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ROTATION ANALYSIS OF THE B-X 0-1 BANDS OF GaO 
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Physical Chemistry Laboratory, Institute of Nuclear Sciences-VinEa 

P.O.Box 522, 11001 Belgrade, Yugoslavia 

'Faculty of Physical Chemistry, University of Belgrade 

P.0.Box 137, 11001 Belgrade, Yugoslavia 

ABSTRACT 

The 0-1 band of the B2C+-X2C+ system of 69Ga'60 and 7'Ga'60 has been 

measured and rotationally assigned. Principal molecular constants ( To', Bo', B1", 

B,", DO', Dl",ae") have been obtained. 

INTRODUCTION 

The electronic spectrum of isotopic GaI60 molecules lying between 300 and 

500 nm, has been the subject of investigation for a long time ( for previous 

references see Pearse and Gaydon', Hubert and Herzberg' and Glushko3 ). At the 

present time, the indetification and the analysis of doublet band system have 

resulted in assignment of two doublet electronic states ( B'C' and X'C' ) 

involved in transition. The last addition to this knowledge was advanced in 1979 
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62 POPHRISTIC ET AL. 

by Yadav et aL4. The authors reinvestigated the electronic spectrum i n  the region 

360-420 nm, earlier analyzed by Raziunas et al.s. Using higher resolution, Yadav 
and coworkers have obtained new data for the 0-0 and 1-0 bands of the B2C+- 

X2C+ system. In the course of our study of the emission spectrum of isotopic 

Ga"0, we have recorded also the spectrum of isotopic GaI60 molecules6 with 

rather well resolved 0-1 band. The data from this band may contribute to the 

reliability of the upper state constants, and we have considered it worthwhile to 

analyse it; this analysis forms the subject of the present paper. 

EXPERIMENTAL 

The spectrum of Ga160 was produced in a low-pressure arc of the type 

described by BoJoviC'. The gallium metal was placed in the copper electrode 

(cathode) cup, and arced in the atmosphere of oxygen, using a copper rod as 

anode. The favorable conditions for obtaining GaO bands were at pressure of 130 

Torr, and d.c. current of 1.5 A.  The 0-1 band was photographed in the 7th order 

of a 600 grooves/mm grating blazed at 2.7 pm on a Czerny-Turner spectrograph 

(disp. 0.02 nm/mm), using Ilford HP5 film, and 25pm slit width. The exposure 

times up to 2 hrs were used. The lines were measured on Abbe comparator 

against Th hollow-cathode reference lines whose wavelenghts were taken from 

Zalubas's Tables'. The positions were reduced to wavenumbers in the usual way. 

The accuracy of the measurements was 0.05cm.' for unblended lines. 

RESULTS AND DISCUSSION 

The B2C+-X2C+ system of GaO is a transition between two states which 

belong to Hunds's case (b). The rotational structure of the bands consist of two 

series of lines corresponding to AN= 1. The R and P branches consist of 

RI,RZ,'QII and PI, P,, PQ,2 sub-branches, respectively. Two satellite branches, 

'Qll and 'Q12, are very weak and usualy are not observed. 
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B-X 0-1 BANDS OF GaO 63 

In our spectrograms the heads of the 0-1 band of both isotopic molecules, 

69Ga160 and 71Ga160, are well resolved; their positions in cm" are: R, =24950.35, 

R2=24949.86 for 69Ga160 and R,=24952.31, R2=24951.77 cm-' for 71Ga160. 

The structure of the corresponding branches was well resolved after N > 25. 

The rotational assignments for analyzed band of both isotopic GaL60 

molecule were made following the analysis of Yadav's and collaborators4 as well 

as the analysis of isotopic Ga'*O molecules from our previous work6. The line 

measurements and rotational assignments together with the residuals "obs-calc" 

are listed in Table 1. 

The correct relative numbering was verified by the combination differences 

obtained for the 0-@ and 0-1 bands (Table 2). The agreement of the upper state 

combination differences for common upper state of two bands, confirm the 

correctness of the analysis. 

The standard nonlinear least-squares program was modified for the 2C+-2C+ 

transition by introducing of the series of levels of the 2C states treated as 

independents and written in the form: 

F,(N)= B, N ( N + l )  - D, N' (N+l)' + ... + Ih y N 

F2(N)= B, N (N+l)  - D, N2 (N+l)*  + ... - Y2 y (N+l)  

were F,(N) refers to the components having J=N+% and F2(N) to those with 

J=N-V2. B, and D, are the effective rotational constants and y is the sin-splitting 

constant. 

The spectrum was treated by the direct fitting method, each line having the 

same weight. 

The molecular constants resulting from analysis are given in Table 3. The 

constant B,' agrees well with that obtained by Yadav et aL4. The both upper and 

lower B, constants follow the isotope relation [ with p = (~69Ga160/~71Ga'60)" 

=0.99734 1. The values for spin-splitting constants (y'=O.O19 and y"=0.0012) 

reported by Yada\P and Raziunas' were accepted in this work. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
4
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
B

LE
 1

. 
W

av
en

um
be

rs
 o

f 
th

e 
ro

ta
tio

na
l l

in
es

 o
f 

th
e 

B-
X

 0
-1

 b
an

d 
of

 6
9G

a'
60

 an
d 

7'
G

a'
60

 (c
m

-l)
 

24
 

25
 

26
 

27
 

28
 

29
 

30
 

31
 

32
 

33
 

34
 

35
 

36
 

37
 

38
 

39
 

40
 

41
 

42
 

43
 

44
 

45
 

46
 

47
 

48
 

49
 

50
 

51
 

52
 

53
 

54
 

24
94

6.
W

 
9)

 
94

6.
14

(-
15

) 
94

5.
70

( 1
2)

 
94

4.
96

( 
3)

 
94

4.
14

( 
10

) 
94

3.
73

 2
1)

 

94
1.

57
(-

30
) 

94
0.

7 
I(

-2
9)

 
93

9.
99

(-
1 I

) 
93

9.
42

( 2
6)

 
93

8.
40

( 2
4)

 
93

7.
43

 2
6)

 
93

6.
45

( 3
0)

 
93

4.
98

( 
5)

 
93

3.
62

(-
14

) 

93
0.

84
(-

46
) 

92
9.

63
(-

38
) 

92
8.

59
(-

29
) 

92
7.

63
( 3

3)
 

92
6.

08
( 2

0)
 

93
2.

41
(-

14
) 

24
90

9.
5 1

 (-
1 5

) 
24

9 1
 1

.8
9(

 0
) 

24
91

 1.
56

( 
5)

 
90

7.
61

 (-
 19

) 
90

6.
08

(-
17

) 
90

3.
78

(-
 18

) 
90

1.
62

(-
35

) 
89

9.
90

( -
4)

 
89

7.
77

(-
11

) 
89

5.
58

(-
18

) 
89

3.
43

(-
18

) 
89

l.
l9

( 2
3)

 
88

9.
46

( 2
7)

 
88

6.
76

(-
1 I

) 
88

4.
63

( 
4)

 

87
9.

96
( 

14
) 

87
7.

58
( 2

1)
 

87
4.

99
( 

1 I
) 

87
2.

47
( 

12
) 

86
9.

86
( 

8)
 

86
7.

4 1
 ( 

25
) 

86
9.

86
( 2

5)
 

86
1.

95
( 

15
) 

85
9.

14
( 

8)
 

85
6.

23
( -

4)
 

85
3.

34
(-

 10
) 

85
0.

52
( -

5)
 

84
7.

47
(-

18
) 

84
4.

56
(-

14
) 

84
1.

60
(-

10
) 

24
94

0.
39

( 
10

) 
93

9.
41

( 
4)

 
93

8.
40

( 
0)

 
93

7.
42

( 
3)

 
93

6.
46

( 
12

) 
93

5.
35

( 
10

) 
93

4.
07

( -
4)

 
93

2.
85

( -
8)

 
93

2.
05

( 
34

) 
93

0.
1 

1(
-3

3)
 

92
9.

01
 (-1

 2
) 

92
6.

52
( 

14
) 

24
89

3.
00

( -
9)

 
89

0.
81

( -
7)

 
88

8.
65

( 
2)

 
88

6.
42

( 
9)

 
88

3.
73

(-
26

) 
88

1.
58

( 
-3

) 
87

9.
44

( 2
5)

 

87
4.

43
( 2

2)
 

87
1.

63
( 

4)
 

86
8.

95
(-

 12
) 

86
6.

49
( 

5)
 

86
3.

53
( 2

3)
 

86
0.

73
(-

32
) 

85
7.

97
(-

32
) 

85
5.

70
(-

20
) 

85
2.

36
(-

28
) 

84
9.

60
( - 

14
) 

84
6.

86
( 

4)
 

84
3.

56
(-

28
) 

84
0.

99
( I

S)
 

24
94

0.
71

 ( 2
1 )

 
93

9.
42

( -
5)

 
93

8.
40

( 
-2

) 
93

7.
43

 9
) 

93
6.

00
(-

 18
) 

93
4.

98
( 

-2
) 

93
3.

82
( 

3)
 

93
2.

41
(-

10
) 

93
 1.

41
 ( 2

0)
 

92
9.

63
(-

22
) 

91
0.

06
( 

0
) 

90
8.

10
( -

7)
 

90
6.

08
(-

16
) 

90
4.

33
( 

4)
 

90
2.

49
( 2

1)
 

90
0.

31
( 

7)
 

89
8.

25
( 

10
) 

89
6.

10
( 

8)
 

89
3.

93
( 

8)
 

89
1.

74
( 

10
) 

88
9.

46
( 

7)
 

88
7.

16
( 

7)
 

88
4.

84
( 

8)
 

88
2.

40
( 

3)
 

87
9.

96
( 

0)
 

87
7.

58
( 

8)
 

87
4.

99
( 

0)
 

87
2.

47
( 

2)
 

86
9.

86
( 

0)
 

24
93

9.
41

( 3
4)

 
86

7.
41

( 
17

) 
93

8.
79

( -
7)

 
86

4.
72

( 
15

) 
93

7.
42

(-
38

) 
86

1.
95

( 
9)

 
93

6.
45

(-
25

) 
85

9.
14

( 
3)

 
93

5.
35

(-
20

) 
85

6.
23

( -
8)

 
93

4.
47

( 
11

) 
85

3.
34

(-
13

) 
93

2.
85

(-
28

) 
85

0.
42

(-
17

) 
93

1.
41

( 2
5)

 
84

7.
47

(-
20

) 
93

0.
11

( 3
3)

 
84

4.
56

(-
16

) 
92

9.
01

 (-1
 8

) 
83

8.
58

( -
8)

 
92

5.
10

( 
12

) 
83

7.
41

(-
37

) 
92

8.
59

( 
12

) 
84

1.
60

(-
11

) 
92

7.
63

(-
16

) 
24

92
4.

51
( 

9
j 

24
83

5.
48

(-
10

) 
24

92
3.

57
( 

11
) 

24
83

4.
49

(-
19

) 
24

92
6.

08
(-

28
) 

24
83

8.
58

( -
9)

 
24

92
7.

63
(-

16
) 

90
9.

5 
1(

-1
5)

 
90

7.
61

 (-1
 6)

 
90

5.
63

(-
20

) 
90

3.
78

( -
8)

 
90

1.
62

(-
22

) 
89

9.
45

(-
34

) 
89

7.
77

( 
8)

 
89

5.
58

( 
4)

 
89

3.
43

( 
6)

 
89

1.
19

( 
5

) 
88

8.
65

(-
23

) 
88

6.
42

(-
15

) 
88

4.
20

( -
3)

 
88

1.
86

( 
2)

 
87

9.
44

( 
3)

 
87

7.
15

( 2
1)

 
87

4.
43

( 
0)

 
87

1.
63

(-
25

) 

86
6.

49
(-

16
) 

86
3.

98
( 

1)
 

24
86

0.
73

(-
32

) 

86
8.

95
(-

33
) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
4
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



55
 

56
 

57
 

58
 

59
 

60
 

61
 

62
 

63
 

64
 

65
 

66
 

67
 

68
 

69
 

70
 

71
 

72
 

73
 

74
 

75
 

76
 

77
 

78
 

79
 

80
 

81
 

82
 

83
 

84
 

85
 

86
 

24
92

3.
09

( 
18

) 
92

1.
55

( 
19

) 
92

0.
 12

( 3
5)
 

91
8.

19
( 

6)
 

91
6.

55
( 

10
) 

91
4.

58
(-

14
) 

91
 2.

90
(-

36
) 

91
1.

46
( 3

1)
 

90
9.

51
( 2

1)
 

90
7.

18
(-

21
) 

90
5.

52
( 

6)
 

90
3.

23
(-

24
) 

90
1.

20
(-

24
) 

89
9.

45
( 

7)
 

89
7.

19
( -

6)
 

89
4.

94
(-

15
) 

89
2.

56
(-

33
) 

89
0.

39
(-

25
) 

88
8.

65
( 2

8)
 

88
5.

84
(-

18
) 

88
3.

58
( -

6)
 

88
1.

23
( 

0)
 

87
8.

8%
 8

) 

87
3.

91
( 2

1)
 

87
0.

91
(-

19
) 

86
8.

17
(-

28
) 

86
5.

42
(-

35
) 

86
3.

1 1
 ( 

6)
 

86
0.

30
( 

3)
 

85
7.

44
( 

0)
 

24
85

4.
52

( -
6)

 

87
6.

23
( -

2)
 

24
83

2.
44

( 
-2

) 
82

9.
26

( 
-3

) 
82

6.
16

( 
7)

 
82

2.
63

(-
20

) 
81

9.
53

(-
11

) 
81

6.
63

( 3
2)

 
8 I

3.
04

( 
2 1

) 
80

9.
49

( 
8)

 
80

6.
06

( 
12

) 
80

2.
44

( 
0)

 
79

8.
90

( 
2)

 
79

4.
99

(-
30

) 
* * * 78

0.
73

( 
23

) 

77
3.

01
 ( 

16
) 

76
9.

05
( 

10
) 

.7
64

.8
9(

-1
2)

 
76

1.
08

( 
4)

 
75

7.
28

( 2
6)

 
75

3.
43

( 4
8)

 

77
6.

58
(-

10
) 

74
8.

65
(-

19
) 

73
9.

92
(-

38
) 

73
5.

93
(-

33
) 

73
1.

84
(-

14
) 

72
3.

15
( -

8)
 

72
7.

75
(-

14
) 

24
71

9.
28

( 3
9)

 

24
92

2.
14

( 2
0)

 
92

0.
47

( 
10

) 
91

8.
92

( 
16

) 
91

7.
26

( 
16

) 
91

5.
74

( 3
0)

 
91

3.
72

( 
6)

 
91

 2.
 I9

( 3
 I)

 
91

0.
59

( 3
4)

 
90

8.
62

( 4
4)

 
90

6.
48

( 3
1)

 
90

4.
33

( 2
) 

90
2.

49
( 

18
) 

90
0.

32
( 

6)
 

89
8.

23
 8

) 
89

6.
10

( 
6)

 
89

3.
93

( 
6)

 
89

1.
74

( 
9)

 
88

9.
46

( 
8)

 
88

7.
16

( 
8)

 
88

4.
84

( 
1 I

) 
88

2.
40

( 
7)

 
87

9.
96

( 
7)

 
87

7.
15

(-
26

) 
87

4.
99

( 
11

) 
87

2.
47

( 
16

) 
86

9.
86

( 
16

) 

86
4.

31
(-

3)
 

86
1.

47
(-

12
) 

85
8.

60
(-

20
) 

24
85

3.
34

( 2
6)

 
85

5.
69

(-
27

) 

24
83

1.
20

(-
34

) 
82

8.
21

(-
13

) 
82

5.
14

( 
0)

 
82

2.
09

( 2
3)

 
8 

18
.8

6(
 3

 1)
 

8 
15

 .6
1(

 3
9)

 
8 I

 1
.4

0(
-3

0)
 

80
4.

61
 (-

27
) 

80
1.

25
(-

11
) 

79
4.

30
( 

12
) 

* * * 77
9.

52
( 2

0)
 

77
1.

52
( -

9)
 

76
7.

45
(-

27
) 

75
9.

61
 (-1

 6
) 

75
5.

78
( 

5
) 

24
75

 1
.8

6(
 2

1)
 

77
5.

54
( 

5)
 

34
92

5.
61

 ( 
5

) 
92

4.
02

( -
1)

 
92

2.
58

( 
11

) 
92

1 .
OO

( 
13

) 
91

9.
40

( 
18

) 
91

7.
67

( 
14

) 
91

5.
74

( -
4)

 
9 1

3.
72

(-
29

) 
91

2.
19

( 
0)

 
91

0.
06

( 2
6)

 
90

8.
10

( 3
2)

 
90

6.
48

( 
0)

 
90

4.
61

( 
12

) 
90

2.
49

( 
3)

 
90

0.
32

( -
5)

 
89

8.
25

( 
0)

 
89

6.
10

( 
0)

 
89

3.
93

( 
4)

 
89

1.
74

( 
10

) 
88

9.
46

( 
11

) 
88

6.
76

(-
25

) 
88

4.
63

( 
0)

 
88

2.
40

( 
19

) 
87

9.
96

( 2
1)

 
87

7.
15

( -
8)

 
87

4.
43

(-
25

) 

86
6.

92
( 

16
) 

86
3.

98
( 

-5
) 

86
1.

47
( 2

0)
 

24
85

8.
60

( 1
5)

 

24
83

5.
48

( 
10

) 
83

2.
44

( -
2)

 
82

9.
26

( -
3)

 
82

6.
16

( 
7)

 

81
9.

53
( 

0)
 

8 I
6.

33
( 

13
) 

8 1
3.

07
( 2

5)
 

80
9.

49
( 

9)
 

82
2.

63
(-

 19
) 

80
5.

60
(-

33
) 

79
4.

99
(-

30
) 

2 

78
0.

73
( 2

0)
 

77
6.

58
(-

14
) 

77
3.

00
( 

12
) 

76
9.

25
( 2

5)
 

76
4.

89
(-

18
) 

76
1.

08
( 

-2
) 

!4
75

7.
28

(-
18

) 

24
92

4.
51

 (-
35

) 
92

3.
09

( 2
5)

 
92

1.
55

(-
22

) 
92

0.
12

( -
4)

 
9 1

8.
19

(-
32

) 
91

6.
55

( 2
6)

 
91

4.
58

(-
30

) 
9 1

2.
44

(-
26

) 
91

 1.
04

(-
40

) 
90

9.
09

( 3
1)

 

90
5.

02
( 3

3)
 

90
3.

23
(-

20
) 

90
1.

20
(-

33
) 

89
9.

08
(-

37
) 

89
6.

54
( 3

 1
) 

89
4.

94
(-

23
) 

89
2.

56
( 3

0)
 

89
0.

19
(-

22
) 

88
7.

95
(-

27
) 

88
5.

39
(-

30
) 

88
3.

38
(-

33
) 

88
0.

90
(-

29
) 

87
8.

37
( 2

7)
 

87
5.

77
( 3

0)
 

87
3.

18
(-

32
) 

90
7.

18
(-

32
) 

24
87

0.
63

(-
18

) 

8 

(c
on

tin
ue

d)
 

%
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
4
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



66 F’OPHRISTIC ET AL. 
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TABLE 2. Combination differences A,F'(N) from the 0-0 and 0-1 bands 

of 6 9 ~ ~ 1 6 0  

Ri(N)-P,(N) 

63.99 
65.72 
67.52 
69.56 
70.99 
72.70 
74.50 
75.84 
77.39 
79.07 
80.32 
82.16 
84.03 
86.03 
87.50 
89.03 

, 90.65 
92.39 
93.96 93.78 
95.56 95.17 
97.02 96.88 
98.25 98.11 
100.15 100.79 
101.97 
103.45 104.01 
104.96 105.23 
106.62 
108.24 108.19 

N 

Constants 

TO, I 
B,' 
BI" 
~ ~ ~ 1 0 7  
~ ~ " ~ 1 0 7  
Be 
Be" 
4'x103 
4'x103 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 - - 

This work Yadav et al.' 

"Gal60 "Ga'60 %a'% %a1% 

24941.70(4) 24943.63(2) 
0.4089(3) 0.4068(3) 0.40912 0.40692 
0.4299(4) 0.4068(3) 
2.6(3) 2.7(4) 3.30 3.28 
2.4(3) 2.5(4) 3.03 3.02 

0.43663 0.4336 
0.40988 0.4076 

1.53 1.52 
4.3 4.0 
4.02b 3.96b 

Ri(N)-Pi(N) 

64.51 
66.13 
67.79 
69.39 
71.02 
72.62 
74.30 
75.94 
77.59 
79.14 
80.80 
82.48 
84.11 
85.76 
87.43 
89.06 
90.78 
93.35 
94.03 
95.66 
97.31 

' 98.99 
100.67 
102.35 
103.99 
105.65 
107.16 
108.77 

Hafrom Ref. 4 

-0- 

Rz(N )-Pz(N) 

64.51 
66.04 
67.71 
69.35 
71.09 
72.70 
74.21 
75.87 
77.53 
79.01 
80.82 
82.44 
83.92 
85.77 
87.48 
89.03 
90.65 
92.27 
94.00 
95.60 
97.18 
98.89 
100.49 
102.26 
103.82 
105.40 
107.04 
108.65 

0-1 

Rz(N)-Pz(N) 

74.62 
76.10 
77.15 
79.69 
80.51 
82.15 

85.53 
87.69 
89.08 
90.94 
92.26 

TABLE 3. Molecular constants of GaI60 for B-X system 
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The constants determined from the fit are a minimum set of parameters that 

reproduce the experimental transition wavenumbers. The parameters are well 

determined and no trends are observed in the residuals. On this we can conclude 

that there are no major frequency perturbation affecting these transitions. 
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