Table of contents

Chapter 1  INTRODUCTION. .....coiiiiiiiie ittt sttt sre b sneenreas 1
00 R 1o oo [F oy o] o OSSR 2
1.2 Electron: A remarkable investigative t00l ....cceeiveiieiiiiiiiniieiieiiinnnecniincnnns 3
1.3 Electron collision processes and UNIt SYSTEM ..........cccvvieiiiieneneneneseseseeeeee e, 3

1.3.1  The essential COIISION PrOCESSES .......ceeiveiiirierieriiiieeeeeeee e 3
1.3.2  ALOMIC UNIT SYSTEM (B.U.) cueeiiiieiiieiecie et sre e 5
1.4 Cross sections for SCAttEriNg PrOCESSES......cccveiiiieieeieesiesteete s e se e sre et enre s 6
141 DIffErential......ccccoooiiiiiieee s 6
1.42  Momentum transfer (QM) ..o 7
1.43  Elastic (Qer) and iNelastic (Qinel) ......cuervererieriererierisiesiesieieesiesie e e e sessesseeees 7
144 10NIZALION (QUON) ttvtrrearearirieriestesteseseeree e te st st besbe e s e e et e stesbesbesbesbesbeaneeneenees 8
145  Summed excitation(3Qexc) .. ooviereririiiiieiiie it 8
I R o] 7 | I (@ ) ST PRURRSRPN 8
147  ROAtIONA] (Qrot) «eveereereeieieriesiesie ettt eneenees 8
148  Grand total CSS......couiiiiiiiiee sttt 9
1.5  Prior work on electron COIISIONS .........ccoieriiiiiiiiiiceee e 9
151  Experimental teChNIQUES .........cccoiiiiiiiiiee s 9
152  TheoretiCal STUdIES. ........ccoveiieiciere e 10
1.6 Applications of electron-SCatteriNg ........ccoceriririririsieiee e 12
1.6.1  ASIFOCNEMISTIY ..ottt 12
1.6.2  AMOSPNEIIC SCIBNCE. ....c.eiiiiiiti it 13
1.6.3  Plasma PRYSICS. ......oiiiiiiiieieie s 14
1.6.4  Radiation DIOIOGY ......cooiiiiiiiiiiie e 16
1.6.5  INAUSEFIAl FEIEVANCE .......ocveeieccee e e 17
1.7 Outling of PreSent STUAY ........cccoiiiiiiiieiee e 18
1.8 Chapter SUMMAKY ..ot bbbt 19
1.9 BIbBHOGrapRy ..o e 19

Chapter2 THEORETICAL METHODOLOGY .....cocoiiiiiiiiieesesesiee e 24
2.1 INEFOTUCTION ..ottt ae e 25
2.2 Potential SCAtLErING........cciiiiieiiie it 25

2.2.1  Partial Wave analySiS.........ccooiiiiiiiiiiie e 26



2.2.2  Optical thEOIEM.......ooiececeee e 31

2.3  SCOP: Spherical Complex Optical Potential .............ccccceevviieiiiiniicce e, 32
2.3.1  Target Charge deNSItY .......cccccvoeiieiieie e 32
2.3.2  Thestatic potential..........ccooiiieiiiiic e 36
2.3.3  Theexchange potential............cccoeiiiiiiiiiicie e 37
2.3.4  The polarization potential.............cccooiiiieiiiii i 38
2.3.5  The absorption POtential ...........cccoiiiiiiiiiiiiiieeee e, 39

2.4  CSP-ic: Complex Spherical Potential- ionization contribution ...............c.......... 43

2.5  Approximations for charge density ..., 46
2.5.1  Additivity FUIE (AR) .o 46

2.6 2 parameters Semi Empirical Method (2p — SEM) ..o, 48

2.7  Estimation of dielectric constant, €...................cccceiii i 52

2.8 ChaPLEr SUMIMAIY .....ooiiiiiiiieie ettt bbbt 53

2.9 BIDHOGrapNy ..o 55

CHAPTER 3 ELECTRON COLLISION WITH ANALOGOUS OF DNA/RNA
NUCLEOBASES . ... ..ottt e st e et e e et e e e ne e e asaeesnaeeannes 61

T8 A 1 1 o 18 od (o] o ISR 62

3.2 3-Hydroxytetrahydrofuran (CaHsO2)........ccceoiiiiiiiiiiiciiieeeeee e 63
3.2.1  Literature study and target Properties .......ccovereirieieienese e 64
3.2.2  RESUITS ettt ettt et neenne e 66

3.3 a-Tetrahydrofurfuryl alcohol (CsH1002) ......ccoiiiiiiiiiiiiiiceeeeee 68
3.3.1  Prior work and target properties ..........cccocveveeveiieii e 68
332 RESUILS .ttt ettt ees 70

3.4  Total ionization cross sections with available comparison..............cccccoceeveenenn, 74

3.5  Correlation study and analysis Of results............ccccccevveieiiiiici e, 76

3.6 Chapter SUMMAIY .....cccviiiiieiie ettt sttt e s e e e sreeebe e e 80

3.7 BIBHOGIrapNY ..o 82

CHAPTER 4 INTERACTION PROCESSES FOR MOLECULES OF INDUSTRIAL
RELEVANCE .ottt eseeseeesesssssssssasasasasasnsas 85

Nt R 1 01« oo [1Tod £ o] o ISR PRRI 86

4.2 FUrfural (CsHa02) ....ccooiiiiiiiee et et 87
S R \Y/ (0] £ AV LA o] o OSSO RP O S PR RTRP 88
4.2.2  Previous work and molecular properties........c.cccccvvvivieiieiiie s, 88
B.2.3  RESUITS ..ottt ae e 88

Vi



4.3 p-Benzoquinone (CeHa02) ..o 92

4,31 MOTIVATION. ..o bbbttt 92
4.3.2  Previous work and molecular properties..........ccoccevveveiieeieeresieeseese e, 93
4.3.3  RESUITS ..ot bbbt 93
4.4 FlUOronitrile MOIECUIES ........cviiiiiiie s 99
441 MOTIVATION. .....iiiiiiicie e bbbttt 99
4.4.2  LITErAtUIE SUINVEY ....coiiiiiiiiiiiiieie ettt bbbt 100
443  Results for Pentafluoropropionitrile (CaFsN) ......ccccooiiiiiiiiiiiiicieee, 101
4.4.4  Results for Heptafluorobutyronitrile (C4aF7N)........ccccoeiiiiiiiiiiiiieee, 104
45  Correlation study: prediction of polarizability & dielectric constant and
validation of NOVEl 2P-SEM ..o 108
45.1  Prediction of polarizability...........ccocoiiiiiiiiii e, 108
452  Computation of dielectric constant, €...............ccoccoviiiiiiniii e 114
4.8  Chapter SUMIMAIY ......ccooiiiiiieiieste ittt sttt b e bbb ene e 117
4.9  BiDOGraphy ......ooooiiiie s 118
CHAPTERS5 ELECTRON DRIVEN PROCESSES FOR AQUA DNA
CONSTITUENTS L.ttt e e e e st e e sab e e e s se e e e sneeeenneeeaneeennns 121
T8 A 1 1 oo 18 o1 [ ] o USSR 122
5.2 A group of DNA/RNA nucleobases in aqueous environment...........c.ccoeceeeennen. 124
5.2.1  Prior work and molecular properties .........ccccooeeieieneneneneseseeeeeee 124
5.3  Results for DNA constituents in aqua phase..........ccccoovvveieienenenineseseeeees 125
5.3.1 Adening (CsHSNS) .....cuiiiiiiie et 126
532  Guanine (CsH5N5O) .......coiiiiiiiieiiieese e 129
5.3.3  Cytosing (CaHsN3O) .....cciiiiiiiiieieie e 132
534  Thymine (CsHEN202) ...ccviiiiiiiieieieiese e 135
535  Uracil (CaHaN202) .......ooiiiiiiiieiec e 138
5.4 COrrelation STUAY........ccviiii ittt 140
5.4.1  Polarizability (01).........ccooiiiiiiiiii e 140
5.4.2  Dielectric cOnStANt () .......ccooeiiiiiiiiiiiiiie e 141
5.5  Chapter SUMMAIY .....ccciiiiiiiiecie ettt snee s 143
5.6  BIBHOGrapny ..ooooie s 144
CHAPTER 6 TONIZATION OF N2 ..ottt 147
6.1 INEFOTUCTION ...ttt nneas 148
6.2 EXPerimental SETUP ..ottt 149

\l



6.3  Results of molecular NItrogen (N2)......ccooeeieiineiinienieeeee e 150

6.3.1  Inelastic CONTFIDULIONS .........ccciiiiiiiie e 150
6.3.2  lonization CONTIIDULIONS ........ccvviiiiiiiieie e 151
6.3.3  Elastic and Total CoNtribUtioNS...........ccccoviiiiiniiniee e 153

6.4  Chapter SUMMAIY .......cocviiiiieie ettt e sae e e ste e aeaneesreas 154
6.5 BIDHOGIrapNy .....ooceeee e e 155
CHAPTER 7 SUMMARY AND FUTURE PROSPECTS.......ccooiiiieieie e 157
7.1 Summary of the PresSent WOk ..........cooviiiiiiiiiiiee e 158
7.2 Advantages and Limitations of the present methodologies.............cccevvvvennnne. 159
7.3 FULUIE PIOSPECES .....viiieitietiite ettt nneas 160
LISt OF PUDIICATIONS. ...t 161
List of papers presented in the Conferences/ Seminar/ Workshop...........c.ccocvevivniennee. 163

VIl



