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ABSTRACT. A large number of bands has been retarded in an uurondensed discharge 
through a tube containing SnBri at very low pres.snre and carbon as the usual inipurity. 
Most of them are found to belong to the Asuiidi system (a'32—> a>ir) of CO. The following 
is the equation found to represent sati.sfactorily these bands as well as the already knrv.vn 
ones of this system:

i/--695J,6+{iJo8.6ii'-g.j; v'2)-(1726,5 xi"-14.4 v"*) 
or, r, =72i,v8+(i2i8.i u'-g.s a'®) —(1740.9 m"—14.4 i/"*)

where, » and the xi' numbering is that proposed by Ciero and W inezi. A few band.s 
which cannot find suitable places in the .sy.stem appear to be fragments of an unknown 
svsteu).
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I N T K O I) U C r  I O N

The spectrum of Ct  ̂ ha.s been the subject of inuclt investigation 
due, among other causes, to its occurrence in almost all discharge 
tubes where CO or CO- occurs as impurity. Presence of other substances 
has often introduced many peculiarities in the spectrum of CO. An interes- 
ling example of the effect of foreign gases is provided by Merton and John
son's method of production and isolation of the triplet bands of CO. 
Thus, if in a tube, ha\aug carbon electrodes and helium undei high pressure, 
and, showing the comet-tail bands of CO, a trace of hydrogen is introduced, 
the comet-tail system disappears ami the triplet system takes its place. Again 
if in a tube, having argon under high ])rcs.surc and carbon electrodes, and 
showing the Swan band.s, a trace of hydrogen is introduced, the Swan bands 
disappear and the triplet bands take their place. Before the discovery and 
classification of the triplet bauds by Merton and Johnson, some bauds were 
known to be associated with Angstrom bands in the red and yellow regions. 
These bands and those di.scovered by Merton and Johnson were collectively 
called as triplet .system, though no satisfactory classification was forthcoming* 
l,ater on, Asiindi (1929) photographed the bauds a.ssocialed with Angstrom 
bands in the red and yellow' regions, which were tentatively included pre
viously in the triplet system. He had no helium or hydrogen in his tube, 
yet he obtained a few bands of Merton and Johnson, although very x^ak. 
He measured those bands in the visible and the photographic iufra*red and 
came to the concluskm that a larfee majority of them could not go wuth the 

'I riplet system. For such bawls lie gave an analysis and showed that their
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upper state is Ilje then newly discovered ievel at 58927 G iir ‘ (Hopfield and 
UirRc, 1927) of CO, and the lower state coincides with the lower state of the 
lliini jiositive baudsof CO. He represented these bands by the following

equation :—

v= io4 9 i+  (1154.4 -  (1721.5 i’" - i 3-7 '‘■’"“I (i)

Tliese bands which were also previously observed by Mcl<ennan, Smith and 
Peters (1925) arc known as Asundi bands.

Later work done so far on the Asundi bands is summarised below :—

fi) Lstey (1030), on the basis of a private comtnunication from Birge 
that the upper level is at 57763 cm "', proposed an increment of one
unit in the r'numbering given by Asundi.

(2) Schmid and Gero (1937) estimated the v-values for bands from x>' =  8 
onwards (with a few exceptions) from perturbations of a/’ S  level by b’5  level 
and by an extrapolation obtained the energy of dissociation of CO as 11.06 
volts. They also reported some new bauds which they interpreted as members 
of the Asundi system with high v' values.

(3) Gci6 (1938) performed the rotational analysis of two of these bands—
(30,1) and (34,0)— and found the structine to be analogous to that of the 
bands recorded by Asundi.

(4) Gerb and Lorinezi (1939) proposed an increase of three units in the v' 
numbering given by Asundi,

C.)bservation of baiuls with hij:>h quantum numbers by Gero and others 
,sn.t>gested an attempt at extending the known bands with low quantum 
numbers. A tube with a bulb containing MgCOa (to serve as a source of 
CO2) only further evidence of some bands between successive Angstrorn 
bands. The faint traces obtained on the plates were unsuitable for measure
ments. Next, while preparing a tube for studying the emission from SnBr^ 
vapour, however, it was observed that in the initial stages, when pressure 
of Ct) was sufficient and that of SnBi'4 vapour low, bands similar to the known 
Asinidi bands were well developed. The present pa])er deals with these addi
tional bands. Measurements and analysis indicate that a large number of 
tlwsc bands can be included in the Asundi system.

E X P E R T  M E N T A. Iv

1 he dischaige tube employed was a XJ type one, 30 cm. long and 1.2 cm. 
in diameter. It liad alumiipiuni electrodes, 20 cm. apart, and drying tubes 
containing KOH, NaOH and anhydrous CaCh* on both sides: one side leading 
to the pump and the other to a bulb containing SnBr^. The* solid SnBr^ 
(since looni tcmpeiature was below 3̂ ^̂ G) was allowed to evaporate of its own 
accord uudei ieduced pressure. The usual carbon impurity in the tube itself 
was sufficient to ]n*ocltioe intense Angstrom bands, As the pressure of SnBr,
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vapour ill the tube increased gradually (though still very low), the Augstrbm 
bands slightly w'eakeiied and the new bands belonging to the Asundi system 
developed distinctly.

The lube was excited by an uncondeiised discharge from a transfonner 
giving about 7000 volts, fed by A.C. obtained from a j/4 kilowatt rotary 
convertor working oi¥ the D.C. 220 volts mains.

For the resolving instrument a two-prism glass spectrograph, constructed 
in this laboratory by the author, having dispersion of 8ol/niin. at 6500X, 
3iX/mm. at 5070.S, i7A/nim. at 4500A, and sX/nini. at 3800A was used. Fx- 
posures of about one to two hours were necessary for iihotographing the bauds 
on Ilford HP3 plates.

Wavenumbers in vacuo of band-heads w'cre obtained from Kayser’s 
Schoriugungs /.ablen from the mean wavelengths in air from measurements 
of three independent plates. The v values are expected to be correct to 
about ±4 cm "'.

ANAL  \TjS 1 S

The analysis of these bands presents the usual difficulties which are 
eucountered in all such extended systems. A small change in vibrational 
functions used may not apparently make any appreciable difference in the 
representation of bauds with low (luantum numbers but it may produce large 
deviations for high quantum numbers. Hence the vibrational function of 
initial or final (or both) state given from an analysis of a few bands is liable 
to modifications if it is to represent a greater amount of data to a good degree 
of approximation.

From his analysis of the Asundi Bands observed by him, Asundi derived 
the following equation ;—

v/,~ 10491-f-(ii54.4 r '- g .5 v '') - ( i7 2 i .5  v"*) (i)

He observed : ‘ 'Assuming a transition to exist between the new level at 
5S927 V as the initial level and the final level at 48438 v of the third positive 
carbon bands as the final level, it will give rise to bands whose heads can be 
represented by

1'/, — 104S9+(1155 v '-Q  v '* ) -( i 726.5 v " - i 4.4 (2)

The equation representing the new bands is very close to this, 'rhere is a 
possibility of considerable error in the measurements of the bands of higher 
wave-lengths because the dispersion of the instrument falls rapidly in that 
regiou. Therefore the discrepancy between the two equations may be taken 
to be within the limits of experimental error.”

The function (1726.5 x'" — i4.4 v” )̂ is well-established aud reliable, being 
common also to third positive carbon bands, 5B bands, 3A bauds, aud the 
Cameron bauds. Thus there are two ways open for us : (a) to use equation (2) 
as such; (6) to use equatioir (2) with the first function { 1 1 5 5 -yv'") 
modified to-a desirable extent.
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ill) I ’siiiK ecjuatiou (2) as such the observccl-calciilalcd values of wave 
miiiibers of bands observed by Asuudi are given in Tabic 1 and of bands 
observed Ijy the present author are given in Table II.

Tabi.e I
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17666 7[ 10 2 --17.T
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5
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17013.1 ( 
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>7072 4^ 38553*̂ 0
17128.8 1 
1619R .7 3
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17504.9 ) 15 5 -11.6 19663.7 5 I 32 2 6.1
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T aulk II (could.)

No , v"' . o c N o . *\’UC v' O - C
cm"* cm“ •

| 8 19767.5) 
9̂ *5 *5  3 (

28 22478,2? 1 

2̂ 359-4  )19839.7 ( 14 3 15.J 19 4 ■ 50.0
I9S60.3 J

29 2.3024.4 1
19908.0 \

16
23083*9 s 13 0 30-9

19924.3 [
.KXii.16,4 J

4 17.0
3*' 23186.2 14 ' 1 3-3

20 2007.1 ,8  \ 
20032,9 ( 

I 20049.0 1
iS 5 - 11.7 31 23̂ 70.4 16

18

2
0.8

! 20078.8 .)1 1 23317-1 3 7.0

21 20161..) ? 9 0 33 23962.6 13 0 -20 4

-23

21J382.1 ?
! 29516..! t 
1 20578.y

11 1 -10.8 24010 4 ) 
24031.7 f
24053.1 V
24082.17

15 1 5-2

20597.5 1 13 2 9-9 3.5 34115-̂ 17 3 -11.8

21057..1 I 10 0 2.1 34566.1 26 6 — 29.3
2 1 1.1 ^

37 24733.2 ]
-'5 1 21267,01 34752.2 I 34 5 24.3

21300.1 ]> 12 1 ’ 3.8 I 24776.8 J
; ^i344 7 l 11 38 2839.0 ) 0 - 33.2

26 i
1 21402 7 1 21420,6 r
i (

1
1

34861.85

by a 39 24934-4 ]
14 j 2 Herzber^ 24943-1 16 I .3.9

! ... ' band. 24956.8 1

27
j
; 22014,5'̂  
' 22036,8 c

Masked 
by an

40 25466.0 >
35486.1 J 25 5 19.6

11 0 Angstrom 41 25529-7 r  ,

1

11i1
band. ^5614*7 5 1 -  3.7

A survey of the I'ables I and II shows that whereas the O-C values in 
Table II are both positive as well as negative the 0 ->C values in Table I arc 
all, except one, negative and increase rapidly with the quantum numbers. 
It is incomprehensible that the equation should behave in a divergent 
manner up to some quantum numbers and in an irregular manner afterwards, 
When an attempt was made to introduce a third degree term In the vibration 
function of the initial state, keeping equation (a) as a first approximation, 
it was found that again the equation remained divergent up to certain quantum 
numbers and then deviated irregularly. Also it was noted that the .situation 
became rather worse ; the abvsolnle magnitude of error became one and a half 
limes that of the original. : Hence it was decided to use equation (a) with a 
modification in the initial vibration function. .
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(b) Accuptiiifi for the vibration function of the final statu that known 
Iroin other syslems mentioned above, it was found that the most suitable 
equation representing the bands recorded I>y Asundi would b e :

; 10493.9+(1151.bv'-y.ST'") -

Table III shows the comparison between the values calculated from 
equation (3) and those observed by Asuudi.

TAnui 111

No, V̂ vm; V* 0-C No. V̂Ul’ v' v" 0-C
oin"* cm"*

I 1 1 6 3 6 . 0 i 0 u Q I 4 '>93 7 '1  ̂I.O

2 1 2 1 5 8 , 5 3 1 7 . 4 1 0 M 9 5 3 - 3 A 0 A-9

3 1 ^ 7 6 1 . 8 2 0 2.7 13 J 5 3 4 8 . 5 6 I r.9

A i3 2 3 7 -<̂ 4 1 0,8 1 2 j  5 7 0 2 . 0 8 2

5 3 3 6 t > 8 , 4 6 2 2 . 3 1 3 1 6 0 1 1 . 0 5 0 3 . 4

6 1 3 8 6 4 . 5 3 0 14 1 6 3 7 .5  0 7 * 1

7 1 4 0 4 8 , 0 8 3 “ 0 , 8 IS 1 7 0 5 7 . 2 6 0 - 4 . 3

8 3 4 3 0 1 , 8 5 1 -^ > .5 16 1 7 3 8 9 . 2 8 ‘ 1 2 . 6

Though both equations (i) and /3) represent Asundi's data to the same 
extent of accuracy, equation (3) is preferred since it contains the belter 
known term (1726.5 v"~jc\,4 v"'̂ ) for the lower state. liquation (3) may 
now be extrapolated to correspond to the increase of three units iji v’ 
numbering pvoi)osed by Gcro and Lorenzei. It becomes :

r-6yS.v6'*'(r2<i8.6 v'-g-S  r '“)-(i7 2 6 .s  v "-h \ .4  r"®) ... (4)

This equation for the band-heads may be written in the less convenient, 
but theoretically more significant, form as :

r< = 72i3-8+(i2i8.i u'-9.SM'“)-( i7 4 o .y  m" - 1 4 .4  m"®) ... (4a)
%

where M = f  +1/2.

Table IV gives the bauds observed by Asundi as well as those observed 
by the present author, v-values calculated from equation (4) arS also 
indicated. 1 ,
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T able IV

167

No# V
vno I ' 'c a J v ' 7}" 0 - C

Asundi Garg e t a ' l l

I —

1 1 6 3 6 . 0 X I 6 3 6 . O 4 r 0  A

12072.51 1
—

12158.5 12151.1 6 I 7.4 A

3 13674.0

-  f
1 2 7 6 1 . 8 ) 127591 S 0 2.7 A

'I 1 3 1 5 7 . 7 1
—

1

13237.0 j 13236.2 7 1 0.8 A

5

13668.4 1 3 6 6 6 . 1 9 3 2.3 A

! 3 7 7 <>.o

13864.5 1 3 8 6 3 . 2 6 0 1-3 A

7
— t

14048. u

f1 14048.8 II 3 - - 0 .8  A

S — \
1

-  ( 
14301 8 J 14302.3 8 I —0.5 A

9 14612.7 ]

14693-'
I

2 1 14694.2 1 0 2 —  i.o A

Some of the bands listed in Table II cannot be accommodated in the 
analysis given in Table IV. vSuch bands are given in Table V. A similar 
case is obtained in the wellknown triplet carbon bands where a few weak bands 
still remain unaccounted for. It may be that the bands put in Table V  here 
and those unaccounted for in the triplet carbon system form together a new 
system that remains to be investigated further.
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T able V
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J5439-*J < 
15167.a 5

17700.5
5

17780,1

18400.6

184̂ (16 8 C 
18400.1 7
lyiyo.y

1 9 9 0 8 . 0  )  

109̂ 4'3 ^
. > 0 1 6 1 . 4

C10383.1
21141.1

Remarks

Proljabl.v Triplet 
carbon (0, o)
Trobubly Triplet 
carbon (2, o)

pHibablv a Triplel 
carbon (11IIassigned)

Probably Triplet 
(arbon (5, 1)

Probably Triplet 
carbon (6,1)

Probably Triplet 
carbon (7, i)

32036,8

32478.̂  1 I 
225111 '
22559-4 J

231SO 2 I
23370.4
23317-̂  I

240T0.4 ]
24031.7 I 
24053-1 \
24083.1 I
24115.8 J

!
24839.0 'I 1
24861.8
24924.4 }
24913.1 !
24956.5 J

Remarks

Probably Triplet 
carbon (8,1)
Probably a Triplet 
cnrb6n (unassigued)

Au inspection of Ttiblc IV  shows that bands with r ' ccptal to rg or lower 
have ()"C \alues well within errors of observation. Ph*om v '—i6 onwards the 
0 -C values have a tendency to increase. It is difiicuH to say whether such 
irregular deviations are due to any perturbations. For example there arc 
four bands with i’'==i9 with residuals + 7,2, - 1 7 .0 ,- 8 .2 ,-i-1.4, and three 
bands with i/ = 2o with residuals + ig-o, + 32.4, 1.2, In some cases such
irregular deviations inigiil be due to a possibility of vMong identification 
of the particular subhead used to calculate the U-C values.

Schmid and Gcro's ^1937) estiinatccl term values of the vibrational 
levels of the a' *̂ 5 level cannot be represented by a usual function with any 
reasonable error however large. It may, therefore, be said that the 
peiturbations observed by them are clue to some level other than The
two bauds at 33548 ard 37447 cm”  ̂ reported by Schmid Snd Gerb a.s having 
quantum mmibers (32, 1) and (36, o) in the Asundj system do not fit in the 
proposed equation (4) except as bands (32, i) and (38, i) resiiectively^ liven 
then the residuals will be -30  and “̂ 30111”  ̂ respectively. The changes 
in the values may be li&ely because the extra])olation of rotational constants 
used by Schiiiid and Gerb i$ rather long. But the same cannot be said of 
values. , Hefice with due reservation it seems that these two bands may 
belong- to a uew system along with the other bands given, in Table V  and the 
j^ni^s^ned bands of the triplet system.
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