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The Rotation Structure of the Emission

Spectrum of the Sulfur Molecule S5,

S. Meiring Naudé

summary of Contents
The emission spectrum of the 5., molecule was recorded with

a Geissler discharge tube at the th-ini and fourth order of a
0.4 m Paschen grid. In the fourth order, the dispersion was
0.57 & per mm. The analysis of the following bands will be
reported here: (1.14) at 4433.6 R, (2.17) at 4747.6 R, (3.17)
at 4651.3 R, .19 at 4937.2 R, (4.19) at 4842.2 R, (4.22) at
5309.9 :-'(. \‘»..‘.‘\:ft 5193.7 N. (5.23) &t 5359.7 }{. (6.23) at

5249 .8 K. (6.25) at 5596.1 :‘\‘. (7.25) at 5472.5 ;\\‘, (7.27) at
5840, 2 "\‘ and (8.27) at 5709.6 ,\‘ In the stronger bands, three

R branches and three P branches were discovered. The structure

T

of the bands is entirely analogous to that of the Schumann-Runge

0, bands. The S, bands are to be attributed to a ”1.1—‘ 3L -tran-
sition. The values of the constants B' and BY are 0.2219 and
< (23
-] ¢ X > i
0.2956 cm respectively. The nuclear distance of the higher
1 o
-8

: 3y _‘\ . \
state is r =2.180:10 © cm and of the lower state r“=1.893:10
[ - o
cm. [t was determined that the rotation levels with odd K-values
are absent in the upper state, and those with even gquantum num-

bers in the lower state. From this fact it can be concluded that

3

Y -
the S atom has no nuclear spin.

[. Introduction
Sulfur is characterized by an extended emission spectrum of

. N ~ . Al .
the 5., molecule, which stretches from 0200 to 2400 X. The vibra-

tional structure of this spectral system has already been the

; ! . s N 1) 5
subject of a number of studies, for example by Rosen ~|{ Christy

‘ ¥ 3 g L
and Naudé ,) and by PFowler and Vaildya ) Christy and Naudé found

that the vibration differences of the higher state of the S,

molecule or the AG' values are significantly distorted (see Table
1). This result was confirmed by Fowler and Vaidya. They were

able through intensive study of the flame spectrum of CS, to con-

.

duct a more thorough vibrational analysis of the S, bands, and

.




Table 1 is based on their efforts.

Table 1: AG' values of the S, bands

v’ 0 l 2 3 Ly B O 7 8 9 10

AG'- BA7 415 433 397 417 388 h02 391 383 379 cm'

(The table is to be read as follows: AG' between v =0 and v'=1
is 447 cm‘l, ete.)

From the irregular behavior of the AG' values, large dis-
turbances in the rotational structure of the bands are to be
expected. Olsson %) succeeded in obtaining a satisfactory ro-
tational analysis of the (1.4), (2.4), (1.3), (2.3), (3.3), (2.2)
and (3.2) bands in absorption. From this work, it could already
be seen that the disturbances of the AG' values also have an
effect on the rotational structure. However, it is not possible
to investigate the disturbances of the rotation structure pre-
cisely in absorption, since it is impossible to obtain precise
measurements of the lines in the vicinity of the band head. For
this reason the rotation analysis of the (1.14), (1.15), (2.16),
(2.17), (3.17), (3.18) and (3.19) bands was undertaken in emis-
sion by Naudé ’) This work also served to confirm the vibration
analysis of Fowler and Vaidya and the rotation analysis of 0Olsson.

‘

In this work )? many unexplained observations arose, no
doubt associated with the disturbed £G' values. In order to
clarify these phenomena, the (4.19), (4.22), (5.22), (5.23), (6.23).
(6.25), (7.25), (7.27) and (8.27) bands were also analyzed. A4l-
though the disturbances have not yet been explained, it neverthe-
less seems important that the results obtained be published, so
that the puzzling disturbances in the Ss bands may be tracked
down. Because the work cited is not vcfy accessible, the data
of the (1.14), (2.17), (3.17) and (3.19) bands will be reviewed,
and the AQFi' AZF; and A?F§ will be compared with those of Olsson.
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[1. Experiment

The tube shown in Figure 1 served as the light source for
the S, spectrum. The sulfur was purified by quadruple slow
vacuum distillation of pure flowers of sulfur, and then placed
in the container S of the figure. The electrical discharge be-

tween the two electrodes occurred through

\{ i *  a capillary tube of 3 mm inside diameter.
N . . = .

N I In this way the light of discharge was con-
I centrated, and exited through a quartsz win-
el - dow at one end of the capillary tube. C(Con-
N \L densation of sulfur on the quartz window
O D, e 1) . 3 . -

1 g AT ¥ was avoided by constant heating of the win-
) o= ol s >
-~ . dow with a small gas flame.

Figure 1: S, light source

The discharge through the tube was powered by a 5 kVA tLranse
former at 12,000 V. The sulfur in S was heated to about 170" (
by an electric oven, and the discharge tube was evacuated with an
oil diffusion pump. The transtormer was turned on only intermit-
tently. When the vacuum in the discharge tube was high enough to
sustain a discharge, there was a very powerful S5, light source

which could be photographed through the quartsz window.

The light from this source passed through a slit and fell on
a 6.4 m grid manufactured with the aid of the machine of Prof.
Gale in Chicago, and installed in a Paschen mount. The mounting
is described in greater detail in the previously cited work of
‘

this author

The (1.14), (2.17) and (3.17) bands were photographed on
Fastman-Kodak No. 33 plates, while the other bands were recorded

on Fastman-Kodak No. 111F plates. The plates were 2"x18" and

about I mm thick. With the No. 33 plates, a half-minute exposure
of the iron arc spectrum as reference spectrum was sufficient,
but with the I11F plates the exposure of the reference spectrum
had to be extended to one minute. In the region above 5H800 }\‘
neon was also used as a reference spectrum. 1t was possible for

the neon to be introduced to the discharge tube before the sulfur




— ' | _.H_f'——-—'"""—"———'——-_-—-—‘

was heated. When the transformer was turned on, there was
then an intense neon light source. Exposures of the reference
spectra were made before each exposure of the sulfur spectrum,
with the upper half of the plate covered. Immediately after

the reference exposures were made, the cover was removed. For

E photographs of the (1.14), (2.17) and (3.17) bands, a Corning-
Noviol filter No. 3389 absorbing all light below about 4210 it
was placed before the slit, and for photographs of the other

.

bands, a Noviol filter No. 3385 absorbing light below about
4800 R was used. About two hours was sufficient time for the
exposure of the (1.14) band with its head at 4433.06 R, (2.17)
at 4747.6 ] and (3.17) at 4051.3 R at the third order of the

grid with a current of 18 amperes in the primary winding of the

transformer. FExposures of the (3.19) band with its head at
R b Y \ Yy ) A

4937.2 R, (4.19) at 4842.2 B, (4.22) at 5309.9 R, (5.22) at
A\ " A

5193.7 R, (5.23) at 5359.7 K, (6.23) at 5249.8 X, (6.25) =t

) ) » Ay ) 5 O N >y
5596.1 R, (7.25) at s472.5 R, (7.27) at 5840.2 A and (8.27) at

v ) - 4 A}

5700.6 X, on the other hand, required about 20 hours at the

? . third order. Although the grid chamber was held at a constant
temperature with a toluol regulator and a heating coll on a

movable ventilator, the briefer exposures were sharper.

The plates were evaluated on an Abbé-type comparator built
by K. Glirgen in the workshop of the Institute. The 20 cm long
calibrated glass scale and the spiral type measuring microscope
were obtained from C. Zeiss, Jena. With this microscope it was
possible to measure the sharp lines to a precision of 0,001 mm.

In the fourth order, where the dispersion of the grid was about

| Qe 57 b per mm, the wavelengths of the lines could thus be deter-
mined to a precision of 0.001 R. This would mean a precision of
about 0.003 om‘l for the wave numbers. However, since with the
large dispersion a number of lines were double or fuzzy, a pre-

1

cision of only 0,01 cm has been relied upon.

The wavelengths of the reference spectra were drawn from the

"M.I.T. Wavelength Tables (1939)" compiled by Harrison.

i




The wave numbers of the spectral lines were calculated
according to the following method: for the measurement of each

band, three measurement lines were chosen, one ot which lay

about in the middle of the band to be measured, and the other |
two of which lay at the two ends of the band. A second degree

equation for the wavelengths was calculated from these three

lines. The precision of this equation was checked by compari i
son of the computed wavelengtha of the intermediate Fe or Ne
lines with the wavelengths given in Harrison's tables. If the
agreement was satisfactory (within 0.003 R), the equation was
used to compute the wavelengths of points on the plate lying |
mm apart. These wavelengths were converted to wave numbers in

a vacuum using Kayser's "wave Number Table." The scattering was

then known as a wave number for each millimeter of the plate,
and the wave numbers of the lines lying in any millimeter-region
were computed by interpolation using a Marchant model C11OM

computer.

The resolution in the fourth order of the grid was about
300,000, which is about 75 percent of the value to be expected
from a grid with a surface of 5.5 inches and 18,000 lines per
inch. FEven with this high resoclution, a few lines were not re

solved.

[IT. Results

The S, bands are cut off toward the red. Under higher dis
persion, lhe undistorted bands appear to have a strong and a
weak peak, the latter lying about 7 or 8 \‘an to the violet side
ot the tformer. In the distorted bands (2.16) and (2.17), the
weaker peak appears to lie about 3t \'m"] to the violet side of

\

the strong peak, at (4.19), (4.22), (6.23), (6:28) and (6.25)

Ny

-1 o W oy 5 !
about em o, and at (7.25) and (7.27) about 25 om to the
short wave side of the stronger peak. The strong peaks are clear
est at lower dispersiona, and generally were measured as the band

head and used in the vibrational analysis.

Almost all lines of the (3:.17): (3:19): (5.22) and (5:.23)




bandg could be divided into six spectral branches. It was also
possible to find six spectral branches in the (2.16), (4.19) and
(4.22) bands, but in the other bands it was possible to find
only four branches. The other twoe are probably too weak, but i
igs noteworthy that not all the band lines could be classified in
the four branches found.

The aslx branches agree with the three R and three P branches

B ] 3 "
one would expect from a, y+2) transition. The results agr

the analysis of Olsson and are also analogous to the analysis
of the Schumann-Runge bands of 0, which wore analysed by Ossen
& ) . ey
brugsen and by lLochte-Holtgreven and Dieke ° .
rables 2, 3, &, 5, 6, 7. B, 9, 10, 11, 12,13 and 14 give the

wave numberas of the branches of the (1.14), (J.17), (3.17), (3.1

(4.19), (B.22), (5:22), (5:23): (6:23)s (6:25): (7:.25) (7.27) and
(8.27) bands. 'he classification of the branches as R, . Ras R,
\
P., P, and P, branches will be discussed below. In the 1irst
\

column is found the guantum number K of the lines of the branch,
rhen follows the wave number of the line in em . 'he number in
parentheses af'ter each wave number indicates a visual estimation
of the line intenslity on the photographic plate. f or 4 after

this number indicates respectively a blurred or double line. The

number outside the parenthesis indicates the number of lines as
gocinted with the band, if it is more than one. The lines of the
R, fnd P, branches of the (2417) band could not be pursued down
to the small K numbers. this is probably to be ascribed to the

distortions described above.




Table 2: Wave numbers of lines of the (1.14) band

Py

K It | B, R, P, ‘ ) 2

1 122556, m%ﬂ ‘ o | o 122563,94 (1)* | —

3 56,14 (3)? | — i i 52,37 (2)* |

5 :,5,53(;; 22548, um)? 292548, ¢ m(«) 50,37 (2)* {22 ,43 ()
7 55,00(%6) | A7,96(3)% | 48,4420 47,96 (3)° 41, u,(\n
¢ B394(1) | 4TI | 47,62(0) 4513 (0 | 38,70(1) |
11 52,37(2)* | 45,80 (2) 46,43(1) | 41,93 (4)* 35,63 (1)
13 50,37 (2)? | 44,12(Y) 44,80 (1) 38.21 (3 1 32,21(d)
15 47,96 (3 1 42,02(1) 42,69(2) | 34,10 (4)? 28,30 (1)
170 45,13(p) | 39,81 (1) 40,21(2) | 29541005 24,05(1)
190 41,93 (42 | 36,58 (2) 57 10(1) [2461(6 | 19,31(2)
21 38,21 (312 | 83,20(2) { .383,62(2) | 1922(4P | 1427(4)
23 34,10 (4% 29,54(10£)%  29,54(106f)% 13,38(2d)2l 08,75 (2)
25 -.’9.54(10t)5; 20,20 (43 | 25,07 (2) 07,17¢2) |  02,82(1)
9 24 mu,)zl 20,75 (2) 19,93 (2) 00,49 (2)  [22496,48 (4,°
290 19,22 (4 15,78 (3) 14 27 (4)2 122493,40(2) 849,75 (3)
31 13 J5(~>d)- 10,38 (4) 08,01 (1) 85,85 (1) 82,58 (4)
33 06,96 (2) , 04,64 (2) | 01,08 (2) 77,18 (2) 75,02 (1)
350 00,19 (1) [22498,28 (1) 122493,51 (2) 69,33 (2) 67,04 (3)

3712249276 (4) | 91,65 (3)

39 84,94(1)
41 76,60 (1)
43 67,60 (1)
45 58,04 (1)
47 472,84 (1)
$0 37,01 (3)
Al 25,45 (2)
a3 13 ss(u

| 8423(2) |
| i |
e
S
} —

! 85,28 (1) |

76,40 (1)
@ GG, N(li
56,57 (1)

60,31 (4)
H0,83 (2)
4058 (1)
30,30 (1)2
19,20 (1)
| ()n 48 (1)
))31)', 16 (1)
&2 [u\,.
8,00 (1)

J 13 (1)
B‘J,l‘.:\u,

58,61 (2)
| 49,72 (4)
I 40,23 (2)

30,30 (1)*

T

of lines of the (

[92544,43 (1)
42,30 (1)

| su81(d)

. 86,84 (4)

| 33,40 (2)

| 29,64(10)3

[ 25,29 (4)2

20,43 (2)

| 15,21(1)
09,48 (1)
03,21 ()

22496,48 (1)2
89,20 (11)

I 81,35(1)

1 T2,87(1)

| 63,81(1)

54,032

i 43,63(.‘_.)

L3247(D)

S I I

2.17) band

K R, ! R, R, P, P, P,

17} = % ~ 21060,33 (2) | — = 21045.23 (0)
19 — 121046.98 (1) 57,85 (1) | = 21029.94 (3) ww,(s
21 — [ 44,29(3) 534,96 (2) | — 25,16 (1) 6 (1f)
23' — L 40,61 (3) 51,69 (21) | — L20,18 (4)° ( (kf)
25| — i 36,50 (41 47.89 (3) } — (14352 25,77 (1)
7 — | ':2.10(-_), 43,73 (2) | == [ 08,16 (2) 19,87 (3)
29 { - { 27363 39,10(3) | — | 01,66 (1) 13,56 (4)
31 21045,06 (2) | ..-,..u(’) [ 34,08(3) |21017,75 (1) {20994,79 (4) 06,79 (2)
33! 39,33(3) | 16,38 () | 28,62(3) 10,16 (2) 87,66 (3) 120999,60 (2)
35 33,27 (6) 10,84 (5) 22,71 (2) 02,32 (2} 79.92(2) | 91.97Q)
371 26,88 (5) ()149 (4) 16.30(3) "0““4 ,10(7)2 | T1.84 (6£)2 83,90 (2)
30 20,18 (4)2 20997.7: (10} 09.42(2) | 8D BT | 63,44 (2) 75,30 (3)
41 13,00 (4) | 90,56 () 02,04(3) | 7682() 54,04 (3) 66,32 (51)®
431 00,50 1 82.94(3) 20994,15 (7)° e:?.:‘»s(;;) | 45,26 (30 56.86(2)
45 120997,74 (10)2]  74.84(2) | 85.67(H)? D8.0L(3) | 85.48(3) 46,82 (2)
47, 89,47 (3) 66,32 (5f)? 76,61 (1) | 48,03 (3) 25,29 (2) 36,22 (1)
49 80,82 (21) 57,20 (2) 66,85 (2) 37,69 (4) 14,59 (2) 25,02 (2)
51| 71,84 (6)2| 47,56 (4)+| 56,38(1) | - 26,97 (3) 03,38 (2) 13,16 (1)
53 62,33 (2) 37,34 (2) 45,26 (3f)2 16,78 (4) 120891,65 (3) 00,54 (1)
55(. 52,45 (3f) | 26,04 (2f) == 04,23 (3) 79.33 (3) 20887 14 (1)
57]  42,13(2) 14,95 (1) _ 20892,24 (3) 66,37 (1) 3, w (1)
59 31,32 (2) 02,69 (1) - 79,83 (3) 52,76 (1)

61| 19,94 (2f) 120889,60 () - 66,90 (2) 38,39 (2) —

63| 07.93(1) | 7b64(1) - 53,40 (5)? 23,14 (0) =

65 120895,48 (1) - — 39,51 (1) — | —

67| 82,20(2) = - 24,62 (0) — ; -

69| 68,30 (1f) — - ! = | - -

b e
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Wave numbers of lines of the (4.19) band

K K,

T 2067348 (3)

Ry
(20046,94 (40

2

‘able 7:

91 T198(10) | 46,82¢1) — 20663,11 (1

1 70,32(0) 44,66 (0 20606,39 (4 60,23 (¢ 8 20046,94 (4
13 | 68,40 (3) 43,14 (1) ;'-')U_uv : (3, ft \"'
1% \:l;,\"‘(é‘ -H,lf'(‘:'\ 53,18 (1)? 52,68 (3)

17 €3,38¢)) 38,87 (V) OO0 (. 48,14 (3)

19 60,85 (1) 36.14 (5)F 48,38 (H) 43,43 (0

b3 | 56.97(2) | 33.04(83) 450,50 (1) 384D

23 55,181 29,44 (4) -H.SS(H‘ 32,92 (2

25 49,04 (1) 25,50 (2) 37,81 () 27.04 (302

ML 44.49(1) 21,15 (4) JHO(W 2084 (1)

20 39,55 (4) 16,44 (ms 28,65 (D)2 14,13 (1)

31 | 34,21 (3) 11.!‘ @t 2827 ¢ "T‘\.\“‘;‘d‘

33| 98,65(2) | 15,36 (2) l..w\m 20599,73 ()

22,44 (1) 20509 A8 (2) 1,11 91,98 (2)

371 1585 (1D 91.98(2) — 83,79 ()

A 08,88 (2 85,76 (2) — 14 (R0

0L | TG — 66,00 (2)

4320508,67(2) | 7016 (3) — 36,67 ()

4O 8515 (0) | e e 46.72(1

4 | o = 3608 (46 — =
401 | - — 23,05 (D) — -
3l [ -, g 13,28 (¢

85| — - J0488,87 () | -

Wi

ive numbers

lines

of

the \L‘..,‘.\\

band

-

R,

R,

3 18855,68 () == = — - -
D 53,36 () [18828,03 (2) — - - =
p; .\t '«o ( 27,76 (1) — —

() s2(h 27,11 (0f) 28 (3) (188188 1 \‘f" —

2 hv\\“
.v(‘ S0 L& A
38,04 (‘.‘f\

-3l
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37,606 (20)
33,91 (2)

g

-
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26,14 ()
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23,20 (3)

13,00 (D)
U950 ()

21,83 (

30,30 (¢
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11.88 ()

m.“»‘» (y
Ve (2f)

92,76 (2)
87,61 (2)

<1 {1fy

46,67 (1) 21,17 (5f) | 31,41 (Q) 06,07 (4fd) 18,69 (§6)
9| 43,95 (2) 18,81 (31 27,08 (0f) | 02,00 (1) 14,57 (11)
40,802y | 16,0021 | 22,97 (1f) 'N 97,53 (21) 10,14 (44

05,50 (2)
00,31 (1)

£l 20,84 (H) u:‘,.‘.u:u 17,74 ("(\ 05,16 (4d) 82,07 (3) N8TUL62 (31)
0 25,43 (368 01, 4 (2 2) 13,26 (112 unn:»m T6,19(3) S¥A3 (§1)
1 20,68 (3)  IRTUGS (. 08,37 (1) 187H93,60 (1) 69,00 (3) -

3 15,64 (31) | 91,60 (D) — | N-.N‘ ) 63,16 (3) -

) 10,14 (41) 3 — - 0@ L b0 AN -

37 04,34 (41) | — — T;‘.-(-“‘\ - —
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45 -
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46,30 ()
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06,41 (3)
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Table 10: Wave numbers of lines of the (6.23) band

R,

P,

P,

K| R,

Q! —

i 19065,76 (§)
9 64,567 (0)
11 63,02 (11)
13 61,16 (21)
15 58,86 (3f)
17 56,32 (1)*
10 53,38 (2)
21 50,04 (2)
23 46,35 (3)
25 | 42,31(2)
27 | 37,87 (6)?
29 33,12 (8)*
31 ! 27,85 (2)
33 | 22,14 (6f)
35 | 15,89 (2)
37 09,11 (1)
o 01,60 (106)®
3 18993,43 (3)
43 4 84,24 (3)
45 | 75,00 (3)
47 ’: 64,87 (V)
49 | —

e =

19039,08 (1)
38,067 (9)
37,83 (6)®
36,66 (&)
35,03 (6)
33,12 (8)%
30,76 (3)
27,96 (6)
24,73 (3)
21,11 (3)
16,99 (2)
12,43 (61}
07,27 (41)
01,67 (10)3

18995,27 (3)
88,26 (2)
80,52 (4)
71,84 (1)
62,26 (3)
51,68 (2)
40,07 (3)
27.56 (1)
13,96 (2)

18802,28 (3)

53,13.(3)
49,66 (3) f
45,64 (2) }
41.41 (2) |
36,79 (21)
31,89 (1) |
26,58 (2) |
20,76 (2) |
14,77 (2) |
08,35 (2) |
01.49 (29
©18994.21 ()
8443 (M)
78,17 (D) i
69,36 (1)
59,82 (3)® ‘
49,63 (1) |
|
1
1

3841 (H
27.07 (1)
14.91 (1)

19032,34 (1)

20, 2
16,09 (3)
11,71 (4)
06,583 (2)
01,57 (101)®
1809591 (3)
89,75 (4)
K308 (3)
7500 (3)

40,90 (31)
30,22 (1)
18,64 (2)
06,01 (})
18892.38 (1)
77,67 (A1)
62,18 (1)

Table 11: Wave numbers of lines of the (6.25) band

K | Rl 1 Rg Pl PI
! — l 17866,43 (0) — 17861,89 (31)

7| 17894,05(0) | 66,11 (1) 17887,06 (0) 59,86 ()
9| 92,96 (3) | 65,40 (3) 84,44 (3) 57,48 (2)
11 | 91,52 (1) 1 64,41 (31) 81,49 (0f) 54,74 (4)
13 89,76 (1f) | 62,98 (3) 78,18 (0) 51,68 (1)
15 87,71 (0) ' - 61,24 (3) 74,81 (3) 48,28 (2)
17 85,29 (3) ‘ 59,04 (3)2 70,48 (1) 44,43 (1)
19 82,56 (1f) | 56,61 (2) 66,11 (1)2 40,24 (3)
21 79,55 (2) l 53,69 (2f) 61,37 (3) 35,66 (3)
23 | . 76,21 (31) - 50,23 (11) 56,36 (2) 30,74 (2)
25 72,42 (3) 46,47 (2) 50,97 (2f) 26,33 (2)
27 68,35 (1) 42,22 (11) 45,29 (5) 19,62 (2)
29 63,87 () 37,47 (8) 39,13 (2) 13,22 (3)
31 59,04 (3)2 32,19(2) 32,66 (41) 06,47 (2)
33 |~ 53,68(2f) 26,28 (1) 25,78 (2) 17799,17 (1)
3B = 47,93 19,76 (4) 18,45 (6) 91,26 (1)
37 41,65 (4) 12,43 (3) 10,71 (2) 82,68 (2f)y |
39 34,70 (1) 04,29 (5) 02,45 (3fd) 73,38(1) |
41 27,00 (6) 17795,26 (0) 17793,43 (2) 63,23 (})
13 18,45 (6) 85,26 (0) 83,80 (1) —
45 — — 73,38 (1) —
47 — — — —
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Figure 2 is an extract from the (1.14) band. The six
branches making up the band are marked.
Pigure f: The (1.14) band of the 5, spectrum, with the branches

into which the band was analyzed indicated.
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The rotation levels of the 3) states follow the formula

Fo o BUK(K+L)+£, (K, J-K)+D, RS e PR (1)

where “v and DV are the rotation constants and J the angular mo-
mentum quantum number with the values J- (K+S5), (K+S=1),..., (K~5).

is the spin quantum number. For a triplet, S-1, and thus J
(K+1),K,or (K-1). Because of the three values of J, we should
have three energy states lying close together for each value of
’ . ’ . . whieh
K. These energy states are designated with l'[. Foy and F 3 -Qor-
A@ree .

tsqnnnﬁaﬂ* respectively with J=K+l1, J=K, and J=K-1. For more
a
details, see Mulliken ‘\.\

Kramers 9) showed that for 3y states t‘l (K,J-K) consists of
two parts, one of which is to be ascribed to the interaction of
the spin of the electron with the angular momentum, and is given
by :

Ly J(IH)=K(K+1)=S(s+1) ] = lyld(J+1)=-K(K+1)-2] (2

and the other is to be ascribed to the interaction of the indi-
vidual electron spins, and is indicated by w-ll\‘\ll—l\'). 1‘.1(1\'..1—1\)

therefore becomes

£ (T=K) = Jy[d(d41)=K(K+1)=2 [+w, (K, J-K). (3)

L3
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Kramers showed further that wi(K,J-K) has the following

values for the three states:

for J-K+1, w, -£[1-3/(2K+3) | (%)
for J=K-1, w, -£[1+3/(2K-1) | (5)
and for J=K , w,=+2€ . (6)

From the combination of equations (3), (#), (5) and (0) is

obtained:

for J=K+1, flf-fil—B/(EKﬂj)!*yK (7)
for J=K-1, rj =€ 1-3/(2K-1) |-y (K+1) (8)
and for J=K , f,=28-y . (9)

We now form

ﬁ%k&(K\ Ri(K)—Pj(K) Fi(K+l)—Fi(K—i) . (10)
If the fi are substituted in (1) and the expressions in €/K are
ignored for larger values of K, since € is usually small, the
result is:

Tor J=K+1,

L - ) [ ' v & STy 2= ' 3

A?Fl(h) - L(RV+ZDV*y)+4(RV+3D;)htlZDvh +8Dvh (11

f‘OI1 (]‘ }\"’1 ’
AQFﬁ(K) 2(R;+2D;—y)+4(R&*3DQ)K*12DQK*OSDQK” (12)

and for J=K,
¥ .

A&}(K‘ lxn¢nnw)ﬂﬂn¢ﬁng)Nu:ny(w8nyé3. (13)

“

For the lower electron state,

A,F'i' (K) Ri(}\'*l)—}‘i(}\‘~l) l“'i'(}\'*l)—l“"(}\'-l) (14)

has the same form as (11), (12) and (13). It is only necessary

that (') be replaced by (").

In Tables 15a and 15b, the Z&Fi(K) values are given for v’
1,2,3 and 4 and for v'=5,6,7 and 8, respectively. In Tables l6a,
16b and in 17a, 17b are given the corresponding Al FL(K) and

A, FL(K) values. For v'-1, 2 and 3, the A,F!(K) values are com-
= D i |

L4




pared with the mean values calculated from Olssor’s analysis of
the (1.3), (1.4), (2.2), (2.3), (2.4}, (3.2) and (3.3) bands.

In fables 18, 19, 20, 21, 22 and 23, the A,l"!l'\l\‘) values for the
vibration levels v"=19, 22, 23, 25 and 27 are compared. The
comparisons of the 4,}*{(!() and A..l"'-l'\li) values show good agree-
ment and serve as a corroboration of the entire analysis. At the
same time the rotational analysis of Olsson and the vibrational

analysis of Fowler and Vaidya are confirmed by these results.

The establishment of the l\‘l and }‘1 branches as }\‘1. R, and
| P, amd }‘3\ was performed graphically with equations
(7)., (8) and (9), as in Olsson. Since the results agree with

R ) tor P

those of Olsson, a description of the method will be omitted.

—
-~

Table 15a: The A\f“{\i\) values of the vibration level with v'=1,2,

A FV(K)= Fi(K+ = F{(K—1) R, (K)— P, (K)
' | ' S t a i A
A L Olsson (0,17 Olsaon (3,170 (310 Olason (4,1 4.2

i .20 —_ — - - |
% 3,77 - 3,78 i
b B4 - = 5,38 A3 | = |
2 700 . = 10 B | {
il SN - . — 8,74 R7H | Sood |
11 1,44 -- — 10,40 1042 | — bo10,00 10,14 {
13 12,10 — - - 12,06 | 12,06 | -~ | - 11,80
16 13,86 -~ s — 13,66 1369 | 18,76 | — 13,68
157 15,59 15,68 - - 15,36 15,42 | 15,24 | 15,2¢ | 1HIG
i 17,30 - = 17,00 | 12,08 | 17,02 | 1692 | 1692
3 18,48 -- — 1 IR6 | 18,72 | 1872 | 18,66 | 1862
o3 (1,00 - 20.3% 20,47 | 20,44 20,26 | 20,28
RN L 2004 2000 | 920 | 2212 | 2200 | eead
27 24,10 - 20,83 | 23,70 | 2378 | 23,76 | 28,66 | 2368 {
2 | 25,74 - 25,60 | 25,49 | 25,63 ‘ 2b,44 | 20,42 | 20,38
31 27,36 27,3 27,31 27,14 | 27,18 | 27,16 27,03 | Ki&]
34 2915 | 29,17 29.21 2880 | 2RKT | 28,88 w82 2R.7b
R 3067 RS 30,89 30,638 30,00 3061 1 80,46 30,44
3 3263 | 32,73 | 8% | 30,21 ! 32,20 | 8218 | 82,06 | av.ow
39 | 34,16 | 34,61 344b | 3390 | 3391 | 83,87 | 83,74 | 88,73

I
36,72 | 36,23 | 85,27 | 86,66 | 86,67 | 35,67 | 85,41
4 | 87,30 1 380! 37,09 | 8321 87,28 | , 37,00
6 | SR RG | 89,73 | 8076 | 8RR6 | BRRR | — | RR43
47 4040 4144 A1 040 go4e T go0d
4 - 43,13 43,14 4,00 2.0 | . | 41,69
bl 44,57 4484 43,08 | 4368 - | 43,00
i 40,44 H | 4508 | — -
48,22 40,44 4647 | - 46,490
4980 47,78 3,37 | -
11,49 - 4906 4008 ! . | |
(Y { i - >
63 " » ‘
[ ¢ - {
87 - | — |




Table

1

The A.["[.\iﬂ.‘ values of the vibration level

with

AF(K)Y  FU(K 4 )= F(K—1) = K, (K)-— £, (K)

) IS v =6 ¢ -7
Xl 622 |, (529 (6,28 | (6,20 s | G
b 6,33 5,25 - | . e '

! 6,80 Y | 6,99 —

Ll ! R 8,25 8,62 =
I 10,08 | w00 9,84 10,08 - Ry
13 17 11,76 1,60 11,68 11,67

oa ¢

28,00

The

11,64
15,13

| 13,38 18,22 i 13,20 | 18,00
{ 14,00

16,02 14,491 ! 14,81

16,66 16,60 16,45 16,908 16,20
I (LR 1816 | 1518 | 1702 17,96
19,90 1 | 1986 | 1964 19,64
| 21,65 21,656 | 2146 | 919 | 21,82
[ 2g00 23,10 | 238,06 | 286 | 20,80
24,81 24,04 M4 448 | v
Ju,44 246,30 26,88 26,12 20,0
35:(“1 27,98 27,90 2767 RPN
2070 20,40 L2004 S
11,29 30,04 30,48 W
8927 | 83 2,3 31,08 | %144
A4 33,61 84,61 | |
85,71 84,07 - -
87,10 46,0
S8,84 < 3680
RN

40,71
1,70
4284 !

A,l"'\\i‘i\ values of the vibration level

LR (K) = FUK + D= F (K —1) = R (K)— P {(K)
" 1 ¢ 2 v R v {

K (LD | Olsson G Olsson (LD @30 Olsson (L1 (42
0 5,13 S0
1 .81 o
3 11,64 | 110

2079

18,21
t

16,03 VG, 70
18,40 (EIREY 1800
2020 0 2000 | 2008 PR
| 22,15 | 21,81 21,80 21,89
x \ 2398 28,00 B8 9% 1
6,01 23,60 LA 80 23,54 PANK!
27,81 9786 | 207 [ a8 AIHRT
20,58 | QD8 | 988 U8 N R4
8002 | J0.80 | 8047 30,04
| 82,68 | gp.e8 {g,00
| LR SN L) | 88,97 -
| 8608 | 35,76 | | 8870
BT,06 | 875 |
- 87T | 8906 | |
TORUUM T )
12,63 $2.00 | 49,00 {
- 1,18 {10 U O |
O fo,000 | t {
: i
NS - i

with

. did

e

5,6

Ly

k'



Table 16b: The A,F.(K) values of the vibration level with v'-5,6,7,8

MoFi (K) =V (K + 1)— Fy(K— 1) = B (K)— P, (K)
v'=2_ | ¢ ) | 0* s}

| v = 6 | T
KoL 32) | 023 | ©2 | 625 | Gam | @en | ®2D
1 |
| - — | - l — { 3,20 8,02 2,60
5 | — ! — 4,63 — 4,73 | 4,00 4,38
% | - 4,29 6,26 620 | 682 | 482
9 7,96 7,97 7,92 .86 | 799 7,04
1 9,62 9,66 9,67 966 | 971 | 935
) 1128 | 11,34 a0 | on2e boaries ‘ 1097
15 1299 |-1299 | 12,96 1289 | 12,94 12,61
17 14,72 14,67 14,61 14,68 | 14,68 | 1421
19 16,43 16,25 16,27 16,33 | 16,28 15,66
el 18,11 17,90 17,08 17,91 ‘ 17,97 16,45
23 19,76 19,64 19,49 19,67 19,02
25 21,49 21,08 21,14 21,16 20,03
27 23,22 22,68 22,70 2977 By
29 0; 24,93 24,19 24,2 | 2434 | N
31 26,6 26,68 | 25,67 25,72 25,79 [
33 [ 2832 | 28,84 27,08 27,11 — | | -
35 | 8007 | 30,08 28,44 28,49 =
87 | 81,72 | 31,01 29,74 2070 = -
30 | 3341 | 3330 | so4 | s00 | — = -
11 34,80 | 34,91 32,04 = PR =
43 35,83 | 35,84 33.04 - | = -
15 = s 34,06 ANESE e !
1 | - | = 35,18 - S (P .
L R 86,20 | — | - - -
n | — | = | 38110 | - | .- -

Table 17a: The A.F.L(K) values of the vibration level with v'-1,2,3,4

“ w v
A Fy(K) = FL (K + 1)~ Fy (— 1) = By (K)— Py (K)
v =1 v’ = £ o’ 3 4
K | (104)] Olsson | (217)] Olsson | (317 | (319 | Olsson | (4,19 (4,22)
5] 483 | — | — | — | 408} ~ | — o8 -
7 R - [| e | 582 | 4
91 38| — = S T .
1| 969 | — o e 9,38 =
13| 11,40 — - - 11,15 11,30 ;T
BB — [ — | — 128 12,98
7] 14920 ] — 11830} — 14,58 14,72 L
19 | 16,72 | 16,51 | 16,89 = 16,38 16,46
2] IS4L | 1841 | 1860 | = | 1814 | 18,25
23 1 20,06 | 20,10 | 2039 | 20,33 | 19,80 { 19,98
3% | 2186 | 2181 | 2212 | 2216 | 21,68 2180
27 1 2845 | 23,39 | 23,86 | 2887 | 28,31 | 23,12
20 1 9507 | 25,18 | 25,64 | 20,00 | 25,07 24,83
31 | 26,66 | 26,73 | 27,20 | 2781 | 26,72 — 3

]

38 | 2821 ! 98,21 | 29,02 | 28,08 & 2841 -
3| 2970 | 2077 | 3074 | 3072 | 30,08 -
37 ' 31,25 | 31,28 | 82,40 | 3238 | 81,% = ‘
39 | 3258 | 8276 | 84,06 | 84,06 | 33,30 e
AL 3032 | 3428 { 3272 | 304 | B4R { =
8 — — | 8799 ! 3730 | 8625 | y
i |, - — | 3885 , 8800 | 87,68 -
n| = ] - ‘ 40,30 | 4085 | 3025 -
L — |48 L8~ -
N - — 4892 | 821 ! ~ -
8 - i ot 44,72 | 44,00 -

Table 17b: The A,,I-‘B(K) values of the vibration level with v' &

MG (K) = Fo (K 4 1)~ Fy (K —1) = Ry (K) — Py (K)

' = b v/=D | v = d
K (5,.22) (6,22 K | (622 | (6,22) K | (620 | (62
7| o%8 | - ot | 17,98 | 1997 | 36 [ 2000 | ey
9| 348 | - 9 19,44 19,46 87 | 8043 | so
U KT 9,13 25 21,16 21,00 3 | 81,97 | M5
13 1088 | 108 "] 27 i 9297 | 2080 41 33,04 3310
1 | 12,61 12,63 20 24,80 [ 24,41 48] - 3040
15 l 14,29 14,32 31 } 26,97 | 25,99 4h 30,60 KNG
19 | 1609 | 16,00 33 | 2064 | 2149 47 l 310 | shw

L7




Table 18: The A‘I":l'u{) values of the vibration level with v“ 17

AFY(K) ~ F (K + ) —F¢ (K—=1) =R (K—=1)~P, (K +1)
A:FY(K) AFY (KD z AF5 (K) .

Kl @17 317 217 @1 | oean | @an
A G ‘ 5,68 — — ; — 4,08
6 — 7,18 ‘ — — 1 - 6,18
8| — i 977 | — 9,156 8,40
10| ng | -~ 11,2 - 10,47
12 | — 13,89 ! — 13,41 — 13,9

14, i 16,00 — 10,00 —_ 14,90
16 ] e 17.97 17,78 17.08 il 17,14
18 | ~ 20,18 19,83 19,76 19,37 19,30
20 o 2298 21,82 21,8 21,49 91,50
5 | o L 9436 94,11 24,02 T 23,66 23,69
o4 | & 26,43 26,16 26,18 25,92 25,80
26 — 28,54 08 34 28,32 28,02 27,96
o8 30,63 30,67 © 30,44 30,41 30,17 30,18
30 32,78 32,80 82,66 32,56 32,31 32,33
32 34,89 34,89 34,70 34.71 34,48 34,44
34 37,01 37,03 36,76 36,75 36,65 36,62
36 39,12 39,10 39,00 38,90 38,81 38,75
38 41,21 41,92 41,05 41,08 40,94 40.91
40 43,36 '43,31 43,20 43.20 43,10 43,00
42 45,47 45,43 45,30 45,40 45,18 45.12
44 47658 | 47,86 47,46 4741 47,33 4722
46 49.71 49,70 49,60 49,52 49,40 49,48
48 51,78 51,78 01,73 51,66 = 51,79
) 53,80 53,87 53,84 53,76 . 54.01
b2 56,006 50,97 55,91 06,03 —_— 56,17
51 58,10 568,10 58,01 58,13 == =

56 | 6021 60,19 8017 - — - o

B8 | 62,30 62,30 62,19 — - -

60 64,42 64,43 64,30 — = -

62 66,54 6652 |- — — - , -

64 (8,42 . — = = ==

66| 70,66 - = = £, -

Table 19: The A2F!l'(l\’) values of the vibration level with v"-19

T L FY (K)=F; (K

N—Fy K—D= K (K— 1)~ P, (K + 1
B K i i ( (K + 1)

A,F (K) [ A.F¢ (K)

*

ki @319 | dam l (3,19 | (L1, 1 B | Haw
6 7,84 - — ) ey ! - \ —
e . 06 7o 879 | 94 i Srass
! 1,71 1176 | 11,08 ‘ 11,14 el
32 13,78 . | 18,20 13,10 | 12,63
wl 1677 1571 | 1581 | 1528 148
16 128 | 1728 | 1945 | 174 17.04
18 19,96 1995 - 1964 | 19,66 19.08
X 2099 21,04 | 21,66 21,61 [ 21,29
2406 2406 | 28% | 2880 [ 28,44
] 26,16 26,14 | 2586 25,81 [ 2549
% 282 2820 | 2, | 27,94 27,66
o 30,36 30,86 | 30,00 | 30,04 )78 ’ 20,77
i 82,41 82,37 | 82,18 | 32,18 31,98 | 31,08
2 34,48 448 1 3433 | 3480 8406 | 341
3 36,67 | 36,07 | 36,30 | 36,40 36,19 36,11
%, 38,60 f 38,65 A3 | 9843 38,30 |
™ 40,72 40,71 40,69 1 40,67 w4 !

Of 4282 (42,79 | 4270 | 42,66 42,06 |
2 r 44,9 ) 44,83 | 4482 | 4488 | 4467 |
@A 46,9 46,91 j - | 46,71 | -
| 49,06 [ 49,07 49,00 ! - w87 | —
8 51,21 51,089 ! 51,09 | f 5006 -
o 53,27 1 b33+ | 53156 | - 2
o b3y | — | 0528 | - i -
54 5736 | sty | o~ : i :
50 | 50,00 { o, { s - -

S8 61,01 — - -

18




Table 20: The A,I-"i'(ii) values of the vibration level with v"=22

‘

1oy (K) = ¥, (K + 1) —F, (K—1) ~ K (K—1)— P (K - 1)
LE (K) | AF (K) A.Fy (K)
Ki (42 | 62 | 2 | 62 | (22 (5,22)

i= i L —

N 405 { - )' — = -

10 11,00 11,51 | 10,89 —

12 | 13,40 | 13,49 | | 12,48 ! 12,32
" 15,00 10,07 ) 15,02 14.52 14.47
14 17,03 | 17,63 i { 17,10 16,60 16,56
8 19,64 19,56 | 19,19 18,74 18,75
21,68 21,62 | | 21,25 20,89 20.86
22 23,61 2366 | | 938r | 928 | 2294
24 25,68 25,08 ; 25,12 | 25,06
¥~ 2975 | 27,70 ' 2%.21 27,17
2% 20,79 2077 | 29,51 29,21
) 3 3150 | 31.20 31,30
32 33,79 | 33,80 i - 33,41
34 3594 | 35,87 | { - 35.47
30 378 | 871,90 | — 8% 60
'8 3997 | . 3996 - 0,63
40 210 | 49207 | -~ 41,77
42 89 | 48,97 e Bt

T - L 40,08 - 4502
0 —_ 48,18 i — — 47.97
48 — 50,26 — - 490,00
50 | - 52,21 | S — o

a2 — 5430 | — - o o

Table 21: The [LF!l'(l\') values of the vibration level with v"=23

AF (K) =F{ (K+1)—F (K—1) = R(K—1)— P((K + 1)
2 A.F{ (K) 4.F{’ K) A.F3' (K)
K | (2% | (629 (6,23) (6,23) (5,23)

6 7,36 — - 6,74 —
8 9,31 9,44 — 8,71 e
10 11,38 11,44 10,84 10,83 10,17
12 13,44 13,36 12,89 12,987 12,28
14 15,4 15,52 14,92 14,90 14,33
16 17,456 17,46 17,01 17,03 16,51
18 19,46 19,63 19,08 10,95 18,00

20 21,61 21,49 21,14 2113 2018
2 93752 2346 [+ 23120 2316 29’5
24 26,67 26,69 25,20 25,20 218
2% 27,58 974 | 21 97,24 2708
28 20,56 29149 | 2934 2935 2905
30 31,62 31,63 3141 | 3187 3106
39 3365 3364 33,46 3338 3315
34 35,68 35,71 3548 35,46 35,98
36 37.74 3772 37.40 3748 3792
38 30,74 39.70 39,56 39,62 3910
0 41,76 41,78 4163 51,62 T
42 4377 4380 43169 4362 43166
44 45,83 45,83 46,74 45,67 45,63
46 47,95 47.93 - 47,60 4750
48 001 4996 e 4989 =
50 BL86 | 6. - b1.78 -
62 | 53,97 i - i — - -

19
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Pable 22: The A,i-‘:l'k‘;\\ values of the vibration level with v"=25§

S FU(K) = KK+ D—F (K—1) =R (K—1)— P, (K + 1)
AR (K) 1 APV (K)
A (6,206) (7.20) | (8,20 J

i }

“ — — i 4,54

(7

4,48

4 i - - { 6,07 ! 6,54
S - — ' 8,63 I CRE
10 — - 10,60 { 10,67
12 : . i o 19,78 12,71
14 l 14,70 { 14,78

it | 16,81 | 16,73
18 ‘ 1880 *

20 . 20,85 |
99 ! 22,80 !

> TR '

26 ‘ 26.90 ‘

N ! 29,00 !

30 | 31,00 |

32 ! 33,02 !

34 {8602 l

36 i 87,07 {

a8 | 39,00 e

40 { 41.00

32 ! g

Yy

Table 23: The A,‘i"'{\‘:\\ values of the vibration level with v"

TN K =R (K )—~F (K—1) = R (K—=1)— P (K + 1)
ARV (K) | A.F (K)
K | (7,27 | (7,27 (8,27
— | i
2 - 2,54 =
4 — 4,60 4,72
t —_ 6,03 i [tV
8 —— 8,62 Sol
10 — 10,62 | 10,08
12 12,81 | 12,62 12,47
14 15,18 14,62 14,08
16 17,05 16,06 16,60
18 18,02 18,68 18,57
20 20,91 20,60 20,61
22 98.9% | 22,60 22.58
24 24,84 24,08 ‘ 24,567
26 26,87 26,06 26,04
28 U8 .84 28,68
30 30,79 30,08
32 82,80 | osi
4 34,78 - |




IV. The determination of the K values and the molecular constants

From equations (1), (9) and (10) it follows that

AF

Al
~
& &

(K+1 (ﬁ12>+D¢<a41)2(K+2)2—Bv(x-1)K-DQ(K—1)2x?

&

(K) = FL(K+1)-F,(K~1)
Fl
Vv

LBy (K+1)+8D; (K+2)3. (15)

Equation (9) was chosen here because in it f, is independent
“

~

of K and therefore vanishes in AQF;(K). Since DQ is usually very
“
small in comparison to B&, the term with D& can be neglected for

smaller values of K. A similar equation also holds for 4, F3(K).

The Agpé(xw values of Tables 15, 16 and 17 and the Aﬁygkhw
values of Tables 18, 19, 20, 21, and 22 can now be graphed with
respect to K. From the slope of these curves it is possible to
compute F; for the vibratien levels with w'=1, 2, 3, &, 5, 6, 7
and 8 and B; for the vibration levels with wv'=17, 19, 22, 23, 25
and 27. From Tables 2 and 3 can also be drawn the AQFE(K) values
for the vibration level with v"=14, and from these values the By,
values can be determined as above. As will be mentioned again
below, every other line of the branches is missing, and therefore
the graphically determined slope according to equation 15 must be
divided by 8 to obtain the correct value of BV. These values of
FQ and BG are given in Table 24 together with Bg, B% and B{ val-
ues drawn from an unpublished work by Wilsonlo). An extract from
this work was most generously sent to me by Prof. G. Herzberg of
the physics department of the University of Saskatchewan, Saska-
teon, Canada. The BY, BY and Bj, values given in Table 24 are drawn

3

from the work of Olsson. The B{. Bé and Bé values given by 0lsson
are 0.2173, 0.2174 and 0.2176 em 1., It can be seen from this that

the Bi value of (Olsson is quite different from that calculated
here. Therefore Qlsson's ﬂbFé(K) values for v'=1, 2 and 3 were

" B!

entered graphically, and the values of B 5

and Bé resulting
from this are given in Table 24.
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rable 24: The molecular constants

v’ BY By, vl o und D)
| 0,2603 -+ ,0001 (Naude) —
20 L0001 "
24 +- D001 55 -
bt Ll ¥ —
N + 001 " —

1% 001 »" \ ¥

18 (KK E . (' -~ P
17 02606 + 002, BY' (extrapoliert) = 0,2047 em ™
6 0,2081 + (01 o L

}.’: 02700 + O 7 B.' = 0,2956 em™?

14 b o001 " . % o "

8 0002 (Wilsonm) re’ 1,803 x 10~*em

T -~ 0002 o 5 e

4 3 4 0002 (Olsson) ae’ = 0,0016 em™?

3 -+ 002 . ‘ N

2 + 0001 DY = ~19.6 x 10~* cm™?
B B, rie oL und D,

. A |

7 -,0002 (Naudé) —

6 0001 o -

b 2+ 0001 5 —

4 - 0001 . B; = 0,2219cm™?

3 - W00 ) o o '.—--

3 1(()].-15(':‘.(7‘.. chgerechnet) re = 2,184 X 10— (‘m'

' 02175 = 0001 (Naudé) < 2D , =

2 0,2177 (Olsson nachgerechnet) A/ 0,0018 em™?

1 0 -+ 0001 (Naudé) . ) ) et ol %
1 0,2200 (Olsson nn(‘hgvrvcn‘&ﬂ | D! =—23.1 x 10-*em™?
0 0,221 = .01 (Wilson) | —

B_, Qg and r_ can be calculated from the following equations:
© L -
\ ‘ - R \ v
o \" o 'V /
3 B +iq
e ot - Bl ', ]
-40

r" 27.,994.10 ik — 1 1 R
e 0B S*¢ 0 32.06 32.06°

S

32,00 was taken to be the atomic weight of the most common isotope

; calculated from the equation

b5

of sulfur. D, wa
t

S8

- < =< . -1 s s :
According to Wilson, "=725.68+.01 cm ~. [t 1s impossible
C

to determine @/ precisely, because of the distortions in the

higher state. Following the analysis of Fowler and Vaidya, W,
1

.

can be assumed to be about 435 cm

The precise values of the rotation quantum numbers K could

algo be determined from the curves cited above by extrapolation




of the curves of equation (15) to A F.(K)=0. I the K values
are correctly correlated, it is found that the straight-line
curve intersects the X axis at K==1. It can be seen from this
that the rotation levels with even K values are absent in the
lower state, while the odd K values are missing in the upper

state. Since every other level is absent, the conclusion may
32

be drawn that the S”“° atom has no nuclear spin.
|
i § Kel B % T de-y
yimilar results were ob- IR LG N S
e e R Vo I
4. { AL TS |

tained for the Schumann-Runge

bands by Ossenbriiggen and by

Lochte-Holtgreven and Dieke.

1
. 11) oy it "
Mulliken showed that the lower sx-ur | i e
A’~.'-—b_"—~ = % } I--»- ’ "
state of 0, was in all probabil- B A
ity a 7 f_ state. From this it is ' ' ; :
o > sl a1
S F A 0 Lol
possible to conclude that the i ’ 'i 17
] \ N N
analogous S, bands are to be as- i v
; b o - oy Y Lo
cribed to a '}'n J3 _ transition. ! | ‘ 14
=3 |
. - = . | ! Il I
Figure 3 gives a schematic repre- l i =
! \
. ~ % o ! { J
sentation of the S, rotation lev- | i ! 5
2 | |
els. i Log | o
iye | | &Xfas? ! 3
B bt i ekiiaed o P TS T
L = — --'.',' aet, ¢, LEs

Figure 3: S, level diagram
V. Discussion of results 3
From Tables 15a, 16a and 17a it can be seen that the spec-
tral branches can be traced to lower and higher quantum numbers
in emission than was possible in the absorption analysis of
Olsson. Furthermore, the A K l\‘\‘ values here show better ag-
reement than the values drawn from the work of Olsson, which

doubtless stems from the fact that the lines are more precisely

measurable in emission than in absorption.

§ It is notable that the branches of the (2.17) band could
not be traced down to the smaller K values, although the com-
binations for the v"=17 level were known precisely from the an-
alysis of the (3.17) band. This situation must probably be as-

cribed to distortions. In the (4.19) and (4.22) bands the }\‘g




and }3 branches are weak, and in the (6.23), (6.25), (7.25)
and \?.:7\ bands these branches could not be found at all,

while in the (8.27) band only the R, and P, branches were

>
found. It is possible that these irregularities are to be
ascribed to distortions, and are connected with the predis-
sociation of the S, molecule. According to Herzberg, this
predissociation occurs in the v'=10 level. Initially it was
also a purpose of this work to attempt to clarify these dis-
turbances, and in fact photographs were made, measured and
investigated of the (8.29) and (9.29) bands, but with no fur-
ther success than that a few lines of the R2 and FZ series
were found in the (8.29) band.

The experimental portion of the present work was per-
formed in the Merensky Institute of Physics at the University
of Stellenbosch (South Africa).
v
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DISTRIBUTION DIRECT TO RECIPIENT

ORGANIZATION MICROFICHB ORGANIZATION MICROFICHE

s

A205 DMATC 1 E053 AF/INAKA 1

A210 DMAAC 2 E017 AF/RDXTR-W 1

B344 DIA/RDS-3C 9 E403 AFSC/INA 1

C043 USAMIIA 1 E404 AEDC 1

C509 BALLISTIC RES LABS 1 E408 AFWL 1

C510 AIR MOBILITY R&D 1 E410 ADTC 1
LAB/FI0 E413 ESD 2

C513 PICATINNY ARSENAL 1 FTD

C535 AVIATION SYS COMD 1 CCN 1

C591 FSTC 5 ASD/FTD/NIIS 3

C619 MIA REDSTONE : | NIA/PHS 1

D008 NISC 1 NIIS 2

H300 USAICE (USAREUR) 1

P00S5 DOE 1

P050 cCIA/CRS/ADD/SD 1

NAVORDSTA (50L) 1

NASA/KSI 1

AFIT/LD 1
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