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Summary

The work presented in this thesis was carried out with the primary objective of
developing a sensitive ultrafast laser based technique for detecting and identifying
nitroaromatic compounds. In addition the mechanisms involved in the production of
the fragmentation patterns in the mass spectrum were studied. The data presented in
this thesis demonstrates the potential of femtosecond laser mass spectrometry
(FLMS).

The first chapter discusses the fundamental principles of the interaction between the
laser and the atomic/molecular system, where single photon excitation and relaxation
processes are described, considering on and off resonance conditions. The second
chapter describes the multiphoton mteraction, i.e., excitation, dissociation, ionisation
and other radiative and radiationless processes. In Chapter 2, a description of the
Glasgow rate equation model is also given. The third chapter gives the basic

principles and a brief description of the experimental systems and techniques used.

The nanosecond resonance enhanced multiphoton ionisation (REMPI) is briefly
described in Chapter 2 and its application to NO from the dissociation of the NO,
molecule is presented in the early part of Chapter 4. In addition in Chapter 4, the
femtosecond laser mass spectrometric investigation of the dissociative ionisation of
the NO, molecule is presented. The results using the femtosecond laser is compared
with the results obtained using nanosecond laser mass spectrometry. A comparison of
the theoretical results of the Glasgow rate equation model and the experimental
results for femtosecond and nanosecond laser mass spectrometry is also carried out in
Chapter 4.

In Chapters 5 and 6, respectively, the nanosecond and femtosecond mass spectra of
nitromethane and nitrobenzene are compared. Efficient production of the parent ion

was obtained for both samples and the mass spectra are presented. Morover, the
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different dissociative ionisation and fragmentation mechanisms for both samples are
identified. In both chapters, the laser intensity dependencies of the parent ion as well

as the fragmentation patterns of the mass spectra are presented.

In Chapter 7, the multiphoton dissociative ionisation processes in the three isomers of
nitrotoluene, DNT and TNT are investigated and their nanosecond and femtosecond
laser induced mass spectra are compared and the performance of femtosecond laser
mass spectrometry is demonstrated. Although, a comparison of the mass spectra of
three isomers of nitrotoluene and the mass spectra of the o-nitrotoluene,
dmitrotoluene (DNT) and trinitrotoluene (TNT) is made, it is shown that the
nanosecond laser mass spectra of the nitrotoluene isomers are similar and the

distinction between them is very difficult.

On the other hand, a comparison of the femtosecond laser mass spectra of the three
isomers of nitrotoluene is made and the fingerprints of these three isomers are
determined using three mass spectra. The differences between the mass spectra of the
o-nitrotoluene, DNT and TNT are also discussed in detail. The dissociative ionisation
and fragmentation patterns as well as their laser intensity dependencies are used to
discuss the dissociation pathways in these molecules. The different dissociation-
ionisation mechanisms are presented and identified with particular reference to the

femtosecond regime.

Finally, in Chapter 8 aspects of the data presented in this thesis are discussed briefly as

well as future plans.
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1.1 Introduction

In the first chapter of this thesis, an introductory theoretical background will be given
to refresh the knowledge. As is well known the laser interaction with matter is the
fundamental subject of the quantum physics and mechanics. It was felt that it would
be preferable to start with the quantum mechanical background to understand better
the phenomenological aspects of laser ionisation spectroscopy. Firstly the theory of
the interaction of light with matter (atom or molecule) will be discussed considering a
semiclassical two level medium, where the laser field is considered as a
monochromatic plane wave and the atom is considered as a quantum mechanical
system. The interaction of a weak and intense laser field with matter will be discussed
and the transition probabilities between energy levels in a quantum mechanical system

will be discussed.

1.2 Absorption and Emission Processes

It is well documented in many quantum mechanics text books that the birth of modern
quantum mechanics was at the beginning: of this century. The radiation consists of
quanta which we know to have energy radiation of nhv where v is the frequency of
the associated wave. The electron in an atom behaves like an oscillator and could be
found in certain quantum states which could be observed when a light quantum

mteracts with anr atom: -

The best and simplest description of the phenomena dealing with the interaction of
laser light with matter can be made considering a semiclassical two level system with
the assumption that it is in thermal equilibrium. Such a kind of system is shown in
fig. 1.1 where N is the number of particles i the excited state with energy E; and N
in the ground state with energy Eo. The total population given by the sum (N=N;+No)

of the populations in the excited and ground sates. The population distribution
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CHAP.1 INTRODUCTION/THEORY H.S.Kilic/1997

1.3  Interaction Between Laser Light and Two-Level System

The interaction of laser light with matter can be described by a simple quantum
mechanical model two level system as seen in fig.1.3. This kind of system could be

described with a time dependent Hamiltonian

H(t)=Ho+V(t) (1.6)
In the eq. (1.6); Hy is-time independent (unperturbed) part of the Hamiltonian and
V(t) is the time dependent part which is the interaction operator between the laserv
light and the system. The laser field can be assumed to be monochromatic plane wave

with frequency o and can be written in the form of

E(t)=E,¢' & " 1.7

where E, is a constant vector and k is the wave vector of the field. It is known that
the molecular size is about 1 nm, and i the visible laser spectroscopy (in the case of
laser wavelength used in this work A=384-226 nm) A>>molecular size (1 nm) and
therefore the phase of laser light does not change over molecular size (Demproder,
1982). Hence, we can ignore the spatial derivatives of the field amplitude. In the
case of the electric dipole-interaction between the laser light and the system, assuming
the molecule is placed at the origin of the co-ordinate system then k-r ~ 0, the

interaction operator is in the form of atomic dipole () moment as

V()= -u-E(t) = e r -Eg-cos(ot) 1.8

where E, is the electric field strength created by the laser light. The energy levels of
the system can be obtained by the solution of the time-dependent Schrodinger

equation for the case of external perturbation

HY, = i (3/ )%, 1.9
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for the interaction of the radiation with quantum system. The detuning frequency of

the interacting system is given by A=w-m0, and Q=[(wr)’+A’]"

is the Rabi frequency
and wr = p-e /A 1s equal to the Rabi frequency in the particular case of the exact
resonance frequency where detumng s zero (A=w-w;o = 0) (Letokhov, 1987y and p is
the mteraction dipole moment described above. Based on these two equations a

number of particular cases can be discussed.

1.4 On and Off-resonance Cases in the Interaction of Radiation
with System: Transition Probabilities Between Two-Levels

The ;o ® @ approximation can be made in a particular case where the system
oscillates with Bohr frequency (E;-Eo)/A=w;p which is in resonance or nearly

resonance with the optical angular frequency @=2nv of the incident laser photon. The

terms €©w®" and €% ") thus represent slowly varying functions with time

compared to the rapidly oscillating nonresonant terms € and e@w™ty in

egs.(1.13) and eq.(1.14).

The nonresonant high frequency terms can be neglected because their effect
essentially averages to zero since they are rapidly oscillating functions of time. Thesg
equations, eq. (1.13) and (1.14) could be rearranged as,

Co=ing(€*) /2 1.15

€ r=top(€™yes /2 1.16
The detuning frequency measures how far the frequency of laser light o is tuned from
the resonance frequency w;o. The solutions for these first-order differential equations

with initial conditions Co(0)=1 and C,(0)=0 for the system initially in the ground state

att=01s
Co(t) = [Cos(Q/2) - 1 (A/Q) Sin(Qt/2)]e D! 1.17
ci(t) = i (0r/Q) Sin(Q/2)e ! 1.18
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CHAP.1 INTRODUCTION/THEORY H.S.Kilic/1997

The squared probability amplitude l ci()l?, (eq.1.21), is the probability that the two-
level particle will be in the upper state at the moment t. The probability of the system
being excited to the upper state, Py is given by;

Py o=sin’[(1/2)A%+ Q%) 1] L(A/QY) 1.23

where L(A/Q) 1s the Lorentzian line shape function normalised to unity.

In the case of resonance (A<<wg),

P, o=sin’[Qt/2]= (1-coswgt)/2 1.24
and in the case of off-resonance conditions (A<<Q);

Pi o= (UA)Y’sin’[(A/2)t] = (Q/2A)* (1-cosAt) 1.25
At the resonance the system is completely inverted after a time t,=n/ogr, while off-

resonance there is a reduced probability for finding the system in the excited state.

1.5 Loss Mechanisms in the Excited State of the System

In this section, the loss mechanisms from the excited state will be considered briefly.
The emission of a photon would break the coherence of the excitation and reset the
system to the ground state. These emission processes as described above are known
as spontaneous and stimulated (induced) photon emissions. It is also known that the
interaction of the system with its surroundings can additionally shorten the lifetime of
the excited state: The population relaxation in the equilibrium state is called
longitudinal relaxation and characterised by the longitudinal relaxation time T;. On
the other hand, stimulated emissions may be induced either by the absorption of a
photon in the excited state or collisions between atoms. Collisions can also cause
refaxation m the systemr and reset the phase of the atomic or molecular wavefunction
without changing any of the populations. This phase changing of collisions also
interrupts the coherence cycling of the system. Such a relaxation time is defined to
be T, and the relaxation is generally referred to as the transverse relaxation. The

phase-refaxation has no effect on the populations of levels but it widens the spectral
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CHAP.2 MULTIPHOTON PROCESSES H.S.Kilic/1997

2.1 Introduction

In the first chapter in this thesis, the quantum mechanical description of a simple two
level semiclassical model was described and the interaction of the laser light with this
system was discussed. In the remaining part of this thesis the processes will be
considered and discussed as multiphoton precesses where one photon of incident laser
light has not sufficient energy to induce an excitation into an excited or ionic state in

the molecule.

The multiphoton process was developed and has been applied to atomic spectroscopy
over the past 30-years (Voronov and Delon, 1966, Agostini ef al., 1968; Chin et al.,
1969). After the first experimental observation of the multiphoton ionisation process,
developments on laser technology and laser based spectroscopic techniques have been
made. Laser based techniques have become widespread and highly selective/sensitive
techniques with especially the development of the resonant ionisation spectroscopy
(RIS) in the early 1970s. The development of RIS has made the detection of a single
atom possible as well as the separation of isotopes (Letokhov et al., 1977; Hurst et
al., 1979; Letokhov, 1987; Hurst and Payne, 1988).

After multiphoton ionisation in atoms became reasonably understood the same
techniques were applied to molecules (Johnson, 1975a; 1975b; Johnson et al., 1975;
Lubman, 1988a; 1988b).

In this thesis, MPI processes in molecules rather than atoms is emphasised. In this
chapter, a brief description of molecular energy levels will be made, first. Secondly,
the photo-induced phenomena during the interaction of laser beam with molecules will
be discussed and- the rate equation modetling for dissociative ionisation process in a
molecule. Finally a brief introduction to ultrafast laser mass spectrometry will be

given.

11
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CHAP.2 MULTIPHOTON PROCESSES H.S.Kilic/1997

The bond energy curves in a diatomic molecule are a function of the internuclear
separation and are called Morse potentials. They represent a stable state of the
molecule when a minimum in the potential energy exists ((i) and (i) in fig. 2.1a). The
mimtmum in the curve arises due to the balancing of the strong nuclear repulsive
forces and the attractive forces arising from the interaction of nuclei with binding

electrons.

In the polyatomic molecules, the potential energy curves representing electronic
energy state are generally of the same form as the Morse curve shown in fig. 2.1a. In
the case of polyatomic molecules in contrast to diatomic molecules, the internuclear
separation must be replaced by some generalised co-ordinate, which could be a
particular bond iength or an angle between two bond etc. Unstable energy states can
also arise if the attractive forces are msufficient to overcome the nuclear repulsive
forces and in such a state as seen from (iii) in fig. 2.1a, there exists no potential energy

minimum. In this case, the molecule does not exist.

An electronic transition in a molecule takes place in a time scale which is shorter than
10%s and, therefore; due to the Borm=Oppenhimer approximation the nuele eannot
move within this short time scale and hence the internuclear distance remains constant
during the electronic transition, i.e., electronic transition in a molecule is always
depicted by a vertical line connecting the appropriate states involved in the transitions

forboth caused by absorption and emission, presented in Fig. 2.1b.

23 The Photo-processes During The Interaction of Laser
Pulses With Molecules
2.3.1 Multiphoton Excitation and Ionisation Schemes in Molecules

Several methods based on different excitation and ionisation schemes have been used
to investigate several molecules and discussed in some details (Antonov and
Letokhov, 1981; Letokhov, 1987; Fisanick et al, 1981; Gadenken et al., 1982,
Ashfold and Howe, 1994; Ledingham, 1995). Figure 2.2 shows several

13
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CHAP.2 MULTIPHOTON PROCESSES H.S.Kilic/1997

Therefore, the aim in this work is the detection of parent ion or higher mass fragments
because it is believed (Ledinghamr et af, 1995b; Singhal et al., 1996; Kilic ef al,
1997; Kosmidis ef al., 1997) that if the molecular parent ion or higher mass ion peaks
exist in the mass spectrum, much more structural information is available than the case

of the fragmentation pattern which is dominated by small mass ion peaks.

The ionisation efficiency may be reduced by some loss mechanisms which occur in the
excited state of the neutral molecule. The loss mechanisms are dissociation,
luminescence, internal conversion (IC) and intersystem crossing (ISC). First of all,
the tonisation process and latter the other mentioned processes will be- discussed
briefly.

233 Ionisation Techniques in Molecules

The photoionisation of a neutral substance, M, as a result of the interaction of laser
light with a sample, means a subsequent removal of an electron from the neutral (M)
parent molecule resulting in the generation of a positive ion M" and a free electron

from the original molecule,
M+hv—>M'+e (2.1)

This process i1s known as the photoionisation process.

In general, all stable neutral organic molecules have an even number of electrons in
their highest occupied orbitals which may have bonding or non-bonding structure.
Removal of an electron from either a bonding or non-bonding orbital might take place
and the molecular ion obtaimed will subsequently be left with a sigle electron
configuration which does not have a very stable configuration and is called a radical
ion (M").

The ionisation process can be explained for diatomic molecules conveniently and
mnvolves two kinds of schemes which are simply described in fig. 2.3. Figure 2.3a

shows that the ion obtained is in the lowest vibrational level in its ground state. The

15
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CHAP.2 MULTIPHOTON PROCESSES H.S.Kilic/1997

or excited electronic states with absorption of one or more photons as described in
fig.2.4a. If the energy of the ineident laser photons are chosen properly, the transition
from bound ground state to a bound excited state may occur. However, if the photon
energy absorbed is sufficiently large, the molecule can be excited into a continuum of
rovibrational states where all vibrational/rotational levels are unbound and the
subsequent break up of a particular molecular bond takes place (Fig. 2.4a). In
another case the molecule can be excited to an unbound excited state (blue arrow and
blue (nbds) non-bonding dissociative state), this excitation also results in break-up of
the molecule. These two kind of cleavage of a particular bond in molecules is known
as direct dissociation (Band and Freed, 1975).

On the other hand, the cleavage of a molecular bond may take place indirectly via a
non-bonding excited state as shown in fig. 2.4b and indicated as (nbds). In this case a
transition between two bound electronic state takes place and any or a number
¢especially in the case of broad band laser sources) of the vibrational levels in the
electronic excited state may be populated. In the populated vibrational levels for
example v'=2, 3, 4 and 5, molecule behaves like a harmonic oscillator obeying Morse
potential. In this case the oscillator spends most of its vibration time at the turning
pomts i the potentialt well and a very small portion is spent about its equilibrium
distance. During the vibration of the oscillator in the excited vibrational level of
electronic excited state a radiationless transition may occur from that bound
vibrational level to an unbound neighbouring state and this results in a break-up of the

bond in the molecule. This process is known as predissociation (Fig.2.4b).

2.3.5 Other Loss Processes

Fig. 2.5 shows absorption and emission processes as well as radiationless transitions
in a molecular system. Radiative loss mechanisms in the excited state is, in general
term, known as itminescence and can arise in two ways, known as fluorescence and
phosphorescence. A molecule undergoes a singlet(So)-singlet (S,) transition absorbing

photon(s). In the excited singlet (S;) state a molecule may undergo a radiationless

18
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CHAP.2 MULTIPHOTON PROCESSES H.S.Kilic/1997

2.3.6 Isomerisation Process

Isomerisation is one of the important rearrangement processes in organic chemistry,
which take place during the interaction of the laser light prior to ionisation and
dissociation of a molecule. The isomerisation of the molecular ion is also possible.
The radiationless transttions IC and ISC have already been discussed in the-previous
section. A molecule may be involved in a direct crossover from the electronically
excited state to a level of a lower lying electronic state (ISC) and is the main process

to explain the isomerisation of a molecule (Philips et al., 1968).

For isomerisation to occur, a molecule must be excited to a vibrational level which has
a critical energy to initiate this process. The isomer formed in a vibrationally excited
energy level may undergo collisional relaxation into its lower or the lowest vibrational
level. Additionally, the isomer may absorb further photon(s) and may dissociate or

ionise.

When the laser intensity is sufficiently high the molecule may absorb further photons
to tonise prior to the dissociationr or isomerisation. In the ionisation -proeess, the
neutral molecule may absorb photons whose total energy may be greater than the
ionisation potential of molecule. This case allows the molecule to have excess energy
in its ionic state and this energy of the ion may induce a rearrangement or
decomposition of the ton, or-altermatively the ion may stay in the vibrationally excited
level in its ground electronic state. This excess energy is known as internal energy of

the ion.

Figure 2.6a shows a sequence of the ionic state where the ion produced has excess
energy through phototonisation. Pue to its excess energy the ion may falt into one of
two energy range where the ion has sufficient energy to decompose (decomposing
ions) or insufficient energy to decompose (non-decomposing ions). In the former

case the ion may fragment easily but in the latter case the ion may have either

20
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CHAP.2 MULTIPHOTON PROCESSES H.S.Kilic/1997

24 Rate Equation Modelling for NO; System

The relationships between the laser intensity, the tonisation efficiency, dissociation,
etc., are-very complex inr the multiphotorn dissociative ionisation mechanism. In order
to investigate this relationship, several mathematical models have been suggested by
several groups for atoms (Ackerhalt and Shore, 1977; Singhal et al., 1989) and
molecules (Zakheim and Johnson, 1980). Singhal has developed a general solution
for the rate-equation model to- mvestigate-the dissociative-ionisation of the-molecules
(Singhal, 1997) and this rate equation model is used in this work to investigate the
dissociative ionisation of the NO, molecule. The model and relevant approximations

made are given below.

The multiphoton dissociative ionisation pathways which the rate equation model
considers is shown in fig. 2.7. The diagram at the left hand side shows the
multiphoton processes involved in the dissociation/ionisation of a NO, parent

molecule and at the right hand side a neutral, NO, dissociation product.

The rate equation model (Singhal, 1997) used in this work assumes that spontaneous
emission is not effective and therefore these effects in either molecules , NO, and NO,
were neglected. For the femtosecond lasers, this assumption is valid and the results
under this assumption show very good agreement with the experimental results
(Ledingham et al., 1995a; Singhal et al., 1996).

The initial dynamic equations for NO, molecule in its ground state are

Ry’ =-aorflp +a10M (2.3)
n;’= agiMo-(ar2 + aio + K1)y (2.4)
ny’= apm (2.9

where ny’= dny/dt, n;’= dn,/dt, n,’= dn,/dt, ny is the number of NO, molecule in its
ground state; m is the-number of NO, molecule-in its excited state; n; 1s the-number of

. m .
NO," ions produced and a01=001m01<1>01m°1, 210= Ct10201 and a1;=Cuzm P12 . In this

22
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CHAP.2 MULTIPHOTON PROCESSES H.S.Kilic/1997

This model suggests a more complicated but a general solution for the populations of
each states. Solutions for this equattons were-made using the boundary conditions-as
ng=Np, m;;=0,n,=0,03=0,n,=0 and ns=0 at t = 0. The Nj is the initial number of

neutral parent molecule in its ground state.

The initial equation set, eqs. (2.3), (2.4), (2.5), for the NO, parent molecule can be
simplified-to- give-a second-order differential equation in-nr-

n;”*+Bny +Cny=0 2.9)
where n,”’=d’n,/dt* and n,’=dn,/dt. This equation, eq.(2.9), has two real positive
roots p; feading to a gemeral solution ny (t),

m(t)= D, Piexp(-pit) (2.10)

2
=1

1

which determines the number of excited NO, molecule. Substitution of eq. (2.10)

mto-eq: (2.5) and-integrating it, the number of the NO," ions can be-determined by
2
no(ty=ar ., (B/p:) [1-exp(-pit)] (2.11)
i=1

where p; are determined to be p,=(B-(B*-4C)")/2 and p,=(B+(B*-4C)"*)/2 with
B=aoFajotk ta;, and C=ap (a2 ¥K;). Bi are determined using initial conditions as

B1= Noao1/(p2-p1) and B, = Noao/(p1-p2)-

The dissociation rate, k;, of the parent molecule determines the number of the
dissociation product, NO; inits ground state-and the number of neutral NO-produects,
n;, changes as a function of time due to eq. (2.6). The general solution for the
equation set, eq. (2.6), (2.7) and (2.8), to calculate the number of NO" ions is

obtained by solving a third order differential equation in ns following a similar

procedure-for particular equation

24
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ns’”’+Pns’’+Qns’-a34a45k10;=0 (2.12)
where ns’”’=d’ns/dt’ , ns”’=d’ns/dt” and ns’=dns/dt and n, is given by eq.(2.10).
The eq. (2.12) can be written as

y’+Py’+Qy=ZR,; exp(-pit) (2.13)

Solving this differential equation,

n5(t)= :

1

4
(3/py)[1-exp(-pit)] (2.14)

=]

can be obtained, where p; are being p;, p, given above and ps = (P-(P*-4Q)"*)/2 and

p=(P+(P*-4Q)"?)/2 and P=ajs+tassFass and Q=asdys. &; determined using initial

conditions as 61:R1/(Q-Pp1+p12) with R1=a34a45k1[31, 62=R2/(Q-Pp2+p22) with

R2=a34a45k1B2, 63:[61(p1-p4)+ 62(p2-p4)]/(p4-p3) and 64 = -53-(61+52). n5(t), Cq(214),

is the number of NO" ion obtained.

Using this rate equation model, the analysis of the dissociative ionisation of the
molecule NO, dealing with a single bond dissociation, the NO,”/ NO" ratio gives a
significant information about the competition between the ionisation of the parent
molecule and the dissociation throughr this bond (Ledingham et af, 1995a; Singhat et
al., 1996). Therefore, the ratio of ny/ns was calculated using eqgs. (2.11) and (2.14)
and results of this equation model will be discussed in Chapter 4 for NO, molecule

comparing them with experimental results for 10 ns and 90 fs laser pulses.

2.5 High Laser intensity and Ultrashort Laser Pulse Dynamics

in Multiphoton Dissociative ionisation of Molecules: Ultrafast
Laser Mass Spectrometry.

Multiphoton dynamics in a molecular sample were discussed in earlier sections of this
chapter. The photon absorption is possible for either neutral or ionic samples within a

laser pulse where ions were produced by either the front part of the laser pulse or as a
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result of simultaneous absorption of the photons from the intense laser beam by the
neutral molecule. A quantitative investigation for large molecules is difficult since a
number of molecular bonds may be involved in the fragmentation process in the
molecule. Therefore; a qualitative treatment for large molecules is the only way for
analytical purpose. In this section a brief discussion will be made distinguishing
possible mechanisms involve in the multiphoton dissociative ionisation process

depending on the laser pulse width as well as the laser intensity.

In mass spectrometry, the source of information is the fragmentation pattern in the
mass spectrum of molecule. The fragmentation pattern could be attributed to two
different mechanisms which are an ID (ionisation followed by dissociation) or a DI
(dissociation followed by tonisation) processes which take- place- within a laser pulse
from reagent to the fragments (Gedanken et al., 1982; Yang et al., 1983). The
fragmentation pattern could be attributed to an ID process when only the
fragmentation of the ionised parent molecule occurs. The DI is the case where the
subsequent lonisation of the meutral fragments from the dissociation of the neutral
parent molecule in its excited state takes place. In the pure DI process however the
molecular parent ion cannot be detected. In the both cases, further photon absorption
and dissociation-ionisation-fragmentation processes continue until the final products
are obtained. These two , HD-and DI, processes are in competition depending on the
laser parameters as well as the spectroscopic nature of the sample under investigation.
In a particular case of the laser intensity, both of these, ID and DI, may be involved in

the process, i.e., the process may be a mixture of both mechanisms and elucidation of

the- spectrum becomes more comptlicated:

In order to overcome any fast relaxation processes or dissociation in intermediate
states, the photon absorption rate must be enhanced by an increasing laser intensity.
As the laser intensity increases, the rate of absorption of photons by molecule in the
dissocative- excited- state” increases and: these two channels, DI and ID, start to

compete. It is also known that the competition rate of these two mechanisms strongly
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depends on the laser pulse duration saying, i.e., if the laser pulse duration is shorter
than the- hfetime- of the- molecule i the dissociative excited state the- ID process
becomes dominant while the DI may be the dominant process in the case of the longer
pulse duration relative to the lifetime of the molecule in the excited state. Therefore it
is often concluded that, in the nanosecond laser pulse regime, the DI mechanisms
ofterr dominate-the-proeess while the ID-ts often observed when the-femtosecond laser
pulses were used. A comparison of the nanosecond and femtosecond laser mass’
spectrometry has been the subject of a number of recent articles (Wei et al., 1992;
Mollers et al., 1992; Weinkauf et al., 1994; Aicher et al., 1995; Ledingham ef al.,
1995b; Grum et al., 1996; Kilic- et af., 1997; Kosmidis et af., 1997; Ledingham and
Singhal, 1997; Weickhardt ef al., 1997; Smith et al., 1997) for a number of molecular
samples and the comparison of the nanosecond and femtosecond laser mass
spectrometry will be carried out in this thesis for a number of nitro aromatic

molecules and will be discussed in the result chapters starting from Chapter 4.
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