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Band Spectrum of Cal Molecule in the Reglon 6610-6175 A
(4 and B Systems)
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The spectrum of calcium iodide molecnie has been excited in a high frequency discharge tube source and
has been photographed in the 6610-6175 A region in the second order of a plane grating spectrograph at a reci-
procal dispersion of 3°38 A;mm The bands have been analyzed into two different systems which may be attri-
buted to electronic transitions A4 2II'- X *ET and B3+ — X 23+, showing the 4 2T separation of about 59 cm-1
and the spin splitting in the B 23X state of about 3 4 cm~* respectively.

1. Introduction
THE sPECTRUM of Cal molecule was first reported
by Walters and Barratt! in absorption. It consists of
three groups of bands in the regions 6690-6270 A,
4440-4410 A and 3290-3075 A. Hedfeld? mvestigated
the spectrum of this molecule in emission in flame
and reported a vxbratxoml analysis for the bands in
the region 6690-6270 A. Mesnage® obtamed the group
of bands of this molecule in the range 4440-4410 A
in discharge. A vibrational analysis for these bands
was reported and the system was assigned to the elec-
tronic transition C— X. Later on, Murthy et a/4
reinvestigated the same group of bands in high fre-
quency discharge and the system was ascribed to an
electronic transition C 211 — X 2%, Morgan (Ref 3)
in his unpublised work reinvestigated the spectrum
of calcium jodide molecule in absorption and gave
v;brauonal analyses for the bands in the region 6690-
6270 A. A few bands at 651 2:43, 6487359, 641326,
638915, 631517 and 6512:43 A were analyzed and
assigned by him to a transition 4211 <« X 2% Three
bands at 6430°37, 6362 8) and 6267°66 A were analy-
zed as belonging to B*X <- X 2% system.
* Present addicss : Department of Physies, S. V. Regional
College of Engineering and Technology, Surat {Gujarat)

633807 (I
I

In view of the fact that the vibrational constants
have been derived from measurements of 4 few bands
only, it was thought desirable to reinvestigate the
spectrum of Cal molecule in the red region and the
results obtained are presented in this paper.

2. Experimental Details

The spectrum of calcium iodide molecule has been
excited in a high frequency discharge usinga 500 W
oscillator working 1n the frequency range 10-15 MHz.
A pure sample of calctum iodide (E. Merck) was kept
in a conventional type of quartz tube, The tube was
constricted in the middle to increase the brilliance of
the discharge. Strong heating was necessary to main-
tain a characteristic dark pink colour of the discharge
in which the bands were found to develop better. The
spectrum was photographed in the second order of 3
p}ane grating spectrograph at a dispersion of 3-38
A/mm. Measurements of bandheads were made on
Abbey comparator against iron-arc standards.

3. Results

The spectrum of Cal molecule in the region 6600-
6200 A is reproduced in Fig. 1. It reveals two groups
of violet degraded bands. One of them having two

643907 (Ca} -

Pg e — ) | TN o oeees L2 x?s*
ho
‘ o - AT = X2
1,0 o,0lpP 32
@ i Q-—--- 2 = x2z*
1,0 0,0 P A V2

Fxg 1—Grating spectr ogram of the Cal molecule (A and B systems) excited in hf discharge, taken
at a dispersion of 3 38 A[mm
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Table 1 — Bandhead Data of the 4 — X System of

Cal Molecule

Visual Wavenumberin  Assignment

ntensity vacuum (em™*) v
A gy > X23F
3 151735 0,2(Q)
2 15179'5 1,31Q)
4 151984 4,6(Q)
3 152125 6,8(Q)
5 154100 0,1(Q}
4 154153 1,2(Q)
5 154191 2,3(Q)
6 154254 3.4Q)
6 154294 4,5(Q)
4 154341 5,6(Q)
4 15436 5 6,7(Q)
9 156472 0,0(Q)
5 15637°5 0,0(P)
3 156502 LUQ)
4 15641 2 1,1(P)
1 15653 1 2,2(Q)
4 15643°5 2,2(P)
6 156553 3,3(Q)
6 156577 4,4(Q)
8 158867 1,:Q)
6 158896 2,1(Q)
4 158934 4,3(Q)
3 158960 6,5(Q)
4 16123-8 2,0(Q)
2 161256 3,1(Q)
2 161270 4,2(Q)
ATy - X 25T
3 15130 6 2,4(Q)
2’ 15139 7 3,5(Q)
3 151473 " 4,6(Q)
2 151554 5,7(Q)
2 151644 6,8(Q)
2 15351°1 0,1(Q)
2 153566 1,2(Q)
2 15361°5 2,3%Q)
3 15366°5 3,4(Q)
10 155885 0,0(Q)
6 15580°1 0,0(P)
9 155929 1,KQ)
7 155844 1,1(P)
9 155964 2,2(Q)
6 155872 2,2(P)
6 158294 1L,O(Q)
5 158329 2,1(Q)
7 158359 '3,2(Q)
4 16068 3 2,0(Q)
3 16072'4 3,1(Q)

Difference
.
Yobs.~Vealc.
cm-?

—16
—16
—1.7
+04
-3
+0'1
—07
409
~+03
4+0 6
-9

090
-2
-4
[
-—1.8
—~(5
409
+1'8
+19
+1'8
+01
417

-07
+0°5
00
01
+04
—0'5

~1'5
—~17
+01

- {
—1'4

—~04
~0-2
~08 °
—17
+03

Table 2 — Bzmdhea;i Data of the B33t —»> X 23t System
_of Cal Molecule

Visual Wavenumber Assignment Difference

intensity in vacuum v Yobs. ~Vcalc.
cm™: cm™t
1 . 152469 3,5(Py) —~03
2 152506 4,6(P1) +06
2 152531 5,7(Py) +0°4
1 152542 6,8(P1) —10
4 152577 7,9(Py) +02
3 15474°2 0,1(P1) —04
3 154776 0,1(Pz) —04
2 1547578 1,2(P3) ~09
2 15479 1,2(P3) —0'5
5 154770 2,3(Py) —1'7
4 15480 6 2,3(Ps) +1'5
4 15482-1 4,5(P1) —01
5 154847 5,6(P) +09
7 154852 6,7(Py) +02
I 157124 0,0(Py) 00
7 15715+8 0,0(P2) )
6 157134 1,1(PY) 00
5 157170 1,1(P) +03
7 157146 2,2(Py) +04
6 157182 _ 2,2(Ps) 405
6 15950.7 1,0(Py) ~03
6 159536 1,0(P2), —08
6 159529 2,1(Py) +11
6 1595519 2,1(P2) —16
4 161783 8,6(P1) +13
5 161807 7,5(Py) +03
2 161826 6,4P) +08
3 161843 5,3(P1) +06
3 161859 4,2(Py) +05
3 161880 3,1(Py) +09
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subheads (P; and P3) with equal intensity and a sepa-
ration between them of about 3-4 cm™ while the other
having intense Q-heads and corresponding weak P--
heads with a separation between ihem - of about
9 cm™. Visually estimated intensities, wavenumbers in
vacuum, vibrational assignments and differences bet-
ween observed and calculated wavenumbers of the
band heads are given in Tables 1 and 2 correspond-
ing to the 4 and B systems, respectively.

i
4. Discussion -

In the present investigation a fairly large number
of 1ands have been recorded 1n addition to- those al-
ready reported by earlier workers®®, From the group
of bands having equal intensity of two subheads, the
most ;itense bands at 157124 cm™tand 15715'8 cm™

. were taken as_P;-and Pxheads of the (0, 0) bands

and a vxbranon?l; analysis was carrred out in the
i



usual way. The following vibrational quanfum equa-
tion satisfactorily represents the Py-and Ps-heads:

Vhoad = g’,a% S g} + 23995 (v + §)—062
O+ $)? 2388 (" 1+ §) + 055 (" + §)*

The lower state frequency of 2388 cm™! observed
in the present work is in exce‘llent agreement with the
ground state frequency of 238 3 cm? of Cal molecule
as reported by earlier workers Moreover, the system
has also been observed in absqrptlon by Morgan (Ref.
5) and hus report confirms that the lower state invol-
ved in this system is the ground state X 23. The
upper state shows a splitting of 34 cm™ which may
be considered as a spin splitting in the upper state
B %%, Such a spin splitting bas been observed 1n the
B3 states of CaF, StF (Ref 8), BaF (Ref. 6 and
7) and SrCl (Ref. 8) molecules A comparison of the
region of occurrence of this system with the B 2&—
X 23 systems of CaF; CaCl and CaBr molecules indi-

cates that the system may be sgttmbuted to an electronic.

transition B 2% — X 28 showing a spin splitting of 3'4
cm™! in the upper state. i
i
The spectrogram also rev%als a large number of
bands having intense Q-heads and corresponding
weak P-heads with a separation between them of
about 9 cm . Among these, 1;5647'2 cm'!and 155882
cm™t were taken as the (0, 0) bands of the subsystems
AR 574 —> X %5 and 421042 > X 23 respectivelyand
the vibrational analysis was carried out mn the usual
way. The following vibrational quantum equations
satisfactorily represent nearly:43 Q-heads :

|
I
!

DARJI & VAIDYA : BAND SPECTRUM OF Cal

AT 405 — X 351 vpeag = 1564557 + 24169 (v + 1)
—<083 (v + 52 — 23840 (v'+ 3) + 079 (V" + 3)?
A%y ~> X 25 : Vhead = 15586°20 + 242.65(v' + %)
—062 (v + 1% — 23826 (v - &) -+ 073 (v + })®

The nature of the bands and a comparison of the
region of occurrence of this system with 4 2 — X 2%
systems of CaF, CaCl and CaBr molecules indicate
that the system may be attributed to an electronic
transition 4 ¥11 - X ¥¥ witha®*nx separatxon of about
59 emL,

The identity of the emitter of the band systems
was confirmed by standard methods which leads us
to believe that the bands in the region 66106175 A
observed in the present investigation belong to the
Cal molecule,
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P. Younger and Winansf, 1960). Analysis of (0, 1)

band at 40727 A was carried out by comparing the’
combination relations for the common upper and lower

state respectively of (0, 0) band at 4098-5 A. The .

rotational constants for the three bands of A= X

f‘2 TN

311,, ™1, and *II; states are analogous to 1Z, }II and
1A'states respectively. 3IT,—» X 1%+ transition is a
forbidden one whereas ®1; —» 1%+ has been ascribed
to the B-»X system, Hence 31,2+ transition
may be attributed to the- A -X syxtem of Inl mole-

system obtained in the present work are given below: cule. The appearance of single P and R branches
Band v B 3 ’ / "
Cem? et cort cmt cm
1,0 24548-535 0:0374; 0-0368, 0+12 X107 0-087 x 1077
©, 0 ) 24393853 0-0377, 0-0368,, 0-087 %107 0:075 x 107
01 242164705 * 0-0376, 0:0364, 01 -x1077 0:06 x.10-7

Molecular constants of InI molecule dbtained from
the present analysis are given below along with the
microwave data.

State B,cm™? reA  AGiemt g em™

AMI,  0-0376, 2-710, 155-7;  0-6 x 10-4:.

X+ 0:0362, 2770, 1761, 1-3 x 10~
*0-0368 *2:754 . —  1-04 x 10~*

The ground state configuration of Indium mono-
jodide molecule can be writtenas zo® yo® wat xo?
analogous to those of halides of the same group {InCl,
InBr, InF) giving rise to 1 X+ ground state, The excited
electron configuration is zo?yolwwiyovr which gives
rise to MI or 317 state, UT~— 12+ transition is attri-
buted to C— X system which is analogous™ to those
of similar molecules. However 1T state is repulsive
in the case of Inl molecule which gives a continuuym
at 3180 A. The T state belongs to Hund’s case (a)
due to its large coupling constant (648-9 cnr?), Hence

€

in case of (0, 0), (0, 1) and (1, 0) bands conﬁrms this
assignment,

The authors are thankful to Prof. M. M. Patel for
his keen interest and useful discussions during the
course of this work,
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. ‘ o .
ROTATIONAL ANALYSIS OF THE A%1],*-> X'+ SYSTEM OF Inl MOLECULE

THe spectrum of Indium monoiodide n the region
AX 3948 -4293 X was studied at low dispersion by
. Wehrli® (1934) and Wehrli and E. Miescher? (1934).
Barrett and Mandel® (1958) ‘studied the spectrum
of InI molecule in the microwave region in absorption
and obtained the rotational constants for the ground
state of the molecule. The present work was under-
taken to study the exact pature of the excited state
involved in the emission of A — X band system of the
molecule and to determine the rotational constants
of the excited state. Rotational analysis of (0, 0),
(0, 1) and (1, 0) bands of the A -» X system has been
carried out and results obtajned are reported
here. ’

The spectrum of Indium monojodide wzs excited
in a high frequency discharge by keeping pure Indium

P BRANCH

!
|
4
:
1
I
.

metalin the presence of iodine vapoursin a conven-
tional type of a quartz: discharge tube. The spectruim -
was photographed on Iilford N—40 plates in the seventh
order of a two meter plane grating spectrograph (Carl~
Zz1ss) at aresolution of about 3 x 105 and a reciprocal
dispersion of 0°35 A/mm. Exposure time of about
five hours for a slit-width of 15 mcrons was adequate
torecord the spectra of sufficient intensity, Measure- -
ments were made on Abbe Comparator using iron-
arc standards. ! 7

In the A~X systemf‘of InI molecule, (0, 0), (0, 1)
and (1, 0) bands degraded to violet were analysed,
These bands reveal thlé presence of single P and R
branches of which P'1s the head forming' branch
(Fig. 1).. The rotational analysis has been carried
out by standard methods (Herzbergs, 1955 and

|
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