@ 3549
2\7/7376415
60495
61242-
626476124271 G

]_^X >GCM ?9GI
8 @6I5H6I?9>??96>C>7J IGI
J G67EI>
@6>7GI?GL
X 7AT>78 A?6
C?G>76C6@X J L5@O6`a

*D-//212-
65/5
6002/.47
< 54-3
2D
E F 51: 9-
: 794271b "&, &)Bc+#+0de 
"fe+
"*$g
h



�
������
�
��
�

 �
����
	

��
��
� 	
�
��
��
�
�


*� "� #"g"*$d"c"d"*"#, +"g3g+*, 0*+*1
"� "*1
"*$g
"$ �!
0*1e *g$0*$g

���
����
����
�����
������
� � #"0e�c+!
#0$+ *0dd"c"d �
"0e�+g $ 
�  d , 3"&

�� !
"#$
%
6-7\495
: -/542-
65
T2/248 -9
S2T9542-
65/26479: -/542-
65
T2/248'&

()
�*�
+-,
./0
1�
�


*
� "� #"g"*$d"c"d"*"#, +"g0g
�  2
"#g
"#+"g+*
b435768 h 0*1
9b 95 �h :

;=<?>
@b43� 9hBA
C <?>
@W 5D E

FG EF HI <?J
KL@

GM D
N JKLN >

DO GP 8b435Q68 h GR 9b 95 �hS D

2
TU�V
WXY
Z[���\Y
�\T]\X
^X\_
`aW2Y
bWXX\bUTWYc�WX]TYWX
TcWUW� WdWe'f\c

g ;h<?>
@ij i k 3l 9mBA

n E
oMqp r

sut
vwn

sht
vwn

x y
zG yz Hg nGM x

N JKLN v
xO GP|{k4}

~Q�{ m GR4�k �~ �
mS x

����
���
� �
�
���
����
��
���
��
�������
�����
�����
��

�
U�\
� �
� ]\U�
Wa
b_Y
e \Y\X_U\_
� WU\YUT_d XW]
U�\
¡UU\a
¢ IGM z£ _Ya

¢ IGM �£ bWYcU_YUc¤ �¥
� TUTc^_c\a
WY
U�\
¡XcU ZWXa\X
c\]Tbd_
ccTb_d_
�� XW¦ Z

T]_
UTWY¤�§�
Tb�
¨�©��
��
���
�ªª¥�
�ª�  
WX
c]_dd ZX\afb\a Z]_
ccc« cU\]c¤�¬

������
��­®�©�
� ����
����©
�����
ª��
������
���
®��
¯®��¨



����
��
����
���	

����

�

 T]fd_U\d\�\d\Y\Xe T\c_
cYf]\XTb_dd«k WX_de \^X_
Tb_dd«m a\U\X]TY\a\Te \Y�_d Z

f\cW cW]\
� _X_]\U\XT�\a_Y_d« UTb� WU\YUT_d\Y\Xe «  fY
bUTWY
�k��
�¢ �� £ m �

�
�_XUT_da\XT�_UT�\cW 
W^c\X�_
^d\c§�X�U�
� _X_]\U\Xc�� X\� fTX\a 
WX
¡UUTYe

_X\
e \Y\X_U\aX\_aTd« ^« U�\
�\dd]_YY
Z�\« Y]_YY
U�\WX\]�

� � t
vwk4}

l �m

���

�
� t

vw�M! """"
��k��
�¢ �� £ m

���
""""

� t
vw�M! 

�
# W]� _X\§
TU�\¦� \XT]\YU_Ya
TU\X_U\U�\d\_
cU Zc� f_X\c¡UUWbWY�\Xe \Y
b\�

$%&'
()'
* ��

�c_+,c¡\c_dd 
WfX.-
W^/ \b+,�\cW c��\b+XWcbW� ,ba_
+_X\afb+,WY 01

� fdd� f_Y
+f]
]\b�_Y,b_d_
bbfX_
b«

�X\_a,d« +_`\c_
bbWfY
+W V
WXY
Z[�� \Y�\,]\X
^X\_
`aW§Y
k V
[ V
m ¤

2 ZaWf^d,Y
e ¤ _Ya3 WX {4
c� d,++,Y
e c¤ ,Y
+\X]cW X_a,_dc+X\Y
e +� fY
b+,WYc

56'
���(* �

�+Wa\�\dW�87\¦,^d\
� W+\Y
+,_d fY
b+,WY 
WX]c§�,b�

9_X\XW^fc+_Ya -§\dd^\�_�\a 0:<;=
>?A@BC=@>DE
FGHC=@BC
;E
IJBG? =KGJC=;BE
L C=;>M

9
b_Y
,Y
bWX� WX_
+\
� �« c,b_dbWYc+X_,Y
+c_Yad,],+,Y
e d,],+,Y
e ^\�_�,WfX



��
�� �
��
���
	

�	
��
��	�
��
��
����
���	

����
��

� GHGCKGDKE
�CJF�G;@GK
�B=�
�������� ���
� �!"#
$���
���!%
$�� ��& �$'(
)

��\* 
+*]ca,*\b+� ++\,
+,_d¡+c++c� \b+*+cb+� ,ba_
+__,a
b_,
�

�
c,]fd+_,\+fcd« +*\_
+_,
« b+]^,,_
+,+,
+ ],b*+§_�\¤ ,, *_*\a¤ \d\b+*+,,b¤

7f+*\cb\,
b\
c\*,\c¬
� �+++.-_
cc+b,_+,+,a_
+_

� 
+*+,\
+*]fd+,� d\,c+++� +d+e'f\c

� 
+*+,\
+*]fd+,� d\\d\b+*+,,bc+_+\c

�+_`,,
e _
bb+f,
++ _
++],b -]_
cca\��\,a\,
+/
+*, -0��21,�1,31*
4*15
6a+§,
171b+c

�+56,,
e 5
bb+f,
++ 2 -a+f4d,,
e + c,,
e d1+c+5+1c+* {4c� d,++,,
e c

�
b5,
fc1
8©�9 ¥��

������¥����
: �����; ����
:=<
++5f++35
+,b5dd«« ,1d>
¡++1>

� 5*531+1*?
§,+�53,,,3f3,f3
41*
+ ?,@ ,,¡A5,
+>,@ ,+?5,>,
+B+??
+ � *1A,?,+,

,,*1� *1?1,
+,,
@ >5
+5

�5,>A5,
f?1
C 5
+?+, 0
?
8���¥©� <>5

+5§1,@ �+,,
@ +1A�,
,�2D1
++>53
� +�1171A+

+ 
8+D+B,1* <

+4?1*�5
+,+,?
§�,A�
@ ,�15,
+35B+D?B« B5*
@ 1>,?A*1� 5,A,1?
§,+�
+�1

3
+>1B¤ 5,>3,@ �+D,*15?
+,5
4B« 3,?B15>5
¡+�



����
���	

��������
�����

���� (��
�'���
� '
(���(
�� �� ��z� {	 �
~

 y�
�
� 
� ,,*5>,5B�5*,54B1

�
@;FG�

� �
� ���
��

��

�� C�=;>���GBB ��C;KG;
� � �� � � �
���

��L CKHCE ��C?? C;L
� �  
� � �
��

�! ��

� "� @B
#@>:%$&�'�)(M
� � *+ �
�-,�
�� ,

./ � ,! 0
/ �� ,

12
34'2
$('2
� )�5
67(5)�3( ?
DA85?

9:
;�<
=>
?>
@A
BC?ACD
EFF<GA
BH 9@
IJLK

MNO
P�RQ�TS
UVWYX[Z
\^]_`bac`ba ]adce f

ghi8
gj8
klRQm S
k NO
PlRQm S

n op k nqr lRQm n
sht
qr lRQm S

Q r Z
QV r

Q ru QV r

@A
BC?vLw
?==<
B>
xy A
=?CA
CD
EFF<GA
BH @w
yJLK

MOz
{lRQm S
UVW|X Z

} QVQ ~
�\�]_`bac`ba ]adce f
a� ad

ZZZZZ
�
UV Z
���UVlRQVm �\ _ ��

Q �

ghi8
gj8
klRQm S
k Oz
{lRQm S
k �
qr lRQm u� X Z
qr lRQm�
n op k nqr lRQm n

sht

k �
�
klRQ S
�m i
g�8
qr lRQm t
��h�t
s�
s��
���



���
� 3��
�
�
��
	��
�

���
�

�3�
��
���42�
qr lRQm
�

��
��
��
� 3�	��
	 �

�
���
�
���
��
����������
��8
�t�
�
sgh�
�qr lRQm g��
���gt��8
���� g�hi8
���

�8
� �
!" h��
gs!ghqr lRQm g�t
�����
gh�t
� ��
 �
!" h��
gs!�
s" �
#�$%
&�'%
�8
���(

�
���
�
�����)
* %
�qr lRQm g����

+,s�.-
gh�8
��
���� s����
��8
�t
s�s
��� g�h��

s!!�i
s� ��t
����
�8
�t
s�s�

0
1

2
3

4
-1.0

-0.5

0.0

0.5

1.0

r/re

r p-re p

r p+
re p

_______

p
=

1

p
=

2
p

=
3

p
=

4
p

=
6

p
=

8

N
2

data
region



1.6

1.8

2.0

2.2

2.4

φ(r)
/Å

-1

A
gH

(X
1Σ

+)

C
uH

(X
1Σ

+)

A
uH

(X
1Σ

+)

N
ew

φ(r)
functions

expanded
in

term
s

of
y

3 (r)

0
5

10
15

20

-20000

-10000 0

10000

20000

r/Å

V
(r)

/cm
-1

A
gH

(X
1Σ

+)

C
uH

(X
1Σ

+)

A
uH

(X
1Σ

+)

N
ew

E
M

O
3

potentials

V
(r)=

D
e [1

-
e

-φ(r)
(r-re)] 2

0
5

10
15

20

-20000

-10000 0

10000

20000

r/Å

V
(r)

/cm
-1

A
gH

(X
1Σ

+)

C
uH

(X
1Σ

+)
A

uH
(X

1Σ
+)

P
ublished

E
M

O
1

potentials

V
(r)=

D
e [1

-
e

-φ(r)
(r-re)] 2

C
uH

(X
1Σ

+)

-2 0 2 4 6 8

φ(r)
/Å

-1

A
gH

(X
1Σ

+)

C
uH

(X
1Σ

+)

A
uH

(X
1Σ

+)

P
ublished

φ(r)
functions

expanded
in

term
s

of
y

1 (r)

{ data
region



�����
���
���
	
��

�
�
�	

����

��
�

�����
��
���
����������
���

����� 
!"!#$
!%!&(')
*,+!$-+.,/01
&(2 f2 101
3%-/#435

678
�����8����7�79 7�7:<;��

��=� >@?
AB ?ACD $

!%!& >>2 E/- ?AB ?FCD G
fH2 E/- ?FB ?FCD5

�7 I
JK �L�
JM
N O
7�
��9 7��L�����

678��8�7;����;��76P

 
O
Q 1--/- RRE/-S%T+T4#UWV!-4/+T
.,/%1#%4!0"/$10TX

1
Y.,/#1#%/-$1-ZH

2
�
)

=

[\
]
r o>
' X2= >XH
= >XH'
>XH'
>XHf

r of
� Xpp >XHH
^_`a
>XH'
>XHf

r o'
>>Xp fX'p >XH2
^_``
>XHf

r oH
fHX2
2 XH)
>X)p >X2�
>XH>

r o2 H
= X>
>fX>
' X� f
fXH>
>XH2

\
bc
r o>
>HXf
>XH
�
>XH'
>XH'
^_`d

r of
H>X�
' X� H
>X2�
>XH2
^_`d

r o'
fp XH
� X� f
' X>=
>X) H
^_`a

r oH
e
f� X'
� X�)
>X2=
^_`d

r o2
e
e
e
f� X)
>>X�

1.0
1.5

2.0
2.5

3.0
0

20000

40000

60000

80000

υ
=

19

υ
=

10

υ
=

5 υ
=

15

r/Å

V
(r)/cm

-1

N
2 (X

1Σ
g +)

2.0
2.2

2.4
2.6

2.8
3.0

72000

74000

76000

78000

80000

M
LJ

1 (8)

M
LJ

3 (8)

M
LJ

4 (8)

M
LJ

2 (8)

E
M

O
2 (6)

E
M

O
3 (7)

r/Å

V
(r)/cm

-1



��
��
���
���
�
	��

�
�f
� �
	��
	��
�
�
�	
���
	��
���

	�
��
� ���
	


�

��7L:<8�L: �

��

���O
��L���
����
��
�
�

�� ����
�
���
�� � ���
�� � ���
��� �� �

!!!

��
�JM
N �"9 7L�L�
�
# �
$�L

%'&
( �d� � �d� ) �
�* �

�7
� �+ �
�
�� �� ,

-. ����� �
�

/ ����
P $0
1 &
�"�8�9 7�����O
9 ��;����
243

0.0
0.2

0.4
0.6

0.8
1.0

M
LJ

1 (8)

M
LJ

3 (8)

M
LJ

4 (8)

M
LJ

2 (8)

E
M

O
2 (6)

E
M

O
3 (7)

(re /r) 2

C
6 →

r 6[D
-V

(r)]
r2 (υ

=
19)

N
2

data
region

2×10
5

1×10
5

3×10
5

6×10
5

4×10
5

0

5×10
5

10
0

10
1

10
2

-1 0 1 2 3 4 5

r2 (υ
=

19)

r1 (v
=

19)

M
LJ

2 (8)

M
LJ

1 (8)

M
LJ

4 (8)

M
LJ

3 (8)

φ(y
p )

y
p

r/Å

φ
∞ →

N
2

data
region

M
LJ

4 (8)

N
2 (X

)



���
���
���
� �
�	�
�
���
����
�
	


���
7;: �
JM
N����� �� O
7�
����9 8�6�88��
�

���
� ���
��
9 7��L�����: �����82

��O���89 8������7L�;9 �7
� 	

� �


����99 87"�O
���O7�
���L�
�9 �L�
�L�
��������

�7��
�8���������
2 76��
�9 8������7L��

0.0

0.5

1.0

1.5

2.0

B
v

M
LJ

3 (8)
M

LJ
4 (8)

experim
ental

values

D
unham

expansion

0
10

20
30

40
50

60
0

500

1000

1500

2000

2500

∆
G

v+
1/2

v

M
LJ

3 (8)
M

LJ
4 (8)

experim
ental

values

D
unham

expansion



��
�� �
��
���
	

�	
��
�
��
���
��
��
��
	����
������
�

� �������������
O
�L;��687O
�������� � !
"#�$%&
'� !
�""$(
'�� !") !'*+
,

-/.01
203
4560.78
- 28.986
:;<8
4824-/.780
2472- 675
:8:= >?
@

ABC
DEGFACDHI
H
AJK FBIC
DILAHBAMHDBN
O AJABAILBCAILK ICI
PDBDCH Q

R208S9:8.;T= 8U.T 7
:90.:56;T/V.
W .9.0
:8.5
S469W

XY
Z[ Y
\]
^`_a
bcd

�fegehiejik
�hl
mneop
ei
qrsn
�������� � !
"#�$%&
'� !
�""$(
'�� !") !'*+
,

tU67U7
:9<8
:9T 218
U.
- 2;T 9236
:;=/uv
w
20v
xy 1
203
456
47S44.5
U.0.

z { ip
|eoe}}hlhsoei
qsrn
~ lmk �}spjik
�k�{ sokolhei� iso

� �reo
� k �����
��� ns}ki
,

8
2423.
4.8
21:-- 02�63
:8.69686
:;806
:;- 28.986
:;1
S9786
29
�:;S.4W .9.0
:8.510
23

�
:9
� �
� 7
:;7S;:8629
S469Wf�
S9U:3
�������� :95
� ������ 10
23
:��- :0:3.8.0��<8
 

:9:;T 464

�I
¡AJABAN 7
:;7S;:86294

�W S.44t20¢Q

£US4= 560.78
- 28.986
:;<8869
W 218
U.8
T-/.5.4706V.5
U.0.3
:T 9
2tV.7
29465.0.58
2

V.
:�¤0
2S869.;T¦¥8
22;69
:4-/.780
2472- 6484  822;¢68
§


