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CHAPTER II 
HISTORICAL SURVEY

The spectroscopic studies on the halides of mercury were 
extensively carried out by Wieland (1929, 1939) along with 
the halides of zinc and cadmium. The band spectra of these 
molecules were investigated in various details by several 
workers (Lohmeyer, 1906; Franz et al*, 1925; Mulliken, 1925; 
Ternin, 1927; Wieland, 1929, 1932, 1937, 1939, 1941, 1946,
1948, 1949, 1960; Prileshajeva, 1932; Duschinskya, 1935; 
Subbaraya, 1937; Cornell, 1938; Sastry, 1941, 1942; Rao A.L.S., 
1942; Howell, 1943; Rao K.R., 1944, 1946, 1947; Rao V.R.,1944; 
Rams'astry, 1946, 1947, 1948, 1952; Krishnamurthy, 1958, 1960; 
Patel M«M« et al.,1967). A brief review of the work reported
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so far on the spectra of mercury chloride, mercury bromide 
and mercury iodide is given here*

(i) MERCURY CHLORIDE:

The spectrum of mercury chloride in the visible region 
was first observed by Lohmeyer (1906), Franz (1925) and 
Ternin (1927), Wieland (1929) made a detailed report on the 

spectrum of the molecule in the region 7000 A® to 2300 A® 
using Geisslar discharge tubes and prism speetrograph having 
a maximum dispersion of 10 A®/mm. He conveniently classified 

the observed bands under three heads - class I bands in the 
region 2650-2400 A®, class II bands in the region 2900-2700 A® 
and class III bands in the region 5700-3000 A®.

The class I bands degraded to shorter wavelengths were
analysed by him completely* The system was ascribed to
diatomic mercury chloride molecule# The isotope effects due
to chlorine and mercury weseobserved, Cornell (1938) in his

high dispersion studies also observed the isotope effect and
the bands were resolved into P and Q heads# The system

2 2was considered as one of the components of a Jr - Etransition 
with the (0,0) band at 39728 cm-1#

The class II bands in the region 2900-2700 A® were 
described by Wieland (1929) to be degraded to shorter wave­

lengths and were supposed to be due to triatomic mercury
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chloride molecule because of their complex appearance.
In a subsequent paper (1932) he referred to a poorly 
established interval of 290 cm but no systematic 
analysis was attempted. Later on, Cornell (1938) photo­
graphed these bands along with the OH impurity bands.
The bands were assumed to form close sequences of Q heads. 
However, the vibrational constants derived by him did not 
show any level in common with the down ultraviolet system.
The system was considered to be diatomic in origin. Sastry 
(1941) reanalysed the above mentioned bands as heads.
In addition to them he obtained a few more bands which were
arranged to form the sequence of Qg beads. He attributed

2 2all the bands to a Jr— z transition with a doublet
-1interval of 90 cm . But like Cornell he also did not take 

into account some of the intense bands. Howell (1943) during 
his extensive studies on the halides of zinc, cadmium and 
mercury suggested that the bands in the region 2900-2700 A°

2 gmay form one of the components of the JT — Z transition,
the other component being in the region 2650-2400 A® with a

-1doublet separation of 3200 cm . In view of this discrepancy, 
Krishnamurthy (1958) reinvestigated these bands at a dispersion 
of 3.5 A°/mm. What Cornell and Sastry had taken as the close 
sequences were considered by him as the rotational structure 
of the individual bands. He suggested the possibility of
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regarding all the bands in the region 2900-2700 A® to form 
a single system with the (0,0) band at 36392.2 cm-1. But 

as a somewhat abrupt increase in the interval and intensity 
was observed among the bands, he was inclined to suggest 

another possibility of considering some of them to form a 
different band system with (0,0) and (0,1) bands at 35553.5 cm-1 

and 35261.8 cm respectively. This group of bands was then
2 iassumed to form the second component of the Jr— z transition 

and thus a doublet interval of 838.7 cm-i could be observed.

The isotope effect due to chlorine could not be observed beeause 

of the presence of rotational structure and the weaker P heads.

The class III bands of mercury chloride molecule described 

by Wieland extend from 5700 A® to 3000 A° and were obtained in 
emission, chemiluminescence and fluorescence (Wieland, 1929 and 
1941). Bands were described to be complex and diffuse and they 

were degraded on either side with intensity maxima at 5550 A°.
A detailed vibrational analysis was carried out for large 
number of bands and the change of degradation amongst them was 
interpreted by including a cubic term in the vibrational quantum 
formula. Presence of isotope effect of chlorine was observed 
for a large number of bands and the system was assigned to a

o Otransition —• Z. In the later work by Wieland (i960), the

products of dissociation and dissociation energy of the molecule 

were discussed in detail.
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The available spectroscopic data of the mercury 
chloride molecule is collected in table I.

(ii) MERCURY BROMIDE:
The spectrum of mercury bromide was first observed by 

Lohmeyer (±906) in the visible region. The molecule was 
subjected to detailed investigation by Wieland (1929), the 
experimental set up being the same as in the case of mercury 
chloride* The bands ranging from 7000 A0 to 2300 A° were 
divided into three classes as follows:

Class I : 2665 - 2430 A*
Class II : 2900 - 2700 A°

Class III : 5000 - 3200 A°

An exhaustive vibrational analysis of the class I bands
was reported and the bands were considered to be due to a
triatomie molecule. Isotope effect due to bromine and mercury
was established for a large number of bands. Sastry (1941)
in his studies on the spectrum observed a few more bands and
the group of bands in the region 2650-2400 A° was considered
by him to be diatomae in origin and an electronic transition 
2 2Jr— E was suggested.

The class II bands described by Wieland (1929) were 
shaded to shorter wavelengths and were attributed to triatomie 
mercury bromide molecule. Sastry (1941) obtained these bands
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in uncondensed discharge and photographed them on a quartz 
Littrow spectrograph, A vibrational analysis was reported 
for these bands and isotope effect due to bromine was accounted. 
The bands were attributed by him to diatomic molecule and the

2 oprobable electronic transition was suggested to be Z.— Z .
As in the case of HgCl, Howell (1943) assumed it reasonable
to consider this group ef bands as one of the components of 

2 2a jr— £ transition, giving a doublet separation of
_13900 cm , the other component being in the region 2665-2400 A°. 

In view of this, Krishnamurthy (1958) reinvestigated these 
bands at a dispersion of 3.5 A°/mm. The bands in the range 
2930-2835 A0 were found intense, simple and normal in appearance 
and the (0,0) band may lie within this region. These bands 
were analysed under the assumption that the structure 
accompanying the intense heads was the rotational structure 
of the individual bands. Isotope effect of bromine could not 
be observed on account of the rotational structure and the 
weaker P heads, A group of bands lying in the limit 
2835-2770 A° was observed to be crowded and complex in 
appearance and they could not be arranged along with the 
group of bands on the longer wavelength side. These two 
groups of bands were ascribed to an electronic transition 
2 Jr— 2z with a 2JT interval of 969.4 cm_i. Krishnamurthy 

(1958) also Reported the existence of another group of bands 
in the range 2792-2770 A® which were broad and weak in
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intensity. They were reported to show double headed nature
-1with about 15 cm as an almost constant separation between

— 1the two components® The vibrational frequencies of 17T cm 
and 226 cm 1 for the lower and upper levels respectively 

were suggested and the system was assumed to be due to a 
transition z:— Z * ,

The visible spectrum of mercury bromide molecule
extending from 5000 A® to 3200 A0 was first observed by
Lohmeyer (1906). The wavelengths of the bands were known
from the unpublished data of Wieland (B. Rosen et al.,1951).
The bands were complex and diffuse and lying over a general
continuum, Wieland (1939) carried out in detail a vibrational
analysis for these bands. A reversal of shading among some
bands was observed and was interpreted by including a cubic
term in the quantum formula representing the bands. The

2 2system was ascribed to a transition Z.— 2: . In a later
work (i960) he discussed the products of dissociation and the 
energy of dissociation of the moleeule.

Rao et al. (1944) reported a new group of bands in the
t

range 2470-2430 A®. A vibrational analysis for these bands 
was carried out by considering them as close sequences with 
the (0,0) band at 40711 ci"1, The system was assigned to a 

probable transition z— z . However, ..Rosens (1951) 
has expressed some doubt about the vibrational constants
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derived by them®

The available spectroscopic data on the mercury 
bromide molecule is given in table II®

(iii) MERCURY IODIDE:
The spectrum of mercury iodide was subjected to 

detailed investigations in emission by various workers and 
a large number of band systems were found to exist for the 
molecule® An extensive study of this molecule was carried 
out by Wieland (1929) along with the other halides of mercury 
and again the bands were classified under three heads:

Glass I 5 2700-2530 A°
Class II : 3100-2800 A®
Class III s 5000-3400 A®

Prilheshejeva (1932) obtained a group of bands degraded
to red for mercury iodide molecule in the region 2400-2100 A°»
A complete analysis of these bands was not known until
Ramsastry et al. (1947) photographed them in emission at a
dispersion of 5 A®/mm. The vibrational analysis of the bands
revealed that the bands arise due to two different electronic
transitions® The bands in the region 2170-2110 A° were ascribed 

2 2to a T.— 2: transition and the other group of bands lying
in the region 2230-2165 A® to a 2Jf— 2X transition® The



R
ef

er
en

ce

W
ie

la
nd /—■»«

©
CO
05
■H

X?
S'
03
rH
©

■H

©
CO
©
•H Sa

st
ry

(1
94

1)
K

ris
hn

a-
m

ur
th

y —s
00
in

rH W
ie

la
nd

©
eg©
tH W

ie
la

nd
(1

93
2)

R
ao

 et 
al

.
(1

94
4)

0

•H
1

cm

0.
97

5

0.
96

65 in
t—
©

«
© 0.

97
5

i

5

A

2® i
CO

0
CO

11,1
o

9
o 1.

0 ©
e

eg

S®

■rt
I

cm

MS
eg

9
(D
CO
■H

t—
■3*

00
■H 37

2.
8 "H

®
CD
GO
■H 18

3.
0

18
6.

25

18
5.

3

18
3

<

e e■H
1

cm 0.
3

W
e-*
CO

*
o
1®

C—
©

©

to
■H CO

9
T*i

©
©
.

© 0.
95 T-(

9
tH

yj
|

CO
♦

00 CO
e

in
•

in
*

c
.® cm m

CO
tH

m
CO
■H 45

9 ID
t-
eg

m
eg

00
egeg egeg 16

6

R
eg

io
n 

N
at

ur
e 

.
of

 the
 

e

■H
1

m
x3
S3
<3
.n

o
<

cm

50
80

-3
20

0 C
om

pl
ex

,2
34

85
di

ff
us

e

’Z
s

50
00

eoeg
xJ
©

©
i » on ei

th
er

si
de

29
40

-2
70

0 B
ro

ad
 

34
53

7.
8

an
d

co«
egb*

CO

©
©
a
*H
=H
•H S 
XJ C sh

or
te

r 3
57

02
.6

w
av

e-
le

ng
th

s

X3
a
© vi

ol
et

de
gr

ad
ed

26
65

-2
47

0 V
io

le
t 385

74
.4

de
gr

ad
ed

m
.

in
©
in
00
eo

24
70

-2
43

8 R
ed

 
40

72
0

de
gr

ad
ed

O
cc

ur
re

nc
e

(B
) 2Z

 - (
X

)2
Z E

m
is

si
on

,

©
S3
®
O
m
©
U
o
a

i—j
SH

1
*rs
a
£
C

■c
c
(S lu

m
in

is
ee

ne
e

Em
is

si
on

,
ab

so
rp

tio
n

Em
is

si
on

an
d p

ho
to

-
di

ss
oc

ia
tio

n

Em
is

si
on

Sy
st

em
de

si
gn

at
io

n

ts
a
ss tra

ns
iti

on

zs(x)-TJfs (0)

a

N
eg

y—S
X

T
k”

eg
«

I'M

W

eg

Tw
eg

H

TA
B

LE
 II

A
V

A
IL

A
B

LE
 SP

EC
TR

O
SC

O
PI

C
 DA

TA
 ON

 ME
R

C
U

R
Y

 BR
O

M
ID

E M
O

LE
C

U
LE



23 -

2 2bands belonging to the other component of this Jr — z 
transition were later on observed by Ramsastry (1948) in 
the region 2534-2450 A° and a doublet separation of 5490 em”'i 

was noticed. Two more groups of bands lying in the range 
2437-2381 A# and 2350-2265 A0 were studied by him (1948,1952). 
The former of these two groups was considered more probable 
to be resulting from the transition between two excited states®

A brief group of four headed bands degraded to red was
2 2observed by Sastry (1942) around 2540 A° and a, jt — Z

2 —i.transition with a Jr interval of 126 cm was suggested.
Another group of bands shaded to red in the range 2610-2530 A0

2 2was observed by him and was assigned to a Jr— z transition
with an electronic separation of 766 cm 1. However, the

vibrational frequency for the lower state was reported to be
55 cm for this system® Krishnamurthy (i960) reinvestigated
this group of bands and considered the lower state to be the

2ground state and upper state to be the w state with an 
electronic separation of 858.9 cm

A large number of violet degraded bands lying in the 
ranges 2800-2650 A° and 3100-2850 A0 were obtained by Wieland 
(1929). In a later work (1932) he considered the origin of 
the bands as due to diatomie mercury iodide and approximate 
vibrational formulae for the two group of bands were derived.



24 -

Rao et al, (1944) reinvestigated the two group of bands
2 2and attributed them to the two components of a it — r

2 -1transition with a jt interval of 3538 em . The value©
for the shorter wavelength component was preferred to fix 

-1 -1at 36295.5 cm which was 160 cm far from that considered 
by Wieland.

The visible spectrum of Hgl molecule was first observed 
by Lohmeyer (1906). Mulliken (1925) obtained the spectrum 
in an JJg after-glow of a discharge passing through the 
vapour of mercury iodide. Ternin (1927) reported the wave­
lengths for these bands. Wieland (1929) described these 
bands to toe complex, diffuse and lying over a general continuum. 
Subbaraya et al. (1937) first suggested a vibrational analysis 
for them. The vibrational constants derived by them did not 
show any level in common with the lower levels for the other 
systems of this molecule. Wieland (1948, I960) carried out 
a detailed vibrational analysis for a large number of bands 
and the products and the heats of dissociation for the molecule 
were also discussed.

The available spectroscopic data on the mercury iodide 
molecule is displayed in table III.
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PROBLEM:
From the above description of the work reported by

the earlier workers on the spectra of halides of mercury-
in the ultraviolet region it can be noticed that the
mercury iodide molecule exhibits about seven band systems,
while the molecules mercury chloride ana mercury bromide
reveal not more than three systems each. It was hence of
interest to search for the missing analogues in these
molecules. Further, Howell (1943) made the important
suggestion that the C and D systems observed for the
halides of mercury occurring in the regions 2800-2600 A®

3 1and 3100-2800 A® correspond to the P - S resonance line
of mercury at 2536.5 A® and they should be assigned to an

2 2electronic transition jr — z having a doublet separation
3which is related to the P width of the corresponding metal

(Hg) atom. A theoretical value for coupling constant *af
3for the 6p electron of 6$6p, P mercury was shown to be 

2 -*i—g— x 6398 = 4295 cm . The corresponding molecular constant
2 —1 giving rise to a Jr state was given to be A = 3940 cm •

It was shown that a little change in the doublet splitting
may occur with the change of a halogen atom of the molecule.
The analogous systems in the halides of zinc and cadmium

3 1were also found to he related to their respective P - S 
resonance lines and the doublet splitting observed also
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agree quite well with the theoretically calculated values. 

Although the doublet intervals observed for mercury fluoride 
(Howell, 1943) and for mercury iodide (Rao et al. 1944) are 

consistent with the theoretically predicted value, the 
intervals observed for HgCl and HgBr (Krishnamurthy,1958) 

are altogether different. Moreover, Deslandres tables 
reported by Krishnamurthy for mercury chloride and mercury 

bromide indicate irregularity of interval and intensity#
In view of this ambiguity it was felt fruitful to reinvestigate 
the ultraviolet spectra of HgCl and HgBr#

In the analyses of the C and D systems for the

halides of mercury the only decisive test while assigning 
2 2them to a jt — Z transition was the presence of Q heads 

in the bands which in most of the eases overlap with the 

isotopic heads. It was therefore thought desirable to use 

maximum available dispersion to resolve some of the intense 
heads and study their rotational structure, thereby one could 

fix the nature of the electronic transition without any 
ambiguity. The D system of the molecule HgCl was selected 

for this purpose.

Zinc chloride (Cornell, 1938), cadmium ehloride
(Ramsastry, 1947) and cadmium iodide (Ramsastry, 1948)

1 1reveal band systems corresponding to the P - S line of
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their respective metal atoms; all of which were suggested
2 2to he due to an electronic transition z ~ 2: . The analogous

group of bands studied by Sastry (1942) and Krishnamurthy
(i960) for mercury iodide occurring in the range 2650-2550 A0

2 2has been ascribed to a transition jt - z. A reinvestigation 
of this group of bands in the lower ultraviolet region was 
desirable in view of the ambiguity regarding the upper state 
involved in the transition.


