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CHAPTER - II

HISTORICATL SURVEY

Study of the spectra of diatomic Lead
chloride and Lead monoxide molecules has been
carried out by several workers. In this chapter a
historical survey of the work . done on these

molecules by previous workers is described.

LEAD CHLORIDE

Spectrum of PbCl molecule has been

studied by various workers. Absorption spectrum of
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PbCl was first reported by Barrett (1929) without
offering any analysis. Popov and Neujmin (1932)
studied the fluorescence spectrum of PbCl molecule
at low dispersion in the region AN 4100-5900 2 in
which bands are degraded towards longer wavelength
side. Rochester (1936) studied the spectrum in

absorption and showed that Popov and Neujmin's

analysis of PbCl is incorrect. He  derived  the
following quantum equation to fit all the observed

bands.

D = 21863.1 + 228.8(v' + %) - 0.795(v' + %)2

- 303.6(v" + k) + 0.875(v" + %)% ..... (56)

Morgan (1936) also analysed the spectrum
of PbCl molecule in the region AN 4100-5900 &.
Vibrational constants obtained by him are in close
agreement with those of Rochester. Following quantunm

equations were obtained by Morgan,

For PbC132,

3

2 - 21866.9 + 228.6 u' - 0.76 u'’ + 0.006 u'” - 304.2u"

£ 0.89 W' . (57)
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For PbC137/,

2 3

2 = 21866.9 + 223.3 u' - 0.72 u'® + 0.006 u'” - 297.1 u"
"2
+ 085w ... (58)
where u' = (v' + %) and u" = (v" + %)

Wieland (1949) studied the B < X

system of  PbCl molecule, in absorption, in the
region AX 2591-2956 Z2. Bands are double headed and
are degraded towards shorter wavelength side.

Following quantum equation was obtained by him

2 - 35199.0 + 382.1 u' - 1.05 u'? - 304.2 u" + 0.89 u"?

Wieland (1952) reanalysed B «—— X systenm
of PbCl molecule revealing isotope effect due to
chlorine. He obtained dissociation energy of the

1

molecule as 24600 cm ~. Available spectroscopic data

(Vibrational) for PbCl molecule is given 1in Table 1.

Rotational analysis of A > Xy system of
PbCl molecule has been carried out by Rao and Rao
(1964). They observed single P and R branches in

the rotational spectrum of A —— X, systen. (4,0),
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(6,0), (1,1) and (3,1) bands were analysed by them.
The transition for A —— X, system was proposed  to
be the <case € (% - %)type and rotational constants evaluated

by them are given in Table 2.

The band spectrum of PbCl in the visible
region was investigated in emission by Rochester and
Morgan in absorption and was known to consist of
an extensive series of bands degraded towards the
red in the region A\ 4100-5900 £. A vibrational
analysis of the system designated as A —— X, was
carried out for PbCl35. The wvibrational assignments
of the bands have been well supported by a study

of chlorine isotope effect,

Wieland and Newburgh (1952) reported the
vibrational analysis of another system designated as

B X

Xy of PbCl in the ultraviolet region
( AN 2960-2590 R). The common lower state X1 of the

A ——>X; and B < Xq systems is very well
known as ground state of PbCl molecule. Rao and
Rao (1964) described that the A ——=>X; system of

> X

PbCl appears to be analogue of A system of

1
PbF and suggested to be arising due to the

transition of type 22: > 2TT%.
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We may assume that Hund's case (c)
applies to Dboth, the ground state and the first
excited state, 1i.e. the transition of the A ——~»X1
system is the case (¢) (% - %). This assignment is
in agreement with the fact that only two branches
P and R have been experimentally observed in all

the bands of this system.

Singh and Singh (1968) have done

yotational analysis of A > Xy system of PbCl
molecule. They obtained well resolved structure in
which quite sharp and clear isotopic 1lines due to
208p,35c1 | 207p33¢y  206p,3507  yere observed in  the
(6,0) band. Because of the greater isotopic
separation, (6,0) and (4,0) bands were analysed.
Bo£h the bands show only two branches, single R
and single P. The two branches are exactly

superposed at low J wvalues and separated only at

very high J wvalues.

The study of A

> X1 band system of
PbC1 molecule  was extended upto 6100 A& towards
longer wavelength side by Singh (1970). About 120
bands were observed in the region)}4200~6100 . The

bands were sharp and red degraded. The sequences
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were well formed and distinct. The 1isotopes of 37Cl
could not be resolved due to low dispersion and

intensity. They were represented by

2 - 21863.1 + [228.8(v' + &) - 0.795(v'  + %)2]
- [306.6(v" + %) - 0.890(v" + %)% .....(60)

In order to study the fine structure of

A > X

4 system of PbCl molecule, Philip Mathew
(1979) photographed the spectrum in the 5th order
of the two meter plane grating spectrograph with a
reciprocal dispersion of 0.9 X/mm. (1,1) and (2,1)
bands were found suitable for a detailed rotational
analysis, Spectrograms reveal Q branch lines in
addition to P and R branches, unlike the
observations made by Rao and Rao (1964). Satellite
branches were found weak in intensity. Analysis of

(1,1) and (2,1) Dbands of A > X

1 Ssystem reveals
that the amount of A - doubling for the lower
state and spin splitting for the upper states are
negligibly small and hence it was not possible to
calculate it at the resolution and dispersion
obtained in the spectrograms. Nature of the bands reveals
that the transition is not the case c (% - %) type

as reported by earlier workers. Additional Q branch
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observed in the analysis supports the fact that

2

the transition is a typical >— ZTEone. The

72
rotational constants evaluated by him are collected

in Table 2.

LEAD OXIDE

Spectrum of PbO molecule has been
extenéive]y studied in emission and absorption by
various workers. A large number of band systems in
the region extending from wvisibleto vacuum wultra-violet
has been reported. Eder and Valenta (1924)
photographed, for the first time, the bands excited
upon  the introduction of lead chloride into an
oxygen illuminating gas flame and believed the

emitter to be 1lead monoxide.

Using the same method of excitation
Lamprecht (1911) photographed the visible region at
moderate as well as higher dispersions but did not

succeed to resolve the fine structure.

Grebe and Konen (1921) wused <carbon arc
containing ordinary 1lead chloride for exciting these

bands. They photographed bands in the Dblue
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region only and noticed small isotopic shifts and

difference in the degree of sharpness of the bands.

Mecke (1929) performed a partial
vibrational analysis using Lamprecht's incomplete
data. Since the spectrum appeared in an arc source
with compounds of lead subjected to a variety of
conditions, there was a great deal of speculation

concerning the identity of the emitter.

Bloomenthal  (1930), therefore photographed
these bands again in an arc wusing wuranium lead as
well as ordinary lead in the first and second
orders of a 21 ft Rowland grating and found that
the calculated and observed isotopic shifts were in
f;ir agreement confifming Pb0 as the emitter of the

206

spectrum. Each strong line of PbO in the band

spectrum emitted by a the wuranium lead arc in air

(206 207P

is represented by three lines PbO, b0 and

208PbO) with relative 1intensities in agreement with
that in the Dband spectrum <from an ordinary lead
arc. The first and second orders of 21 ft Rowland
grating were used to make this comparison, New
measurementé of the wavelength of the band heads

were made using moderate dispersion spectrograms of

the ordinary lead arc 1in air. The bands in the
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near ultra-violet were analysed to form a new

system represented by

2 = 30197.0 + [530.6 (v' + %) - 0.05(v' + %)2]
S [722.3(v" + %) - 3.73(v" + %)2] .....(61)

Three systemg in the wvisible have been discussed by
Mecke (1929) showing that  all of them  have a

common lower state.

Fine structure analysis of the bands in
the A and D systems of 1lead oxide was carried out
by Christy and Bloomenthal (1930). The bands of
these systems are composed of single R and P
branches only. Using combination relations, the
rotational coﬁstants of the molecule have been
determined. The intérnuclear distance of the common
final state is found to be 1.9207 x 1078 cm  and
that of the wupper state is 2.0424 x 1078 cn. Wo Q
branch has been found in the structure of the
bands of the two systems suggesting that all the
electronic 1levels involved have the same value of
A = 0. It is shown that the electronic 1levels of

the two systems investigated are singlets.
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Absorption spectrum of lead oxide  has
been photographed by Shawhan and Morgan (1935) and
a new system designated as the E-system has been
found. It 1is nearly coincident with the D-system. A
number of previously unclassified bands together with
some new are assigned to a new system replacing
Mecke's (1929) C system. The D-system has  been
extended and the new value of .y x', is changed
from 1.05 to 3.13. The new system has the lower

level 1in common with that of the A and B systenms.

Later on, absorption spectrum of lead
monoxide was studied in detail by Howell (1936) who
recognised five band systems and suggested the

existence of the sixth one also in the shorter

wavelength side named as F < X system containing
only seven bands, which was then analysed as

E <

X system by Vago and Barrow (1947) with
different interpretation. Howell (1936) produced the
band spectéum of PbO in absorption by wusing carbon
arc furnace. The spectrum stretches from

A2600 to A6000 A and contains five systems of which

three are found to exist in emission also.

The spectra of the related molecules like

PbS, SnS, Sn0, Ge0, etc show many similarities and
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in particular it 1is found that the vibrational
frequency varies from state to state in a similar

manner for oxide and sulphide molecules.

Christy and Bloomenthal (1930) carried out
the rotational analysis of A and D systems and
showed that all the electronic states involved
have the wvalue A =0 and are singlet in nature.
Resolution employed in this work was not enough to

resolve the rotational structure properly,
therefore, these workers could not detect Q branch
lines in either of the two systems. From the
analogy of the molecules of this group, electronic
transitions predicted by these authors were not
convincing. Therefore  Barrow, Deutsch and Travis
(1961) were led to revise the analyses. Torring
(1964) has studied the geometry of ground state of

Pb0 from microwave spetra.

Ram et al (1973) carried out the study of
the structure of (1,0} and (1,1) bands of the
B

> X system and (0,1) and (0,2) bands of the

D > X system in emission by photographing at
sufficiently high resolution with a view to improve

molecular constants and to study perturbations in



the band structure. The nature and geometry of

perturbing states have also been studied. In
addition, several perturbations observed in the
v' =1 level of the B state and v' = 0 level of

the D state have been studied. With the help of
the Schmid and Yero relation (1935) and from the
appearance of the perturbed structure, it has been
concluded that the perturbing states have (2 =1 and
their rotational constants are reported to be 0.2595
en” !l and 0.2683 en”! respectvely,

Rotational analysis of the bands of both
the systems reveal the presence of P, Q and R

branches of which Q 1is intense thereby indicating a

transition of the type 1 > 0" predicted Dby
Barrow et al (1961). Available spectroscopic data of

Pb0 moleculeis given in Tables 3 and 4.

ROTATIONAL TEMPERATURE

The thermal intensity distribution in a
band can be employed for determining the temperature
of the source of emission or absorption. The
maximum of intensity in a branch of rotation or

vibration-rotation band shifts towards higher

57
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J values with increasing temperature according to

the equation

Y < .
max 2Bhc

0.5896/-%- -1/2

where ¢, k, h and B are constants.

- 1/2

it

Thus from the position of the maximum » the
temperature of the source can be determined. More
accurate and reliable wvalue 1is obtained when the
whole  intensity distribution is measured. In the
case of ¥ — 3 bands, from  equation (55), the
observed values of log { Iem (K" + K" + 1);; against
K'(K'" + 1) are plotted and a straight line is
obtained, whose slope 1is used to calculate the

value of the temperature.

Another method  has been suggested and
used by Knauss and McCay (1937). They determine for
which values of J (or K) the intensity in two
overlapping branches of a band 1is the same for
equal or nearly equal wave number. This position
shifts to larger J (or K) wvalues with increasing

temperature. Even if the fine structure of the

60



bands is not resolved the .- shape of the band
profile wvaries as a function of temperature and
may be wused for a determination of the temperature.
This method was wused by Smit-Miessen, Spier, and
Smit (1942) for wviolet CN bands. They have wused
the peak intensities of the band heads tq calculate
rotational temperature. The logarithms of the sunms
of the strengths of all bands with a given initial
state plotted against the vibrational energy of the
initial state fall on a straight 1line whose slope
is hc/kT from which temperature can be calculated.
This method was first applied to the CN bands in

the carbon .arc by Ornstein and Brinkman (1931).

The band spectroscopic methods for the
determination of temperature are naturally of high
importance when the wusual wmethods cannoé be used;
e.g. for determination of temperature of the
electric Arc. Ornstein and Brinkman (1931) were the
first to apply this method to the arc using the CN and Al1l0
bands and Lochte, Holtgreven and Maecker (1937) obtained a
temperature of 7600°K from the study of 3883 R}

band of CN molecule.

It must be emphasized that the

61



temperatures thus obtained are the effective
temperatures. They represent true temperatures only
if either the excitation 1is strictly thermal or is
of such a type that it does not affect the
thermal distribution. However, in flames, frequently
the rotational distribution indicates a higher
effective temperature than the true temperature,
since the excitation 1is due to chemical elementary
reaction rather than the thermal collisions. This

is suggested by Gaydon and Wolfhard (1939).

In recent years molecular spectra  have
become of increasing importance in the investigation

of astrophysical problens.
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PROBLEM

Spectroscopic properties of atoms and
molecules depend wupon their valence electrons. Atoms
and molecules having same number of valence
electrons will have similar optical spectra. Thus
spectrum of one molecule can be compared to those
of other homologous molecules. A study of spectra
of molecules of different groups will help wus to
understand the effect of change in a number of
electrons on energy levels and nature of the

spectrum.

A detailed study of the historical survey
of  PbCl and  Pb0 molecules described as above
reveéls that various workers have made fairly
extensive study of these molecules only at low

dispersion,

It has been observed by earlier workers

(Rao and Rao, 1964) that A > X; system of PbCl
molecule consists of bands having P and R Dbranches
using which they have calculated vibrational and
rotational constants of the molecule. However, Philip

Methew (1979) observed three Dbranches identified as

63
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P, Q and R and calculated vibraﬁional and rotational
constants which do not agree with the constants
reported by previous workers. The observation of P,
Q and R branches proves that the electronic
transition case © (% -~ %) assigned by Rao and Rao
(1964) is wrong. Thus it is thought worthwhile to

reinvestigate the A

> X1 system of PbCl molecule
at high resolution to evaluate accurate rotational
constants and assign the correct electronic
transition. The (2,1), (0,3), (0,4) and (0,5) Dbands
of A

> Xy system of PbCl have been found

suitable for the study of their rotational stucture,

The (0,1}, (0,2) and (1,0) bands of D

> X system of
Pb0 were employed for the determination of rotational

temperature from the relative intensity measurements.

The work reported so far on the spectrum
of Pb0 molecule has been nicely  described by
Ram et al (1973). Though study of this molecule is
extensive, it has been found that there is no
report on the intensity measurements of the
vibrational bands and rotational lines. ©No one has
yet employed intensity measurements to study the
vibrational and rotational temperature of the PbO

molecule. Hence the author desired to make an



attempt to caculate the

with rotational

high dispersion.

analysis
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rotational temperature along

of some of the suitable bands at
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