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Abstract : Nitrogen second positive system was excited using k segmentod
electrode transvorsely excited nitrogen lager tube just below and just at laser
threshold. Bands were photographed on a vacuum Ebert grating spectro-
trograph at a dispersion ranging from 0.09 to 0.16 A/mm About 156 bands
were very woll resolved and found swtable for a detailed rotational analysis.
‘With the resolutibn used tho A compouents of tho £ and R branches of Cir,
~B37, transition and the R branch in the C°r, -B%m, transition could be easily
identified. Tho results obtained are presented.

.

1. Introduction

Tho second positive system of nitrogen muoleculo in the ultraviolet region is a
well studied band systom. Study of tho rotational structure of these bands
started in the 1920°’s by Mecke and Lindau (1924), Lindau (1924, 1924a) and
Hulthen and Johansson (1924, 1924a), Horzberg (1931) attributed a sharp cut
off of the rotational levels in o' = 4 to a predissociation. A detailed rotational
analysis of this systom by Coster, Brons and Van der Ziel (1933), Gunisch (1933)
and Buttenbender and Herzberg (1935) firmly established that the transition
was 37-*z. Costor, Brons and Van dor Ziel (1933) analysed six bands and they
could resolve the A-doublets in the R, branches of these bands. Coster, Van
Dijk and Lameris (1935) obscrved some bands at high resolution and gave line
positions of the (0-0) band for higher J valuos (J = 40-91). Budo (1935)
developed & general formula for term values for 37 states in intermediate coupling
between Hund’s cases (a) and (b) and derived revised equilibrium rotational and
spin splitting constants for the B%m; and C°my states. Janin (1946) observed
new branches in some bands and discussed perturbations. Carrol and Sayer
(1953) added fivo new bands in the region 5031-5462 &. Later Dieko and Heath
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Figure 1, Rotational structuro of tho (2-1) band of tho C®ny—B'n, system
of the 1 itrogen moleculo m the 19th ordor.
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Figure 2. Rotational structure of the (0—0) band of the O3y —B2m, system
of the mitrogon molecule in tho 18th ordor.
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Figure 3. Rotational structure of the (!

20°

0—1) band of the C%m,—Bm, system

of tho mitrogen molecule in tho 17th order.
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Figure 4. Rotational strueturo of the (0—2) band of tho O3,

of the nitrogen moleculo in the 16th order,
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Figure 5. Rotational structure of tho (2~6) band of the C%mry—B%n; system
of tho mtrogen molecule in the 14th order.
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Figure 8. Rotational structuro of the (1—5) band of tho C°my—B%n, system
of the nitrogen molocule in the ldih order.



Nitrogen second positive system 389

(1959) studied this system in a greater detail at a dispersion of 0-6 A/mm. They
have analysed the rotational structure of tho (1-1), (0-0), (2-3), (2-4), (1-3),
(1-4), (0-3), (4-8), (3-7) and (1-7) bands and obtained the A-doublets of the

P and R branches of the Sm,u-3m,y and that of the R branch of the Mmyu~*ryg
transitions.

C*n~B*my stimulated omission lines in a nitrogen pulsed laser have been
observed by Kaslin and Petrash (1966), Kasuya and Lide (1967), Parke ¢t al
(1968), Tocho et al (1974) and more recontly by Potit; et al (1978).

A comprehensive summary of the work done on nitrogen molecule till 1977
is given by Lofthus and Kruponie (1977).

We have studied recently the rotational structure of the (0-0), (0-1) and
(1-0) bands under electron beam oxcitation and undor laser discharge conditions.
The results obtained will be published separately.

Owing to the importance of the nitrogen molecule both, in the fields of lasers
and that of spectroscopy it was thought worthwhile to reinvestigate the socond
positive systom of the nitrogen molecule under higher resolution and dispersion
than was done carher. Accordingly the rotational structure of the (0-0), (0-1),
(0-2), (0-3), (1-0), (1-2), (1-3), (1-4), (1-5), (2-0), (2-1), (2-4), (2-5), (2-6) and
(3-1) bands has been studied in various higher orders of & vacuum Ebort grating
spoctrograph and the results obtained are prosented in this paper.

2. Experimental

The nilrogen second positive system was oxcited using a segmented electrode
transversely excited nitrogen lasor tube just below and just at laser threshold.
Tho discharge tubo was filled at o prossure of 18 torr of nitrogen in the flowing
condition, Spectra were taken on & 7-3 m vacuum Ebert spoctrograph in 14h
to 20th orders at dispersions ranging from 016 &/mm to 0:09 4/mm on Kodak
1-0 plates at the Horzberg Instituto of Astrophysies, NRC, Canada. Exposure
{imos varied from 2 minutos to 1 hour and this was found sufficiont to obiain
the rotational lines with reasonably good ntensity. Measuroments were made
using & Carl-Zeiss Abbo Comparator in IIT Kanpur having & least count of one
micron. Wavelengths and wavenumbers of the rotational lines were calculated
using the program of John John’s of the Herzborg Imstitute of Astrophysics,
Canada on an IBM 1401 computer in IIT Kanpur, The measurement of the
rotational linos are accurate to 4-0-01 cm~,

The results reported in this papor on the (0-0) band are obtained under excita«
tion conditions just below the laser threshold of the 0, 0 band while those on
other bands are obtained under excitation conditions of just above the laser
threshold of the (0-0) band.



Table 1a, 5. The vacuum wave numbers, J assignments and the A-doubling of the rotational hnes in the {(0-0) band of the nitrogen second
positive system

J ) ' P; R, Ry 3 Q2 Qs
(ecm™1) (em—1) (cm—?) (cm™?) (em=?) (cm-?) (em™?) (em-1)
0 20678.06
1 29671.69 81.53 29678.89
81.67
2 68 99 29664.82 85.41 82.63 29669.12
85.57
3 66.38 62.295 29658.40 89.59 87.29 % 29686.55 29672 98 70.52
89.79 87.38
4 64.38 60 17 56.38 94.11 92.29*% 92.29
9132 92.47
5 62.48 58.40 54.72 98 96 97.76 98.48 76.05 74.65
99.20 97.90
6 60.93 56.97 63.55 29704.18 29703.60% 29705.00 78.06 77.37
04.43 03.77
7 " 59.62 65.93 52 78 09 77 10.02 11.89 81.17 80.43
10.02
8 58.57 55.23 52 50 15 71 16.46 19.13 83.57 83.95
. 15.99 16.63
9 58.03 54.98 52.50 22.04 23.48 26.75
22 32 23.64 87.76
10 57.88 55.23 53.02 28.75 3085 3469
29.04 3183 90.73

11 29657.65 29655.56 29653.90 29735.83 29738 61 29743.02
57.88 36.13 38.79
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Table 1 (Contd.): The vacuum wave numbers, J assignments and the A-doubling of the rotational lines in the (0-0) band of the nitrogen
second positive system

J Py Py P, R, R, R, 2 3
(em-?) (cm~1) (em-?) (em-?) (cm™1) (em-?) (cm™1) (cm™*)
12 58.18 56 38 51.98 43.32 46.75 51.66
58.40 43.61 46.90
13 59.08 57.65 56.97 51.19 55:25 60-72
59-25 51-48 55-43
14 60.17 59.25 58.67 59.46 64 25 70.08*
60.42 59.75 64 28
156 61-79 61-26 61:26 6810 73-40* 79-84
61-98 68:38 73 51
16 63-59 63-59 6482 7712 83-00* 89-91
63 87 77-43 83-16
17 65-98 66-54 68-82 8653 92-98*% 29800-38
66-18 86-73 9310
18 68:82 69-49 72-39 96 29 29803-33* 11-16
68-99 96 58 03 46
19 71:69 7298 29806 41 14 09%* 22:35
71-98 06-733 1415
20 75-08 76 85 79-07 17-03 25 12% 33-85
75-29 17-29 25-21
21 78 89 81-17 27-97 36-65 45-79
7907 28-19
22 83-04 39 28 48 40 58-:02
83-24 39-53
23 29850-96 29860-63
51-13
24 63:05 73-14 8367
63-31
25 7544 96-89

The A dlublings observed in the Py, R, and R, branches of the (0-0) band are hsted in the table. Those marked* are resolved and re-
ported in the present work for the first time

@) Guntsch (1933) reported A doublets for Ry(2), Ra(4) to R,(38) and Py(2) to P(38)

wogshs saspsod puosas udbougs \T

16¢



Table 2. The v wave bers, J assig and the A-doubling of the rotational lines in the (0-1) band of the nitrogen second
positive system
J Py P, Py By Ra Ry Q3 Qs
(cm-?) (em~%) (cm-1) (em-Y) {cm1) (em-1) (cm~?) (cm-)
0
1 27966-07 27976:12 27972:37
76.33
2 63:80 27959-18 80-24 78-98 2796654 27963-87
80-44
3 61-47 5692 27953-36 84-61 81-99 27981-64 67-62 65-60
84-75
4 59-42 55-20 51-52 89-22 87-53 87-53 69-33 6772
89:41
5 57-81 53-87 50 34 04:26 93-15 93-93 70-12
94 49 93-31
[} 5659 52-59 48-44 99-64 99:18 28000-69 73-25
99-88 99-35
7 6520 51-64 4891 28005:16 28005-66 07-89 76-45
05-42 - 05-81
8 54-12 51-16 4891 11.07 12-38 1543 80-24
11-33 12-57
9 54-25 51-35 49-84 18-25 19-89 23:42
1853 20-08
//—--.
10 54-44 5202 5034 - 25-31 —27-64 3178

25-59 27-81
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- Table 2. (Contd.) The wave J assig and the A-doubling of the rotational lines in the (0-1) band of the nitrogen
] second positive system
J Py Py Ps B, R, Ry Q, Qs
tem?) (em-?) (em~?) {em-1) (em~%) (em™?) (em—1) (cm-?)
11 27954-58 27952-59 27951-36 28032-77 28035-81 28040-55
5477 33-08 35-98
12 54-77 54-12 52-97 39-62 44-36 49-68
40-20 44-53
13 56-76 55-65 56-20 48-96 48-96 59-22
56-92 49-24 49-24
14 58-42 57-81 57-64 57-67 57-67 69-13
58-69 57-96 57-96
15 60-47 60-47 60-84 66-83 72-54 79-47
60-65 67-11 72-68
16 62-97 6334 64-28 76-43 8273 90-18
63-16 76-68 82-88
17 6586 66-77 68:15 86-39 9348 28101-37
66-07 86-58
18 69-16 70-52 7301 96-83 28104-33 1279
69-33 97-09
- 19 72-86 7470 76-45 28107-61 15-80 2470
73-01 07:35
20 76:98 7931 81-99 18-82 27-67 37-01
77-14 19-09
21 81:46 3053
B1-64
22 86-31

8653
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Table 39,5, Thev wave bers, J assi ts and the A-doubling of the rotational lines in the (0-2) band of the ; itrogen second
positive system

J 1 P2 P@ RJI 2 3 2 3
(em™Y) (em~) (em~?) (em=1) (em=?) {em™?) (cm~?) (em~*)
0
1 26290-27 26300-04*
-~ 00-16
2 87:60 26287-80 03-66* 26300-55 26290-27
03-80
3 85-40 80-76 26276-98 08-13 05-93* 2630519 9143
08-32 06-01
4 83-52 79-37 75-71 13-00 1138+ 1147 93-49 26291-43
1322 1147
5 81.84 77-81 74-46 1827 17-24% 1812 94:50
18-49 1739
6 80-64 7698 7383 23-90 23-57* 25-21 97-02
24-16 2374
1
7 79-84 76-46 ¢ 73-66 2996 30-35* 3272
30-23 30-53
8 79-48 76-37 74-00 36-47 37.57* 40-63 26305-20
. 36-73 3774
9 79-37 7675 74.80 43.37 45-22* 48.97
43-66 45-39

10 79-84 77-51 76-07 50-73 /g‘::r-gg:/——— 57-72
- 51-03 -49

11 80-64 78-85 77-51 66-60

¥6¢
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Table 3 (Contd). The vacuum wave numbers. J assignments and the A-doudling of the rotational lines in the (0-2) band of the nitrogen

second positive syrtem

J Py P, Py Ry ] Ry @ £]
(em™) (cm-! (cm-? (em™?) (cm—! {em-1) (em™?) (em-1)
12 81-84* 80-64 80-07 66 88 70-88*% 76:53
81-99 67-12 71-04 8660
13 83-52* 83-52 82-80 75:58 80-35*
83-71 75 86 80-56
14 26285.67* 26285.40 26285 86 26384.78 26390.24* 26397.05
85-86 85-08 90-39
15 88-15* 88-69 8956 94-45 26400-59* 26408-03
88-36 94-73 00-72
16 91-06* 92-09 93-49 26404-57 11-39% 26419-33
91-23 04-84 11:50
17 94-50* 96-12 98-04 15-16 22-62* 3113
94-70 15-36 2276
18 98-61* 26300-85 26303-66 26-20 34:28*% 43-33
98-81 26-47 3440
19 26302-82 05-20 07-97 3772 46-44% 55-99
37-96 46-54
20 f07-36* 10-42 13-91 49-63 58-97 69-08
07-57 49-88
21 12-69 16-35 20-27 62-02 72:11
62-26
22 18-49* 22-60 27-03
23 24-68 29-31 3424
24 31-31* 41-86
31-62
25 38-39

)

The A-doublings observed the P;, R; and R, branches of the (0-2) band are listed in the Table,

reported in the present work for the first time.
Lindau (1924a) reported A-doublets for R,(3) to R,(10), B,(12) to R,(15) and R;(17) to Ry(25).

Those marked * are resolved and
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Table 45, The v

ts and the A-doubling of the rotational lines in the (0-3) band of the nitrogen second

positive system
J Py 2 Py R, R, By 2 Qs
(em—?) (cm~?) (cm—1) (cm—?) (cm?) (cm?) (em—) {cm-1)
[ 24649-06
1 24642-76 52-65 24649-61 24642-48
2 40-30 24636-33 56-72 54-09 24640-57
56-85
3 3810 34-12 24630-33 61-17 59-06 24658-39 42-38
61-31 59-16
4 36-33 32-40 28-73 66:07 64-53 64-67 46-92 44-75
66-27 64-67 43-36
5 34-91 31-14 27-73 71-41 70-51 71-41 48-36
71-61 70-67
6 33-92 50-33 27:30 77-18 77-00 78-74
77-43 77-18
7 33-40 30-11 27-44 83-45 83-08 86-51 56-72
' 8371 8417
8 33-16 30-33 28-09 90-19 91-48 9474
33-27 90-45 91-66 ”
9 33-40 30-99 29-28 97-40 99-47 24703-46
33-53 97-67 99-65
10 34-12 32-18 30-99 24705:09 24707-93 12-69
34-28 05-39 08-12
11 35-31 3392 33-16 13-25 ’/mii//_ 22-28
35-47 13-64 17-08
12 36-96 36-03 35-87 21-99 26-35 32-36
37-12 22.-28 26-52

968
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Table 48, (Contd.) The wav bers, J assi| ts and the A-doubling of the rotational lines in the (0.3) band of the nitrogen
second positive system

J P, 2 ) 1 2 a Q2 Qs
(em™)  (em™Y) (em™?) (¢m=1) (cm?) (em™?) (em™?) (cm™?) (em™?)
13 24639-08 24638-74 24639-06 24731-17 2473629 24742.97
39-23 3148 3649
14 41-69 4168 41-86 40-82 4669 53-96
4186 41-16 46-86
16 44.75 45-55 46 92 5103 5756 65-30
4493 6134 67-76
16 48-36 4961 61-58 61-66
48-48 61-97
17 52-32 54-26 56-72 72-82
52-65
18 656856 59-16 62-38
5702 59:30
19 61-87 64:94 68-49
20 67-54

(]

Lindau (1924a) replrted A-dlublets flr B,(4), Ry(6) tl B,(8), R,(10) tl R,(15) and Ry(17) t1 R,(22). Dieke and Heath (1959) reported the
A-doublets for Ry(1) to R,(41) and P;(8) to P,(46). They also reported A-doublets in Py(20), P(40), Py(41), R5(2) to R;(25), R5(31) and
R;(35)

waishs 2ap1s0d puosss uaboigspr
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Table 535, Thev wave b ig and the A-doubling of the rotational lines in the (1-0) band of the nitrogen second-
positive system
J 1 P, Py 1 Ry ] [} [
(cm™) (om—) (em™) (om=?) (om™?) (em~?) (em™*) (em™?)
0 31673-02
1 131666-69 76-38* 31665-58
76-53
2 63-93 80:14* 66-23 31662-87
80:33
3 61-38 3165658 31652-31 84-14* 31681-30 31679-97 67-06 64-16
84:36
4 59-13 654:31 50-00 88-48* 86-04* 85-52 68-26 65-83
88-69 86-17
5 57-05 52:31 48-18 93-09* 91-25% 91-39 69-84 67-86
93-31 91:39
6 5525 50-60 46-76 98-01 96-77* 97-57 7197 70-29
| 98 28 96-96
7 53-76 4943 4674 31703-26* 31702-68* 3170410 73-94 73-02
03-56 02:84
8 52-48 4572 1506 " 08:88 09-14 10-94
09-14
9 51-73* 47-98 44-81 14.77* 15-50* 18-07 80-67
51-563 15-07 @/——
10 50-74* 7 568 44-81 21-03 /22-40' 2551
50-91 21-34 22:56

86¢
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Table 5 (Conid.).

second positive system

The vecuum wave numbers, J assinments and the A-doubling of the rotationsl lines in the (1-0) band of the nitrogen

J 1 Pﬂ P:! Rl Rﬂ R3 QQ Qs
(cm—?) (em™?) (em~?) (em~?) (em™1) (em™?) (em™?) (cm™?)

11 50-38% 47-58 45-26 27-64 29-64* 3326
50-60 27-95 29.80

12 50-59* 47-98 4600 34.58 37-22% 41-18
50-74 3490 37-37

13 31650-90* 31648-72 31646-76 31741-88 31745-11% 31749-53
51-14 4219 45-26

14 51-54% 4975 48-45 4953 53-34% 58:50
5175 4982 53-49

15 52-48* 5112 50-38 57-51 81-87* 67-49
52-67 57-80 62:01

16 53-77* 53-77 52-48 65-84 71-35% 7678
5402 €6-14 71-52

17 55-38* 54-88 54-88 74.50 80-10 86-42
55-62 74.78

18 57-38% 57-38 57-59 83-49 89-58 96-35
57-69 83-17

19 59-64* 60-06 60-68 92-82 99-44 31806-63
59-86 93-12

20 62:27* 63-04 84-15 31802-22 31809-58 17-26
62-48 02-67

21 65-20* 66-23 67-86 1254 20-04 28-11
65-42 1276

wayshis saypsod puoses uaboup
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Table §. (Contd) The vacuum wave numbers, J assignments and the A-doubling of the rotational lines in the (1-0) band of the
nitrogen second positive system

J P, Py P, R, Ry Ry 2 3
(om™) (em~) (em™) (em™) (em™Y) (em™) (em™) (em™)
22 6825+ 70-10 7197 22:87 30-84 30-34
68-68
23 7416 76-09 33:54 4210 50-87
33-90
24 74:83 78-62 80-33 4463 53:53 62:70
44:80
25 79:56 83-30 65-89 6632 74-89
) 56-22
28 67:38 71-36

@ The A-doublings observed in the P, R; and R, branches If the (1-6) band are listed in the table, Those marked * are resloved and
reported in the present work for the first time .

®  Coster, Brons and Van der Ziel (1933) reported A-doublets in P;(8), P;(8) and P;(10) to Py(26)
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Table 6 5,5, The Vacuum wave t ts and the A-doubling of the rotationsl lines in the (1-2) band of the nitrogen second
positive system
J Py Py Py Ry R Ry Q2 Qs
(ema~Y) (em™?) (em™) (em~?) (em~7) (em=Y) (em™?) (em=?)

0 2829121
9146

1 28285-17 94-88
95-04

2 8258 2827794 9878 28295-53 28293-87 28284-99 28281-62
9895

3 8022 7563 28302-98 28302-98 99-27 8624 £6-24 83-16
03-18

4 77-94 73 56 69-34 07-55 05-30* 28304-87 8747 85-17
07-78 05-42

5 76-45 71-96 67-91 12-51 10-85* 11-16 89-43 87-64
12-72 10-99

(] 75-10 70-78 67-01 17-84 16-84* 17-84 80-57
18 07 1699

7 73:96 70-02 66-58 23-20 24:10*% 2496 93-64
2344 24-25

8 73-36 69-60 66-58 29-61 30-04* 32-43
29-91 30-23

9 73-09 69 60 67-01 36-13 37-25* 40-32
36-45 37-45

10 72-94* 70-02 67-91 43-05 44-89* 48-56

73:09 43-37

wapshis aaapsod puooss usbosps \r
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Table 6 (Contd.). The vacuum wave numbers, J assignments and the A-doubling of the rotational lines in the (1-2) band of the nitrogn

second positive system.

J P, P, Py R, 2 Ry Q. Q
(ein) (om?) (e ) (em) (ema-) (omY) (o) (ema=?)
11 73-35* 70-90 69-17 650:37 52-93* 57-20
7365 5070 53-11
12 74-10* 72:16 70-78 5813 61-38% 66-06
74-32 5845 61-54
13 28275-33*% 28273-83 28273-09 28366-29 " 28370-21* 28376-75
7689 66-60 70-39
14 77-10 75-89 75-33 74-87 79-46% 85-48
75-19 79-61
15 78-88* 78.34 78-59 83-86 80-08* 95-68
79-08 84-18 89:256
16 81:25* 81-25 81:86 93-29 99-15 28406-21
, 8146 93-59
17 84:04* 84-53 85-62 28403-12* 28409-65 17-19 17-19
84:24 03-41 0979
18 8724 87-85 8975 13-35 20:52% 28-50
. 8747 13:65 20-61
19 90 84 92:38 94-31 24-04 31-72% 40-24
9]1-04 24-27 31-81
20 94-88 96-85 99-27 35-23 4336 _—— 5242
95-04 —
21 99-27 28301-78 28304-62 46-54* 5536 64-89
99-44 46-81

{1}
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Table 6 (Contd.). The vacuum wave numbers J assignments and the A-doubling of the rotational limes in the (1-2) band of the
nitrogen second positive system.

J Py P, Py 1 2 Ry Q2 3
(em-?Y) (em+?) (cm™?) (em™1) {em™Y) (cm™) (crm?) (em-?)
22 2830416 07-07 10-43 65843 67-78 77-80
23 09-30 13:30 16:60 70:67 70-67 80-7 91-11
09-51
24 14-90 22-66 22-66 83-71 91:91
16:12
25 20-96 25-47
21:37
26 27-561
27-66

() The A-doublings observed in the P, B, and R, branches of the (1-2) band are Lsted in the table. Those marked * are resolved and
reported in the present work for the first time.

() Lindau (1924a) reported A-doublet in B,(3) to R,(20), B,(22) to B;(28) and Py(18) to Py(20), P,(23) to Py(27) and Py(29).
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Table 76,

The vacuum wave numbers, J assignments and the A-doubling of the rotational lines in the (1-3) band of the mitrogen seco

positive system

J Py 2 3 Ry 2 3 Qa Qs
(em-1) (cm-1) (em?) (em™?) (em=?) (cm™?) (em-?) (cm™?)

0 26643 91
44-05

1 26637-79 47-52 26636-85
47-67

2 5526 2663068 51:46 26648-26 26646-28 37-79 26634-34
51-63

3 3297 28-38 2662412 5576 53-16 51-84 38 85 36-05
55-95

4 31-09 26-95 22-38 60 45 58-29 57-91 40-87 38-20
60-59 58-156 _

b 29-48 2513 21-18 65:55 64-03 64-40 40-87
65-78 64-18

6 | 28.38 24-12 2053 7106 70-22 71-33 44-00
7133 70-39

7 27-55 2357 20-86 7686 78:76
7728 77-01

8 27-14 2357 20-70 83-35 83-96 86-56 51-63
83-66 84-14

9 27-30 23-88 21-31 90-16 91-51 -94-80
90-47 _9

10 27-55 24-61 22.79 9742 99:52 2670346

97-73 99-70

0%
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Table 7 {(Contd.).

second positive system

The vacuum wave numbers, J assignments and the A-doubling of the rotational lines in the (1-3) band of the nitrogen

J 1 P, Py Ry 2 Ry Q2 Qs
(em™) (em™) (em1) (om?) (em1) (™) (em-1) (om1)

11 28:09 25-94 2461 26705-13 26707:96 12-55
28-26 05:44 08-14

12 29-31* 27-55 26-70 13-28 16-85 21-89
29-48 13-61 17-02

13 26630-89* 26629-78 26629-31 26721-89 26726 19 2673211
31-09 22-23 26-34

14 3297~ 32-32 32-32 30-96 35-94* 42-39
33-17 31-27 36-08

15 35-44% 3544 36-05 40-46 46-12* 53-17
35-66 40-77 46-27

16 38-30% 3885 40 00 60-45 57-35% 64 34
38:60 50-81 57-48

17 41-68* 42-78 44:41 60-87 68-65* 76-00
41-99 61-13 68-77

18 45-59* 47-86 49:25 71-71 79-40 88-02
45-78 72-02

19 49-84% 52:04 54-56 83-02 9143 26800-51
50-07 83-29

20 54-56 57-20 60-28 94-47 2680374 13-44
54:76 94-94

21 59-67 6293 66-46 26806-99* 26-40
69-91 07-22 17-09
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Table 7. (Contd.). The vacuum wave numbers, J assignments and the A-doubling of the rotational lines in the (1-3) band of the
nitrogen second positive system.

J ) P, P, R, R, R, Q s
(em?) (e (cm) (cm™) (em) (em?) (em)  (em™)

22 64-40 73:18 19-63 40-30

23 69-02 80-13 32:72

24 87-68

25 77-80 82-54

26 84.69

|
() The A-doublings observed in the P;, B, and R, branches of the (1-3) band are listed 1n the table. Those marked * are resolved and
reported in the present work for the first time.

(¥) Lindan (1924a) reported A-doublets in Ey(3) to By(20), B,(22) to By(25) and P,(20), P,(21), P,(23) and Py(25).

»
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The vacuum wave numbers, J assignments ar.d the A.doubling of the rotational lines in the (1.4) band of the nitrogen

Table 8°.
second positive system.
J Py Py a Ry Ry Qa Qs
(em-?) (cm?) (em™?) (em?) (cm™) (cm—1) (cm™?) {cm-1)
0 2502655
1 25019-43 29-12 25025-55 25018-50 ‘
29-24
2 16-91 25012-39 3312 30-01 25028:10 19-43 25016-08
33-24
3 1472 10-18 [ 256005-95 37-51 34-85 3370 17:79
3772 34-96
4 12-98 08-53 04-40 4233 40-27 39-91 20-23
42-54 40-39
b 11-566 07-28 03-43 47-60 4617 45-64 24-76 2312
47-81 46-33
6 10-63 06-44 03-01 53-29 52-69 53-86 26:54
10-64 53-57 52-75
7 09-88 06-24 03-16 59-47 59:47 61-54
09 95 59-70 59-70
8 0972 08-51 03-82 6609 66-88 67-69
10-18 66-40 67-06
9 09-95 07-13 05-01 73-18 7477 78-31
10-18 73-51 74-96
10 10-64 08-28 06-69 80-79 8514 87-37
10-85 81-11 8332
11 11-81 09-95 08-88 88:86 92-00 96-90
12-05 89:19 92-16
12 13-43 12-10 1155 97-44 25101-33 25106-77
13-62 97-70 01:51

wagshs aarpsod puooss waboups \r

LO%



Table 8. (Contd.). The v wave nu g, J g ts and the A-doubling of the rotstionsl lines in the (1-4) band of the nitrogen
second positive system.
J P, P, Py R, R,y R, 2 Q
(em—?) (em™) (cm=*) (em™?) (em~*) (cm™?) (em*) (em™?)
13 15-50 14-72 1472 25106-49 11-13 17-40
1568 60-77 11-31 .
14 25018-03 25017-86 25018-22 25116-04 25121-41 25128-32
18-22 16-36 21 57
16 21-05 21-45 22-59 26-06 32-17 39-69
21-25 26-35 32-30
16 24-55 25-44 27-13 36-567 42-52 51:51
24-76 36-89
17 28-50 3001 32-23 4759 55-19 63-80
29-72 47-89 656-29
18 32-93 3779 59-07 67-29 76:54
33-12 59-38
19 37-79 40-63 43-84 71-04 80-05 89-71
38-06
20 43-26 50-29 83-69 93-10 25203-47
43-84
21 49-15 [ 563-05 57-33 96-42 17-68
49-36
22 59.95 6488 2520991 25220-71
. 8565
23 72-79 23-81
///—-
24 69-69 .

(®) Dieke and Heath (1959) reported A-dcublets in Py(8) to Py(23) to Py(41), Pa(18), Py(23) to Pa(37), Pa(40), R1(2) to R1(25), Ra(3) to Ry(35)

and @g(3) to €q(6).
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b

i Table 9. The wave b J s and the .\-doubling of the rotational lines m the (1-5) band of the nitrogen second
.. ;

J P, 2 Py 1 R, Ry 2 £]
(em=%) (em™) (em=?) (em™) (em=Y) (em™) (cm™) (om™?)
o
1 23439-95
2 2342757 23423-08 43-95 23440-73
3 25-56 21-07 2341686 48-28 45-32 23428-76
48-47
4 23.84 19-52 15-46 53-30 51-29
53-46
5 22-60 18-47 1414:73 58-66 57-40 234567-9 23436-21
58-80 57-51
6 21-89 17-92 14-57 64-50 63-99 65-38 38-76 38-14
64-83 64-16
7 21-48 17-92 15-01 70-95 73-39
71-19 71-34
8 21-48 18-39 1599 77-85 78-84 81-86
21-65 7817
9 22-25 19-42 17-55 85-27 87-05 90-85
85-59 87-25
10 23-08 20-94 19-63 93-21 95-81 23500-31
23-26 93-52 95-98
11 24-60 23-08 22-25 23501-65 23505-11 10-29
24-79 01-97 05 25
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Table 9 (Contd.). The vacuum wave numbers, J assignments and the \-doubling of the rotational lines in the (1.5) band of the mtrogen

second positive system

J Y P, 3 1 R, Rs Q, Qs
(em™?) (om™?) (cm™?) (em™) (cm™?) {em™?) (em=- (cm™)
12 26-60 2555 92545 10-57 14:84 2062
26-82 10:95
13 29.12 28-76 29-12 2012 2513 31:86
29-30 2045
14 23432:15 2343235 23433-17 2353014 2353587 23543.26
3235 30-44 36-06
16 35-68 36-54 40-69
16 39-72 4113
39-95
17 " 4430
44.59
18 4828

4847
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Table 10. The wave b J aasi ts and the \-doubling of the rotationsal lines mn the (2-0) band of the nitrogen second
positive system

J P, P, Py R, R, Ry ) @
(cm-?) (cm-1) (em~Y{ (em-1) (em~?) (em-1) (em—1) (om—%)
0 33614-56
1 33607-15 1771 3361318 33606-24
17-95
2 05-43 33599-84 21-43 17-20 08-86
21-56
3 02:79 97-15 33592-10 25-21 2143 33619-55 33603-98
25-48
4 33600-09 §94-74 89-78 29-32 26-13 24-83 08-19 05-43
00-40 29-57
5 33598-13 § 92-60 87-81 33-65 30-99 30-39 11-40 07-15
3393 31-10
L] 96-08 f§90-85 7 8607 3826 36-25 09-25
96-21 38-57
7 94-28 89:14 84-73 43 14 41-71 42-36 11-61
94.44 4346 41-84
8 92-72 87-81 83-70 48:32 47-52 48-87 14-92
92-91 48-67 47 66
9 91-42 86-84 83:00 53-77 5363 55-35
91-62 54-12 83-717
10 9044 86-07 82:61 59:54 59-90 62:21
90-65 59-90 60-07
11 89-27 85-70 82-49 65-58 66-62 69-36
89-85 85-92 66-77

waehe a0uusod puocose uabougs \7

1y



Table 10(Conid.). The vacuum wave numbers, J assignments and the \-doubling of the rotational lines in the (2-0) band of the nitrogen

second positive system

J Py P, P, 1 R, 3 9 Qs
(em™) (em™) (em™) (em™") (em™) (em™) (em?) (em~?)
12 89-14 86-55 82:61 71-92 73:56 76-74
72:26 73-66
13 33588-83 33585-70 33583 17 33678-57 3368090 3368443
78-89
14 88-83 86-07 83-92 8550 88:31 92-33
8584
15 89-14 86-84 84:97 92-71 96:17 33700-57
93.04
16 89-78 86:27 3370027 3370444 08-98
99.00 00-57
7 | 9085 8927 87:81 0509 1253
08-40
18 90-65 21-08 2667
19 9272 24-60 29-97 3589
20 33-65 39-07 4534
21 48:51

12:24
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Table 11. The wave bers, J- ts and the \-doubling of the rot 1 lines in the (2-1) band of the nitrogen second
positive system
J 1 P’ 3 1 t'] Rﬂ 2 Q’
(ecm™!) (cm™?) (em™?) (em~%) (em™?) (cm™?) (cm™?) {cm™?)
° 3190767
1 31903-05 11-53 31901-10
2 100-20 31894-82 15-66 3191216 01-78 31807-78
3 31897-78 92-24 31887-17 19-82 16:59 31914-63 02-59 99-00
20-06
4 95-53 89-95 85:01 2446 21:30 20-06 03-67 31900-64
24-69
5 93-43 87-94 83 27 28-92 26-36 25-85 04-94 02:59
29-21 26-50
6 91-54 86-32 81-74 33-73 31-77 31-93
91-67 3403 31-93
7 89-95 84-70 80-04 38-83 37-53 38:36 07-67
90-14 39-15 3771
8 88-71 84-00 79-70 44:27 43-63 45:02
88-88 44-60 43-80
9 8767 83-27 7970 650-03 50-03 52-02
87-94 50 34 50-21
10 86-93 82-96 79-70 656-11 56:76 69-30
56-42 656-96
11 86-32 82-92 80-04 62-51 683-89 66-91
86-60 62-86 64-03
12 86-02 83-27 80-72 69-26 71:23 7475
86:32 69-59 71-39

wagshis saapsod puoges uabougs AT

erd



Table 11 (Contd.). The vacuum wave numbers, J asgignments and the A-doubling of the rotationel lines in the (2-4) band of the
nitrogen second positive system

1484

J Pl P!I PS Rl Rﬂ Ra Ql Ql
(cmY) (em™?) (em™Y) (em™?) (em™) (em~?) (em™?) (em™?)
13 86 93 76-60 79-06
14 87-16 84-70 82-82 83-75 86-92 91-44
87-34 84-09 87-08
15 87-94 86-02 8300 91-44 05-35 32000-20
88-18 91.82
16 89-08 87.67 99.55 32003-90 90-26
89-30 99-87
17 90-52 89-48 3200802 1296 1873
90-76 08-28
18 82-24 91-67 16-84 2201 2832
92-54
19 94-41 25-74 3173 38-32
04.82 26-10
20 97-01 35-11 41-57 4856
97-56 35-44
21 99-81 14.82 51-76 59-13
22 56-12 82:21 __.69:94
23 65-43 72-96
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Table 129, The wave hers, J asaig ta and the A-doubling of the rotational lines in the (2-4) band of the nitrogen second
positive system
J Py ) P, R, P By Q Q
(em™) (cm~1) (om~) (om~) (em~?) (em™) (om~?) (ora-)
0 26067-14
1 26960-05 70-47 26966-16 26959-20
70-69
2 58-41 269653-07 74-38 70-47 2606778 €0-05 26956-00
74-56
3 56-04 50-83 26945-84 78 B7 75-20 73-30 61-03 5770
78-30
4 54-23 48-98 44:21 . 83-18 80-28 79-21 59-77
83-44 80-40
5 52-60 47-56 43-06 88:156 85-92 85-66 66-44
52:69 88-44 86-06
6 51-36 46-57 42-37 03-64 91-99 92-50 85-67
51-63 95-85 92-15
7 50-49 45-84 42-20 99-35 98-51 99-77 69-14
50-65 98-68
8 49-88 45-99 42-51 27005-49 27005-49 27007-48
50-14 05-91 05-67
9 49-88 46-17 43-28 12-21 12-89 15-38
50-14 12-54 13-09
10 50-14 36-88 44-50 19-30 20-71* 24-09
50-37 18-66 20-93
11 50-83 48-08 46-17 26-82 29-02 33-03
51-04 27-19 29 20
12 51-94 | 49-65 £ 48-27 [ 34-80* 37-73* 4232
52:16 3 36-14 37-80
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Table 125 (Conid.). The wave J assign ts and the A-doubling of the rotationallinesin the (2-4) band of the
nitrogen second positive system
J P, Py Py R, 2 Q Qs
(em™?) (em™?) (em™) (em~?) (cm™) (em=¥) (em™?) (cm™?)
13 26963-43 26951-75 26950-83 27043-20* 27046-86* 27052-08
53-73 43-57 47-03
14 §5-37, 54-23 ¥ 53-43 5206 56-38 62-20 N
56-61 52:37
15 57-70* 57-17 61-30* 66-48 72:78
57-98 61-67
16 60-47% 60-47 T1-04* 76-78 83-74
60-78 71-39
17 63-76* 64-25 81-23* 87-63
64-01 81-66
18 67-42* 6845 98-80 27106-87
67-65
19 T1-47 73-14 27102-82* 27110-60 19-07
14-64
20 1493 22-64
21 79:63

(ar

The A-doublings observed in the Py, By and R, branches of the (2-4) band mwe table. Those marked * are resolved and

reported in the present work for the first time.

o
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Table 13,5, The wave b ig ts and the A-doubling of the rotational lines in the (2-5) band of the Nitrogen
second positive system
J Pl Pﬂ Pﬂ 1 2 3 Qﬂ QS
(em~) (em~?) (em™?) (em™?) (em-1) (em™) (em™) (em=1)
0 26377-63
1 81.22 25375-98 25369-12
2 25369-12 85-07 80-57 2537853 2536676
85-24
3 66-90 25356-79 25356-79 89-37 86-09 84-16 72:23 68-54
89-59
4 65:22 56:26 55-26 94.09 91-32* 90-31 7585
94-33 91-43
5 63-83 654:31 4315 99-61 97-13* 96-94 76-85
99-80 97-26
6 62:75 53-90 53-90 25404-81 25403-40* 25404-04 77-09
05-11 03-56
7 57-44 54:03 10-84 10-17* 11-62
11-16 10-36
8 61-96 57-81 54-66 17-34 17-43% 19-63 85-31
62:15 17-68 17.66
9 62:16 5847 55-81 2426 2516* 28-12
24-61 2536
10 62-60 59:56 57-44 31-67 33:37% 3702
62-75 32:04 33:66
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Table 13 (Contd). The vacuum wave numbers, .J assignments and the p-doubling of the rotational lines 1n the (2-5) band of the nitrogen
second positive system

J P1 2 3 1 Rﬂ R3 Q’ 3
(em-?) (cm™?) (em™Y) (em™Y) (em™) (em™?) (cm™1) (om™?

11 63-65 61-18 59-56 39:58 42:05* 46-42

63-83 39-93 42-24
12 6510 63:18 62:15 47-96 51-22# 56-20

6532 45-33 51-41
13 67-07* 65:76 65-22 5682 60-84* 66 51

67-30 6719 61:02
14 69-50 68 74 69-86 66-19 70-91 77:18

169-74 66:51

@) The A-doublings observed in the Py, R, and R, branches of the (2-5) band band are hsted in the table. Those marked * are res lved and
reported in the present work for the first time

@ Lindsu (1924) reported A-doublets in R,(2) to Ry(16), By(16), Ry(19) Py(11), Py(12), Py(14), P,(16), Py(20), P,(21) and Py(25) to Py(28)

—
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N

ts and the A-doubling of the rotational lines in the (2-6) band of the nitrogen second

Table 14. The v wave , ig
positive system
J 1 Py Py R, Ry Ry [ ]
(em~?) (em™?) (em=?) (em™1) (em~?) (em™?) (em™Y) (em-n)
0 23816-48
0 23816-48
1 20-356 23816:18 23810-10
2 23803-15 24-76 20-90 10-70
21-05
3 23807-44 01:38 23796-81 23829:27 26-05 23824-19 12-37
29-47 26-21
4 05-19 00-13 95-44 34-12 3145 50-51 14-13 23811-06
34-38 31-57
5 03-87 23798-89 94-69 39-42 37-37 3737 16-66 14-13
39-70 37-59
[ 03:15 9847 94.54 4521 43-95 4471 18-43 1773
45-52 44-12
7 02-81 98:15 94-97 5149 50-98 52-61 2191
02 61 51-79 51-19
8 02-81 99-06 95-94 58-24 58-57 60-96
02-61 58 57 b8-75
9 03-35 99-89 97:48 65-50 66-63 69-82
03711 65-84 66-82
10 04-09 23801-36 99-52 73-24 75-19 7912
04-30 73-61 75-39
11 0563 03:35 23802-11 81-51 84-29 88-91
05-79 81-87 84:48
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Table 14(Contd.). The vacuum wave numbers, J assignments and the A-doubling of the rotational lines in the (2-6) band of the nitrogen

second positive system

J 1 P, Py Ry R, B, Qs Qa
(em~?) (em~?) (em~?) (em™) (cm™) (cm™?) (em™?) (em™?)
12 2380744 23805-80 23805-19 23890-31 2389388 23899 24
07-67 90-66 94.07
13 09-85 08:92 08:81 99-60 23903-99 23910 00
10-10 99:97 04:16
14 12.76 12-37 12-86 23909-42 1468 21:33
12-88 0978 14-74
15 16 18 1618 19:55 19:77 25-70
16-46 20-10 2589
1
16 2007 20-58 22-63
20-35
17 24-50 25:05 28 25
24-76
18 2948 29-69
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Table 15. The vacuum wave numbers, J assignments and the A-doubling of the rotational lines in the (3-1) band of the nitrogen second

positive system
J P, P, P, R, R, By Qa Qs
(em™?) (em) (em™?) (em~7) (em=1) (em-?) (em?) (em™?)
0 3378454
1 33778-29 87-64 33782-26 33775-58
87-87
2 75:87 33768-76 91-156 85-84 75-58
91 41
3 7312 66:06 3375912 94-87 90-08 33787 14 76-41 33771-74
95-13
4 70-67 63-63 5780 98:78 94:50 92-28 73-12
70-44 99-14
b5 68-15 6143 55-67 33802-94 99-34 97-70 79-02 74-86
68-01 03-34
6 6606 59-51 53:96 07-31 33804-24 33803-34 76-83
65-87 07-69 04-34
T 6419 57-80 5253 11-98 09-52 09-52 79:02
6395 12-36 09-68
8 62-49 5640 51-40 16-92 15-10 15-39 81:40
62-24 17-31 15-39

wapshis aausod puooss wabouys \r

1ev



Table 15(Contd.). The v wave 8, J nts and the A-doubling of the rotational lines in the (3-1) band of the nitrogen
second positive system
J P, Py Py R, Ry s Q2 Qs
(em~?) (em™?) (em™?) (em™) (em—?) (cm™?) (cm™) (em™?)
9 33761-06 33755:27 33750-59 33822-12 3382091 33821-78
60-81 22-49 21-09
10 59 51 5438 50-05 27-58 27-03 28-38
59-14 27-97 27-16
11 5887 53-78 49-78 33-34 33-24 35-24
5861 3357
12 57-80 53-48 49-78 39-34 40-07 42-21
57-46 39-73
13 57-45 5327 50-05 4566 47-01 49 64
57-19 46-00
14 57-19 53-46 50-59
57-45
15 57-47 31-40
i 57-49
16 57-45 54-62 52:33
57-80
17 57-80 5565 5378
58:12
18 58-12 b56-81
19 5862 J—
58-87 —
20 59-82

60-09
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Nitrogen second positive system 423
3. Results

The C'ry-B’my electronic transition is cxpocted to give rise to Py, Ry, P,, R,,
Qy, Ps, Ry and @ branchos bolonging to the F,, F, and F, components of tho
above transilion. An examination of the rotational structure of each of the
(0-0), (0-1), (0-2), (0-3), (1-0), (1-2), (1-3), (1-4), (1-5), (2-0), (2-1), (2-4), (2-5),
(2-6) and (3-1) bands revealed the piesouce of all the branchos. In addition,
due to A-doubling oach one of the branches is expectod to be doublod. How-
ever, the A-components of tho P,, R, and R, branches could only be resolved
under the prosent resolution and disporsion. The A-components in the rota-

tional lines of the (0-1), (2-0), (1-5), (2-1), (2-6) and (3-1) bands aro being reported
for the first time.

The rotational structure of the (0-0), (0-3), (1-3), (1-4) and (2-4) bands was
carlior roportod by Dieke and Heath (1959). Our measurements agreo with
thoirs within experimontal errors. Further for the bands (1-3) and (2-4) the
prosent work reports larger numbor of rotational lines. In the prescnt work,
the A-components belonging to a number of rotational levels of the I and R
branches of F, and tho E branch of F, could be idontified and J assignmonts
could be made for the individual branches. The rotational structure and analysis
of (1-5), (2-1) and (2-0) bands is boing roported for the first {ime. Vacuum
wavenumbers along with the J assignments of all the fiftcen bands studied here
arp prosonted in {ables 1 to 15. A icproduction of the 1otational struciure of
the (2-1), (0-0), (0-1), (0-2), (2-6) and (1-5) bands is given in figures 1 to 6.

4. Analysis

As wo are dealing here with rotational states which are intormediate between
cago (a) and case (b), it is nocess.ry to take into account the decouplng of the
spin from the inter-nuclear axis through the influence of the rotation of tho molo-
culo as well as tho A-doubling which is the incipiont decoupling of the orbital
angular momentum (Dieke and Heath 1959). Yollowing the initial work of Hill
end Van Vieck (1928) and Van Vleck (1929), Budo (1935) and Hobb (1936) havo
worked out the necessary dotails for tho %7 states, Budo without taking the
A-doubling inte consideration and Hebb treating the more general case. The
rosults obtained have been applied by the authors to the N, molocule.

Simco the coupling in the N, molecule lios betweon case (a) and case (b), the
multiplet splitting 15 small and in such a case it is meaningful to consider all the
rotational levels of the same J (but with different F) together and the rotational
constant By can be caleulated making use of the fact that for J > 2 the sum
of tho term values of six states belonging o one value of J is independent of the
intoractions and is equal to

Const.+[6J(J+1)—2]By
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noglocting the term involving D, (Dieke and Heath 1959). Henco in order to
evaluato the rotational constants the average values of the P and R linos of the
37-377 transition have been obtained and the A,I" values have been calculated
from the following combination relations (Herzberg 1950)

AF'(J) = R(J—1)—P(J+1)

A F'(J) = R(J)—P(J).
Thus whorever more ithan one band is observed with common upper or lower
vibrational level, the corresponding average A,F values have been calculated.
The A,F values obtained have been then used to calculate the rotational constants
of the various lovels using the relation (Herzberg 1950)

A F = 4By(J+4)—8Dy(J+1)"
Tho molecular constants B,, ae, fe, Y. and D have been calculated using a
relations (Herzberg 1950)

By = Be—ag(v+3)+7vdv--3)

y = De+fe(v+1).

The constants have beon obtammed using a loast square fit progmm\ with a
IBM 1401 computor. An attermpt has been madoe to estimate the value of H,
but no meaningful values could be obtained because of the low J values mvolved
in the preseni work. The rotational constants By and Dy are given in Table 16
and the constants B, a,, fe, Ve and D, are given in Table 17.

Table 18, The rotational constants B, and D, of tha B%, and CBm, states
of nitrogen moleocule B%mg

Present worl Dieko’s work
v v v v
(om~1) (em™?) (em™1)
0 1.62843 5.76 x 10-° 1.62849
1 1.61286 10.52 x 10-° 1.61047
2 1.69082 3.61x10-° 1.69218
3 1.56810 5.40x10-° 1.57365
4 1.56526 7.25x 10~ 1.55609
5 1.63633 5.87x10-8 1.53676
(] 1.51368 8.46x 10-¢ 1.61787
Gaﬂu
Present work Dieke’s work
v v D, v
(em=2) (em~?) (em=?)
0 1.81498 6x10-9 1.8149
1 1.79351 6.67x 10-° 1.7933
2 1.76826 9.02 % 10-° 1.7694
3 1.74314 2.87x10-¢ 1.7404
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Table 17. The rotational constants, Bi, ., f. and y, of the Bm, and OPmy
states of the nitrogen molecule, All values are in em=!

Bnﬂ:’msent work oo B“i:rl,)mke,s Work -
B, 1.63858 1.8262 1.63748 1.8247
a, 0.01882 0.02195 0.01794 0.01868
fe 4.1x10-¢ 1.40x10-°
Ye 5.06x 10-® 3.17x 10— 7.38x 108 2.28 %10~
D, 3.71x 10— 6.30x 10~¢
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