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CHAPTER IV

VIBRATIONAL ANALYSES OF CALCIUM CHLORIDE, CALCIUM

BROMIDE AND CALCIUM IODIDE MOLECULES

This chapter deals with the experimental observations
and fhe study of vibrational structures of the band systems’
of CaCl, CaBr and Cal molecules in eﬁission, carried out

during present investigation.

A preliminery survey of the spectra of CaCl, CaBr
and~CaI molecules in the visible as well as in the ultra
violet regions was made on an Ez—glass spectrograph and on
a megium quartz spectrograph respectively. The spectra of

all the three molecules were excited in a conventional type
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of quartz discharge tube with external electrodes by
means of a high frequency\0scillator. Continuous
evacuation of the discharge tube by a high vacuum pump
and strong external heating by a burner were found
necess;ry to maintain the characteristic dark bink
(redish) colour of the discharge. Under these conditions
of excitation, the band systems for these molecules
developed strong in intensity without any impurity bands.
, =
As the molecules‘under investigation are highly hygro-
scopic, in first few attempts impurity bands of CaH were
~ developed. The occurrence of CaH bands was completely
eliminated by using dehydrated substances. The sqbstancés
were dehydrated by heating them in atmosphere. Throughout

the course of present investigation dehydrated substances

have been used.

Ha%ing established the conditions of excitation

the speétra were photographed on a 2 meter plane grating
spectrograph, Ilford N-40 and k-40 plates were employed
to récord the“spedtra‘in the ultra violet and visible
régions respectively.. Measurements of the bands were made
against iron arc lines or internal atomic lines. In what
follows will now be given the details regarding the work
carried out on the gfating spectra of CaCl, CaBr and~CaI

molecules.,
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(1) cCaCl BANDS .

Bands in the region AN6072-5810 A°:

A group of CaCl bamds in the region \)\6072-5810 A°
has béen observed. The spectrum was photographed in the
fourth order of a 2 meter plane grating spectrograph at
a reciprocal dispersion of about 1.2 A°/mm., A spectrum
with reasonable intensity and clarity could be recorded
in about 50 to 60 minutes. The spectrum is repfoduced in
plates 1 and 2. Contrary to what is reported by earlier
workers, it reveals the presenee of four heads in each
sub-group of bands., The two of the heads with approximately
equal intensities and a separation of about 3.5 - 6.5 emt
wave numbers between them are identified as P1 and P2 heads.,
Visually estimated intensities, wavelengths, wave numbers
in vacuum, vibrational assignments and differences hetween

observed and calculated wave numbers ( AY) for P, heads

1
are given in Table 7 and for P, heads they are given in
Table 8., The igotopic shifts due to Chlorine-~35 and

=

- Chlorine~37 were calculated using the usual formula

AD

(P-1)@-2)

(p-1) {wé(V';%? -wg(V"#?s‘) }

- (¢3-1) {wéxg(vwéﬁ") -ngg(v%%)z}
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TABLE 7

BAND HEAD DATA OF THE Bzif - XZZ’SYSTEM OF CaCl MOLECULE

73

(», heads)
Intensity Wave length Wave number Assignment AD
N (a°) in vafl;um (v, vn) = Rbs™ a1 -
- D cm em™—1
2 - 6072.39 16463.4 11,12 (35) 1.3
3 6071.28 16466.4 10,11 (35) 0.4
1 6070,88 16467 .7 11,12 (37) -
3 6069.82 16470.5 9,10 (35) 1.2
1 6069,40 16471 .8 10,11 (37) -
3 6068,89 16472,9 8,9 (35) 0.6
2 6068, 26 16474.5 9,10 (37) -
5 6068.03 16475.3 7,8 (35) 0.3
5 6067,37 16477.0 6,7 (35) -0,5
4 6067 , 00 16478.1 8,9 (37) -
4 6066,60 16479,.1 5,6 (35) -0,3
4 6066, 27 16480,0 7,8 (37) -
6 6065 ,87 16481,0 4,5 (35) -0.,1
4 6065,.44 16482,4 3,4 (35) -0,1
3 6065,01 16483.5 2,3 (35) -0,.1
3 6064.76 16483.8 1,2 (35) -0,5
2 " 6064,57 16484,6 0,1 (35) -0,2
1 6063,93 16486.5 4,5 . (37) -
1 6063.62 1 16487,3 3,4 (37) -
1  6063,30 16488.1 2,3 (37) -
1 5962,03 16768,3 14,14 (35) -1.2
1 5961,28 16770,2 14,14 (37) -
1 5959.13 16776 .4 13,13 (35) -0.8
1 5958.46 16778, 1 13;13(:37) -

'

contd,...



TABLE 7 (contd.)
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Intensity Wave length Wave number Assignment AV
A (a0 1; Z:izum (vt = Bbs” %a1
cm
1 5956.35 16784,0 12,12 (35) -0,5
1 - 5955,80 16785,7 12,12 (37) -
1 5953.81 16791,4 11,11 (35) -0,2
1 5953.28 16792,6 11,11 (37) -
3 5951.40 16798.1 10,10 (35) ,=0.2
1 5951,25 16798.7 10,10 (37) -
3 5949.10 16804,6 9,9 (35) -0.1
3 5948.62 16806.0 9,9 (37) -
4 5946 .97 16810,5 8,8 (35) -0,3
2 5946,61 16811,7 8,8 (37) -
6 5944,93 16816,5 7,7 (35) 0.2
5 5944.62 16817.3 7,7 (37) -
6 5943,04 16821,9 6,6 (35) -0.1
5 5942,71 . 16822,7 6,6 (37) -
6 5941.26 16826 ,7 5,5 (35) -0,4
5 5941,00 16827.5 5,5 (37) -
7 5939,39 16832.1 4,4 (35) 0.4
4 5939,27 16832,.4 4,4 (37) -
7 5937.80 16836.6 3,3 (85) 0.2
5 5937.70 16836.9 3,3 (37) -
8 5936.32 16840,8 2,2 (35) -0,3
5 5936 .21 16841.1 2,2 (37) -
9 5935.00 16844,5 1,1 (35) 0.1
7 5934.90 16844,8 1,1 (37)
10 5933.83 16847.,9 0,0 (35) 0.0
1 5827.,30 17155,.9 7,6 (37) -

contd,..



TABLE 7 (contd.)
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Intensity Wave length

Wave number Assignment AD
» (a°) ich?fuum (v', v") T obs” ial

clm

i 5826,10 17159.4 ,6 (35) -1.8
2 5824,.14 17165.,3 ,5 (37) -

1 5822,89 17168,8 6,5 (35) -0.9
2 5821.18 17173.8 ,4 (37) -
2 5819.81 17178.0 5,4 (35) 0.1
2 5818.48 1718142 ,3 (37) -

3 5817.31 17185.4 ,3 (35) 0.4
1 5816,11 17188,9 2 (387) -

4 5814.63 17193.3 ,2 (35) 0,0
2 5813.73 17196.0 ,1 (37) -
5 5812,30 17200,0 ,1 (35) 0.1
2 5811.77 17201.6 ,0 (37) -

4 5809,80 17207 .5 1,0 (35) 0.0




TABLE 8

- BAND HEAD DATA OF THE B°S’ — X®5 SYSTEM OF CaCl MOLECULE

[

(P, heads)
Intensity Wave length  Wave number  Assignment AD
A (A°) ;:)n v?:uum (v', v*) “bs” 2al
cm cm—i
1 6071.55 16465.6 9,10 (35) .
3 6070,30 16469,1 8,9 (35) 1,0
1 6069.90 16470,1 9,10 (37) -
4 6069, 40 16471.5 7,8 (85) 0.7
4 6068 ,64 16473.7 6,7 (35) 0.4
2 6068.26 16474.,5 8,9 (37) -
5 6068,.03 16475.3 7,8 (35) 0.3
2 6067 .48 16476,7 6,7 (37) -
5 6067 .37 16477,0 4,5 (35) 0.1
2 6066,80 16478,5 3,4 (35) 0.2
4 6066.60 16479.1 2,3 (35) -0,.3
4 6066 .27 16480,0 1,2 (35) -0.1
6 6065,.87 16481.,0 0,1 (35) 0.4
3 6065 .62 16481,9 5,6 (37) -
4 6065,44 16482,4 4,5 (37) -
3 6065,01 16483.5 3;4 (37) -
3 6064,76 16483.8 2,3 (371) -
i 6064,40 16485,1 1,2 (37) -
1 6063,.93 16486 .5 0,1 (37) -
1 5956, 00 16785,0 11,11 (35) -2.4
1 5953.30 16792.8 10,10 (35) ~1.4
1 5951, 09 16799,0 9,9 (35) 1.4
1 5950,93 16799,5 9,9 (37) -
3 5948, 40 16806 ,0 8,8 (35) -0.6

contd, .,
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TABLE 8 (contd.)

Intensity Wave length Wave number Assignment A
> (an) RO RGP AP SRt 30
A cm -1
cm
1 5948.25 16807,0 8,8 .(37) -
3 5946 .40 16812,2 7,7 (35) 0,4
2 5946.23 16812.8 7,7 {(37) -
4 5944.,29 16818,2 6,6 (35) 0.5
"3 5943,97 16819.0 6,6 (37) -
5 5942.43 16823.6 5,5 (35) 0.5
4 5942,20 16824.0 5,5 (37) -
5 5940, 96 16827.5 4,4 (35) -0.1
4 5940,90 16827.8 4,4 (37) -
5 5939.52 16831,8 3,3 (35) -0.6
4 5939, 39 16832.1 3,3 (37) -
6 5938.00 16836,0 2,2 (35) -0,7
4 5937.70 16836 .6 2,2 (371) -
6 5936.41 16840,6 1,1 (85) 0.3
5 5936 .32 16840,8 1, (37) -
6 5935, 32 16843.7 0,0 (35) 0,0
5 5935.10 16844.3 0,0 (37) -
1 5823.47 17167.2 5,4 (37). -
1 582163 17172.5 5,4 (35) -1.3
1 5820,91 17174.7 4,3 (37) -
2 5819.60 17178.6 4,3 (35) ~2.6
2 5818,48 17181.8 3,2 (37) -
3 5816.99. 17186,2 3,2 (35) -2.,9
2 5815.91 17189.5 2,1 (371) -
3 5814.31 17194.2 2,1 (35) -2.3
1 5813,50 17196.6 1,0 (37) -
2 5811.42 17202,8 1,0 (35) -0,5
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The abundance ratio of C1°°

and 0137 is roughly
3:1 and the calculated.value of . is 0.014856, The
observed and calculated isotopic shifts are given in

Table {3 0.

~

Ih the bresent work, a fairlf large number of
bands have been observed in addition to those already
reported by earlier workers. The group o; bands, at
5934 A® is seen to be very intense whereas the groups
at Gofé A° and 5809 A° are relatively weak. The bands

at 16847.9 cm

and 16844.3 em !, were taken as the P
and P, heads of (0,0) band and a vibrational amalysis
was carried out in the usual way. The bands could be
‘arranged to form three extensive sequences viz, (1,0),
(0,0) and (0,1), having sequence degradation on the
longer wavelength side. In Table 1i(a,b,c & d) Deslandres
tables for P1 and P2 heads are presented separately. The
following vibrational quantum’equation was obtained from
" these tables.
16849,5(P, )
2 = 1 ' 3 112
head = + 363.0(v'+3) - 1.70(v'+%)
16845.3(P,)

- 366.2(v"+3) + 1.54(v"+%:)2



TABLE 9

ISOTOPE SHIFTS (cm ') IN THE B®S — X25 SYSTEM OF CaCl MOLECULE

Assignment Obgserved shift Calculated shift
- / A:»(m;m% —-3337 ) A:gaf' 235 _ 3337
em ! em ™t
11,12 (®,) -4,3 : -5.4
10,11 (P,) -5.4 ‘ -5.3
9,10 (Pi) -4,0 ~5.3
9,10 (Pz) -5.1 | -
8,9 (Pi) ‘ -5.2 -5.3
8,9 (p,) ~5.4 -
7,8 (Pi) 4.7 -5.3
7,8 (Py) -5.2 ‘ -
4,5 (Pi) -5.5 ‘ -5.2
4,5 (P,) -5.4 . -
3,4 (Pi) -4,9 -5,2
3,4 (Pa) -5,0 -
2,3 (p;) -4.6 -5.2
2,3 (Pp,) -4.7 -
1,2 (Pz) -5.1 ~5.3
0,1 (Pz) -5.5 -5.3
14,14 (Pl) ~-149 -1.5
13,13 (Pi) -147 -1.4
12,12 (Pi) , -1.7 -1.,2
11,11 (p,) ' -1.2 -1.1
10,10‘(P1) -0,6 -0,9
9,9 (Pi) -1.4 -0.8
9,9 ‘(PQ) -0.5 -
8,8 (Pi) -1.2 -0.7
8,8 (Pz)‘ © =-1.0 -
7,7 (2,) ' -0.8 ‘ © -0.6

contd, ..
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Assignment Observed shift Calculated shift
v!,v" A%M=§5—»m A%u=”%‘4§7
cm ™t cm':1
7,7 (Pz) -0.6 -
6,6 (P,) -0,8 -0.5
6,6 (Pz) ~0,8 -
5,5 (Pi) ~0,8 -0,.4
5,5 (Pz) -0,4 -
4,4 (Pi) -0,3’ -0,3
4,4 (Pg) -0.3 -
3,3 (Pi) -0.3 -0.2
3,3 (P,) -0.3 -
2,2 (p,) -0.3 -0,1
2,2 (Pz) -0,6 -
1,1 (p)) -0,3 -0.08
1,0 (py) -0,2 -
7,86 (P) 3.5 4.1
6,5 (gi) 3.5 4.4
5,4 (Pi) 4.2 4.6
5,4 (Pz) 5.3 -
4,3 (p,) 4.2 4.7
4,3 (P,) 3.9 -
3,2 (p)) 4.4 4.9
3,2 (p,) 4.4 -
2,1 (Pi) 4.7 5.0
2,1 (P,) 4T -
1,0 (Pi) 5,9 5.2
1,0 (Pz) 5.3 -




The lower state frequenecy of 366.2 e+ obtained
from the present analysis is in agreement with the ground
’statg frequency of CaCl molgchle as reported by previogs
workers. Furthef, as the sysfem has -been observe& in
absorption also, it confirmé ﬁhat the lower statgiinvelved
in this system is the ground state of CaCl molecule, The
upper state shéws a spinsplitting of about 3.5 - 6.5 em™t
wave numbers which is in accofdanée with the spin splitting-
observed in the B-systems of CaF, Can,'CaI, BaF, SrF, -
SrCl, SrBr and Srl molecules, The observed spin splitting

for different bands.in the B system of CaCl is given in

Table 10,

A comparision of the region of occurrence of this
system with the Bzzﬁ — Xzz? systems of similar molecules
indicates that the system may‘be attributed to an electronic

2.+

transition By - Xzzf.

A rotational analysis of the (0,0) band of the

B system of CaCl molecule is given in Chapter VI,

(2) caBr BANDS

Bands in the region M)\ 3050-3350 A°:

The band spectrum of CaBr molecule has been studied
by several workers. Recently a new system of bands has .
been reported by Reddy and Rao (1968} in the region‘

3
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TABLE 10

SPIN SPLITTING DP -—DP OBSERVED IN THE BZE-— XQZ SYSTEM
1 2

OF CaCl MOLECULE

Assignment -'DP1 -ZJPZ wpi - ”Pz
vt | 35 | a1
for CaCl for CaCl
em 1 em 1
9,10 4.9 3.8
8,9 3.8 3.6
7,8 3.8 , 3.3
6,7 3.3 , -
5,6 5.8 -
4,5 4,0 4.1
3,4 3.9 3.8
2,3 4.4 4.3
1,2 3.8 ‘ -
0,1 3.6 -
11,11 6.4 -
10,10 5.3 " -
9,9 5.6 - 5.5
8,8 3.5 4.7
7,7 4.3 4.5
6,6 _ 3.7 3.7
5,5 3.1 3.5
4,4 4,3 4.9
3,3 4.8 4.8
2,2 4.8 4.5
1,1 3.9 4,0
0,0 8.6 -
5,4 6.5 6.6
4,3 6.8 . 6.5
3,2 ‘ 7.1 - T.1
2,1 6.5 6.5

1,0 4,7 442
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AA3025-2900 A°, Tﬁey have also reported some additional
bands of the previously reported D- X ‘system im the region
AA 3300-3100 A°, Because of rather low dispersion employed
by them, the vibrational constants for the D-systém derived
from the analysis give wide diserepancies in the calculated
and observed wave numbers for a large number of band heads.
andlquM?Oub
The aim of the present study is to relnvestlgaten? complete
vibrational analysis of the D-X system using better disper-
sion and support it by vibrational isotopic effect which is
measurable for most of the bands. The results obtained are

presehted in this section. .

The spectrum of CaBr molecule was excited ih a high
frequency discharge and was photdgraphed in the second and
the third orders of a plane grating spectrograph at a
dispersion of 3.5 A°/mm and 1.8 A°/mm respectively. Exposure
time of about six hours was required to get a satisfactory
spectrogram on Ilford R-40 plates. The reproductions of

the spectrograms- are given in Plates 3 and 4,

Sixty-three band heads have been measurea out of
which 28 bands are new. The bands as well as sequencies
%are degraded to shorfer wavelength side, For most of the
band heads isotopic separations have been observed and are

compared with the theoretically calculated values. The

~
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wave numhers of the band heads reported by the pre?ibus
workers and observed during the present work along with
their vibrational assighments are given in Table 12 along
with calculated and observed isotopic shifts for éach
band. The close agreement between calculated and observed

isotopic shifts eonfirms‘the correctness of the analysis.

K ., The bands of the system have been arranged in the’
Deslandres Table which is presented in .o Tables 13 and 14,

The following band head equation was derived:

) 4 = 30190.64 + 327.64(v'+E) - 1.245(v'+3)?

- 285.15(v"+%) + 0.865(v”+%)2

The lower sfate frequency. of the system agrees with
, the previously reported ground state frequency of CaBr
'molecule. Moreover since the system’has been ohserved in
abéorption,the lower state of this system is the ground

2
state X(zf of the CaBr molecule. The high dispersion

: \
pictures of a few bands reveal a simple rotational structure.

. Even though the dispersion is not enough to cari:/pdt a
rotational analysis one can easily suggest that-4he bands

arise due to a transition of the type %g* — ng*.

7



TABLE 12" (contd.)

100

Wavelength _ Wavenumber, cm_____ Assignment Isotope shift

A° Present Observed PR Obs. Calc,
Present work Work by earlier !

workers

3228.00 30970.0 30970.,0 1,2 (79)
3227,91 30970,9 30970,9 1,2 (81) 0.9 0.9
3223.56 31012,7 - 2,3 (79)
3223.45 31013.5 - 2,3 (81) 0.8 0.7
3202.99 31211.8 31211.7 0,0
3194.59 31293,9 31293.3 2,2
3190.55 31333.5 31333.1 3,3
3186.13 31372.0 31371.4 4,4
3182.67 31411.1 - 5,5
3170.11 31535.6 31534.6 1,0 (81)
3169.92 31537.4 31535,6 1,0 (79) 1.8 1.4
3166,.21 31574.4 31573,5 2,1 (81)
3166, 06 31575.9 31575,5 2,1 (79) 1.5 . 1.6
3162,30 31613.4 - 3,2 (81)
3162.15 31615,0 - 3,2 (79) 1.6 1.7
3158,.62 31650,0 - 4,3 (81)
3158.45 31652,7 - 4,3 (79) 2.7 1.9
3138.08 31857 .4 31856 .3 2,0 (81)
3137.81 31860.2 - 2,0 (79) 2.8 2,7
3134.47 31894.1 31892.8 3,1 (81)
3134.18 31897.1 31895,8 3,1 (79) 3.0 3.0
3130,93 31930,1 31929,4 4,2 (81)
3130,62 31933.4 31932,5 4,2 (79) 3.3 3.0
3127.60 31964.2 31965,3 5,3 (81)
3127,09 31969.4 - 5,3 (79) 5.2 5e4
3124,05 32000,1 32000,1 6,4 (81)

contd...



TABLE 12 (contd.)

101

Wavelength __E’ggégggggx_'_,_gg________ Assignment  Isotope shift

A° Present Observed p— Obs, Calc, -
Present work  work by earlier g

workers

3123.79 32003,2 - 6,4 (79) 3.1 3.2
3106,82 32178,0 32175.9 3,0 (81)
3106.40 32182.3 - 3,0 (79) 4.3 4.3
3103.70 32210,2 32210.2 4,1 (81)
3103.30 32214.4 32214.4 4,1 (79) 4.2 4,2
3100.49 32243.7 32244.5 5,2 (81)
3100,15 32247.3 32248.7 5,2 (79) 3.6 4.2
3097,23 32277.6 32277,.8 6,3 (81)
3096 ,80 32282,0 32282,0 6,3 (79) 4,4 4.4
3092,05 32314.5 32314.4 7,4 (79)
3091,02 32342,3 8,5. (81)

32341.5
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(3) cal BANDS

Bands in the region M) 4950-4600 A°:

The spectrum of Cal molecule has been studied by
various workers and consists of four bandfsystéms viz,
A-X, B-X, C-X and D-X. The ground state of the molecule
is a X22+ state. The A and C levels are 2ﬂ'states
analogous to the A and C systems of the remaining halides
of molecules belonging to group.;i(a). In most of the
monohalides of this group a few more systems in the visible
region were observed by various workers and hence a similar
system was expected in Cal also. The spectrum of Cal

molecule in the visible region was reinvestigated and the

results obtained are reported here,

The spectrum of Cal molecule was excited taking a
pure sample of CaI2 and keeping it in a conventional type
of quartz discharge tube (diameter about 3 mm). External
heating with a burner was required to maintain the bright.
red colour of the discharge, The spectrum was photographed
on Il11ford R-40 platés in the first order of a two meter
plane grating spectrograph at a reciproca} dispersion of
about 7.3 A°/mm. An exposure of about 30 minutes was
enough to gét sufficiently good spectrOgram.‘ A reprodﬁction

of the bands is given in Plate 5. The measurements of the

-
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band heads were made on an Abbe Comparator using the

standard atomic lines of iron arc spectrum.

In the spectrogram a number of violet degraded bands
were observed. The most intense band at 21149.2 cm
was taken as (0,0) band. Bands corresponding to AV = 0,
+1, +2 and -3 were observed with strong Q and corresponding
lweak P heads. The bands were analysed to form two sub-
systenms arising from a transition of the type 2‘23-— 22 .
For the 2A>- zﬂé/z coumponent the higher members could not
be clearly recognised due to the overlapping with the

27% components. The difference between

members of 2A---
the system origins was found to be 57 (cm‘i) wave nulibers
which is quite close to the doublet splitting of A level

(59 om_i) observed by earlier workers.

Band head data of bands of this new system of Cal

molecule in the region AN 4980-4580 A° is given in Table 15.

The bands of the system have been arranged in the
Deslandres Table which ig given in Tables 16 and 17. The
identity of the emitter was established using the standard
methods. "The @ heads of the bands were satisfactorily

fitted in the quantum equations given below,
Vo = 21070.1 + 287.2(v'+4) - 0.80(v'+)?
9 ;

- 241.7(v"+%) + OoSO(V“+%)2



TABLE 15

BAND HEAD DATA OF THE NEW SYSTEM OF Cal MOLECULE

Intensity Wave length  Wave number  Assignment
A° in vacuum (v',v") = Pobs” ka1
em 1 -1
) cm

1 4951.9 20188.7 0,4 (Qi) ~-0,2
1 4940.6 20234.9 1,5 (Qi) 1.5
1 4894,6 20425,0 0,3 (Qi) -2,2
1 4882.6 20475.2 1,4 '(Qi) 1.1
c1 4871.0 20521 .4 2,5 (Qi) 1.0
2 4850,2 20612.0 0,2 (Qz) -0,2
2 4837.0 20668 .2 0,2 (Qi) 1.3
1 4826.6 20712.7 1,3 (Qi) -0.1
1 4816.6 20755,.8 2,4 (Qi) -2.3
4 4794.3 20852,2 0,1 (Qz) 0.1
4 4781.6 20907 .7 0,1 (Qi) 0.1
2 4771 ,2 20953.2 1,2 (Ql) 0.7
1 4761.4 20996 ,4 2,3 (Ql) -0,4
10 4739.6 21092,8 0,0 (Qz) 0.0
10 4727,0 21149,2 0,0 \(Qi) 0.0
T2 4719.6 21182.2 2,2 (Qz) 0.4
2 4717 .1 21193.2 1,1 (Qi) 0.0
1 4709,8 21226.4 3,3 (Qz) -0.,7
1 4707.6 21236.5 2,2 (Qi) © 0,0
1 4698,0 21279.7 3,3 (Qi) 0.5
8 4676.2 21378.8 1,0 (Qz) -0,4
8 4664.,0 21434.8 1,0 (Qi) 0.0
2 4655,3 21474,9 2,1 (Qi) ~-2.2
1 4645,8 21518.8 3,2 (Qi) -0.1
5 4614,8 21663.3 2,0 (Qz) 0.9
5 4603,1 21718.3 2,0 (Ql) -0,5

1 4595,1 21756.2 3,1 (Ql)

~-3.4
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TABLE 16

2 2
DESLANDRES TABLE FOR FE A—A'IT‘/‘SYSTEM OF Cal MOLECULE
2

V"
v 0 1 2 3 4 5
241.5 239.5 243.2 229.8
0 21449.2 20907.7  20668.2 20425,0 20188.7
285,6 285.5 285,0 287,17 286.5
‘ 241 .6 240.0 240,.5 237.5 240,.3
1 21434,8 21193.2 20953.2 20712,7 20475.2 20234.9
284,0 281,7 283.3 283.7 280,.6 286.1
243.9 238.4 240,41 240,6 234.8
2 21718.8 21474.9 21236.5 20996.4 20755.8 20521,0
281.3 282,3 283,3
237.4 239.1
3 21756, 2 21518.,8 21279.7
TABLE 17

2. 2
DESLANDRES TABLE FOR E A—A ﬂ»SYSTEM OF Cal MOLECULE
2

Vll
v Y 1 2 3 4 5
240.6 240,0
0 21092,8 20852.2 20612.2
286,0
1 21378.8
284.5
2 21663,3 21182,2

3 21226.4
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’>% = 21127.1 + 287.2{(v'+%) - 0.80(v'+~"é”)2
1

- 242,7(v"+3) + 0.50(vv+})2.
- 3

The apalysis reveals that the bands observed belong
to two sub-systems of a 2A — 2“ "transition. The lower
state vibrational frequency does not agree with the ground .
state frequency of Cal molecule (238.2 cmfi) reported by
earlier workers. However it nicely agrees with the vibra-
tional frequency of the A level (241.69 cm © and 242.65 cm 1)
observed by previous workers, The separation between the
band origins observed in the present-analysis nearly agrees
with the reported doublet separation of the A levels. Hence
it is suggested that the lower level inveolved in this
transition is not the ground stat? but the first excited
state viz, A21Y state. The upper state Ifrequency of

987.2 cem

is much higher than any one of the observed
levels in this molecule. For the analogous molecules one
observes that for levels other than C, +the vibrational
frequency of the levels usually increases for higher excited
states. The vibrational frequency observed in this case is
higher than that of the other observed levels. The reason
may be that the upper level of the system under investigation

may be lying well above the previously observed levels, If

one takes Aaﬂ state as the lower state of this system, the
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upper state may lie at about 36715 cm L. The structure

of these bands shows that the upper level may be a an

state analogous to the %A state of CaCl molecule. The
doublet separation in the A state may be about 2 cm_i.
However, the correct assignment can be done by a rotational

analysis only.



