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STATEMENT

The basic aim of the work presented in this thesis is,
to study the neutral and ionic fluorescence of molecular
gases as a function of incident photon energies. The
measurement of fluorescence quantum yield of neutral species
by photon impact has been carried out for both SO, and CS,
whereas, the fluorescence spectra of these target gases have
been studied at the incident photon wavelengths of 1'21.6,}
73.6-74.4, and 584 nm. The total photoabsorption  and
fluorescence cross sections are the required quantities to be
measured for determining the fluorescence quantum yield of a
molecule at an incident photon wavelength. The knowledge of
these cross sections provides a better insight into the
primary  photochemical process of absorption . Also, these

physical quantities are required to understand some of the
important  reactions occurring in the planetary  atmospheres.
Similarly the studies of fluorescence spectrum of the ionic
species/dissociated fragments are of great importance in the

areas of aeronomy and astrophysics.

A new method has been developed for the measurement of
absolute  photoabsorption  cross  section of neutral  species.
This includes a modified design for the beam splitter and an
additional ~ monochromator used at the end of absorption
chamber to reject the fluorescence signals along the optic
~ axis, arising due to the absorption of target molecules. The
total ~ fluorescence cross sections for the target molecules
are  also measured in the same experiment perpendicular or
along the optic axis depending wupon the strength of the
fluorescence  signals.  Another experiment has been designed
and  fabricated to study the fluorescence spectra of target
molecules at incident photon wavelengths less than 100 nm and
-also at 121.6 nm. In this case, the total fluorescence . is



dispersed using a = monochromator. The relative production
cross sections for the product states are also obtained in

the present experiment, at different incident wavelengths.

A sophisticated . experimental set-up has been designed
and fabricated in the laboratory -to measure the fluorescence
quantum yield of neutral species: An intense line-free UV
~continuum  (185-350 nm) was produced from an argon mini-arc
light source, and the radiation was monochromatised using a 1
meter near normal incidence evacuable monochromator. An
instrumental bandwidth of about 0.2 nm was selected so as to
accommodate the low fluorescence signals obtained in a few
spectral  regions. A beam splitter between the exit slit of
the monochromator and the absorption/fluorescence chamber was
used to monitor the incident photonv intensity  during  the
experiment. The absorption region, 24.8 cms long is evacuated
to a pressure of 10° Torr and the other end is sealed by
another quartz plate. An additional 0.2 meter monochromator

was used after the absorption/fluorescence chamber to avoid

the detection of fluorescent emission produced by the excited

target molecules in the direction of the optic axis. All the
light intensity measurements were made by thermoelectrically
cooled photomultipliers. A MKS capacitance manometer  was

employed to measure the absolute pressure of the target gas.

The experimental set-up for the ionic fluorescence
studies  includes a  micro-wave discharge  light source to
produce resonant lines of helium, nitrogen, and hydrogen, a
differential pumping unit to remove the source gases entering
into the fluorescence chamber , an evacuable fluorescence
- chamber with an appropriate outlet to study the fluorescence
in a direction perpendicular to the incident photon beam, a
0.2 meter monochromator to disperse  the fluorescence ,a
thermoelectrically  cooled photomultiplier , and 'a fast data
acquisition  system. This is a  windowless experiment, and
hence differential pumping is needed to maintain a high
degree  of vacuum inside the fluorescence  chamber. The
experimental ~ set-up for neutral fluorescence  and absorption
Studies  has  been  discussed in Chapter 2 of the thesis,




whereas, the - experiment on the ijonic fluorescence has been
described in  Chapter . 6., The subject of photoabsorption,

photodissociation, fluorescence, ionic fluorescence, and
dissociative photoionization has  been introduced in
Chapter 1.

An analytical method has been developed to compute the
photoabsorpt{on Cross.  sections for  neutral species  using
Beer-Lambert law. Methods have also been developed: to
calculate the fluorescence cross sections of target molecules
in two configurations. In the first configuration, the
fluorescence intensity is measured perpendicular to the optic
axis whereas in the other geometry, the fluorescence signals
are detected along the optic axis. The analytical methods
developed to compute photoabsorption, and  fluorescence  cross
section for the neutral species have been discussed in
Chapter 3.

The major errors considered in the present
experimental —measurement are the errors arising from the
pressure measurement, thermal transpiration effects,
uncertainty in the measurement of optical path length, and
counting  statistics. The coherent sum of all these errors
acted as an upper limit to the actual error, whereas the
incoherent sum represented the most probable error. All the
errors  and their estimated magnitudes in the measurement of
photoabsorption  and  fluorescence  cross  section  for  the
neutral species of the target gases have been discussed in
Chapter 4.

Total  photoabsorption and  fluorescence cross sections
for sulphur dioxide have been measured in the 188-231 and
278.7-320 nm regions using argon mini arc light source with
the monochromator resolution of 0.2 nm. The absorption cross
sections have been measured with an accuracy of +3.1% whereas
the most probable error estimated in the case of fluorescence
cross section is + 4.6% . The fluorescence quantum yields for
802 have also been obtained in the two spectral regions. The

photoabsorption  cross sections measured in the present work



have béen compared with data reported by other researchers in

the field. A  comparison in case of fluorescence  cross
| sections is not possible as no quantitative measurements have
been reported so far in these spectral regions. Presence of a
predissociating  state  in 802' has been confirmed in thel
present experiment. The threshold energy of incident photons
responsible for predissociation has been found to be in the
range between 2189 and 220.6 nm.

Total  photoabsorption and fluorescence cross  sections
for carbon disulphide have been measured in the 188.2-213 and
287.5-339.5 nm  spectral  regions. The  absorption  cross
sections have been measured with an accuracy of + 42 %
whereas the most probable error estimated in the case of
fluorescence  cross  section s + 5.1%. The fluorescence
quantum yields for CS2 have also been obtained in the two
spectral  regions, The photoabsorption cross sections measured
in the first spéctral region have been found to be pressure
dependent. The mechanism for such a pressure dependence has
also been put forward in the present work. The fluorescence
cross section in the present experiment, were measured along
the photon beam axis. In the spectral region 300-320 nm, the
fluorescence  cross section measured at the peaks of the
vibrational bands have been fond to have different wvalues at
low and high pressures. A complex process which seems to
occur in this case has been suggested. The process may
involve  vibrational relaxation of the upper emitting  state
pror to normal quenching. All these results have been
discussed in detail in Chapter 5.

The fluorescence spectra of - C82 and 802 have been
studied at three incident photon  wavelengths of  121.6,
73.6-74.4 and 584 nm and relative production cross sections
for different product states have been measured. The CS(A m
— X IZ}Jr) system  between 240 to 290 nm has been obtained
when CS2 is  photoexcited at 121.6 nm whereas CS;L(B ZZ:

X 2Hg) and- CS:(A 2Hu — X 2l'é) systems have been produced
between 276 to 295 and 437 to 555 nm respectively when
excited by both the incident photon wavelengths of 73.6-74.4



. and 5'8_'.4 nm. The fluorescence spectra of SOz, obtained at
- 121.6 and 73.6-74.4 .nm include ' the vibrational bands of
SO(A M — X 32) and SO (B iy L x3 £y systems from 240 to
268 and 268 to 442 nm  respectively whereas the emission
spectrum at 58.4 nm, v'has contributions from the two SO
systems and SO+(A M - X 1) system. In all these emission
spcctra; the fluorescence bands of different systems have
been analyzed and their relative production cross-. .sections
have been measured. The results for both the target gases
- have been discussed in detail in Chapter 6, while conclusion

and scope for future work has been taken up in Chapter 7.
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CHAPTER - 1

INTRODUCTION

1.1 pPhotochemical Processes

Interaction of light with atoms and molecules leading to
Habsorption of a 1light quantum is called photochemical
‘process. The photochemical reaction comprises of series of
_events starting from the initial act of light absorption and
ﬁ’ending in the prbduction of stable molecule. The resultant

"'products are, in general , different from the reactants.

u Photochemical processes could conveniently be divided
into primary and secondary processes. The primary process may
’ be: defined, following Noyes and Leighton (1966), as the
 ;initial act of light absorption leading to the formation of
electronically excited state and other processes immediately
following this initially formed excited state. The latter
process may include unimolecular reactions such as
 fluorescence, dissociation, isomerisation and photoionization
1; as well as bimolecular processes such as deactivation and
reaction of the excited state by collisions with the same or
different kind of molecules. The secondary process includes
the reaction of atoms and radicals produced in the primary

_ Process either directly from the excited molecule or by

~ Collisions of the excited molecule with the same or different
kind of molecules. The secondary reactions are the reactions
Of atoms and radicals with each other and the reaction of

_ atoms and radicals with molecules.
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simple polyatomic molecules,

(**)

indicates

 When ultraviolet or —vacuum ultraviolet radiation is

the

/ following primary photochemical reactions may take place :

(Photoexcitation)

(Neutral Fluorescence)

(Photodissociation)

(Fluorescence from
photofragmented

products)

(Photoionization)

(Ionic fluorescence)

(Dissociative

photoionization)

the higher

electronically excited state whereas the single asterisk (*)




,déhotes lower electronically excited state. In the above

example, a typical triatomic molecule AB2 haé been chosen. v
,aﬁd b, are the frequencies of the incident and emitted
radiation respectively. It may be. interesting to note that
_most simple molecules with the .exception of O3 and NO,, absorb
1ight only in the ultraviolet (200 - 400 nm) and vacuum
wuitraviolet (below 200 nm) regions. The molecules 03 and NOZ’

however, can absorb visible light even at longer wavelengths.

1f2 Quantum States of Molecules

Although, the target gases wused 1in the present
experiment were triatomic molecules, the discussion on
diatomic molecules will be helpful in understanding the

various quantized energies available in a triatomic molecule.

. 1.2.1 Diatomic molecules

It is well known that atoms can exist only in certain
discrete states. These states may also be represented by
various orbits of electrons moving about a nucleus of
positive charge. The energy values for various atomic states
can in principle be obtained by solving Schrédinger equation
using appropriate potential energies for electrons. In the
case of diatomic molecule two additioﬁal features, the
vibration and rotation of the molecule, have to Dbe

considered.

1.2.1.1 Rotational energy levels of diatomic molecules

A diatomic =~ molecule can rotate about an axis
pPerpendicular to the internuclear axis and passing through
the center of gravity. Assuming that the distance ‘r’ between

masses m and m

1 does not change with rotation (a rigid

2

L




rbﬁator model) the energy levels of such a rigid rotator can

pe found by solving the Schrédinger equation.of a form :

0 -5 (1.1)

=
A
Il

where ¢y 1is a wave function of the coordinates alone; XY 2,
fﬂare the cartesian coordinates; m, is the mass of the atom ’i’
and E is the total energy. By solving the Schrédinger

equation, the energies are given by

h? J (J+1)
E = — 5 (1.2)
> 2
8n” ur

- where h is the Planck’s constant, uf2=I is the moment of
inertia, p 1is the reduced mass and J 1s the rotational

quantum number, which can take the integral values.

If the wave number is used instead of energy, Eq. (1.2)
.~ becomes

F(J) = —— = B J(J+1) — (1.3)

where B = - - cn * - ' — (1.4)
8w~ cI

The constant B is called the rotational constant and F(J) in

1, , .
cm gives the rotational term value. In actual practice, the

internuclear distance changes periodically with time near the




'équilibrium distance. Also, Dbecause of  the action of the
\/Centrifugal'force, the internuclear distance increases with
increasing rotation of molecules. A detailed calculation

shows that the actual rotational term value is given by

F(J) = B J(J+1) - D 32 (J+1)° ., (1.5)

where D 1s a constant much smaller than B.

1.2.1.2 Vibrational energy levels of diatomic molecules

When two atoms combine to form a stablé covalent
molecule, they may be said. to do so because of internal
electronic re-—arrangement. On one hand there is a repulsion
between the positively charged nuclei of both atoms and
between the negative electron clouds; on the other, there is
an attraction between the positively charged nucleus of one
atom and the electrons of the other and vice versa. The two
atoms settle at a mean internuclear distance such that these
forces are 7just balanced and the energy of the whole system
is at a minimum. Attempt to squeeze the 'atoms more closely
together leads to rapid increase in repulsive forces, whereas
attempt to pull them further apart 1s restricted by the
attractive forces. In either case an attempt to distort the
bond requires an input of energy and so the relation between
potential energy versus internuclear distance can be plotted

as given in Fig. (1.1).

The compression and extension of a bond may be
considered, as the behaviour of a spring, which follows
Hook’s law. This may be written as

F = -k (r-r_ ) — (1l.6a)

where F is the restoring force, k the force constant and 'r’
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o
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bond length ——

Figure 1.1  Parabolic ~curves of energy plotted against the
extension or compression of a spring obeying Hook’s
law.



the internuclear distance.

The energy curve is parabolic and has the form
- = S 5 (1.6b)

This model of vibrating‘diatomic molecule, the so-called
simple harmonic oscillator model, is only an approximation.

Figure (1.1) shows that if one atom A is considered to be

stationary on the r = 0 axis; the other will oscillate
between B and B . Classically, the oscillating frequency is
given by
1 k
©oce = T —_— Hz. : — > (1.6¢)
2n H

“where g is reduced mass of the system.

Vibrational energies, like all other molecular energies,
are quantized and the allowed vibratfénal‘energies for any
particular system may be calculated by substituting the form
of potential energy Eq.(l1.6b) into the Schrdédinger equation.

For the simple harmonic oscillator these turned out to be

B, = (v + 1/2) ho | . Joules (v=0,1,2,..)
or —— (1.7a)
E, _ .
G, = e (v +1/2) v . cm — (1.7b)



. 1 T B
~ where w_ .. = — is in cm and v is the
. 2nc u :

vibrational quantum number.

'Real molecules do not obey exactly the laws of simple
- harmonic motion; real bonds although elastic, are not so
homogeneous as,to'obey Hook’s law. If the bond between atoms

is stretched, for instance, there comes a point at which it

will break into atoms. Thus although for small compressions
and extensions the bond may be taken as perfectly elastic,
for larger amplitudes, greater than 10% of the bond length, a
much more complicated behaviour must be assumed. Figure (1.2)
shows diagrammatically, the shape of the energy curve for a

typical diatomic molecule, together with (dotted) the ideal,

simple harmonic~parabola.

A purely empirical expression which fits this curve to a
good approximation was derived by P.M.Morse and is called

Morse Function:

2
E =D [ 1 - exp {—a(re - r)} ] — (1.8a)

€q g9

where ’a’ is a constant for a particular molecule and Deq is

the dissociation energy.

When Eq.(1.8a) is used instead of Eg.(l1.6b) in the
Schrodinger equation, the pattern of the allowed vibrational

energy level is found to be

G(v) = (v + 1/2) Ee—— (v + 1/2)25€xe + .... ——(1.8b)
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Figure 1.2 The Morse curve : the energy of a diatomic molecule

undergoing anharmonic extension and compressions.



,whegé ;eis oscillating frequency (in em™ ) and X is the

corresponding anharmonicity constant.

1.2.1.3 Electronic states of diatomic molecules -

In contrast with atoms where electrons rotate about a
spherically symmetric field, electrons in a diatomic molecule
_move about a field that is cylindrically symmetric with
_respect to the internuclear axis. As a result, the orbital
angular momentum of the electrons is defined along the
”\internuclear axis. The spectroscopic term symbols for the
diatomic molecular orbitals can be obtained as in the case of
_atoms, by the summation of all A’s, the quantum number of the
component of the orbital angular momentum of the electrons,
to give the total angular momentum number in the direction of
the bond axis, and is denoted by L. A precession of L takes
place about the internuclear axis with constant component

}MTML(h/ZH), where M. can take only the wvalues

L

M =1L, L-1, L-2,...... -L — (1.9)

The term A represents the component of the electronic orbital

angular momentum along the internuclear axis and is given as:

——y (1.10)

Similarly the total spin quantum number of the molecule S,
can be had by adding the spin of individual electrons. For
A # 0 there is an internal magnetic field in the direction of
internuclear axis resulting from the orbital motion of

electrons. This magnetic field causes a precession of S about




he field direction (the internuclear axis) with a constant

;cdmponeﬂt of Mg (h/2M) . For molecules M. is derioted by T

S
(this quantum number X is different than the term symbol Z

5fused.for A = 0), and from quantum theory the allowed values

for ¥ are
¥ =95, S-1, S=2,...... -3 —_ 5 (1.11)

The two quantities combine to give the resultant angular
momentum Q = |A + Z|. The total multiplicity is given by
 &28+1). The term symbol for A = 0, +1, +2,...etc.,
j‘r‘espectively are z, O, A, d....etc., . The states 1, A, &,

are doubly degenerate, since A can both be positive and
_negative; £ states are non-degenerate. The spectroscopic

terms are represented by

25 + 1 \ L, (1.12)

Q

For example the ground state of hydrogen molecule can be

written as

Here the superscript + (or =), subscript g (or u) provides
further information regarding the symmetry properties of the
orbital. In any diatomic molecule any plane drawn through
both nuclei is a plane of symmetry i.e, electron density,
shape, force fields are quite unchanged by reflection in the
Plane. However the wave function of the electron, V¥, may
either be completely unchanged (symmetrical, +) or changed in
Sign only (antisymmetrical, -) with respect to such a
reflection. The subscript letters ’g’ and ‘u’ stand for

~gerade or symmetric and ungerade or antisymmetric functions



'espectlvely under the operation of inversion at the point of

ymmetry located at the bond axis. In the case of homonuclear

nolecule the mid- point ~of the bond between two (identical)
-tbms. is the center of symmetry. If the molecule 1is
;ﬂéteronuclear, then there 1is no center of symmetry and the

dd-even classification of orbitals does not arise.

For molecular brbitals, the principal quantum number n

hés no meaning. According to convention, the ground state is

~fdehoted by the symbol X, higher excited states of the same

. multiplicity as the ground state by A, B, C etc., and those
of different multiplicity by small letters a, b, c etc. For
exémple, the ground state of oxygen is )(Z and the higher
excited states are a Ag and blE+

. 1.2.2 Quantum States of Polyatomic Molecules

The following discussion restricts to simple polyatomic

‘molecules.

1.2.2.1 Rotational levels ¢of polyatomic molecules

In the case of diatomic molecules, rotational energy
levels are given in terms of the moment of inertia about the
axis perpendicular to the internuclear axis and going through
the center of mass. In polyatomic molecules, three mutually
perpendicular axes, called the principal axes, must be
considered about which the moment of inertia is maximum or
minimum. According to international nomenclature, the

rotational constants are designated as

A>B>C

and the corresponding axes are called a axis, b axis, and c

axis. If B = C,the molecule is called a prolate symmetric

10




top, whose rotational term values are given by

'F(J,K)‘¥ B J(J+1) + (A-B)K® — > (1.13)

‘where A = h/8u’cI and K is the quantum number

_ 2
Ly v B = h/8ITcIB

, of the component of the angular momentum along the top axis.

_ On the otherAhand if A = B, the molecule is called an oblate

' symmetric top and its rotational term values are given by

F(J,K) = B J(J+1) - (B-C)K’ 5 (1.14)

where C = h/8H2cIC. Since K is a component of J, K can not be

greater than J. For each K, J takes a series of values

J = K, K+1, K+2y....

1.2.2.2 vVibrational levels of polyatomic molecules

In the case of polyatomic molecules,there are 3N-6
vibrational degrees of freedom for nonlinear molecules and
3N-5 vibrational degrees of freedom for linear molecules,
where N 1is the number of atoms in the‘ molecule. The

vibrational term values without degenerate vibrations are

G(V.,v.,....) = z wi(vi+l/2) + Z ink(vi+l/2) (Vk+l/2) +
i i k>i

— (1.15)

1

here w, is the frequency (cm ) of the ith normal vibration

corresponding to g of diatomic molecules, vy is the

th

vibrational gquantum number of the 1 normal vibration or

11




armonic - motion and XLy is the anharmonicity constant

;correqundlng to w X for diatomic leecule.

1.2.2.3 Electronic states of polyatomic molecules

The electronic states of the polyatomiclmolecules are
generally classified according to the symmetry properties of

the molecules in the equilibrium position. The electronic

:J”feigen function either changes sign or remains unchanged by

. the symmetry operations allowed for the point group to which
the molecule belongs. The symmetry property of the electronic
eigen function 1s important to determiné whether a given
transition is allowed and also to obtain the direction of
transition moment.

Another ekpression of the electronic states of
polyatomic molecules 1is the so-called molecular orbital
wrptation. In this notation, each electron is associated with
the eigen function corresponding to the motion . of the
~electron in the field of the fixed nuclei and the average
field of other electrons. The eigen function has the same
symmetry properties as one of the symmetry species of the
point group to which the molecule belongs. For example, for
the point group sz’ molecular orbitals are represented by
a, a, bl and bz. Electronic energies of the molecular

orbitals can be estimated from the correlation between the

united atom and separated atoms.

Symmetry properties of a molecule are of utmost
importance in understanding its chemical and physical
behaviour, in general, and spectroécopy and photochemistry in
particular. A symmetry operation is one which leaves frame
work of a molecule unchanged. There are five kind of symmetry
Operations which are necessary for «classifying a point

group

12



Rotation about an axis of symmetry : C

P
_ Reflection in a plane of symmetry : o
;;inverSion through a center of symmetry S §
Rotation about an axis followed by
reflection in a plane perpendicular to it : 8
Identity operation (or)
leaving the molecule unchanged : I

, The axes, plane, and center of symmetry are known as the
] elements of symmetry. All these elements intersect at one
pOint, the center of gravity of the molecule, which does not
Chénge during these operations. Hence the designation point

group.

; In the molecular orbital theory, wave function of
molecules plays a significant role. Since each of these
symmetry operations of the point group carries the molecule
_into a physically eguivalent configuration, any physically
observable property, such as the energy, of the molecule must
remain unchanged by the symmetry operation. The only possible
wave functions of the molecules are those which are either
symmetric or antisymmetric towards the symmetry operation of

the point group.

If there is only one element of symmetry (as in point

group C2 and CS) there are only two types of electronic
states, those whose eigen functions are symmetric with
Tespect to that element of symmetry. These symmetry types are

77

designated A and B for C2 and A and A for CS.
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In point groups with two independent elements , of
*mmétry-there are four types of electronic étates which may
bé:desighated as ++, +-, -+, and -- where the first and the
second sign represent the behaviour with respect to the two
péssible symmetry operations. .This applies to the point:

h
 designated by Al, Az’ Bl, Bz and Ag, Au‘ Bu’_Bg respectively.

 groups .sz and  C, for which the symmetry types are

- If a molecule has a two-fold axis C, , and two planes of
_symmetry o, through the axis, then it belongs to the point

”;group sz' In considering the symmetry of the molecule it is
always assumed that an axis of symmetry is set up vertically.
{in this case, therefore, the planes through the axis are
‘"Vertical" planes. That is why they are called o, On the
_other hand the molecule with an infinite-fold axis (Cd), an
iinfinite number of Cz’s perpendicular to the C. an infinite
Epumber of planes through the C.r and a plane of symmetry

perpendicular to the C_ belongs to D(><h point group.

In the present experiment the gases used to measure the
fluorescence quantum yield are 802 and CSZ. The ground state

of sulphur dioxide is X lAi of C2_V point group and that of

_carbon disulphide is X 12: belonging to ijpoint group.

1.3 Primary Processes in Diatomic Molecules

The primary processes following 1light absorption by
diatomic molecules should illustrate the simplest case of
photochemical processes since there is only one bond to be
broken and the resulting prbducts are two atoms. The molecule
may, upon light absorption, undergo immediate dissociation or

- May perform many vibrations before it dissociates into
atoms. Sometimes the molecule is raised to a stable excited

state from which it fluoresces if it suffers no collisions.
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: The -absorption spectra of diatomic molecules are in some
vféases continuous, without any fine structure, while in other
féages they show discrete structure followed by a continuum.
:The spectra may be explained with the aid of the potential
energy curves. Figure (l.3a)4 shows the potential energy
curves for direct dissociation by absorption of a 1light
quantum hv. The upper repulsive curve has no minimum and a
. dissociation results from light absorption at all

wavelengths.

Figure (1.3b) presents the potential energy curves
showing that a molecule dissociates into one ground and one
excited atom above energies corresponding to the convergence
limit. v’ signifies the vibrational levels of the dpper state
~and v’’’ means those of the ground state.The absorption
spectrum in this «case will have a discrete structure
corresponding to the transitions vl e vt

After a molecule has undergone an electronic transition
into an excited state there are several processes by which
its excess energy may be lost. Some of them are discussed

here

(i) Dissociation: The excited molecule breaks into two
fragments. No spectroscopic phenomena, beyond the initial
absorption spectrum, are observed unless the fragments

radiate energy by one of processes mentioned below

(ii) Re-Emission: If the absorption process takes place as
shown schematically in Fig (1.4 a), then the re-emission
called ’Resonance fluorescence’ is just the reverse of this,

as in (b) of the figure.

(1ii) Fluorescence: If,as in Fig (1.4a),the molecule is in a
higher vibrational state after electronic excitation, then
excess vibrational energy may be lost by inter-molecular

Ccollisions; this is illustrated in (c) of the figure. The

15



(a)

AB (b}

Figure 1.3 (a) Potential energy curves showing absorption
continuum.

(b)  Potential  energy  curves  showing  convergence
limit.



SINGLET

TRIPLET
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SINGLET

(a) absorption (b) Re-emission  (c¢) Fluorescence (d) Phosphorescence

Figure 1.4 Showing the wvarious ways in  which an ¢lectronicaliy

excited molecule can lose cenergy.




VLbratlonal energy 1s converted to kinetic energy and appears
_as heat 1n the sample; such transfer between energy levels is
_yreferred to as radiationless. When the excited molecule has
;reached a lower vibrational‘state (e.g. v'= 0), it may then
’ emit radiation and revert to the ground state. The radiation
emitted. called the fluoresceﬁce spectrum, 1s normally of
lower fregquency than that of initial absorption The time
petween initial absorptlon and return to- the ground state is

very small, of the order of 10°% sec.

(iv) Phosphorescence: This can occur when two excited states
~ of different total spin have comparable energies. Thus in (d)
- of Fig (1.4), the ground state and one of the excited states
are singlet (S = 0) states, while the neighbourihg excited
state is a triplet (S = 1). Although the rule AS = 0 forbids
spectroscopic transitions between singlet and triplet states,
there is no prohibition if the transfer between the excited
'States occurs kinetically, i.e., through radiationless
transition induced by collisions. Once the molecule has
arrived in the triplet state, it cannot return to the excited
singlet state. It will, therefore, eventually reach the v'= 0
level of the triplet state. Now although a transition from
here to the ground state is forbidden by dipole’ transition,
it may take place via other channels but much more slowly
than allowed transition. Thus, this 1is why a phosphorescent
material will continue toc emit radiation seconds, minutes or

even hours after the initial absorption.

1.3.1 Predissociation in diatomic molecules

If the incident photon energy exceeds the bond energy,
the primary process is either the complete dissociation or
the simultaneous occurrence of dissociation and fluorescence.
The former case is represented in Fig.(l.5a), where the two

upper states, Rl, and R2 are both repulsive. The Rl state 1is
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(a)

(b)

Figure 1.5 (a)  Potential energy curves showing continuous
absorption. Rl and R2 are  two upper repulsive
curves.

(b) Potential energy curves showing predissociation.



félated with ground state atoms A and B, while R.2 state 1is
. v *

‘cciated with one ground and one excited atom, A and B

The latter case, that ié, the simdltaneous occurrence of
dlsSOClathD and fluorescence, 1s shown in Fig. (1.5b). It
ows the upper state A correlated with one ground and one -
xcited state ‘atom, A and B , and the repulsive state R -
éfiéing from ground state atoms, A and B. If the photon
énefgy slightly exceeds the bond energy of the ground
electronic state X, the molecule may cross over to the
repulsive state R and dissociate immediately or it may be
prought into the stable state A by light absorption from
which the molecule may either fluoresce or predissociate into

A + B by a radiationless transition to the repulsivé state R.

;1[4~ Primary Processes in the Triatomic Molecules

~ If the incident photon energy is below that of the
akest bond, an electronically excited molecule formed by
light absorption may give rise to fluorescence. The lifetime
of the radiative transition to the ground state is related to

’@he integrated absorption coefficient as given by:

7

Where v and v are vibrational states of excited and ground

’ 7t

states respectively, t is the radiative lifetime, g(v ,v )

is  the Franck-Condon factor, v is the wave number
Corresponding to the absorbed radiation, k; is the absorption

 COefficient, and A(v ) is the spontaneous emission

~ brobability of an excited state.
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3 .It has been found for simple moleéules, such as CSZ, 802
nd NO, that _the: dbserved fluorescence lifetimes are much
jonger than those expected from the integrated absorption
coefficient. Common to these molecules are the extensive
5éérturbation of rotational structure ' observed in the
ultraviolet and visible regions. Douglas (1966) was the first
who suggested that the anomalous lifetime can be explained on
the basis of an extensive interaction between the initially
. formed excited state by light absorption and another state
 that does not combine with the ground state. Figure (1.6)
shows a schematic energy level diagram that illustrates the

Douglas mechanism.

The molecule is brought into a certain rotational level
kbelow the dissociation energy D, of the excited state El by
light absorption (Fig. 1.6). The rotational level interacts
_with many adjacent levels belonging to another excited state
'EZ. The E2 state may be a metastable state located between
the ground state and El, or it can be the ground state. If
the E2 state is the ground state, the level density at the
energy corresponding to hv may be much larger than that of
the El state. In other words, the level in the E1 state 1is
_diluted many times by the levels of the ground state. Since
the transition from these levels (of E2 state) are forbidden,
the radiative life is many times greater than that expected
from the integrated absorption coefficient. It may also be
stated that the molecule, initially in the E, state, goes
over to the E2 state where it spends most of its time before

it comes back to the E1 state and fluoresce.

1.4.1 pPhotodissociation in triatomic molecule

The photodissociation commonly occurs by absorption of
light with energies exceeding the weakest bond. The most
common type of photodissociation in triatomic molecules XYZ

is a dissociation at the weaker of the two bonds
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Figure 1.6 The anomalously long radiative life. Explaining

Douglas mechanism.




XYZ +hw —m 5 X 4+ YZ _ —_ (1.17)

 where the X - Y bond is weaker than the Y - Z bond. Typical

examples are

ocs +hw —— S + CO

NOClL + hw —— Cl + NO

Another type of dissociation 1is the simultaneous

_gcission of the two bonds and the formation of a new bond

X¥Y2 + hw ——w X7 + Y — (1.18)

This type of dissociation appears to be common in vacuum
ultraviolet photolysis but less common in near ultraviolet,
indicating a large potential barrier for such a process. The
photolysis of HZO at 123.6 nm leads partially to the

formation of H2 molecule
HZO + hw —— H2 + 0

An upper state responsible for the dissociation must have an
equilibrium configuration with an H - O - H angle much

smaller than that in the ground state.

A still less common type of dissociation 1is the

pProduction of three atoms
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XYZ + hv —_ 5y X+ Y +2Z — (1.19)

This type of dissociation is energetically possible ‘in the
~ yacuum Ultraviolet photolysis; no such examples have clearly

been demonstrated.

» 1.4.2 Predissociation in triatomic molecules

When a discrete upper state is above the éissociation
limit, a molecule in the discrete upper state raised by light
absorption may dissociate into  products through the
 interaction with an overlapping dissociation continuum and at
the same time give rise to fluorescence or it may cross over
‘to another metastable state. The situation is similar to the
predissociation in diatomic molecules as discussed earlier,
although some clear-cut cases have been found in absorption

spectra of polyatomic molecules.

The predissociation is, in general, followed by sudden

~ weakening of fluorescence above the dissociation limit. This

has been obtained in the 802 fluorescence near 220 nm by

Okabe (1971) and also confirmed in the present work (Chap.5).

1.5 Photoabsorption

The knowledge of the extent of absorption in the
molecular system 1s important in photochemistry since the
absorption coefficient must be known to obtain the quantum
vield, the oscillator strength of the bands, and the lifetime
of the electronically excited state. Therefore, the

absorption coefficient (or absorption cross section) is an
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;méortant.quantity which should be, measured in the laboratory

ith a fair degree of accuracy.

The discovery that light was absorbed exponentially was

‘first enunciated by Pierre Bougugr (1729) . But, Bouguer’s

’work is generally little known and credit for describing the
’,1aw- of absorption is frequently given to Lambert (1760).
according .~ to Lambert’s law, if a parallel beam of
ﬁonochromatic- radiation passed  through a homogeneous
absorbing medium, the intensity of the radiation I was
yreduced by the same fractional amount ~AI/I for each

;element of path length Ax traversed. That is

AT = I p AX — 5 (1.20)

(N

where the proportionality constant u depends only on the
_ properties of the medium at that particular monochromatic

~ wavelength. Integration of (1.20) gives

I, = I exp( —ux ) &) —_— (1.21)

where Toa is the intensity of the incident beamn, IA is the
intensity transmitted through a distance x of the medium,

and p 1is referred to as the liner absorption coefficient.

In 1852, Beer found that the absorption coefficient was
proportional to the concentration of the absorbing medium.
This resulted inrexpressing the wvalue of p in Eg.(1.21) at
some standard conditions of temperature and pressure (STP) ,
namely, rat 273 K and 1 atmosphere (760 Torr) pressure.

Therefore, from Beer’s law
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o) 273
K — (1.22)
760 T

combination of Egns. (1.21) and (1.22) is known  as

 Beer - Lambert law, and is given by

IA = IOA exp(~§TA nl) —s (1.23)

where the concentration or density of the gas 0, is given by

Loschmidt’ s number (nO = 2.687 x 10" molecules cm-3) when u
is measured at STP. The constant of proportionality in
I;:q. (1.22) Ty

referred to as the total absorption cross section. When pu is

given at STP, the path length x is related to the actual

has the units of an area and is, therefore,

__measured distance 1 of the absorption cell by

X = X x 1 —_— (1.24)

Various units are used to express the absorption
coefficients. Different forms of Beer-Lambert law are given
by:

IA = IO,A exp (—E\ pl) — (1.25)
IA = IO,A exp (“OTA nl) — (1.26)
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- cl) - ' | —_—— (1.2%)

i Eq. (1.25), the absorption coefficient is denoted by kh and
it has the units of atm * cm '. In this expression p is the
pressure in atmospheres -at a reference temperature (0 or

25 %°). In Eq. (1.26), o .
‘section having the units of cm’, and the concentration of the

L . : ; . . 3
absorbing medium is given in molecules per cm'. The

is called absorption cross

5\ called the molar absorption
coefficient (Eq. 1.27), is expressed in dm’ mol ' cm ', when

_absorption coefficient e

. . . . -3
the concentration is given in mol dm ~.

‘1.5.1 Validity of Beer-Lambert law

The Beer-Lambert law given by Eqg. (1.23) 1is wvalid only

‘under certain conditions. The discussions outlined in this
“section have to be fulfilled for the validity of Beer-Lambert
law to measure absorption coefficient of the medium under

study.

The radiation used for the purpose of attenuation in the
absorbing medium must be parallel beam of monochromatic type.
‘The absorbing medium is assumed to Dbe homogeneous, in
other words, the atoms and molecules are sufficiently
separated so that the intermolecular forces are negligible.
In the case of homogeneous medium, chances of multiple

scattering are also minimized.

When the absorbing medium consists of discrete bands,
the absorption cross section will not remain constant over a
range of préssures of the absorbing medium. Figure (1.7)
shows a plot of log <IOA/IA) against pressure. The slope is
linear at low pressure (p < po), but it deviates from

linearity at high pressures.
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Figure 1.7 Deviation from the Beer-Lambert law.




-The_deviation from the Beer-Lambert law results in part
ué‘ to the lack of instrumental resolution. Qualitative

xplanation may be given using Fig.(1.8), which shows three

rotational absorption 'lines with widths much narrower than
Pthé width (Aw) of a monochromatic line emerging from the exit
slit of a monochromator. The Beer-Lambert law holds-up to a
'pressure shown in Fig. (1.8b), as the guantity,log (IOA/IA)-is
proportional to the pressure. When the pressure is increased
further the deviation occurs, since the absorption at the
iihe center 1is complete and only the off-center portion of
tﬁe absorption lines contribute to an increase of absorption
(Fig. 1.8c).

At a fixed pressure and path length the apparent
absorption coefficient some times decreases as the slit width
fincreases. Figure (1.8a) explains that the area taken by the
absorption lineé becomes proportionately smaller as the slit
width 1s increased. Hence the transmitted intensity 1is
_increased, resulting in the reduction of absorption

_ coefficient.

1.6 Photoionization

The process of ejecting an electron from an atom or

- molecule due to its interaction with energétic photon, was
termed electrification of gas prior to the discovery of

photoelectric effect in -1887. In the 1900’s it was called
photoelectric ionization of a gas. However, it soon took on
its permanent name of photoionization. Most of the molecules
when irradiated at photon wavelengths less than 100 nm are
Photoionized with the result that the molecules get populated
in different electronic states of the ion.

The photoionization cross section for a molecule is
given by
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Figure 1.8 Deviation from the Beer-Lambert law due to the lack

of spectral resolution.



c.=ay 00 —— (1.28)

&here’Vi , called the photoionization efficiency, is defined
s the number of ions produced per photon absorbed. oy and o
are the photoionization and total absorption cross sections
respectively.  In case of atoms 'at"photon energies greater
than the ionization threshold, the only primary absorption
_mechanism other than ionization, is absorption by discrete
_energy levels that lie in the ionization continuum. In nearly
_all cases, autoionization occurs and the net result is
k'iOnization. Thus for atoms, ¥, can be considered to be unity
_and oy = O For molecules, this 1is not true. Many of the
super excited levels simply decay by fluorescence or cross

_ over into a dissociative state, while others will autoionize.

¥y has been defined as the number of ions produced per

_absorbed photon. The .ion may be singly, doubly, or multiply

charged but it is still a single ion. Thus, o, refers to the

_total ionization cross section which can not exceed o that

TI
is vy o= 1. i

1.7 Fluorescence

Absorption of light in visible and ultraviolet regions
of the electromagnetic spectrum leads to excitation of target
molecules from ground state to higher electronic states. The

. - eénergy of photons in visible and ultraviolet is in the range
2-6 eV, and it would be energetically possible to promote the
molecules‘ in their higher electronic excited states. The
Photon energy in vacuum ultraviolet region (energy > 12 eV)
is sufficient to ionize the target molecules; as a result,

the different electronic states of the molecular ions would

get populated. In both the cases, the electronic transition
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uld take place from hlgher excited state to lower excited

'tate, provided selectlon rules are allowed. 'The emission

fronl photoexcited products 'is called neutral fluorescence,

fhe one from ionic species is known as ionic fluorescence.

11_7;1 Fluorescence from neutral molecules

The simplest mechanism for a molecule in excited
electronic state to lose the excess energy is by re-emission
fbf radiation at the same wavelength which produced the
'excitation. This 1s termed as resonance fluorescence. This
phenomenon vis possible in the vapour phase of the target
molecules at very low pressures where the intermolecular
_collisions are rare, and the target molecule is said to be
'eisolated. The pressure needed to achieve the condition of
eisolation can be obtained from the kinetic theory of gases
 and has been found to be of the order of 10 ® to 10 ? Torr.

If the number density of the target molecules is
considerably large (pressure = 1 Torr), the phenomenon called
normal fluorescence occurs’ In a high density concentration

~ collisions occur between excited molecules and other; usually
the ground state molecules. Such collisions will lead to
exchange of vibrational and rotational energy , the so-called
internal conversion, and the molecule will settle in lower
vibrational states of the excited electronic states. Now, if
the selection rules are allowed, transition will take place
from the lower vibrational state of the excited electronic
state to the wvarious vibrational levels of the grouﬁd
electronic state of the molecule. This emission at
frequencies smaller than that of absorbed photon is called
normal fluorescence. Here it should be pointed out that, this
type of emission, can also be defined in a different way in
relation to the total spin of the two states in which the

transition is taking place. If during the emission process,
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the electron undergoing the transition does not change 1its

spin, the emission is referred to as fluorescence. .

. 1.7.1.1 Fluorescence and other éompeting process

Not all electrdnically excited states of the molecules
give rise to observable emission. There 1is always a
‘possibility of the excited state being de-activated by other

fCompeting processes which are non-radiative in nature.

The average decay period, T , of fluorescing molecules
(i.e., the’time required for the intensity of the emitted
light to fall to 1/e of its initial value) is of the order of
107° to 107 ° sec, thus indicating that this is the order of
magnitude of the lifetime of excited molecule. For molecules
which do not fluoresce, some other competing process occurs
in period shorter than 100° to 10°° sec. Several such

_processes have been -reported in literature.

One of these processes, known as predissociation, has
been discussed in detail in Section(1.3.1) and (1.4.2). Another
mechanism for non-radiative deactivation of molecules is the
conversion of excess energy into vibrational energy and 1is
called internal conversion. This process is extremely rapid
in many molecules, and appears to occur to some extent in all

molecules.
A third mechanism of non-radiative deactivation consists

of energy transfer to other molecules and is called external

conversion.
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7.2 Ionic Fluorescence

observatiOn' of fluorescence in molecular ions is the
most direct evidence for the stability of excited states of
:the' ions formed. When fluorescence can be detected
:radlatlonless transitions and dlssoc1at1ve processes must be
fat least weakly forbldden

. The information reported in literature about the
*efiuorescence of the large number of diatomic or polyatomic
fﬂmolecular ions, though sparse, clearly indicates that
ﬁjnon—radiative transitions do not dominate radiative
 transitions in all cases. Even when dissociation channels are
open, fluorescence is sometimes observed. Since it is
difficult to generate molecular ions in large concentration
as compared to neutral species, it is likely that those
"radiative trans;tions reported for molecular ions must be the
dominant decay modes in most instances. However, for neutral
species it 1s possible to observe radiative decay when
__competition from non-radiative process is strong. It has also
been suggested that in competition between radiative and
non-radiative processes, the latter are favoured as the size
of the molecular ion increé#ses. This is implied by the theory

for radiationless transitions.

The total photoionization cross sections for the

molecular systems could be apportioned in two ways

i) The relative cross sections for formation of <t¢he

various electronic states of the molecular ion.

ii) The other type of partial cross section which is a
measure of the state of the products resulting from
ionization. '

The first type of partial cross sections could be deduced
Primarily with the aid of photoelectron spectroscopic data
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whereas, the second type of relative cross section could be
ébtained from photoionization mass spectrdmetry or
fphotoeleCtron—phdtoion ‘coincidence studies. Alternatively,
the two types of relative cross sections could be studied in
<détail using a single technique i.e. ionic fluorescence. This
;?cduld be obtained by measuring the total fluorescence cross
sections as a fﬁnction of incident photon anelength and also
by studying the dispersedA fluorescence spectrum of parent
molecular ion and photofragmented species at a few incident
photon wavelengths taken one at a time.

1.8 Fluorescence Quantum Yield
The fluorescence quantum yield of a molecule at a

 certain incident photon wavelength is defined as the number
of photons emitted per absorbed photon. In the total

1absorption process some of the absorbed photons AIn will be

lost in excitation ‘or dissociation process, some AIi’ will
, cause ionization, and a certain number AIS will be scattered
out of the incident beam. If AI represents the total number
of photons absorbed from the incident beam, then AI = AIn +
AIi + AIS, and thus

AIn AIi ) AIS
0‘T=—-————~0*T+ 0'T+ o n — (1.29)
AT AT AT
or
== + . .
o o o‘l+ o g — (1.30)
o
where “nr 94 o4 represent, the cross section for producing
neutral products, ionized products, and scattering
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espectively. The fractions AIn/AI, etc., are the yields or
fficiencies for the production of excited states’ usually

éhotéd' by Th etc.

In the spectral region. from 100 nm to longer
wavelengths, the ionic production 1is absent; also the
_contribution of scattering cross section is negligible.

zTherefore, from eqns.(1}29) and (1.30) o, can be written as

— (1.31)

If the excited neutral products fluoresce as explained in the
preceding sectign, Eq.(1.31) can be termed as

i . —F— (1.32)

where o e is the total fluorescénce cross section, T¢ is the

fluorescence quantum yield, and o is the total absorption
cross section. From Eqg.(1.32) it can be seen that the
fluorescence quantum yield can be obtained by measuring the
total fluorescence and absorption cross seétion at a given

wavelength and taking the ratio of these quantities.

At photon wavelengths shorter than 100 nm, the molecules
would get photoionized with the result that the molecular
ions would get popﬁléted in different electronic states, at
these wavelengths

o, = o —— (1.33)
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AIfr the excited ionic molecules fluoresce - as explained

: preVibusly, Eq. (1.33) could be written as
Tif T ¥Tifr " — (1.34)

where i is the total ionic fluorescence cross section, and
Tif is the ionic fluorescence quantum yield. In general, at
photon wavelengths shorter than 100 nm, there is a small
contribution from neutral photoexcited, photodissociated
molecules. The total fluorescence at these wavelengths,
however would include the fluorescence component from both
the neutral molecules as well as molecular ions. A much
better insight about the fluorescence and nature of products
at these wavelengths could be obtained if the total
fluorescence 1is dispersed and energy analysis of the
dispersed fluorescence 1s carried out as a function of

incident wavelengths.

1.9 Selection Rules for Molecular Transitions

For molecules, the rules governing, the transition

between two given energy states are

1. AA =0, + 1 : allowed changes in the component of the

total orbital angular momentum in the

direction of molecular axis.

2. AS =0 : the spin conservation rule.

—

3. Symmetry properties of the energy states must be

conserved.
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The rule governing the transition'between the states of
1ike multiplicities is most  stringeritly obéyed.-Transition
otween ideal singlet  and triplet states are strictly
éfbidden. But, such transitions do occur under the influence
;6f intramolecular and intermolecular perturbations which can
mix pure singlet and pure triplet states. Also, symmetry
ffofbidden transitions do occur sometimes though with very low
nnténsities. The restriction of the symmetry selection rule
can be broken down by vibration-electronic

interactions.

 1.10 Survey of Experimental Methods

The measurement of total photoabsorption cross section,
?5 fluorescence cross section and hence fluorescence quantum
'i'yield for a molecule at any incident photon wavelength
' ‘requires the quantities such as the ratio of the light
"incident upon a sample to that transmitted by the sample or

__to that emitted as fluorescence signal from the sample in the

direction of the fluorescence detector. The accuracy of this

method depends strongly upon the 1light source intensity

remaining constfint at each wavelength during the entire
measurement. Thus, techniques to measure incident,
transmitted, and fluorescence intensity over very small time
intervals are used or these are measured simultaneously. The
techniques for carrying out absorption and fluorescence

studies in the ultraviolet region are described below.

a) Double Beam
‘ This method involves a mechanical oscillation of a
mirror or detector which actually intercepts the entire
incident beam. One of the methods, 1is shown in Fig. (1.9),
where wedge shaped mirror is forced to oscillate about the

incident beam. The intercepted beam 1is focused into the
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‘entfance slit (or wiﬁdow) of the gas filled cell during

~ one-half of the  cycle ' and ‘then focused onto ‘an empty
reference cell during the next half cycle. The signals from
he two photomultipliers are adjusted to be identical when
oth cells are empty. This-method has been used in McPherson
ouble beam instrument (McPherson - Sheffield Instrument
5mpany,'Acton, MA). A similar device is reported by Schmitt
and Brehm (1966) .

"b) Split Beam

No moving parts are involved in this method. However,
the technique 1s similar to the double-beam method. In
| sélit—beam method, a portion of the incident beam 1is

 reflected into PM1 (Fig. 1.10) giving a signal proportional
to incident photon intensity. The remainder of the incident
beam is transmitted to PM2. The photomultiplier tubes (PM1,

PM2) must be balanced when there is no gas in the cell.

The splitting of the beam can be achieved with a

reflecting mesh intercepting part of the incident beamn.

Because of poor ireflectance of most of the materials in the
UV and vacuum UV, it 1is often preferable to coat the mesh
ff directly with sodium salicylate and focus the fluorescent
radiation onto a photomultiplier tube either with a lens or a
light pipe. This method, or variations there of , have been
reported by Hudson and Carter (1965), Codling et al (1977),
Boursey et al (1971), and Castex et al (1969).
~_
The other methods 1like a double ionization chamber
(Samson, 1964) and a modified double-ion chamber with
_ Cylindrical cross section (Samson and Haddad, 1974) could also
be used to measure total absorption cross sections and
ionization efficiency only in the wavelength region shorter
than 100 nm.
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In both the abové arrangements, the fluorescence port is
~séd to study the quantitative fluorescence spectroscopy of
bleculés. As a matter of fact, the fluorescence intensity
an be detected, both in the direction perpendicular to the
hotOn beam - axis and -along .the beam axis using some

appropriate colour glass filters.

In the measurement of absorption and fluorescence cross
_ sections of elements, it 1is necessary to vapourize the

element by the use of some type of furnace. Atomic beams

emerging from the furnace would form an ideal system for this
- purpose. But in the present experiment, the cross sections
;;gare being measured for molecules in gas phase only;
 ‘therefore, the systems using heat pipes and atomic beams

;would not be described here.

1.11 Need for a New Experimental System

The need for having an entirely new experimental system
for measuring absorption and fluorescence cross sections can
only be ascertained by knowing the advantages and
disadvantages of the two experimental system described above.
In case of double-beam method, the wéagé shaped mirror is
allowed to oscillate about the incident photon beam. The
reflecting material wused for the mirror surface is
aluminum~MgE‘2 for the spectral region 115 to 300 nm and gold
or platinum for wavelengths shorter than 100 nm. The
reflactance of such a mirror especially in the first spectral
region deteriorates with time. Also, this mirror is a moving
part which is quite cumbersome to handle in the experiment.
As the mirror has to oscillate focussing the photon beam at
the two cells alternately, the data acquisition system in the
experiment becomes some what complicated. If all these
problems could be handled using sophisticated technology,
this method would be quite wuseful. But, unfortunately, not
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many researchers in this field have cared to use this method

_pecause of the complications described above.

Moving parts have been avoided in the split-beam method.
_ The reflecting mesh used- for splitting the beam is coated
with the scintillator, sodium salicylate, so that the

~ incident UV or VUV photon beam is converted into visible, and
 !“thé reflected visible beam is allowed to pass through a lightV

pipe. In another arrangement, the UV or VUV photon beam is

reflected from the tungsten wire mesh and is focused on a

kglass substrate coated with sodium salicylate. In both the

arrangements, the reflected intensity 1is wvery small. The
fluorescent quantum efficiency of sodium salicylate is about
36% (Kumar and Dutta, 1979) and the light losses in the light
bipe are appreciable. The net result is that about 1 to 2% of

the total incident photon beam enters the photomultiplier of

_ the beam splitter. There would, therefore, be large errors in
"”the measurement of incident intensity and this in turn, would
introduce larger errors in the measurement of photoabsorption

~ and fluorescence cross section of molecules. The situation
would deteriorate further with time, as sodium salicylate is
known to age and its fluorescent quantum efficiency would

_change for the @worse. ——

There 1is another major drawback in the two systems
described above. The scintillator-photomultiplier combination
or any other detector used to measure transmitted intensity
in the UV or VUV region is not opaque to radiations at higher
wavelengths extending to visible region. When the target gas
molecules are introduced in the absorption chamber, the
transmitted intensity 1is supposed to be reduced due to
absorption of incident UV or VUV radiation by target species.
Because of absorption, the target molecules would get
Populated in higher electronic states and the fluorescence
would take place from higher to lower states. The
fluorescence would be at wavelengths higher than the incident

pPhoton wavelength. There would be a fluorescent component
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hg the photon beam axis which would be detected along with
e transmitted intensity. In dJtherwords, ‘a transmitted
téﬁsity'would show a value much larger than its true value.
 5 résult, the absorption crcss section would show a value

aller than its real value.

In light of the points mentioned above, it is evident
;that-a new experimental system is needed for measuring the
abéorption and fluorescence cross sections accurately. This
ihas been achieved in the present work. The new system takes
_care of the drawbacks mentioned above. The two problems have

jbeen taken care of, as described below:

1) In the present experiment, the cross sections are
measured in the spectral region 180-340 nm. That is why,

it was very convenient to replace the tungsten wire mash

in the beam splitter by a quartz plate placed at 15° to

"the optic axis. In this case, the reflectance of the
‘quartz plate 1is very large and the use of both sodium
salicylate and light pipe © could be~ avoided. A
photomultiplier with extended S-20 spectral response (180
to 800 nm)’ could be used to measure the incident photon
beam intensity. This, relatively simple, change
incorporated in our new experimental system has helped to
obtain large incident intensity, thereby reducing error in
the measurement of absorption and fluorescence Cross
sections.

2) As discussed above, the transmitted intensity included
the fluorescent component produced along the optic axis
because of the absorption of photon beam by the target
molecule. To avoid this, another monochromator has been
used after the absorption chamber and the gratings of the
two monochromators are co-rotated so as to have the same
wavelength. This type of arrangement has helped to measure
absorption cross sections of target molecules with better

accuracy.
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The neW»experimental system designed and fabricated in

hé. laboratory to measure the photoabsorption and
fiuorescence cross section Qf molecules has been discussed in
detail in Chapter 2. Another experiment to measure ionic
fluorescence has also been fabricated in the laboratory and

nhas been discussed in chapter 7 along with some interesting

_pboth the cases, the target molecules chosen are 802 and CS2°

-1.12 Choice of the Target Gas Molecules

’ Sulphur dioxide and carbon disulphide have been chosen
in the ©present experiment to study the quantitative
absorption and fluorescence spectroscopy of Dboth neutral
molecules and molecular ions. Such a study provides the
necessary basic data for many fields such as atomic and
molecular physics, aeronomy, astrophysics, and plasma

_Pbhysics. -

Sulphur dioxide and carbon disulphide are important
molecules /present as reactive trace constituents in the
troposphere and stratosphere of the earth. Extensive data on

Venus atmospheric sulphur dioxide have Dbeen obtained from

recent planetary and inter-planetary probes (Conway et al,
1979) and from earth-based observations (Barker, 1979). The

evidence of 802 on Io was made available from in-situ UV

observations by Bertaux and Belton (1979) while the detection
of 802 frost on the Io surface was reported by Smythe et al
(1979) from ground based infra-red measurement. The presence
of C52 in the Venusian atmosphere has been proposed by Young
(1978),» even though the observational evidence for a clean
detection 1is, at present, marginal at best. In the recent
past, the CS radical has been found to be abundant in the
interstellar medium (Dalgarno and Black, 1976; Linke and
Goldsmith, 1980). The radical is most likely produced by
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todissociation of carbon disulphide. A fair idea about the
centration of SOé and C82 in"the'terrestriai troposphere
stratosphere; Venusian and Io’s atmospheres can be
wbtéined from the in-situ and ground based measurements
htioned.above along with other.data»like photoabsorption
d fluorescence Cross sections etc., measured in the
poratory, as a function of incident photon energy. In view
af'this it is clear that more measurements in this direction,

afe needed, possibly by using better techniques.
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CHAPTER - 2

EXPERIMENTAL SET - UP

2 2+1 Introduction

’ The experimental set-up for the measurement of
fﬁ,absorption cross section, fluorescence cross section and
fluorescence quantum yield for molecules by photon impact

includes an ultraviolet light source for the production of

line free continuum, a beam splitter to monitor 1light
intensity during the experiment, a dispersing unit for

"'wavelength selection, the collision chamber for carrying out

absorption and fluorescence studies, photon detectors and
Ffast data acquisition system. The schematic view of the
entire experimental assembly is given in Fig. (2.1).
e
In the conventional method for studying the quantitative
- absorption, the transmitted photon beam is measured just
after the absorption chamber. There is a notable change in
the present'experiment. An additional 0.Z2-meter monochromator
has been introduced after the absorption chamber as shown in
the Fig.(2.1). The gratings for the main and the additional
monochromator are co-rotated so as to have the same
~wWavelength. This was done to avoid detection of any
 fluorescence signals produced along the direction of the
optic axis by the target molecule, excited because of
Photoabsorption. The detailed description of each sub-system
Used in the overall experimental assembly is given in the

following sections.
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Argon  Mini-arc Source

_ The argon mini-arc developed at National Bureau of
tandards, USA., by Bridges and Ott (1977) has been used in
'kj'present experiment as a background light source. This
rce has been powered by a high current home made power

Qpély. The mini-arc provides an intense, stabLe and .

14 nm to wavelengths larger than 350 nm with DC power
,ééuirements of less than 1.5 KW. A schematic of the argon
mini—arc light source is shown in Fig.(2.2). The arc source
ébnsists essentially of three copper plates separated by
insulating rings and clamped together to form a gas tight
énclosures. The central plates form a channel which guides
and constricts the discharge. The outer two plates are the
anode and the cathode. All three plates are water cooled. The
water flows inside each piece independently through holes
apilled into the sides (not shown in Fig.). The arc
‘cdnstricting section is 6.3 mm thick with a 4.0 mm dia hole.
fThe diameter is designed in such a way that the discharge

_remains stable and the output radiation is optimized. The

,’electrodés and the arc chamber are cooled by a continucus
 :flow of water from a closed network water chiller. Other than
:f‘the argon mini-arc light source, the most widely used UV
_ sources to date are commercially available deuterium, mercury
_ and mercury-xenon lamps. These lamps have cértain advantages

such as relatively strong continuum, low power requirements

and small size. But there are serious limitations also. 1In
 deuterium lamp the drawback is, a variability related to how
~ the discharge positions itself on the electrodes following
_each ignition. Hence the lamp alignment must be checked every
time a new spectral scan has to be started. This adjustment
to get maximum signal is time consuming. Also, the deuterium
lamp has aging characteristics. Conflicting views about the
aging have been reported in literature by Pitz (1969), Ott
and Bartoe (1972) and Stuck and Wende (1974). In the case of
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cury lamp, the region of applicability is limited to a
y narrow spectral range (270600 nm). Another disadvantage
.:this'lamp is the presence of many lines super imposed over

e continuum.

The comparison of argon mini-arc lamp with few other
 lamps 1s given in Fig.(2.3). Argon mini-arc covers a wide
 ,spe¢tral region and has the following features ( Bridges and-
ott, 1977)

i. Intense line-free continuous spectrum between
110-350 nm

ii. Stability and reproducibility over many hours of
operation.

iii. Uniform output power over a large solid angle.
iv. Radiant power output adjustment over a range of
several decades.

v. Simple. alignment and operation.

2.2.1 Operation of the source

The ’gas purity 1is necessary to maintain the arc
Stability and reproducibility of the continuum emission is
~ insured by operating with a continuous flow of argon at

around 1 atmosphere pressure. Maintaining .high degree of
purity within the arc chamber also minimizes the radiant
power of atomic resonance lines in the spectrum which arise
from small (ppm) concentrations of oxygen, nitrogen, carbon
and hydrogen. These elements are present as air and water

vapour impurities in the arc chamber and gas handling system.

The arc discharge is initiated simply by applying
Voltage between the electrodes, and inserting a tungsten rod
which is externally connected to the anode potential, until
it touches the cathode. The discharge is transferred from the

tip of the external rod to the anode as the rod is withdrawn.
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2.2 Power supply

A low voltage of 40V and high current of 40A is needed

_ for the argon mini-arc source to sﬁstain the discharge. To

_meet these requirements, a current regulated power supply has

peen designed and fabricated in the laboratory (Kripalani and
Misra, 1988). The circuit diagram is given in Fig.(2.4). To -
extract high currents up to 507, an air cooled three phase
transformer with the primary of 440V and secondary of 40
volts is used. Voltage rectification is done by the diodes D1
to D6 having a high rating of 200V and 100A. After
rectification, the DC voltage of 56V having ripple factor up
to 4.5 % is fed to the positive end of the light source
1through a 0.6 Ohms (200W) resistance. This resistance limits

the over all circuit current to 100A. A voltage regulator

IC-723, featuring high ripple rejection, excellent
temperature stability is used. The 10K ohms potentiometer on
pin No. 5 is used to vary the output voltage of the IC from 2
to 12V which corresponds to 30-50 Amps of current across the
iéiédharge. Any fluctuations in the discharge current arising
~due to the instability of gas pressure, line voltage etc, can
be handled’’by the inverted feed back given to IC-723 in the
current regulated circuit and hence a stable current is

sustained. Great care has been taken in deciding the power

ratings of the transformer, power transistors and other
components used, so as to achieve a rugged and trouble free

power source.

2.2.3 Performance and spectrum of the light source

The current regulated power supply is designed to work
for hours together. The output flux of the mini-arc source

has been found to be approximately constant during 3-4 hours

0f continuous operation. However, due to high consumption of

Power (~ 1.6KW) in the discharge region of the mini-arc lamp,
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eposition of tungsten and other 1mpur1t1es takes place on
the electrodes clogging the arée constrlctlng hole land also
contaminating the N%Fz' window. All these results in the
 deterioration of the source performance. Therefore, after
every 100 hours of operation, the mini-arc source was opened
and the electrodes and the N%Fz window were thoroughly

_cleaned.

The complete spectrum of the mini-arc source is shown in
JFig.(2.5) covering the spectral region 145-350 nm. The
spectrum has been sub-divided in three convenient spectral
‘regions. The details of the spectra covering smaller
‘wavelength regions from 145 to 200 nm, 200 to 260 nm and 260
to 350 nm are shown in Figs. (2.6), (2.7) and (2.8)
respectively. It has been observed that at wavelengths
shorter than 200 nm (Fig. 2.6) ', there are several atomic
lines in the spectrum, associated with impurity atoms 1like

nitrogen, carbon and oxygen. At wavelengths longer than 200
nm, the spectrum was, more or less, continuous in nature as

;dm$ee” in Figs.(2.7) and (2.8).

The effect of change in arc current on intensity of
~argon minifarc light source has been studied in detail. For
- this purpose, a small spectral region, 220 to 235 nm, has

~been chosen and the change in intensity has been studied in
this spectral region for five arc currents 34, 38, 40 and 42
amperes (Fig. 2.9). The intensity seems to be a linear
function of arc current. At wave lengths shorter than 200 nm,
the output radiance of the mini-arc is low. That is why an
arc current of 42A is used whenever experiments are carried
out at these wavelengths. At wavelengths larger than 290 nm,
the output radiance is very large and an arc current of about
34A was wused to run the experiment. For intermediate
wavelengths, an arc current of 38A is sufficient to have good
statistics in any experiment. For higher wavelengths (more
than 290 nm), even a low value of 34A of arc current, 1is

€nough to saturate the detectors and in this case, there is a
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éd to use light, attenuator. The light attenuator has been
degcribed in detail in Section (2.2.4). '

" As mentioned earlier, .the gas purity necessary to
aintain arc stability and reproducibility of the continuum
mission is ensured by operatiné with a continuous flow of
argon. Maintaining a high degree of argon purity (99.99%)
fﬁithin the arc chamber also minimizes the radiant power of - -
Qétomic resonance lines in the spectrum which arise from small
Pkppm) concentration of oxygen, nitrogen, carbon and hydrogen.
If commercial grade argon is used, the continuum intensity is
reduced to some extent and an increase in the strength of the
vlmpurity resonance lines, is observed. Keeping in view of all
these points, a research grade argon gas is used, through out

the experimental studies.

2.2.4 Light attenuator

. A wide spectral region 188 - 340 nm is covered in the
~ present studies. The out put flux of the mini-arc source in
__the near UV region (=340nm) is more than 1000 times larger as
compared td”’that in the shorter wavelength region. Having set

_ the optimum values for gain and operating voltage of the

photomultipliers, it was difficult to cover such a large

photon flux. Reducing the arc current did not help much as

‘the photomultipliers were saturated even at low arc currents
(~ 34A) . Hence the only option left was to reduce the photon

flux near UV region by using a light attenuator after the
bng window, at the output end of mini-arc. The attenuator
designed and fabricated in the laboratory, 'is made from the
‘tﬁngsten wire mesh having transmittance better than 90%. The
tungsten wire mesh is folded a large number of times and the
final product made circular in shape, 1is held between two
thin copper rings by riveting. The attenuator made in this

way had a transmittance of about 3%.

44




3 1-Meter Monochromator

A l-meter vacuum ultré—violet monochromator has been
sed to disperse the continuum radiation produced by argon
ini-arc light source. This is an asymmetric type of normal
ﬁcidence, monochromator ( Jovin - Yvon, France ) which could
be'evacuated when required. The spectral holographic concave
grating (Jovin-Yvon, France) used, had rulings of 1200 lines
per mm and could be conveniently used in the spectral range
from 115 to 340 nm in the first order. Wavelength selection
is achieved by a sine drive which could be operated manually

or by an electrically driven synchronous motor. The electrlc

from 0.00lnm/min to 10nm/min. The monochromator is evacuated

to a base pressure of 10 ° Torr.

’ 2.3.1 Resolution of the monochromator
\

In the absorption/fluorescence Cross section
' measurements, the resolution i.e, the instrumental band widih
k of the monochromator plays a vital role. The resolving power
of an instrument is defined as the degree of separation
 between two closely spaced spectral lines. This can be
Qhunderstood by Rayleigh’s criterion. If the diffraction
vpattern of two lines are considered then according to this
Criterion, the spectral lines would be resolved only when the
‘minimum of the first peak falls on the maximum of the second.
In the case of monochromator, employing concave grating as
the dispersing element, the resolving power which 1is the
‘ratio of A and AX depends upon the order number, the number
Of ruled lines of the grating and the focal length of the
monochromator. In this case, AAx is the minimum wavelength
Separation which can be resolved by the monochromator at a
wavelength A of spectral lines. AA is called the resolution
Or sometimes, instrumental band width of the monochromator.
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nis could.also be defined in terms of full width at half
gxima (FWHM) for a spectral line. At a slit width of about
6 microné each for both entrance and exit slits of the above
,monochromator, an average résolution of about 0.05 nm has
ibeen obtained for wavelengﬁhs ranging from 180 to 340 nm.
This would give a resolving. power of 5000 for the

monochromator at a typical wavelength of 250 nm.

A resolution of 0.2 nm has been used througﬂ out the
experiment. This corresponds to a slit width of 200 microns
each for both entrance and exit slits. Such a beam width has
peen selected in the present work so as to accommodate very

low fluorescence signals produced in a few spectral regions.

2.4 Beam Splitter

A beam splitter has been used between the exit slit of
the monochromator and the absorption/fluorescence chamber to
-monitor the incident photon intensity during the experiment.
Two types of beam splitters could be used in the experiment.

These are shown in the Figs. (2.10a) and (2.10Db).

The first type of beam splitter Fig. (2.10a) consist of
a high transparency wire mesh mounted at an angle of 45° to
the beam axis. More than 90% of the light is transmitted and
\‘the rest is reflected towards a light detector which includes
a perspex light pipe coated at the front end with a
scintillator and a RCA 6199 photomultiplier. Any of the two

scintillators, sodium salicylate or p-terphenyle could be

used to convert VUV and UV radiations into visible.

The second type of beam splitter tried in the present
experiment, 1is simply a quartz plate (instead of wire mesh)
mounted at an angle of 45° to the photon beam axis. More
than 95% of the photon beam is transmitted through the quartz
plate Fig. (2.10Db) . The rest is reflected to the
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notomultiplier, EMI 9558 QB, having' a spectral response
étween 180-850 nm. This type of configuration has advantages
h the ~experiment where measurements are carried out at
wavelengths greater than 175 nm. No scintillator is used in
this set-up and therefore, losses in light intensity due to
quantum efficiency of the scintillator have been avoided. The
use of light pipe is also not necessary in this case as the
ntensity of the  light refleéted from the quartz plate is
:gﬁfficienily large. In comparison, the reflected light from
fhe wire mesh used in the first type of beam splitter is

extremely small.

In view of this, the second type of beam splitter has
been used in the present experiment. The transmittéd photon
beam enters the absorption/fluorescence chamber through a
:Hﬁuartz plate which isolates the beam splitter from the
:absorption chamber as far as vacuum is concerned. The beam
:"splitter region is evacuated to a pressure better than 10°°

Torr through the exit slit of the monochromator.

2.5 Absorption/Fluorescence Chamber

The photon beam transmitted from the beam splitter
enters a 1long chamber through a quartz plate where both
absorption and fluorescence of molecules takes place. That 1is
why this chamber has been named as absorption/fluorescence
chamber. Figure (2.11) gives the top view of the

absorption/fluorescence chamber.

The chamber has been designed and fabricated in the
laboratory from non-magnetic stainless steel (no.304). All

the necessary arrangements have been made to study absorption

and fluorescence signals. The main structure of the chamber
is made out of a cylindrical stainless steel pipe of diameter
15.8 cm and a length of 26 cms. The optical path length 1,

needed in the measurement of absorption cross section is 24.8
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ems. Ql1, Q2 are the quartz plates used, for the purpose of
Qacuum sealing at both ends of the chamber. FL1, FL2 are two
ports of diameter = 5 cms perpendicular to the photon beam
axis and are used for the measurement of fluorescence
intensity from the molecules. The ends of the two ports are
vacuum sealed, 'again~ by quartz plates. In the present
' experiment, only one port 1is being used for fluorescence
?\measurements“ The total fluorescence intensity is measured at
a given photon wavelength with a thermoelectrically cooled
photomultiplier EMI 9558 QB positioned behind one of the two

iportS. G and P are two 1/4 inch dia. openings for introducing

the target gas and for the measurement of absolute gas
: ‘pressure respectively. The absorption/fluorescence . chamber
'f‘was evacuated to a pressure of 10 ° Torr using pumping

arrangements discussed in Section (2.6).

U In fact, one could measure the transmitted intensity at
~ the end of the absorption chamber. It was found that in this
_ geometry, the transmitted intensity included the fluorescent

.component produced along the photon beam axis because of

_ absorption of photons by target molecules. As a result, the
absorption cross sections measured were found to be less in
the spectral region where high fluorescence quantum yield
from target gas was observed. To avoid this, another

nmonochromator was used after the absorption chamber.
2.5.1 0.2-m Monochromator

The need and importance of another monochromator after
the absorption chamber has already been discussed in the
Previous section (Section 2.5). The monochromator used is a
0.2 meter VUV monochromator from A - Minuteman Laboratories

\’Inc., USA. The instrument (model: 302-VvM) has a single
reflecting surface. An abberation corrected concave
holographic grating produced by Jobin-Yvon having 1200

lines/mm rulings has been used in the monochromator.
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The gratings of the two monochromators are co-rotated so
as to allow photon beam of same wavelength to be transmitted.
he 1—m'mbnochfomator'decided the instrumental resolution and
{he new monochromator was used to avoid detection of the
fluorescence emission produced at wavelengths higher than
~ that for incident -photon beam.'A slit width of about 800
microns each was used for both entrance and exit slits of the
'0.2—m monochromator so as to take care of wavelength
,misﬁatch, if any, between the two monochromators. A quartz
_plate was vacuum sealed at the exit slit of the new

N -3
monochromator which was evacuated to a pressure of 10 to

, 107° Torr depending upon the spectral region where
photoabsorption cross sections are measured. At wavelengths

! Torr was used for the 0.2-m

_near 200 nm, a pressure of 10
’monochromator whereas at photon wavelengths larger than 280
an, a pressure of 107° Torr was sufficient. The dispersed
intensity from 0.2-m monochromator was measured by using an

EMI 9558 QB photomultiplier.

'2.6 Vacuum System and Related Instruments

In this section, the vacuum systems used to evacuate 1-m
monochromator, absorption/fluorescence chamber, 0.2-m
~_ monochromator and the reference side of MKS Baratron
‘capacitance manometer would be described 1in detail. The

pressure measuring instruments: both for measuring relative

and absolute pressures; gas handling systems and gas

purification devices would also be discussed.

2.6.1 Vacuum systems

Various types of wvacuum systems have been used in the
present experiment depending upon the requirement. There were
four sub-systems which had to be evacuated to different

Pressures. These include 1-m monochromator along with beam
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itter, - absorption/fluorescence chamber, 0.2-m
5nochromator and the reference side of the MKS Baratron
apacitance manometer. The 1-m monochromator and the bean

6 ,
Torr using a

plitter are evacuated to a pressure of 10
5Ombination of o0il diffusion pump (500 lit/sec) and a rotary
éﬁmp (750 lit/min). The beam splitter in this sub-system, is
pumped through +the exit slit of the monochromator. The
absorption/fluorescence chamber, which 1s vacuum sealed on
bﬁth sides by quartz plates, 1is evacuated to a pressure of
107°
1it/sec) and rotary pump (E2M8, 200 lit/min) procured from

Torr by a combination of diffstak  (MK2 series, 300

Edwards, UK. The 0.2-m monochromator is also vacuum sealed on
both sides by quartz plates. Sorption/rotary pump is used to
,gét the desired pressure. Finally, the MKS Baratron
capacitance manometer is used to make absolute pressure
_measurements of the target gas in the absorption/fluorescence
chamber. To get the absolute pressure from differential
manometer, the reference side of the MKS differential unit is
evacuated to a pressure of better than 10”° Torr using an oil
 diffusion pump (120 lit/sec) backed by a rotary pump (300
lit/min).

2.6.2 Pressure measurements

The pressure in the four sub-systems has been measured

by using thermocouple gauges up to a pressure of 107° Torr
and Penning gauges in the pressure range between 10 ° to 10 °
Torr. Both the gauge heads and measurement units of these
gauges have been procured from IBP Torr Ltd. An ionization
gauge (Veeco-RG 830,Veeco 1Inst., USA.) has been used to
estimate the pressure ranging from 10"° to better than 10 °

Torr.
A calibrated MKS Baratron differential capacitance

manometer, with sensor and read-out unit was procured from

MKS Instruments, USA, to make absolute pressure measurements
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of the target gas in the absorption/fluorescence chamber. The
sensor head, 310 MH-10: is a differential gauge  and the
reference side of the gauge had to be evacuated to a pressure
better than 10 ° Torr. In the present experiment, the target
gas pressure could be varied from 2 x 10 ° Torr to 5 Torr.
Therefére, a -reference pressure of 10_6 Torr was adequate to
get absolute- pressure within the accuracy quoted by the
manufacturer. Fig.(2.12) shows the arrangement made for using

MKS Baratron capacitance manometer in the system.

One of the largest sources of error is the tempeféture
sensitivity of the sensor of the capacitance manometer.
Changes in temperature will affect zero stability, full scale
range (span) and linearity of the MKS unit. To minimize these
effects the sensor head is maintained at a constant elevated

temperature of 318%K.

In Fig.(2.12), A and B are greaseless shut-coff wvalves
made of glass (Konetes, USA), SH is the sensor head of MKS
Baratron capacitance Manometer. To start .with, wvalve B is
closed and A is opened then the null deflection is adjusted
keeping the sensor head in the most sensitive pressure range.
For pressure measurements, valve A is closed and.-the valve B
is opened to have access to the absorption/fluorescence

chamber where absolute pressure has to be measured.

2.6.3 Gas handling

Argon gas was used in the mini-arc source. 802 gas and
CS2 in vapour phase were used for absorption and fluorescence
Studies. The following discussion covers the source of
supply, quality, handling and purification, if any, of
these gases.
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Argon gas was procured from Indian Oxygen Limited. A
~research grade, IOLAR~Ii (99?99% pure) gas was used 1in the
mini-arc light source without further purification. The gas
line was:- of 1/4 inch refrigerétor copper tubing connected
through a ball type gas flow meter to the gas manifold which
in turn supplies gas at three positions to the mini-arc light

~ source.

'502 : i

SO0, gas was imported from L’Air Liquid, France. The
research grade liquefied gas, was used without any further
purification. The cylinder was supplied with a safety valve
and a two stage gas regulator was connected to control the
802 flow. The gas line made of 1/4 inch dia.copper tubing was
coupled to a needle valve (Granville-Phillips, USA) for the

purpose of finer control.The other end of the needle wvalve

~was connected to the absorption/fluorescence chamber. Before

introducing the 502 gas into the system, the gas line was

thoroughly pumped to remove any kind of impurities.

C52

A research grade (99.9% pure) CS2 liquid was used to
extract the C82 vapour. The vapour extraction system is shown
in Fig.(2.13).

Fl,F2 are small glass flasks; V1, VZ are needle valves;
and K1, K2 are glass shut-off valves. Opening of valve K1
leads the wvapour to the experiméntal chamber whereas K2 1is
used to evacuate the residual gases in the gas line when K1
is closed. CS2 liquid was filled in flask F1l, the flask F2
was kept so that an wunusual pressure build up could be

avoided in the gas line.
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C82 “liquid was frozen down to liquid nitrogen
temperature (770K). Cstsolidifies at 162°k itself,; and hence
the gas line can be evacuated through K2 valve by a rotary
pump. C82 _settles down to liquid form again. at room
temperature having a vapour pressure of about 400 Torr. The
C82 vapour was extracted into the system through K1 wvalve.
The needle valves V1,V2 not only helped in separating the C82
liquid flask from the experimental system, but also in

maintaining an excellent control over the flow rate.

The desired pressure of SOz/CS2 inside the abgbrption
chamber is achieved by controlling the baffle valve opening
of Edwards Diffstak pump and needle valve. Stability in the
gas pressure 1inside absorption/fluorescence chamber was
achieved by the coarse adjustment of baffling action and fine

control of needle valve.

2.7 Light Intensity Measurements

To obtain absorption and fluorescence cross section for
various molecules, the required quantities to be measured
experimentally, are light intensities at various ports during
the experiment and the absolute pressure of the target gas
under study. The details about absolute pressure measurement
have already been discussed in the previous section. The
following section covers the description régarding the kind
of detectors used in the experiment for light intensity
measurements, pulse extraction from the output of the
detectors wused and other related topics. In case of
absorption cross section measurements, light intensities at
beam splitter and exit slit of 0.2-m monochromator were
needed, whereas for fluorescence cross section, 1light
signals at the beam splitter and fluorescence port were

required.
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2.7.1 Detectors

The measurement of photoabsorption cross section in the
present experiment, covers the . spectral region from 180 .to
340 nm, whereas the fluorescence emission from the neutral
molecules or ions extends upto a wavelength larger than 750

nm,

Below 800 nm, photomultipliers are extremely sgpsitive
light detectors providing a current output proportiGnal to
‘the incident 1light intensity. The photomultipliers with
various types of photocathodes used, have different spectral
response and different quantum efficiency which varies with
incident photon wavelength. A photomultiplier with a
tri-alkali type of photocathode has a S-20 type of spectral
response which extends from about 180 to 750 nm, if used with
a quartz window. The (Cs) Na2 K Sb tri-alkali photocathode
used in some photomultipliers render a moderate level of

background noise.

Photomultiplier tubes have an appreciable current even
in total darkness. This "dark curfent"” is temperature
dependent, it decreases rapidly on cooling below room

temperature, and is given by Richardson’s equation.
n = AT e_(¢/KT) cm 2 sec ! — (2.1)

In this equation, n 1is the number of thermal electrons
produced, A 1s the geometrical factor related to the
photocathode dimensions, T is the absolute temperature in
degrees Kelvin, ¢ is the work function of photocathode
material and K is the Boltzman constant. In the case of $-20
photocathode, the work function is 1 ev. Hence one expects

appreciable thermal current at room temperature.

It 1is evident from Eq.(2.1) that the thermal
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contribution to the dark current becomes . negligibly small
below a certain critical temperature. For S$-20 photocathode,
negligible back grouhd reduction occurs below -30°C. When the
tube is cooled sufficiently to suppress the thermal component
of the dark Current, a fairly constant component, sets the
noise limit. This non-thermal part of the dark current is due
to several causes, including cosmic rays and radio active

atoms in the tube.

In the present experiment, the photomultipliers used at
various ports for light intensity measurements arém Thorn
EMI’s 9558 OB. These photomultipliers have $-20 type of
photocathode with spectral response extended = in the
ultraviolet region using quartz (fused silica) as the window.
The spectral response curve of the photocathode, (S-20) as

given by the manufacturers, is shown in Fig. (2.14).

The photomultiplier tube at the beam splitter port is
thermoelectrically cooled down to -30°% by the thermoelectric
refrigerated chamber (Modle} TE 206-TSREF, Products for
Research,USA). The photomultipliers used for measuring the
transmitted intensity at the exit slit of the 0.2 meter
monochromator and fluorescence intensity at the fluorescence
port were cooled down to -30°C by thermoelectrically cooled
photomultiplier housing (Modle: FACT - 50 MK3, Thorn EMI,UK).
It may be pointed out here that the ~absorption and

fluorescence measurements were not made simultaneously.

In a photomultiplier, discrete electrical output pulses
are generated at the anode for each photon striking the
photocathode. The amplitude spectrum of output pulses
comprises of peaks, ariéihg due to a photon striking at the
photocathode and also from the thermal release of electrons
within the dynode structure. But the amplitude of pulses
generated at various stages of the dynodes is much smaller
than that of pulses due to a photon event. A useful

improvement in output signal to noise performance is achieved
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if these lower amplitude pulses are rejected from the data.

There are two ways in which a photomultiplier can be
used, These are analog mode and photon ccunting mode. In
analog mode, dark current will give a combined contribution
of electron emission from the photocathode and dynodes
- together with electrical leakage within the tube. In photon
counting mode, the contribution of electron emission from
dynodes and electrical leakage can be avoided by using a
pulse height discriminator. The threshold voltage of pulse
height discriminator is chosen in a such a way that the

signal to noise ratio is maximum.

For measuring light intensities in the present
experiment, all photomultipliers were used in the counting
mode. Except in one spectral region, where the fluorescence
were appreciable (signal to noise ratio 10:1 for 802 at
wavelengths 220 to 230 nm), the fluorescence signals in all
other spectral region for both SO2 and C82 were extremely
small. The ;ight intensity at beam splitter was about 5% of
the incident flux. Also a considerable reduction in the
transmitted intensity was observed at the exit slit of 0.2-m
monochromator because of light loss2s in the dispersing unit.
That 1is why all the photomultipliers were operated in the
counting mode. In addition, cooling of the photocathodes for
all the photomultipliers helped to have reduced dark current

and large size photon pulses.

Optimization of signal to noise ratio was carried out
for the photomultipliers used in the experiment. Figure (2.18)
gives the plot of signal to noise ratio verses applied
voltage . From the fiéufe, it is clear that the signal to
noise ratio remains stable in a certain range of applied
voltage. Therefore, an applied voltage of 1220V for the
Photomultipliers used to carry out fluorescence/absorption
studies and 1150 volts for the photomultiplier used at the

beam splitter were fixed. A special mention would be made in
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the text if and when different 'voltages - for the

’;phdtomultipliers are used.

2.7.2 Data acquisition system

Data .. acquisition system includes pré—amplifier,
- amplifiér,'giscriminator units for the photomultipliers and a
microprocessor—controlled 1024 chahnel dual multi channel
analyzer (MCA). The entire system was designed and built in
‘ ,our laboratory to suit our requirements, and the. block

diagram is shown in Fig. (2.16).

The anode output from both the photomultipliers was fed
to a charge sensitive preamplifier having deéay time constant
of about 330 ns. Output of the preamplifiers, after
sufficient amplification, using another amplifier, was fed to
a variable threshold discriminator to cut off noise and
obtain clean and uniform pulses. Photomultiplier voltage and

the discriminator threshold level were optimally set in

- conjunction with each other to obtain maximum signal to noise

ratio.

The MCA consists of two main units, namely the
microcomputer and the interface. The interface unit comprises
of two 20-bit counters; a timer and two 8-bit digital to
analog (D/A) converters. The microcomputer was specially
programmed so as to function as a dual MCA operating in
scalar mode, having two sets of simultaneous data storage of
1024 channels, each with storage capacity of 2*°~1 counts per
channel. It used a video terminal as its console to accept
commands and set data acquisition parameters. Varidﬁs'options
for gate time were provided to store the data. The duration
per channel was available from 0.1 sec to 100 séc. A dot
matrix printer was connected to obtain hard copy of the raw
data and its profile as well. The data could also be

transferred on a communication link to a remote computer for
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off - line processing, long term storage. and documentation.

Initially the acquisitioh parameters like time duration
gate pulse, number of scans étc, are set into the MCA through
the video terminal. Then, the computer triggers the timer to
generate a gate pulse of width corresponding to a
~pre-selected value. During this interval of time, incoming
pﬁlses from photomultipliers are allowed to be counted in two
~separate. counters. At the end of the gate pulse, two sets of
the total counts data are retrieved by the computer and
stored separately in the corresponding channel memory. Then
the channel number is advanced, counters are reset, and a
fresh trigger pulse is sent to the timer. A fast scan of each
channels data along with its corresponding channel number is
continuously fed to two D/A converters to produce X and Y
sweep voltages for an external CRO which gives visual display

of current status of the data profile.

On completion of full acquisition scan, the raw data can
be printed on a dot matrix printer and a printed profile can
also be obtained. Further processing of the raw data can be
done by transferring it to a remote computer/IBM~-PC through a

communication link provided.

2.8 Operation of the Instrument

To start the experiment, all the pumping units were
turned on. Power supplies for the photomultipliers and
thermoelectrically cooled houses were switched on at least 5
to 6 hours prior to ény spectral measurements to be carried
out. This allows the temperature of the housings to be
stabilized. Also the stability in dark current of the
Photomultiplier could be achieved. The system was evacuated
until background pressure of 10 ° Torr was reached in 1-m

monochromator, absorption/fluorescence chamber and reference
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 side of the MKS Baratron capacitance, manometer. Next the
]ight source was started following the procedure out lined

pelow.

Water circulation for the mini-arc 'light source was
_ turned on. Required pressure (= 1 atm.) of the argon gas was
’umaintained in the light source, with the help of ball type
. gas flow meter. The current regulated power supply was
switched on. The arc was transferred form the cathode to the
anode with the help of an auxiliary electrede, a tungsten
~rod. The current across the discharge was set to a high value
‘(~ 42A) near 200nm whereas a current of 34A was maintained

for the incident photon wavelengths larger than 280 nm.

Having decided the spectral range, the operating
conditions for the argon mini-arc 1light source were
finalized. The pressure of the target gas to be used in the
absorption/fluorescence chamber had then to be decided for
absorption and fluorescence measurements. The procedure for
carrying out absorption and fluorescence studies has been

discussed in detail in the following sub-section.

2.8.1 Absorption cross sections measurement

Two spectral scans were necessary to obtain absorption
cross section of the target gas. First scan was taken without
the target gas in the absorption/fluorescence chamber,
whereas the second scan was carried out with the desired
pressure of target gas in the chamber. When there was no gas
in the absorption chamber, the two photomultipliers at the
beam splitter port and at the exit slit of 0.2-m
monochromator were used for the purpose of calibration of
incident intensity. This part has been discussed in Chapter
IIT in detail. The signals from two photomultipliers after
pProper amplification were fed to the dual 1024 MCA. The

typical gate time used to store the incoming pulses from the
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photomultipliers was 10 seconds per chénnel. The grating of
the two moﬁochromators were co-rotated at a speed of 1nm/min
go that - the wavelehgth ~coverage was 0.167 nm during each
channel of the MCA. The synchronization between grating
rotations of the two monochromators and the start of counting
by MCA was insured to a high accuracy by using the same
switch for all these operations. The scanning was stopped

after covering the desired spectral range.

Same procedure was repeated after filling the
absorption/fluorescence chamber with target gas. The reéquired
pressure of the gas was monitored by the MKS Baratron
capacitance manometer. The intensities measured ‘at  beam
splitter and at the exit slit of 0.2-m monochromator were

~ stored for both with and without gas scans. This information
’was used to calculate the absorption cross section of target
gas as a function of incident photon wavelength. Further
discussion on the methodology of absorption cross section

 measurements has been covered in the next chapter.

2.8.2 Fluorescence cross section measurements

Here the aim was to study the fluorescence signals
produced by the target gas perpendicular to or along the
primary photon beam axis as a function of incident
wavelength. For  the measurement of fluorescence Ccross
sections of SOZ, the fluorescence signals were collected by
pPhotomultiplier positioned perpendicular to the optic axis
whereas for C82 vapour, the fluorescence studies were carried
out in the direction along the photon beam axis. The reason
for doing that ha§ béen discussed in detail in Chapter III.
That is why, the 0.2-m monochromator at the end of the
absorption/fluorescence chamber was not needed while carrying
out fluorescence measurements. The operation of the
instrument was similar to what has been described for

absorption cross section measurements except the fluorescence
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studies fo: C82 vapour. In case of 802 , the photbmultiplier
housing which was used at the end of 0.2-m monochromator in
absbrption studies was: shifted to the fluorescence port
(FL1 in Fig. 2.10) perpendicular to the optic axis. Here,
~again two spectral scans were carried out. The one without
gas was to measure the scattered signals arriving to the
fluorescence port, 1if any, and the gas scan for the

measurement of fluorescence signals.

For the méasurement of fluorescence intensity in the
direction along the photon beam axis as in the case  of CS2
vapour, a colour glass filter was used Dbefore the
photomultiplier measuring fluorescence signals. The colour
glass filter was chosen carefully such that it would not
transmit the monochromatic incident photon wavelength from
the argon mini-arc source, but would have high transmittance
for fluorescence signals from the target molecules. The
method to calculate fluorescence quantum yield in this

configuration has been discussed in detail in Chapter 3.

2.9 Performance of the Instrument

The performance of the absorption/fluorescence
spectrometer was studied in detail for various features like
resolution, calibration of the photon wavelength scale etc. A
quantitative analysis was also carried out to understand the
effect of any change in absorption cross sections with a
0.2-m monochromator after the absorption chamber. All these
features would be discussed one by one in the following

sections.

2.9.1. Resolution

Instrumental resolution and resolving power of the 1m

monochromator have already been discussed in Section (2.3.1).
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Some more information about this aspect is in order here.
Resolution of the system was measured using known intense
atomic lines of mercury and carbon. For this purpose, quartz
“enveloped mercury lamp as weil as argon mini-arc itself were
used. The lamp was mounted on a flange situated at the
entrance slit of the 1m monochrdmator. For 200 micron width
of entrance and exit slit, full width at half maxima (FWHM)
of atomic lines was found to be about 0.2 nm in the
~wavelength region 185 to 330 nm. Three mercury atomic lines
at wavelengths 253.65, 284.77 and 326.41 nm and one carbon
atomic line at 193.09 nm were chosen for measuring resolution
\of the system at 200 micron slit widths for both entrance and

exit slit of the 1m monochromator.

Effect of mechanical vibrations on the resolution of the
instrument was also studied. This was done at only one
wavelength i.e, at CI 193.09 nm atomic line. It was found
that the vibration due to mechanical pumps did not affect the

resolution of the system.

2.9.2 Wavelength calibration of the spectra

Wavelength analysis of the absorption and fluorescence

\xspectra of target gases was carried out using the 1l-meter

~scanning monochromator. The scanning drive of the
monochromator 1is coupled to a counter that displays the
wavelength appearing at the exit slit, directly in angstrom
units. The monochromator counter which displays the
wavelength, was calibrated with known atomic lines for
wavelength calibration in the spectral region from 185 to 330
nm. It was fbuﬁd that there was a constant difference between
the two wavelength scales, one provided by the counter of the
monochromator and other by standard atomic lines. This
Correction was wused in the subsequent analysis of the

f photoabsorption and fluorescence spectra of the target gases.
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2.9.3. Effect of using 0.2 monochromator

In the experiment for measuring absorption <cross
'sections of target molecules, initially, the transmitted
intensity was measured at the end of the absorption chamber.
It was found that the. absorption cross sections measured in
this way were always smaller than those reported in the
literature. Also, it was noticed that the absorption cross-
sections were always pressure dependent even though the
pressure of the target gas used was well within the* pressure
limit allowed by Beer-Lambert law. Lower the pressure used,
higher the value of absorption cross section was obtained.
Taking typically the case of SO2 at 204.0 nm incident photon
wavelength, the value of absorption cross section at 80 mTorr
was found to be 1.7 times that measured at 300 mTorr of
target gas pressure. This discrepancy could be explained in
terms of some additional light signals being detected by the
photomultiplier measuring the transmitted intensity. It is
obvious .that the target molecules gets excited because of
photoabsorption and re-emits as a fluorescehce signal at
wavelengths larger than the incident photon wavelength. This
fluorescence emission would have a component along the
direction of the photon  beam axis. Therefore, the
fluorescence would give an additional contribution to the
transmitted signal with the result that the absorption cross
section would become smaller in value. Higher the pressure of
the target gas, higher would be the contribution due to
fluorescence component along the beam axis and therefore
smaller would be the absorption cross section. This fact was
clearly observed in the present experiment as we were using
802 as the target gas which has a large fluorescence quantum

efficiency.
To overcome this defect, a 0.2-m monochromator was used

behind the absorption chamber and the transmitted intensity

was measured at the exit slit of the monochromator. AS

63



{ described .before, this .monochromator was evacuated to an
 appropriaté pressure. By co-rotating the gratings of 1-m and
0.2-m monochromators, one could eliminate the possibility of
fluorescence signals frdm being detected by - the
photomultiplier measuring the transmitted intensity. Using
this system, the absorption cfoss section at many photon
wavelengths were measured as a test case at large number of
pressures varying from 80 to 300 mTorr. The cross section
values at all pressures were found to be same within the

stipulated experimental errors.
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CHAPTER - 3

METHOD

To find the fluorescence quantum yield of a molectile at
an incident wavelength, it is required to measure the total
‘photoabsorption and fluorescence Cross section. The
fluorescence quantum yield can be obtained by taking the
ratio of fluorescence to absorption. cross section. In the
present experiment, the fluorescence signals were measured
rperpendicular to, and along the optic axis for 502 and CS2
gases respectively depending upon the strength of the
emission from the photoexcited products. The absorption cross
sections in the present experiment were measured absolutely,
whereas, the fluorescence cross sections were measured in a
relative way. These measurements were made absolute by
normalizing our results at certain incident wavelength
(228nm) where the fluorescence quantum yield for SO, gas 1is
reported to be 100% (Hui and Rice, 1971). )

3.1 Photoabsorption Cross Section Measurement

The total photoabsorption cross section, O 7 for a

given molecule could be measured using the Beer-Lambert law:

I. =1 exp (- nl) — (3.1)

A 0A A

where I and I, are the fluxes incident on and transmitted

0A A
through the gas, n is the concentration in particles per

cubic centimeter and 1 is the path length in centimeters. In



the above equation, n is given by

— {3.2)

where n_ is the Loschmidt’s number, p is the absolute
pressure in the absorption chamber measured in Torr @nd T is

temperature of the gas in degrees Kelvin.

When there is no gas in the absorption chamber, the

intensities I Z%G measured at the beam splitter and at

’
the end of abé?iption/fluorescence chamber are supposed to be
same. But in actual practice, there is a difference in the
two values because of quartz windows intercepting the photon
beam, and the two photomultlpllers, even though they are of
the same type. This gives a calibration for the incident

intensity. That is,

NG One (3.3)

With gas inside the chamber, the beam splitter intensity
(IO ) 1s multiplied by this calibration factor to get IOA of
Eg. (3.1). Therefore, the intensity measured at the other end

of absorption/fluorescence chamber, in this case, is given by

I =D IOGexp(—v nl)

G

Ta

Subsdtuting the value for D from Eg. (3.3)
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I

Iochp(—oTA nl) . o ’ —— (3.4)
One '

This way, any change in intensity of the incident bean
(IOG) during the experiment can be taken care Qf. Thus, the
absorption cross section at a given photon wavelength could
be measured by knowing_the intensities. without and with the
target gas molecules %n the,absorptiqn chémber i.e., IOm’
IOG at the beam splitter and 1 , IG at the end of ~absorption -
chamber, n the number density of species under investigation

and 1 the length of the absorbing column.
3.2 Total Fluorescence Cross Section Measurement

502 gas were carried out in the direction perpendicular to
the optic axis. This could be achieved as 802 is known to
have larger fluorescence quantum vyield. 1In comparison, the
strength of the fluorescence signals was quite less in the
case of CS2. Hence the fluorescence signals of CS2 were
extracted along the optic axis by making appropriate

arrangements.

3.2.1 Fluorescence signals measured Perpendicular
to the optic axis

to the optic axis (Fig. 3.1) from the absorption/fluorescence

Chamber is. given by

exp(—noTAl)[l—exp(—noTAAl)]
I = KFy I — (3.5)
fa A 70

1 + k"crn
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where K is the geometrical constant which depends upon the
is the

ystem, F is the photocathode quantum efficiency, L)
uantum yield for the productlon of fluorescence emission,l
s the optical path length as shown in Fig.(3.1), Al is the
1light path along the 'opticf'axis as viewed by the
bhotomultiplier*_measuring fluorescence, k 1is the quehching
rate constant ofﬁthe product andArr is the radiative lifetime
of the emitting state. For 802 gas , the approximate walues

for these parameters are given below

*
_ k,quenching rate constant of SO2 by'SO2

~ 10 “cm’/molecule/sec
l;?r’ radiative lifetime (A=220.6nm) ~ 35»x 10’ sec
h, number density of Soz(at 150 mT) ~ 5 x 10”molecules/cn’
~Efk’ absorption cross section (A=228nm) ~ 2.4 x 10 Y em?®
- 1, optical path length (Fig. 3.1) less than 10 cm

The terms krrn, HGTA 1 and nGTA Al are much smaller compared

to one. Therefore, Eqg.(3.5) can be simplified as

T o= KE og, I {[l—noTAl+H(O)+ ===] [1= (1-nog, AL+H (0) + -=-) 1}

— (3.6)

( Note: H(0O) stands for higher order terms )
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2 2 ‘
VfA IOA { TAAl + TA 1 al (0) }

neglecting the highéf order terms in Eq. (3.7) ;

o
and substituting T = fa , Egq.(3.7) becomes
A o ,
TA
Ifx = KE’crfA IOA n Al
or
I
A~ KFal n oo ., (3.8)
Toa

Slope of the graph between Ifx/IOA and n (pressure) gives
KEAl O fy The fluorescence quantum yield of 802 at 228 nm, is
- reported to be 100% by Hui and Rice (1971). Measuring the
total absorption cross section at this wavelength the wvalue
for fluorescence cross section at 228 nm is obtained (GfA =
erA UTA)' Substituting the wvalue of Ty in Eg. (3.8), the

constant KFAlL was determined. This way the . relative
fluorescence Cross sections measured' in the present
experiment were made absolute having obtained the value for

the constant Kral.
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3.2.2 Fluorescence signals measured along the optic axis

In the case of CSZ, the strength bf fluorescence signals
was low and thus could not be detected perpendicular to the
optic axis. Instead, the detection of weak fluorescence
5ignals along the bptic axis was possible, as large number of

molecules contribute to fluorescence signals in this

configuration. . The experimental arrangement to ‘méasure
fluorescéhce signals along the optic axis -is given in
Fig. (3.2). Ql’ Q2 are quartz plates used for the'purpose of
vacuum sealing the absorption/fluorescence chamber, F™is a
colour glass filter (Wratten-3) having an appropriate band
width to match the emission spectrum of target molecules and
~at the same time rejecting the incident radiationv to be

detected at the other end of absorption/fluorescence chamber.

To extract the fluorescence intensity from the target
molecules alone is rather difficult in this configuration as
the quartz plate seems to fluoresce at UV and VUV (incident)
wavelengths. A method developed to calculate fluorescence

cross sections, in this case, is given below.

When there is no gas in the fluorescence chamber, the'’
f:fluorescence intensity from quartz plate Q2 (Fig. 3.2)
~ detected at the end of absorption/fluorescence chamber is
 given by

If)\Q = CKla’ﬂQ.IOA —> (3.9)

where IoA is the intensity of photon.beam detected by beam
Splitter photomultiplier, C is a constant which depends upon
_ the reflectance and transmission of the beam splitter and
Quartz plate (Q1), Kl is a constant which takes care of
geometry of the system and quantum efficiency of the
 Photomultiplier and LN is the fluorescence quantum yield
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f the quartz plate (Q2). IoA and Ifo can be measured from
_the beam splitter photomultiplier and the other
photomultiplier positioned behind the colour glass filter.
Therefore, at each wavelength, the wvalue of (H%yka can be

ptained.

, With gas inside the chamber, the total fluorescent
ﬂ inten§ity would have'contributions both from quarti plate Q2
__and the target gas molecules. With gas in, the intensity of
;iphoton beam incident on the front edge of the quartz plate Q,
~would be Conexp(—meAl). Therefore, the fluore§cent

_intensity because of quartz alone would be given by

IﬂQ = CKlyﬂQIOA exp(—no:ml) —_— (3.10)

The fluorescence intensity because of gas alone would be
given by

I = KFCyﬂG I

AG [1—exp(—n%“l)] — (3.11)

OA

7

where K 1s the geometrical constant which depends upon the
¥ ag 1S the

quantum yield for the production of fluorescent emission from

System, F is the photocathode quantum efficiency,

target gas molecules alone. The two constants K and K1 are
different as the geometry involved in the production of
fluorescence for gas and quartz is different. The total
fluorescence intensity at a given wavelength includes the
fluorescence intensities because of quartz alone and also

from the target gas molecules. This is given by
I =

g CKlgrﬂQ I(n exp(—no-TAl) + KFCyﬂG Ioh[l-—exp(—nqml)]

— (3.12)

11



Again the value of 100% for the fluorescence quantum
yield of SO gas at 228 nm (Hui and Rice, 1971) was utilized
_for the purpose of normalizing our results. The experiment is
 repeated with SOé gas 1in this 'configuration. As already
_mentioned, the values quAl, krrn for SOz_gas are negligibly
,Sm?ll -as .compared to one. Therefore Eq.(3.12) can be

simplified as

I
faT _ - , NN
CK,7 g [1-no, 1+H(0) bi

KECy ¢ f1-(1-no  1+H(0) + ---)]

Il

CK¥ g * [ KECrgy( - CKY mo B nogl — (3.13)

~ The product CKﬁxf)Q is known from Eqg. (3.9). All other

quantities like I n (pressure), 1 are known from the

7 I 14
- oA far
~_experiment and o has been measured in absorption studies.
~ From the slope of the graph Dbetween IfAT/IoA and n i.e.
pressure, the value for KFC was determined from Eq. (3.13).
Hence the absolute fluorescence cross sections for CS2 could

~ be obtained at a given wavelength using Eq. (3.12).

Thus, knowing the absolute total photoabsorption and
fluorescence Ccross sections in the two geometrical
configuration for 802 and CS2 respectively, the fluorescence
- Quantum yields could be obtained as a function of incident
 photon wavelength.
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CHAPTER - 4

ERROR ANALYSIS

The errors in the experiments that measure

photoabsorption, fluorescence cross sections and fluores&ence
~ quantum yield of molecules can conveniently be classified as
 follows: multiplicative, such as errors in pressure,
__temperature and absorption/fluorescence path iength;

additive, such as errors because of counting statistics and

_Cross section shape errors caused by gas impurities and
_uncertainty in the incident photon energy. The complete
description of these errors is given below in order to
determine an estimate of the upper limit of actual error. The

most probable estimate of the accuracy of the experiment is

falso given below for both 802 gas and C82 in vapour phase.

I

4.1 Pressure Measurement

The error in the ©pressure measurement could be
attributed mainly to various parameters of the measuring
instrument (MKS capacitance manometer), such as the
instrumental calibration and drift in null reading etc. Since

it is a differential gauge, the reference side has to be
evacuated to pressures much better than 10 ° Torr. Hence, the
VOrder of wvacuum of the reference side of the capacitance
Manometer may also contribute to the most probable estimate

 of the error, but in a small way.
The pressure of the target gas was measured absolutely
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by MKS Baratron capacitance manometer (Model:310 BH-10). This
nmanometer was capable of measuring pressure up to. 10 Torr
absolutely provided the - reference side of the head was

evacuated to a high degree of vacuum.

In .the photoabsorption experiment the SO2 gas was

introduced in the pressure ranging from 200 to 350 mTorr,
whereas, the vapour pressure of CS varled from 2 mTorr to 5
_Torr. The systematic errors prov1ded by the manufacturer in
various preséure ranges are given in Fig.(4.1). Since the
capacity of the sensor head for the measurement of pre§sure
_is up to 10 Torr, the systematic error present in lower
pressure ranges 1is more compare to that of high pressures
(Fig. 4.1). Thus, the systematic errors at the two lowest
pressures used in the measurement of cross section for S0,
and CS2 are +0.1% and +1%, respectively, whereas for both the

 highest pressures the error is +0.08%. As an upper limit to

the actual error, the larger errors +0.1 and +1% were chosen
as the errors due to instrument calibration for SO2 and CS2

" gases respectively and these values were used to estimate the

_most probable error in photoabsorption cross section

measurement.

Similarly in the fluorescence studies the pressure

 7 ranges used for SO, and CS  respectively are 2-300 mTorr and

~ 2-850mTorr. Again a maximum systematic error of +1%
corresponding to lowest pressures used, was considered in the

~ Teasurement of fluorescence cross sections for both the
_ gases.

Zero adjustment in the MKS capacitance manometer was
Possible with the help of balancing valve as described in

Section (2.6.2) {Fig.(2.12)}. The null reading of the MKS

f Baratron capacitance manometer was noted before and after the
€xXperimental scan and no drift in the null reading was
_ observed during this period. Therefore, error due to the

drift in null reading of the manometer could be ignored.
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The reference side of the MKS capacitance manometer was
continuously evacuated to a pressure better than 10 ¢ Torr.
‘Since the pressure measured‘ using this gauge was always
greater than 10_3 Torr, which was at least three orders of
‘magnitude larger, the errors intfbduced because of reference
side pressure were negligible.

4.2 Thermal Transpiration Effect

The material used for the sensor of the MKS Baratron
capacitance manometer, 1is very sensitive to the ‘thermal

fluctuations. Therefore, it is operated at an elevated
7temperature (at 318K), thle the temperature in the
absorption/fluorescence chamber was around 300K. Thus we
might expect the pressure in the absorption/fluorescence
chamber to be slightly less than the pressure shown by the
MKS unit head due to thermal transpiration effects. The

‘wthermal transpiration effects in the present work have been

worked out on the lines suggested by Edmonds and Hobson
(1965) :

Tch

pch = a

where Pep’ TCh are the pressure and temperature in the
absorption/fluorescence chamber, P is the pressure indicated
by the MKS sensor, ‘I‘m is the temperature of the sensor head,
and ‘a’ 1is a constant which depends on the geometry over
which the temperature gradients occur. For an ideal aperture,
@ = 1, but in practice, it may have a value slightly greater
than unity. From Eq.(4.1), it is found that the pressure in
the absorption/fluorescence chamber has to be raised by 2.9%.
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This pressure correction has been incorporated in the present
measurements’and absorption and fluorescence cross sections
have ‘been  calculated accordiﬁgly. The other error which
occurrgd' was due to inaccuracy in the measurement of
emperature. This could be as high as +1 PC,' which would

introduce a maximum error of +0.4%.

K4.3 Uncertainty in Optical Path Lengths

The absorption path length in the present experiment is
the length between the quartz plates Ql and Q2 inside the

absorption chamber as shown in Fig.(2.11). This was measured

as 24.8 + O0.lcm, giving an error of +0.4%. In case of
fluorescence experiment (for SOZ), Al as defined in
egqns. (3.5) and (3.8) has not been measured. Instead, the

3 fluorescence cross sections have been normalized with some
ﬁ;other experiment reported in literature at a certain incident
}lphoton wavelength. The maximum error 1in Al has been
_estimated to be .about +2%. One point to be noted here is that
_ the the parameter Al is used only in the case of fluorescence
% cross section measurement of sof while the optical path

length "1’is used for absorption crofs section measurements
~ of both the gases, along with the fluorescence cross section
measurement of CSf

4.4 Counting Statistics

Photon counting being a statistical process, follows

Poissonian distribution. The uncertainty 1in ’‘n’ number of

counts is given by + /r:fi To reduce this uncertainty it is

advisable to have a large number of counts. Therefore, care
was taken to give a large integraticn time for the collection
- 0f photons. But, the strength of the fluorescence signals was
§0 low that, even an integration time of 20 seconds per

Channel was not sufficient to obtain an appreciable number of

76



®

- counts. The signals measured at the end of absorption chamber
_in the case of photoébsorption studies were also quite weak
iin,certain spectral regions (A < 200 nm). Therefore a major
contribution to the total estimate of error for
photoabsorptiod and fluorescence cross sections, wae‘due to

the counting statistics.

The countlng statistics in case of absorptlon studies
ﬁfor SO has 1ntroduced. an error varying from +0.4 to +3%
dependlng upon the spectral region where the cross sections
~were measured, whereas for CS, vapour it varied fr0m2¢0.2 to

+4%. The larger errors of +3 and +4% have been considered for
'SOZ and CS2 respectively for calculating the most probable

estimate of accuracy. Similarly the counting statistics
errors in the fluorescence studies were observed to be in the
range #0.2 to +4.0% and +0.1 to +5.0% for 80, and Cs,
respectively depending upon the spectral region where cross
sections are measured. Again, the larger errors of +4 and +5%
have been considered for 802 and C82 respectively.

4.5 Gas Impurity

The research grade 802 gas was procured from L’Air
Liquide, France and was 99.95% pure. Carbon disulphide vapour
was obtained from an analytical-grade liquid. The wvapour
(CSQ was purified by fractional distillation before being
introduced into the absorption/fluorescence chamber. Care was
taken to maintain the purity of these gases. The gas handling
System was completely made of metal, and was evacuated before
the experiment. Therefore, the error due to the sample gas

impurity was negligible.

4.6 Conclusion

The coherent sum of the errors discussed in this
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chapter, acted as an estimate of the upper limit of the
actual error. In‘the present'expefiment,'it has been found to
be j3;9, +5.8% for absdrption cross section measurement, and
+7.4, +6.8% for fluorescence cross section measurement for
'VSO2 and CS2 respectively. The incoherent sum was obtained by
adding the squares of all the errors and taking' the square
root of the total sum. The incoherent sum represented the
most probable estimate of the accuracy of -the experiment. In
the present experiment, the most probable error was estimated.
to be #3.1, +4.2% for absorption cross section measyrements
and +4.6, +5.1% for fluorescence cross section measﬁrements
for the gé%es SO2 and CS2 respectively. The most probable
error for fluorescence quantum yield turned out to be +5.5
and +6.6% for SO, and CS, gases.

The error budget for the measurement of photoabsorption
and fluorescence cross sections for SO2 and C82 has been
summarized in Table (4.1).

Y
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Table 4.1 Error budget in the measurement of photoabsorption

and fluorescence cross sections for 802 and CS2 at

room temperature.

Error in O
: TA

e
Error in jX

measurement measurement
(%) +(%)

SO CS2 802 C82

Pressure +0. +1.0 +1.0 +1.0
Temperature +0. +0.4 +0.4 +0.4
Optical path length , 1 +0. +0.4 - +0.4

rr Dl -— -|_-20 —
Counting Statistics +3. +4.0 +4.0 +5.0

in Intensity

Coherent Sum +3. +5.8 +7.4 +6.8
Incoherent Sum +3. + 4.2 +4.6 +5.1

or total r.m.s. error




CHAPTER - 5

RESULTS AND DISCUSSIONS

Thé photoabsorption and fluorescence cross section
_measurements have been carried out in the two spectral
. regions: 188.5-231, 278.7-320 nm for SO2 and 188.2~213,
 287.5-339.5 nm for CS2 respectively. As mentioned earlier,
the fluorescence quantum vyield of a molecule can be
_determined experimentally py measuring the photoabsorption

and fluorescence cross section at an incident wavelength and

taking the ratio of fluorescence to photoabsorption cross

_section. Both the gases, show prominant structures in the

_ spectral regions mentioned above. The results obtained for

both the gases are taken up separately for a detailed

_discussion.

5.1 Sulphur Dioxide o

The ground state of SO, is X lAl with an 0-S-0 angle of
119.5°. The bond energy D_(0S-0) is 5.65 + 0.01 eV (Okabe,

= 1971). There are three main regions of absorption in the
f‘ultraviolet, namely, an extremely weak absorption in the 340
~ to 390 nm, a weak absorption in the 260 to 340 nm, and a
_ strong absorption in the 180 to 235 nm region. The
dissociation of SO2 to SO + O starts below 219 nm. Above this

wavelength, 802 exibits strong'fluorescence.

5.1.1 SO, : Spectral region 188-231 nm

The photoabsorption cross sections as measured in the
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present experiment are shown in Figs.(5.2) and (5.3). These
cross sections have been measured at various SO pressures
ranglng from 200 to 350 mTorr and the average cross sections
are shown in Figs.(5.2) and (5.3). The photoabsorption,
fluorescence cross section and the fluorescence quantum yield
values along with the peak a331gnments in the spectral range
188.7-231.,4 are glven in Table (5.1). It was found that at a
typical 1nc1dent ‘photon wavelength of 207.5 nm, the maximum

pressure used in the experiment was well within the values of

pressures where Beer-Lambert law was valid. The "ln(on/IA)
dependnce on pressure of the 502 gas has been. "shown in
Fig.(5.1) at 207.5 nm. '

Sulphur dioxide has a system of strong abeorptlon bands
beginning near 235 nm. Because the transition involves a large
Franck-Condon shift, the 0-0 band is relatively weak and at
ordinary temperatures does not stand out from the background.
This appears to be the reason for the confused state of
affairs surrounding the electronic assignment. Duchesne and
Rosen (1947) grouped the bands into two systems, @ and @,
.considered to belong to two different electronic transitions.
The possible assignment of these systems has been reported by
Herzberg (1966). A contrary view, that the « and «, bandsf?
form part of a single system of vibronic bands was developed
by Coon et al (1967) and founded on the identification of the
origin with the band at 234.8 nm. This system was identified
with the transition ¢ 1B2 « X hﬂ, following the ab initio
calculations of Hillier and Saunders (1971). This was further
confirmed by Brand and Srikameswaran (1972) and Brand et al
(1976) after carrying out rotational analysis of a few bands
of the 235.0 nm system.

Even though, there 4is very little question about the
assignment of electronic transition of the 235.0 nm system,
the assignment of the different bands is not very easy. In the
Present experiment the same nomenclature has been followed for
different bands as done by Okabe (1971) . The
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 Table 5.1

Potoabsorption,

and

fluorescence Cross sections,
fluorescence quantum yields in 188.75-231.4 nm
PEAK ASSTI. WAVE ABS. FLR. FLR.
IF ANY LENGTH . . CROSS SEC. CROSS SEC. QUANT.
No. IN nm x107'® x1072° YIELD
cm? cm? %
26 188.75 1.17 =
189.25 0.45 -
25 190.45 1.45 -
191.12 1.02 o
191.62 1.92 -
24 191.95 2.70 -
192.37 1.25 -
23 193.00 3.76 -
193.92 1.83 -
22 194.80 4.30 -
195.30 3.55 -
195.63 3.10 -
21 196.20 8.20 -
197.03 3.45 -
20 197.70 8.44 -
198.62 3.65 -
19 199.30 9.52 -
200.22 2.95 } - .
18 200.80 10.47. 1.31 0.1
201.80 3.75 1.44 0.4
17 202.40 10.12 2.57 0.3
203.40 2.50 2.65 1.1
16 204.00 10.22 2.22 0.2
205.00 3.20 3.16 1.0
15 205.890 9.33 2.39 0.3
206.90 1.97 2.91 1.5
14 207.30 9.55 2.19 0.2
208.30 1.60 4.72 3.0
13 209.00 8.35 1.75 0.2
210.08 1.58 5.45 3.4
12 210.70 7.07 1.15 0.2
211.87 1.35 6.34 4.7
11 212.30 6.25 3.01 0.5
213.13 1.38 4.19 3.0
10 213.50 5.27 5.45 1.0
214.67 1.15 3.99 3.3
9 215.30 5.15 11.94 2.3
216.47 1.32 11.35 8.6
8 217.00 3.78 17.53 4.6
218.17 1.15 12.69 11.0
7 218.90 3.22 25.78 8.0
220.07 0.60 12.95 21.6
6 220.57 2.39 58.68 24 .6
220.74 2.21 97.09 43.9
220.90 1.62 75.78 46.8
221.07 1.42 57.87 40.8
221 .24 1.22 49,31 40.4
221.40 0.93 32.28 34.7



Table 5.1 continued..

PEAK ASSI.  WAVE ABS. FLR.
IF ANY LENGTH . CROSS SEC. CROSS SEC.
No. IN nm x107'® x107%° YIELD
2 2 Q
cm cm 5.
© 22157 0.70 20.32 29.0
221.74 0.47 9.89 21.0
221.90 0.52 7.21 13.9
222.07 0.50 9.39 18.8
222.24 0.72 19.48 27.0
222.40 1.17 51.41 43.9
5 222.57 1.30 79.85 61.9
222.74 1.24 65.20 52.6
222.90 0.86 58.55 68.1
223.07 0.94 56.31 59.9
223.24 0.96 46.30 48.2
223.40 0.55 30.17° 54.9
223.57 0.51 17.31 33.9
223.74 0.60 11.98 20.0
223.90 0.71 17.72 25.0
224.07 0.73 30.90 42.3
224.24 0.83 38.78 46.7
4 224 .40 1.02 54.25 53.2
224.57 0.83 52.10 62.8
224.74 0.94 45.87 48.8
224.90 0.68 43.18 63.5
225.07 0.55 36.71 66.7
225.24 0.55 26.31 47.8
225 .40 0.36 18.22 50.6
225.57 0.48 13.12 27.3
225.74 0.53 15.60 29.4
225.90 0.53 35.78 67.5
226.07 0.69 46.32 67.1
3 226.16 0.60 49.23 82.1
226.24 0.52 44.60 85.8
226.40 0.51 42.08 82.5
226.57 0.38 31.58 83.1
226.74 0.28 22.45 80.2
226.90 0.42 15.05 35.8
227.07 0.43 14.58 33.9
227.24 0.21 11.64 '55.4
227.40 0.29 11.12 38.3
227.57 0.32 11.29 35.3
227.74 0.39 18.52 47.5
227.90 0.45 42.60 94.7
2 227.99 0.45 45.00 100.0
228.24 0.32 30.14 99.2
228.40 0.30 23.25 77.5
228.57 0.20 19.11 91.0
228.74 0.21 13.51 64.3
228.90 0.36 12.22 33.9
229.07 0.37 13.54 36.6
229.24 0.16 10.81 67.6



Table _5 .1  continued.

PEAK ASSI. WAVE ABS. FLR. FLR .

IF ANY LENGTH CROSS SEC. CROSS SEC. QUANT.
No. IN nm . x107*® x107%° YIELD
’ - 2 2 o

cm . Ccm - (]
229.40 0.20 7.19 - 36.0
229.57 0.27 4.20 ' 15.6
229.74 0.25 9.04 36.2
229.90 0.36 23.16 64.3
230.07 0.38 27.40 72.1
1 230.24 0.21 19.93 94.9
230.40 0.25 15.63 62.5
230.57 0.36 12.33 34.3
230.74 0.30 11.75 39.2
230.90 0.26 9.73 37.4
231.07 0.17 11.47 67.5
231.24 0.21 9.96 47.4
231.40 0.13 7.15 55.0



peaks in Figs. (5.2) and (5.3) have been numbered from 1 to 26
from 230.2 nm to lower wavelengths. It may be noted that the
band 1 is by no means the origin of this band system.

Thevphotoabsorption cross sections measured absolutely
are shown‘in Figs.(S.Zf and (5.3) for the spectral regions
188.5 to 215 nm and 212.5 to 231 nm respectively. The
absorption cross sections vary from 1.17 Mbn to 4.30 Mbn from
band 26 to band 22 (Fig. 5.2) followed by a sharp increase
upto band 18. The cross sections from band 21 to 18 vary from
8.20 to 10.47 Mbn. The pPhotoabsorption cross seetions
subsequentiy decreasé slowly upto band 1 (Fig.5.3), where the
cross section ié as low as 0.38 Mbn. A comparison of
photoabsorption .cross section obtained in the ‘present
experiment at tge peak of band 12 has been made in
Table (5.2) with the values obtained by other researchers.
Different experimental parameters used by the groups 1like
instrumental bandwidth, type of light source, pressure range
and temperature have been mentioned in the table. The Cross
section value reported by Freeman et al (1984) has been
measured at much higher instrumental resolution of 0.002 nm
and also at a lower temperature of 213 K. That is why their
absorption cross section of 24.0 Mbn at the peak of band 12
is much higher and therefore a comparison is not really
advisable. The cross sections measured by Wu and Judge
(1981), Thompson et al (1963), Golomb et al (1962) and
Warneck et al (1964) at 210.7 nm vary from = 7 to 9 Mbn with
instrumental ‘resolution wvarying from 0.06¢ to 0.1 nm
respectively: The cross section value measured in the present
work 1is almost similar to that measured by Wu and Judge
‘ «(1981) but 1is Smaller by 6% when compared to the cross
Section reported by Thbmpson et al (1963): about 27% when
Compared with the values given by both Golomb et al (1962)
and Warneck et al (1964). The bresent measurements df%cussed
above have been carried out at the instrumental bandwidth of
about 0.2 nm. As this spectral region has a band structure,
the absorption cross sections at the peak of band 12 would
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Table 5.2 Absorption cross section

210.7 nm) of the C - X
various researchers.

of SO2 for band 12 (around

transition as measured by

Resol~ Light Source Pressure Ceil Temper—- ka Reference
T
ution Length  ature -
(nm) (Torr) (cm) (K) (Mbn)
0.2 Argon miniarc 0.20-0.35 24.8 =~ 300 7.07 Present work
(1990)
0.002 H2Discharge 0.03-40 27.0 213 24.0 Freeman et al
(1984)
0.06 Synchrotron 0.01-40 11.51 294 = 7.0 Wu and Judge
(1981)
0.1 H2 Discharge 2-10 12.4 = 300 9.0 Warneck et al
and Hg lines (1964)
Not known Not known 0.26-5 10.0 ~ 300 « 7.5 Thoﬁpsonvet al
(1963)
0.1 H2 Discharge 0.03-1 4.7 ~ 300 3.0 Golomb et al

(1962)



strongly depend upon »thé instrumental fesOlution. In the
present case, the instrumental .resolution -is poorer as
compared to that breported by other groups and therefore,
their Crdss sections éhould be larger than the values’
reported by them. It appears that in some experiments
mentioned above, the tfansmitted intensity measured has a
contribution due to the fluorescence emission from 802

emitted along the optic axis.

Fluorescence Cross section measurement :

The fluorescence Cross sections measured in the present
experiment are shown in Fig.(5.4) from 200 to 232 nm. Only
relative cross sections could be measured in our géystem.
These cross sections were made absolute by normalising the
results at the peak of band 2 (228 nm) where the fluorescence
quantum efficiency of 100% has been reported by Hui and Rice
(1972). Using this wvalue of Y6y along with the absorption
Cross section measured in the present experiment at thisg
particular wavelength, the value of o is obtained.

Measuring I at various pressures of S%, one could

fA/IoA
obtain the constant KFAl as discussed in Sec. (3.2). Knowing
this constant, the fluorescence Cross sections were made

absolute (Table 5.1).

The fluorescence signals below 200 nm -‘could not be
observed as these were almost merged in the dark current of
the cooled phqtomultiplier. At wavelengths ranging from 200
to 210 nm, the'fluorescence Cross sections were less than

5 x 1072 cm? but at longer wavelengths corresponding to

Peaks of bands 12 ‘to 7, the Cross sections varied from
6 x 107%° ¢4 2.5 .x 107 op? approximately. A large increase
in fluorescence cross section at the peak of band 6 was
Observed but the Cross sections decreased subsequently from
9T x 107V o 2.75 x 107Y o for bands 6 to 1
'respectively. It is interesting to note that the peak
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intensity in the fluorescence spectrum increases from band 1
to 6 (Fig. 5.4) and then it . suddenly falls, whereas
absorption still continues tovincreaSe further after band ¢
upto band 18 (Figs. 5.2 ‘and 5.3). This indicates the
occurrence of another vproéess called predissociation. The
threshold energy of incident photons responsible for this
process as observed in the present experiment lies in the
range between 218.9 and 220.6 nm. These values are almost
similar to those obtained by Okabe (1971). It is not possiblev
to compare the fluorescence cross sections obtained in the
pfesent experiment as, to the best of our knowledge, ™ there
are practically no other measurements available in the

literature.

The fluorescence quantum yields as calculated from T
tand O values given in Table (5.1) are shown in Fig. (5.5) at
pPhoton wavelengths varying from 200 to 232 nm, and also
listed in Table (5.1)

5.1.2 802 Spect:al region 278,7-320 nm

The photoabsorption cross sections as measured in the
Present experiment ‘are shown in Figs. (5.6) and (5.7) in the
spectral region from 278.7 to 320 nm. These cross sections
have been measured at various 802 pressures ranging from 200
to 350 mTorr and the average cross sections have been
' obtained, It was found that at a typical incident photon
wavelength of 302 nm, the maximum bressure wused in the
eéxperiment was well within the values of pressures where the
Beer—Léﬁbert law was wvalid. The ln(IoA/IA) depedence on
Pressure of SO, has been shown in Fig.(5.1) for 302 nm
wavelength, -

The spectral region chosen for absorption measurements
in the present experiment is part of the main absorption
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system of SO, which extends from 340 to 250 nm. It consists
of discrete bands superimposed on an apparent continuum.
~ Hamada and Merer (1975) established by rotational'analysis
that the - discrete abéorption is due to transitions
A lA2 — X ﬂﬁ.; The continuous absorption underlying the
structured  bands is  attributed to the B %ﬁ — X ﬁ%

transition predicted by theory in this wavelength region

(Hillier and Sauﬁders, 1971). The most prominent bands in

this region form a series extending to shorter wavelengths
~ from 313 nm, labelled A, B, C,....by Clements (1935) who
;’ wrongly assigned the ‘A’ band (313 nm) as the elecgronic
origin. The same labelling has been accepted by other
researchers also. In the present experiment, the absorption
peaks (Figs. 5.6 and 5.7) have also been assigned after
Clements as A, B, C,..... U, V from about 313 nm to lower

wavelengths. The photoabsorption, fluorescence cross section,
and fluorescence quantum yield values in the spectral range
2%8.6~320.0 nm are given in Table (5.3). As discussed above,
the band A is by no means the origin of this band system.

The absorption cross sections for 802 measured in the
present experiment vary from 0.75 to about 0.94 Mbn at
_wavelengths corrésponding to bands V to KL with a maximum of
about 0.97 Mbn at band O. An increase in cross section has
been observed between bands J and G but a sharp decrease in
cross section values has been noticed subsequently fr¢m bands
G to A (Figs. 5.6 and 5.7). Absorption cross section of
10.36 x 10 % cn? has been measured at band G where as the
Cross sectidn at band A is 2.79 x 10 % cm?. A few weak bands
have also been observed at photon wavelengths between 314 and
320.6  nm. Some ’quéntitative absorption data have been
reported by few researchers like Thompson et al (1963), Wu
(1981), Brassington (1981) and McGee and Burris (1987). A
comparison of cross section values reported by Wu (1981),
Brassington (1981) and McGee and Burris (1987) has been made
in Table (5.4) with those meassured in the present work at
peaks of some of the bands only. The data from Wu is
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~ Table 5.3 Photoabsorption, fluorescence cross sections, and
fluorescence quantum yields for SO) in 278.6-320 nm

region
WAVE ABS. FLR. FLR. WAVE ABS. FLR. FLR.
LENGTH CROSS CROSS . QUANT. ' LENGTH CROSS CROSS QUAN)

SEC. SEC. YIELD SEC. SEC. YIELI

x107"® x107%° : x1071 x107%°
IN nm cm2 cm2 % IN nm cm2 cm2 %
278.67 6.44 7.51 11.7 286.50 6.85 4.90 7.2
278.83 7.55 8.05 10.7 286.67 8.95 6.40 7.2
279.00 7.07 7.75 11.0 286.83 9.56 5.95 6.2
279.17 5.74 7.20 12.4 287.00 9.64 5.50 5.7
279.33 4.71 8.35 17.7 287.17 9.16 5.20 5.7
279.50 6.67 9.55 14.3 287.33 8.06 5. 05 6.3
279.67 8.25 _ 9.90 12.0 287.50 8.22 4.93 6.0
279.83 7.81  8.50 10.9 287.67 7.62 4.55 6.0
280.00 7.41 7.50 10.1 287.83 7.52 4.10 5.5
280.17 6.91 7.15 10.3 288.00 7.14 3.10 4.3
280.33 6.75 6.05 9.0 288.17 6.54 2.90 4.4
280.50 6.82 5.55 8.1 288.33 7.18 3.40 4.7
280.67 6.11 5.60 9.2 288.50 7.37 4.20 5.7
280.83 6.01 6.00 10.0 288.67 8.45 5.25 6.2
281.00 6.22 6.40 10.3 288.83 9.67 5.70 5.9
281.17 7.40 6.70 9.1 289.00 9.50 5.60 5.9
281.33 8.32 6.75 8.1 289.17 8.23 4.50 5.5
281.50 8.36 7.20 8.6 289.33 7.63 3.85 5.0
281.67 8.35 8.45 10.1 289.50 6.94 3.90 5.6
281.83 8.26 8.25 10.0 289.67 6.72 4.05 6.0
282.00 7.84 5.70 7.3 289.83 6.75 4.20 6.2
282.17 6.85 5.25 7.7 290.00 7.39 4.2 5.7
282.33 6.00 5.00 8.3 290.17 7.88 4.10 5.2
282.50 5.57 5.00 9.0 290.33 7.84 3.97 5.1
282.67 5.51 5.40 9.8 290.50 8.21 4.05 4.9
282.83 6.07 5.75 9.5 290.67 9.45 4.85 5.1
283.00 7.46 5.95 8.0 290.83 9.28 6.20 5.7
283.17 9.21 5.95 6.5 291.00 8.64 5.05 5.8
283.33 9.19  5.40 5.9 291.17 7.69 3.15 4.1
283.50 8.33 - 4.80 5.8 291.3 6.33 1.95 3.1
283.67 8.06 4.63 5.7 291.50 6.07 2.05 3.4
283.83 7.54 4.90 6.5 291.67  5.68 2.65 4.7
284.00 6.93 5.30 7.6 291.83 6.84 3.45 5.0
284.17 6.68 5.85 8.8 292.00 7.24 4.75 6.6
284.33 6.89 6.25 9.1 292.17 8.73 4.65 5.3
284.50  7.13 5.95 8.3 292.33 9.24 3.65 1.0
284.67 7.78 5.45 7.0 292 .50 9.25 3.50 3.8
284.83 7.97 5.85 7.3 292.67 9.17 3.25 3.7
285.00 8.28 6.60 8.0 292.83 8.45 2.45 2.9
285:17 9.41 7.05 7.5 293.00 7.69 2.05 2.7
285.33 8.82 7.25 8.2 293.17 6.46 2.45 3.8
285.50 8.67 6.65 7.7 293.50 6.22 1.35 2.2
285.67 7.78 5.95 7.6 293.67 7.07 2.15 3.0
285.83 7.12 5.55 7.8 293.83 8.39 4.45 5.3
286.00 6.90 4,80 7.0 294.00 9.37 4.82 5.1
286.17 6.48 4.05 6.3 294.17 9.18 3.80 4,1
286.33 6.40 3.92 6.1 294 .33 9.27 3.60 3.9



Table -5.3 continued...

"

WAVE ABS. - FLR. FLR. WAVE ABS. FLR. FLR.

LENGTH CROSS CROSS QUANT. LENGTH CROSS CROSS QUAN?
SEC. SEC. YTIELD SEC. SEC. YIELI
x107'" x107%° x107"° x107?

IN nm cm’ cm’® % . IN nm cm? cm? %
294.50 9.19 3.70 1.0 302.50 7.99 3.90 4.9
294.67 . 8.24 3.55 4.3 302.67 6.78 4,35 6.4
294.83 6.68 3.20 1.8 302.83 5;18 4,70 9.1
295.00 5.66 2.65 4.7 303.00 4.01 4,95 12.3
295.17 5.12 2.45 4.8 303.17 2.95 4.30 14.6
295.33 41.54 0.90 2.0 303.33 2.58 3.10 12.0
295.50 4.41 0.65 1.5 303.50 2.32 2.3 9.9
295.67 5.69 1.05 1.8 303.67 2.36 2.15 9.1
295.83 7.38 2.15,; 2.9 203.83 2.59 2.55 9.8
296.00 8.98 2.90 3.2 304.00 3.32 3.00 9.0
296.17 9.20 3.52 3.8 304.17 4,38 3.15 7.2
296.33 g.28 2.90 3.1 304.33 6.98 3.10 4.4
296.50 8.13 1.85 2.3 301.50 7.96 2.30 2.9
296.67 6.66 1.20 1.8 304.67 6.42 2.10 3.3
296.83 3.51 1.00 2.8 304.83 5.71 1.90 3.3
297.00 4.71 1.07 2.3 305.00 4.76 1.10 2.3
297.17 4.18 1.00 2.4 305.17 3.39 1.05 3.1
297.33 3.57 0.70 2.0 305.33 2.31 1.50 6.5
297.50 3.62 0.70 1.9 305.50 2.02 2.00 9.9
297.67 4.84 1.10 2.3 305.67 2.19 1.95 8.9
297.83 6.98 1.70 2.4 305.83 2.31 1.87 8.1
298.00 8.85 2.30 2.6 306.00 2.57 1.85 7.z
298.17 9.98 2.50 2.5 306.17 3.89 1.95 5.0
298.33 8.85 2.50 2.8 306.33 5.38 2.65 4,9
298.50 7.43 2.30 3.1 306.50 7.05 2.55 3.6
298.67 6.97 1.75 2.5 306.67 6.34 1.60 2.5
298.83 5.71 1.42 2.5 306.83 5.57 1.35 2.4
299.00 4.18 1.37 3.3 307.00 4.53 1.70 3.8
299.17 3.60 1.35 3.8 307.17 3.37 2.25 6.7
299,33 3.42 1.15 3.4 307.33 3.05 2.60 8.5
299.50 3.35 1.10 . 3.3 207.50 2.35 2.10 5.9
299.67 3.88 2.95 7.6 307.67 2.29 1.60 8.3
299.83 5.56 3.23 5.8 307.83 1.89 1.9% 10.6
300.00 8.46 2.75 3.3 308.00 1.80. 2.25% 17.5
300.17 10.36 2.30 2.2 308.17 2.10 2.50 a5
300.33 9.51 2.20 2.3 308.33 2.40 2.80 1.7
300.50 7.71 2.35 3.0 308.50 3.28 3.05 9.3
300.67 6.29 2.50 4.0 308.67 41.09 3.40 8.3
300.83 5.09 2.50 1.9 308.83 4,87 3.65 9.4
301.00 4.48 2.40 5.4 309.00 3.97 3.60 9.1
301.17 3.52 2.05 5.8 309.17 3.14 3.30 10.%
301.33 3.36 1.70 5.1 309.33 2.63 2.95 11.2
301.50 2.59 1.55 6.0 309.50 1.82 2.92 16.0
301.67 2.23 1.45 6.5 309.67 1.62 2.90 17.9
301.83 2.91 2.10 7.2 309.83 1.36 2.60 19.1
302.00 4.71 2.85 6.1 310.00 1.71 1.50 8.8
302.17 6.66 3.05 4.6 310.17 1.53 1.35 6.8
302.33 8.66 3.35 3.9 310.33 1.75 1.65 9.4



Table %.3 continued...

FFLR.

WAVE ABS. FLR. FLR. WAVE ABS. FLR.

LENGTH CROSS CROSS QUANT. - LENGTH- CROSS CROSS QUAN1
SEC. SEC. YIELD SEC. SEC. YIELL
x107"% x107%° x107'? x107%%

IN nm cm2 cm2 % IN nm cm2 cm %
310.50 2.02 2.25 11.1 315.33 0.93 3.05 32.8
310.67 2.53 2.85 11.3 315.50 1.10 2.95 26.8
310.83 3.18 2.90 9.1 315.67 0.97 2.82 29.1
311.00 3.15- 2.85 9.0 315.83 0.98 2.65 27.0
311.17 2.49 2.62 10.5 316.00 0.69 2.62 38.0
311.33 2.05 2.52 12.3 316.17 0.66 2.70 40.9
311.50 1.66 2.50 15.1 316.33 0.44 2.77 63.0
311.67 1.09 1.95 17.9 316.50 0.80 2.77 34.6
311.83 1.22 2.10 17.2 316.67 0.74 2.75 37.2
312.00 1.05 2.85 27.1 316.83 0.90 2.67 29.7
312.17 1.38 3.00 21.7 317.00 0.73 2.65 36.3
312.33 1.45 3.05 21.0 317.17 0.62 2.60 41.9
312.50 1.18 3.00 25.1 317.33 1.13 2.60 23.0
312.67 1.35 3.05 22.6 317.50 1.00 2.76 27.0
312.83 1.54 3.10 20.1 317.67 0.76 2.90 38.2
313.00 2.15 3.25 15.1 317.83 0.98 2.95 30.1
313.17 2.52 3.30 13.1 318.00 1.35 2.80 20.7
313.33 2.79 3.30 11.8 318.17 0.75 2.60 34.7
313.50 2.17 3.15 14.5 318.33 1.12 2.25 206G.1
313.67 1.38 3.07 22.2 318.50 0.86 - -
313.83 1.23 3.07 25.0 318.67 0.52 - -
314.00 1.19 3.15 26.5 .318.83 0.50 - -
314.17 0-.97 3.30 34.0 3719.00 0.57 - -
314.33 0.50 3.35 67.0 319.17 0.47 - -
314.50 0.63 3.37 53.4 319.33 0.66 - -
314.67 0.87 3.35 38.5 319.50 0.47 -

314.83 1.07 3.30 30.8 319.67:° 0.68 - -
315.00 0.72 3.22 44.7 319.83 0.71 - -
315.17 1.12 3.10 27.7 320.00 0.70 - -



at room Temperature.

Table 5.4 Photoabsorptioh cross sections, g for SO2 in 10" cm

2

Band

Present

McGee and Burris

Wu Brassin gton

Assignment work (1981) (1981) (1987)
A 2.79 2.56 2.68 2.719*
B 3.30 3.34 391 3.833
C 4.87 4.44 5.90 5.630
D 7.05 5.29 7.38 7.169
E 7.96 6.77 10.00 7.925
F 8.66 7.49 9.85 9.327
G 10.36 9.18 13.00 11.50
H 9.98 - 11.00 -
J 9.40 - 11.25 -




unpublished-and has been obtained between 300 and 338" nm at;

0.06 nm resolution. Accurate measurements of the SO Cross

:sectlons between 290 and 317 nm have been made by Bra531ngton
. using a frequency- doubled dye-laser source with a 0.05 nm
instrumental bandwidth. . Sulphur ~dioxide absorption Cross.
sections have also been measured by McGee and Burris (1987)

between 300 and 324 nm at an instrumental resolution of 0.03
~ mm. A close look at these observatione reveals that the
| chreasing_trend in cross sections at peaks of the bands from
A to G is similar in the four cases, but quantitatively the
 values of the cross sections are much different. The cross
section values reported by Brassington (1981), McGee and
Burris (1987) are, in general, higher than those reported in

~the present experiments. This is expected as the instrumental

~ resolution used in the two experiments is much higher. Also

- the instrumental resolution used in the measurements by Wu
‘(1981) is much higher than that used in the present work. In
spite of this, the cross section values reported by Wu are
- much smaller, varying from 8% at band A to about 25% at
~band D.

Fluorescence cross section measurement:

The total fluorescence cross sections have been measured
at low pressures of 802 in the spectral regioq 278.7 to 320
nm. It was indicated by Brus and McDonald (1974) that at
least two states appear to be involved in fluorescence by
light absorption in this spectral region. One state had short
collision-free radiative 1lifetime (50 micro sec) which was
independent of exciting wavelength whereas the life time of
the other state varied from 80 to 530 micro sec depending
upon the exciting wavelength. That is why it was necessary to
measure the fluorescence cross sections at both low and high
pressures of SOZ. But for practical difficulties, fluorescence
cross section have been measured in the present experiment at

low pressures only.
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The total fluorescence cross sections as measured

in the present experiment at .low pressures of SO are shown

in Fig. (5. 8) The cross sections have been measured at a few
pressures between 4 and 10 mTorr and the average cCcross
sections have beén obtained and the wvalues in the

spectral region 278.6-318.3 nm are listed in Table (5.3). The
fluorescence quantum . yields - as obtained from total
fluorescence and absorption cross sections have also been
shown in Flg (5.8) as a function of exciting wavelength The
quantum yields as obtained in the present experiment are much
less than unity at all exciting photon wavelengths, in this
spectral region, whereas quantum yield of wunity "has been
reported by Mettee (1968).

5.2 Carbon Disulphide

The ground state of CS2 is X 12: (linear). The bond
energy, DO(SC—S), is 4.463 + 0.014 eV, corresponding to the
incident wavelength 277.8 + 1.0 nm (Okabe, 1972). The
absorption spectrum of CS2 in the near #iltraviolet consists
of two distinct regions of absorption, one extending from 290
to 380 nm and the other of much stronger absorption extending
from 185 to 230 nm. The results obtained in these spectral
regions would be taken up separately for detailed discussion.

5.2.1 Cs  : Spectral region 188 - 213 nm

The photoabsorption cross sections as measured in the
Present experiment ‘are shown in Fig.(5.10). These Cross
sections have béen measured at wvarious CS pressures ranging
from 1 to 5 mTorr and the average cross sectlons are shown in
Fig.(5.10). Table (5.5) lists the photoabsorption cross
section values covering the spectral range 188.2-210.2 nm. It
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Table 5.5 Photoabsorption cross sections for CSZ'
in 188.2-210.0 nm spectral region

WAVE ABS. ' WAVE ABS.

LENGTH CROSS SEC. LENGTH '~ CROSS SEC.
x10718 ; x107'8
IN nm cm2 . IN nm cm2
188.25, 73.2 - . 196.58 690.4
188.42 61.2 ‘ 196.75  634.1
188.58 90.9 196.92 . 485.7
188.92 107.3 197.08 370.1
189.08 74.6 197.25 280.8
189.25 64.3 197.42 244 .7
189.42 144.1 197.58 249.3
189.58 107.9 197.75 299.5
189.75 91.4 197.92 397.
189.92 82.6 198.08 638,
190.08 63.6 198.25 755.

198.42 494,
198.58 278.
198.75 217.
198.92 157.
199.08 198.
199.25 231.
199.42 333.
199.58 554.
199.75 794.
199.92 559.
200.08 288.
200.25 189.
200.42 138.
200.58 126.
200.75 192.

6
5
7
190.25 81.4 8
190.42 91.2 7
190.58 158.9 3
190.75" 144.5 5
190.92 178.6 0
191.08 106.7 5
191.25 92.3 3
191.42 123.2 3
191.58 143.6 0
191.75 177.0 5
191.92 207.7 1
192.08 207.8 8
192.25 290.1 8
192.42 262.3 S
192.58 238.7 9
192.75 215.5 200.92 283.4
192.92 109.8 201.08 366.3
193.08 163.3 201.25 586.8
193.25 265.5 201.42 663.3
193.42 223.2 201.58 432.2
193.58 387.1 201.75 210.2
193.75 382.8 201.92 135.6
193.92 313.3 202.08 79.8
194.08 233.0 202.25 83.1
194.25 229.1 202.42 128.2
194.42 200.8 202.58 223.2
194.58 238.4 202.75 334.2
194.75 277.8 202.92 . 436.0
194.92 402.3 203.08 427.9
195.08 551.4 203.25 279.7
195.25 528.8 203.42 121.3
195.42 407.7 203.58 85.4
195.58 287.7 203.75 51.1
195.75 271.4 203.92 154.0
195.92 286.3 204.08 98.0
196.08 285.0 204.25 140.4
196.25 320.1 204.42 193.5
196.42 462.7 204.58 286.5



Table 5.5 continued;..

. WAVE ABS. » WAVE ABS.

LENGTH CROSS SEC. LENGTH CROSS SEC.
x107° | ‘ o ox107?
IN nm cm’ IN nm cm’
204.74 293.5 207.58 57.0
204.92- 165.4 207.75 53.1
205.08 88.9 207.92 - 17.9
205.25 41.8 208.08  88.1
205.42 63.0 208.25 80.0
205.58 76.6 208.42 91.9
205.75 86.8 208.58 71.7
205.92 83.2 208.75 41.3
206.08 61.1 208.92 23.1
206.25 142.8 209.08 12.7
206.42 151.8 209.25 24.8
206.58 138.7 209.42 43.3
206.75 134.6 209.58 35.3
206.92 62.2 209.75 97.2
207.08. 34.5 209.92 57.3
207.25 58.9 210.08 43.0
207.42 54.8 210.25 64 .4



was found that at two typical incident photon wavelengths of
195.1 and 202.9 nm, the  maximum pressure used in the~
experiment. (i.e. 5 m Torr) was well within the values of

pressures, where Beer—Lambertviaw was valid. The In(I,/T,)

dependence on pressure of the CS2 vapour has been shown in
Fig: (5.9). For both the wavelengthé, 195.1 and 202.9 nm, the

Beer-Lambert law seems to break down at pressures larger than

5 mTorr.

Carbon disulphide has a very strong structured
absorption in the range 185-230 nm. The band has rbeen
interpreted by Douglas and Zanon (1964) as a transition from
X 1Eg ground electronic state to a bent ]Bz upper state with
an equilibrium bond angle of 153° and a bond distance of
0.166 nm. This is about 0.011 nm more than in the ground
state. The spectrum in this region is, however, not entirely
understood. Also, due to the complex nature of the spectrum,
the assignment of the different bands is not very easy. A new
nomenclature is being given in the present work for different
bands, and the peaks in Fig. (5.10) have been assigned from A

to 0 from higher to lower wavelengths.

The photoabsorption cross sections’’in Fig. (5.10) show a
sharp increase from band 0 to band H, varying from 144.1 to
794.0 Mbn. The cross sections subsequently decrease rapidly
from band H to band A with values varying from 794.0 to 34.3
Mbn. Not much of quantitative work has been reported in this
spectral region as the cross sections in this region are
pressure dependent to a large extent and therefore, itv
becomes difficult to obtain absolute values of cross sections
which are pressure independent over a range of pressures.
However, comparison of croés éeCtion values measured in the
present work and those reported by Molina et al (1981) has
been made in Table (5.6) at peaks of some of the bands only.
A close 1look at these observations reveals that the
increasing trend in cross sections at peaks of the bands from
M to H followed by decrease in values for bands from H to E
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Table 5.6 Photoabsorption

Cross

sections for CS2 in Mbns at

“ peaks of a few bands in 188-213 nm spectral region.

Band Present Molina et al
Assignment work (1981)
290.1 179
551.4 393
J 690.4 485
H 794.0 532
G 663.3 437
F o 436.0 278
E 293.5 181




is similar 1in two cases, but quantitatively, the values of
__the cross sections are ‘much different. The cross section
. values reported by Moliha et‘al (1981) are, in general, 30
to 40% less as compared to those reported in the present
work. In both the experiments, an instrumental bandwidth of
0.2 nm has been used for the measurement of photoabsorption
Ccross sections. This large discrepancy in the. two
measurements is perhaps due to larger pressures. used for the
target gas by Molina et al (1981) in their experiment. It is
known that in this spectral region, the photoabsorption cross
sections are pressure dependent to a large extent. It appears
that the cross sections reported by Molina et al were not
measured over a range of those pressures where the results

were pressure independent.

Studies on the pressure dependence of phdtoabsorption
. cross sections for C82 have been carried out in detail in the
present experiment. The cross sections have been measured at
large number of pressures i.e., at 6, 9, 12, 15, 20, 50 and
100 m Torr but for clarity, cross section values measured at
9, 12, 15, 20 and 50 mTorr pressure are shown in Fig.(5.11)
along with the average values of cross sections obtained at a
few pressures less than 5 mTorr. At 50 mTorr, the peak
intensities of the bands from L to F decrease by about 84 to
71% with the maximum decrease of about 90% at J, I and H
bands. The peak intensities of the bands M to O decrease
slowly and an attenuation of 71% for band M, 75% for N and
62% for band O has been observed. The bands E, D and C at 50
mTorr pressure are attenuated by about 71%, 46% and 28%

respectively.

An attempt has been made to explain the pressure
dependence of photoabsorption cross sections for CS2 in this
spectral region. It was reported by Callear (1963) that
vibrationally excited CS is produced directly by the

photochemical dissociation of Cs,:
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it

cs, + v — cs (xk*, m) + S(P) o (5.1)

£
&

'it was suggested that initially, at least three quarters of
‘the molecules are distributed in levels with v > 2. The
reaction (5.1) is apparently due to pred1ssoc1atlon from the
1B2 state of CS2 in violation of the spin conservation rules
because of the presence of heavy sulphur atoms. It was also
reported by Callear (1963) -that the decay of the
vibrationally excited CS may partly be due to CS itself but
may largely occur by multiple quantum tran81tlons 1nduced by

1nteractlon with transient species, e. g.

. *
cs (x'", v=m +5 —% 5 X &, ven) 45

——  (5.2)

It was also pointed out that the atomic sulphur would decay
by polymerisation rather than by reaction with CS . In view
of this, it is clear that in the spectral region 188 -213 nm,
the CS radical is being produced in larger quantities in the
higher vibrational states along with sulphur atoms. In
addition to the slow radiative decay of CS from higher to
lower vibrational states, there is a faster and predominant
decay mechanism of CS§ (v = m) by vibrational relaxation due
to interaction with sulphur atoms. From reaction (5. 1), it is
clear that more and more CS and sulphur atoms are produced at
higher pressures of CS vapour. The photoabsorption cross
sections for both Cs, S and polymerised S are much smaller
in this spectral region as compared to those reported for
CSZ.
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:Fluorescence cross section measurement: -

According.toereacticn (5.1), CS and s are‘both produced
in the ground statés.'Therefore, the fluorescence emission is
~not possible. But it is known that energetically, sulphur
atoms could be produced in p state also. The threshold
wavelength for the production of S(ls) from C82 was found to
be 172.0 nm using the value of 65 KCal for the heat of
formation of (g (Okabe, 1972). However, in a recent
measurement, Hubin-Franskin et al (1976) reported a value of
34 K Cal for the heat of formation for the CsS radical which
correspond to the wvalue of 211.0 nm for the threshold
wdvelength for S(ls) production. This shows that in this
spectral region (188-211 nm), sulphur atoms are produced in
3P, p and 's state and therefore fluorescence at 772.7 nm
corresponding to 'g — p transition could be observed
provided ?S<is deactivated collisionally by adding argon at a
pressure lgrger than 100 Torr. An attempt has been made in
the presenﬁ work to measure total fluorescence cross sections
as well as fluorescence quantum yields at a few wavelengths

been made by Black et a1l (1977) at only five wavelengths
between 190 and 210 nm. The relative fluorescence cross
sections at different photon wavelengths were obtained using
the method discussed in Section (3.2.2). These Cross sections
were made absolute by normalisinq the results with 802 at 228
nm where the fluorescence quantum efficiency of 100% has been
reported by "Hui and Rice (1972). A similar experiment was
performed at 228 nm - with SOZ. Using NS 100% at this
wavelength and the absorption cross section value of 0.45 Mbn
(Ahmed apd Kumar, 1990) and measuring IfTA and IOA at various
Pressures of SOz, one could obtain the value of the product
of constants KFC asg given in equation (3.13) of Chapter 3.
Knowing this constant, the fluorescence Cross sections were
made absolute., The fluorescence Cross sections as well as

fluorescence quantum yields as measured at peaks of some of
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the vibrational bands are given iﬁ Table (5.7). The
fluorescencé quantum yield as obtained in the present
experiment varies from about 30% to 19% at higher to lower
photon wavelengths. As compared to the results in the present
work, the fluorescence quantum yield Vaers reported by Black
et al (1977) vary from 5 to 10% at wavelengths between 190

and 210 nm respectively.

5.2.2 C32 : Spectral region 287.5 - 339.5 nm @

The photoabsorption cross sections as measured in the
present experiment in the spectral range 287.5-339.5 nm are
shown in Figs.(5.13) and (5.14). These cross sections have
been measured at wvarious CS2 pressures ranging from 1 to 5
Torr and the average cross sections are shown in Figs. (5.13)
and (5.14). The photoabsorption cross section values in this
spectral region are listed in Table (5.8). It was found that
at two typical incident photon wavelengths of 321 and 328 nm,
the maximum pressure used in the experiment (i.e. 5 Torr) was
well within the values of pressures where Beer-Lambert law
was valid. The ln(IoA/IA) dependence on pressure of C%

vapour has been shown in Fig. (5.12).

Although the gas phase absorption spectrum of CS in
this spectral region has been studied exten31vely and the
general features are now understood quite well, much of the
detail is still lacking because the spectrum contains regions
of extraordinary complexity. This absorption system assigned
by Kleman (1963) as V system extends from 1V band at 332.2 nm
to 48 V band at 295.3 nm. The band extends to approx1mately
290 nm but no band assignment has been given by Kleman (1963)
at wavelengths shorter than 295.3 nm. It has been established
conclusively from the vibrational and rotational structure
analysis of V system (Jungen et al, 1973) that the
absorption features of this system correspond to the

lBz(lAu) Y- ]E; transition. The absorption spectrum shown in
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Table 5.7 Fluorescence cross sections and fluorescence
quantum yields for CS2 at peaks of some of the

bands. Also given are . photoabsorption cross section
at those wavelengths.

Wavelength '\ T ' % % :
in nm in Mbns in Mbns %
189.42 144.1 43.4 - 30.1 |
190.92 178.6 54.1 30.3
192.26 - 290.1 84.4 29.1
193.59 387.1 100.3 259
195.10 . 5514 146.7 - 266
196.60 690.4 171.2 24.8
198.27 755.7 182.1 24.1
199.77 794.0 184.2 232
201.44 663.3 149.9 22.6
202.94 | 436.0 92.0 21.1
204.78 293.5 57.8 19.7
206.46 151.8 31.0. 20.4

208.46 91.9 17.6 19.1




Table 5.8 Photoabsorption . cross sections for C32

in the spectral region 287.6-339.4 nm

PEAK WAVE ABS. PEAK WAVE “ABS. PEAK WAVE ABS. PEAK WAVE ABS.
ASS. LEN. CROSS ASS. LEN. CROSS ASS. LEN, CROSS ASS. LEN. CROSS

IF IN nm SEC. IN nm SEC. IN nm SEC. ’ IN nm SEC.

ANY x1072°%) C(x107%% x107°%) x10”%°

2 2 2 2

cm cm ., cm cm
287.6 0.74 295.8 0.97 . 303.9 4.05 312.1 7.01
287.8 0.82° 295.9 0.74 304.1 3.57 312.3 7.04
287.9 0.67 296.1 0.96 © 304.3 3.39 312.4 7.21
288.1 0.88 296.3 1.53 304.4 4.20 312.6 6.81
288.3 0.68 296.4 1.39 304.6 3.73 312.8 7.26
288.4 0.64 296.6 1.31 304.8 4.35 312.9 7.10
288.6 0.68 296.8 1.79 304.9 5.12 313.1 6.37
288.8 0.46 296.9 2.25 305.1 5.01 313.3 5.93
288.9 0.49 297.1 2.10 305.3 4.78 313.4 6.21
289.1 0.31 297.3 1.49 305.4 5.07 313.6 6.58
289.3 0.44 297.4 1.63 305.6 4.71 313.8 8.21
289.4 0.54 297.6 1.46 305.8 4.00 313.9 8.46
289.6 0.42 297.8 1.60 305.9 3.28 314.1 9.08
289.8 0.53 297.9 1.26 306.1 3.43 314.3 9.49
289.9 0.88 298.1 1.69 306.3 3.52 314.4 8.97
290.1 0.58 298.3 1.63 306.4 3.96 21V 314.6 8.85
290.3 0.86 298.4 1.22 306.6 4.36 314.8 9.05
290.4 0.24 298.6 1.32 306.8 5.05 314.9 8.94
290.6 0.62 298.8 1.60 306.9 5.99 315.1 8.81
280.8 0.41 298.9 2.84 307.1 '6.35 315.3 7.96
290.9 0.52 299.1 2.16 307.3 5.99 315.4 7.07
291.1 0.75 299.3 2.24 307.4 5.92 315.6 6.12
291.3 0.45 299.4 1.52 307.6 6.09 315.8 6.10
291.4 0.55 299.6 2.20 307.8 6.38 215.9 6.62
291.6 0.43 299.8 1.64 307.9 6.44 316.1 7.32
291.8 1.36 299.9 1.90 308.1 5.32 316.3 8.00
291.9 1.08 300.1 1.92 308.3 5.88 316.4 7.64
292.1 1.44 300.3 2.32 308.4 6.36 316.6 8.04
292.3 1.25 300.4 2.14 308.6 6.59 . 316.8 8.19
292.4 0.75 300.6 2.40 308.8 5.92 316.9 7.95
292.6 0.87 300.8 2.42 308.9 5.95 317.1 7.90
292.8 1.31 300.9 2.45 309.1 6.29 317.3 6.89
292.9 1.20 301.1 2.59 309.3 6.70 317.4 5.13
293.1 1.50 301.3 2.62 309.4 6.63 317.6 4.76
293.3 0.99 301.4 2.45 309.6 6.92 317.8 5.76
293.4 0.86 301.6 2.57 309.8 7.93 317.9 4.82
293.6 0.75 301.8 2.77 29V 309.9 7.73 318.1 7.08
293.8 0:.82 301.9 3.49 310.1 7.33 318.3 8.20
293.9 0.89 302.1 3.88 310.3 6.07 318.4 9.17
294.1 0.87 302.3 3.83 310.4 6.00 318.6 9.58
294.3 1.16 302.4 3.52 310.6 5.52 318.8 9.82
294.4 1.07 302.6 3.43 310.8 5.12 15V 318.9 10.16
294.6 1.02 302.8 3.23 310.9 5.12 319.1 9.50
294.8 1.10 302.9 3.70 311.1 5.46 319.3 6.93
294.9 1.24 303.1 4.47 311.3 5.79 319.4 5.64
295.1 0.93 303.3 4.86 311.4 7.16 319.6 4.64
48v 295.3 1.06 303.4 4.74 311.6 6.59 319.8 4.44
295.4 1.10 303.6 5.17 311.8 6.72 319.9 5.81
295.6 0.86 38V 303.8 4.45 311.9 6.50 320.1 5.88



Tableb5.8 continued. ..

PEAK WAVE ABS. PEAK WAVE ABS. PEAK WAVE ABS.

ASS. LEN. CROSS ASS. LEN. CROSS ASS. LEN. CROSS
IF IN nm SEC. IN nm SEC. IN nm SEC.
ANY x107°%) (x10”%°) (x107%%)
cm2 ’cm2 cm2
320.3 6.81 327.1 ° 4.31 333.9 1.60
320.4 8.43 327.3 4.14 334.1 1.73
320.6 9.40 327.4 4.17 334.3 1.84.
320.8 8.63 6V 327.6 5.55 334.4 1.89
320.9 7.77 327.8 4.73 334.6 1.81
321.1 7.63 327.9 3.08 334.8 1.90
321.3 7.86 328.1 2.37 334.9 1.63
321.4 8.35 328.3 2.07 335.1 1.55
321.6 8.60 328.4 2.01 335.3 1.51
321.8 6.92 328.6 1.77 335.4 1.11
321.9 4.61 328.8 2.00 335.6 1.39
322.1 3.98 328.9 1.97 335.8 1.60
322.3 3.61 329.1 1.91 335.9 1.17
322.4..4.61 329.3 2.72 336.1 1.60
322.6 3.64 329.4 1.69 336.3 1.86
322.8 2.76 329.6 1.85 336.4 1.43
. 322.9 4.93 3v 329.8 2.14 336.6 1.69
323.1 5.62 329.9 2.08 336.8 1.71
323.3 5.93 330.1 2.19 336.9 1.46
323.4 6.30 330.3 2.57 337.1 1.53
10v 323.6 7.12 330.4 2.62 337.3 1.43
323.8 5.98 330.6 3.22 337.4 1.71
323.9 4.49 330.8 3.27 337.6 1.43
324.1 3.53 330.9 1.65 337.8 0.87
324.3 3.42 331.1 1.52 337.9 1.01
324.4 4.17 331.3 0.84 338.1 0.86
324.6 4.15 331.4 1.02 338.3 0.74
324.8 5.37 331.6 0.84 338.4 0.72
324.9 5.46 331.8 2.31 338.6 0.90
325.1 5.27 331.9 1.50 338.8 0.87
325.3 6.18 332.1 0.84 338.9 1.18
325.4  4.43 332.3 1.39 33%.1 1.01
325.6 4.79 332.4 1.58 339.3 1.27
325.8 4.58 332.6 1.59 339.4 1.45
325.9 3.30 332.8 0.82
326.1 4.00 332.9 1.84
326.3 3.62 333.1 1.86
326.4 2.78 333.3 1.84
326.6 2.81 333.4 1.43
326.8 2.41 333.6 1.64
326.9 3.70 333.8 1.54



'/Fig.(5.14) in the spectral region 334.0-339.5 nm which forms
part of a bigger system extending up to 350.0°nm, corresponds
to lAZUAu) e—-lzg transition. In the present experiment same
nomenclature has been followed for different bands as done by
Kleman (1963). The peaks. in Fig.(5.13) and (5.14) have been
numbered from 1V to 48V which correspond to photon
wavelengths from 332.2 nm to shorter wavelengths.

The photoabsorption cross sections measured absolutely
are shown in Figs.(5.13) and (5.14) for the spectral regions
287.5 to 315.7 nm and 313.3 to 339.5 nm respectively? The
absorption cross section values, in general, are less than
1.50 x 10 %° cm’ in the spectral region from 287.5 to 296.0
nm. The pgak of the vibrational band 48V has a cross section
value of 1.06 x 10 ?° cm® in this region. At wavelengths
larger than 296.0 nm, the band peaks show an increase in
cross section up to the . vibrational band V15 which
corresponds to a photon wavelength of 318.9 cm. At the peak
of V15, the absorption cross section as measured in the
present work is 10.16 x 10 %° cn®. Subsequently at larger
wavelengths, decrease in cross section wvalues has  been
observed. The typical values at the peaks of vibrational
bands 10V and 6V are 77.12 x 10 °° and 5.55 x 10 2° cm?
respectively. A comparison of photoabsorption cross sections
obtained in the present experiment at the peak of a few
vibrational bands of the V-system has been made in
Table (5.9) with the values obtained by Wu and'Judge (1981) .
The <cross sections reported by them have been obtained
between 319 and 330 nm at a instrumental bandwidth of 0.06
nm. A close look at these observations reveals that the
decreasing trend in cross sections at the peaks of the bands
from 13 V to 6 V as measured in the present experiment is
missiqg' in the data reported by Wu and Judge. Also, the
‘values of the cross sections in the two cases are much
different. The present cross section values are smaller by 15
to 40% at 13 V to 6 V bands as compared to those reported by
Wu and Judge (1981) . This is expected as the monochromator
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Table 5.9  Photoabsorption cross  sections, S for CS2

. -20 2
in 10 “cm” at room temperature.

Band - - “Photon - 0y in 10% cnt?
Assignment Wavelength - :
in nm Present Wu and Judge
work (1981). -
13V 320.6 9.40 11.0
12V 321.5 ' 8.60 11.6
10V 323.6 7.12 9.8
9V 325.3 6.18 7.9

6V 327.6 5.55 9.2




resolution used in the two cases ‘is 0.2 and 0.06 nm
respectively. A comparison on a large scale is not possible

~as the 'quantitative data. on the photoabsorption cross

sections for CS2 are scarce.

Fluorescence Cross section measurement:

The total fluorescence cross sections have been meagured
at a few pressures of CS2 vapour  from 10 m Torr to 850 m Torr
around the peaks of some of the vibrational bands of the
V-system at incident photon wavelengths between 300 to 320
nm. The method fof‘measuring the relative fluorescence cross
sections has been given in Section (3.2.2). The fluorescence
cross sections along with fluorescence quantum yields
obtained from the measured L and g, are given in
Table (5.10) at two typical pressures of 20 -and 850 m Torr

for the target gas.

‘The fluorescence of CS, excited by radiation in the 320
nm region has been studied by Heicklen (1963). From the
absorption coefficient, vhé’ calculated the 1ifetime of the
exéited State to be 3 x 107° sec whereas a lifetime of about
15 x 107° sec was reported by Douglas (1966) in the same
spectral region, This transition, therefore, has an
anomalously long 1life and could be explained as due to
extensive miking with longer-lived states (Douglas, 1966) . In
Other words, the molecule goes back and forth between two
excited states, spending more of its time in the state with
higher density of levels. Since it can not radiate while in
the ‘state with the -high density of levels, the ra@iative
lifetime is increased. More recent measurements at 337 np
using a laser showed a definite biexponential decay with
lifetimes of 2.9 x 10°° and 17 x 10 ¢ sec (Brﬁs, 1971). At
337 nm, the normal bands of V system cannot be excited. But
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Jungen et al (1973) found that, at room 'temperature, hot

_ pands of the V system extend upto 340.0 nm and mask the other

weaker bands. Thus the two lifetimes reported by Brus (1971)
are due to the excitation of a hot band of the V system and
+an underlying triplet. In the present experiment, the
fluorescence measurements have been carried out at incident
photon wavelengths between 300 and 320 nm. This ‘means that
the fluorescence is due to the exc%tatibm of a few‘bandé of V
system only, with anomalously long radiative lifetime for the .
excited state as reported by Douglas (1966). ‘

The fluorescence quantum yields as measured in the
present experiment at different photon wavelengths have been
found to be different for different pressures of CSzvvapour.
As a matter of fact, the yields are highest at low pressures
and decrease with increase in pressure in a non-trivial way.
Such a decrease cannot be explained in terms of normal
quenching of molecules in the excited state by CS2 itself.
That is why a correction factor due to quenching by CS2 has
not been introduced 1in equation (3.12) which is used for
obtaining fluorescence cross sections and fluorescence
quantum yields. A more complex process seems to occur in this
case. This process may involve vibraticnal relaxation of the
upper excited state prior to quenching as reported by Lambert
and Kimbell (1973). In view of this, the fluorescence quantum
yields as measured. in the present experiment (Table 5.10)
have been given at two pressure of C82 vapour. The quantum
yields vary from 7.3 to 1.2% and 0.9 to 0.2% at 20 and 850 m
Torr of CS2 pressure respectively at a few photon
wavelengths from 302.09 to 318.92 nm. To the best of our
knowledge, there are -no other quantitative measurements for
both fluorescence cross sections and fluorescence quantum
yields reported in literature in this spectral region.

Therefore, a direct comparison is not possible.
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Table  5.10 Fluorescence = cross sections and  fluorescence

quantum yields for C’S2 at peaks of some of the
vibrational bands of V-system.Both % and }}‘7& are

given at 20 mTorr and 850 mTorr of target gas
pressure. Also given are photoabsorption  Cross
Sections at these wavelengths. '

Wavelength Oy At 20 mTorr At 850 mTort
in nm in 10 cm?

P Iz /N

in 10%'em® % in 10%em® %
302.09 3.88 2.85 7.3 0.33 0.9
303.59 5.17 4.11 7.9 036 07
304.92 5.12 3.47 6.8 0.34 0.7
307.09 6.35 3.84 6.0 0.29 0.5
308.59 6.59 0.80 1.2 0.25 0.4
309.76 7.93 1.34 1.7 0.28 0.4
311.42 7.16 | 2.23 3.1 0.27 0.4
312.76 7.26 1.36 1.9 0.24 0.3
314.26 9.49 0.64 0.7 0.25 0.3
316.76 8.19 1.02 1.2 0.22 0.3
318.92 10.16 1.22 1.2 0.21 0.2
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Table 5.10  Fluorescence cross sections and  fluorescence
quantum yields for C’S2 at peaks of some of the

vibrational bands of 'V—system.Both Oy and }j/‘x are

given at 20 mTorr and 850 mTorr of target gas
pressure. Also given are photoabsorption Cross
Sections at these wavelengths. :

Wavelength I, At 20 mTorr At 850 mToit

T

in nm in 10%m?
” b8 SN )
in 10%'em®* % in 10%em* %
302.09 3.88 2.85 7.3 0.33 0.9
303.59 5.17 4.11 7.9 0.36 0.7
304.92 5.12 3.47 6.8 0.34 0.7
307.09 6.35 3.84 6.0 0.29 0.5
308.59 6.59 0.80 1.2 0.25 0.4
309.76 7.93 1.34 1.7 0.28 0.4
311.42 716 223 3.1 0.27 0.4
312.76 7.26 1.36 1.9 0.24 0.3
314.26 9.49 0.64 0.7 0.25 0.3
316.76 8.19 1.02 1.2 0.22 0.3

318.92 10.16 1.22 1.2 0.21 0.2




CHAPTER - 6

IONIC FLUORESCENCE

The fluorescence spectra of CS2 and 802 have:» been
studied at three incident wavelengths of 121.6, 73.6-74.4,
and 58.4 nm and relative production cross sections for
different product states have been measured. A new
vexperimental set-up has been designed and fabricated in the

laboratory to carry out these studies.

6.1 Experimental Set-Up

The experimental set-up for studying the fluorescence
from molecular ions and other photofragmented species is
shown in Fig.%6.1). It consists of a microwave discharge
light source, fluorescence chamber, differential pumping
assembly between the light source and the fluorescence
chamber, a 0.2 meter monochromator positioned perpendicular
to the optic axis, appropriate optics ‘to focus the
fluorescence emission at the entrance slit of the
monochromator, thermoelectrically cooled photomultiplier and
a fast data acquisition system. The details regarding the
various subsystems as well. as the performance- of the whole

system are given below. -

The resonant emission lines Hel (58.4 nm), Nel
(73.6-74.4 nm), and HI (121.6 nm) are produced by microwave
discharge of helium, neon, and hydrogen respectively. The

flow tube in the light source is a 6 mm dia, 20 cm long
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quartz tube. The 1light source was energized by means of
microwave generator (Kiva, Opthos Instrumehts ‘MD, model
MPG-4) with an average output power of 100 Watts at the
frequency of 2.45 GHz, The microwave power was transmitted to
the Evenson cavity, through a co-axial cable. The other end
of the flow -tube was connected to the differential pumping
assembly and- the dlscharge products were fast removed by a
roots. pump (Leybold Hearaus; pumping speed 40 litres/sec)
backed by a mechanical pump (Hind nghvac ; pumping speed 750
litres/min) .

The other end of the differential pumping assembly was
connected to the fluorescence chamber. The vacuum ultrav1olet
radiation was allowed to pass to the chamber through a 2 mm
wide, 2.5 cm long slit. The fluorescence chamber, 6.5 cm dia
and 40 cm long and made of stainless steel was evacuated to a
pressure of better than 10 ° Torr. The intensity of the
resonant lines was monitored at the end of the chamber by
using a combination of vacuum ultraviolet scintillator,
sodium salicylate in this case and a photomultiplier of S$-11
spectral response. This could be possible only when the
target gas was not there in the chamber. A 0.2 meter
menochromator (Minuteman Inc., USA) was ﬁ?positioned
perpendicular to the optic axis to disperse the fluorescence
emitted because of interaction of wvacuum ultraviolet
radiation with target molecules. The fluorescent radiation
from the chamber passed through a quartz plate vacuum sealed
to the chamber and a quartz lens whose focal length was
chosen to match the f-number of the 0.2 meter monochromator.
This optical system helped to focus the fluorescent radiation
at the entrance slit of the monochromator This monochromator
covered the spectral range from 200 to 700 nm and had to be
evacuated along with focussing assembly for studying the
fluorescence in the ultraviolet region. The monochromator was
vacuum sealed with two quartz plates at both the entrance and
exit slit ends. The disperséd fluorescent radiation intensity

was measured using a thermoelectrically cooled
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photomultiplier of EMI 9558 QB type positioned behind the
exit'élit of the 0.2 meter' monochromator. In this system,
total _fluorescehce intehsity could also be measured by
removing the quartz lens vahd monochromator system and
replacing this by  a thermoelectrically cooled
photomultiplier. In both the cases, the photomultipliers were

operated in the counting mode and after proper amplification
- the signals were stored in a home-made micropyocessor,
controlled 1024 channel dual multichannel analyzer bperated
in the multiscaling mode. The data stored for each run was
transferred to IBM compatible personal computer for »data

analysis.

Sulphur dioxide uéed in the experiment was procured from
L'Air Liquide, France and was used without further
purification. Carbon disulphide vapour was obtained from an
analytical-grade 1liquid and the vapour was purified by
fractional distillation before being introduced into the
fluorescence chamber. The pressure in the chamber was
measured absolutely using a MKS Baratron Capacitance
manometer (head 310 MH-10). This was a differential manometer
and the pressure was made absolute by evacuating the

referen?e side to a pressure of about 10"° Torr.

The resolution of the system was measured with known
intense lines of mercury (Hg). It was found that the
monochromator resolution at the slit width of 150 microns
each for both entrance and exit slits was 0.48 and 0.8 nm at
253.7 and 404.6 nm respectively. This resolution was used for
studying the CSz fluorescence spectrum of B 22: — X ﬁTg
system at 73.6-74.4 and 58.4 nm. - For studying the
fluorescence of -all other systems for both 802 and CSy a
monochromator resolution of 0.7 and 1.3 nm was used at 253.7
and 404.6 nm respectively which corresponded to the slit

-width of 400 microns each for entrance and exit slits.
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6.2 Results and Discussion

Total and dispersed fluorescence intensities were
measured for both SO2 and CS2 at three incident photon -
wavelengths 58.4, 73.6-74.4, and - 121.6 nm. The first two
resonant emissions are energetic enough to photoionize,
photodissociate .and/or dissociatively photoionize both target
molecules,oSO2 and C52 but the photons at 121.6 nm do not
posses sufficient energy to photoionize the target gas but
could photodissociate these molecules. Therefore, the total
and dispersed fluorescence spectrum at this wavelength would
have contribution only from the excited parent neutral
molecules or photofragmented species, whereas at 58.4 and
73.6-74.4 nm, the total and dispersed fluorescence would have
components from neutral and dissociated species, ionized
molecules and dissociatively ionized fragments. The results
obtained for both sulphur dioxide and carbon disulphide would

be taken up separately for detailed discussion.

6.2.1 Carbon Disulphide

Total fluorescence intensities measured at various
pressures of CS2 vapour ranging from 0 to 80 mTorr is shown
in Fig.(6.2) at three incident photon wavelengths, 121.6,
73.6-74.4, and 58.4 nm. The fluorescence intensity
measurement 1s relative but the pressure of the target gas
has been measured absolutely. The total fluorescence
intensity at the three incident photon wavelengths increases
at low pressure and reacheé a maximum at around 70'to 80, 15
and 20 to 25 mTorr for 121.6, 73.6-74.4 and 58.4 nm photon
wavelengths respectively. These maximum pressures for CS2
have Dbeen used to study the dispersed fluorescence at these
three photon wavelengths. Also, from Fig.(6.2), it is clear

that the maximum fluorescence quantum yield of C52 at 121.6
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nm is about 1.97 and 11.1 times larger than that at 73.6-74.4

and 58.4 nm respectively.

6.2.1.1 ¢Cs(a ' - x 5f5 system

The dispersed fluorescenqe for CS2 at 121.6 nm as
measured ig the .present experiment is shown in Fig. (6.3) in
the spectral region 226 to 525 nm. Four broad peaks between
240 to 290 nm are seen in the spectrum whereas no
fluorescence could be measured at other wavelengths between
.226 to 240 and 250 to 525 nm. This fluorescence spectrum
could not be attributed to csj or CS+as it 1is energetically
impossible to photoionize the target gas molecules at 121.6
nm. Therefore, the spectrum could only be from the parent
neutral molecules or photofragmented species. The fluorescent
spectrum in Fig. (6.3) has been carefully studied and has been
identified to be due to CS(A o —» x J}:+) transition. The
assignment of the peaks have been made on the basis of data
given by Pearse and‘Gaydon (1965). In the spectrum reported
in the present experiment, all the vibrational bands could
not be resolved. The first broad band is mainly due to (1,0)
transition but has a contribution from (2,1) and (2,0) bands
also. The second broad band has main contribution from (C,0)
band but other vibraﬁional bands 1like (1,1) and (2,2) also
contribute significantly. The third broad band can be
attributed to bands (0,1), (1,2) and (2,3) whereas the bands
(0,2), (1,3) and (2,4) form the fourth broad band. Ihefqreas
under these broad bands have been measured and ggéiﬁ%ime
production Cross sections have  been calculated. The
production cross section for the most intense band, in this
case the second broad band, is chosen to be l.dO and the
relative cross sections for other ©bands are obtained
accordingly. At the incident photon wavelength of 121.6 nm,
the relative production cross section for CS(A 1 - X lzﬂ
system in the four broad emission bands as obtained in the

present experiment, have been found to be 0.36, 1.00, 0.36
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and 0.11 respectively. A comparison of cross sections at
other incident photon wavelengths (73.6-74.4 and 58.4 nm) is
not possible as no bands ¢orresponding to the above CS system
were observed in the dispersed fluorescence spectra at these

wavelengths.

6.2.1.2 csi(s s’ - x ) system.

22: — X ﬁIg fluorescence spectra produceg. by

The B
irradiation of photons at wavelengths 73.6-74.4 and 58.4 nm
are shown in Fig. (6.4a) and (6.4Db). The fluorescence
emissions cover the spectral range from 276 to 295 nm. The
bands shown in Fig. (6.4a) and (6.4b) have been assigned as
per nomenclature used by Callomon (1958). The corresponding
transition for each band has been given in Table (6.1). As
has been mentioned previously, the fluorescence spectra have
been obtained at the monochromator resolution of 0.48 and
0.8 nm at 253.7 and 404.6 nm respectively. Even though this
resolution is sufficiently large for this type of experiment,
some of the bands, have not been resolved. Band « does not
appear in the fluorescence spectrum obtained at the incidenp
photon wavelength 73.6-74.4 but it appears in the spectrum at
incident wavelength 58.4 nm even though it 1is partially
resolved. The band w, which in fact is a combination of three
bands assigned as v, w and x is not resolved in the two
spectra. The bands f and y are nicely resolved in Fig. (6.4Db)
whereas they appear as a single broad band in Fig. (6.4a). A
few new bands below 270 nm and above 292 nm could be seen in
Fig.(6.4a). No attempt has been made to identify these bands.
The relative production cross section for all these bands of
the CSj(B 223 — X 2Hg) system produced by photons at
incident wavelengths of 73.6-74.4 and 58.4 nm have been
obtained and are given in Table (6.1). Also given in the
table are the relative production cross sections of all these
bands reported by Lee et al (1975) at incident wavelengths

55.5-82.7 nm. It is clear that the relative production cross
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Table 6.1. The band head positions and assignment as given by Callomon
(1958) and the relative production cross sections for various

bands of CS: (B 22: S X '2Hg) system produced by photons at a

few incident wavelengths.

Band - Head Transition - Relative Productioncross sections
ko Present Work Lee et al (1975)
B Zu'——aX lg (€2) at incident at incident
wavelength wavelength
A in  Assign- 73.6-74.4 584 55.5-82.7 nm
nm ment nm nm
279.80 « (020)—(020)(3/2) - 0.09 -
282.00 a (000)—(000)(3/2)  1.00 1.00 1.00
285.55 b (000)-(000)(1/2) 092 098 0.86
28735 v
not not
287.40 w 0.06
resol- [ resol-
287.65 x ved ved
290.80 f (000)—(100)(1/2)  0.04 0.12 0.02

29135 y 0.03 0.12 0.02




sections reported in the present experiment for the‘bands b,
f and y are much larger at incident wavelength of 58.4 nm as
compared - to those at 73;6—74.4 nm. The average values of
relative production cross sections for these bands reported
by Lee et al (1975) at. incident photon wavelengths ranging
from 55.5 to' 82.7 nm are, in géneral, smaller than wvalues

reported in the present work.

3 ta? ;
6.2.1.2 CS; (A M — X an) )
The fluorescence spectrum in the wavelength region
437-555 nm produced by the interaction of vacuum ultraviolet

photons of wavelengths 73.6-74.4 and 58.4 nm with C82 vapour

is shown in Fig. (6.5a) and (6.5b) . The present spectrum has
been identified as the CSZ(A.ZHu — X 2Hg) system by Weissler
et al (1971) . The assignment of the different vibrational

bands as obtained in the present experiment have been made

using the wavelength data given by Weissler et al.

It is known that the states A 2Hu and X 2Hg are both
doubly degenerate having spin-orbit splitting corresponding
to @ = 1/2 and 3/2. From the analysis of the CSi(B %ﬁjka X
’n ) system, Callomon (1958) has determined that the

g
vibrational levels of X 2f (000) and X A (000) are

g,1/2 g.3/2
inverted, with a  splitting of 440.71 cm '. On the other
hand, the splitting in the vibrational levels of CSj (A.Znu)
state is not yet known. In the present flucrescence spectrum
(Fig. 6.5), no vibrational transition corresponding to
spin-orbit split components of A 2Hu state of csi could be
observed. It appears that the spin-orbit splitting for this
state is quite small. A similar inference has been drawn by
Lee et al >(1975) from their fluorescence measurements and
Brundle and Turner (1969) ~ from their photoelectron

spectroscopic studies of the molecular ion.

The fluorescence spectra of C82 at helium and neon

101



FLUORESCENCE INTENSITY (ARB. UNITS)

I AT 73.6-74.4
] | C82 AT_ 3.6-74 4 nm + (a)
V= C82
o1/2) 1/72) 20172) 31/2) ’ : ;
(3/2) _ I(S/?} 2(572) A A/2) 2 2
L O N e A A €1, (400) —=X “Tiy (vOO)
3/.(2))“/2’1(3/2l)“/2)2(3/22)“/2) 3(3/23)(|/2) e
T G A —— el )
o /();I/?) |(s/?;“/?)2(3 5(1/2)3( )3(|/2)
Wa1e /2 Ars?
e e T R T (200)
0(3/2(;(1/?) l(}/ZI)“/Z) 2(3/22)((/2) 3(3/2) Ause) )
T T T T T 1 1 (100)
|2 e 0(3/20)“/2) |(3/2I)“/2) 2(3/2)2“/2) 3{3/2) 31/2)
U T o T 1© 1 (000)
- ‘ . i
. ... [\ 7 ,
8 - \‘\_ ::. o ‘. ) ‘.. ’u’/ -
’\,} <. . ’ "'\‘\- . ~4~ . ~ :\vr
B ) . R N\ .‘. : ‘f?;d > % 1
41z - F'- IR - ~,,./'\"“‘7../l
*l' v - ! ! -~
| | | | | I 1 | | | 1
°C (b)
! AT 58.4nm
12 - . Hel Hel
Hel | '
- |
8 {
. I3
. - . .’.l
‘0‘: ’N .
A
P LIPAY .
4 N AR %\; TR, WLt s
- W ad . i d ° \'. . TN Y " J
- o N -, Lo mn s,
" “ ! o’n\w AT I
oL 1 | ] ! | Y | et e !
440 460 480 500 520 540
WAVELENGTH (in nm)
Figure 6.5 The fluorescence spectra - of CST(/\ 3[1“ — X :T{: )

system - when excited  at an incident photon  wavelength
of (1) 73.6-74.4 nm and (b) 58.4 nm.



resonant lines in the wvacuum ultraviolet‘region shows the
occurrence of the helium lines .in the visible region
scattered from the fluoreécencevchamber as well as from the
target gas. This is possible as the energy selection of the
incident photons has not been carried out using any type of
dispersing element. This haé helped in preventing any loss of
the intensity of 73.6-74.4 and 58.4 nm lines. But it has
allowed. the other emission lines of neutral helium to get
scgttered in the fluorescence chamber and enter the
monochromator used for dispersing the fluorescence emissions.
This effect is predominant in case of helium lines in. the
ultraviolet and visible regions but is negligibly small in
case of neon lines. These scattered helium lines have been
reproduced in another experiment under similar experiméntal
conditions but without the target gas.vThis scattered line
spectrum has been subtracted from the fluorescence spectrum
of 052 at 58.4 nm as shown in Fig. (6.5b). The fluorescence
spectrum after proper subtraction of scattered radiation is

shown by open circles.

The relative production cross sections for the various
emission wavelengths produced by incident photon wavelengths
(73.6-74.4 and 58.4 nm) are given in Table (6.2) £fcr the
CSZ(A Znu - X 2Hg) system. Each emission wavelength region
includes more than one vibrational bands. The transition for
these Dbands are also given in the table. The relative
production cross sections obtained in the present experiment
at two incident photon wavelengths are compared with the data
reported by Lee et al (1975) cbtained at an incident photon
wavelength of 92.3 nm. The emission wavelength regions in the
two experiments are not exactly the same as the resolution in
the two experiments are different. The measurements reported
by Lee et al have been carried out at better resolution;
therefore the emission wavelength regions in their case are
extended on both sides. Also the relative production cross
sections for the fifth emission wavelength region has Dbeen

fixed at 1.00 and cross sections for other regions have been
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Table 6.2 The relative production cross sections for CSJZr (A 2I'Iu — X Hg)

system in various emission wavelength regions. Also given
are the transitions in different wavelength regions.

Emission Transition Relative production cross sections
wavelength

region CS;:AZHu—aXZHg () Present work Lee et al (1975)
in nm At At At

58.4 nm 73.6-74.4nm 92.3 nm

445.0-451.3  (300)—(000)(3/2) 1.29 0.63 0.43
(400)—(100)(3/2)

451.3-456.3 (300)—(000)(1/2) 0.74 0.48 0.43

456.3-463.0  (200)—(000)(3/2) 1.08 0.75 . 0.63
(300)—(100)(3/2)

463,0-470.0 (200)—(000)(1/2) 1.12 0.68 0.75
(300)—(100)(1/2)

470.0-476.7  (100)—(000)(3/2) 1.00 1.00 1.00
o (200)—(100)(3/2)
476.7-485.5  (100)—(000)(1/2) 1.42 1.33 0.93
(200)—(100)(1/2)
(300)—(200)(1/2)

485.5-492.0  (000)—(000)(3/2) 111 1.18 1.07
(100)—s(100)(3/2) '
(200)—>(200)(3/2)

(300)—(300)(3/2)

492.0-500.0 (000)—(000)(1/2) 1.23 1.35 1.41
(100)—(100)(1/2)
(200)—(200)(1/2)
(300)—(300)(1/2)

500.0-519.0  (000)—(100)(3/2) 1.73 2.92 2.46
(100)—>(200)(3/2)
(200)—(300)(3/2)
(000)—(100)(1/2)
(100)—(200)(1/2)
(200)—(300)(1/2)




Table 6.2 continued...

Emission - Transition - Relative production cross sections
wavelength

region CS::AZHu—éXzHg (Q) Present work Lee et al (1975)
in nm S At At ‘At

58.4 nm 73.6-74.4nm 92.3 nm

519.0-538.0  (000)—(200)(3/2) 1.04 2:47 3.02
(100)—(300)(3/2)
(000)—s(200)(1/2)
(100)—(300)(1/2)
(000)—(300)(3/2)

538.0-555.0 (000)—(300)(1/2) 1.35 1.60 2.32
and others




calculated accordingly. This hag been ddne in spité of the

fact that the area under this region is not the maximum. This

the relative
production cross section has been fixed at 1.00 by Lee et al

is because for the similar wavelength region,

(1975); therefore the comparison becomes simpler.

ported by

not exactly possible as both these
measurements have been carried out at different

Lee et al (1975) is

incident
photon wavelengths. It is clear from Table (6.2) that fgr a

given emission wavelength region, the relative cross sections

are different at three incident Photon wavelengths. In the

last few emission wavelength regions, the relative production

cross sections appear to increase g the incident photen

wavelength increases. It has been shown by Dibeler and Walker
(196¢7) in their ion mass SPectrcometric studies that at
the dissociative ionization

. . o _
processes C5  + hw — S + CS + e and CS+ + S + e have

wavelengths shorter than 80 nm,

clative ionization
processes will reduce the Production of gt

2
Of fluorescence from excited CSj
ions may be expected to decrease at shorter incident photon
wavelength.

2
appreciable efficiencies. Since these dissoc
1

ions, the cross
sections for the production

6.2.2 Sulphur Dioxide

Total  fluorescence intensity measured at  various

pressures of sulphur dicoxide gas from 0 to 60
in Fig.(6.6), at three incident Photon wavelengths, 121.6,
73.6-74.4, and 58.4 nm. The total fluorescence intensity at
the three incident wavelengths increases at low pressur

mTorr is shown

es and

reaches a maximum at around 30 mTorr for all the three

wavelengths. This maximum Pressure for SO has been used to
2

study the dispersed fluorescence at different incident

wavelengths. Alsc, from Fig.(6.6), it isg clear that the
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maximum fluorescence quantum yield of SO at 121.6 nm is
. 2

about 6.8 and 7.3 times larger -than that obtained at

73.6-74.4 and 58.4 nm respectively.

The fluorescence spectra fqr SO2 excited at three
incident photon -wavelengths 121.6, 73.6-74.4, and 58.4 nm
were obtained in the emission wavelength region from 238 to
442 nm. The monqchromator resolution of 0.7 and 1.3 nm at
253.7 and 404.6 nm respectively was adequate to identify most
of the measured band heads in all the three fluorescence
spectra shown in Fig. (6.7). The fluorescence spectrum at’ the
incident photon wavelength of 121.6 nm (Fig. 6.7a) includes
vibrational bands of two systems of SO emission. The A T —
% ’£” system of SO extends from 240 to 268 nm whereas the
B ’27 — X ’¢7 system covers the spectral range from 268 to
442 nm. The emission spectrum in the two regions has been
identified and the assignment of bands has been carried out
using the wavelength data reported by Rosen (1970) . It may be
noted that the dotted lines shown in the assignment chart in
Fig.(6.7a) have not been observed and reported by Rosen
(1970), but these have been shown in the figure based on
simple calculations using molecular constants reported in

literature.

The fluorescence spectrum at incident photon wavelengtn
of 73.6-74.4 nm (Fig.6.7b) includes the bands of the same two
systems of SO as observed in case of excitation at 121.6 nm
but  the emission spectrum 1is very much weaker. The
fluorescence spectrum from SOZ though energetically possibie
(Table 5.3) has not been observed. 1t is possible that the
SOZ fluorescence is very weak and could not be identified
because of the presence of the stronger emission from SO.
Dujardin and Leach (1981) have shown previéusly in their
photoion-fluorescence photon coincidence study that the
emission from SO fragments is about 100 times stronger than
the SO: emission when excited at the Nel incident photon

wavelength.
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The emission spectrum -as shown in Fig.«(6.7c) was
obtained by photoionization of SO, at the incident photon
wavelength of 58.4 nm. Some of the scattered neutral helium
line emissions observed in the present work could be seen in
the figure. These 1lines have been subtracted from the
fluorescence spectra in the same way as in the case of CSZ.
The remaining true fluorescence signals have been shown by
open circles. This spectrum differs significantly from the
gpectra shown in Figs. (6.7a) and {(6.7b). It consists ogﬂtwo

components given below:

a) The'first component of the emission spectrum is the same
' as for spectra excited at other two incident photon

wavelength i.e. the A °m — x ¢~ system of S$0O. This

(6]

system is slightly weaker than that observed in
Fig. (6.7b). But it is much stronger than that observed
by Dujardin and Leach (1981) at the same excitaticn
wavelength, 58.4 nm. Surprisingly, this system was not
ocbserved by Wu (1984) in the emission spectra obtained

&t the two excitation wavelengths, 68.6 and 55.5 nm.

b) The second component offthe emission spectrum includes a
broad continuum band with discrete bands of SO and SO
superimposed on it. The broad continuum band extends
ocver the range from 260 to 440 nm with two apparent
maxima at around 300 and 390 nm. One of the sets of
bands superimposed over the continuum beicngs to
S0 (B 32_ — X %f3 system which extends almost over the
vwhole spectral range from 268 to 442 nm. This system 1is
relatively very weak. There is another set of bands.
superimposed over the continuum which is very weak from
250 to 380 nm but a few clearly resolved discrete bands
were observed in the spectral region 38G to 440 nm. This
set of bands belong to SO+(A ‘T — X ZH) system. The
assignment for the bands of the system has recently been
carried out by Tsuji et al (1980). The bands of the two
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systems mentioned above are very close to ,each other;
therefore some of the bands of the two systems appear to
be a. single broad band. Also, because of this type of
merging and poor resolution, these bands appear to be
superimposed over a continuum. It should be added that
no emission due to soj excitaﬁion was observed as shown
in Fig.(6.7c). Threshold energies for formation of sdme
electrbnic excited states of the products are given in

Table (6.3) for the photoexcitation process of SOZ.

The relative production cross sections for SO (A & % X
£) and SO (B ¥~ — X ¥7) systems have been calculated at
the incident photon wavelengths of 121.6, and 73.6-74.4 nm.
These cross sections include all the vibrational transitions

for the two SO systems. No attempt has been made to calculate

3

the relative cross sections for individual bands. For this
purpcse, the production cross section for the B—X system has
been considered to be 1.00 and that for the A—X system has
been calculated accordingly. It may' be mentioned here that
the relative production cross sections at the incident photon
wavelength of 58.4 nm have not been computed, as at this
wavelength, there dre large number of interspaced bands
belonging to a few systems mentioned a¥bve. The relative
production cross sections at 121.6 and 73.6-74.4 nm are given
in Table (6.4). The ratio of A—X system to B-—X system have
been found to be 0.57 and 0.35 at the excitation wavelengths
of 121.6 and 73.6-74.4 nm. No comparison with any other data
has been carried out as the production cross sections for

these systems have not been reported in literature.
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Table 6 3 Threshold energies for formation of various electronic.
excited states of products for the photoexcitation
process of SO

Products Threshold Fluorescence Wavelength Obser-

Energies ved in the present work
V) . -« (in nm)
SO, (R?A) + ¢ 12.30 A
soj (& 2A2) +e 13.01
soj (B ZBZ) +e 13.24
so;“ € ™) +¢ 15.99
Soj 0] ZA-l-) +e 16.32
soj & ZBI) +e 16.50
soj (F ZAI) e 20.06

SOT (X 1) + OfP) + &  15.93

Y@+ olfp)+ & 19.12
SOT (A D) + OfP) + & 2032 SO"(A—X):> 250
SOt (%) + OPP) + € 2056
SO (X ’%) + 0fp) 5.65
SO (A ’I) + olp) 10.40 SO (A—X):> 240
SO (B %) + o¢p) 10.81 SO (B—X):> 258




Table 6.4 The relative ~ production - cross sections for
SO (A 1—X ’L7) and SOB*£5X> £7 ) systems
produced at incidént photon wavelengths of
121.6 and 73.6-74.4 nm.

Incident Photon Relative Production crosé sections
Wavelength :
in nm SO : A—>X SO : B—X
System System
121.6 0.57 1.00
73.6-74.4 0.35 1.00




CHAPTER - 7

CONCLUSION AND SCOPE FOR FUTURE WORK

7.1 CONCLUSION

The photoabsorption cross sections, fluorescence cross
sections and fluorescence quantum yields were measured for
sulphur dioxide using argon mini arc light source in the
188-231 and 278.7-320 nm regions. The cross sections were
Measured with the monochromator resolution of 0.2 nm. It was
found that in most of the experiments reported so far, for
the measurement of photoabsorption cross sections, the
transmitted beam along the optic axis included the
contribution of fluorescence from molecules. Therefore, the
absorption Cross sections measured were not accurate. This
problem was taken care in ‘the present experiment by using
another monochromator after the transmitted beam so as to get
rid of the fluorescence component being emitted along the
optic axis. In view of this, it is suggested that more and
more experiments should be done taking «care of the
fluorescence component along the optic axis so as to get
accurate data on absorption cross sections of molecules. The
measurement of fluorescence Cross sections for SO2 has
confirmed the presence of a predissociating state in the
present work. FThe threshold energy of incident photons
responsible for predissociation has been found to be in the

range between 218.9 and 220.6 nm.

The photoabsorption cross sections, fluorescence Cross

sections and fluorescence quantum yields were measured for
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carbon disulphide in the 188.2-213 .and 287.5-339.5 nm
regions. The photoabsorption cross’ sections measured in the
188.2-213 nm region were found to be pressure dependent and
such a measurement, to the best of our knowledge, has been
carried out for the first time. The fluorescence cross
‘sections in the present experiment, were measured along the
photon-beam axis and a new mathematical approach was put
forward to obtain fluorescence cross sections. In the
spectral region 300-320 nm, the fluorescence cross sections
as well as fluorescence quantum yields measured at the peaks
of some vibrational bands of the V system were found to have
a special type of pressure dependence. A possible mechanism

for this phenomenon has been suggested.

It has‘ been observed that the quantitative data on
fluorescence of S0, and C52 in the spectral regions mentioned
above are rather scarce. More experiments with better
technology are needed to be taken up in this direction in

near future.

The fluorescence spectra of C82 and 502 have been
studied at three incident photon wavelengths of 121.6,
72.6-74.4, and 58.4 nm and‘relative production cross sections
for different product states have been measured. The CS(A—¥)
system produced at 121.6 nm and CSj(B—aX and A-—X) systems
obtained at 73.6-74.4 and 58.4 nm have been analyzed in the
present work whereas the SO (A—X and B—X) sYstems at 121.6
and 73.6-74.4 nm and the two systems of SO along with
SO+(Af+X) system at incident photon wavelength of 58.4 nm
have been studied carefully. In all these emission spectra,
the relative production cross sections for fluorescence bands
of different systems have been computed. It may be noted that
not much work has been done in this direction. Therefore, a

comprehensive comparison is not at all possible.

In all these measurements carried out in the present

work, the monochromator resolution was not enough to resolve
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all the bands individually. Instead, thé relétive production
cross sections for different spectral regions'consisting of
large number of vibrational bands, were computed. It is felt
that more measurements in this direction are required with
much higher monochromator resolution without sacrificing the
low level fluorescence intensities. Also, in- the present
experiment as well as 1in other studies reported by a few
other researchers, the relative production cross sections

have been measured at a few incident photon wavelengths only.

7.2 Scope for Future Work

Present measurement of photoabsorption and fluorescence
cross sections of neutral species have been carried out at an
instrumental resolution of 0.2 nm. This, relatively low,
resolution has Dbeen chosen to accommodate very weak
fluorescence fluorescence signals of target gases (SO2 and
CSZ) in certain spectral regions. A large number of
photoabsorption cross section studies have been reported in
the literature at high instrumental resolutions. Therefore, a
direct comparison of cross sections measured in the present
work, with the measurements reported at high resolutions is
not possible. Hence there is z clear cut need to carry out
these experiments at higher resolution. For this purpose, the
same experimental set-up could be used to measure both
photoabsorption and fluorescence cross sections at higher
resolutions, as the 1l-meter monochromator used for the
selection of incident photon wavelengths can offer
resolutions down to 0.05 nm, using much reduced slit widths
for both entrance and exit slits of the moncchromator. This
exercise should be <carried out only for those target
molecules which have relatively higher absorption and
fluorescence cross sections in the spectral regions under

investigation.

The study of temperature dependence of photoabsorption
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cross sections measured in the laboratory is extremély useful
to aeronomers and astrophysicists for the understanding of
terrestriél and extra-terrestrial atmospheres. The importance
of such measurements has been emphasized by Belton (1982) in
order to wuse the spectrum of 50, as a diagnostic remote
sensing tool in understanding the atmospheres of Venus and
Io. Such measurements can be taken up wusing the same
experimental set-up describeq previously after méking some
meaningful modifications. The absorption chamber in this case
could be cooled or heated using a cold finger-methyl alcohol

system attached to the chamber.

In the spectral regions above 200 nm where the target
gas 1is found to have high fluorescence quantum yield e.g.,
802 in 200-230 nm, the fluorescence spectrum could also be
obtained at large number of incident photon wavelengths and
relative production cross sections for different product
states could be studied. The study of total fluorescence
cross section at a certain incident photon wavelength along
with the study of energy analysis of this fluorescence (that
is fluorescence spectrum) would give the partial fluorescence
cross sections for different competing product channels. This
would give a better insight about the primary photochemical

process of absorption of target molecules.

In the present experiment on ionic fluorescence of
molecules like 802 and CSZ, the resolﬁtion of the
monochromator, used for dispersing the fluorescence signals,
was varied from 0.48 to 1.3 nm to study various systems of
emission corresponding to different product states. The
disadvantage at these (relatively poor) resolutions is that a
large number of vibrational bands which are closely spaced
could not be resolved. As a result, the relative production
cross sections for product states had contribution from
different unresclved vibrational bands. In view of this, it
is desired to study the fluorescence emissions from the

product states at higher monochromator resolutions (0.2 to
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0.4 nm) so as to obtain the relative production cross
sections for individual: vibrational bands. "This could be
achieved by using the same experimental set-up with a better

focusing optics and dispersing unit.

The fluorescence emission arising due to the interaction
of VUV radiation with target gases (SOZ, CSZ) has been
studied at few incident photon wavelengths only. This does
‘not give a complete picture about the possible change of
production cross section as a function of incident ghoton
energy. To get a better insight, the measurementéi are
required to be carried out at a large number of incident
photon wavelengths. To study the emission spectrum from
different product states at higher resolutions, as mentioned
above, and also at many incident photon wavelengths, a
powerful continuum source in VUV region is needed. A
synchrotron radiation source is the ideal one to suit these
requirements. However, in the absence of continuum VUV
source, a many-lined source emitting very closely spaced
emission lines - would be a good substitute. A
thyratron-triggered sliding spark discharge source is
available in our laboratory, which can give a large number of
closely spaced VUV lines'“due to multi-ionized gas atoms used
in the source . A grazing incidence VUV monochromator would

be needed to disperse the closely spaced emission lines.
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