Chapter 3

Electron collisions with the D-molecules
and H>SOq

The present chapter covers the results of various inelastic cross-sections (Qine,
Qion and XQexc) for the deuterated molecules (D-molecules) and sulfuric acid
(H2S0y) for the impact energies from molecular ionisation energy to 5000 eV.
Various correlation study on the Qion and polarisability of the D-molecules has
also been attempted. Isotope effect for the deuterated and respected protonated

molecules has also been studied here.

3.1 D-molecules

By researching the density of water in 1931, H.C. Urey made the discovery of deuterium (D).
Deuterium (D), an isotope of hydrogen, has drawn a lot of interest in the scientific
community due to its notable isotope effect without any radioactive characteristics.
Deuterium research has been conducted for about a century. Throughout history, the demand
for war, drove the promotion and development of nuclear weapons, which in turn spurred the
rapid development of deuterium research. The worldwide movement towards disarmament,
replaced the cold war's central theme with peace and ushered in a new age of peaceful
economic prosperity. Under these conditions, deuterium application research switched to a
significant extent to the disciplines of engineering and natural sciences. Deuterium can be
utilised in military applications to create deuterium-fluoride (DF) laser weapons, neutron
bombs, and hydrogen bombs. Apart from military applications, deuterium is now also widely

employed in nuclear medicine, controlled nuclear fusion reactions, deuterated lubricants,
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deuterated optical fibres, nuclear energy, lightbulbs, lasers, novel drug synthesis, and much

more [1].

Like other molecules, the electron impact collisions with deuterated molecules lead to many
elastics as well as inelastic processes. Among all of these processes, the most effective and
fundamental channel for probing the structure and dynamics of the target molecules is
ionisation and undoubtedly in a variety of applications such as, astrophysics, plasma physics,
planetary sciences, radiation sciences etc. [2-5], the total ionisation cross-sections for

electron collisions with molecules have taken the centre stage.

The electron interactions with these deuterated compounds lead to numerous elastic and
inelastic processes, much like in case of other molecules. However, ionization among all of
these processes, is the most efficient and fundamental tool for examining the dynamics and
structure of the target systems and various applications of its ionisation cross-sections,
including plasma physics, astrophysics, radiation sciences, planetary sciences etc., thrust it

into the limelight [2-5].

3.1.1 Literature survey

Deuterated molecules HD, D2, D20, NDx (x=1-3), SiDx (x=1-3), and CDx (x=2-4) have been
selected for the present study because, in addition to their wide range of applications in

diverse disciplines, these molecules have received less attention (Table 3.1).

Table 3.1 Literature survey relevant to present work (IE - ionisation energy)

Energy
Sr | Target | Quantity @) Method of investigation Reference
e
1 HD - - - -
Rapp and
IE-1000 Experimental method Englander-Golden
[6]
) Cowling and
D, Total Qion 1E-500 Experimental method
2 Fletcher [7]
Experimental Schram et.al.
600-20000 )
(Condenser technique) [8]
IE-170 Experimental (crossed molecule- Mairk and
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Parent Qion electron beam apparatus) Egger [9]
1E-120 Experimental (quadrupole mass- Snegursky and
DO spectrometric technique) Zavilopulo [10]
3 Parent Qion, Experimental Tarnovsky et.al.
IE-200
Partial Qion (Fast-neutral-beam-technique) [11]
Partial and Straub et.al.
[E-1000 Experimental method
Total Qion [ 1 2]
N. Lj. Djuric et al.
Total Qion 15-150 Experimental method 03]
D
Experimental Tarnovsky et.al.
Parent Qion 1E-200 (Fast-neutral-beam-technique) [14]
Theoretical (using DM
formalism, BEB method and
4 Total Qion . Rejoub et.al. [15]
ND3 calculation of Saksena)
IE-1000
Partial Qjon Experimental method
ND, Experimental (Fast-neutral- Tarnovsky et.al.
5 ND; Partial Qjon [E-200 beam-technique) [14]
SiD,
Sib Experimental Tarnovsky et.al.
1D)2,
6 SiD Partial Qion 1E-200 (Fast-neutral-beam-technique) [16]
113
Experimental Schram et.al. [17]
Total Qion 600-20000 .
(Condenser technique)
7 CDy Experimental Tarnovsky et.al.
Partial Qion 1E-200 (Fast-neutral-beam-technique) [18]
Experimental Tarnovsky et.al.
D (Fast-neutral-beam-technique) [18]
2,
8 Db Partial Qjon [E-200 Experimental Baiocchi et.al.
3
(Crossed-beams apparatus) [19]

3.1.2 Theoretical Methodology

In the present work, SCOP and CSP-ic approaches have been employed to calculate the
probabilities of inelastic processes, including ionisations and excitations, occurring during the

interaction of electrons and D-molecules. As all potentials (Vs, Vex, Vp, and Vap) are
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constructed using the molecular charge density p(r), it is crucial to describe it (see chapter

2). We introduced parameterized charge densities of constituent atoms through Hartree Fock

wave functions [20] and used single-centre (SC) approximation for HD, D2, D20, and NDx
(x=1-3) and modified additivity rule (MAR) for SiDx (x=1-3) and CDy (x=2-4) in order to

construct the total p(r) of the molecules under study, which is then fed to construct the

optical complex potential (V¢). The atomic charge densities are superimposed on the

molecular centre of mass in the cases of SC and MAR. The necessary input parameters for

molecules are provided in Table 3.2.

Table 3.2 Molecular properties of present targets

Bond length Bond length
Target IE (eV) Target IE (eV)
(A°) (A°)

HD 15.44 [21a]  0.7410 [21a] SiD 07.89 [16] -

D» 15.47 [21a]  0.7420 [21a] SiD» 08.92 [16] -

D20 12.64 [21a] 0.9687 [22] SiDs 08.14 [16] -

ND 13.49 [14] 1.0367 [23a] CD» 10.40 [19] -

ND» 11.45 [21a]  1.0240 [21a] CDs 09.83 [18] -
ND:s 10.08 [21a]  1.0026 [21a] CD4 12.51 [18] -

3.1.3 Results and Discussion

For families of deuterated compounds including HD, D>, D>O, NDx (x=1-3), SiDx (x=1-3),

and CDy (x=2-4), we present the cross-section results of three major inelastic events during

electron collisions with D-molecules through Qinel, Qion and Qexc. We also discuss the isotope

effect and the correlation between Qion and dipole polarisability (o), which results in a

prediction of for ND and SiDy (x=1-3) that is not previously reported in the literature [23b].

A. Inelastic processes

HD and D: (singly and doubly deuterated hydrogen molecules)

The singly and doubly deuterated hydrogen molecules, HD and D2, respectively, are famous

for their crucial contribution in both planetary atmospheres and star formation. In the
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interstellar medium, HD is the third-most abundant molecule (ISM). Moreover, it has been

discovered that HD can be found in the environment of Jupiter, Neptune, Uranus, and Saturn

[4]-
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Figure 3.1 e - HD collision cross-sections

Dots. Present Qiner; Solid: Present total Qjon; Dash: Present Y Qexc

Additionally, key components in the tokamak edge plasmas are HD and D> [24-26]. Hence,
a thoroughly verified database of the cross-sections for electron interaction with HD and D>
molecules is necessary to clarify the numerous processes that take place in the tokamak edge

plasma.

For the molecules HD and D, figures 3.1 and 3.2 display the plots of the cross-section data
vs incident electron energy (Ei), which ranges from IE to 5000 eV. The curves at the top and
bottom of each picture show the HD and D> molecules' Qinel and Qexc, respectively. To the
best of our knowledge, this is the first effort to report HD molecule cross-sections data.
Figure 3.1 displays the current total Qion data for the electron collision with the HD molecule.
The calculated electron cross-sections for the D> molecule is likewise missing. The Qion for
the D> molecule were reported experimentally by Rapp and Englander-Golden [6], Cowling
and Fletcher [7], and Schram et al. [8]. Our Qion data and those of Rapp and Englander-
Golden [6] and Cowling and Fletcher [7] are in good agreement at the peak region. The
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current total Qion shows very good matching with Schram et.al. [8] experimental findings in

higher energy regimes. Yoon et.al. [27] have also reviewed the HD and D> cross-section
data.
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Figure 3.2 e - D; collision cross-sections

Dot: Present Qier; Solid: Present total Qjon; Stars: total Qin [6]; Open circles:
total Qion [7); Filled triangle: total Qion [8]; Dash: Present Y Qexc.

D20 (heavy water molecule)

D»0, a "heavy water" molecule, is an intriguing "sister" to the regular H>O molecule [10].
The wide technological applicability of the D>O molecule as a coolant in nuclear power
plants, as well as its usage in NMR spectroscopy and chemical research utilising synchrotron
radiation, where D atoms are employed in place of H atoms in some compounds, and so on,
has led us to see it as a critical and fascinating substance. Furthermore, D>O has been found
in celestial environments [28]. Thus, research into electron collisions with heavy water is
necessary to comprehend processes that occur in the terrestrial environment. In addition to

being a unique functional material, our motivation for performing these computations came

from the absence of cross-section data.
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Figure 3.3 depicts the present cross-sections results for D,O along with the available
experimental data. There are no theoretical cross-sections data available for this molecule.
Figure 3.3 shows an excellent agreement between the present total Qion and the experimental
total Qion of Straub et.al. [12] within the reported uncertainty of 4.5%. The experimental
results for total Qion measured by N. J. Djuric et.al. [13] using a parallel plate ionisation
chamber are lower than the present one at the peak region. However, a good match can be
seen in the lower energy regime. Straub et.al. [12] and Tarnovsky et.al. [11] measured the
partial Qion (D20" + OD" + O*/D;0). Present Qion matches favourably at the peak region, with
Tarnovsky et.al. [11] partial Qion, measured within 15% uncertainty, whereas partial Qjon data
of [12] underestimates the present Qion, since the present total Qion covers all ionisation
channels. The absolute parent ionisation cross-sections (D>0"/D,0) were measured by Mérk
and Egger [9], Tarnovsky et.al. [11], and Snegursky and Zavilopulo [10]. As expected, all
of these absolute parent Qion (D207/D>0) [9-11] are lower than the present Qion. Figure 3.3
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also depicts the total Qinel and Qexc using the present methodology, for which no comparison

is available.

NDx (x=1-3) family

Various ammonia isotopes, including NDs, have been discovered in dense cloud cores
(Barnad 1 [30] and NGC 1333 [31]) in the interstellar medium (ISM). ND has also been
detected in the ISM near the young solar mass protostar IRAS16293 [32] and in the
prestellar core 16293E [33]. Ammonia is also employed in the production of nitride films as
a supply of nitrogen atoms. However, due to advancements in deuterium-based

semiconductor devices, NDs is also being employed in place of NH3 [34].
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Figures 3.4, 3.5, and 3.6 show the present Qinel, total Qion, and Qexc data with the available
comparisons for the NDx (x=1-3) molecules. There is also a dearth of theoretical and
experimental cross-section data for ND and ND»> radicals in this area. Only Tarnovsky et.al.
[14] reported the absolute parent (ND*/ND and ND,"/ND») and partial (ND* + N*/ND and
ND;" + ND*/ND,) ionisation cross-sections for the ND and ND; radicals depicted in figures
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3.4 and 3.5. By adding the absolute Qion data for the ND* and N* fragment ions from the ND
radical and the NDy" (x=1,2) fragment ions from the ND; radical [14], the partial Qion
depicted in figures 3.4 and 3.5 are obtained by us. As expected, all of these partial Qion and

parent Qion data exhibit lower values than the current total Qjon data.
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The data of cross-sections for the NDs; molecule are presented in Figure 3.6. The absolute
partial and parent ionisation cross-section measurements for the generation of various
fragment ions from the parent NDs; molecule were measured by Rejoub er.al. [15]. For the
sake of brevity, they are not depicted in figure 3.6. They reported the calculated and
experimental data for total Qion as well [15]. The calculations of Saksena et.al., the Deutsch-
Mirk formalism, and the Binary-encounter-Bethe model, were used by Rejoub er.al. [15] to
estimate the total Qion. In the energy range of the current investigation, our Qjon results exhibit
excellent agreement with the experimental and theoretical data of Rejoub et.al. [15]. The
measured absolute parent (ND3"/ND3) and partial Qion (ND3* + ND>"/ND3) data of Tarnovsky

et.al. [14] underestimate the present total Qion data as expected. These partial Qion data were
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produced by adding the two absolute single Qion data [14] for the generation of NDy" (x=2-3)

fragment ions from NDs3 parent molecule.
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SiDx (x=1-3) family

The major weakness in silicon hydrogenated films is the effects associated with the de-
passivation of hot carrier effects (e.g., electrons). Deuterium conditioning of semiconductors
has been demonstrated to be successful in reducing such effects. When deuterium is used in
place of hydrogen for the passivation of the devices, it is found that the degradation of the
threshold voltage and transconductance is dramatically reduced, increasing the practical
lifetime of the devices by a factor of 10-50 and opening the door to operating the
semiconductor devices at higher voltages [35-37]. To gain a thorough understanding of the

deposition process of deuterated amorphous silicon films, which are often created by
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Chemical Vapour Deposition (CVD) techniques, a systematic study of tiny clusters of Si and

D (for example, SiDx (x=1-3)) is necessary.
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For SiDx (x=1-3) molecules, the present computed results are shown in figures 3.7, 3.8, and
3.9 respectively. This is the first attempt to present the cross-section data for molecules of
SiDx (x=1-3). The only measurement of the absolute parent (SiD*/SiD, SiD»"/SiD,, and
SiD3"/SiDs) and partial ions (SiD* + Si*/SiD2, SiDs* + SiD,"/SiD3) for the generation of
SiDy" (x=1-3) and Si* fragment ions from SiDy (x=1-3) molecules was reported by Tarnovsky
et.al. [16]. The present Qion data is also compared to the partial Qion data [16] for SiD
(summation of absolute single Qion for the formation of SiD* + Si* fragments from SiD), SiD»
(summation of absolute single Qion for the formation of SiD>" + SiD" from SiD.), and SiDs
(summation of absolute single Qion for the formation of SiD3* + SiD>"). The partial Qion and
absolute parent Qion of Tarnovsky et.al. [16] for SiDx (x=1-3) molecules are overestimated

by the current Qjon data because they account for all potential ionisation processes.
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CDx (x=2-4) family

Deuterium-containing amorphous carbon materials can be used to create optical waveguide
devices with low loss light transmission at specific wavelengths that are commonly used in
optical telecommunications. Plasma Enhanced Chemical Vapour Deposition (PECVD)
techniques, which use volatile deutero-carbon precursors, e.g., CDs etc., deposit amorphous
deuterated carbon material [38]. Also, a comprehensive database of cross-sections for all
interaction events influencing the fragmentation of hydrocarbons is required for a thorough
modelling of the transport of hydrocarbons in divertor plasmas in tokamaks. The family of

deutero-methane CDx (x=1-4) molecular ions plays a significant role among all existing
molecular ions [39,40].
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The cross-section data for the CDx (x=2-4) molecules are plotted in Figures 3.10, 3.11, and
3.12 with an energy range of IE to 5000 eV, respectively. For these compounds, there is a lack
of existing data. According to our literature review, no total Qion results for CD> and CD3
radicals have been reported (Table 3.1). Experimentally, Tarnovsky et.al. [18] and Baiochhi
et.al. [19] reported the absolute partial Qion (CD2"+ CD*/CD; and CDs" + CD>"/CD3) for the
generation of CDx" (x=1-2) from CDx radical and CDx" (x=2,3) from CD3 radical. Along with
the parent Qion and partial Qion results of Tarnovsky et.al. [18] and Baiochhi et.al. [19] for

the CD> and CDs radicals, the present computed total Qion is displayed in figures 3.10 and
3.11, respectively.
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In addition, Tarnovsky et.al. [18] provided the total single Qion for CD> and CDs radicals
both theoretically and practically (measured partial Qion wWere added by them). These total

single Qion values are close to the current Qion. According to Tarnovsky et.al. [14], the cross
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section of generation of parent or fragment ions with multiple charges is smaller than that of
parent or fragment ions with a single charge. As a result, the total single Qion, Which is the
cross section of all singly charged ions, is comparable to the current total Qion. Comparable
partial Qion data for CD> (CD2" + CD*/CD») and CD;3 (CD3* + CD,"/CD3) are also included.

All of the data for absolute parent and partial Qion had lower values than the current total Qion.
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Figure 3.12 depicts a plot of CD4 molecule cross-section data. Only Schram et.al. [17]
performed the experimental measurement for absolute total Qion of CD4 in the energy range
600-20000 eV. Their data is in excellent accord with present Qion results. Tarnovsky et.al.
[18] experimentally evaluated the absolute parent Qion for the generation of CDy" (x=2-4)
fragment ions from CDyq. In figure 3.12, we plotted our total Qion data against three kinds of
parent Qion [18]. All of these parent Qion [18] are, as expected, of lower values than the
present total Qion. They also reported total single Qion for CD4 [18], both theoretically and
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experimentally, and both of which compare favourably with the present total Qion, particularly

in the peak region, as anticipated by Tarnovsky et.al. [14].

B. Isotope effect

The isotope effect for the electron induced ionisations of the molecules, the scattering cross-
section of which (Qion) is an applied quantity, is what we are attempting to see in this
subsection. We computed Qion for Ho, HoO, NH3, SiH3, and CH4 and compared them to the
Qion for their deuterated counterparts in order to explore this impact. The ratio of Qion for

deuterated to protonated molecules is seen in table 3.3.

Table 3.3 Ratio of Qi for deuterated and corresponding protonated molecules

Ei (eV) D2/H2 D:0/H20 NDs3/NH3 SiD3/SiH3 CD4/CH4
9 - - - 0.9231 -
11 - - 1.0000 0.9932 -
13 - 0/0 1.0000 0.9968 0/0
16 0/0 1.0000 0.9943 0.9982 1.1194
18 1.0000 0.9987 0.9951 0.9983 1.0697
20 0.9394 1.0000 0.9945 0.9984 1.0537
60 0.9917 1.0027 0.9952 0.9995 1.0143
100 0.9942 1.0012 0.9967 0.9998 1.0104
500 0.9966 0.9992 0.9981 0.9996 1.0089
1000 0.9937 0.9986 0.9979 0.9993 1.0072
5000 1.0000 1.0000 1.0000 1.0000 1.0055

The total ionisation cross-sections are sensitive to the molecular charge cloud size via the Z
electron number of the target and the ionisation threshold of the molecule. We notice that Qion
is not dependent on isotopes. This is to be expected given that the calculation includes the
electronic charge density and the first ionisation energy of the target molecules, and the first
ionisation energies of these deuterated molecules and their protonated counterparts are nearly
identical. Figures 3.13 and 3.14 compare the Qion values for D>O and H>O and NDs and NHs,

respectively, to provide a clear understanding.
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C. Prediction of polarisability

We investigated the relationship between maximum Qion and polarizability (o) for the present
studied targets. Figure 3.15 depicts the linear relationship established by Harland and
Vallance [41] between Qion (peak) and polarisability (o) using the following fitting equation,

Qion(peak) = 1.5510 @ —0.1178  (R? = 0.9968)
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Figure 3.15 Correlation between Q.. (peak) and polarisability (a)
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Figure 3.16 Correlation between Q.. (peak) and \/a/IE
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Figure 3.16 displays the plot of Qion (peak) value against ./a/IE, and the least squares fit

exhibits a strong association with

Qion(peak) = 11.4475 Ja/IE —1.7195  (R? = 0.9813)

Table 3.4 Dipole polarisability (a)

Target Available a (A)3 Present predicted a (A)3
HD 0.7910 [21] :
Ds 0.7830 [21] ;
D0 14530 [21] :
ND - 1.3589
ND; 1.8420 [21] ;
ND; 2.1580 [21] ;
SiD - 4.2157
SiD» - 4.1719
SiD3 - 4.8701
CD; 17750 [42] :
CD; 2.1700 [42] :
CD; 2.5230 [21] :

These relationships allowed us to forecast the polarisability of ND, SiD, SiD», and SiDs

molecules, which, to the best of our knowledge, is not available in the literature (Table 3.4).

3.2 H2SOy (sulfuric acid)

Sulfuric acid (H2S0s) is produced from the oxidation of Sulphur dioxide (SO»), the principal
sulphur-containing substance mainly produced by humans, which is directly released into the
atmosphere [43]. All the terrestrial planets once had liquid water, as shown by isotopic and
geological evidence. Atmospheric HoSOs is mostly the result of oxidation of sulphur dioxide

by hydroxyl radical (OH) in the gas phase [44],

SOz + OH — HSOs
HSOs3 + O2 — SO3; + HO»
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SO; + 2H,0 — H2SO4 + H2O

In addition, evidence from geological studies indicates that Mercury, Venus, Earth, and Mars
all had periods of volcanic activity in their past. Sulphur dioxide, which is soluble in water, is
also a common component of volcanic degassing and by undergoing the oxidation process, it
generates the HoSO4 [45]. Moreover, Venus's atmosphere contains H>O + H>SO4 solution
clouds [45]. This H2SO4 is now known to have a crucial role in atmospheric nucleation

[46,47].

Atmospheric nucleation and the continuous growth of newly produced particles are the main
sources of atmospheric aerosol particles. These aerosol particles influence Earth’s climate
[48]. The aerosol particles reduce the temperature by diffusing sunlight. Aerosols in the
troposphere can also change the size of cloud particles, which in turn modifies the properties
of clouds to reflect and to absorb the sunlight. This has an impact on the Earth's energy
budget. Strikingly, these pollutants deplete the protective ozone layer well above the Earth's
surface [49]. The secondary electrons produced by cosmic ray particles and solar radiation
have an impact on the molecules in the atmosphere. Hence, the primary natural phenomenon
in the atmosphere is the interaction of electrons with atmospheric molecules. lonization
processes are the most fundamental events that open up for impact energy above the
ionisation threshold of the molecules. Thus, Qion of electron interactions with the molecules
present in the atmosphere, are crucial in astro-sciences, radio sciences, plasma sciences,

biological research, etc. [50].

Given its significance in the atmospheres of all the planets including Earth, HoSO4 was
selected as the study's target system in this instance. The decision to conduct this work was

prompted by the dearth of theoretical and experimental research on this chemical.

3.2.1 Theoretical Methodology

In the present work, the data of Qion for electron collision with H2SO4 has been reported for
the energy from the molecular ionisation threshold to 5 keV. For this calculation, we have
used CSP-ic (Complex Scattering Potential-ionization contribution) method. Since this is the
first attempt to study the electron interactions with H2SO4, we have computed the Qion using
various models. These models include Independent Atom Model (IAM) using atomic as well

as molecular properties. Moreover, we have carried a study to understand the dependence of
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Qion on the molecular IE and the molecular size through number of target electrons (Z) by
evaluating Qion for H3PO4 which is having same number of electrons (Z = 50) as H>SO4 and
comparing with cross sections of H2SO4. In Table 3.5 we show ionisation potential of the

target atom/molecules [21a].

The data for the ionisation cross-sections, Qion for electron collisions with H>SO4 have been
presented in the current work for energy range, target ionisation threshold to 5 keV [21Db].
Qion calculation has been carried out by using a variety of models as this is the first attempt to
analyse the electron interactions with HoSO4. Among these, is the Independent Atom Model
(IAM) using both atomic and molecular attributes. In addition, we evaluated Qion for H3POs,
which has the same number of electrons (Z = 50) as H2SO4 and compared it to the Qion of
H2SOy4 in order to understand the influence of the molecular ionisation energies (IE) and the
molecule size on the Qion. lonisation potential of the target atoms or molecules is displayed in

Table 3.5 [21].

Table 3.5 Ionisation Energies (IE) [21]

Target IE (eV) Target IE (eV) Target IE (eV)
Hydrogen (H) 13.60 Sulphur (S) 10.36 Oxygen (O) 13.62
Phosphorus (P) 10.48 H2S04 12.40 H3PO4 11.72

3.2.2 Results and Discussion

The total ionisation cross-sections (Qion) as well as Qinet and Qexc, for the gaseous H2SO4 on
impact with electrons for energy ranging from close to the ionisation threshold to 5000 eV,
have been given in the current section. There are no earlier findings available on H2SOs to
compare the present data. As a result, we used a variety of models to investigate the e -
H>SOy4 collision, and the outcomes are displayed in Figure 3.17. The Qion of H2SOs is
estimated using various approximations, including the Independent Atom model (IAM) with
atomic and molecular ionisation energies (IE) for the constituent atoms. The cross-sections
for IAM with atomic IEs and with molecular IEs are near to one another in Figure 3.18,

which is an intriguing observation. One of the causes could be that, with the exception of
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sulphur (8S), the IEs of the constituent atoms H (IE = 13.60 eV), S (IE = 10.36 eV), O (IE =
13.62 eV), and H2SO4 (IE = 12.40 eV) are quite similar. The IE of oxygen (O) and hydrogen
(H) in particular have values that are similar to the IE of H2SO4. Sulphur's IE is lower than
the H2SO4's IE. Oxygen contributes much more than the sulphur when the cross-sections of

the constituent atoms are included.

104  e-H.SO IAM (Atomic IE)
2 IAM (Molecular IE)

10 100 1000
Energy (eV)

Figure 3.17 Present Qion for e-H>S0y collision
Red line: IAM with atomic IE, Green line.: IAM with molecular IE

Figure 3.18 displays the e - H2SO4 results for Qinet, Qion, and Qexc. We have compared our
target system with phosphoric acid (H3POs4), a different molecule with the same number of
electrons as H2SO4 (Z = 50). As can be seen in figure 3.18, we have plotted the Qion for the
molecules H>SO4 and H3POs4. The ionisation energy of the target system is particularly
sensitive to the Qion. As can be observed, the results we calculated and those of Mozejko and
Sanche for H3PO4 [51], show good agreement with one another. The cross sections of both
the molecules appear to travel along the same route. One of the causes is that they have
nearly similar IEs (11.72 eV for H3PO4 and 12.40 eV for H2SO4) and the same number of

molecular electrons (i.e., Z = 50).
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As a result, we can see that our Qion depends not only on the ionisation potential of the target
molecule, but also on its size, or the number of electrons, because the molecular charge cloud

acts as a scatterer.
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