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THE BAND SPECTRUM OF CADMIUM CHLORIDE,
By C. RAMASASTRY
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(Prari IX)

ABSTRACT. "The spectium of CACl as oxeited by a TLOIY oscillator is inve stigated
rom the 1ed down to Ar8so. The Corncli systom hetween Azajo=n81 has hoen ety nded,
altogether 19 hands heing recorded. These ate arranged into lour o' progressions which
enabled the detenmination of the vibrational constants chidfly of the npper state The
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The peenliar appearance of the bands s interpretad as due to the predissociation in the
upper state at some high rotational level of @7 2,

There 1s no evidened, in emission, of the bands 1 ccorded by Walter and Ranatl in
absorption in the region AA31S1—3008. 2\ ttew cmission svstem s observed in the visible
region consisting of 23 red-degraded bands from 1800A —quo0A | some of  these hands
indicated a rotational structure even under smali dispersion,

INTRODUCTION

Wieland (1929) was the first to investigate the band spectrum of cadmium
chloride in the course of his extensive study of the halides of zine, cadmium
and mercury, as excited by a high frequency oscillator.  While the halides
of mercury were found to give several systems, Wicland reported a com-
paratively fower systems for the halides of zine and cadmium.  For cadmivm
chloride he had only mentioned the existence of two groups of hands, (1)
between A0400 —A3300 which are diffuse and red degraded ; () an overlapping
aroup between Agqoo - 3300 which ate sharp and violet degraded.  Walter
and Barratt (1929) photographed the absorption  spectra associated  with
Zn, Cd and Hg, in the near ultra-violet and reported three groups of bands
which might possibly be ascribed to Cd+ Cl, (1) A3181 to A3135 (2) Az107 to
A3077 (3) A3074 to 3018 ; altogether twenty seven band heads were mcasured.
The data were in agrecement with the carlier observation by Mohler and
Moore (1927). Oeser (1935) madc a more systematic work, specially on the
absorption and fluorcscence spectra of the halides of zine and cadmium, and
confirmed the assignment of bands in the region 3181A to 3018A to the
cadmium chloride molecule. He also gave measurements of twelve absorp-
tion bands in the far ulira-violet between A2163—2A1794. The wavenumber
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interval hetween these bands was shown to increase suceessively from 850
amsS Y to about 1oou cms. T Cornedl (1938) got the ultra-violet band spectra
of the chlorides of zine, cadninm aud mercury, excited by a high frequency
power oscillator,  In CdCl, hie reported a brief system consisting of seven red
degraded hands between Azzgo—A2185 and arranged them into two pro-
pressions with '= o and = 1. The constants for the lower state were
estimated as o', =330.5 cm. ! ",w".,=1.2 cm.”', but thosc for the
upper state could not be calealated as no bands were obscrved involving
W == 1, Isotopic components were measured for the 1o, 1) and (1, 2) bands

and

andd shown to occur in the expected positions.  In an attempt to systematise
the band systems of zine, cadmiom and mercury halides, Howell (1943)
artanged  the Walter and Barratt's three groups of bands of cadmiunt chloride
(AA3181  3080) into a doubicl system represented Dy the transition 21T—>2N

with a 211 interval of 1115 em™!

-1

wlich is in agreemeut with the predicted
valuc of 1140 cm. The constants for the lower 2X state of this system arc

in fair agreement with those of the Jlower state of the Cornell system.

Stmumaristng  our prescnt knowledge of the band spectrum of the CdCl
moleenle, the following systems may he stated to have been  definitely
established :

Region Transition Qccurrence
1. Cornell System Aozjo =281 5N in emission only
2 Tlowell System AAz1ST— 3013 2[[—>»2% in absorption only

In the course of a scries of investigatious on tlic spectia of the halides
ol Group 116 cleraents, Zn, Cd, and Hg, the cission spectrum of  cadmium
chlonide was studied by the author from  the visible region down to A18s0,
as a result of which the Cornell system, mentioned above, could be much
extended.  Also the visible bands, the existence of which was just 1eported
by Wicland, could be photographed and measured. The purpose of the
present paper is to record these observations.

ENPERIMENTAL

The spectmm of cadmium chloride is excited m a Pyrex tube with
external electiodes by means of a II. IF. oscillator described by the author
(Ramasastry, 1047/, Strong heating with an etna burner was found neeessary
between and beyond the electrodes.  No trace of N, or NO bands is observed
when fresh crystalline salt is heated in the tube though the OH bands are
mvarably present (Plate X-a).  But, if fused salt is rcheated Ny and NO
bands do predominate 'Plate NX-0).

The dispersing instruments cn.)ploycd are the Hilger constant deviation,
small and medium-quartz spectrographs. Ilford Selo-Chrome plates, sensi-
tised with mobil oil (Ramasastry and Rao, 1947), arc usud to record the spec-
trum in the ultraviolet,



The Band Spectrum of Cadmium Chloride

TannLe 1

avelength | Int. “";'/‘\':"’t‘l‘:(“‘:lh“' | \\'(:&elx:::n‘lll)l;(r
i
2191.85 1 45009, 3 | 43609.9
21g6.15 2 18819 0 i
2201.80 J 45103 2 !
220808 10 45306.8 , 153031
2207.40 8 45287 1524209
2212 07 2 45100 5 i
2217.50 [ 450818
221G 4o 6 45033 7 45033 0
2223.55 5 14050 4 110503
2228,05 2 44568,
2233.30 o1 14701.3
2230.07 J 4471 0.8 J4708.0
2230.00 S 44030, 44632.8
2243 9o o 44511.6 ,
2249 20 o 414908
2252.45 1 44282.5 i .-
2246.30 2 44300.1 ‘
2260,80 O 142175, .
2272 75 o 4au85.0
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RESULTS

Cornell System.—As wany as 19 bands arc mcasurcd in this systam,
repreduced in Tlate Xla) cltaincd with Filger small quartz instiument of

* The large diffexence in the (1, 3) band n 8y be due to overlappit g Ly NO bands,
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dispersion 14/ mm at As2qo T'he wavelength, intensity, wavenumber data
aud classification of tic bands are given jn Table T together with Cornell’s
valucs.  The spectrum taken with the iarger Hilger instrument (Plate X-b),
clem ly showed the isotopic ecomponents of ‘o, 27, {r; 3) bands, in addition to
those of {0, 11 and 71, 21 measured by Cornell. ’
Tabie IT gives the vibrational analysis of the hands (cach band is re-
presented by its intensity! which is an extension of the Cornell’s scheme.
T'he new data enabled the determination of the vibrational constants of the
upper state as well, which could not he obtained by Cornell. The constants are :
w,'=261.0 v o, =75
v. 453082
w =130, vJw "=10
Table TIT gives the observed and caleulated isotope shifts for the different
bauds.  ‘L'he agreement confirms the vibrational assignments.

Failure to obscive progressions of these bands with "> 1 led Cornell
to suggest the occurrence of predissociation in the upper state for vibrational
lovel of higher quantum mumbers  Tiorder Lo examine this feature clearly,
the author has wken a number of exposures.  Although there are bands
mvolving  higher quandium nuubers, still the system exhibits a pe culiar
appearance.  The heads, fotming the progressions »'=o and o'=1, are clearly
red-degraded buat the extent of shading oll, w.e., the extent of rotational
structute, dimmishes very rapidly so that the bands with /= 2 are narrow
and those with @'~ 3 are loedike and very faint. "T'his might, in all pro-
Lability, be accounted for by the oceurrence of predissociation strongly th
the upper state starting at 3 staze corresponding to some high  rotational level
associated with v/ — 2,

Howeli Systeni.—"I'hus system 1s not obscrved iu emission by the author ;
Cornell made no mention of it. It was obscrved only in absorption. Howell
analysed it asduc to *1T==X clectronic transition, on tie analogy of the other
halides of Iy, and Cd. The sharp and violet-degraded emission bands,
bricfly referied to by Wicland, could not be detected, cven when special
precantion was taken to avoid the O hands in this region by keeping phos-
photous pentoxide in a side bulb of the evacuated discharge tube for two days.

Visible Bands.— lixamnation of the spectrum in the visible region revealed
another system between Ay770= X050 which does not appear to have been
recorded by any of the previous investigators except Wieland, who made but
amete mention of it About 23 bands are listed in all, of which only 14
could be measured from the constant deviation spectrograph, the rest being
trom pictures taken with small qpartz instrament.  ven under the small
dispersion of the constant deviation the rotational structure of the more
refrangible bands could be ohserved.  Some are double headed probably due
to the chlorine isotopes.  Approximate measurements of (he band heads are
given in Table 1V. Thc interval bhetween alternate bands is only about
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Tapiy 1V

Wavelength i Int, Wavenumher Wavelength . Int. Wan enumber
; R S S,
4058 , 0 24636 4305 6 oA 22744
4081 t 1 31497 11259 5 22588
4104 A ¢ 24360 H35.0 5 2240
4131 1 24200 4183 5 0 22208
4152 ‘ 1 24078 4514.5 : 0 22145
4176 AR S 23940 ' 4512 5 L7 22008
4213 1 23729 A572.1 . O 21866
423} o 23617 1615 7 o 21706
4311.3 Ii 1 23188 ‘ 4638.2 . 4 21584
4323.2 i 2 ‘ 23125 4735-3 : 2 21112
4338.4 ! 3 2304} 1700.8 Coa 20950
4367.8 E. 4 22888 ‘

300 ecm, whereas the frequency of the ground state of the CACH molecule is
330.9 cm. A second group of bands in the visible can also be clearly
observed between A6qov =A5q00 in a high dispersion spectrogram (15A per
mm.). There are altogether about fifteen bands; they are red degraded and
diffuse but not measurable.  Further work on these visible bands, chicfly to
study their rotational structurc, is in progress.
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