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given in plates V to VIII. Altogether, about 270 bands which are
degraded toward longer wave lengths were measured in the above spectral

region. The wave lengths, vacuum wave numbers and intensities of the

s s s e s A

bands are listed in Table VII. The emission data are in general agree-
ment with the data obtained in absorption. The intensity estimates of
the bands of this system are not of much significance except in a
narrow spectral region because three types of plates were used to
photograph different parts of this system. It was not attempted in

the present work to compare the intensities in widely different regions.
The vibrational scheme extending to v' = 28 and v" = 51 is shown in
Table VII which spreads over six pages in this thesis. The bands fall
into the usual parabola. The fact that the width of each branch of

e 7

the parabola is quite small agrees with the Franck-Condon principle

3

that the internuclear distance does not change much in a transition.
The mean values of the vibrational intervals AGv +y of about 210
discrete bands of this system are plotted against v + % in Fig. 7. A
fourth order polynomial fit (see eq. 6, Appendix) was found to be
necessary to obtain a smooth relation between the values of AGV +
and the corresponding values of v + % for the upper as well as the
lower states of this system. The constants b, c, d, e, and f in eq. 6,
Appendix, obtained from this fit were used to calculate the vibrational
constants of this system using eq. 8, Appendix. The value of v, was
obtained as described in section 3.2 using frequencies of the above-
mentioned 210 bands. The following expression is derived from the

frequencies of the band heads:
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v = 17739.5 + 132,571 (v' + %) - 0.3271 (v' + %)2
+0.5240 x 1073 (v' + )% - 0.5324 x 1074 (v' + 1)%
+0.158 x 107° (v* + %)5
- [173.132 (v" + %) - 0.4156 (v + )2
+0.2437 x 1072 (v" + %)3 - 0.8356 x 1074 (v* + 1)?
+0.72 x 1078 (v + )51 .

The vibrational assignments v', v and the differences (v ) are

obs " Vcal
also included in Table VII. For at least 85% of the band heads of this
system, these differences are less than 1 cm'l. It is claimed that the
vibrational constants obtained for the B - X system in the present work
are the most accurate available so far for this system.

In conclusion of this chapter, it may be necessary to comment

briefly on the values of w_ and weXq of state B obtained independently

e
from the analyses of the four different band systems described here. A
comparison of these values indicate that all the values of w, agree we LL
with each other; the values of weXe also agree well with each other,
except the one obtained for the G-B system (m;x; = 0.6 cm'l). This
apparently larger value of m;x; may be due to uncertainty in the measure-

ment of the band heads.




TABLE VII

Band Heads of the B-X System in the Region 17980-4830 A~

"ur(g) vvac(cm'l) Intensity v V' Vg
7971.70 12540.9 m - - -
7968.77 12545.5 w - - -
7952.47 12571.3 w - - -
7908.17 12641.7 m - - -
7889.62 12671.4 m - - -
7844 .40 12744 .5 S - - -
7835.54 12758.9 m - - -
7812,15 12797.1 W - - -
7795.18 12824 .9 S - - —
7744 .30 12909.2 w - - -
7707.23 12971.3 w 24, 51 -1.9
7699.27 12984.7 w 23, 50 -0.9
7690,88 12998.8 w 22, 49 0.5
7684.10 13010.3 w 21, 48 -0.9
7656 .25 13057.6 w - - -

—

LiLXe fye * A



TABLE VII (Continued)

- 37 -

Band Heads of the B-X System

xur(ﬂ) v“c(cm'l) Intensity v v Vo Yeal
obs calc
7635.67 13092.8 25, 51 2.7
7629.81 13102.9 24, 50 -0.1
7621.69 13116.9 23, 49 0.7
7614.61 13129.0 22, 48 -0.7
7606.57 13142.9 21, 47 -0.5
7598.35 13157.1 20, 46 -0.3
7590.14 13171.4 19, 45 -0.3
7582.02 13185.5 18, 44 -0.8
7569.73 13206.9 26, 51 0.4
7562.11 13220.2 25, 50 0.3
7554.40 13233.7 24, 49 0.1
7546 .25 13248.0 23, 48 0.4
7538.77 13261.1 22, 47 -0.8
7530.70 13275.3 21, 46 -1.2
7522.30 13290.2 20, 45 -1.2
7513.77 13305.2 19, 44 -1.4
18, 43 0.2
7504.14 13322.3 27. 51 0.2

134 Mtz * 7




TABLE VII (Continued)
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Band Heads of the B-X System

Aur(?\) vm(cm'l) Intensity v: v Ve Veate

17, 42 -0.9
7495.87 13337.0 m

26, 50 0.7
7487.83 13351.3 m 25, 49 0.8
7480.18 13365.0 W 24, 48 0.0
7472.23 13379.2 W 23, 47 -0.6
7463.75 13394.4 W 22, 46 -0.6
7455.09 13410.0 W 21,45 -0.5
7446 .41 13425.6 W 20, 44 -0.6
7437.61 13441.5 W 19, 43 -0.8
7428.57 13457.8 W 18, 42 -0.9
7419.37 13474.5 w 17, 41 -0.9
7410.04 13491.5 w 16, 40 -0.9
7400.53 13508.8 w 15, 39 -0.9
7390.44 13527.3 m 14, 38 0.0

13, 37 -0.5
7380.98 13544.6 m )1, a4 0.7
7372.09 .~ 13561.0 m 20, 43 -0.9
7362.80 13578.1 m 19, 42 -0.9
7353.35 13595.5 m 18, 41 -0.9

Vel @ B DT
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TABLE VI! (Continued)
Band Heads of the B - X System

Aair(g) ”vac(cm-l) Intensity vi V" Vobs~Vcalc
7343.84 13613.1 m 17, 40 -0.8
7334,07 13631.3 W 16, 39 -0.5
7324.26 13649.5 m 15, 38 -0.5
7314.47 13667.8 m 14, 37 -0.7
7308.37 13679.2 W 21, 43 -1.8
7304.34 13686.7 m 13, 36 -0.6
7298.48 13697.7 W 20, 42 -1.1
7294 .37 13705.4 m 12, 35 -0.9
7289.00 13715.5 m 19, 41 -1.2
7284.48 13724.0 m 11, 34 -1.5
7279.17 13734.1 m 18, 40 -0.9
7273.64 13744.5 W 10, 33 -0.9
7269.28 13752.7 m 17, 39 -0.6
7265.80 13759.3 m - - -
7262.71 13765.2 m 9, 32 0.0
7259, 36 13771.5 m 16, 38 -0.6
7249.30 13790.6 s 15, 37 0.7
7239.02 13810.2 s 14, 36 -0.5
7228.78 13829.8 s 13, 35 -0.6
7218.32 13849.8 s 12, 34 -0.6
7207.71 13870.2 m 11, 33 -0.5

et 2
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TABLE VII (Continued)

Band Heads of the B-X System

o -1 ] f 1]
xm(A) vw_c(cm ) Intensity Vi v Ve Veate
[
17, 38 -2.9
7197.09 13890.7 m
10, 32 -0.5
:
16: 37 "0.8
7185.74 13912.6 m
L 9, 31 0.6
r15, 36 -0.3
7175.15 13933.2 s
L 8’ 30 0-2
<% r14’ 35 -0-2
7164.64 13953.6 s
| 7, 29 -0.7
7153.98 13974.4 s 13, 34 -0.1
*k
7143.29 13995.3 m 12, 33 -0.1
7132.48 14016.5 m 11, 32 -0.1
7121.58 14038.0 m 10, 31 0.0
7110.52 14059.8 W 9, 30 0.1
7102.14 14076.4 W 15, 35 -0.2
7099 ,37 14081.9 W 8, 29 0.2
7091.10 14098.5 W 14, 34 0.6
7088, 34 14103.8 W 7, 28 -0.1
.2
7080.38 14119.7 m 13, 33 0
0.0
7069.52 14141.3 m 12, 32
0.0
7058.52 14163.4 m 11, 31

a an
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TABLE VII (Continued)

Band Heads of the B-X System

2 -1
Ay (A) Vogelom 7)  Intensity vi v C
7047.35 14185.8 m 10, 30 0.0
7036.10 14208.5 m 9, 29 0.1
7024.90 14231.2 m 8, 28 -0.1
7013.62 14254.1 - 7, 27 -0.3
6986.18 14310.0 m 11, 30 -1.2
6974.24 14334.5 7 10, 29 0.1
6970,13 14343.0 W - - -
6962,85 14358,0 o 9, 28 0.0
6951.43 14381.6 m 8, 27 0.1
6939.91 14405.4 i 7, 26 -0.3
6928.13 14429.9 m 6, 25 -0.1
6916.36 144545 m 5, 24 0.4
6890,59 14508.6 m 9, 27 0.2
6878.97 14533.1 s 8, 26 0.0
6867.27 14557.8 s 7, 25 -0.2
6855.49 14582.8 ™ 6, 24 -0.3
6843,49 14608.4 m 5, 23 0.1
6831,54 14634.0 m 4, 22 0.1
6824.87 14648.3 w - - -

Lil3a e5E - 77




TABLE VII (Continued)
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Band Heads of the B-X System

*air(x) \’vac(cm'l) Intensity vi V" Vg™V
obs cale

6819.87 14659.0 W 3 21 ~0.6

9, 26 -0.8
6795,93 14710.6 s 7, 24 -0.5
6783.77 14737.0 s 6, 23 0.0
6772.07 14762.5 s 5, 22 -0.7
6759.76 14789.4 s 4, 21 0.1
6751.53 14807.4 W - - -
6747.88 14815.4 m - - -
6747.45 14816.3 m 3, 20 0.2
6743.26 14825.5 W - - -~
6735.66 14842.3 W 2, 19 -0.5
6726,13 14863.3 W 7, 23 -1.7
6713.35 14801.6 m 6, 22 -0.2
6701,34 14918.3 s 5, 21 -0.5
6696 .45 14929.2 W - - ~
6692.84 14937.2 0 - - -
6689.04 14945.7 s 4, 20 -0.3
6681.42 14962.8 s - - -
6676.91 14972.9 m 3, 19 -0.5
6671.07 14986.0 W - - -

£ 30 S T T




TABLE VII (Continued)
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Band Heads of the B-X System

Adr(g) vnc(cm'l) Intensity vy v" VebsVeale
6664.56 15000.6 W 2, 18 -0.3
6631.93 15074.4 W 5, 20 -1.0
6619,50 15102.7 s 4, 19 -0.7
6607 .22 15130.8 s 3, 18 -0.8
6594.85 15159.2 m 2, 17 -0.7
6582,35 15188.0 m 1, 16 -0.4
6550.98 15260.7 s 4, 18 -0.8
6538.42 15290.0 s 3, 17 -0.5
6526.07 15318.9 s 2, 16 -0.8
6520.91 15331.1 m - - -
6513,47 15348.6 m 1, 15 -0.4
6470.85 15449.7 s 3, 16 -0.6
6466.01 15461.2 m - - -
6461,30 15472.5 m - - -
6458.25 15479 .8 s 2, 15 -0.5
6445.48 15510.5 s 1, 14 0.2
6432.47 15541.8 m 0, 13 1.2
6391.48 15641.5 m 2, 14 -0.1
6378.88 15672.4 s 1, 13 -0.1




TABLE VII (Continued)
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Band Heads of the B-X System

"ur(a) v (em ) Intensity  vi vt v -voo
6375.01 15681.9 m - - -
6366 .36 15703.2 s 0, 12 -0.3
6363.95 15709.2 W - - -
6354,35 15732.9 W - - -
6337.61 15774 .5 m 3, 14 2.3
6325.18 15805.5 m 2, 13 1.7
6313.13 15835.6 m 1, 12 0.2
6300.37 15867.7 m 0, 11 0.5
6286 .55 15902.6 W 4, 14 0.4
6273.30 15936.2 w 3, 13 1.8
6261.51 15966 .2 W 2, 12 -0.5
6248.69 15998.9 W 1, 11 -0.2
6235.74 16032.2 m 0, 10 0.5
6223.77 16063.0 W 4, 13 -1.4
6210.73 16096.7 W 3, 12 -0.6
6185.01 16163.7 m 1, 10 0.1
6172.11 16197.4 s 0, 9 0.5
6168.12 16207.9 w - - -
6163.37 16220.4 W - - -
6147.56 16262.1 m 3, 1 1.1

[FCr .



TABLE VII (Continued)
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Band Heads of the B-X System

A (R) v_ (em™l) Intensity v v -y
air vac obs calc
613557 16293.9 W 2, 10 -1.0
6109.43 16363.6 s 0, 8 0.6
6073.59 16460.2 m 2, 9 0.1
6056 .50 16506.6 W - - -
6051.69 16519.8 s 5, 11 -0.5
6047.79 16530.4 m 0, 7 0.6
6043.31 16542.7 W - - -
6038.62 16555.5 W 4, 10 0.0
6018.29 16611.4 m 7, 12 -1.9
6012,86 16626 .4 m 2, 8 0.2
6004.86 16648.6 m 6, 11 -0.4
6000.00 16662.1 m 1, 7 0.4
599494 16676.1 W - - -
5987.15 16697.8 m 0, 6 0.5
5978.58 16721.8 W 4, 9 1.1
5966 .11 16756.8 W 3, 8 0.0
5953.26 16792.9 W 2, 7 -0.1
5940.35 16829 .4 m 1, 6 0.2
5927.29 16866 .5 W 0, 5 0.8
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TABLE VII (Continued)

Band Heads of the B-X System

Aur(ﬂ) vvac(cm'l) Intensity vi V" ooecalc

5907.34 16923.4 W 3, 7 -0.2

5880.94 16999.4 s 1, 5 1.8

5869. 16 17033.5 W 0, 4 -1.3

5862.45 17053.0 W 4, 7 -0.5

5837.43 17126.1 m - - -

5835.53 17131.7 m 2, 5 2.8 |
5831.03 17144.9 W 6, 8 0.2 y
5823.39 17167.4 m 1, 4 0.7 3
5804,99 17221.8 W 4, 6 0.7

5779.33 17298.3 m 2, 4 0.3

5766.14 17337.8 W 1, 3 1.2

5761.54 17351.7 W 5, 6 1.3

5736.13 17428.5 W 3, 4 -0.1

5732.68 17439.0 W 7, 7 -0.5

5726.11 17459.0 m - - -

5723.19 17467.9 m 2, 3 0.0

5710.00 17508.2 W 1, 2 0.9

5705.90 17520.7 W 5, 5 1.9

5680.59 17598.9 m 3, 3 0.4




TABLE VII (Continued)

Band Heads of the B-X System
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Aair(g) vvac(cm'l) Intensity v v Ve Ventc

5667 .37 17640.0 W 2, 2 1.4

5649 .15 17696 .9 W 9, 7 3.3

5637.25 17734.2 W 8, 6 -0.3

5626.07 17769.5 W 3, 2 0.3

5607.80 17827.4 W - - -

5601.87 17846.2 w - - - ‘
5597 .50 17860.3 w 5, 3 2.5 f
5585.22 17899.4 m 4, 2 0.2 ]
5570.98 17945.2 W 3, 1 4.5

5545,14 18028.8 m 5, 2 0.3

5538.33 18051.0 W - - -

5531.88 18072.0 W 4, 1 1.3

5519.20 18113.6 w 3, 0 0.6

5506 .17 18156.4 W 6, 2 -0.7

5492.90 18200.3 W 5, 1 0.3

5480.00 18243.1 w 4, 0 0.1

5454.00 18330.1 w 6, 1 1.5

5441.61 18371.8 W 5, 0 -0.5

5419.09 18448.2 W 1, 4 -1.9
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TABLE VII (Continued)

Band Heads of the B-X System

2 -1
A3 (R) VogelCm ') Intensity v v bs~Veale
5416.76 18456.1 W 7, 1 -0.6
5403.84 18500.2 w 6, 0O -0.8
5395.44 18529.0 w 13, 5 -0.8
5379.43 18584.2 w 8, 1 0.2
5374.94 18599.7 w - - -
5366.49 18629.0 W 7, 0.0
5356.10 18665.1 w 10, 2 -0.2
5346.35 18699.2 w 13, 4 0.3
5343.90 18707.7 w - - -
5333.38 18744.6 w 12, 3 -0.1
5330.13 18756.1 w 8, O -0.2
5320.18 18791.1 w 11, 2 0.4
5294 .35 18882.8 w 9, O -0.2
5285.04 18916.1 w 12, 2 0.7
5259,17 19009.1 w 10, O 0.0
5242 .99 19067 .8 w 16, 4 0.6
5224.84 19134.0 w 11, 0 -0.5
5190.84 19259.4 w 12, O 0.2
5170.21 19336.2 w 14, 1 1.8
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TABLE VII (Continued)

Band Heads of the B-X System

A)

Agqel vooleml)  Intensity vl vt v -y
5164, 16 19358.9 W - - _
5157.65 19383.3 m 13, 0 0.0
5137.70 19458.6 W 15, 1 1.4
5131.77 19481.0 W 18, 3 1.5
5124.60 19508.3 W 14, 0 1.6
5119.05 19529.5 W 17, 2 0.2
5105.90 19579.8 W 6, 1 0.5
5092.74 19630.3 W 15, 0 0.8
5074, 30 19701.7 W 17, 1 0.9
5061.29 19752.3 W 16, 0 0.7
5056, 46 19771.2 W 19, 2 0.7
5043.20 19823.2 W 18, 1 1.5
5030.33 19873.9 i 17, 0 0.8
5025.84 19891.6 w 20, 2 1.5
5012.94 19942.8 W 19, 1 0.8
499970 19995.7 W 18, 0 1.7
499598 20010.5 W 21, 2 1.3
4982.87 200632 W 20, 1 1.6
4970.33 20113.8 W 19, © -0.5
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TABLE VII (Continued)

Band Heads of the B-X System

xair(g) vvac(cm'l) Intensity v v" Vobs Veale
4966 .85 20127.9 W 22, 2 0.3
4953.68 20181.4 w 21, 1 0.7
4950.15 20195.8 W 24, 3 3.6
4937,92 ' 20245.8 w 23, 2 0.2
492482 20299.7 W 22, 1 0.6
489971 20403.7 W - - —~
489812 20410.3 W - - -
4896 .52 20417.0 w 23, 1 -0.1
489462 20424.9 W 26, 3 -0.6
4868.42 20534.8 W 24, 1 0.4
4840.88 20681.7 W 25, 1 0.4
483965 20656.9 W 28, 3 -0.1

*

The notation for the intensitie

given in Table I .

s is the same as the one



TABLE VIII

Vibrational Scheme of the B - X System

.'. 0 1 2 4 1 ] ? 8 9 10 1l 12
v
0 170335 167.0 16066.5 160.7 16697.8 167.4 165304 164.0 16MI.6 166.2 16197.8 163.2 16032.2 164.5 15867.7 164.5 15703.2
12.9 12,9 131.¢ 1.7 130.% 1.2 1n.4
1 17508.2 170.4 17337.8 170.4 17167.4 168.0 16999.4 170.0 15829.4 167.) 16662.1 1616).7 164.8 15998.9 16).3 158%5.6
1.8 19.9 1R.3 1%0.8 1%0.2 1%.6
2 17680.0 172.0 17467.9 169.6 17298.3 166.6 17131.7 167929 166.5 166264 186.2 16460.2 166.3 1229 15966.2
19.% 1%.2 10.% 130.8 1%0.5
3| 18113.6 166.8 (17945.2) 175.7 17769.5 1M0.6 175989 170.4 17428.5 16923.4 166.6 16756.8 16262.1 165.6 16096.7
129.5 126.8 129.9 129.6
4] 18243.1 171.1 18072.0 172.6 17899.4 17221.8 168.8 1705).0 16721.8 166.3 156555.%
128.7 128.3 129.4 19.9
S| 183718 111.5 18200.3 17).5 18028.8 17520.7 169.0 17%).7 16519.8
128,4 129.8 127.6 128.8
6| 18500.2 170.1 18330.1 173.7 (18156.4) 17Mu.9 16648.6
128.8 126.0
7§ 18629.0 172.9 18456.1 174%.0 16611.4
1271 128.1
8] 1875.1 17M.9 18564.2 17734.2
126.7
9] 18882.8 1769.9
126.3
10{ 19009.1 186£5.1
124.9 126.0
11} 19134.0 18791.1 18448.2
125.4 125.0
12 19259.4 18916.1
123.9
13] 193833 18699.2 170.2 18529.0
125.0
14} 19508.3 172.1 193%6.2 18490.0
122.0 122.4

-‘[g-



TABLE VIII (Continued)

Vibrational 5Scheme of the B - X System

v 0 1 2 3 4
v
15] 19630.3 171.7 19458.6
122.0 121.2
16] 19752.3 172.5 19579.8 19067.8
121.6 121.9
17§ 19873.9 172.2 19701.7 172.2 19529.5
121.8 121.5
18| 19995.7 172.5 19823.2 19481.0
118.1 119.6
191 20113.8 171.0 19942.8 171.6 19771.2
120.4 120.4
20 20063.2 171.6 19891.6
118.2 118.9
21 20181.4 170.9 20010.5
118.3 117.4
22 20299.7 171.8 20127.9
117.3 117.9
23 20417.0 171.2 20245.8
117.8
24 20534.8 20195.8
116.9
25 20651.7
26

20424.9

-Zg-



TABLE VIII (Contfinued)

Vibrational Scheme of the B - X System

'.'. 13 " 15 1 17 1 " -] 2 2 2 2
o |161.4 155418
1%0.6
1 j163.2 15672.4 1619 15510.5 161.9 15248.6 160.6 15189.0
133.1 110 1312 1.9 !
2 [160.7 15805.5 164.0 15661.5 161.7 15479.8 160.9 15318.9 155.7 15159.2 158.6 15000.6 158.3 14842.3 w
120.7 133.0 1.8 1308 130.2 190.6 t
3 |160.5 15936.2 161.7 157745 150097 159.7 15290.0 159.2 15130.8 157.9 14972.9 156.6 14816.3 157.3 14659.0
126.8 128.1 1299 19.8 129.4 120.4
) (16063.0) 160.4 (15902.6) 15260,7 150,0 15102.7 1570 14845.7 156.3 14789.4 155.8 146340
128.7 128.9 128.5
5 15074.84 156.1 14918.3 155.8 14762.5 154.1 14608.4 155.1 14453.3
120.1 128.6 129.5
6 14891.6 154.6 14737.0 154.2 14582.8
126.3 121.8
7

14863.3 152.7 14710.6



TABLE VIII (Contfnued)

Vibrational Scheme of the B - X System

-
v ) % % 27 »n 2) » 3 » n ) % %
5 | 1M53.3
129.5
6 |14582.8 152.9 14429.9
121.8 127.9
7 [14710.6 152.8 14557.8 152.4 14405.4 151.3 14254.1 150.3 14103.8 150.2 1%953.6
121.7 122.5 127.4 128.3 ’
8 14533.1 151.5 14381.6 150.4 14231.2 149.3 140819 148.7 13933.2 g
125.9 127.0 126.8 126.6 126.6 ‘
9 14659.0 150.4 14508.6 150.6 14358.0 149.5 14208.5 148.7 14059.8 147.2 13912.6 "147.4 13765.2
126.0 126.0 ) 125.4 125.5
10 ’ 143345 148.7 14185.8 147.8 14038.7 147.3 13890.7 146.2 13544.5
124.2 125.4 125.8 125.7
1 14310.0 146.6 14163.4 146.9 14016.5 146.3 13870.2 146.2 13724.0
124.8 125.1 125.8
12 14]41.3 146.0 13995.3 145.5 13849.8 144.4 13705.4
1244 124.6 128.4
3 141197 145.3 139744 1446 13829.8 143,1 13686.7
124.1 123.8 123.5
18 14098.5 1449 13953.6 143.4 13810.2




TABLE VIII (Continued)

Vibrational Scheme of the B - X System

» ) » » © a @ [ ] L] L “. L) @
v
13 | 13686.7 142.1 13544.6
123.% 123.2
14 | 13810.2 142.4 13667.8 180.5 13527.3
123.0 122.0 122.2
15 | 190.2 142.6 1390.6 141,1 1349.5 140.7 13508.8
12.0 122.0 122.5
16 13912.6 141.1 137715 140.2 13313 18.8 134915
19.2 121.4 121.6
7 (13890.7) 138.0 13752.7 13.6 13613.1 138.6 1M74.5 137.5 13337,0 138.0 {13199.0)
121.0 121.0 120.8 123.3
18 137341 138.6 1%595.5 137.7 1:M57.8 135.5 13322.3 126.8 (13185.5)
120.0 120.3 119.2 119.7
19 13715.5 137.4 13578.1 126.6 134415 13%.3 13%5.2 133.8 11714
119.6 119.5 120.4 118.8
20 13697.7 136.7 13561.0 135.4 1M25.6 135.4 13290.2 133.1 13157.1
118.2 119.0 119.8 118.2
21 13679,2 14,6 13584.6 134.6 13410.0 134.7 13275.3 132.4 131429 132.6 13010.3
113.8 119.1 118.2 118.7
22 {13658.4) 13944 133.3 13261.1 132,1 13129.0
118.1 119.0
2

13319.2 131.2 13248.0

-gs-



TABLE VIII (Continued)

Vibrational Scheme of the B - X System

vll
48 49 50 51
vl
21| 13010.3
118.7

22 | 13129.0 130.2 12998.8

119.0 118.1

23 | 13248.0 131.1 13116.9 132.2 12984.7

117.0 116.8 118.2

24 1 13365.0 131.3 13233.7 130.8 13102.9 131.6 12971.3
117.6 117;3 121.5

25 13351.3 131.1 13220.2 127.4 (13092.8)
116.8 114.1

26 13337.0 130.1 13206.9
115.4

27 13322.3

The figures in parentheses are less accurate than the others.

-gs-
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CHAPTER IV

DISCUSSION ON THE ELECTRONIC STATES OF Bi,

4.1 Summary of the Electronic States_of Bi2:
As described in Chapter III, the present work contributed
considerably to the spectroscopic knowledge of the B1'2 molecule.
Three band systems, observed for the first time, have been analyzed
and vibrational constants derived. Accurate vibrational constants
for one of the known systems of Biz have also been derived from the
preseni emission data. It is therefore considered worthwhile to
summarize the zxisting data on the Bi2 molecule. This information

is presented in the following table and in Fig. 8.

State e Ye WeXe waYe Observed References
-1 transition

In addition a series of diffuse bands near 40200 cm~1l.
(F) -~46000 only partially analyzed (F) « X Almy and Sparks (1933)

E 42252 129 9.7 E «B Almy and Sparks (1933)
D 36457 157 4.6 D «X Almy and Sparks (1933)
I 33216.9 156.4 6.1 I -8B This thesis
H (32591) only one v" progression H -8B This thesis
C -32000 continuous absorption, C «X Almy and Sparks (1933)
repulsive state
G 29609.0 107.0 0.2 G »8B This thesis
B 17739.5 132.571 0.3271 0.000524 B« X This thesis

xlz* 0  173.132 0.4156 0.002437 This thesis




Te(cm") - 58 -
50,000
F 7< weflem')
© 7~ 129
40,000 L
0 A< - 157
Ic‘ 156.4
— e’
30001 6 107.0
_ o) ) o)
20,000L
B — e Ny N 132571
10,000
(\.'. Vo R (\L N
olx 't | 173,132
. (]
Fig. 8 Energy level diagram of the Bip molecule.

' Aimy and Sparks (1933); 2N akamura and
Shidei (1934); 2 This thesis.
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4.2 Electronic Configurations and Molecular Terms of 312:

To determine the nature of the electronic states of the
observed transitions, it is necessary to do the rotational fine
structure analyses of bands belonging to these transitions. Moderate
dispersion used in the present work is not quite adequate to make such
an analysis possible for the Bi2 molecule. However, one can predict
the possible electronic states of a molecule from the molecular
orbital theory as well as from the separated atoms. We shall now
consider, first, the number of low-lying states of Biz which may be
predicted by the molecular orbital theory and, second, the number of
states of 312 which can be formed from two bismuth atoms in their

Tow-1ying electronic states.

(i) From the molecular orbital theory:

2..3
spdes 6p".

In deriving the possible molecular electronic states of the Bi,

The electron configuration of the Bi atom is KLMNO

molecule, we need not take into account the electrons of the inner

K, L, M, N, O shells of the individual Bi atoms since these atomic
shells are unaffected in the molecular formation. ‘The 'united atom'
method of writing the electron configuration for molecules is therefore
not a good approximation in this case. Using the standard notation
‘(Herzberg, 1950, Chapter Vi), the electron configuration and the term

type of the lowest electronic state of B'i2 may be written as

2 2 4 2, 1.+
(1) KKLLMMNN °spd°spd(°g55) (UUGS) (n,6p) (Ugﬁp) a
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Therefore, the ground electronic state X of B'I2 is a lz; state. The

first excited electron configurations of 312 are

(2) KK - oo eee 2 2 4 . 3 1
(0965) (ouﬁs) (wu6p) (ogﬁp)(wgﬁp) : ng, g,
and
(3) KK ecemeee 2 2 3 2 .1+ 34 1- 3.-
KK (ogss) (auss) (nuﬁp) (ong) (ngp) 2L TEps I T
1 3
By By -

Higher excited states are obtained by bringing the emission electron
taken from the a96p or the nusp or the uuﬁs shells to. higher and
higher orbitals. The number of states resulting even from a few of
these configurations is very large and does not allow a unique
correlation with the numerous observed states. However, if the
molecule under consideration is very simple, for example, Hy or Heys

a unique correlation is possible. In the case of Biz, the observed
low excited states B, G, C, H, I, D (Fig. 8) may probably be identified

with those derived from the configurations (2) and (3).

(i1) From the States of Separated Bi Atoms:
If L1 and L2 are the quantum numbers of the orbital angular

momenta of the two atoms and ML1 and ML2 their components in the

direction of the internuclear axis, then the resultant orbital angular

momentum ML + ML and the guantum number A of the molecule is
2

(4) A= |ML1 + MLZI .
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The possible A values are obtained from all possible combinations of

the individual ML values. States with different A values correspond

to different molecular electronic states. States which differ only

in the sign of both M, and M, have equal energies ifM, +M #0
Ly Ly )

and are said to be degenerate with each other. For A = 0, each

combination corresponds to a different molecular state (z* or 7).

The resulting spin quantum number of the molecule is obtained from the

two spin vectors S1 and S2 of the separated atoms as
(5) S = (sl + Sz), (Sl+ 52 - 1). --------- 9 ls

Each molecular state having a specific A value occurs with each of the
multiplicities 25 + 1 where S is given by (5).

Making use of the above considerations as well as the so-
called Wigner-Witmer correlation rules (see Herzberg, 1950, Chapter V1)
the number of states of the Bi, molecule which can be formed from two
Bi atoms in their low-lying 4Su’ 2Du. and zPulsmg;es may ‘be written in thg
following way:

4 4 1.+ 3.+ 5+ 7.+,
(6) Su + Su -+ zg, Iy zg, b

4 2 3.+ 3 5.+ 5
(7) Su + Du - zg, %ng. Ag, zg, 5ng, 4Ag.

+ 3 5.+ 5 5 .
32“' %["us Aus 2us n{U’ AU’
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4 2 3.- 3 5.- §
(8) Syt Py~ Tgr “Tgs “Tgs T,

32;. 3nuo Sz;a snu;

(9) %0, + %, » 15530, L2, Mmg2), (@), T2,

1A l0 lou’ 1

u. g. r

g’

*5(3), 3rg(2), B2, @), S,

Similarly, the states arising from the combinations 2Du + 2Pu and
zPu + 2Pu may also be obtained. The ground electronic state X of Bi,

may be identified as the 1

2; state arising from two normal Bi(4S)
atoms. The excited states B, G, C, H, I, etc., may correspond to
those states which can be derived from the atomic states 45, 2D, and

2P as shown above.
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APPENDIX

VIBRATIONAL STRUCTURE OF ELECTRONIC SPECTRA

The total energy E of a molecule can be expressed, to a good
approximation, as the sum of three component parts, E = Ee + Ev + Er’
where Ee is the electronic energy, Ev is the vibrational energy and
Er is the rotational energy. The translational energy Et. and the
energy of the nuclei En, of the molecule are assumed to be zero and
hence neglected in the above sum. When our interest is in the vibra-
tional structure of electronic spectra, the rotational energy temm Er
can also be omitted. Then the frequency v(cm-l) of a band head in an

electronic band system is represented as

(1) ve (TL- T8 + (6'(v) - 6" (V)

E E _ ]
where Te = -Eﬁ— s G(v) = a‘:— , h is Planck's constant and ¢ is the velocity
of light. Here the single-primed letters refer to the upper electronic
state and the double-primed letters refer to the lower electronic state.

Rutting Té - Tg = v

e» ©Q- (1) can be written as

(2)

<
"

ve + G'(v) - G"(v)

(3) orv, =v-:{&'(v) - G"(vV}] .

For an anharmonic oscillator, the vibrational term value

G(v) for an electronic state is given by

PSS A e

-
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(4)

B(V) = wg(v + %) - ugx (v + %) + ugye(v + %) +uz (v + )"

ta(ves) + oo oo

Substituting eq. (4) in eq.. (2) and retaining terms of v + % up to
the 5th power, we get

(5) v = vg *ug(v' +35) - wixa(v + 1) + weYe (V' + 1) + waZa(v' + 1)
+at(v' 437 - LV + k) - el + ) wlys(v k)

+ wgza(v" + ’s)“ + a"(v" + 15)5] .

The vibrational quanta AGV ¥ for a given electronic state
aredefined by the relation

(6) 86, ., =Glv+1) -GV,

b-c(v+35)+d(v+%)2+E(V+3'a)3+f(V+%)l;

where b

1l
€
1
€
b

+ + +
e eXe ¥ We¥e T WaZe T 2

c= Zmexe - 3meye - 4weze - 5a

(7) d= 3meye + ﬁmeze + 10a

4 eZe + 10a

f = ba .
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From relations (7) we get the following expressions for the

vibrational anharmonicities and the vibrational frequency:

a = /5

weZg = €/4 - £/2

we¥e = %(d +f)-e/2

weXe = X(c + d) - e/4

wg =b+c/2 + d/6 = f/30 «

If we put agy, = wZ, = a = 0 in eqs. (4), eq:. (6) reduces to

(9) 4G, + % T Wy = WwgXy = Zmexe(v + %) .
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