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The ultraviolet bands of mercury bromide have been excited in uncondensed dis-
charge and photographed with a quartz Littrow spectrograph. The class II system,
lving between 4 2900 A to 2700 A, suggested by WIELAND as due to the triatomic
molecule, has been studied in detail and ascribed to the diatomic molecule. The
bands in the region 4 2900 A to 2770 A have been analysed into two systems which
may form the two components of a 2JT — 2X electronic transition with a 217 interval
equal to 9694 cm™L.

Another system most probably due to 2X —2X has been observed in the region
A 2770 to 2720.

1. Introduction

The present investigation is in continuation of the author’s work
on the mercury chloride bands which have been recently analysed and
the results were presented in this Journal®. The first extensive work
on the band spectrum of mercury bromide was done by WIELAND?~%,
He divided the bands between A 7000 and 2300 into three classes. The
class I bands extending from 4 2670 to 2430 and degrading to the violet
were ascribed to the diatomic molecule HgBr. WIELAND derived the
following formula for Hg??Br:

v = 38574-4 + 228.54' — 186-25u" — 0-050%’2 + 0:975 "' 2.

The class II bands lying between 4 2900 and 2700 and also degrading
to the violet were ascribed to the triatomic molecule HgBr, on account
of the complexity of the appearance of the bands. Most of the vibrational
bands were resolved and WIELAND gave wavelength data for the first
and other rotational members of these bands. But no analysis was given
by him. The class III bands are diffuse and complex and occur in the
longer wavelength region between A 5000 and 3200. WIELAND gave a
complete vibrational analysis only for the class I2 and class ITI4 systems.
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Later SAsTry? studied class IT bands and gave wavelength data for
the first and second rotational members of most of the vibrational bands

Fig. 1w w. b, HgBr Bands tuken with a) low dispersion speclrograph; b) high dispersion spectiograph

™
L =]
= =
=

and assigned these first two rotational bands as due to isotopic molecules.
The assignment of these rotational lines as due to isotopic molecules is

5 SastrY, M.G.: Proc. Nat. Inst. Sci. India 7. 359 (1941).
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incorrect. The vibrational constants obtained by Sastry for the band
heads of Hg??Br*! are

o, =450-0 2w, =36
w, =3723 0, =38

1, =34537-8 em™1.

The vibrational constants obtained by SasTry for these bands do not
show any level in common with the vibrational constants obtained by
WIiELAND for the farther ultraviolet system (class I) and there is no
correlation between these two systems.

A reinvestigation of the band spectrum of mercury bromide was
therefore called for and the results obtained are given below.

2. Experimental

The experimental arrangement and the method of excitation of the
spectrum are essentially the same as those adopted in the case of mer-
cury chloride bands!. The discharge was intense blue and the bands
could be excited much more easily than in the case of mercury chloride
bands. Photographs were taken with a Hilger medium and Littrow
spectrographs. The exposures extended from half to three hours. The
plates were measured using a Hilger comparator and reduced to wave-
lengths using iron arc standards.

3. Results

The spectrum of the mercury bromide bands is reproduced in plate.
The bands are violet degraded. The bands on the long wavelength side
have somewhat sharper edges, getting diffuse and broad towards shorter
wavelengths. Particularly in the lower wavelength region, the bands
are very diffuse and several bands are headless.

Table 1 gives the wavenumbers and intensities of the bands obtained
in the present investigation. Columns 3 and 4 give the system and the
classification of the bands.

4, Discussion

In the present investigation, a fairly large number of new bands has
been recorded in addition to those already recorded by WiELAND.
A systemn appearing in transformer discharges and also in high fre-
quency discharges cannot, in general, be due to a triatomic molecule
because of the highly disruptive nature of these discharges. The bands
are therefore assigned to diatomic molecule and are analysed as such
in the present investigation. It has been found that the bands in the
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Jonger wavelength region, 12930 to 42835, are simple and normal in
appearance. The bands in the region 4 2900 to 2860 are very intense
and the (0, 0) band may occur in this region. Several bands in this re-
gion are tried as (0, 0) bands and finally it is found that with 34768-8cm™1
as the (0, 0) band, all the bands in this region upto 4 2835 could be
satisfactorily assigned. But an unexpected difficulty arises when we

Table 1. HgBr Bands

Nun\\;::im“; Intensity | System Clas;?‘:f;‘m N":;;’,_r Tntensity | System .lclaﬁf!:?:'o"
|
341267 3 1 15 358356 4 2 4.5
2155 3 1 0,3 879:3 3bd 2 2,2
3071 4 1 1,4 9555 3bd 2 33
3980 © 5 1 0,2 9904 3 2 1,0
1870 1 6 1 1,3 36002-1 3 3 -
582:4 ' 7 T 0,1 0293 3 bd & =
670:0 © 7 Yoy 1,2 1061 36d 3 —
7688 | S8 1 0,0 1198 ! 3 o —
8573 | 6 1 1,1 1662 | 5 I35 -
042:6 5 i 4 3.2 1806 | 5 | I
350381 | 6 1 LoP)| 2238 3 3 -
040'6 7 1 1,0 2383 4 3 t -
1206 6 bd 1 2,1 2777 3 bd 3 =
202-2 5 1 3,2 202:2 3 3 =
280-4 5 1 43 3357 5 3 -
3103 | 4 bd 1 2,0 350:3 4 3 -
3597 . 3bd 1. L 5.3 3013 | 4 3 -
391-6 5 2 0, 2 4059 | 4 3 -
4443 2bd 2 (o 4510 2bd 3 —
4770 5 1 4,2 4656 2 3 -
557-8 6 2 0,1 5056 |+ 3 —
630-0 5 2 1,2 52002 | 4 3 —
7089 3bad 2 2,3 5603 3 | 3 =
7382 6 2 0,0 5750 | 3 3 -
7741 3bd 2 3,4 613-9 | 2bd | 3 iy
S09-9 6 2 11 6236 | 2 Y3 -

consider the bands in the region below 4 2835. The bands in the region
A 2835 to 2770 are very much crowded giving a complex appearance
to the spectrum in this region. The analysis of the bands in this region
presented considerable difficulty. All these bands could not be assigned
as forming part of the above system. It has been found that the comple-
xity of the bands in this region is due to superposition of another band
system and all the bands in this region could be assigned only if most of
these are considered as forming part of a second system with the (0, 0)
band at 35738-2cm L.

The band heads of these two systems are shown in diagonal arrays
in Tables 2 and 3} respectively.

The following vibrational constants have been derived for these two
band systems.
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For the longer wavelength system

» = 347243 + 275-84" — 18611’ —2-12'% 4 0-6u"' 2

For the shorter wavelength system

y = 35702:6 + 25432’ — 183-00s’" — 1-3u’2 4 1.00"' 2,

Table 2. HgBr Bands. System 1

e

o
° | 1 | 2 3 | 4 5
1864 184-4 182'5
0| 347638 345824 34398-0 342155
271-8 2749 2723 2715
350381 (P) 1833 1870 1833 1799 1804
1 350406 34857-3 346703 344870 343071 341267
2697 2633 2723
1897 1780
2| 353103 351206 34942:6
2596
3 352022
4 354770 352804
5 353597
Table 3. HgBr Bands. System 2
i
¢
o | 1 2 | 3 [ 1 5
1804 166-2
0| 357382 355578 35391-6
2524 2511 238-4
180-5 1799 185-7
1] 359904 35809-9 356300 35444-3
2493 2646
1704
2 358793 357089
2466
1814
3 359555 357741
+ 358356

The lower state frequencies of these two systems are nearly equal and
equal to the lower state frequency of the farther ultraviolet system
occurring at 1 2665 to 2470. These two band systems may form the two
components of a 2/T — 2 electronic transition in which the /7 separation
will be 969-4 cm ™ which compares well with the corresponding value
838.7 cm™! obtained in the case of mercury chloride. On the other hand,
if the first system and the farther ultraviolet system (42665 to 2470)
form the two components of a 2/7 —2X' transition, the 2J7 interval will be

3827-7 cmL,

Journal of the Indian Institute of Science | VOL 88:3 | July-Sept 2008 | journal.library.iisc.ernet.in

303



V. G. Krishnamurthy

The bands from 42792 to 2770 are weak, broad and diffuse. The
appearance and intensity of the bands suddenly change from 42764
onwards towards the shorter wavelengths. In the region 1 2770 to 2725,
three pairs of intense bands occur at

169-5 169-9
361662 363357 365056
¥ 144 146 146 cmt
361806 363503 365202

The separations of these three pairs are equal, being 14-5 cm™ and the
intervals between these groups are nearly 170 cm™. Several other pairs

Table 4. HgBr Bands. Systemn 3

169-9 169+5 164-1
365056 363357 361662 36002-1
14-6 146 144
36520-2 36350'3 361806
2246 2251 2217
1690 1675
36560-3 36391-3 362235
147 146 14-5
365750 36405-9 362383
2226 2272
162-9 1733 171-6
366139 364510 362777 361061
147 14-6 14-5 137
366286 364656 36202-2 36119:8

of bands with almost the same separation occur in this region. These
bands cannot form part of the second system analysed above, nor can
they form part of the farther ultraviolet system at 4 2665 to 2470. The
two members of the several pairs of these bands are almost equal in
intensity and the separations of the members of each pair are almost
constant. The two members of these pairs cannot be due to isotopic
molecules for if they are so, the separations will not be constant, as is
in the present case but will vary from pair to pair. These bands appear
unique and the disposition and intensities of these bands show that
these form a different system altogether.

The band heads of this system are shown in diagonal array in Table 4.

The vibrational frequencies of the lower and upper states of this
system are about 171 cm™ and 225 cm™ respectively.

The electronic transition involved in these bands is most probably
2}’ —2¥ The occurrence of a 22 —2¥ transition of almost the same energy
as the 2[T—2X transition is expected in this region from theoretical
considerations. But it has not been definitely established, so far, in any
of the halides of zinc, cadmimmn or mercury. If the assignment of the
present bands as due to 2X'— 2X'is correct, the band systems due to similar
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transition must occur in the halides of other molecules also. Experiments
in this direction are in progress.

5. Isotope effect
Bromine has two isotopes Br?? and Br®! which have an abundance
ratio 1:1. The isotopic displacement for a vibrational band (v', v"') is
given by
vy —w,= (0 —1){w, v —w, w"

wehre ¥} refers to Hg22Br®! and », to Hg22Br?®. The two isotopic heads
must be of equal intensity. The isotopic factor (9 —1) comes out to be
—0-0089 and using this value, the isotopic separations for (2, 0), (2, 1)
and (3, 2) bands in the first system are 5.2, 3.9, and 4.7 cm™ respec-
tively. As the isotopic separations are very small and further as most of
the vibrational bands are resolved into rotational structure and some are
diffuse, it has become difficult to observe the isotope effect clearly.

The author wishes to express his grateful thanks to Professor R.S. KRISHNAN
for his kind interest and encouragement during the progress of the work. He is
grateful to the Government of India, Ministry of Education for the award of
National Research Fellowship.
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