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/
The constructi~n and development of a laser spectro-

,
,~\meter designed ~o gener~te multiphoton spectr~ ~s outline~.

i This apparatus has been used suct~~sfully to record the

isotopic molecules,

re~onance enhanc~d three phot~n absorption

l '~ l,q .
- I I, and - ~ I, )0.-.

spectrum of the
~

:-'lul tiphoton spectra have been obt:I"ined under low

1 -1
(~\i ." 1.0 cm~ ) and high .(6v '\, O~l2 cm .) resolution, by

moni to ring ',the undispersed fluorescence from highly~. exci ted
. .

~ta;es, following dye laser excitation over the green-red

portion crf the visible spectrum. The high resolution spectra

~ere obtained either through the use of a single tunable dye

i \. 1 . h h . . 1 .aser or alternatlve y ~lt t e use ot t~o aye asers 1n

tandem. In addition. spectra have been obtained for the first

t i r.l C us i n ~ a dye 1a sere0 n £'i gurat ion ..... hie h a1) 0 \, ed itta

cscillate at t~o separate frequencies simultaneously, one of

~hich was tunable.
(

The analysis of the high resolution spectra for both

molecules has given evidence for at least five different

excited states in the 50000-55~OO crn- l region ~{ing res­

ponsible for the observed scectrurn. A detailed rotational

3~31ysis ~as been possible for three of these states, all of

~hich are shc~n to be ion-pair in nature a:1d of
0+-

U $'I.':nrnetr ......u· .

\0 prIor rotational analysis has been ~iven for one of these

l iii)
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states (the FO: (3Po)~. The high resolution analysis ~as

facil i tated --by measuring the polari =.a t ion dependence of

the rotational transitions under linearly and circularly

pola!i=.ed excitation~ Isotopic substitution has allowed;

the assignment of absoluti vibratio~al numbers.

The results of several investigations by previous

workers are also incorporated into the analyses presented

in this study. Con~lusions are drawn that raise serious

doubts about the validity of earlier reports concerning the

existence of bound states ~ying near 35000 cm- 1 above the

ground state.
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CHAPTER 1
"~

MULTI PHOTON SPECTROSCOPY

1.1" Introduction

Goppert-Mayer [1], was the filst to show that the

simultaneous absorption or emission of more than one photon
, .-

in a spectroscopic transition was predicted by quantum mech-

anics. Her deduction was the r.esult of an investigation

into the consequences of Dirac's dispersion theory [2]. Dirac,

himself had investigated, using second o!der perturbation

theory, the theoretical possibility of observing optical ph~n­

omena due to the simultaneous ab~orption (at vI) and emission

(at v 1 ) of a photon. The phenomena predicted by Dirac,

(Raleigh (VI = '.l?) and Raman (VI >. \)2) scattering), though two

'photon event~. are linear with respect to light intensity and

~erc experimentally verified before 1930 [3]. On the other

hand~ the small magnitudes of multiphoton, absorptivities

(Chapter 1.2) thwarted attempts to observe non-linear absorp-

tion until the development of sufficiently high photon density

light sources.

Not until 1961, after the development'of the ruby laser

was the first multiphoton (two phdton) transition observed [4].

Initially, non-linear behaviour was monitored only in solid

samples .. The lower number densities of liquids and gases

1

..



2

hindered experimental observation of mtilti~hoton transitions

of samples in these states until much lat'Cr. In 1974, .the
"--
first two photon spectra for a gaseous molecular sample

(benzene) were, reported {S]. Rapid developments since that

time have led to the observat~on of two photon transitions

in a-variety of atomic [6~7], diatomic {~9] and polyatomic

[10] species. In addi t ion, other non-l inear phenomena such

as three ph9ton absorption Ill], second [12] and third harmonic

gene!ation [13], four wave sum mixing [14] and coherent anti­

Raman scattering [IS} are now routinely studied.

In the following section of this chapter, a brief dis-

cussion of the classical and quantum mechanical treatment of

light absorption is·given. This is followed by discussions

of the selectio~ rules governing multiphoton transitions as

well as the polari:ation and pO\ver dependence of these transi-

tions. A concluding section on so~eexperimental

multiphoxon absorption work is also resented .

•
1.2 Classical and Quantum Mechanical Treatment

.of Multiphoton Absorption

aspects of

The fundamental relationship In cl~ssical absorption

spectroscopy is Lambert's La.....· (equation (1.1)) ~ which states
"\

~hat the decrease in li~ intensity (~I) due ~o absorption

is proportional to the product of the tota~ absorption cross-

sectioneoT) of the sample~ the intensity of the incident
-2 -1radiation (I, photon 'cm s), the population of the lower

level eN) and ~he absorption path length, dx.
r



I"

3

- ciI a aT I N dx (1.1)

This equation can be generalized to treat non-linear absorp­

tion by considering aT to be the sum of the indiv{dual cross-

2 -1sections (em molecule ) due to single photon and all

possible higher order transitions, as given by equation (1.2) ..

\' (1.2)

~.

-- (1)In the above equation, a . represents the singl~ photon cross-

section, which is typically 10- 16 cm2 mOlecule-
1

for relatively

strong transitions. In comparison, the molecular absorptivities
\

of two (e(2)) and three photon (a(3)) simultaneous transitions

-50 4 -1 -80 6 2are on the order of 10 cm s photon and 10 cm s
. -1

photon . respectively. Therefore, Jarge photon fluxes are

necessary before even the"lowest order intensity dependent

terms in equation (1.2) contribute to the absorption cross-

section of the molecule. Hence in the majority of cases, where

the incident radiation is of low intensity, these terms can

be neglected and only the single photon contribution t?, aT
~.

need b~ considered. As a result there is a first order depend-

ence on'the intensity for the absorptivity of the sample

(equation (1.1)). This'.truncated form of equation (1.1) forms

the basis of linear or classical spectroscopy. At large

photon densities, contributions from the higher order terms

in equation (1.2) result in a deviation from linearity, giving

rise to non-linear, or, multiphoton spectroscopy.








































































































































































































































































































































































































































































































































































































































