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ABSTRACT

Wavelengths and wavenumbers of the band heads in the region
3915-3540 A are recorded as obtained from the measurements of the
plates taken on a first order 21-feet grating spectrograph. Earlier workers
recently reported 40 bands of this system covering the region 3900-3800 A.
All the bands of this system obtained in the present experiments are ana-
lysed as involving the 3IT (1) state for lower state. The constants for the
lower state are such that they represent well the AG (v-+ %) values obtained
in the present experiments from v = 0 to v = 26 as well as those obtained
by Brown from v =9 to » ==43. The vibrational constants of the two
states involved are:

we” wo”xe” w,,”y . wZ a”
137 -8 cm. 4, 0-571 cm.t, —0-1156 cm.”* 3-09x10-% cm.
we”ta‘l wal w‘lxcl

~2:5%10-5cm.”t.  90-1 cm.?, 0-15 cm.™

The protable electronic configurations and electronic terms for the
different observed states of IBr are discussed.

INTRODUCTION

IT was mentioned in the earlier paper? that IBr when excited in the presence.
of argon gives four band systems in the regions: (1) 5425-5360 A,
(2) 4520-4415 A, (3) 4120-4010 A and (4) 3915-3540 A. Of these the first
three were analysed and discussed in that paper and the last one will be
analysed and discussed in this paper.
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EXPERIMENTAL RESULTS AND VIBRATIONAL ANALYSIS

The band system in the region 3915-3540 A has been photographed
with a 3-prism Steinheil glass spectrograph, a Hilger E, Littrow quartz spectro-
graph and a 21-feet grating spectrograph in the first order. Figures 1 and 2
show the system 3915-3540 A as obtained with these different spectrographs,
The wavelengths and wavenumbers of the band heads measured from the
plates taken on the 21-feet grating spectrograph are given in Table I in which

TABLE I

Wavelengths, wavenumbers and intensities of the bands in the
3915-3540 A system

I Aot Y vac . I A air Ve
0 3915-7 25531 1 3884-8 25734%
1 3914-0 25542%* 1 3884 -1 25739
1 3913-0 25549 4 3883-3 25744
i 3910-6 25564 3 3882-3 25751*
2 3908-3 25579 3 3881-4 25757
1 3906-2 25593 3 3877-9 25780
0 3904-5 25604* 5 3877-3 25784
0 35037 25609 10 3876-5 - 25789
2 3902-7 25616 4 3872-7 25814
3 3901-9 25621 5 38715 25822
2 3901-1 25627 S 3869-6 25835
1 3899-4 25638 5 3868-1 25844
1 3898-1 25646 10 3865-2 25864
2 3895-4 25664 3 3864-3 25871
5 3893-6 25676 3 3863-4 25877
4 3892-6 25683 2 38615 25889
2 3890-5 25696 10 3860-4 25897
1 3890-0 25700 3 3859-8 25901

4 3888-7 25708 5 3858-8 . 25907
2 38876 25716 2 3857-9 25914
2 3885-5 25729 2 3857-3 25918
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I A g Y yac I Agie Y vac
0 3855-1 25932 1 3823-4 26147
9 3854-4 25937 5 3822-9 26151
4 3853-7 25941 5 38225 26153
4 38526 25949 1 3820-5 26167
5 3850-7 25962 2 3819-5 26174
3 3849-9 25967 3 3818-2 26183
3 38494 25971 2 3816-3 26196
3 3848-9 25974 2 3815-0 26205
3 3847-8 25982 2 3813-5 26215
4 3845-5 25997 3 3812-1 26225
0 38439 26008 3 38088 26248
2 38427 26016 2 3807-5 26257
8 3840-9 26028 2 3806-4 26264
8 3839-9 26035 3 3805-4 26271
2 3839-2 26040 0 3804 -2 26279%
1 3838-5 26044 1 3803-5 26284*
3 38377 26050 4 3802-7 26290
3 3837-3 26053 4 3800-7 26304
3 38369 26055 4 37973 26327
7 3834-5 26072 2 3796-4 26333
2 3833-5 26079 2 3795-2 26342
3 3833-0 26082 3 3792-3 26362
3 3831-6 26091 3 37919 26364
1 3830-4 26100 3 3789-8 26379
4 3829-4 126107 3 3789-3 26382
3 3826-9 26123 2 37867 26401
3 3826-0- 26130 2 37863 26404
5 38246 26139 3 37844 26417
5 3824-2 26142 3 26420

3784-0
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TABLE I (Contd.)

I A e - I Ao X e
2 37825 26430 2 3752-8 26639
1 3781-3 26438 3 3751-9 26646
3 3779-9 26448 3 3751-6 26648
3 3779-5 26451 1 3751-2 26651
3 3778-8 26456+ 1 3749-9 26660
3 3778-4 26459 1 3749-0 26666
2 3777-2 26467 1 37481 26673
2 3776-3 26473 2 3747-2 26679
2 3775-5 26479 3 3746-6 26683
1 3775-1 26482 4 3745-5 26691
1 3773-9 26490 2 37425 26713
3 37724 26501 1 3741-5 26720
3 3772-1 26503 0 3739-4 26735
2 3770-2 26516 0 3738-3 26743
2 3769-4 26529 1 3737-4 26749+
? © 3768-0 26532 0 3735-9 26760
1 3767-1 26538 1 3733-2 26779*
1 3765-3 26551 % 1 3732-7 26783
9 3764-9 26554 ] 3732-0 26788
4 37633 26565 1 3731-3 26793
4 3761-8 26575 1 3730-7 26797
2 3760-2 26588 1 3728-1 26818
2 3758-3 26600 1 3727-3 26821
1 37576 26605 0 3726-5 26827
2 37572 26608 i 3723-6 26848
2 37567 26612* 2 37222 26858
2 3755-3 26621 2 3721-5 26864*
1 3754-9 26624+ 1 3720-6 26870
0 37543 26629 0 3720-2 26873
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TaBLE 1 (Contd.)

I A alr A

vac I A e A cac
1 3719-6 26877 2 3683-6 27140
0 3718-7 26883 0 3682-4 27148
2 3717-2 26894 2 3680-1 27166
2 3716-8 26897 2 3678-9 27174
1 3714-9 26911 0 3676-5 27192
1 3713-8 26919 1 3675-4 - 27200*
1 3711-7 26934 0 3672-9 27219
0 3711-1 26939 0 3672-0 27225
2 37098 26948* 0 3671-5 27229
2 37090 26954 7 36706 27236
1 3708-1 26960 ? 3670-0 27240
0 37072 26967 1 3669-2 27246
2 37045 26987 2 36682 27254
1 3702-3 27003 2 3667-9 27256*%
1 3701-7 27007 2 3666-9 27263
1 3699-9 27020 1 3665-9 27271
1 36985 27030* 2 3664-3 27283*
1 36978 27035 2 3663-3 27290*
0 3696-3 27046 2 3662-3 27298
1 36953 27054 1 3661-5 27304
1 3694-4 27060* 0 3660-7 27310
2 3692-7 27073 1 36596 27318
2 36902 - 27091 2 3658-7 27324
1 3689-3 27098 2 3657-9 27331
0 3688-4 27104 1 3656-8 27338
1 3686-4 27119% 1 3655-8 27346
1 3686-0 27122% 0 3655-3 27350
1 3685-5 27125% 2 3654-6 27355
1 36846 27133 2 3653-5 27363
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TABLE I (Contd.)

I - - I AL -
2 3652-1 27374 1 3622-4 27598%
2 36512 27380 0 3621-3 27607
? 3650-5 27386 1 3620-3 27614+
0 3649-5 27393 ? 3619-5 27621
2 3645-3 27410 1 3618-1 26631
2 3646-8 27413 1 36176 27635*
1 3644-8 27429 0 3617-2 27638
1 3643-8 27437, 0 3616-9 27640+
0 36428 27444 1 36159 27648
0 3640-2 27463 2 3615-6 27650
1 3639-3 27470 2 3614-5 27658
1 3639-0 27472 1 36134 " 27667
0 36382 27478 1 3613-0 27670
1 3634-7 27504 1 3612-5 27674
1 3634-2 27509 1 3610-8 27687
2 36321 27524 0 3610-2 27691
2 3631-6 27528 1 3609-0 27701
1 3629-0 27548 1 3605-3 27729
? 3627-9 27556 1 3600-0 27770
1 3627-5 27560 1 35996 27773
1 3626-1 27570 1 3593-9, 27817
1 3625-6 27574 2 3585-6 27882
1 3625-1 27578% 1 3570-6 27999
2 36240 27586 1 3555-6 28117
0 36237 27589 % 1 3541-5 28229

Note.—Bands marked (*) in the above table are not put in the vibrational scheme shown in
Table II. Some of these bands can be accounted as isotopic bands and some can be put in
Table IT with error more than what is allowed for the bands put in that table.
the visually estimated relative intensities are also included. The error involved
may be estimated to be about 42 cm .-t This band system is the most exten-
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‘ Vibrational scheme of the system 3915-3540 A of IBr
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sive of all the different band systems of IBr obtained in the present exper,
ments. Haranath and Rao,? exciting IBr with a condensed transformer
discharge, reported recently about 40 bands in the region 3900-3800 A. They
analysed the bands obtained by them as due to transition from an upper level at
38306 cm.~* with w, = 104 cm.~! and weXe = 0-8 cm. to the 317 (1) state at
Te = 12230 cm.~* reported earlier by Brown3 from the near infrared absorp-
tion band system. It was not possible to represent all the bands obtained
in the present experiments with the above constants obtained by Haranath
and Rao.* In fact even the 40 bands obtained by them are not well repre-
sented with these constants, as all the AG (v + %) values observed according
to their analysis are all higher than those calculated according to the cop-
stants they used. However, their view that the lower state involved for the
system is the *II (1) state is supported by the vibrational analysis given in this
paper. ,

The Deslandres scheme of the band system representing all the bands

&

is given in Table IT and the corresponding intensity distribution in Table III, -

The AG (v + %) values obtained from Table II are listed in Table IV
along with the AG (v + %) values obtained by Brown? for the upper state
I (1) of the near infrared absorption system of IBr. The two sets of the
AG (v + ¥) values are plotted against v in Fig. 3 and all the points could be
represented well by a smooth curve. This suggests that both the sets of
A G (v + 3) values represent the same electronic state. It was found that
all the AG (v - ) values can satisfactorily be represented with the constants
@o = 137-05 cm., wyx, = 0-74 em., wyy, = 0-1095 cm.—1, woZp = 3-03x
10-3cm.~1 and woly = 25X 105 cm.~1 The calculated AG @ + %) values
are also included in Table IV and plotted in Fig. 3. All the bands in TableI

were thus found to be fairly well represented with the formulat

* Further because of the higher anharmonicity factor the dissociation energy of the upper
state by linear extrapolation comes to only 3328 cm.-1, giving 41431 cm.~! for the energy of disso-
ciation products, whereas the nearest expected level of dissociation products are tco far off frem
this. This would mean that the actual dissociation energy will be so many times higher than the
D, obtained. Therefore it is necessary either to decrease the acharmonicity considerably if possible
or to add up positive higher order terms so that the dissociation energy could be increased con-
siderably. It may be also noted that the », value cf 26076 cm.-1 given by them for this system is
wrongly calculated, as jt should be 25954-5 c¢m. ! accordircg to their analysis.

T The linear extrapolation using the w," and wy'x,’ of this formula gives Dy" = 135C0 cm.
which leads to the value of 52124 cm.~! for the energy of the dissociation preducts cempared to
the value of 41431 em .~ that ope gets from the constants used by Haranath ard Rao.? This value
of 52124 cm.-1 is still lower than the nearest expected level of disscciation prcducts.  The actual
Dy’ is therefore larger than that one obtains by linear extrapolation and this is an indicaticn that
the state involved s probably an ionic state.®7 It is likely that certain positive higher order terms
like wy’y5""® are involved which become appreciable at larger ' values than those observed and
lead to a higher value for Dy’ than that one obtains by linear extrapolation.
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TABLE IV ,
The A G (v + %) values for the *II(1) state of IBr at T, = 12148 cm.—1
v Observed Brown Calculated
AGO+H AG@+1 AG@w + 1)

cm.-t cm.-1 cm.~t
0 135-4 .. 136-2
1 134-5 .. 134-1
2 1297 .. 131+5
3 127-6 .. . 128-3
4 123-0 .. 124-8
5 121-3 .. 120-9
6 116-3 .. 1166
7 111-5 . 112-2
8 107-0 .. 107-5
9 103-3 103 1027
10 98-1 96 97.8
11 923 94 92.8
12 89-3 38 87-9
13 83-2 86 82-9
14 79-3 79 78-0
15 71-0 73 73-1

16 70-5 68 68-4 X
17 64-3 65 63-8
18 577 59 59-3
19 58+:0 54 55-1
20 51-5 51 51-0
21 48-8 46 47-1
22 42-3 43 43-5
23 40-7 40 40-0
24 35-5 34 36-8
25 32:0 36 33-8
26 31-0 29 31-0
27 .. 30 28-5
28 25 26-1
29 23 24-0
30 22 22.0
31 21 20-2
32 19 18-5
33 19 17-0
34 16 15-5
35 14 14-2
36 12 12-8
37 10 11-5
38 9 10-1
43 4 1-0
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The deviation between the observed and caleulated values of the band heads
is mostly within £ 3em. ! and for some cases -1 4cm.? Only in very few
cases itis - Scom. !

As brown did not observe any bands with ©' .- 9 in the near infrared
absorption band system, he had to use a long extrapolation to obtain v, and
we of the upper state of the absorption band system.  The AG (v -|- }) values
for this level are known from the present experiments upto v -+ 0 and “there-
fore it is not necessary to use such a long extrapolation.  Using the vibra-
tional constunts obtained above for this state along with the absorption data
of Brown, the T, and Te for this level are obtained to be 12148 cm.! and
12213 ¢m. ¥ respectively.  The position of the upper level of the system thus
comes out Lo be T, 38624cm. ' or Te 38714 cm.!

Isororic Sy

As bromine has two equally abundant stable isotopes Br™ and Br¥, each
vibrational bund of the I1Br system is expected to be doublet.  But the bands
in the system 3915-3540 A lic very much close together and overlap one
another. so that it is ditlicult to identify any isotopic shift unambiguously.

ELECTRONIC TRANSITIONS INVOLVED

The positions of all the stable states of IBr molecule including those
observed by the earlier workers are given along with the vibrational constants
in Table V. The bund systems to which the different levels are responsible
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are piven in the last column of the table. It is more difficult in the case of
1Br than in the cise of Iy and Bry to determine the clectronic configurations
and the clectronic terms for the different observed levels. This is beeause
e ahsence of the gerad and ungerads classification of the terms increases
the number of the ollowed transitions. However, with the help of term
cheme developed by MulliLen® for ICHand taking analogies from T, and Bry
melecules, it is possible to arrive at certain tentative conclusions about the
electronie configurations and clectronic terms of the states involved.

The electronic configurations and the clectronic terms, responsible for
e states Xo AL B, B Foand G ogiven in Table V, are those suggested by
Mulliber.t The new stetes that are obeerved in the present experiments
are O DL and Foat 3834em. ! 38623 em. P oond 29030 em ! respectively
and 1 oand 1 oat undetermined  positions “a,” and ta” |- 25244 em.t
espeetively. OF these the stetes Cand B form the upper levels of the systems
5425 260 A and 4520 J418 A epectively discussed in the carlier peper.?
The stite D forms the upper lovel of the 3915 3540 A system discussed in
this peper. AL thewe stutes have very low vibre tionad frequercies end it is
quite likely that the electronic cenfigurations for these states will involve two
anti-honding o eleetrons, The first two seeh deetronie configurations vecord-
g o Mullikent are e stete® and o= *0 Of these the otwlerde® corligura-
fion pives the states T2 (07,0 (2) and a3 (1,01 which ceeording to Mulli-
Le's Tubled for 10T s well as on andlogy with similar states of 1, and Bry,
are eapected to divseciate into porme L AP AP ctoms of fodine and bromine.
I, therefore, likely that the configuration o tade®? is respensille for the
three states O D and B The confipuration ottt ¥ pives rise to the clee-
gonic terme 1Y (0 9A (302, DA (100, RETH ), A (2) end & (01, 1)
of which the first three are expeeted to dissceiate into normel #*P -1 *P dodine
and bromine stoms and ave, therefore, probably repuliive stotes whereas the
st three are expected to dissecinte into iodine and bremine ions or into
jodine and bromine atoms of which one, at least, is in excited state and there-
fore, they are probibly ctable.  The three clectronic terms M2 (01, TA(2)
and 32 (00 or 1) ean, therefore, be tentatively assigned to the states E, D
and ¢ respectively, Itmay ke noted that the we vilues for the different states
arising from the seme configurstion are expeeted to be nearer to one another,
put the e vulte for the C state is only 43-03 em. 1 whereas the @ valucs for

WW

¢ Invidentally it may be mentioned that Haranath and Rao® appear to have overlocked the
detuils given by Mulliken's Table® and state wrotgly that the stites arising in the coufiguration
getele® ure predicted by Mulliken to dissociute into 1 4 €l
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the D and E are 90-1 and 77-0 cm.~* respectively. This may be because these
states might be having different dissociation products.§ :

The assignment of electronic configurations for the H and T states wil
be more difficult than the assignment for the levels C, D and E, as even the
exact positions of these levels are not yet determined. The electronic confi.
gurations for the states H and T are, therefore. not included in Table V.
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§ The 3]7,(,) and *JT,(0,*) states of iodine arising from the same configuration PR
#,%y are known to have w, values 40 and 128 cm.~ respectively which is understood on the basis
that they have different dissociation products, ' T e e,

-

T




. Putcha Venkateswarly and Proc. Ind. Acad. Sci., 4, Vol. XLVII, PL. VII
R, D. Verma

6)

4071-7

waskg YOTOF-031F

3969-3

3930-3

3895 -

~1

- 3820-4

S 304748

C 26089

Fia. 1.

he spectrum of 1Br excited in the presence of argon taken with a Hilger
(b) Enlargement of the band system
region 3930-3760 A.

(a) Enlargzment of t
E, Littrow quartz spectrograph in the region 4120-3540 A.
1915-3540 A of IBr taken with Steinheil 3-prism glass spectrograph in the
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FiGg. 2. Enlargement of 3915-3540 A system of IBr taken with 21-feet grating spectrograph
in the first order.




