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Ipeamer: Mos10a 32 NOKPETAHE MOCTYNKA 32 n300p y 3Barb¢ BUIIM HAYYHH CAPAHHK

MOJIBA

C 063MpOM Jia WCIlyHaBaM KPUTEPU]yME IPOINHCAHE O MuHucTapcTBa MPOCBETE, HAyKe H
TEXHOJIOMIKOT pa3Boja 3a H300p y 3Baibe BHIIM HAay4HU CapajHHK, MOJHM Hayuno Behe
NuctuTyTa 3a Gusuky y beorpaiy /1a HOKpeHe MoCTynak 3a MOj u300p Y HaBEIEHO 3BaIbE.

VY npuiiory AOCTaBJbaM:

MHIIBEHE PYKOBOAKOLA POJEKTA Ca MPEUIOroM 1jlaHoBa KOMHCH]€ 3a U300p Y 3BamE;
Crpyuny Guorpadujy;

IIpersien Hay4YHE aKTUBHOCTH;

EnleMeHTe 32 KBAJIMTATHBHY OIIEHY HAy4YHOT JOTPHHOCA;

EnleMeHTe 32 KBAHTUTATHBHY OIIEHY HAay4YHOT JIOTIPUHOCA,;

Cricak 06jaB/beHMX Hay4IHHX pazoBa U (poToKomMje pagosa 00jaB/bEHUX HAKOH
IPETXOHOT H300pa y 3Bambe;

[TonaTke 0 IUTUPAHOCTH,

Pemmemse 0 IPETXOTHOM H300pY Y 3BAMbC.

9. Jloxase 0 UCITyEHOCTH HaBEIECHUX KBAIMTATUBHUX YyCJIOBA
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HAYYHOM BERhY
HHCTUTYTA 3A PU3UKY
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Y BEOT'PALLY

Ilpeamer: Mumubeme pykoBoanoua 3a u3bop aAp Jeaene MamkoBuh y 3Bame BHIIH
HAy4HH CapafHHK

Hp Jenena Masmkosuh 3anocneHa je y Jlabopatopuju 3a aToMcke cyAapHe IpoLece
HHcrutyTa 32 pusuky y Beorpany. ¥V npetxomHom nepuony Ouia je aHra)xopaHa Ha IpOjeKTHMa
OCHOBHHX HCTpaXkMBarkba MMHHCTapCcTBa INPOCBETE, HAyKe M TEXHOJOIIKOI pa3Boja Kao M Ha
HEKOJIMKO MeljyHapoJHHMX MpojeKaTa y OKBHPY KOJUX j€ YYecTBOBaja Yy EKIEpPHMEHTAaJHHUM
HCTpOXHMBalbMMa  WHTEpaKUuje  eJeKTpoHa ca  OWMOMOJeKylIMMa,  aHEeCTeTHULUMA,
OpraHoMeTaJMLMMa Kao M MHTepaKLj1 eIEKTPOHA ca HaHOKaNMKJIapaMa.

C o0063upoM Ja HCIymaBa CBe KpHTepHjyMe mpomnucaHe IIpaBUITHMKOM O MOCTYIIKY,
HAauWHy BpEOHOBaFa M KBAHTHTATUBHOM HCKAa3WBalby HAyYHOMCTPAXKMBAYKUX pe3y/TaTa
MunucrapeTBa MpocBeTe, HayKe M TEXHOJOWIKOI pa3Boja, carjacaH caM ca MOKPETAmhEM
niocTymnka 3a u36op ap Jenene MasbkoBuh y 3Bame BUIIM HAy4YHH CapafHUK.

[Mpennakem na koMucHjy 3a uzbop Ap Jenene MasbkoBuh y 3Bame BHIIM HAyYHH CapaJHUK

YHUHE!:

1. np Henan CumonoBuh, HayuHu caBeTHHK, MHCTUTYT 3a du3uky y beorpany,
2. np Bnagumup Cpehixosuh, Hayunu caBeTHUK, MHCTUTYT 32 dusuky y beorpany,
3. np bparucnap MapunkoBuh, HayyHM CaBeTHMK y mNeH3UjU, VHCTUTYT 3a QU3MKY Y

beorpany u
4. mpod. np I'opan Ilonmapuh, penoBuu npodecop, Pusuuku ¢akynrer, YHUBEPIUTET Y
Beorpany
V¥ Beorpany, PykoBoaunan na6opatopuje,
19. 04. 2022 N, Hmonowve

Hp Henan CumonoBuh
Hay4YHU CaBETHHK

Wuctutyt 3a pusuky y beorpany



1. buorpadcku noganu

Jenena (boxunapa) MasbkoBuh je pohena y TpaBuuky (bocHa u
XepuerosuHa) 24.04.1977. roaude. @Duszuuku (DakyITeT, CMEP
Teopujcka u exkcnepumenTaiHa ¢usuka, je 3appunmia 2006. ronune
Ha YHuBep3uTeTy y beorpaay ca cpeamoMm oneHoM 8.82. Mactep
cryadje je ynucaida 2006. roguHe Ha @PuU3UUKOM (AKYITETY
yHuBep3urera y beorpany u 3apmmia 2007. roguHe ca mpOCEYHOM
orenoMm 10.00. Joxropcke cryauje je ymnucaima 2007. roguHe Ha
®duznukom  QakynTety YHuBep3uteta y beorpamy — cmep
ExcnepumentanHa ¢u3Mka aTtomMa W MOJEKyJa W 3aBpliuia ca
cpeamoM orieHom 10.00.

Jenena MasskoBuh je nooutnuk Hopeenike crunenauje 2001. rogune.
Y pamgHom oaHocy Ha HWHcTUTYyTy 3a (u3nky YHUBEp3uTeTa Yy
beorpany je ox jyna 2008. ronuse.

Y4yemhe Ha HAMOHAJIHUM MPOjEeKTHUMA:

2011-2019 "dwuzuka cymapa u ¢oTompoleca y aTOMCKHM,
(bmo)monekyckuM 1 HaHoguMmeH3noHuM cuctemuma' No Ol 171020

2006 - 2010 “Electron and laser spectrometry and collisional cross
sections for atoms, 1ons, molecules, metastables and biomolecules”

MunucrtapctBo Hayke u Texnonomkor Pa3Boja, Penbnuka CpbOuja,
No0.141011;

Y4yeumhe Ha OnyiaTepaJJHUM NpPOjeKTHMA:

2016 - 2018 Pemy6nuka CpoOuja — Uranmja, Research projects of
particular relevance (Grande Rilevanza) selected within the frame of
the executive programme of scientific and technological cooperation
between Italian Republic and Republic of Serbia — Research area:
Mathematics, Physics, Chemistry and Biology: “A nanoview of
radiation-biomatter interaction”



2013 - 2015 bumarepanna capama, Cpricka Axkagemuja Hayka u
YmerHoctu 1 Mahapcka Akanemuja Hayxka: "Interactions of charge
particles with single insulating capillaries™

2012 - 2013  “Photon and electron spectroscopy of pure and nano-
solvated biomolecules isolated in gas phase” PenmyOnuka Cpobuja -
®panmycka, IIporpam “ITaBie Casuh” # 680-00-132/2012-09/06

2010 - 2012 “Excitation and fragmentation of small biomolecules”,
Peny6onuka CpOwuja — CnoBauka, bunarepanna capagma No. SKSRB-
0011-09.

2008 - 2009 “Electron induced fragmentation of organic molecules
and small  hydrocarbons”, Penybmuka  CpOuja—CioBeHuja,
bunarepanna capagmwa

VY okBupy 0oBuX MNpojekarta JeaeHa MaspkoBuh je 3HaUajHO MPOIIUPUIIA
CBOj€ 3HaWE€ U UCKYCTBO TOKOM Hay4HHX moceta MuctutyTy Joxked
Mredan y JbyOsmanu, Comenius Yuusepsurera y bparucnasuy,
SOLEIL cunxporpony mnopen Ilapuza, WMucturyra ATOMKU Y
Mabapckoj.

Y4yemhe Ha HHTEPHALIMOHAJIHUM MPOjEeKTHMA:

e Jenena MaspkoBuh je Owna uwinaH meHayuMeHT komutera COST
akimmje  CM1301  “Chemistry  for  Electron-Induced
Nanofabrication (CELINA)” CSO Start of Action: 23/10/2013,
End of Action: 23/10/2017.

o Kanmunatkuma je yuecHuk COST akuuje CA18212 “Molecular
Dynamics in the GAS phase”, Start of Action - 12/11/2019 End
of Action - 11/11/2023

o Kanmunatkuma je yuecHuk COST akuuje CA20129 “Multiscale
Irradiation and Chemistry Driven Processes and Related
Technologies” Start of Action - 04/10/2021  End of Action -
03/10/2025



VY oxBupy HamumonamHor mpojekta OM171020, dusuka cygapa u
dboTormpoliieca y aToMCKUM, (OHM0)MOJIEKYJICKUM M HAaHOJUMEH3MOHUM
cucremuMa, Jp Jeinena MasbkoBuh je pykoBoAwiIal] IPOjEeKTHUM
3a/1aTKOM: [IpoyuaBame CJICKTPOHCKE MHTEpaKIINje ca
OMOMOJIEKYJIMMa, aHECTETUIIMMA U HAHOYECTHUIIaMa.

Jenena MasbkoBuh je Owuiia pykoBoaMIIall MacTep paja JeneHe
Bykosuh a can je pykoBoauial JOKTOPCKE T€3€ KaHIUIATKIH]e.



2. llpernen nayuHe akTUBHOCTH Ap Jesene MabkoBuh

Hayuna aktuBHOCT np Jenene MaspkoBuh Be3zaHa je 3a 00JIaCT aTOMCKE, MOJIEKYJICKE H
XCMI/IjCKe (1)I/I3I/IKC. EKCHCpI/IMeHTaHHa HCTpaXXuBaba KaHIUAATKUELEC CE MOT'Y IMMOJACINTH
y cnenehe monreme:

1) mepeme anconyTHUX Au(dEpeHIUjaTHUX MpeceKa 3a eIaCTUYHO pacejarmbe eIeKTPOHa
cpenmux enepruja (40-300eV) Ha: OMOMOJICKY/IMMa, aHECTETHUIMMA W TUIEMCHUTHM
racoBuMa

2) TpaHCMHUCH]y €NEKTPOHA CPEIbIX CHEepruja Kpo3 METalHe Karuiape.

3) mpolece MUCONMJaTUBHOT EJICKTPOHCKOT 3axBaTa W JAMCOLMjaTHBHE JOHU3ANHjE HA
OpraHOMETAHIIIMA.

Hanomena: 3se30uyom () cy o3nauenu padosu o6jasmeHu HAKOH npeoxoOHo2 uzbopa y
38ame.

2.1 Mepeme anco,iyTHUX Tu(epeHIHjaTHIX npeceKa

HcTpaxkuBame WHTEpaKIiMja eIeKTpOHa ca MOJEKYIHMa Ioja Io0po aedhuHUCAHUM
eKCTIEPUMEHTATHAM YCIIOBUMa KMMa 3a [WJb JIa C€ MPOIIHUPH 3HAKE O MOJICKYJICKUM
npouecuma (pasyMeBame CTPYKType W JTUHAMHUKE MOJIEKYJICKHX CHCTEMa) Kako Ou ce
HCTH MOTJIM KapaKTepHU30BaTH Y TEOPHJCKUM IpopauyHuMa. Hamaxkewme BepoBaTHohe, Tj.
mudepeHIjaTHOT Tpeceka je O] MPECyAHOT 3Hayaja 3a OMUC CyJapHOT Tpoleca Uy
eKCIIEPUMEHTAIHUM U Y TEOPUJCKUM HCTpaxkuBamuMa. ExcriepuMenTanHo onpehuBame
mudepeHIMjaTHOT TIPEeceKa 3aCHUBA C€ Ha MEpemy WHTEH3WTETa, Tj. Opoja pacejaHux
eNeKTpOoHa y (YHKIHMjA yria WKW C€Hepruje mpu demy u3Mel)y MepeHor curHana u
TPaXKEHOI Tpeceka TIOCTOju JAUPEKTHAa 3aBUCHOCT. Y OKBUPY HCTPaKHBamba
€JIEKTPOHCKUX CYyJapHUX TMpoleca OwnM cy ojapehuBaHuW penaTUBHU U aAlCOIYTHU
IudepeHIjaTHi TPeceld 3a eaCTUYHO pacejambe eJIeKTpOHa CpellibuX eHepruja, o 40-
300eV na 6uomoekyiauMa (aHanmoruum Hekum jaeiaouma JIHK), anecreruiuma, Metany
u aprony. Ca Mepema Cy U3BpILEHA y peKUMY OMHApHUX CyAapa TEXHUKOM YKPIITEHUX
MJia3eBa — eJIEKTPOHCKOT MJla3a IPOU3BEICHOT y €JIEKTPOHCKOM TOIY M MJja3a MOJIEKyJa.
On 2007 romuHe KaHAMJATKHE-Aa ce OaBHJIa MPOy4YaBamkbeM HMHTEPAKIMje EJICKTPOHA
CpelmuX eHepruja ca Omomosexyauma anajioraum Hekum aenosuma JIHK. HacraBak Ha
MPEeIXOJHO MEpeHEe MOJIeKyJe KOjU Cy aHaJOrHH HEKHM JIeJIOBUMa MOJIEKYJa
peneBaHTHUM 3a rpaljy OMOJIOMIKMX MakpoMmoJiekyna: dypan, 3 huapokcureTpaxuapo
¢bypan (anamoruu ne3okcupu6o3u y JHHK), nmupumuausH (aHajoraH NUPUMHIAHCKUM
6azama), popmamua u H-metuindopMamMuz (MOJEKYIH KOJU CajapiKe MENTUIIHY BE3Y), je
OUII0 Mepeme PpeTaTUBHUX U alCOJyTHUX AU(EpEeHLHUjaTHUX IpeceKa 3a eNacTHYHO
pacejame enekrpoHa Ha Tpuetmn ¢ocdary (CoHs)POs koju je ananoran ¢ocdartHoj
rpynu y JIHK. Teopujcke npopadyhe je paauo npodecop TOkési iz Madarske.

Pesynratu wucTtpaxkuBama pacejama €IeKTpOHa Ha MOJEKYyIUMa aHaJOTHUM HEKUM
nenosuMa JIHK npukazanu cy y cneaehum pagoBuma:



(M237) Jelena B. Maljkovié, Jelena Vukovié, Kéroly Tokési, Branko Predojevié,
and Bratislav P. Marinkovié,

“Elastic electron scattering cross sections for triethyl phosphate molecule at
intermediate electron energies from 50 to 250 eV,

Eur. Phys. J.D 73, 27 (2019). [5pp] (on-line 5 Feb 2019)

doi: 10.1140/epjd/e2019-90631-1

(M21) J. B. Maljkovié, F. Blanco, R. Curik, G. Garcia, B. P. Marinkovié, and A. R.
Milosavljevié,

“Absolute cross sections for electron scattering from furan”,

J. Phys. Chem. 137 064312 (2012) [10 pages].
http://link.aip.org/link/?JCP/137/064312

doi: 10.1063/1.4742759

(M21) J. B. Maljkovié, F. Blanco, G. Garcia, B. P. Marinkovié, and A. R.
Milosavljevié,

“Absolute cross sections for elastic electron scattering from methylformamide”,
Physical Review A 85, 042723 (2012) [8 pages].
http://link.aps.org/doi/10.1103/PhysRevA.85.042723

DOI: 10.1103/PhysRevA.85.042723

(M21) J._B. Maljkovié, A. R. Milosavljevié, F. Blanco, D. Sevié, G. Garcia, and B. P.
Marinkovié,

“Absolute differential cross sections for elastic scattering of electrons from pyrimidine”,
Phys. Rev. A 79, 052706 (2009) [7 pages].
http://link.aps.org/doi/10.1103/PhysRevA.79.052706

doi: 10.1103/PhysRevA.79.052706

(M22) J.B. Maljkovié, F. Blanco, G. Garcia, B. P. Marinkovié, and A. R.
Milosavljevié,

“Elastic electron scattering from formamide molecule”,

Nucl.Instrum. Meth. B. 279 124-127 (2012).
doi:10.1016/j.nimb.2011.10.029

(M23) A. R. Milosavljevié, F. Blanco, J. B. Maljkovié, D. Sevié, G. Garcia, and B. P.
Marinkovié,

“Absolute cross sections for elastic electron scattering from 3-hydroxytetrahydrofuran”,
New J. Phys. 10 103005 (2008) [19 pages].

doi: 10.1088/1367-2630/10/10/103005

(M23) B. P. Marinkovié, A. R. Milosavijevié, J. B. Maljkovié, D. Sevié, B. A.
Petrusevski, D. Pavlovi¢, D. M. Filipovié, M. Terzié and V. Pejcev,

“Optical and Electron Spectrometry of Molecules of Biological Interest”,

Acta Physica Polonica A 112(5) 1143-1148 (2007).



https://doi.org/10.1140/epjd/e2019-90631-1
http://link.aip.org/link/?JCP/137/064312
http://dx.doi.org/10.1063/1.4742759
http://link.aps.org/doi/10.1103/PhysRevA.85.042723
http://dx.doi.org/10.1103/PhysRevA.85.042723
http://link.aps.org/doi/10.1103/PhysRevA.79.052706
http://dx.doi.org/10.1103/PhysRevA.79.052706
http://dx.doi.org/10.1016/j.nimb.2011.10.029
http://dx.doi.org/10.1088/1367-2630/10/10/103005

AnconytHu audepeHnMjaTHA Tpecelid MepeHu cy u Ha halogenim inhalacionim
anecteruiimma xanoreHy (CoHBrCIFz) u ceBoduiypany CsHsF70). ®Dokycupame Ha
YII03HABAE MOJICKYJICKE CTPYKTYpPE M XEMH]CKHX 0COOMHA XaJIOTCHUX aHECTETHKA MOXKE
noMohu y pazymMeBamy BUXOBHUX PEAKTUBHOCTU M yHanpehewy y KIMHHYKO] YIOTPEOH.
CeBodmypan ce kopuctu ox 1990r a cax je jemaH o HajKOPHIINCHHUJUX AHECTETHKA Y
pa3NMYUTAM THIIOBMMA OIepanyja Kao W y Jedujoj xupypruju. Takohe, xamoreHu
aHECTETHII Cy OMTHU 300T BUXOBE YJIOTe y aTMOC(HEpPCKOj XeMH]jH, 3ajeTHO Ca yJIOTrOM
xsopoduryopokapOoHa y omrehermy 030HCKOT omMoTada y cTparochepu. Muxxamanmnonu
aHEeCTETULIM C€ BPJIO M0 METabOJIMYKH MEHajy MpU KIMHUYKO] YMOTpeOH, Tako Aa
MOJIEKYJI ~aHecaTeTHKa ca JYyI'MM BPEMEHOM XHMBOTa MOTy cTHhu y cTpaTtochepy y
BEJIMKO] KOJIMYMHU. TeopujcKu MpopavdyHH 3a OBa Mepema cy pal)eHu oj cTpaHe rpyrme u3
[lImanuje u jako 100pO MMaMO Cllarame eKCIepuMeHTa U Teopuje. Pesynraru 3a xanotexn
Cy TpUKa3aHU Ha HEKOJHKO CaoMNIITemha Ha MehyHapoaHUM KoHQepeHIHjama a
nmyoJuKaIuja paaa je TOKy.

Pesynratn ucrtpaxxnBama pacejama €IeKTpOHA Ha MOJICKYJIMMa aHECTeTHKa MPHUKAa3aHU
cy y cnenehum pamy u caonmmremy ca KoHpepeHiuje:

(M21")Jelena Vukalovié, Jelena B. Maljkovi¢,FranciscoBlanco,Gustavo Garcia, Brank
0 Predojevié, Bratislav P. Marinkovié

“Absolute differential cross-sections for elastic electron scattering from sevoflurane
molecule in the energy range from 50-300 eV,

Int. J. Molec. Sci. 23(1) 21 (2022) [11pp].

doi: 10.3390/ijms23010021

ISSN: 1422-0067

(M33) Jelena B. Maljkovié, Aleksandar R. Milosavljevié, Zoran Pesié, F. Blanco, G.
Garcia, Dragutin Sevi¢ and Bratislav P. Marinkovi¢

“Absolute differential cross section for elastic electron scattering from halothane at
100eV

Proc. 25" Summer School and International Symposium on Physics of lonized Gases SPIG, 30"
Publ. Astron. Obs. Belgrade No. 89, July (2010),

ISSN: 0373-3742 pp. 33 — 36.

Kannunatkuma ce 0aBwia u npoydaBambeM MeTana (CHa), raca koju y BelMKO] MepH,
nonpuHocH edekry "crakiene 6amre". OBaj edekar je oko 8 myra Behu og CH4 Hero on
COz. MertaH je mpoy4aBaH:

a) ojapehuBameM arncoisyTHX IudepeHIMjaTHUX MpeceKka 3a eNacTUYHO pacejame
€JIEKTPOHAa Ha MOJIEKY/JIMMa MeTaHa Ha eJIEKTPOHCKOM crektpomerpy YI'PA Ha
Wuctutyty 3a pusuky y beorpany


https://doi.org/10.3390/ijms23010021

0) onpehuBameM eHepruja mMojaBJbUBama MPOJyKaTa TUCOLHUjAIUjE YCIIE] SKCIIUTAIH]e
eNeKTPOHMMa, NpwinkoMm mocere Comnenius dakyarery y bparucnaBu y oxBupy
OounaTepaiHe capaambe.

PesynraTu uctpakuBama pacejarba eIeKTpOHAa Ha MOJICKYJIMMa METaHa IMPUKA3aHU CY Y
cnenehum pagosuma:

(M21%)Jelena Vukalovié, Jelena B. Maljkovié, Karoly Tokési, Branko Predojevié, Brati
slav P. Marinkovié,

“Elastic electron scattering from methane molecule in the energy range from 50-300
elV”,

Int. J. Molec. Sci. 22(2) 647 (2021) [14pp].

Special Issue "Electron and Photon Interactions with Bio(Related) Molecules"

doi: 10.3390/ijms22020647

ISSN: 1422-0067

(M21)M Danko, J Orszagh, M Durian, J KociSek, M Daxner, S Zoittl,

J B Maljkovié, J Fedor, P Scheier, S Denifl and $ Matejéik

“Electron impact excitation of methane:determination of appearance energies for
dissociation products”

J. Phys. B: At. Mol. Opt. Phys 46 045203 (2013)

doi: 10.1088/0953-4075/46/4/045203

Anconyran audepennujarau npecenn (DCS) 3a emacTuyHO pacejambe €ICKTpOHA Ha
aprony cy Takolhe MepeHHu Ha elekTpoHckoM crekrpoMerpy YI'PA. 3a pedentHu rac y
metoau PemaruBaux mportoka (Relative flow) xopumihen je xemujym.  OBum
pesynratuMa cMO JOOWIH jejaH KOH3WUCTEHTAH CKYI arCOJYTHUX IudepeHIrjaTHuX
mpeceka 3a eNIacTYHO pacejambe €JICKTPOHAa Ha aproHy 3a CpPEeAkd PACIOH YIaHUX
eaepruja (40-300eV) Koje CMO KOPHCTHIM Kao pedepeHTHE Ipeceke 3a Mepermba
ancorytHuX DCS cBUX HapeaHHX MeTa.

N3 oBor Mepema myOIMKOBaH je paj:

(M23")Milos Lj. Rankovic, Jelena B. Maljkovic, Karoly Tokesi, and Bratislav P.
Marinkovic,

Elastic electron diferential cross sections for argon atom in the intermediate energy
range from 40 eV to 300 eV

Eur. Phys. J.D 72, 30 (2018) [9pp],

doi: 10.1140/epjd/e2017-80677-4

ISSN: 1434-6060

VY uniby 1o0Hjama Noy3AaHuX BPeIHOCTH Ipeceka OMIIo je HOTpeOHO pa3BUTH
METOJI0JIOTH]y MEpEea U YHANIPEIUTH HU3 EKCIIEPUMEHTATHUX TEXHUKA Y €JIEKTPOHCKO]
CIIEKTPOMETpUjU. Y OKBUPY OBe TeMaTHke JeneHa MasbkoBuh je paauia Ha:

- yHanpehemy racHor cucrema amaparype YI'PA y mmmpy omoryhaBama Mepema
arconmyTHUX qudepennujaraux npeceka, Relative flow method. Cymruna oBor metona je
YIOPETHO MeEpemhe CHUTHajla pacejaHuX eJNEeKTPOHAa 3a HEMO3HaTOM MW TaKO3BaHOM
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https://www.mdpi.com/journal/ijms/special_issues/Electron_Photon_Interactions
https://doi.org/10.3390/ijms22020647
https://doi.org/10.1140/epjd/e2017-80677-4

pedepeHTHOM racy, y3 JIOJAaTHO MeEpeme Op3MHE MPOTOKA CBAKOI raca W HaXKJbHBO
MO/ICIIaBAE AlICOTYTHUX IPUTUCAKA.

- KanmuOpanuju U TeCTUpamby eKCIIepUMEHTATHOT ypehaja;

- METOJOJIOTHjH MEpeHa peNaTHBHUX Ipeceka W J0OWjamy arcCoNyTHUX BPETHOCTH
mrdepeHnrjaTHuX mpeceKa.

Eneprujcku pasioskeHe CTPYKType y CIIEKTpHMa I'yOMTaka eHepruje AUPEKTHO OIHCYje
mporece eKCIUTanuje MoJieKyna. PasymeBame OBUX CTPYKTypa U CBEYKYITHE
WHTEPAKIIH]e eJICKTPOHA ca OPraHCKUM MOJICKyInMa, 00e30el)yje OCHOBY 3a pazyMeBame
KaKO CTPYKTYpe Tako M JIMHAMHKE OBHX cHcTema. Mako je mocraBka amapaTrype Ha K0joj
cy paheHa wuCTpakmBama IIpe CBEra ONTHMH30BaHA 3a MEPEHE pPEIaTHBHUX H
acrmcolyTHUX JudEepeHIMjaTHIX TIPeceka 3a €JIacTHYHO pacejarbe €JIeKTpOHAa U He
JI03BOJbAaBA MEpEHmE CIeKTapa T'yOWTaka E€HeprHje ca BeoMa BHCOKOM EHEPrHjCKOM
pe3onynujoM, A0O0MJEHH CIEKTpU Cy OJI 3Havaja 3a MpoBepy umcTtohe meTe, Kao U 3a
MOJIPIIKY ONTHYKAM CIEKTpUMa TpPU aHaJM3M ToJaTaka AO0OHMjeHHMX MepemuMa Ha
CHHXPOTPOHY Ca YJITPa-BHCOKOM PE30IYIIH]OM.

PesynTaTu 10 kojux je momiia KaHIUAATKHEbA Y OKBUPY OBE TeMaTHKe yrmopehenu cy ca
TEOPUJCKUM TMPOpavyyHHMa, IITO je oMOoryhmiio Tectupamwe U yHarpehewme TeopHjCKHX
MoOJiella W MeTona 3a oapehuBame arcoNyTHHUX Tpeceka 3a eaCTHYHO pacejame
€IIEKTPOHA CPEIUX CHEprhja Ha pENaTHBHO BEIMKAM MoJieKynuma. JloOujeHu cy
BpEIHU pE3YJATaTH Kako 3a (yHAaMEHTATHO pa3yMeBame Ipolleca HWHTEPaKIHje
EIIEMEHTAPHUX 4YEeCTHI]a Ca KOMIUIEKCHUM MOJIEKYJICKAM CHCTEMHMa, TaKo M 3a
MYITUAMCUMIUIMHAPHA UCTpaXKMBamba Koja MOTY HMaTd BaXHy [PUMEHY ¥y
OMOMEIUIIMHCKUM HayKama.

2.2 UHTepakiuja eJJeKTPOHA ca METAJTHMM KanujiapamMa

Pa3ymeBame 1 nHTepHpeTalyja CruekTpa eJIeKTpoHa pacejaHux Ha YBPCTUM MOBPIIMHAMA
je OuTHO 3a MHOTE€ TEXHHYKE aIuIMKaluje. 3a KapaKTepu3aldjy IOBpIIMHA |
JMJarHOCTHKY KOJOM ce m30eraBa omreheme maTepujajia U MoJAu(HUKalMja MOBPIINHE
Kao M pa3yMeBamy caMuX Ipolieca pacejama. Ha ekciepumenty YI'PA kanaumaTkumba
ce OaBuia MpOydyaBalkbeM TPAHCMHUCH]e €JNEKTPOHA KpPO3 MAKpPOCIOICKE METalHe
Kanmujgape, HaKOH BHIIECTPYKMX CyAapa ca 3ujJoBuMa MeTe. JacHo je gHa je
eKCIIEPUMEHTATHO HeMoTyhe oipeIuTH pa3iuky u3Mely TpaHCMUTOBAHUX MPUMAPHUX H
CEeKYHJIapHHX €JIeKTpOHA TEHEpacaHWX Yy HeeJacTUYHUM CcyJapuMa ca 3UJA0BHUMA
Kalujaape U 3axXTeBa J10/1aTHE CUMYJIallije TpPaHCMUCH]e.

VY xonabopauuju ca kosnerama u3 Mahapcke n Bunue, xoju cy Owim 3agyXeHu 3a
cuMyJaluje, KaHIuAaTKHba je 00jaBuiia ABa paja.:

(M22%) J.B. Maljkovi¢, D. Borka, M. Lj. Rankovié, B.P. Marinkovié,
A.R. Milosavljevié, C. Lemell, and K. Tékési

“Electron transmission through a steel capillary”, Nucl. Instrum. Meth. B, 423, 87-91 (2018).

doi: 10.1016/j.nimb.2018.03.020



https://doi.org/10.1016/j.nimb.2018.03.020

ISSN: 0168-583X

(M21%) A. R. Milosavljevié, M. Lj. Rankovié, D. Borka, J. B. Maljkovié, R.
J. Bereczky, B._P. Marinkovié and K. Tokési

“Study of electron transmission through a platinum tube”,

Nucl. Instrum. Meth. B 354, 86-89 (2015). [on-line 15 Dec 2014]
doi: 10.1016/j.nimb.2014.11.087

ISSN: 0168-583X

2.3 NuTepakuuja eJleKTPOHA €A OPraHOMETAIMI[UMA

FEBID (Focused Electron Beam Induced Deposition) je Bpio obGchaBajyha Texuuka
nerno3unmje 3a HaHodaOpukammjy, koja mpousBomu 3] crpykrype ox cy6-10nm
auMeHsuja. Benmkm Opoj opraHomeranmka Tpom3BeneHUX crendjanmHo 3a CVD
(Chemical Vapour Deposition), FEBID kopuctu 3a cBoje mpekypcope, 3a IPOU3BOIbY
31 wmetannux HaHocTpykTypa. FEBID je TexHuMka y KOjOj C€ BHCOKOCHEPTHjCKH
(dhoKkycupaHu CHOIl YCMEpPH Ha TEpKypcop MoBojaehu 10 AucOIMjaIije U y HACATHOM
ciydajy Bonehm ka crBapamy aemo3uta.. Hamme, BUCOKOSHEPTHjCKH CHOIl CTBapa
MHOIITBO CEKYyHJIApHMX e€JeKTpoHa ca eHeprujom wucrnon 100 eV koju goBoae a0
(dbparmeHTamuje MpeKypcopa KO3 pazIMduTe IMPOIece JACKOMIIO3UIIMje, Kao IITO CYy
JTUCOIMjaTUBHA JOHM3aIlMja, AWIOJIApHA JTUCOIMjaluja, HEyTpajdHa AUCOIHjanuja |
MPOIIEC TUCOIMjaTUBHOT elleKTpoHCKor 3axBata (DEA). YV okBHpYy OBe TeMmaruke, a y
capaamu ca kojerama u3 CrnoBauke u [losbcke, KaHIUIATKUbA je TTpOydYaBasia Mporece
TUcOoIMjaTBHE joHmM3aruje 3a tetraecthyl ortosilicate (TEOS) Ka0 ® TIpolec
JMCOIMjaTUBHOT CIIEKTPOHCKOr 3axBara 3a TEOS u benzene chromium tricarbonil
molekule. O6e mete ce mory cmarparu notenijaraum FEBID mpekypcopuma. Mepema
Ha TEOS monekyny cy u3BoheHa Ha JIBe HE3aBHCHE EKCIEPHMMEHTAIHE IOCTaBKE Ha,
Cross Beam (CBA) u Claster Aparateus (CA), na Comnenius dakynrery y bpatuciasu.
O6e excriepuMmenTanHe mocraBke moceayjy Trohoidal Electron Monochromator (TEM) u
Quadropol Mass Analyzer (QMA). O6e anmapatype KOpUCTE METOJI YKPIITEHUX MIIa3€Ba,
MJIa3 eJEKTPOHA ce y MHTEPAKIIMOHO] 3allpeMUHU 110J] yriioM ox 90° cymapa ca miia3oM
MoJieKya MeTe. HakoH IITO ce y MHTEPaKIMOHO] 3anpeMUuHH (opMUpajy TO3U3THBHH
joHH, OHHM ce MaceHO aHanu3upajy y QMA u perekryjy. HakoH Hanaxkema MaceHOT
crnekrpa 3a TEOS monekyn nparoBu eHepruje 3a CTBapame CBaKOT MO3HBHOT (parMeHTa
cy MepeHH. TOKOM KaHIWAATKUBUHOT OopaBka y [loJbCKOj MpoleC IUCOIUjaTUBHOT
€JIEKTPOHCKOT 3axBaTa Ha benzene chromium tricarbonyl monekyiny je npoyuaBad. OBaj
oparaHomeTanuk je takohe morenuujannu FEBID mpekypcop. Takohe ekcriepument je
0a3upaH Ha METOH YKPIITEHUX MiiazeBa, ca TEM-om, QMA u neTekTopoM, CMEIITEHUM
y BaKyMCKy KoMopy. Mepema cy paheHa y GyHKIMjU eHepruje ynaJaHUX eJIeKTpoHa OJ1
0-12e V. Y 0BOM €HEprujcKOM PacHoOHy MPOIEC AUCOLHUjaTUBHOT €EKTPOHCKOT 3axXBaTa
je 3aciyxkaH 3a (QparMeHTalnujy MoJsiekyna. Mosekyn je moka3ao Bpiio Ooraro
¢dopmupaHje aHjoHa. Y OKBHpY NOTEHIMjAIHE yJIO0re XpOMHUjyMUBUX jeauHjeHa y FEBID-
y, mokazaHo je na je DEA nponecuma moryhe ykimoHuta u 6enszen u cee CO rpyne u
dopmupatu [Cr]”. Kanaunatkuma je TokoMm OopaBka oa Tpu Heaesbe y Ilossckoj, y


http://dx.doi.org/10.1016/j.nimb.2014.11.087

okBupy Hayune nocere COST akuuje CELINA, pamuia va mepemrma Besanum 3a DEA
mporece Ha OBOM MOJICKYITY.

Oge pesynrare kanauaaTkuma je npencrasmwia Ha CELINA cacrannuma y bparuciasu
u KpakoBy u 00jaBJbeH je pan :

(M21") Janina Kopyra, Paulina Maciejewska and Jelena Maljkovié

“Dissociative electron attachment to coordination complexes of

chromium: chromium(0) hexacarbonyl and benzene-chromium(0) tricarbonyl”,
Beilstein J. Nanotechnol. 8, 2257-2263 (2017).

doi: 10.3762/bjnano.8.225

ISSN: 2190-4286

(M32%*) Jelena Maljkovi¢, Paulina Maciejewska and Janina Kopyra,
“Dissociative electron attachment to benzene chromium tricarbonyl”

Proc.The 3" CELINA Meeting, Krakéw, May 18-20, 2016, Eds. Petra Swiderek and
Janina Kopyra, p.20
http://celina.uni-bremen.de/celina/celina2016/index.php?id=start&lang=en

(M32") Jelena Maljkovié, Peter Papp, Michal Lacko, Michal Stano, Aleksandar Milosavijevié,
Stefan Matejcik

“Electron impact dissociative ionization of tetraethyl orthosilicate”,

Proc. 2" Annual Meeting of COST Action CM 1301, CELINA - Chemistry for ELectron-Induced
Nanofabrication, May 6-9, 2015, Bratislava, Slovakia, Book of Abstracts, Eds. Peter Papp and
Petra Swiderek, (COST Action CM 1301, Comenius University, Bratislava, Slovakia), STSM
Report, WG1, p.29.

http://neon.dpp.fmph.uniba.sk/celina2015/
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3. EJIEMEHTH 3A KBAJIMTATUBHY OHEHY HAYYHOI' JOITPUHOCA
KAHAUJATA

3.1 KBanuteT Hay4HUX pe3y/iTara

3.1.1 HayyHu HMBO M 3HAYaj pe3yJiTAaTa, YTHIAj HAYYHUX PagoBa

Jenena MaspkoBuh je y CBOM JocajalllbeM HaydYHOM panay oOjaBuiia yKymHO 14 pamoBa y
MelyHapolIHMM dYacomucuMa, jEeJHO IIpelaBame IO TMO3MBY ca MehyHapomHor ckyma
HITaMIAHO y LEJIWHM, S MperaBama MO MO3MBY ca Mel)yHapoqHUX CKyloBa IITaMIlaHa y
U3BOAY, 5 caomiuTema ca MelyHapoAHMX CKYIOBa IITammaHa y 1enuHu, 14 caommrtema ca
Mel)yHaposHUX CKynoBa INTaMIaHa y HW3BOAY, 2 TIpeJaBamke MO IO3UBY ca CKyIa
HAI[MOHAJHOI 3Hauaja ITamMIlaHa y LEJMHHM, 1 caomimTema ca CKyna HAallMOHAJIHOI 3Hadaja
HITAMITaHA Y IeJIMHH U 2 CAONIITEeHha ca CKyla HAMOHAIHOT 3HaYaja IITaMITIaHa y H3BOY.

Kanaunatkuma je HAKOH IPEeTXOAHOT U300pa y 3Bame HayuHU capaJHUK 00jaBuia / pajgoBa y
mehynaponuuM vaconucuma ca ISI mucre. Yertupu paga cy kareropuje M21 (BpXyHCKH
MehyHaponHu yaconucH), jeqaH y kareropuju M22, nBa y kareropuju M23. [lopen Tora,
o0jaBmina je 1 paa kareropuje M31 (mpenaBame Mo MO3MBY ca Mel)yHaApoIHOT CKyma
mITaMIiaHo y 1enuHn), 4 pana kareropuje M32 (nmpenaBame 1o MO3MBY ca Mel)yHapoIHOT
CKyma MITaMIIaHO y HW3BOAYy), 2 kareropuje M33 (caommrewme ca melyHapomHor ckyma
mITaMIIaHoO y 1euHN) U 9 pagoBa kareropuje M34 (caommreme ca Mel)yHapoaHOT CKyIia
HITAMIAHO Y U3BONY).

Kao ner naj3nauajuujux pagosa ap Jeaene MamskoBuh moryhe je u3aBojuru:

1. (M21) Jelena Vukalovi¢, Jelena B. Maljkovi¢, Francisco Blanco, Gustavo Garcia,
Branko Predojevi¢, Bratislav P. Marinkovi¢,

“Absolute differential cross-sections for elastic electron scattering from sevoflurane molecule
in the energy range from 50-300 eV”,

Int. J. Molec. Sci. 23(1) 21 (2022). M21=8, U®=5.924, nutupan 0 nyTa (paj je TeK U3ariao)

2. Janina Kopyra, Paulina Maciejewska and Jelena Maljkovi¢,

“Dissociative electron attachment to coordination complexes of
chromium: chromium(0) hexacarbonyl and benzene-chromium(0) tricarbonyl”,

Beilstein J. Nanotechnol. 8, 2257-2263 (2017), M21=8; U®=3.127, uutupan 5 nyra

3.J. B. Maljkovi¢, A. R. Milosavljevi¢, F. Blanco, D. Sevi¢, G. Garcia, and B. P. Marinkovi¢,
“Absolute differential cross sections for elastic scattering of electrons from pyrimidine”,

Phys. Rev. A 79, 052706 (2009), M21=8; U® =2.908, nutupan 53 myta



4. J. B.Maljkovi¢, F. Blanco, R.Curik, G. Garcia, B. P.Marinkovi¢, and A.
R. Milosavljevié¢,

“Absolute cross sections for electron scattering from furan”,
J. Chem. Phys. 137 064312 (2012), M21=8, N®=3.164, uutupan 10 nyra

5. Jelena Vukalovi¢, Jelena B. Maljkovi¢, Karoly Tokési, Branko Predojevié¢, Bratislav
P. Marinkovi¢,
“Elastic electron scattering from methane molecule in the energy range from 50-300 eV”,
Int. J. Molec. Sci. 22(2) 647 (2021) . M21=8, N®=5.924, uutupan 1 myt

Y npBoM paay objaBibeHoM y International Journal of Molecular Sciences 23(1) 21 (2022)
Cy MpUKa3aHU TEOPUJCKU M EKCIIEPUMEHTAJHM aIlCOJIyTHH AU(EpEeHLMjaJHu Ipeceru 3a
eJaCTUYHO pacejalbe eJIEeKTpPOHAa Ha MOJIEKylInMa ceBoduypaHa, jeAHOr o] Hajuenthe
KopulIheHuX XaJoreHWx aHecTeTHKa. IHTepecoBame 3a NpOydyaBame AaHECTETUKA Y
MoceIlbe BpeMe je mopacia U ca YHMICHUIIOM Ja XaJOreHW aHEeCTeTHIM Cy OutHu 300r
BUXOBE YJOre y aTMoc(epcko] XEeMHjH, 3ajeHO ca YJIOroM XJIopoduyopokapOoHa Y
omtehemy 030HCKOr oMoTaua y crpatocdepu. MHXXananMoOHN aHECTETHULIM C€ BPJIO Majo
METaOOJIMYKN MEHa]y TIPU KIMHUYKO] YIOTpEeOH, TaKO J1a MOJICKYJM aHecaTeTHKa ca JyTUM
BPEMEHOM JKMBOTa MOTy cTHhu y cTpaTocdepy y BEIMKOj KOJIMYMHH. EKCIepiMeHTan Hu U
TEOPUJCKH pE3YyJITaTH C€ jako J00pO ClaXy Ha arcoidyTHO] CKajdd, IITO TOBOPHU O
MOY3/1aHOCTH Hallle eKCIIEPUMEHTAJIHE METO/IE.

Y npyrom paay objaBibernom y Beilstein J. Nanotechnol. 8, 2257-2263 (2017), cmo

pa3marpanu Ha npumepy moiekysa Cr(CO)s u (ns-CeHs)Cr(CO)s xako 3amena tpu CO rpyme
ca CeHs mma yrumaja y ciydajy UWHTEpakiidje OBHX MOJIEKyJa ca EJICKTPOHHUMA.
Kanaunatkuma je oBaj pan o0jaBuia TokoM HaydHe mocete [losbekoj y okBupy COST akmmje
CELINA. V¥ okBupy moTeHIHjalHE yJjore XpomujyMm jenumema y FEBID ammmkxanmjama
yrBpauin cmo aa “otkupame” CsHe m cBux CO nmranaga u dopmupame yucror [Cr]™ je
Moryhe myTeM mpolieca JucOIMjaTUBHOT €JIEKTPOHCKOT 3aXBaTa.

VY tpehem paay objaBibenom y Phys. Rev. A 79, 052706 (2009) cmo npuka3zaiu Teopujcka u
eKCIIEPUMCHTAJIHA HCTpPaXKMBamkba €JIACTUYHOT pacejarba CJIeKTPOHAa Ha HPUMHIUHY,
MOJICKYJly KOjU j€ aHajoraH NUPUMHIUHCKMM Oa3zama. Mepema cy paleHa Ha ymagHuM
erepruja 50-300 eV u ynmagaum yriaosuma 20°-110°. PenatuBHu nudepeHnujaHu Mpecenu
Cy MepeHH y (GyHKIMjH yIiia ¥ yrhaJHe CHEepruje eJIeKTPOHA U HOPMHUPAHHU Cy Ha arCOJyTHY
CKally Ha OCHOBY Tavaka mooujenux Relative flow meromom. Teopujcku mpopaduyHu cy
0a3upaHu Ha KOpuroaHoj popmu meroaa HesaBucHux atoma ( Inedependent Atom Methode-
IAM).

Y uyerBproM pany obGjaBibeHom y J. Chem. Phys. 137 064312 (2012), npukazanu cy
pe3ynratu 3a pypaH MOJIEKYJI, aliCOTyTHH Ipeceru y GyHKIuju yria 3a eHepruje 50-300 eV,
20°-110°, TaGenapuo u rpaduuku. OBH ancoyTHU Ipecenu y GyHKIUjU yria cy yrnopeheHu
ca SCARND i UFBA TeopujoM, Kao U ca paHHUjUM CGKCIICPUMCHTAIHUM pe3ynTatuma. Ha
npuMepy Mollekyna dypaHa, y capaamu ca xoinerom P. Uypukom u3 Ilpara, pazmatpan je
yTHLa] BUOPALlMOHUX CTamka Koja ce HE MOTY Y €KCHEPHMEHTY Pa3ABOJUTH O] €JaCTHUHOT



pacejamba Ha cpeamuM eHeprujama. Jlat je Takohe rpaduk pOTAIMOHO CYMHPaHUX
BUOpAIIMOHMX HEEJACTUYHUX allCOJYTHHUX Mpeceka K OJHOCA CyMe BHOpPalMOHUX
HEENACTUYHUX allCOJIyTHUX IIpeceka mnpema enactuuHuM. Ha kpajy cy mpencraBibeHH,
rpapuuk ¥ TabemapHO, HMHTErpPalHM W TOTAJIHM Ipeceld W ymnopeheHu ca paHHjuM
pe3ynTaTumMa.

VY metom paxy obGjaBibeHom y International Journal of Molecular Sciences 22(2) 647
(2021) cy mnpe3eHTOBaHM EKCIEPUMEHTANHO JOOHMjeHH JU(EpEeHIUjaHU TMpecerd 3a
eJIaCTUYHO pacejame enekTpoHa Ha MmeraHy (CHg), racy Koju y BETHKO] MEpH, IOMPHHOCH
edpexty "crakmene Oamte". EkcnepuMmeHTamHHM pe3ydaTaTH cy ynopeheHun ca nBa certa
TEOPHjCKUX I0JIaTaKa jeJHUM A00MjeHMM OOMYHOM CyMOM WHBHIYaJHUX aTOMa a APYTUM
nobujeHnM y3umajyhm u edekre Moiekymna y o03up. EkcriepuMeHTanHu W TEOpHjCKH
pe3yaTaTH ce JoOpO CiIaXKy Ha alCoJIyTHOJ CKaJM M ca MPEeIxoJHO J00MjeHUM pe3yiaTaThMa
Jpyrux ayropa, IITO TOBOPM M O IOY3aJ@aHOCTH Halle EeKCHepUMEHTAJHEe MeTole H
TEOPH]jCKOT METO/Ia.

3.1.2 ITo3uTHBHA HUTHPAHOCT HAYYHHUX PAZI0Ba KaHIMAaTa

ITpema 6a3u Web of Science, panoBu np Jenene MasbkoBuh ykynHo cy nutupanu 154 nyra,
JIOK je Opoj nutata 6e3 ayrorurata 132, Xupmios unaeke je h=7.

[Mpusior: momamy o HUTUPAHOCTH pajgoBa U3 uHTepHeT O6aze Web of Science

3.1.3 ITapamMeTpu KBaJUTETAa Pag0Ba H YacoMuca

Kao GuTaH eneMeHT 3a MpoleHY KBaJIUTEeTa HAyYHUX pasioBa CIyKU U UMITaKT-(HaKTop
yacornuca y KojuMa cy pajaoBu 00jaBJbEHHU.

On mpeaxoaHor u3dopa y 3Bame KaHIWIATKHIA je o0jaBJbUBalia pajoBE y 4acolucuMa
kateropuja M21, M22 i M23:

Kareropmnja M21:

2 paga y International Journal of Molecular Sciences, Impact Factor (5.924)
1 pama y Nucl. Instrum. Meth. B, Impact Factor (1.389)

1 pan y Beilstein J. Nanotechnol, Impact Factor (3.127)

Karteropuja M22:

1 paxy Nucl. Instrum. Meth. B, Impact Factor (1.210)

Karteropuja M23:

1 pax y Eur.Phys.J.D., Imact factor (1.288)

1 pany Eur. Phys. J.D , Impact Factor (1,288)



YkynaH uMmnakTt ¢aktop oBux pazgosa je 20.15.

Yacomnucu y kojuma o0jaBsbyje np Jenena MasbkoBuh cy 1ieleHHU 110 CBOM yruieAy u Boachu y
BEroBUM oOyiacTuMa pajaa. JlogaTHu OMOJIMOMETPHCKH IIOKa3aTe/bu IMpeMa YIYTCTBY O
HAuMHY MHcamba U3BEIlTaja 0 M300pUMa y 3Bama Koje je ycBojuo MaTu4yHM HaydyHU 000D 3a
¢u3uKy npukaszanu cy y cienehoj radbemm:

No M CHUII
VYkynHo 20,15 43 6.947
Ycepenmweno 1o

2.88 6.14 0.992
YJIaHKY
YCPEAIBEHO 1O | 5 g, 8.53 1.353
ayTopy

3.1.4 CTeneH caMOCTAJHOCTH U cTeneH yyemha y peaJu3auuju paaoBa y HAay4HUM
LHEeHTPUMA Yy 3¢M/bH U HHOCTPAHCTBY

On 14 o6jaBsbeHux pagosa, aAp Jenena MaspkoBuh je npBu ayrop Ha 7 pagoBa. Ha pamoBuma
KOju cy o0jaBJbeHH y Tepuony HakoH ominyke Hayunor Beha MuctuTyTa 3a QU3MKy O
MPEJIOTY 3a CTHIAkE MPETXOJHOT HAYYHOT 3Bama, KaHIUIATKWIJba je oOjaBuia 7 pamova u
IPBH je ayTop Ha 2 paja.

[Tpu u3paau momMeHyTUX MyOJiMKalMja KaHIUIATKHEa je Y4eCTBOBOBAja y OCMHIILJbABAKY
MeTa KOpHIITNEeHUX 3a UCTPAKUBAE, EKCICCPUMEHTAIHUM MEpemuMa, Ha 00paJn U aHAIU3U
00MjeHNX pe3yJiTaTa U Ucamky paioBa.

TokoM JOKTOPCKMX CTyauja, IMOJ MEHTOPCTBOM Jp Ajekcannpa MmuocaBibeBuha ¢
WucrutyTta 3a ¢usuky y beorpany, np Jenena MaspkoBuh je 3amouena HCTpaXxuBame y
obnactu panujauroHor ourehema XUBe MaTepHje, MOJ YTULAJEM EIEKTPOHA CpPEAmUX
enepruja (40-300 eV). ¥ TOM KOHTEKCTy, NPOLIMPEHO j& CKCIEPHUMEHTATHO HCTPAKUBAHE
MHTEPAKIHje EIEKTPOHA CPEeAUX CHEpruja ca MOJEKYJIMMa KOjU Cy AaHaJOTHH HEKHM
nenosuma JIHK. 3a3amouer je pa3Boj MeToJe 3a MEpPEHE alcCOoNyTHUX AU(EepeHIUjaTHuX
npeceka (Relative flow merox) 3a emactuuno pacejame eleKTpoHa Ha OHMOMOJIEKYJIHMMA,
AQHAJIOTHAM HEKUM JIeJIOBUMa MOJIEKYJIa peJlaBaHTHUM 3a rpal)y OMOJIOMIKHX MaKpOMOJIEKYIa.
Hakon 3aBprieHor nokropara, KaHAMJATKUKa j€ HAacTaBuia Ja ce 0aBu mpobsieMoM
WHTEpAKIMje eJEeKTPOHA CPEAmUX CHEepruja ca OMOMOJIEKyJIMMa W 3amodesia je paja Ha
WHTEPAKIHMjH eNIEKTPOHA CPEAHUX eHepruja ca aHeCTeTHIIMMAa, METaHy W METaJHUM
Kammiapama. ¥ okBupy HamuonanmHor mpojekta Ol 171020 ®dusuka cynapa u ¢porompoiieca y
aTOMCKHMM, (OMO)MOJIEKYJICKHM M HaHO CHCTEMa, PYKOBOJMIIAIl je TPOJEeKTHOr 3ajaTKa:



[lpoyuyaBame eNEKTpOHCKE WHTepauuje ca (OMO)MOJEKyIMMa, aHECTCTHUIIMMa H
HaHouecTuniama. [lopen oBux Tema, y capaamu ca komerama u3 CrnoBauke u Ilosbcke,
KaHIMJIATKHbha ce OaBWJa MPOyYaBamEM mpoleca JIUCOIMjaTUBHE JOHU3ANM]jE H
JIMCOLIMJaTUBHOI EJICKTPOHCKOI 3aXBaTa Ha OpPraHOMETAJIMIIMMA KOJHU Cy ITOTCHIHjaJHU
FEBID npekypcopu. ¥V okupy COST akmuje CELINA kangunatkuma je y BHIIE HaBpaTa
OopaBuna y CnoBaukoj u Ilosbckoj, Te je ocTBapuia HAay4dHy capalmy ca npod ap
[MTedanom Matejunkom, np Ilerpom Ilam u npod np Janmaom Kommpowm . U3 oBe capanme
o0jaBJbeHa Cy JBa pajia M OJip)KaHa JBa MpefaBama Ma Mel)yHapoagHUM KOoH(epeHnrjama.

3.1.5. EneMeHTH NPUMEHLUBOCTH HAYYHHX pe3yJITara

Pesynratu pajoBa ca GMOMOJIEKyJIMMa Cy 3HAYajHU y [IUJbY H3y4yaBarma JUPEKTOr omrehema
OMOJIOIKOT MaTepHjaia yciea JejcTBa joHusyjyher 3pauema. EKcrepuMeHTH y KojuMa ce
UCTpaKyje MpOoIleC MHTEPAKIMje EIEKTPOHA ca MOJICKYJIMMa KOjU Cy aHAJIOTHH T'PaJIiBHUM
nenosuma JIHK u mporenHa cy 3ato jako OMTHU. CHEKTPOCKOICKM TOJAIU M arCOIYTHU
nuQepeHIjaiHu npeceny 3a uHTepakiujy enekrpona ca JJTHK cy nmorpeOHM kao moueTHH
napaMeTpu y MoOJeJIoBamy TIpoieca omirehema u pasymeBamy peaknuja. JloOujame
nudepeHyjaTHuX eUKacHUX MpeceKa 3a pacejame eJISKTPOHA Ha OMOMOJIEKYJIMMA j€ BaXKHO
32 TECTUPamE TCOPHJCKUX MOJIeNIa KOjU C€ MPUMEHYjy 3a NMpopadyyH CyAapHUX IMpolieca.
Takohe moy3maHO u3MepeHH AUPEpPEHIMjaTHU MPECelHd IPEICTaBbajy BaKHE YJIa3HE
napametpe 3a Monte Carlo cumynanuje aeno3uiuje €HEpruje y *KUBOj MaTCPHjH YCIE
nejctBa joHusyjyher 3pauema. Tpeba wucrahm na je moys3maH INpopayyH paaujallMoOHOT
omrehema MPOU3BEACHOI BHCOKOCHEPIHjCKHM YeCTHIlaMa OWTaH Je0 HCTPaKHUBama
MOBEa3aHOT ca KaHIIep TepamijoM.

PesynTatu pajgoBa ca opraHOMETaIMIMMa UMajy 3Ha4ajHe IPUMEHE KaKo Cy OpraHOMETanIN
BeIIMKA Tpyna jenumema ca OpojHMM amMkanujama y (apManeyTckoj HWHAYCTPHjH H
HaHOTEHOJIOTHjH. Bemuku Opoj opraHomerammka cy mpeno3Hatu kao obOehaBajyhu
npekypcopu 3a Focused Electron Beam Induced Deposition (FEBID), mnpormece 3a
(baOprKOBamke TPU-IUMEH3UOHATHUX METaJIHUX HAHOCTPYKTYpA.

3.2 AHra;koBaHocT y (popMHpamy HAYYHHX KAJTPOBa

Kangunatkuma je 6msia MeHTOp Ha M3panu macrep paaa Jenene Bykosuh ( cax Bykanosuh),
onopamenor 2018-te rogune. p Jenena MaspkoBuh je TPEHYTHO MEHTOpP Ha JOKTOPCKUM
crynujama Jenene Bykosuh (Bykanosuh),

[Tpusnor: moTBpAa 0 MEHTOPCTBY Ha MAacTep U JOKTOPCKUM CTyAHjama



3.3 Hopmupame 0poja K0ayTOPCKHX PaJ0Ba, MaTeHATA H TEXHHYKHUX pellerha

CBW paioBU KaHIUAATKHILEC 00jaBJbeHN HakoH onnyke Hayunor Beha MHcTuTyTa 32 (hUzuKy o
IPEJIOTY 3a CTHIIAkEe MPETXOJHOI HAyYyHOT 3Baa YKJbYUYjy pe3yJrare eKCIepUMEHTaIHOT
UCTpaXMBamka WHTEpPAKIMje EJIeKTpOoHa ca OWOMOJIeKYIMMa, AaHEeCTeTUIIMMa, METaHy,
METaJIHUM KamuiapamMa u opranomeranuiuma. OJ Tora, CBM paJioBU UMajy Mame WUiIH 7
KoaTopa, TakKo Ja Yyjia3e MYHOM TEXKHHOM. YKymaH Opoj moeHa M moena np JemeHe
MaspkoBuh y peneBaHTHOM IEpPUOIY, O MPEeaXOJHOr M300pa y 3Bame, U3HocH 59 mTo je
M3HAJ 3aXTeBaHOX Opoja 00/10Ba 32 M300p Y 3BarhC BUIIN HAYYHH CAPaIHUK. .

3.4 PykoBoheme npojekTuma, moTNpPojeKTHMA U MPOjeKTHUM 3aal[uMa

VY oxBupy HanmoHanHor npojekta OM171020 , ®dusuka cynapa u ¢ororporeca y aTOMCKHM,
(OHM0)MOJIEKYJICKMM M HAaHOJUMEH3MOHUM cUCTeMuMa, 1p Jenena MaspkoBuh je pykoBoaualg
npojeKTHUM 3agatkoM: [IpoyuaBame €IEKTpOHCKE HMHTEpaKklMje ca OHOMOJIEKYJICKHUM,
aHeCTEeTUI[MMa 1 HaHOYeCTUIaMa.

[Tpunor: notBpaa Bohe npojekra o pykoBolewhy HaBEACHUM IIPOjEKTHUM 3aJ1aTKOM.

3.5 AKTHMBHOCT y HAYYHHM U HAYYHO-CTPYYHHM JAPyIITBUMA

e Jlp Jenena MarkoBuh je uman Opermmewa JlpymrBa ¢usngapa CpOuje 3a HaydyHa
UCTpaKMBamba U BUCOKO oOpa3oBame y O/iceKy 3a aTOMCKY M MOJICKYJICKY (DU3HKY.

e Kanaunatkumwa je Ouna umaH MeHaypmeHT komutera COST akumje CM1301
“Chemistry for Electron-Induced Nanofabrication (CELINA). Approval date:
16/05/2013, End of Action: 15/05/2017.

[Tpunor: 3anucHuk ca cequuue Hayunor Beha, mozuB CELINA akuuje 3a umancTBo y
MEHAIIMEHT KOMHUTETY aKIuje.

e Kannunatkuma je 3aMeHMK wiaHa MeHapMmeHT komutera COST akumje CA18212
“Molecular Dynamics in the GAS phase”, Start of Action - 12/11/2019 End of
Action -11/11/2023
[Mpunor : mozuB MD COST akuuje 3a 3aMeHUKa YjaHa MEHAIMEHT KOMUTETA

e Kanaunatkumwa je ydyecHuk COST akumje CA20129 “Multiscale Irradiation and
Chemistry Driven Processes and Related Technologies™ Start of Action - 04/10/2021
End of Action - 03/10/2025
ITpwior : mo3uB akmuje CA20129 “Multiscale Irradiation and Chemistry Driven
Processes and Related Technologies” 3a unaHcTBO

3.6 YTHIajHOCT HAYYHHUX pe3yJaTaTra

YTHiaj Hay9HHUX pajoBa KaHAUIATKAE ETAJHHO je prUKa3aH y ofesbKy 3.1 oBor JokyMeHTa
KBainTer HAy4YHHX pe3yarara.



3.7 KoHKpeTaH JONPHHOC KAHIWIATA y peaju3aluju pajoBa y 3eM/bi U HHOCTPAHCTBY

Hp Jenena MaspkoBuh je 3Ha4ajHO JONpPHHENA CBAaKOM pajay y 4YHjO] IPUIPEMH je
yuectBoBana. On 7 pamoBa 00jaB/beHHX y Iepuoay HakoH onnyke Hayganor Beha MucTuTyTa
3a (PM3UKY O MpPEUIOry 3a CTULAKE NMPETXOJHOI HAyYyHOI 3Bama, CBH PajioBH cy ypaheHu y
capaJmH ¢ Kojerama U3 3eMJbe U HHOCTpaHcTBa. KaHAuIaTKH®ba je y OBUM paJoBHMa HMaja
KJbYYHH JOMPUHOC: HA 2 paJia je IPBH ayTop, a Ha 3 paja je HaBeJeHa Kao JPYTH ayTop a Ha
jenHoM Kao mocienmu. TOKOM M3pajie OBHX MyOJMKalMja, OHA je pajiiia Ha OCMHUIIbaBAbY
MeTa WHTEPECAaHTHUX 3a MCTPAXHMBamba, EKCIIEPUMEHTAIHUM MepemHuMa, 00paau U aHAIU3U
pe3yJiITaTa U ucamwy pajoBa. 3Hama M UCKYCTBA KOJ€ j€ CTEKJa Y eKCIIEpUMEHTAIHOM paay U
oO0paau momaraka JOOMjeHHX Yy eKCIEPUMEHTAIHUM MCTPAKUBAbUMa KaHAWJATKUIbA
npeHocu Miahum capagnunuma y JlabopaTopuju 3a aTOMCKE CyAapHe IpoLiece.

3.8 YBoaHa npenaBama Ha KOH(epeHIHjaMa U Ipyra npeaaBama

Hakon mperxognor uzbopa y 3Bame, np Jenena MaspkoBuh je ogpkana cieneha mpenaBama
10 TTO3UBY:

1. 6th Conference on Elementary Processes in Atomic Systems — CEPAS 2014,
9th - 12th July 2014, Bratislava, Slovakia.

2. 27th Summer School and International Symposium on the Physics of lonized
Gases — SPIG 2014, 26-29 August 2014, Belgrade, Serbia.

3. 2nd Annual Meeting of COST Action CM 1301, CELINA - Chemistry for
ELectron-Induced Nanofabrication, May 6-9, 2015, Bratislava, Slovakia.

4. 3rd Annual Meeting of COST Action CM 1301, CELINA - Chemistry for
ELectron-Induced Nanofabrication, May 18-20, 2016, Krakow, Poland

5. ArtomMmcko-MosekyJapHe Oasze noapataka, Tpenusr, 23.11.2017, YHuBep3urer y
bawoj JIynu OJ [IpupoaHo-matemaTnuku pakynarer

6. 7th International Conference on Many Particle Spectroscopy of Atoms,
Molecules, Clusters and Surfaces - MPS2018, 21-24 August 2018, Budapest,
Hungary,

7. 1st General Meeting of the COST Action: MD-GAS (Molecular Dynamics in
the GAS-phase). February 18-21, 2020. Caen, France

[Ipuiior: mo3uBwM 3a mpenaBama, MO3UB 3a npeaaBame Ha npeoM MD GAS kondepenmuju,
MPS kon¢epenuunju, pacrnopen npeaaBaua ca CELINA cacranka y bpatucnaBu, mosus 3a
npenaBame y bamwa Jlynu



EnemeHTH 32 KBAHTUTATUBHY AHAJIAW3y HAYYHOI JONPHHOCA

OcTBapenu M-0010BU KaHIWAaTa M0 KaTeropujama myoJnkanuja:

nropia | MO | s | Y5IOM | Hopanonae
M21 8 4 32 32
M22 5 1 5 5
M23 3 2 6 6
M31 3.5 1 3.5 35
M32 1.5 4 6 6
M33 1 2 2 5
M34 0.5 9 4.5 45

IMopehemwe ocTBapenor 6poja M-0010Ba ca MUHUMAJHUM yCJI0BUMA MOTPEOHUM 32 U300p Y
3Bamb€ BUIIM HAYYHU CAPATHHK:

Munumanan 6poj M 6omoBa OcTBapeHo Octeapero
(HOpMaTM30BaHO)
YkynHo 50 59 59
M10+M20+M31+M32+M33+M41+M42 40 54.5 54.5
M11+M12+M21+M22+M23 30 43 43




YKYIIAH CIIMCAK HAYYHUX PAJOBA

MOHOI'PA®UJE, MOHOI'PA®CKE CTYIUJE, TEMATCKHU 360PHUIIN,
JIJEKCUKOTI'PA®CKE U KAPTOI'PA®CKE IYBJIMKAIIUMJE MEBYHAPO/JHOT
3HAYAJA
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1. Cross section data for electron collisions in plasma physics

B. P. Marinkovi¢, V. Pejéev, D. M. Filipovié, D. Sevi¢, A. R. Milosavljevié, S. Milisavljevi¢, M. S.
Rabasovi¢, D. Pavlovi¢ and J. B. Maljkovi¢

Journal of Physics: Conference Series, 86, 012006 (2007).

PATIOBU OBJABJBEHHU Y HAYUYHUM YACOIIUCUMA MEBYHAPOJHOTI'
3HAYAJA

Hanomena: 36e30uyom () cy o3mauenu padosu 06jasmenu HAKOH NpeoxooHo2 uzbopa y
38ame.
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We have measured 200 eV electron transmission through a single platinum tube of a diameter of 3.3 mm.
We find that the transmission of electrons can be detected even at large tilt angles, where the tube is not
transparent geometrically. The transmission drops down exponentially with increasing the tilt angle. The
energy spectrum of detected electrons behind the tube contain contributions at lower energies due to

both inelastic scattering and secondary electron emission. The spectrum is qualitatively in good agree-
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ment with the calculations performed for the flat Pt surface in order to understand and model the elec-
tron interaction processes that define the transmission and the energy spectrum at the exit.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

There has been a large interest in recent years to investigate
transmission of low-energy electrons (up to 1 keV) through nano(-
micro) capillaries made of insulating materials. This investigation
was triggered by the highly charge ions (HCI) guiding phenomenon,
which was first discovered by Stolterfoht and coauthors in 2002
[1]. The HCI guiding is well explained presently and is based on
the fact that the beam of charged particles dynamically deposits
charge on the inner capillary surface, thus forming a Coulomb field
that deflects the forthcoming particles (preventing close interac-
tion with the surface) and efficiently guides them towards the cap-
illary exit. A large number of papers have been published so far on
this phenomenon, which offers possibilities both to study funda-
mental particle-surface interaction processes and to develop inter-
esting applications such as HCI beam for nanometer-scale
fabrication and MeV proton microbeams for irradiating single cells
[2,3]. A comprehensive review on the subject can be found in the
recent paper by Lemell et al. [4].

The first studies on electron guiding through insulating capillar-
ies have been reported in 2007 [5,6], and followed by more
detailed investigations [7-9]. The electron transmission through
the capillaries appears to be fundamentally different from the sim-
ple picture of HCI guiding governed solely by Coulomb deflection

* Corresponding author.
E-mail address: vraz@ipb.ac.rs (A.R. Milosavljevic).
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0168-583X/© 2014 Elsevier B.V. All rights reserved.

[8,9]. Beside the Coulomb interaction that can also exist (although
not necessary repulsive, but rather attractive due to the secondary
electron emission [9]), electrons can be both elastically and inelas-
tically scattered upon close interaction with the surface (primary
projectiles) and can produce secondary electrons. Note also that
electrons cannot change their charge state (in contrast to HCI),
therefore it is impossible to distinguish between original and scat-
tered projectiles. Moreover, since the dominant process upon elec-
tron transmission may be elastic electron-surface scattering, it has
been suggested that even metallic (conductive) capillaries may be
used for the electron guiding [8]. Following this idea, we have
recently started an investigation on electron transmission through
single metallic capillaries. The aim of the research is to learn about
fundamental properties of both the electron guiding by metallic
capillaries and the processes of electron-surface interaction that
define guiding properties, as well as to investigate possible
applications.

In the present paper, we report the study on the transmission of
200 eV incident electrons through a single Pt macrocapillary
(3.3 mm diameter and 40.8 mm length - the aspect ratio of about
12.4). A large-diameter tube has been used, therefore the obtained
results can be tested and analyzed according to the calculations
made for the electron scattering by a flat Pt surface (which is more
trivial), whereas the tube aspect ratio is large enough to test elec-
tron transmission at large tilt angles. The intensity of the outgoing
electron current has been measured as a function of both the inci-
dent beam angle with respect to the capillary axis (the tilt angle)
and the kinetic energy of outgoing electrons.
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2. Experiment

The experiment has been performed at the Institute of Physics
Belgrade. The experimental system has been already described in
detail elsewhere [5,7]. Additional small modifications have been
made for the present study. A schematic view of the experimental
setup is given in Fig. 1(a).

The system consists of an electron gun, a Pt tube attached to a
4-electrode electrostatic lens, a double cylindrical mirror ana-
lyzer (DCMA) followed by a single channel multiplier (channel-
tron) and a Faraday cup. Fig. 1(b) shows the realistic model of
the Pt tube fitted in the 4-electrode lens, as well as electric field
distributions for typically used electrode voltages, made in SIM-
ION program [10]. Note that a penetration of the electric field
inside the Pt tube, thus possible influence to electron transmis-
sion, is negligible.

The electron gun produces a well collimated electron beam
with an energy spread of about 0.5 eV, which is directed into a Pt
tube of 3.3 mm diameter and 40.8 mm length (the aspect ratio of
about 12.4). The angle between the incident electron beam direc-
tion and the tube axis, referred as the tilt angle, can be adjusted
by rotating the electron gun. At the tilt angle of 90°, the electron
beam is directed into the Faraday cup, which is attached to an
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X-Y manipulator allowing the measuring of both the incident elec-
tron current intensity and the beam profile. The characteristic
parameters of the electron beam - the diameter and the pencil
angle (divergence) - are retrieved according to the simulated pro-
file (for the identical geometry) where these parameters are
adjusted to have the best fit to the experimental points. Fig. 1(c)
shows a typical beam profile measured at 200 eV and the corre-
sponding simulated curve obtained with a diameter of 0.9 mm
and a divergence of 0.3°. Therefore, the incident electron beam is
very well collimated and enters the Pt tube without losses.

The energy of electrons escaping the backside of the tube was
analyzed using the DCMA working in a constant pass-energy mode
- therefore, the count rates were recorded as a function of the
retarding potential (Vg in Fig. 1(a)). It should be noted that this
mode of operation provides a constant overall energy resolution,
which was about 1 eV (full width at half maximum-FWHM), as
measured in the elastic peak. However, the transmission of the
entrance 4-electrode lens depends on the retarding potential.
Therefore, the recorded kinetic electron energy distributions were
corrected according to the transmission function estimated by
electron ray-tracing simulations made in SIMION program [10].
The base pressure in the experimental chamber was about
7 x 107 mbar.

Electron gun Energy analyzer
(movable) (DCMA)
Entrance lens
e (Eo) (a)
tilt angle Detector
grounded
Faraday cup
XY (movable)
120 T T T T T (C)
Electron gun —e— Experiment
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Fig. 1. (a) Experimental setup used in the present work. Electrons produced by the rotatable electron gun are directed into a Pt tube. Electrons escaping the tube are energy-
analyzed. The intensity of the incident electron current and the electron beam profile are measured by using a movable Faraday cup with an entrance hole of 2 mm. (b) The
realistic model of the Pt tube fitted in the 4-electrode lens made in SIMION program. The distribution of the electric field for electrode potentials typically used in the
experiment are shown by red lines. (c) The 200 eV electron beam profile measured by the Faraday cup (blue circles) and the corresponding SIMION simulation (red line)
obtained with the parameters: diameter = 0.9 mm; pencil angle = 0.3°. (For interpretation of the references to color in this figure legend, the reader is referred to the web

version of this article.)
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3. Electron-surface scattering calculations

We also present calculated kinetic energy spectra of 200 eV
electrons scattered from a flat Pt surface. Calculation is performed
using Monte Carlo Simulation (MCS) of low energy electrons back-
scattered from platinum (Pt) surface [11]. In this simulation we
take into account both elastic and inelastic collisions. For elastic
collisions of electrons by Pt atoms, we use static field approxima-
tion with non-relativistic Schrédinger partial wave analysis [12].

For the case of inelastic scattering we use a dielectric response
formalism [13-16]. According to the dielectric theory, a dielectric
function €(q, ) describes the response of a medium, as an assem-
bly of interacting electrons and atoms, to the disturbance from an
external point charge. The dielectric function €(q,w) is the
momentum (q) and energy (w) dependent. The energy loss func-
tion Im(—1/€(q, w)), determines the probability of such an event.
For the case of bulk material the energy loss function is given by
the relation Im(—1/€(q, w)) and in the case of a surface it is given
by the relation Im(—1/(e(q,w) + 1)). For low energies, like in the
present case, it is more convenient to use the surface energy loss
function. The dielectric function for Pt is obtained from Refs
[17,18].

We have performed MCS and calculated the backscattered elec-
tron energy loss distributions for primary and secondary electrons.
Details about calculation can be found in papers [11,19] and in ref-
erences there in.

4. Results and discussion

Fig. 2(a) presents a typical dependence of the detected count
rate of the electrons escaping the Pt tube without an energy loss
on the tilt angle. In order to avoid a saturation of the channeltron
at small tilt angles, the incident current intensity was reduced to
below 1 nA (such low electron currents were not measurable with
the present setup). The measurements show a very narrow angular
distribution of the detected electron current, which practically cor-
responds to the primary electron beam. Note that the aspect ratio
of the Pt tube defines the maximum acceptance angle of 4.6°.
Therefore, the measured angular distribution presented in
Fig. 2(a) is also influenced by the electrostatic field (i.e. the focal
properties of the lens - in the present case, the focus was on the
elastic channel), as well as the transmission of the whole analyzer
system, including the 4-element entrance lens, the double cylindri-
cal mirror analyzer and a 3-element lens placed at the exit (see
[20] for details).

Clearly, at low incident electron currents only the direct beam is
detected, therefore the scattered (guided) electrons cannot be
measured and studied. Still the measurements presented in
Fig. 2(a) are important for the adjustment of the incident electron
beam profile and the calibration of the angular scale.

In order to test a possibility of electrons being directed along
the capillary axis due to the close interaction with the inner walls,
as well as to measure the kinetic energy distribution of scattered
electrons, the electron gun was positioned at large tilt angles and
the incident electron current was increased to about 100 nA (as
measured in the Faraday cup - see Fig. 1(b)). Fig. 2(b) presents a
kinetic energy distribution of electrons escaping the tube at the
incident energies or with small energy losses (up to about 8 eV).
Clearly, the elastic peak can be detected even at very large tilt
angles above the maximum value of 4.6° as defined by the tube
aspect ratio. As expected, the intensity of the transmitted (guided)
electron current strongly decreases with increasing the tilt angle;
the dependence is practically exponential (see the inset in
Fig. 2(b)). Since the incident beam direction is far from the capillary
acceptance angle, the measured signal of electrons escaping the
capillary at incident energies (200 eV) must be due to the elastic
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Fig. 2. (a) The intensity of the electron current escaping the Pt tube at the energy of
200 eV, as a function of the tilt angle, for the incident electron energy of 200 eV and
the incident electron current intensity lower than 1 nA. (b) Experimentally obtained
kinetic energy spectra of electrons escaping the Pt tube, for the incident electron
energy of 200 eV, the incident electron current intensity of 100 nA and the tilt
angles of 5 (diamonds), 6 (triangles), 8 (squares) and 12 (circles) degrees. The inset
shows the area of the peaks presented in (b), in the energy domain from 198 to
202 eV, as a function of the tilt angle The red curve represents the exponential
decay fit to the experimental points. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)

electron scattering from the Pt capillary surface, thus enabling
the transmission along the axis.

The close electron interaction with the inner Pt surface should
also lead to both inelastic scattering and secondary electrons emis-
sion. Therefore, in contrast to the HCI guiding by insulating capil-
laries provided by Columbic mirror, a very broad kinetic energy
distribution of escaping electrons is expected. A typical distribu-
tion obtained at the tilt angle of 6°and with the incident electron
energy of 200eV, is presented in Fig. 3(a), in a broad energy
domain down to 50 eV. Apart from the sharp elastic peak that cor-
responds to the dominant fraction of the transmitted electrons,
there is a large number of electrons at lower energies.

Fig. 3(b) shows the calculated kinetic energy distribution of
electrons upon scattering of 200 eV incident electron beam from
a plane Pt surface at an angle of 6°(it should be noted that the cal-
culated distribution is not strongly dependent on the incident
beam angle). The theoretical curves also separately present the
yield of both the primary (due to elastic and inelastic scattering)
and the secondary electrons, down to the energy of 80eV. The
experimental results are compared with the calculations by nor-
malizing the measured curve at the energy of 185 eV. There is a
good qualitative agreement between the theory and the experi-
ment, particularly in the energy domain down to about 170 eV.
Moreover, the constant increase of the secondary electrons yield
as their energy decreases is also in agreement with the trend found
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Fig. 3. (a) Experimentally obtained kinetic energy spectrum of electrons escaping
the Pt tube, for the incident electron energy of 200 eV, the incident electron current
intensity of 100 nA and the tilt angle 6°. (b) Calculated kinetic energy spectra of
electrons scattered from a flat Pt surface, for the incident electron energy of 200 eV
and the scattering angle of 6°. The experimentally obtained kinetic energy spectrum
of electrons escaping the Pt tube, for the incident electron energy of 200 eV is
normalized at 185 eV.

in the experiment. However, the calculated curve appears to be
more structured, with pronounced shoulders, which cannot be
resolved in the measured electron energy spectrum. Also, although
both energy distributions are characterized by a pronounced elas-
tic peak, the inelastic/elastic ratios are different.

The disagreement between the calculated and the measured
spectra can be due to several reasons. The calculations were per-
formed for a flat surface (to the best of our knowledge, there are
no experimental results for a flat Pt surface), while in the experi-
ment the electrons interact with the capillary surface and can suf-
fer multiple scattering events before reaching the capillary exit and
being detected. Therefore, this multiple scattering (including
inelastic scattering of inelastically scattered projectiles) can smear
out the respective structures seen in the theoretical spectrum. Fur-
thermore, although the experimental spectrum has been corrected
for the transmission function, the real transmission may be some-
what different from the calculated one that is based on an ideal
uniform beam leaving the Pt tube and takes into account only
the entrance electrostatic lens. It should be also taken into account
that, in contrast to the theoretical case, the Pt surface in the exper-
iment may be polluted from the adsorbed residual gas in the vac-
uum chamber. Finally, there is also an uncertainty of the calculated
spectrum, dominantly because we have used a dielectric function
for Pt that has been obtained by fitting the experimental results.
It has been found in the present work that the calculated energy
spectra were sensitive to the applied dielectric functions. However,
overall, there is a good accordance between the experiment and

the calculations, suggesting that the theory can be used to predict
and select good candidates as materials to be used for electron
transport by metallic capillaries.

5. Conclusion

In summary, we have presented a joint experimental and theo-
retical study on 200 eV electron transmission through a single plat-
inum tube. We find that the transmission of electrons at their
incident energies can be detected even at large tilt angles, where
the tube is not transparent geometrically. The transmission drops
down exponentially with increasing the tilt angle. The energy spec-
trum of detected electrons behind the tube contain contributions
at lower energies due to both inelastic scattering and secondary
electron emission. The spectrum is qualitatively in good agreement
with the calculations performed for the flat Pt surface in order to
understand and model the electron interaction process that define
the transmission and the energy spectrum at the exit.

Although more studies with micro and nano capillaries should
be performed, the present results suggest a possibility of using
metallic capillaries to investigate fundamental properties of a con-
ductive material inside a high aspect ratio pores, by use of the elec-
tron spectroscopy under ultra-high vacuum conditions. Moreover,
there are potentials for interesting applications, such as the use of
nano and micro high-aspect ratio metallic capillaries as a robust,
spatially well-determined low-energy electron source/transporter.
This could be applied, for example, to study electron driven molec-
ular processes under different environmental conditions.
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ARTICLE INFO ABSTRACT
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The transmission of low-energy electrons through a macroscopic steel capillary has been investigated both ex-
perimentally and theoretically. The length of the steel capillary was L = 19.5mm and the inner diameter was
d = 0.9mm. The kinetic energy distribution of electrons transmitted through the steel capillary was recorded for
a tilt angle of y = 2.6° of the incident electron beam with respect to the capillary axis. Accompanying simula-

tions based on classical transport theory reproduce the experimental data to a high degree of agreement. Trans-
mission for other tilt angles has also been simulated to investigate the influence of the tilt angle on the guiding

efficiency.

1. Introduction

The understanding and interpretation of electron spectra backscat-
tered from solid surfaces is important for many technical applications,
e.g., for surface characterization and diagnostics to assess material dam-
age and surface modification [1-4]. Additionally, analysis of particles
scattered off solid surfaces allows for studying the scattering process it-
self.

With the advent of capillary targets [5,6] the change of the internal
state of the (ionic) projectiles due to the close interaction with the inner
capillary wall have become topics of research, since 2002 the redirec-
tion of charged particles by nanocapillary targets (see [7,8] and refer-
ences therein) was investigated in detail.

In our experiment we study electrons escaping macroscopic metallic
capillaries after (multiple) impact on the inner wall of the target. De-
flection of incident electrons along the capillary axis is accompanied by
both elastic and inelastic scattering events and the production of sec-
ondary electrons with considerable energy loss of the projectile [9-12].
Clearly, an experimental distinction between transmitted primary parti-
cles and secondary electrons generated in inelastic scattering events re-
mains impossible and requires extensive simulations of the transmission
process [13-15].

+ Corresponding author.
Email address: bratislav.marinkovic@ipb.ac.rs (B.P. Marinkovi¢)
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In this work we study the transmission of 150eV electrons through a
macroscopic steel capillary and model the experiment based on classical
transport theory [16-19]. The theoretical spectra are presented in the
energy range between 60eV and 150eV. For smaller electron energies
calculated cross sections become unreliable.

2. Experiment

The experiment was performed on the electron spectrometer UGRA
(Institute of Physics Belgrade) which has been modified to allow for
mounting of a capillary target [12] instead of a gas needle. The experi-
mental set-up is shown in Fig. 1.

The system consists of a rotatable electron gun, steel capillary,
4-electrode lens, double cylindrical mirror energy analyzer (DCMA),
3-electrode lens, channeltron as a detector and a Faraday cup for ob-
taining the incident electron beam profile. All components are electri-
cally shielded and enclosed in a vacuum chamber which is magnetically
shielded with two layers of u metal. The working pressure in the exper-

imental chamber during the measurements was about 7 x 10~ 7 mbar.
The electron energy resolution of the system is about 0.7 eV at full width
half maximum. The electron gun produces a well collimated electron
beam which is directed on the capillary target.
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Fig. 1. The experimental set-up UGRA with the movable electron gun, stainless steel capillary, manipulator and double cylindrical mirror energy analyzer with a detector. The analyzer
optics and detector are fixed in place. The X - Y manipulator is used to mount either a Faraday cup prior to experiment or an aluminum target holder with the capillary during the experi-

ment.

To align the experimental components and to measure the electron
beam profile, a Faraday cup was mounted on X - Y manipulator as in-
dicated in Fig. 2. After optimizing and focusing the electron optics for
150eV energy, the electron beam profile was measured by recording the
current in the Faraday cup as a function of the rotation angle Oyjative

within the range of about * 4° relative to the Faraday cup axis. The
Faraday cup was set at a distance of 55mm from the last electrode of
the electron gun.

In order to estimate electron beam width and divergence, a SIMION
simulation [20] with the real experimental electrode geometry was
performed. In this simulation, starting conditions of electron trajecto-
ries were characterized by two parameters, the electron beam width w
and the angular divergence da. Initial conditions were uniformly dis-

tributed within w and da. The transmission function T'(w.da) was sim-
ulated for different combinations of w and da until the best agreement
between experimental result and simulated data was achieved (Fig. 3).
From the comparison we estimated the beam divergence to be 0.3° and
a beam diameter of 0.82mm at the exit of the electron gun.

For the experiment the Faraday cup was replaced by a steel capil-
lary with a diameter of 0.9 mm and a length of 19.5mm. It has an aspect
ratio of 21.7 or, equivalently, a geometric opening angle of 2.6°. The
vertical distance between the capillary and a hole was 5.8 mm, while
distance between the capillary entrance and last electron gun lens
was about 25mm. The capillary position was adjusted to align with
the incident electron beam and the energy analyzer axis. The tilt an-
gle between the incident electron beam and the capillary axis is ad-

r=21.2 mm
R=34 mm
d=2mm
D=50mm
erelative
. ‘\ S
rotation s "'~.
Electron , t ~ Faraday
un ] . center ~
g \ " . .
Ay ~ 7
\\ * ~ "\
. .~ - Manipulator
N . ~ - - XY (movable)
I I measured

Fig. 2. Schematic representation of setup for measuring the electron beam profile.
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Fig. 3. Measured and simulated electron beam profiles. Symbols: measured profile, lines:
SIMION simulations with different parameters; solid line — w = 0.82mm, da = 0.25°,
dash line - w = 1.0 mm, da = 0.25°, dot line - w = 0.82mm, da = 1.0°.

justed by rotating the electron gun with the capillary and analyzer re-
maining fixed.

The system allows for measurements of the transmitted electron cur-
rent as a function of both the tilt angle and the kinetic energy of elec-
trons escaping the capillary [12]. The electrons transmitted through the
steel capillary were energy analyzed by the DCMA operating in constant
pass energy mode with counts recorded as a function of a retarding po-
tential. As the transmission of the 4-electrode lens depends on the re-
tarding potential energy distributions of transmitted electrons were cor-
rected according to the transmission function obtained by SIMION. An
optimal system alignment was verified by measuring the total transmit-
ted electron current at the inner cylinder of the DCMA.

3. Theory

In our simulation stainless steel is approximated with iron by ne-
glecting any admixtures (Cr, O, C) of unknown quantity. Both elastic
and inelastic collisions in Fe are taken into account. Energy dependent
cross sections for elastic scattering off Fe atoms modeled with muf-
fin-tin potential were calculated using non-relativistic Schrodinger par-
tial wave analysis [21].

For the description of inelastic scattering cross sections we rely on
the dielectric response formalism [22]. Accordingly, the momentum-
and energy-loss dependent dielectric function €(¢,®) can be approxi-
mated by extrapolation of optical data Im[—e(g = 0,0)"!] into the q-w
plane. Then, the bulk and surface energy loss functions are given by
Im[—e(g,w)~'] and Im[—{e(q,w) + 1}~'], respectively [28,29]il"he analyt-
ical expression given by the Lindhard [36] dielectric function provides
a convenient framework for the dielectric properties of Fe. Here, sur-
face and bulk dielectric functions were obtained following Werner et al.
[37,38] (see Fig. 4).

Within the capillary electrons follow straight line trajectories. Upon
impact on the inner wall of the capillary projectiles undergo a sequence
of stochastic scattering events determined by the elastic and inelastic
mean free paths. If an electron eventually reescapes from the inner cap-
illary surface the next impact point on the opposite side of the cap-
illary or its escape point from the capillary is calculated. In case of
an inelastic scattering event a secondary electron is created with a ki-
netic energy equal to the energy lost by the primary particle. The ini-
tial direction of the secondary electron is chosen randomly from 4. If
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Fig. 4. Bulk (thick solid black line) and surface (thin dashed red line) dielectric functions
of Fe [37]. (For interpretation of the references to colour in this figure legend, the reader
is referred to the web version of this article.)

its initial kinetic energy is larger than 60eV its trajectory is subse-
quently followed as well.

4. Results and discussion

In our experiment we selected the smallest angle for which all pro-
jectiles have to interact with the inner wall of the capillary, i.e., an an-
gle slightly larger than the geometric opening angle of the capillary.
With the linear dimensions of our target capillary (diameter d = 0.9
mm, length L = 19.5mm) the tilt angle in the experiment was set to
y = 2.6°. Geometrically, the dominant fraction of electrons are ex-
pected to hit the inner surface of the capillary only once. Assuming spec-
ular reflection conditions and accounting for a beam divergence of 0.3°
more than 75% are expected to undergo only one impact event, another
~20% two impact events (Fig. 5).

From the general shape of the surface and bulk dielectric loss func-
tions (rather broad and featureless functions, Fig. 4) and the small num-
ber of impact events we expect the energy distribution of transmitted
electrons to resemble the usual energy distributions after backscattering
from plane solid surfaces: a sharp elastic peak together with a broad dis-
tribution of projectiles having lost a considerable fraction of their initial
energy. Towards smaller energies the admixture of secondary electrons
increases. Fig. 6 shows our experimental results for 150eV electrons in-
cident on a steel capillary under an incidence angle of 2.6° (symbols).
In general, for small incidence angles one would expect the surface ex-
citations to dominate inelastic scattering events and cause smaller en-
ergy loss. Here, however, a clear distinction between surface and bulk
losses is not visible presumably due to the surface roughness of the inner
wall of the capillary target accompanied by deep penetration into the
target under an effectively larger incidence angle. Phonon excitations
with energy losses less than about 0.1eV will only appear as a slight
broadening of the elastic peak but have not been analyzed in our exper-
iment. The dominant loss peaks with maxima around 20 and 60eV are
the material characteristic energy losses of electrons in inelastic scat-
tering events containing collective excitations (or plasmons) and single
electron excitations. Due to the large number of d electrons in Fe the
plasmon peak (hwp;=15.3 eV) is submerged in the broad distribution

around 20eV (shoulder on the low-energy side of the distribution) and,

consequently, cannot be singled out in the electron-energy spectrum as
a solitary feature.
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Fig. 5. Trajectories starting from randomly selected positions on the entrance plane under
an incidence angle of 2.6 *+ 0.3° with respect to the capillary axis are calculated assum-
ing specular reflection upon impact on the inner capillary wall. The number of scattering
events is shown in color (0: black 1: blue, 2: yellow, 3: green 4: pink, > 4: orange). (For
interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)
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To identify surface- or bulk-loss channels we have performed sim-
ulations allowing only for surface excitations (thin blue line in Fig. 6)
and also for bulk excitations only (thick red line in Fig. 6). Neither
simulation run succeeds in perfectly reproducing the experimental re-
sults. It can, however, be clearly seen that surface excitation contribu-
tions are only responsible for a small fraction of inelastic energy losses.
As stated above, this points to a large surface roughness shifting the
weight from surface to bulk losses. Additionally, only a minority of elec-
trons leave the surface under the angle of incidence as assumed in the
specular reflection model. Therefore, trajectories with more than one
impact on the surface will feature on average a larger effective im-
pact angle. This becomes evident when comparing Fig. 5 with Fig. 7

T T T T T T T T T

100000 o— exp .
] ——simulation bulk ]
1 —— simulation surface ]
10000 5 .
‘£ 1000 4 .
=3 E E
0 3 3
O ] :
100 4 .

10

PRETIT |
sl

1
80 100

120 140 160

E [eV]

Fig. 6. Comparison between the experimentally obtained kinetic energy spectrum and
calculated spectra of electrons escaping the steel tube, for an incident electron energy of
150eV and electron beam incident angle y = 2.6°. The simulated spectra have been ob-
tained using the bulk dielectric function (thick red line) and the surface dielectric function
(thin blue line) of iron. Experimental data are presented by green circles. (For interpre-
tation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)
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Fig. 7. Same as Fig. 5 but from results of the full simulation for an incidence angle of
y = 2.6 = 0.3°. (0: black 1: blue, 2: yellow, 3: green 4: pink, >4: orange). (For interpre-

tation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)
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which shows again the starting points of trajectories on the entrance
plane.

The dominant fraction of transmitted electrons is still scattered only
once but a more realistic description of the electron-wall interaction re-
moves the boundaries between regions with different number of impact
events due to an effective randomization of the exit angle from the in-
ner capillary wall. This is also related to the neglected reflection at the
collective potential of surface atoms [13] active at flat parts of the in-
ner target wall for very grazing incidence angles. Both, the height of
the elastic scattering peak in our simulation and the inelastic part of the
spectrum is modeled very well.

Increasing the tilt angle in the simulations we have calculated the
reduction of the transmission ratio of the capillary, i.e., number of
electrons (including secondaries) divided by the number of trajectories
started on the entrance plane of the capillary (Fig. 8). The energy and

1 - - . . . .

E Ll T :l :I T Ll I 1
e —e— transmission

8 ' R

g T

g 0L \i
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& | "
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Fig. 8. Reduced transmission ratio as a function of incidence angle. The geometric open-
ing angle is indicated by the dashed line, the beam divergence by the area between the
dotted lines. Even at large incidence angles a considerable fraction of electrons are trans-
mitted through the capillary.
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incidence angle of simulated electrons were randomly picked from
Gaussian distributions with Ey = 150 eV, og = 0.5 eV and oy = 0.3°,

respectively. Only electrons with kinetic energy larger than 50eV were
considered.

Two angular ranges can be discerned: as electrons hitting the surface
have only a small probability to re-escape the surface the transmission
ratio is for incidence angles smaller than the geometric angle dominated
by transmission without interaction with the capillary wall. In contrast,
for larger angles (y?3°) every projectiles hits the surface at least once
thereby considerably reducing the transmission probability. Note, how-
ever, that even at larger angles electrons may still be transmitted at the
original energy of 150eV. In our simulation from y = 2.6° to y = 5°
the total transmission probability is reduced by almost an order of mag-
nitude (not considering the increasing intensity of low-energy electrons
not included in our simulation).

5. Conclusion

We have presented a joint experimental and theoretical investigation
of electrons transmission through a steel capillary with 150eV primary
incident electron energy at y = 2.6° which is tilt angle of the capil-
lary. The electron beam divergence was 0.3°. Theoretical spectra were
obtained in the energy range between 60 and 150eV. In the simulation
both elastic and inelastic scattering of primary electrons colliding with
the inner capillary surface as well as secondary electron emission from
the capillary wall were taken into account.

From a comparison of experimental and simulated energy spectra
we conclude that the inner wall of our capillary target was very rough
suppressing to a large extend specular reflection and interaction with
surface loss channels. Instead, best agreement between experiment and
theory was found considering only bulk excitations in the simulation of
inelastic scattering processes.

Furthermore, we have calculated the transmission ratio of electrons
with energies ranging from 60 to 150eV and found a slowly decreasing
transmission function outside the geometric transmission range (y?3°
). While in specular reflection approximation projectiles would have to
undergo a large number of impact events for large y a realistic descrip-
tion of the surface interaction leads to a randomization of the scattering
angle and, consequently, an increased number of trajectories having suf-
fered only few impacts.
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Abstract

Here we report the results of dissociative electron attachment (DEA) to gas-phase chromium(0) hexacarbonyl (Cr(CO)¢) and
benzene-chromium(0) tricarbonyl ((n°-CHg)Cr(CO)3) in the energy range of 0—12 eV. Measurements have been performed
utilizing an electron-molecular crossed beam setup. It was found that DEA to Cr(CO)g results (under the given experimental condi-
tions) in the formation of three fragment anions, namely [Cr(CO)s]~, [Cr(CO)4]~, and [Cr(CO)3;]". The predominant reaction
channel is the formation of [Cr(CO)5]™ due to the loss of one CO ligand from the transient negative ion. The [Cr(CO)s]™ channel is
visible via two overlapping resonant structures appearing in the energy range below 1.5 eV with a dominant structure peaking at
around 0 eV. The peak maxima of the fragments generated by the loss of two or three CO ligands are blue-shifted and the most
intense peaks within the ion yield curves appear at 1.4 eV and 4.7 eV, respectively. (n°-C¢Hg)Cr(CO); shows a very rich fragmen-
tation pattern with decomposition leading to the formation of seven fragment anions. Three of them are generated from the cleavage
of one, two or three CO ligand(s). The energy of the peak maxima of the [(CgHg)Cr(CO), ], [(C¢Hg)Cr(CO)]™, and [(CgHg)Cr]™
fragments is shifted towards higher energy with respect to the position of the respective fragments generated from Cr(CO)g. This
phenomenon is most likely caused by the fact that chromium—carbonyl bonds are stronger in the heteroleptic complex
(n%-C¢Hg)Cr(CO)3 than in homoleptic Cr(CO)¢. Besides, we have observed the formation of anions due to the loss of C¢Hg and one
or more CO units. Finally, we found that Cr~, when stripped of all ligands, is generated through a high-energy resonance, peaking
at 8 eV.

Introduction
Organometallic compounds are a large class of compounds with  ucts used in the pharmaceutical industry [1-3]. However, they
numerous applications such as homogeneous catalysts for the also play an important role in nanotechnology. In fact, a num-

synthesis of fine chemicals or even enantiomerically pure prod-  ber of organometallic complexes, originally designed for chemi-
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cal vapor deposition (CVD) purposes, have also been recog-
nized as promising precursors for focused electron beam in-
duced deposition (FEBID), a process to fabricate three-dimen-
sional metal-containing nanoscale structures [4,5]. FEBID is a
direct-write technique in which a highly focused, high-energy
electron beam impinges on precursor molecules physisorbed
onto a substrate, thereby causing their dissociation, and in the
ideal case, leading to pure deposit formation. However, the pri-
mary electron (PE) beam striking the substrate gives rise to a
large amount of back-scattered electrons (BSEs) and secondary
electrons (SEs) [6-8]. It is nowadays very well known that these
low energy electrons (<100 eV) may induce fragmentation of
the adsorbed precursor molecules via various decomposition
processes such as dissociative ionization (DI), dipolar dissocia-
tion (DD), neutral dissociation (ND), and dissociative electron
attachment (DEA) [8]. These reactions occur with relatively
high cross sections and typically result in partial fragmentation
of the precursor molecules [9-11]. Therefore, SEs may play a
role in determining the composition of the FEBID deposits.
Moreover, they may also be responsible for the broadening of
the deposits beyond the width of the PE beam since secondary
electrons create an electron flux beyond the focal area diameter
of the primary beam.

To date there have been several papers devoted to the studies of
the interaction of low energy electrons with gas-phase organo-
metallic complexes. Particular attention has been paid to the
compounds containing monodentate (e.g., carbonyl [12-14],
trifluorophosphine [11,15], chloride [16]), bidentate (e.g., hexa-
fluoroacetylacetone [17]), and mixed ligands (e.g., nitrosyl and
carbonyl [9,10], methyl and methylcyclopentadienyl [18],
n-allyl, carbonyl, bromide [19]). These studies cover both the
fragmentation patterns and kinetics of electron attachment pro-
cesses. It appears that for carbonyl compounds such as
Ni(CO)4, Fe(CO)s, W(CO)g, Mo(CO)g, and Cr(CO)g¢ the rate
constants at thermal energy are extremely high and range from
1-3 x 1077 cm3-molecule™!s™! [13]. These values approach the
maximum (s-wave) thermal attachment rate constant of
5 x 1077 cm3-molecule 's™! at a temperature of 298 K [20].

There is, however, still a need to find more efficient FEBIP pre-
cursors that will readily detach ligands upon interaction with
electrons. According to the current understanding, precursors
with large organic ligands are particularly unfavorable for
FEBID because they lead to codeposition of large amounts of
carbon [4,21]. However, as shown in this paper, for the case of
a chromium complex carrying a benzene ligand, such large
organic entities may be more easy to remove by electron irradi-
ation than generally anticipated. Chromium complexes are of
interest because they are used for various technological applica-

tions [22]. For instance, Cr is used in photomasks so that
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Cr-containing FEBID precursors are of interest for mask repair
[23] and Cr(CO)g has in fact been studied as a FEBID precur-
sor earlier [24]. In the present work, we report the results from
DEA to the gas-phase chromium(0) hexacarbonyl (Cr(CO)g)
and benzene-chromium(0) tricarbonyl ((1°-CgHg)Cr(CO)s3) [25]
in the energy range of 0-12 eV. The first compound is
homoleptic and hence contains one type of ligand, namely CO.
The other compound is heteroleptic and contains both CO and a
CgHg ligand. CO is a monodentate ligand which means that
only one atom within the ligand binds to the central metal atom.
CgHg is a n° (hexahapto) ligand which corresponds to a
contiguous series of six atoms that coordinate to the metal
center. The molecular structure of both complexes is depicted in
Figure 1. Cr(CO)g is a complex with 18 valence electrons (VEs)
and adopts an octahedral molecular geometry, resulting in the
Oy, point group symmetry. Similarly, (n%-C4Hg)Cr(CO)3 has
18 VEs. However, it has a piano stool geometry with planar
arrangement of the aryl group and three carbonyl groups which
act as “legs”. Both complexes have spin-paired electrons and
accordingly are diamagnetic. For such compounds, it has been
postulated that DEA leads exclusively to the formation of frag-
ment negative ions [26], without formation of parent anions,
since the captured electron has to occupy an antibonding molec-
ular orbital. In accordance with the predictions, we have ob-
served the formation of three and seven fragment anions from
Cr(CO)g and (n°-C¢Hg)Cr(CO)s, respectively, while the parent
anion was not observed from any of the investigated complexes.
In the following, the present results will be discussed in this
context and in relation to the role of ligands in the respective
DEA processes and compared with available literature data.

(A) (B)

oc\ggCO ©,

0oCc7"~co oc-Cr
c%"co

co &o

Figure 1: Structure of (A) chromium(0) hexacarbonyl and (B) benzene-
chromium(0) tricarbonyl.

Experimental

Experiments were performed utilizing an electron-molecular
crossed beam setup. As previously described in [27], it consists
of a trochoidal electron monochromator (TEM), a quadrupole
mass analyzer (QMA), and a secondary electron multiplier,
which are housed in a high vacuum chamber. The electron
beam (energy resolution in the range of 150-200 meV
(FWHM), electron current / = 10 nA) generated with the TEM
intersects with an effusive molecular beam, resulting in the for-

mation of fragment anions. The molecular beam emanates from
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a vessel which was introduced directly into the oven in the
vacuum chamber. In order to obtain sufficiently high vapor
pressure of the target molecules in the reaction area, the oven
was heated by two halogen lamps to a temperature of 90-95 °C
as measured by a Pt(100) resistance mounted at one of the
flanges. The generated negative ions were extracted from the
reaction area by a small electric field towards the QMA
entrance and detected by a single pulse counting technique. The
electron energy scale was calibrated by measuring the signal of
SF¢, exhibiting an intense resonance near 0 eV. Base pressure
was in the range of 3 x 108 mbar while the working pressure
was in the range of either 4-5 x 1077 mbar or 2—4 x 107> mbar
for Cr(CO)g and (n°-C¢Hg)Cr(CO)3, respectively. In spite of
almost the same operative temperature for both investigated
compounds, the pressure of the homoleptic compounds was
substantially lower in comparison with the heteroleptic com-
pound. This implies a lower sublimation rate for the former
compound. The Cr(CO)¢ and (n6-C6H6)Cr(CO)3 samples were
purchased from Sigma-Aldrich with a stated purity of 98% and
used as-delivered.

Results and Discussion

The impact of low-energy electrons on gas-phase chromium(0)
hexacarbonyl (Cr(CO)g) and benzene-chromium(0) tricarbonyl
((n6-C6H6)Cr(CO)3) has been investigated. Measurements have
been taken as a function of incident electron energy in the
energy range between 0—12 eV. In this energy range, it is very
well known that DEA is responsible for the dissociation of the
molecule. The DEA reaction is a two-step process in which, in a
first step, an incident electron is captured by the target mole-
cule to form a TNI. Since the TNI is not stable, it will decay in
a second step either via autoionisation or via dissociation,
forming a stable fragment anion and neutral counterpart(s). The
formation of the fragment anion is only possible if the fragment
at which the extra charge is localized possesses a positive value
of the electron affinity. Depending on the energy at which DEA
occurs, one can distinguish two types of resonances: one-parti-
cle resonance and two-particle one-hole resonance (core excited
resonance) [28]. One-particle resonances take place within the
subexcitation energy range <3—4 e¢V. They are due to a direct
accommodation of the excess electrons into an unoccupied mo-
lecular orbital (MO). On the other hand, core excited reso-
nances occur when the incoming electron transfers its energy to
electronically excite the target molecule and hence becomes

captured by the electron—molecule potential of the excited state.

Electron attachment to Cr(CO)g leads, under the current experi-
mental conditions, to the formation of three anionic fragments,
[Cr(CO)s]7, [Cr(CO)4], and [Cr(CO)3] . The ion yield curves
of these fragments are shown in Figure 2. The corresponding

fragment anions are generated via:
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e +Cr(CO), - [Cr(co)é]#_ —[cr(co)s] +co )
N [Cr(co) 4]_ +2C0 @)
—[cr(co), | +3c0 3)

The predominant reaction channel is the formation of
[Cr(CO)s]™ through the cleavage of one CO ligand from the
transient negative ion. This fragment shows a narrow and
intense structure close to 0 eV within the ion yield curve and a
less intense peak at 1 eV, which are attributed to one-particle
resonances. The positions of the peaks correlate very well with
the positions of the resonances reported from electron transmis-
sion spectroscopy (ETS) experiments [29]. Indeed, from ETS,
the features emerge below 1 eV implying the occurrence of an
attachment of electrons with energy close to 0 eV and near
1 eV. Based on the calculations, it has been suggested that the

low energy maximum can be attributed to a negative ion state

1200
[Cr(CO),]
800-
400
0+, : : : : . :
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Electron energy / eV

Figure 2: Yield of the fragment anions generated from DEA to
chromium(0) hexacarbonyl.
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emerging from electron capture into the 3t orbital of this mol-
ecule [30]. A high cross section for the [Cr(CO)5]™ ion forma-
tion already at energy close to 0 eV implies that the reaction is
most likely exothermic, i.e., the electron affinity of the Cr(CO)5
fragment exceeds the bond energy of Cr—CO. According to the
literature, the bond dissociation enthalpy of Cr(CO)s—CO is
equal to 1.6 eV [31], therefore the electron affinity of Cr(CO)s
should be >1.6 eV. A further reaction channel in DEA to
Cr(CO)gq is the formation of [Cr(CO)4]~, formed from the loss
of two CO ligands. The ion yield curve is composed of two
peaks, centered at 1.4 eV and 4.1 eV. The position of the first
peak correlates well with the position of the resonance ob-
served from ETS studies that has been assigned to capture into
the 3ty,, orbital of this molecule [30]. Further abstraction of the
CO ligand leads to the formation of [Cr(CO)3;]~ which extends
from 3.3 to 6 eV and peaks at 5.0 eV. This structure can be at-
tributed to a core excited resonance, however it should be
stressed here that one-particle resonances may also be formed in
this energy range and cannot be ruled out.

DEA studies on Cr(CO)g have already been reported by Tossell
et al. [30] as well as Winters and Kiser [32]. In the former
paper, the negative ion current from Cr(CO)g¢ as a function of
incident electron energy has been shown. The reported domi-
nant feature was observed near 0.5 eV with shoulders between 1
and 2 eV and between 2 and 3 eV, which is in a fairly good
agreement with our experimental results. The authors con-
cluded that the vast majority of the ions observed were
[Cr(CO)s]". The only exception was a peak near 1.6 eV where
[Cr(CO)4] contributed about 15% to the total ion current. In
contrast, Winters and Kiser have observed formation of six
fragment anions, i.e., [Cr(CO)s]™, [Cr(CO)4]", [Cr(CO)3],
[Cr(CO);]7, [Cr(CO)]™, and [Cr]™ [32]. In analogy to our
results, the most intense fragment was generated from the cleav-
ages of single CO ligands. The [Cr(CO)4] and [Cr(CO)3]™
anions were generated with an intensity of 30% of the main
signal. Further signals were observed with relative intensity of
10%, 5%, and <5% for [Cr(CO),]", [Cr(CO)], and [Cr], re-
spectively. Hence, the intensity of the missing fragments in our
experiment is below the detection limit of our experimental
setup. In particular, if we take into account that the intensity of
the [Cr]™ signal in Winters and Kiser’s experiment is lower than
5% of [Cr(CO)5]™ at 2.4 eV, we end up at the noise level. How-
ever, in their studies, Winters and Kiser could only observe a
single peak for any of the reported fragment anions appearing
above 2 eV. It should be stressed here that the maximum of the
second peak for [Cr(CO)4]” and the maximum of the peak for
[Cr(CO)3] observed within the present studies match reason-
ably well to the position of the peaks reported by Winters and
Kiser. There is, however, a big discrepancy between the posi-

tions of the dominant [Cr(CO)s]™ fragment. While in our
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studies the main peak appears already near 0 eV with a contri-
bution at 1 eV, from the experiment of Winters and Kiser, it is
reported to peak at 2.4 eV. It should be emphasized that the
appearance of all observed anions, including the main peak of
the [Cr(CO)s]™ ion, above 2 eV in the latter studies contradicts
also with the results of George and Beauchamp, who have
shown that the rate constants at the thermal energy for dissocia-
tive electron capture by Cr(CO)g approach the maximum ther-
mal attachment rate constant equals to 3.2 x 1077 cm3-mole-
cule s [13].

A particularly extensive fragmentation has been observed in
DEA to the heteroleptic complex (16-C¢Hg)Cr(CO)3. In the
case of electron attachment to (n%-C¢Hg)Cr(CO)s3, we observe
the production of seven fragment anions: [(CcHg)Cr(CO),],
[(CeHe)Cr(CO)]™, [(CeHe)Cr]™, [Cr(CO)3]", [Cr(CO)2],
[CrCO] ™, and Cr™ in the electron energy range of 0—12 eV.
These fragments can be divided into two groups: a first group
which contains the anions generated by the loss of one or more
CO ligands and the second one which includes the anions
formed from the loss of the CgHg unit or the loss of CgHg and
one or more CO units. The fragment anions which form the first
group are generated via:

¢+ (ol )Cr(CO), > [(CoHg)cr(co), T

- (C))

N [(céH6 )Cr(CO)zJ +CO
—[(C4Hg)CrCO| +2CO )
—[(CgHg)Cr] +3CO (6)

The ion yield curves of these fragments are shown in Figure 3.
At first glance it becomes obvious that the predominant frag-
ment is due to the loss of one CO ligand. This is consistent
with our results obtained for the homoleptic chromium
complex Cr(CO)g4 as well as the previously studied ruthenium
complex containing multicoordinated m-allyl ligands
(13-C3H5)Ru(CO)3Br [19]. The [(CgHg)Cr(CO),]™ anion is
visible via two strongly overlapping structures at 0.85 eV and
1.7 eV. Hence, it is shifted towards higher energy with respect
to the position of the fragment anion formed from the loss of a
single CO ligand from Cr(CO)g. This shift can be caused
mainly by the fact that chromium—carbonyl bonds are stronger
in the heteroleptic complex (n°-C¢Hg)Cr(CO)3 than in
homoleptic Cr(CO)¢ (see [31] and references therein). The
[(CeHg)CrCO]™ channel associated with the loss of two CO
groups has a threshold at 2.5 eV and two resonances are present
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within the yield curve peaking at 3.5 eV and 8.3 eV. The
abstraction of a further CO unit results in the formation of
[(C¢Hg)Cr]™. The threshold for this reaction channel is some-
what shifted towards higher energy, that is to 3.3 eV, in com-
parison to the fragment formed from the loss of two CO units.
Within the ion yield curve one can distinguish three resonances
centered at 4.1, 6.0 and 8.2 eV. From Figure 3 it can be clearly
seen that the efficiency of the reaction channel decreases with
the number of carbonyl groups that are detached from the TNI
to form the respective anions. This behavior has already been
reported from DEA to metal carbonyls (e.g., Ni(CO)y4, Fe(CO)s,
Cr(CO)g, Mo(CO)g, W(CO)g) [32], as well as from cobalt
tricarbonylnitrosyl [9], and m-allyl ruthenium tricarbonyl bro-
mide [19].
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Figure 3: Yield of the fragment anions [(CgHg)Cr(CO),],
[(CeHg)Cr(CO)]™, and [(CgHg)Cr]™ obtained from DEA to benzene-
chromium(0) tricarbonyl which are generated by the loss of one, two,
and three carbonyl groups, respectively.

The second group of anionic products is formed by the
following four dissociative channels:

¢+ (CoMg)Cr(CO), > [(Cottg)er(co), ]
—)Dﬁ(CO%J7+C%H6 N
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—[cr(Co), | +CgHg + €O ®)
—[CrCO] +C4Hg +2CO ©)

—[Cr] +CgHg +3CO (10)

As mentioned above, this group consists of fragment anions
generated from the loss of the CgHg ligand or the loss of CgHg
and one or more CO ligands to form [Cr(CO)3]~, [Cr(CO),],
[CrCO]7, and Cr™, respectively (Figure 4). The predominant
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Figure 4: Yield of the fragment anions [Cr(CO)3]~, [Cr(CO),]™,

[CrCO]", and Cr~ obtained from DEA to benzene-chromium(0) tricar-
bonyl.
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fragment from the second group is formed as a result of the loss
of the CgHg unit. The main contribution to the ion yield of
[Cr(CO)3] is visible through a resonance structure peaking at
3.7 eV with a low intensity structure at around 7.9 eV. Consid-
ering all the fragments generated from DEA to (C¢Hg)Cr(CO)3,
this is the second most intense signal. Such a high intensity of
[Cr(CO)3]™ has to be related to the lability of the CcHg group.
This is a striking finding since, in general, the multicentered
n-bonded ligands are recognized to be particularly persistent in
FEBID, and hence should be avoided [18,19]. However, it
should be emphasized here that the C¢Hg group is neutral in
contrast to, for example, the methylcyclopentadienyl ligand,
which may facilitate the detachment of the C¢gHg group from the
(CgHg)Cr(CO)3 complex.

The [Cr(CO);,]™ anion extends in a very broad energy range
from 3.3 eV to 10 eV and is visible via three strongly overlap-
ping resonant structures peaking at 4.5, 6.5 and 7.9 eV. Further
loss of CO results in the formation of [CrCO]~ which appears in
the high energy domain with a peak maximum at 7.5 eV. Since
the peak is very broad, the threshold for the reaction channel is
as low as 5.5 eV. Finally, we would like to point out that we
observe the formation of a bare chromium anion, Cr™. The yield
curve of Cr stretches from 6 to 11 eV and peaks around 8 eV
and has a pronounced shoulder at the low energy side. It is
worth mentioning that Cr~ is generated with an exceptionally
high relative cross section, which is untypical when consid-
ering organometallic complexes including those with multicoor-
dinated ligands. Indeed, as obvious from the reports on
(n3-C3Hs)Ru(CO)3Br [19], MeCpPtMes[18], Co(CO)3NO [9],
and HFeCo3(CO)1; [33], the bare metal ions were either not ob-
served or observed with very low intensity (below 0.5% of the

most intense anionic fragment).

Conclusion

In the present contribution, we have investigated how different
ligands within coordination complexes modify the formation of
transient negative ion (TNIs) and their subsequent decay by
dissociation. In particular, by selecting homo- and heteroleptic
complexes, namely Cr(CO)g and (n%-C¢Hg)Cr(CO)s3, we have
studied the influence of the substitution of three CO units by the
hexahapto CgHg unit on electron-induced fragmentation. In
general, we have observed the electron-driven decomposition of
chromium(0) hexacarbonyland benzene-chromium(0) tricar-
bonyl complexes into three ([Cr(CO)s]~, [Cr(CO)4]”, and
[Cr(CO)3]") and seven ([(CeHp)Cr(CO)], [(CeHe)Cr(CO)],
[(C¢Hp)Cr], [Cr(CO)3], [Cr(CO),], [CrCO] ™, and Cr™) frag-
ment anions, respectively. The energy of the peak maxima and
intensity of the [M—(CO),]” fragment anions (where M =
neutral molecule, and x can be equal to 1, 2 or 3) generated

from both investigated complexes varied in an anticipated

Beilstein J. Nanotechnol.

fashion. Such a stepwise increase in the energy and decrease in
the intensity as more CO ligands are removed has been previ-
ously reported for a series of transition-metal carbonyls [14,32].
It has also been suggested that such a behavior may be reminis-
cent of a successive removal of CO fragments in the cracking
patterns of the negative ions. Hence, it is very likely that the
[M(CO),]™ anions, besides the direct decomposition of TNI,

may also be generated via sequential, metastable decay.

In the framework of the potential role of coordination com-
plexes of chromium for FEBID applications, we note that the
removal of C4Hg and all CO ligands to form exceptionally
intense signal of bare [Cr]™ has been observed in DEA to
(n%-CHg)Cr(CO)3. On the basis of our results it seems to be
plausible to consider a multicentered benzyl group as a promis-
ing leaving group within FEBID precursors.
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Abstract. We present a combined experimental and theoretical study of the electron elastic differential
cross sections of triethyl phosphate molecule (C2Hs)sPO4 (TEP). The experimental setup based on a
crossed beam technique comprising of an electron gun, a single capillary gas needle and a detection system
with a channeltron was used to measure differential cross sections. The absolute scale for the cross sections
is obtained by relative-flow method using argon gas as a reference. For the interpretation of the measured
data we applied the partial expansion method to calculate the elastic cross sections of TEP. We found
excellent agreement between the shapes of measured and calculated data.

1 Introduction

Electron interaction research with biological material,
as well as subsequent damage caused by in the media,
has attracted a considerable scientific interest in recent
years, especially in molecular physics and biomedicine.
The reason for this is the fact that electrons play a
key role in numerous biomedical applications, for both
diagnostic and therapeutic purposes. Today it is well
accepted that secondary electrons (SE) are extensively
generated by passing primary beam through the medium
(~4 x 10* per MeV energy transferred to the medium)
and are considered the main cause of radiation damage in
biological tissues [1].

Due to a large number of involved processes, the mech-
anism of damaging of a complex DNA by the radiation
molecule is very difficult to clarify. Studies with isolated
DNA elements (e.g. nucleobases [2]) or with molecules

*Contribution to the Topical Issue “Many Particle
Spectroscopy of Atoms, Molecules, Clusters and Surfaces”,
edited by Kéroly Tékési, Béla Paripdas, Gdbor Pszota, and
Andrey V. Solov’yov.

** Supplementary material in the form of one pdf file available
from the Journal web page at https://doi.org/10.1140/epjd/
€2019-90631-1

® e-mail: bratislav.marinkovic@ipb.ac.rs

analogous to DNA (e.g. molecules analogous to deoxyri-
bose [3-6] or molecule analogous to pyrimidine bases [7])
provide a good insight into the molecular mechanisms that
lead to the DNA damage, which connects the macroscopic
effects of radiation with molecular-level damage.

The motivation to study electron interaction with tri-
ethyl phosphate (TEP, C4H;504P) comes from radiation
damage research, since this molecule may be considered
as an analogue to phosphate group, which together with
the sugar deoxyribose, forms the backbone of the DNA
molecule (see Fig. 1). Our results should bring informa-
tion about electron—triethyl phosphate interactions and
we will discuss their relevance to electron-induced damage
to the DNA backbone. This investigation also would be an
extension to our previous measurements with molecules
that are analogue to some parts of DNA molecule [3-7].
To our knowledge, there are no published absolute dif-
ferential cross sections for electron interaction by triethyl
phosphate in this intermediate electron energy range.

Dissociative electron attachment spectrum for TEP and
for low energy incident electrons has been reported [8]. In
that research authors used triethyl phosphate molecule
to simulate the behavior of the phosphate group in
DNA towards the attack of low energy electrons. They
found that the compound undergoes effective dissociative
electron attachment within a low energy resonant feature
at 1 eV and a further resonance peaking at 8 eV [8]. Also
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Fig. 1. Triethyl phosphate (TEP) and DNA backbone.

investigating DEA processes on TEP [9] it has been found
the loss of an ethoxy radical due to P-O bond cleavage.
It was emphasized that for the phosphate group in DNA
both reactions would correspond to a direct single strand
break [9].

In this paper, absolute differential cross sections (DCSs)
for elastic electron-TEP scattering at incident electron
energies from 50 eV to 250 eV are presented. Results
are obtained using crossed electron-target beam appara-
tus. Absolute values, which are used to normalize relative
DCSs, are determined by the relative flow method.

2 Experiment

The experimental results are obtained on the crossed
electron-atom (molecule) beam apparatus. Incident elec-
trons are derived from an electron gun that consists of
seven electrodes; four for the extraction of electrons emit-
ted by thermoelectronic emission from the cathode and
three for the focusing of the beam to the interaction
volume. The electron energy is determined by the poten-
tial difference between the cathode and the last electrode
which is grounded and can be varied in the range from
40 eV to 300 eV. Energy resolution of the electron spec-
trometer is defined by the thermal distribution of the
primary electrons and is approximately 0.5 eV.

The electrons interact with a molecular beam formed
by a stainless-steel gas needle and further slowed down
and focused by the four-element electron lens into the
double cylindrical mirror analyzer which selects them
by the energy. After passing through the analyzer, the
electrons are focused by three-element electron lens to
the detector, single channel electron multiplier. All men-
tioned experimental elements are located inside a vac-
uum chamber. Base pressure of about 6 x 10~7 mbar,
is achieved using a turbo molecular pump. The operat-
ing pressure was about one order higher. The electron
gun can be rotated around the gas needle from —40° to
130°, while the angular resolution of the analyzer was
approximately 42°.

The relative DCSs for elastic electron scattering are
measured as a function of scattering angle, from 25° to
125° (in 5° steps), at a given electron impact energy from
50 eV to 250 eV (in 50 eV steps). The intensity of elas-
tically scattered electrons is measured at the maximum
of elastic peak in energy loss spectrum and is directly
proportional to the relative DCSs at a selected electron
energy. In this experiment, voltages on electron gun and
double cylindrical mirror analyzer are adjusted so that the

Eur. Phys. J. D (2019) Vol: No

scattering volume is within the view cone of the analyzer,
achieving the interaction volume constant. The deviations
can occur at small scattering angles (below 35°). Correc-
tions at the small angles and lower energies are made by
comparing the cross sections for noble gases, in this case
argon, with previous published results from other authors.
The contribution of background is measured by introduc-
ing target gas into the chamber through the side leak
(it has been around 10-15% of the true signal) and is
subtracted from the apparent signal for each measured
point. These two measurements were performed at least
three times for each electron energy of interest. Subtract-
ing the background from signal yields three corrected
measurements which were weighted and averaged. For
each electron energy, the analyser was set to allow the elec-
trons corresponding to the elastic peak to pass through.
Accordingly, the electron gun and two lenses before and
after the analyser were readjusted for optimal signal and
to compensate for the transmission functions.

The relative differential cross-sections are further nor-
malized to the absolute scale using absolute points (at the
angles 40°, 80°, 90° or 100°), by the relative flow method.
Argon was used as the referent gas, with known cross sec-
tions published by Rankovié¢ et al. [10] for the incident
electron energies from 50 eV to 200 eV, and Williams and
Willis [11] for electron energy 250 eV. In this method,
the signal of the elastic scattered electrons for the tar-
get molecule is compared with the signal for the referent
gas, at the same angle of scattering, for the same energy
of the incident electrons, under the same experimental
conditions. In order to provide the same experimental con-
ditions (the same profiles of the beams, the same mean free
paths [12], the pressure ratio behind the gas needle of the
tested molecule and the reference gas must be inversely
proportional to the ratio of the squares gas kinetic diam-
eters. Since it is known that the gas kinetic diameter of
argon is 3.58 A, and for triethyl phosphate it is taken to
be approximately 8 A, then the necessary pressure ratio
is set at about 5. The relative flow rate has been deter-
mined by closing an outlet to the chamber, admitting
target gases into a closed constant volume and then mea-
suring the pressure increase in time (measured by a MKS
baratron). The flow is determined from the experimental
curve of pressure versus time fitted by the least-squares
method. The background contribution for each measured
point, which contains both argon and triethyl phosphate,
is subtracted from the signal. The influence of adsorption
effects on gas line surfaces to the relative flow measure-
ments [13] is reduced in the present case by heating the
whole system.

TEP was purchased from Aldrich with a declared purity
better than 99%. Before starting the measurements a few
freeze-thaw-pump cycles under vacuum have been made.
TEP is a liquid at room temperature and was introduced
into the scattering region from a glass container via
gas line system. This molecule is characterized by low
vapor pressure (0.39mmHg at 25°C) and very high
dipole moment (2.86 D). Therefore, for stable experi-
mental conditions during gas phase measurements, target
container was heated around 80°C, like for previously
studied “sticky” molecular targets such as THF and its
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Fig. 2. Angular dependence of the DCSs for elastic electron scattering from TEP at different, fixed incident energies. Circles
represent absolute experimental differential cross sections; stars represent absolute values obtained by relative flow method,
where reference points for Ar are taken from paper by Rankovié et al. [10]; full line represents theoretical results. Theory is

normalized to the experimental results.

derivatives [14]. In the present work, pipes and the needle
were also heated providing a stable driving pressure
behind the needle and also for avoiding the absorption
effects.

The errors of the relative cross section include statisti-
cal errors (0.2-4%) and errors due to the instability of the
system, short term stability errors, which are determined
by the spread in the repeated measurements at the same
electron energies and the same scattering angle (1.5-6%).
The total error of relative measurements was increased by
20% at small scattering angles due to the possible change
in the interaction volume. The errors for absolute differ-
ential cross sections are dominated by the errors of the
reference DCSs for Ar. Errors for the flow rate are ignored
due to stable experimental conditions and linear pressure
increase with time. The errors for the reference absolute
DCSs are about 20%. The total errors for absolute DCSs
are about 25%.

3 Theory

In this work, the key of the determination of the elastic
cross section calculations of TEP is the atomic cross sec-
tion calculations for the components of the molecule. The
calculated atomic cross sections were simple added accord-
ing to the stoichiometry numbers to estimate the elastic

cross section of TEP. We note that in this way maybe the
absolute cross sections of the molecule are overestimated
because the shielding of the cross sections for various com-
ponent of the molecule is not taken into account. However,
we believe that the shape of the angular differential cross
can be calculated accurately.

For the atomic target the partial expansion method was
used to describe the differential cross sections for elastic
scattering. The relativistic differential cross section per
unit solid angle is given by the following form:

do,

1P OF + 19 O,

(1)

where 0 is scattering angle, f (0) and g () are the spin-up
and spin-down scattering amplitudes. f () and g (f) can
be expressed as:

£(0) =" FiPi(cos(6)), (2)
=0

g(0) =GP (cos(0)),
=0
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where  Pj(cos(f)) are the Legendre polynomials,
P*(cos(f)) are the associated Legendre functions. F; and
G can be calculated according to following relations:

F = ﬁ {(1+1) [exp (2i014) — 1] + U [exp (—2i6;—) — 1]}
(4)

Gy exp (2i0;—) — exp (—2id;4)] (5)

= ik |
where 0,4, 0;— are the phase shift of the order [, and & is
the momentum of the projectile electron. Details of the
calculations can be found in reference [15].

4 Results

Absolute differential cross sections for elastic electron
scattering from TEP molecule are presented in Figure 2.
(circles-measured points; full line-calculated values) for
the incident electron energies from 50 eV to 250 eV. Abso-
lute DCSs for Ar in the energy range from 50 eV to 200 eV
are taken from Rankovié et al. [10]. In Figure 3. absolute
differential cross sections for the incident electron energy
of 250 eV are presented, where referent absolute cross sec-
tions for Ar are taken from the paper Williams and Willis
[11]. Absolute points obtained by the relative flow method,
on certain incident electron energies and scattering angles,
used for normalization of relative measurements on abso-
lute scale, are presented as well (stars). It can be noted
that the absolute points agree well with the independently
measured relative differential cross sections, which can
be used as confirmation of the reliability of experimen-
tal methods, because it comprises of two independent set
of data. The measured absolute results are also shown in
Table 1. Theoretical results are normalized on the exper-
imental data at an angle of 60°, for the incident electron
energies 50 eV, 100 eV and 250 eV, and 80° for energies
150 and 200 eV. The agreement between the measured
points and the theory is within the experimental error
in the whole angular range, except for energy 50 eV at
larger scattering angles, where the experimental results
are slightly higher on the absolute scale. DCSs show a
wide minimum at the scattering angle about 90°, for the
energies 50 eV and 100 eV, which slowly disappears for
energies above 150 eV. This tendency is also observed in
DCSs for elastic electron scattering on other previously
measured molecules [3-7]. This indicates a similar redis-
tribution of elastically scattered electrons on molecules
analogous to the DNA building blocks in the medium
energy range. In the investigated energy range, from 50 eV
to 250 eV. Absolute differential cross-sections are reduced
by about an order of magnitude, in the energy range from
50 eV to 250 eV. That behavior we have also noticed for
previous targets [3-7].

5 Conclusion

Elastic scattering of electrons from triethyl phosphate
molecule is investigated experimentally and theoretically

Eur. Phys. J. D (2019) Vol: No
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Fig. 3. The same as in Figure 2 but for 250 eV incident elec-
tron energy. The reference points for Ar are taken from paper
Williams and Willis [11].

Table 1. Experimentally obtained DCSs for elastic elec-
tron scattering form TEP as a function of scattering angle
at fixed electron energies. Total absolute errors rounded
to the last two significant digits are given in brackets.

6 (°) DCS (1072 m2sr™1)

50 (eV) 100 (eV) 150 (eV) 200 (eV) 250 (eV)
% - 2.08(43) 1.90(39) 1.61(46) 1.19(24)
30 4.4(1.2) 1.09(31) 0.95(27) 0.78(21) 0.59(17)
35 257(74) 0.79(23) 0.57(16) 0.54(15)  0.44(13)
40 2.05(42) 0.53(15) 0.41(12) 0.41(12)  0.993(96)
45 1.49(31) 0.466(97) 0.318(91) 0.312(89) 0.211(60)
50 1.12(23)  0.369(77) 0.255(73) 0.213(61) 0.147(42)
55 0.82(17) 0.302(63) 0.198(56) 0.159(46) 0.117(23)
60 0.62(13) 0.243(51) 0.151(43) 0.132(38) 0.102(21)
65  0.49(10) 0.201(42) 0.123(25) 0.120(25) 0.087(18)
70 0.409(84) 0.162(34) 0.106(22) 0.111(23) 0.071(14)
75 0.354(73) 0.313(27) 0.097(20) 0.099(21) 0.064(13)
80 0.312(64) 0.113(24) 0.093(19) 0.088(18) 0.056(11)
85 0.279(58) 0.107(22) 0.091(18) 0.081(17) 0.050(10)
90 0.259(54) 0.109(23) 0.085(17) 0.077(16) 0.0441(90)
95  0.256(53) 0.115(24) 0.083(17) 0.073(15) 0.0427(88)
100 0.260(54) 0.126(26) 0.083(17) 0.068(14) 0.0423(86)
105 0.285(59) 0.139(29) 0.088(18) 0.070(14) 0.0407(34)
110 0.326(67) 0.155(32) 0.092(19) 0.069(14) 0.0420(36)
115 0.382(79) 0.171(36) 0.095(19) 0.072(15) 0.0419(86)
120 0.471(97) 0.192(40) 0.103(21) 0.077(16) 0.0425(87)
125 0.59(12) 0.217(45) 0.109(22) 0.084(17) 0.0446(91)

in the energy range from 50 eV to 250 eV. The relative
DCSs are measured as a function of scattering angle at
fixed incident electron energies. The relative flow method
is used for calibration of relative results on absolute
scale, using argon as a referent gas. Experimental mea-
surements are compared with the calculations, which are
obtained using Independent Atom Model (IAM), and good
agreement is noticed.

In an attempt to develop more efficient radiation-
based technologies and for better comprehension of the
radiation damage of biomolecules, a deeper understanding
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of fundamental processes at the molecular level is needed,
which implies electron interactions with molecules that
form the medium. For this reason, the results from this
paper can be of interest since they contribute to a funda-
mental understanding of the electron interaction with a
relatively large molecule.
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Abstract. Measurements and calculations for electron elastic differential cross sections (DCS) of argon
atom in the energy range from 40 to 300eV are presented. DCS have been measured in the crossed beam
arrangement of the electron spectrometer with an energy resolution of 0.5eV and angular resolution of
1.5° in the range of scattering angles from 20° to 126°. Both angular behaviour and energy dependence of
DCS are obtained in a separate sets of experiments, while the absolute scale is achieved via relative flow
method, using helium as a reference gas. All data is corrected for the energy transmission function, changes
of primary electron beam current and target pressure, and effective path length (volume correction). DCSs
are calculated in relativistic framework by expressing the Mott’s cross sections in partial wave expansion.

Our results are compared with other available data.

1 Introduction

Electron elastic differential cross sections (DCS) of argon
atom have been investigated thoroughly in the past
by many experimental groups and different theoreti-
cal approaches but they still need further analysis and
improvements. There are numerous reasons for this study:
(i) DCS is still one of the stringiest test for electron-atom
interaction that is energy (E,) and angle (6) dependent
and where different theoretical approximations work ade-
quately only in a certain (E,,f) domain. DCS is one
of the variables in the “perfect scattering experiment”
which has to be determined in absolute values in order
to reproduce all complex scattering amplitudes [1]; (ii)
Argon atom is often used as a model for both experi-
mental (easy to handle, inexpensive in high purity) and
theoretical (closed shell, many electron system) studies.
Recently, Bartschat et al. [2] used an argon atom to make
an overview on quantum-mechanical approaches for gen-
erating the electron—atom cross sections and to perform
uncertainty estimates; (iii) atomic argon is an important
model for the numerous calculation codes, now available,
which use either quantum chemistry codes [3] or through
other codes, like relativistic Dirac partial-wave analysis,
incorporated into databases [4]; an important model for

* Contribution to the Topical Issue “Physics of Ionized
Gases (SPIG 2016)”, edited by Goran Poparic, Bratislav
Obradovic, Dragana Maric and Aleksandar Milosavljevic.

** Supplementary material in the form of one pdf file from
the Journal web page at
https://doi.org/10.1140/epjd/e2017-80677-4.

# e-mail: bratislav.marinkovic@ipb.ac.rs

all being argon atom; (iv) there is a need for accurate cross
sections for argon atom in experiments that use relative
flow method (RFM) to determine absolute values of DCS
for more complex molecules [5]. One of the key require-
ments in RFM is to provide similar flowing conditions
(special distributions) of the measured and reference gas.
This is easier to achieve if the masses of gases are similar,
hence Ar or N, gases are preferentially used as references
rather than helium which has the best known literature
values for DCSs; and (v) the authors want to extend pre-
vious DCS measurements on Ar (listed in Tab. 1 among
the other e/Ar data).

The first measurements of the differential electron elas-
tic scattering by argon atom include those performed in
1931 by Bullard and Massey [6] and by Arnot [7] where the
angular distributions were obtained in the ranges 4-40eV,
15°-125° and 42-780eV, 20°-120°, respectively. A com-
prehensive review of later experimental and theoretical
results on electron/Ar cross sections up to 1995 was given
by Zecca et al. [8] and results up to 2002 were compiled
by Raju [9]. A critical data evaluation and consistency of
electron scattering by argon was made in 2008 by Gar-
gioni and Grosswendt [10]. A comparison of sets of cross
sections for electron scattering from ground-state Ar in
the energy range from thermal to about 1keV with the
overview of cross sections maintained by LXCAT database
is given in [11]. The most recent results are presented
in Table 1. The present experiment covers the electron
impact energy range from 40eV to 300eV and the scat-
tering angles from 25° up to 126°, while calculations are
performed in broader range of impact energies and for the
full range of scattering angles.
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Table 1. The latest experimental and theoretical work on DCS for elastic cross section for argon atom covering impact

energy range from 40 to 300eV.

Type of experiment/

Author theoretical approach

Energy range (eV) Angular range (°)

Paikeday and Alexander [12]
Kelemen [13]

Blanco and Garcia [14]
Blanco and Garcia [15]
Salvat [16]

Milosavljevié et al. [17]
Yousif Al-Mulla [18]
Jablonski et al. [19]

Adibzadeh and Theodosiou [20]
Hargreaves et al. [21]
McEachran and Stauffer [22]
Bote et al. [23]

Model potential
Optical potential

Optical-model potential
Crossed beams/
relativistic ab initio

Thomas—Fermi-Dirac/

Crossed beams (SSRDM)

Optical-model potential

Quasifree nonempirical model
Quasifree nonempirical model

Local density approximations

Ab initio optical potential

Dirac-Hartree—Fock potential
Relativistic/nonrelativistic phase shifts

20-500 0-180
0.5-500 Spin polarisation 0—180
40-10 000 0-180
40-800 0-180
100-3000 0-180
40-150 40-126
10-100 0-180
50-3000 0-180
5-1000 0-180
20-50 20-135
40-100 0-180
10-3000 0-180

2 Experimental method and theoretical
approach

2.1 Experimental set-up

The home-made experimental setup is based on a crossed-
beam technique comprising of an electron gun, a single
capillary gas needle and a detection system with sin-
gle channel electron multiplayer detector (channeltron).
Detailed description of the original setup is given in
[24,25], while construction of a gas line used for rela-
tive flow technique, design and programming of digital
acquisition system are detailed in [5]. Briefly, electrons
are produced from an indirectly heated thoriated tungsten
hairpin filament (diameter 0.2 mm). Emitted electrons are
then doubly focused by a 9 electrode system of the electron
gun, including two axis deflector electrodes. The energy
resolution of electrons at the exit of the electron gun is
limited by a thermal distribution of emitted electrons to
about 0.5eV as there is no monochromaticity. The elec-
tron gun is mounted on a turntable and can be rotated
in the plane of scattering from —40° to 126° around the
fixed detection system. The angular resolution is esti-
mated to about £1.5°, while the zero angle uncertainty
is better than £0.25° regarding the alignment and cen-
ter precision of the entire system. The distance from the
last electrode of the electron gun to the scattering cen-
tre (gas needle) is 30 mm, while the interaction volume is
about 3 mm above the gas needle. The aspect ratio of the
effusive beam capillary is 0.0125 with a length of 40 mm.
The detection system consist of four electrode lens at the
entrance of a double cylindrical mirror analyser (DCMA),
three electrode lens at its exit and PHOTONIS X810BL
channeltron enclosed in a shielded case. The first elec-
trode of a four electrode lens is positioned 25 mm from the
gas needle. Its function is to focus the scattered electrons
and to apply the retarding potential such that electrons
always have a fixed energy when entering DCMA. There-
fore, DCMA is operated in a constant pass energy mode
with an energy resolution down to about 0.4eV.

2.2 Measurement procedure

DCS data as function of scattering angle, DCS (), is
obtained by measuring the signal and background for
each angle point. The signal measurement is performed
first and is followed by background measurement, which
involves the introduction of a target gas into the cham-
ber from the side leak, whilst the signal is measured for
target gas diverted through the gas needle. These two
measurements were performed at least three times for each
electron energy of interest. Subtracting the background
from signal yields three corrected measurements which
were weighted and averaged. For each electron energy,
the analyser was set to allow the electrons correspond-
ing to the elastic peak to pass through. Accordingly, the
electron gun and two lenses before and after the analyser
were readjusted for optimal signal and to compensate for
the transmission functions.

DCS data as a function of electron energy, DCS (E,),
is obtained by fixing the angle and measuring the count
for each energy point for at least three times. Prior to this
measurement, the electron current in a Faraday cup as
a function of electron energy was recorded, even though
the electron gun was refocused. The transmission of the
analyser system as a function of electron energy has been
obtained from a simulation in SIMIONS [26], where opti-
mal lens potentials were determined. These potentials
were then used for the measurements and the obtained
data was normalized to the simulated transmission. Addi-
tional normalization was performed to compensate for the
small change in the gas needle pressure over time and
measured electron current.

The relative flow measurements were taken for the
needle pressure of about 0.373mbar for Argon (target
gas) and about 0.133mbar for Helium (buffer gas). The
ultimate base pressure in the experiment was about
5 x 10~" mbar, while working pressure when both gasses
were introduced in the chamber was in the order of
5 x 1079 mbar. Each relative flow measurement was per-
formed two times and the average values were taken for
the normalization to absolute scale.
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Fig. 1. Angular behaviour of differential cross section for elastic scattering of electrons on argon. The present experimental
and theoretical data are compared with the selected set of previous results. The data symbols used correspond to: (red circles),
present experiment; (yellow stars), present absolute data from relative flow; (dark cyan squares), present DCS (FE); (dark red
full line), present theory; (green circles), Williams and Willis [30]; (orange right triangles), Jansen et al. [31]; (asterisk); Vuskovié
and Kurepa [32]; (blue diamond), DuBois and Rudd [33]; (dashed line), Joachain et al. [34]; (cyan dash dot line), McCarthy
et al. [35]; (orange pentagons), Srivastava et al. [36]; (violet dash dot line), Fon et al. [37]; (thin line), Staszewska et al. [38];
(dotted line), Nahar and Wadehra [39]; (magenta short dash line), Nahar and Wadehra [42]; (violet left triangle), Panajotovié
et al. [44]; (olive dash dot line), Paikeday and Alexander [12]; (cyan up triangles), Milosavljevié et al. [17].

2.3 Normalization and experimental uncertainties

The relative DCS data is made absolute by using the

relative flow technique
Data for Helium was

with Helium as a reference gas.
taken from Register et al. [27]

and both DCS (#) and DCS (E,) were measured at

least three times and

the weighted average as well as

weighted uncertainties were calculated. To this statistical

uncertainty, the instrumental uncertainties (effective path
length correction, uncertainty in energy and angular
scale) and the uncertainty from a normalization origi-
nating from the relative flow measurements and Helium
data, specified by the authors, was added. The total
uncertainties vary with impact electron energy and span
from 14% at the lowest up to 22% for the highest impact

energy.
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Table 2. Experimental and theoretical DCS for elastic cross section for argon atom used for a comparison with present

results.

Type of experiment/

Author theoretical approach

Energy range (eV)  Angular range (°)

Williams and Willis [30]

Jansen et al. [31] Gas cell
Vuskovi¢ and Kurepa [32]  Gas cell
DuBois and Rudd [33] Gas cell

Joachain et al. [34]
McCarthy et al. [35]
Srivastava et al. [36]
Fon et al. [37]

Staszewska et al. [38]

Nahar and Wadehra [39]
Salvat et al. [40]
Bartschat et al. [41]
Nahar and Wadehra [42]
Cvejanovi¢ and Crowe [43]
Panajotovié et al. [44]

Optical potential
Optical potential

R-matrix

Model potential

Crossed beams
Crossed beams

Modulated crossed beam

Crossed beams (RFM/He)

Quasifree-scattering model/
optical-model potential (SEPa)

Semiphenomenological approach
Optical potential method
Relativistic Dirac equation

20-400 20-150
100-3000 5-95
60-150 5-150
20-800 2-150
100-800

20-3000

3-100 20-135
3-150

30-3000

3-300

100-5000

15-100

3-300

20.4-110 40-120
10.3-100.3 20-150

RFM/gas — relative flow method with gas used as a reference; SEP — static, exchange, polarisation, absorption

potential.

2.4 Calculations

The partial expansion method was used to describe the
differential and total cross sections for elastic scattering.
The relativistic differential cross section per unit solid
angle is given by sum of squares of the direct f() and
spin-flip ¢(#) scattering amplitudes:

do,
e 11O)F + 19O, (1)

where 6 denotes the scattering angle f(0) =
Y20 FiPi(cos(0)), g(0) = 322, GiP/ (cos(9)), Fi(cos(0))
are the Legendre polynomials, P! (cos(6)) are the associ-
ated Legendre functions. F; and G; can be calculated as
follows:

F, = {(1+1) [exp (2i0;4) — 1] + I [exp (—2i6;—) — 1]}

1
2ik

G, = [exp (260;—) — exp (—2id;1)],

2ik
where 0,4, §;— are the phase shift of the order [, and k
is the momentum of the projectile electron. Details of the
calculations can be found in reference [29]. The total elas-
tic cross section, o T, can be obtained after integration
over the all possible scattering angles as:

Tdo.(E,,0) .
or = 27r/ ————~ sinf df. 2
; 70 (2)

3 Results and discussion

3.1 Angular behaviour of differential cross sections,
DCS (0)

Differential cross sections for electron elastic scattering by
argon atom, DCS (#), at impact energies of 40, 50, 100,
150, 200 and 300eV are shown in Figure 1. The present

experimental results are obtained from three separate sets
of measurements: the direct angular distribution measure-
ments over whole accessible angular range; data points at
fixed angles derived from relative flow measurements with
helium as a reference gas; and the direct measurements
of energy dependence at fixed scattering angle. The first
and third sets give the relative values, while the second
set gives the absolute values. Relative sets are made abso-
lute by fitting the curves to absolute data points by the
least squares method. Present experimental and theoreti-
cal DCS are compared with other data listed in Table 2.
Experimental values of DCS are tabulated in Table 3 with
the quoted level of uncertainties.

The differential cross section at 40eV exhibits two
pronounced minima, at 68° and 142°. The excellent
agreement between present measurements and former
absolute measurements of Williams and Willis [30]
is found. The value of the DCS at the first mini-
mum is (2.50£0.15) x 1072 m?/sr and is as low as
reported in [30]. The position of the minimum also
agrees with the measurements of Panajotovié¢ et al. [44],
but their minimum is less pronounced. The difference
could be due to the proximity of the critical point in
argon (around 41.30 £0.02eV; 68.5° +0.3° [44]), although
even at the critical point, their minimal value is only
(6.1£1.3) x 10723 m?/sr. This can indicate the impor-
tance of subtraction of the residual background gas
obtained by diverting gas through a side leak, as explained
in Section 2.2.

The present calculations have the best agreement with
the calculations of Bartschat et al. [41] in both absolute
values and positions and depth of minima. Calculated
DCS first minimum is almost of the same absolute value,
just shifted to lower scattering angle of 66.4° compared
to the present measurements. The calculated values at
smaller scattering angles are higher than the experimental
results but agree with previous measurements in [44]. The
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Table 3. Experimental DCS for elastic cross section for argon in units of 1072° m?/sr with the relative uncertainties
indicated for each impact energy.

Angle (°) 1072 m?sr™!

40eV ~ 50eV 100eV  150eV  200eV  300eV
25 3.051 3.172 1.57 0.7762 0.6212  0.504
30 2.328 2.17 0.869 0.4039 0.316 0.277
35 1.711 1.442 0.461 0.2168 0.1888  0.1794
40 1.185 0.919 0.248 0.1289 0.1273  0.128
45 0.762 0.5475 0.135 0.0872  0.0972  0.098
48 0.0952
50 0.444 0.2956  0.0765 0.07 0.081 0.0776
52 0.063
54 0.053
55 0.215 0.1314 0.0495 0.0615 0.073 0.0625
56 0.182 0.1067 0.0462
57 0.151 0.0878
58 0.126 0.0705 0.0422
59 0.103 0.0558
60 0.0820 0.0421 0.0401 0.0585 0.0649 0.0501
61 0.0612  0.0301
62 0.0452 0.0202 0.0402
63 0.0313 0.0130
64 0.0204 0.0083 0.042
65 0.0126  0.0048 0.0436 0.0588 0.0599  0.0406
66 0.0073  0.0027  0.0449
67 0.004 0.0028
68 0.0025 0.0046 0.0489
69 0.0034  0.0069
70 0.0061 0.0109 0.0543 0.0588 0.0545 0.0334
71 0.0107  0.0159
72 0.0166  0.0231 0.0601
73 0.0242  0.0309
74 0.0332 0.0393 0.0666
75 0.0435 0.0488 0.0699 0.0583 0.0495 0.0285
76 0.0554 0.0586 0.0733
7 0.0663  0.0682
78 0.0782 0.0788 0.0792
79 0.0908  0.0902
80 0.105 0.1024 0.0855 0.0559 0.0404 0.0231
85 0.183 0.1672  0.0989 0.0515 0.0332 0.0181
90 0.253 0.2265 0.1059 0.0442 0.026 0.0146
92 0.0133
94 0.0123
95 0.309 0.2674 0.1036 0.0355 0.0186
96 0.0113
98 0.0106
100 0.334 0.2863 0.092 0.0247  0.0126  0.0105
102 0.0105 0.0105
104 0.0088  0.0103
105 0.3295 0.2792 0.073 0.0145 0.008
106 0.0074 0.011
108 0.0066  0.0116
110 0.297 0.249 0.0497 0.0059 0.0065 0.0124
111 0.0047
112 0.0403 0.0037 0.0068 0.0136
113 0.003
114 0.0308 0.0021 0.0078 0.0147
115 0.246 0.2018 0.0263 0.0016 0.0087
116 0.0221  0.0015 0.0097 0.0168
117 0.0016
118 0.015 0.0019 0.0121 0.0189
119 0.0025

(continued...)
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Table 3. (continued...)

Angle (°) 1072 m?sr!

10cV 506V 1006V 1506V 2006V 3006V
120 0.181 0.1446 0.0097 0.0035 0.0157 0.0212
121 0.005
122 0.0073 0.0064 0.0202 0.0234
123 0.0067  0.0085
124 0.007  0.0113 0.0257 0.0265
125 0123  0.0927 0.0087 0.0142 0.0275
126 0113 0.083 00115 0.0175 0.0313 0.0295
Relative 14 15 20 20 21 22

uncertainty (%)

local maximum around 100° is larger than other experi-
mental values and calculations of McCarthy et al. [35] but
it is close to the values of Nahar and Wadehra [39]. The
second minimum is found at 141° and is much deeper than
both calculated [35] and measured [30,44] values.

The present experimental DCS at 50 eV agrees perfectly
with previous measurements [30,33,36,44] in the whole
angular range. The position and the value of the first mini-
mum at 67° is the same as in [30,36]. The second minimum
is beyond the angular range of the present experiment.
The calculated DCS at 50eV matches the experimental
values at smaller scattering angles but has the minimum
at 64.1°. Again at local maximum, the DCS is larger and
has the same value as in [39]. The positions of both min-
ima are close to other calculations [35,39] but with smaller
values.

There are many experiments and theories for 100eV
impact energy. All experiments have an excellent agree-
ment, at local maximum of 90° with discrepancy within
+15%. The present calculated values agree with other cal-
culations [12,37,39] except when compared to calculations
by Joachain et al. [34] whose values are smaller in the
whole angular range. The values of the calculations of
[34] agree very well with the present measurements at the
position of the first minimum. The present calculated val-
ues in the range of the second minimum strongly agree
with the previously measured values in our laboratory by
Milosavljevié et al. [24].

There are two sets of previously measured data for
150eV: Jansen et al. [31]; Vuskovié¢ and Kurepa [32]; and
Milosavljevié¢ et al. [24]; Williams and Willis [30]. The
main distinction is in the values of the plateau at around
70° where the DCS has a flexing point (the first minimum
became very shallow at this energy) and the DCS values
of the first group are larger for 60% than the vales of the
second group. Interestingly, the present calculated values
and those in [39] are even larger (factor 2.14) and they
better match the experiments of the first group [31,32]
while the present experiment favors the second group of
results [24,30]. At this impact energy the second minimum
is within the accessible range of the present experiment
and its position at 116° agrees well with [24,30] — the
present calculation gives the position of 115.1°. Also, the
values of present measurement and calculation agree very

well — in contrast with previous calculations [37,39] where
the shallower minimum was obtained.

At 200eV, the shapes and the values of all exper-
iments and calculations, except for calculations by
Staszewska et al. [38] and Salvat et al. [40], are virtually
the same and all DCSs lay within +40% band around
mean value. For both impact energies of 200eV and
300 eV, the present calculations agree excellently with cal-
culations of [39] in the full angular range, but they exceed
the experimental values. Inclusion of imaginary part in
the Dirac potential brought the calculations at 300eV in
[42] in agreement with experimental values in the region
of the minimum when compared to the previous nonrela-
tivistic calculations of the same authors [39]. Still, these
relativistic calculations are much higher than experiments
at middle angles (50°-80°) where they agree with the
present calculations based on the Mott’s cross sections.

3.2 Energy dependence of differential cross sections,
DCS (E,)

Differential cross sections dependence on the impact
energy, DCS (E,), at fixed scattering angles of 40°,
80° and 100° are presented in Figures 2a—2c, respec-
tively. Two sets of present experimental points are shown:
the direct energy scans corrected for the analyser trans-
mission and primary beam current and the single data
points of relative flow measurements where absolute scale
was established by helium data comparison [27]. Present
experimental data are compared with other direct energy
scan measurements of Cvejanovié and Crowe [43]. The
excellent agreement is found for all three scattering angles
at the overlapping energies (40-100eV). It is worth not-
ing that the absolute scale of these two measurements have
been established in different way, in [43] data have been
normalized to previous absolute data of Srivastava et al.
[36] while the present data were normalized on reference
helium gas data obtained in a separate set of present
measurements.

Present calculations generally give larger cross sections
than experimental measurements, particularly at 100° and
energies above 100 eV. This could be due to the sensitivity
of DCS (E,) at this angle because of the proximity of the
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Fig. 2. Comparison of the present energy dependence of the
differential cross section for elastic scattering of electrons on
argon at a scattering angles of: (a) 40°; (b) 80° and (c) 100°
with previous experimental and theoretical results. Error bars
corresponding to the quoted uncertainties are presented on
present data points. The data symbols used correspond to: (red
squares), present experiment DCS (F); (yellow stars), present
absolute data from relative flow; (dark red full line), present
theory; (cyan dash dot line), McCarthy et al. [35]; (yellow up
triangles), Cvejanovi¢ and Crowe [43].

Page 7 of 9

1e-16

—_
St
2 1e17
«
g
S
G 1e-18
5
© e-19 800 S
250
&
A
150 Qo
Cattear.
termg a 40 o . &‘b
gl (de <
8ree) R

Fig. 3. Calculated differential cross section surface for elec-
tron elastic scattering by argon in the energy range from 40
to 300eV. The full data set is given in the Supplementary

material.
300
250

Bl 1e-20

Hl e-19

Bl 1e-18

1e-17

1e-16
50

0 20 40 60

80 100 120 140 160 180
Scattering angle (degree)

[
=3
>

Primary energy (eV)
Lo
&

ot
=3
>

Fig. 4. Projection of 3D surface of elastic DCS for argon on
the plane scattering angle — primary electron energy.

minimum point. The calculations of McCarthy et al. [35]
agree better with the present measurements.

3.3 Differential cross section surface, DCS (E,,0),
minima positions and critical points

It has been previously pointed out by Milosavljevié¢ et al.
[25] that is of great importance to perform measurements
of differential cross sections as independent energy and
angular scans. This results in the whole DCS (E,,0) sur-
face being crossed-checked so that experimental errors
could be avoided. These errors include energy transmis-
sions of electron gun and analyser as well as misalignment
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Fig. 5. Positions of low-angle and high-angle minima versus electron impact energy. The data symbols used correspond to: (red
circles), present experiment; (dark red full line), present theory; (violet left triangle), Panajotovié¢ et al. [44].

of three axis, the primary beam axis, the target beam axis
and the analyser axis.

In order to obtain the full 3D plot of the differential
cross section surface it is necessary to calculate or measure
differential cross sections on a rather dense grid, hence the
present calculations being performed in angular steps of
0.1° and energy steps of 0.1eV. The obtained surface is
presented in Figure 3.

In the energy range from 30 to 300 eV differential cross
sections show three critical points — places in 3D surface
where DCS reach a minimum. The determination of these
points is important as the critical minima represent a sen-
sitive test of the interplay between direct and exchange
potentials in electron interaction with the target atom.
In the vicinity of critical minima the scattered electrons
exhibit the largest change of the polarisation. Finding
the pairs of incident energy and scattering angle where
DCS minima attain their smallest values is a tedious task
in experimental study and in the same time represents
a crucial test of applied approximations in calculations.
A detailed analysis of critical points in argon has been
done by Lukas [45] and more recently by Sienkiewicz et
al. [46] using ab initio relativistic calculations. Experimen-
tal values found in [44] are (37.30 +0.02eV, 143.5° +0.3°)
and at (41.30+£0.02eV, 68.5° £0.3°) and the third mini-
mum in [24] to be at (129.4 £0.5¢V, 119.4° £0.5°). The
present calculations also reveal the positions of three
critical points clearly shown in Figure 4. Positions of crit-
ical minima in the present calculations are found to be:
(41eV, 141°), (41eV, 66°) and (128eV, 118°). It could be
compared with the previous calculations in [46] (39.3 eV,
68.0°), (39.5¢V, 141.0°) and with calculations presented
in [24] (118.0eV, 118.9°).

The positions of low-angle and high-angle minima could
also be traced with the change of impact electron energy.
The calculated values for the first and the second mini-
mum with experimental points at fixed energies are shown
in Figures ba and 5b, respectively.

4 Conclusions

Absolute measured and calculated differential cross sec-
tions for electron elastic scattering by argon atom are
presented. Measurements have been taken in the energy
range from 40eV to 300eV and for scattering angles
from 25° to 126°, with smaller steps around minima
positions. Calculations were performed using relativis-
tic expression of a partial wave expansion method for
electron—atom scattering using the Mott’s cross sections.
Calculations have been performed in the energy range
from 30eV and for the full range of scattering angles,
with the dense grid around critical points and positions
of minima. The achieved agreement with other exper-
iments and calculations is moderate and depends on
impact energy and angular range. This indicates that
advances in both experimental methods and applied the-
oretical approximations are required, despite the topic
having been studied for a long time. It should not be
forgotten that the differential cross sections and their
absolute values are the crucial quantities in our quantum
mechanical description of electron—atom interactions. We
have achieved one of the goals, i.e. to provide a consis-
tent set of data in this energy range that can be used
in further experiments with other more complex targets,
like biomolecules. All presented data, will be also main-
tained in the Belgrade electron/atom (molecule) database
(BEAMDB) (http://servo.aob.rs/emol) [47].
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Abstract: Electron interaction with methane molecule and accurate determination of its elastic cross-
section is a demanding task for both experimental and theoretical standpoints and relevant for our
better understanding of the processes in Earth’s and Solar outer planet atmospheres, the greenhouse
effect or in plasma physics applications like vapor deposition, complex plasma-wall interactions and
edge plasma regions of Tokamak. Methane can serve as a test molecule for advancing novel electron-
molecule collision theories. We present a combined experimental and theoretical study of the elastic
electron differential cross-section from methane molecule, as well as integral and momentum transfer
cross-sections in the intermediate energy range (50-300 eV). The experimental setup, based on a
crossed beam technique, comprising of an electron gun, a single capillary gas needle and detection
system with a channeltron is used in the measurements. The absolute values for cross-sections are
obtained by relative-flow method, using argon as a reference. Theoretical results are acquired using
two approximations: simple sum of individual atomic cross-sections and the other with molecular
effect taken into the account.

Keywords: methane; cross-section; elastic scattering; electrons

1. Introduction

Methane (CHy) is the simplest alkane. Its molecule has tetrahedron shape, belongs
to the T4 point group symmetry, and does not possess dipole and quadrupole moments.
Furthermore, methane is widely distributed in the Solar System. In general, the inner
planets Mercury [1], Venus [2], and Mars [3] are methane-poor, except Earth, whereas outer
planets Jupiter [4], Saturn [5], Uranus [6], and Neptune [7] have methane-rich atmospheres.
Currently, the methane levels in Earth’s atmosphere are around 1.6-1.8 ppmv and are
considered one of the main causes of the greenhouse effect. Greenhouse effect caused by
methane is about eight times that of CO, [8]. Emission of CH, in atmosphere is about
40% from natural, and about 60% from anthropogenic sources (agriculture, energy, and
waste sectors [9]). In past decades methane’s growth rate was changing, and in recent
years, it has been increasing [10]. That is a reason why investigation of this gas again
becomes consequential.

Electron collisions with methane are very important in plasma physics. In mixture
with hydrogen and argon, CHy is used for r. f. plasma-enhanced chemical vapor deposition
(R. E. PECVD) of nanocrystalline diamond films [11]. On the other hand, methane is less
used than silane in design of solar cells. Its use in the preparation of amorphous SiC
p-layers is most often emphasized in a PECVD process using high R.F. power at relatively
low temperature [12]. When a Tokamak is operated at high density and high temperature
methane plays a dominant role in the edge plasma region [13]. Particles and energy are
expelled from the plasma and are transported to the vessel wall, which leads to complex
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plasma-wall interactions. These interactions create impurities in the plasma, including
methane and its derivates, resulting in significant cooling of plasma, which can prevent
achievement of rector relevant conditions. Therefore, understanding transport features of
methane in plasma and interpretation of electron methane collisions in different physical
processes plays a significant role in laboratory research in different fields of physics as well
as in the investigation of properties atmospheres planets in Solar System. Finally, from a
theoretical perspective and, because of its simplicity, methane can serve as a test molecule
for advancing novel electron-molecule collision theories (e.g., Blanco et al. [14], Allan [15]).

Elastic electron scattering from methane molecule has been studied intensely in the
past, and the most recent review of elastic differential cross-sections is given in [16]. Rec-
ommended set of data for electron/methane interactions is given by Song et al. [17]. For
low incident electron energies (below 50 eV), elastic electron scattering from methane
molecule has been studied experimentally and theoretically equally extensively. To cite
few most recent papers, Allan [15] measured absolute differential elastic (impact electron
energies 0.4-20 eV) and vibrational excitation cross-sections using an electron spectrometer
with a magnetic angle changer, which allows measurements of differential cross-sections
(DCSs) for backward angles. Bettega et al. [18] calculated DCSs and integral cross-sections
(ICSs) for energies between 3 and 10 eV, using Schwinger multichannel method with pseu-
dopotentials. Bundschu et al. [19] presented both experimental and theoretical results;
measurements of DCSs using crossed beam apparatus and relative flow method, with He
as a reference gas, and calculations using a body-fixed, single-center for close-coupled
equations. Shyn and Cravens [20] reported DCSs for methane in energy range from 5 to
50 eV, using modulated crossed-beam method and He as reference gas for normalizing
relative data to the absolute scale. At even lower electron energies, from 0.1 to 1.8 eV,
an important study was one by Sohn et al. [21] where the references from even earlier
measurements and calculations can be found. Several authors used R-matrix method to
calculate cross-sections form methane [22-24].

As for papers that contain data for DCSs at intermediate-to-high energies (Eg > 50 eV);
Boesten and Tanaka [25] reported measured DCSs (electron energies between 1.5 and
100 eV), ICSs, and momentum transfer cross-sections (MTCSs) for methane. Measurements
were done using crossed electron and molecular beam technique where observed DCSs
were normalized point by point with the help of simultaneous measurements of DCSs of
He. Vuskovi¢ and Trajmar [26] obtained relative cross-sections for 20, 30, and 200 eV impact
energies and normalized them to the absolute measurements of Tanaka et al. [27] for 20
and 30 eV, and to the calculations of Dhal et al. [28] for 200 eV. Cho et al. [29] published
measured data for DCSs (ICSs and MTCSs as well) for electron elastic scattering from
methane over scattering angles between 10° and 180° for incident electron energies from
5 to 100 eV using crossed beam spectrometer combined with a magnetic angle-changing
device. Relative flow with He was exploited for normalization. They used the iterative
Schwinger variational method combined with distorted-wave approximation to solve
scattering equations. Sakae et al. [30] measured DCSs using crossed-beam method in
angular range 5-135° for electron energies 75-700 eV. Relative DCSs were converted to
the absolute values at 30° by using the ratio of elastic DCSs of the target gas to that of He.
Iga et al. [31] used crossed beam apparatus to obtain scattering intensities (100-500 eV
incident electron energies), which were converted to the absolute scale using relative flow
method (Ne was used as a reference gas). Also, they used Schwinger variational method
combined with the distorted-wave approximation to study elastic electron scattering
(1-500 eV) theoretically. Jain [32] used a spherical optical complex potential model to
investigate electron interaction with methane over a wide energy range from 0.1 to 500 eV.
Mahato et al. [33] obtained analytical expressions for the static potentials of electron
scattering from methane using Gaussian wave functions and studied elastic scattering from
10 to 500 eV incident electron energies utilizing those static potentials along with exchange
and polarization potentials. Song et al. [17] presented recommended elastic DCSs and
ICSs obtained by averaging other authors’ data [15,19-21,25,29-31]. List of experimental
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and theoretical work on DCS for elastic electron scattering from methane molecule, in
energy range of our interest is shown in Table 1. For the present work, the paper by Fuss
et al. [34] is interesting because they provided the recommended set of data for differential
and integral cross-sections for methane, including elastic electron scattering. They obtained
their dataset by merging and averaging other authors’ data [19,25,30,33] for lower energies
and calculating ones for high energies (40-10 keV).

Table 1. List of experimental and theoretical work on differential cross-section (DCS) for elastic scattering of electrons from

methane molecule, covering energy range from 50 to 300 eV.

Author Experiment Type with Normalization Energy Range Angular

uthors Method/Theoretical Approach (eV) Range (°)
Boesten and Tanaka [25] Crossed beams, simultaneous measurements of DCS of He 1.5-100 10-130
Vuskovi¢ and Trajmar [26] Crossed beams, normalized to other authors results 20-200 8-130
Cho et al. [29] Crossed beams, relative flow (He)/Schwinger variational method 5-100 10-180
Sakae et al. [30] Crossed beams, relative flow (He) 75-700 5-135
Iga etal. [31] Crossed beams, relative flow (Ne)/Schwinger variational method 1010__55 (g) é] / 10-135
Jain [32] Spherical optical complex potential model 0.1-500 0-180
Mabhato et al. [33] Gaussian wave functions 10-500 0-180
Fuss et al. [34] Optical potential method and the independent atom approximation 0.7-10,000 0-180

including the screen corrected additivity rule (SCAR)

In this paper, theoretical and experimental results for elastic electron scattering from
methane are shown. Obtained data include absolute differential cross-sections (DCSs)
for elastic scattering for the incident electron energy range from 50 to 300 eV (with 50 eV
steps) and angular range from 5° to 125° (with 5° steps), integral cross-sections, and
momentum transfer cross-sections (ICSs and MTCSs, respectively) for every measured
energy. The experiment was performed on a crossed-beam apparatus. As in most previous
experiments [19,20,29-31], relative intensities were put on the absolute scale with help of
relative flow method. The difference was in reference gas; in almost all experiments, He was
used (except for Iga et al. [30] who used Ne), in our argon was reference gas. Theoretical
results were obtained by calculating atomic cross-sections for molecular components, with
two approximations used for molecular cross-sections simulations; simple sum (model 1)
of atomic cross-sections and with molecular effect taken into the account (model 2). The
existing variety of cross-section datasets for methane reflects our motivation to perform
this study and, at the same time, to provide data at some of the impact energies where there
are no previously measured data or where data require an independent confirmation. By
exploiting different reference gas, Ar in this case, and performing new calculations that are
using a coherent sum of atomic wave functions, we provide the independent and excessive
datasets of cross-sections for this important molecule.

The paper is organized as follows. Theory and calculations of DCSs are explained in
Section 2. Experimental setup and measurement procedure are given in Section 3. The
obtained results are listed in Table 2 and presented graphically, including the comparison
with the existing experimental and theoretical data, all given in Section 4. A discussion is
given in Section 5. Finally, Section 6 is reserved for the conclusion.
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Table 2. Experimental DCSs, integral cross-sections (ICSs), and momentum transfer cross-sections
(MTCSs) for elastic scattering of electrons from methane molecule with absolute uncertainties A
given in parentheses with 2 last digits. Values from 25° to 125° are measured and uncertainties arise
from both statistical and short-term stability and include absolute uncertainties of cross-sections for
reference Ar gas. Values from 0° to 20° and from 125° to 180° are extrapolated values and used to
calculate ICSs and MTCSs. Uncertainties at small scattering angles are estimated to be 30%.

DCS (1020 m2sr—1)

0 (°)

50 (eV) 100 (eV) 150 (eV) 200 (eV) 250 (eV) 300 (eV)

0 17.5(5.3) 19.3(5.9) 25.1(7.9) 24.0(7.4) 24.5(7.0) 23.4(6.6)
5 13.8(4.1) 13.2(4.0) 15.8(4.7) 13.5(4.1) 12.9(3.9) 11.03.3)

10 9.8(2.9) 7.9(2.5) 7.9(2.5) 6.1(1.9) 5.0(1.4) 3.9(1.1)

15 6.3(1.9) 3.9(1.2) 3.2(1.0) 2.43(0.76) 1.50(43) 1.07(30)
20 3.7(1.1) 1.70(53) 1.09(35) 0.83(0.26) 0.43(12) 0.435(78)
25 1.96(60) 0.98(30) 0.45(14) 0.39(12) 0.325(93) 0.277(78)
30 1.30(40) 0.61(19) 0.277(87) 0.246(76) 0.200(57) 0.181(51)
35 0.73(22) 0.40(12) 0.194(61) 0.175(54) 0.136(39) 0.128(36)
40 0.50(12) 0.288(89) 0.162(51) 0.132(41) 0.106(22) 0.100(20)
45 0.384(88) 0.230(55) 0.127(31) 0.105(25) 0.072(15) 0.058(12)
50 0.302(70) 0.174(41) 0.090(22) 0.072(17) 0.053(11) 0.0423(85)
55 0.249(57) 0.128(30) 0.061(15) 0.055(13) 0.0413(85)  0.0347(70)
60 0.206(47) 0.091(22) 0.047(12) 0.044(10) 0.0324(67)  0.0264(53)
65 0.173(40) 0.068(16) 0.0398(99)  0.0362(88)  0.0271(57)  0.0214(43)
70 0.144(33) 0.055(13) 0.0340(84)  0.0306(74)  0.0229(48)  0.0186(38)
75 0.111(26) 0.0451(11)  0.0305(76)  0.0291(71)  0.0211(44)  0.0154(31)
80 0.092(21) 0.0409(98)  0.0283(70)  0.0252(61)  0.0181(38)  0.0120(25)
85 0.072(17) 0.0381(93)  0.0284(71)  0.0244(59)  0.014531)  0.0107(22)
90 0.067(16) 0.0403(96)  0.0263(66)  0.0212(52)  0.0121(26)  0.0096(20)
95 0.062(14) 0.043(10) 0.0274(68)  0.0195(48)  0.0120(26)  0.0088(18)
100 0.061(14) 0.047(11) 0.0256(64)  0.0183(45)  0.0118(26)  0.0088(18)
105 0.066(15) 0.049(12) 0.0252(63)  0.0185(45)  0.0106(23)  0.0085(18)
110 0.078(18) 0.051(12) 0.0250(62)  0.0160(39)  0.0099(22)  0.0078(16)
115 0.087(20) 0.057(14) 0.0250(62)  0.0154(38)  0.0094(21)  0.0078(16)
120 0.102(24) 0.061(15) 0.0260(65)  0.0155(38)  0.0092(20)  0.0073(15)
125 0.118(27) 0.063(15) 0.0264(66)  0.0141(35)  0.0092(20)  0.0075(16)
130 0.136(31) 0.066(16) 0.0258(63)  0.0139(35)  0.0092(20)  0.0072(15)
140 0.176(41) 0.071(17) 0.0249(61)  0.0140(35)  0.0091(20)  0.0066(14)
150 0.230(53) 0.074(18) 0.0244(61)  0.0142(35)  0.0089(20)  0.0061(13)
160 0.311(72) 0.077(18) 0.0243(61)  0.0144(36)  0.0086(19)  0.0059(12)
170 0.44(10) 0.079(19) 0.0243(61)  0.0144(36)  0.0084(19)  0.0058(12)
180 0.67(15) 0.079(19) 0.0243(61)  0.0145(36)  0.0083(19)  0.0057(12)
ICS’s 6.1(1.8) 3.8(1.2) 295(0.92)  2.37(0.74) 1.89(0.55) 1.56(0.47)

MTCS’s  2.09(0.53) 0.98(0.26) 0.45(0.13) 0.33(0.10)  0.222(0.054)  0.177(0.043)

2. Theory

In this work, the key to the determination of the elastic cross-section calculations
of CHy is the atomic cross-section calculations for the components of the molecule. We
assume for the determination of the effective interaction at distance r between a projectile
electron and the target that the scattering potential can be expressed as:

V(r) = Vat(r) + Vex(r) + ch(r), 1)

where Vi is the electrostatic potential, Vex is the electron exchange potential and V', is the
correlation-polarization potential. The electrostatic potential for the interaction between an
electron and the target atoms:

Vst(r) = —e[gn(r) + @e(r)], &)
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where ¢, and ¢. are respectively the components of nucleus and the electron cloud of
electrostatic potential.
The Furness-McCarthy exchange potential [35] is used for the electron exchange potential:

1 1 1/2

Vexrmi(r) = 5 [E = Vat(r)] = 5{ [E = Vat(r)* + dreage’pe(r) | §)

An accurate correlation-polarization potential combines the long-range polarization

potential, V¢, p(r), with the correlation potential Vp(r) obtained from the local-density
approximation (LDA) and it can be expressed as [36]:

_f max{Vep(r), Veps(r)}, 7 <7eps
Voroar) = { P00 e @

where r¢p is the outer radius at which Vp(r) and Vi, p(r) cross. The Vi, p(r) when the
projectile is far from the atom can be approximated by the Buckingham potential as:

zxdez

0= e

©)

where «; is dipole polarizability of the target atom and d is a phenomenological cut-
off parameter that serves to prevent the polarization potential from diverging at r = 0.
The experimental values of the atomic dipole polarizabilities from [37] are usually used in
Equation (5). Perdew and Zunger [38] proposed a parameterization of the V¢, (r) correlation
potential in the following form:

2 1/2
2 0.1423+0.1748r/2+0.0633r > 1 (6)

—£(0.0311 In 75 — 0.0584 + 0.0013375 Inrs — 0.0084r5), 75 < 1;
Vep(r) =

90 (141.0529r1/2+03334r, )

where

1 3 V8
= [mm} @

is the radius of the sphere that contains (on average) one electron of the gas, in units of the
Bohr radius ay.

For the theoretical determination of the elastic cross-sections we used the Mott’s
differential cross-section [39],

do,

o £(0) +13(0)17, ®)

where 6 is scattering angle, f(6) and g(6) are the spin-up and spin-down scattering ampli-
tudes. The f(6) and g(6) can be expressed as:

£(6) = Y FiPy(cost), ©)
1=0

g(0) = i G(P}(cos¥), (10)
1=0

where P/(cosf) are the Legendre polynomials, P,!(cosf) are the associated Legendre func-
tions. The F; and Gy can be calculated according to following relations:

F = 2il,k{(e+1)(e2i‘%+ - 1) +£(e2f‘52 —1)}; (11)

_L - 25, 2i6f
G’-’_zikg{eli Y (12)
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where 6," and J,~ are spin up and spin down phase shifts of the (th partial wave, and k is
the momentum of the projectile electron, respectively.

The integration of the differential cross-section over total solid angles gives us the
total elastic cross-sections in the following form:

T
do,

o = [ Shed =2 [ sine{|f(0) + lg(0) }ab. 13)
0

All calculations of elastic cross-section were performed by ELSEPA [40]. We used two
approximations during the simulation of the molecular elastic cross-sections. In model
1, the calculated atomic cross-sections were simply added according to the stoichiometry
numbers (additivity approximation). This approximation is frequently used approximation.
However, it neglects the chemical-binding and aggregation effects. The electron distribution
in molecules differs from that of an isolated atom of the same element. It was shown that
this difference seems to have only a weak influence on the elastic DCS [40] at projectile
energies larger than a few hundred eV. The effect of aggregation, the effect when the
atoms are close together, has a stronger influence on the DCS [40]. In model 2 we have
taken into account the positions of the atoms in the molecule. We used a single-scattering
independent-atom approximation assuming that the interaction of the projectile with each
atom of a molecule is given by the free-atom potential as for model 1. To determine the
molecular DCS, the scattered wave at large distances from the molecule is approximated as
the coherent sum of the wave functions scattered from all atoms in the molecule. In our
calculations the carbon atom is located at the origin of the coordinate system. The positions
of the hydrogen atoms are located at the following coordinates expressed in units of 1010 m:
H;(0.5541, 0.7996, 0.4965), H»(0.6833, —0.8134, —0.2536), H3(—0.7782, —0.3735, 0.6692),
H4(—0.4593, 0.3874, —0.9121). We found the significant improvement in the cross-section
calculations for model 2 compared with model 1.

3. Experiment

Experimental results presented in this paper are obtained on apparatus with crossed
beams setting; incident electrons collide with a molecular beam perpendicularly. The
experimental setup is placed inside the vacuum chamber, pumped with a turbomolecular
pump to a typical background pressure (no gas in the chamber) about 5 x 1077 mbar. The
magnetic field in the collision region is reduced by two concentric p-metal shields inside
the chamber.

Incident electrons are derived from the hairpin tungsten filament (cathode) by thermo-
electronic emission. The electron beam is then extracted and focused into the interaction
volume by seven electrodes of the electron gun. Electron energy can vary in the range from
40 to 300 eV and is determined by the potential difference between the filament and the last,
grounded, electrode, with energy resolution about 0.5 eV. When the current through the
cathode filament was about 2.22 A, the electron current, measured with the Faradays cup
without gas in the chamber, was approximately 100 nA. The electron gun can be rotated
around the fixed detection system in the angular range from —40° to 126°.

Atomic/molecular beam is formed by stainless-steel gas needle. The length of the
needle is = 40 mm and its diameter, 4 = 0.5 mm. According to Lucas [40], beam properties
can be predicted and optimized. Optimum atomic beam is obtained when 1(0)*/(NH?),
where I(0) is axial intensity, N throughput and H beam halfwidth, is maximum. It is shown
that 1(0)*/(NH?) o 1*/d4 [41]. So, the optimum beam is acquired when the ratio of square
of single tube length and its diameter is maximum, which is in our case 3200. These
expressions can be employed for tubes where y = 4/ (true dimensionless ratio of length
and diameter) is below 10 (y < 10) and gas pressure is low enough so that the mean free
path of a particle is larger or equal than d (A > d). In our experimental setup vy = 80 and
A= d.
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After the interaction with the molecular beam, scattered electrons are entering the
detection system. First, they are focused and slowed down to the constant pass energy
of the analyzer by the four-electrode lens. Then, they are energy-analyzed by the double
cylindrical mirror analyzer (DCMA). After that, elastically scattered electrons are focused
by the three-electrode lens into the detector (single channel electron multiplier).

The intensity of elastically scattered electrons from methane molecule is measured
as a function of scattering angle, from 25° to 125° (in 5° steps), at given incident electron
energy, from 50 to 300 eV (in 50 eV steps). Experimental parameters were adjusted so
that the interaction volume was kept constant. Deviations that can occur at small angles
are corrected by comparing cross-sections from Ar at given energy with other authors’
data [42,43]. During the measurements, working pressure in the chamber was about
4 x 10~® mbar. For each electron energy, scattering intensities are measured at least three
times. To discount background scattering contributions, a gas beam was introduced to
the chamber through a side leak, away from the collision area. Scattering intensities are
measured and subtracted from apparent signal for each angle.

The obtained relative DCSs are converted to the absolute DCSs using relative flow
method (RFM) [44]. Briefly, the signal of scattered electrons from the target molecule
is compared with elastically scattered electron intensity from reference gas, at the same
scattering angle, for the same electron energy and experimental conditions. The same
experimental conditions for both gasses implies that their beam profiles must be closely
equal, which is acquired, according to Olander and Kruger [45], under two conditions:
the mean free paths (A) behind the gas needle for both gasses must be the same and the
Knudsen number, Kj, defined as A/I, must be in the appropriate range, v < Ky < 10. The
first condition is fulfilled when pressure ratio of test molecule and reference gas is inversely
proportional to the ratio of squares of their gas kinetic diameters. In this study, Ar is used
as a reference, with its diameter of approximately 3.58 A. The gas kinetic diameter of the
target gas, methane is approximately 3.8 A, which gives ratio 1.13; almost the same gas
pressure behind gas needle for both gasses must be applied. As for the second condition,
gas pressures were low enough so that K is approximately equal to v, although some
studies have shown that even when K} is much lower than y, beam profiles for most gasses
can still be very alike [46,47]. Besides scattering intensities of both gasses, relative flow rate
is determined by measuring pressure increase in time by admitting gas into the constant
volume, while a chamber outlet was closed.

The known absolute DCSs for Ar are taken from Rankovi¢ et al. [42] for incident
electron energies 50-200 eV and 300 eV and from Williams and Willis [43] for electron
energy of 250 eV. In both papers, the absolute values were derived by measurements
of angular dependences of elastically scattered electrons using electron spectrometers,
two 127° cylindrical electrostatic energy analyzer in [43], and a double cylindrical mirror
analyzer in [42] but employing different normalization procedures. While in [42] the
relative flow method with He as a reference gas was used, in [43] a phaseshift analysis of
the relative angular distributions of electrons elastically scattered in the energy region of
the resonances 2P; /2,172 of Ar, i.e., between 11.0 and 11.4 eV, were used. Nevertheless, the
absolute DCS values for Ar agree within mutual uncertainties as discussed in [42]. Since
our normalization is based upon relative flow method, we prefer to use values from the
most recent paper [42] and only for the energy of 250 eV, which is not available in [42] we
used those from [43].

Since our experimental DCSs are obtained in the limited angular range, in order to
obtained elastic integral (ICSs) and momentum transfer (MTCSs) cross-sections, our DCSs
must be extrapolated to the smallest (0°) and the highest (180°) scattering angles. Our
extrapolation takes into account the theoretically obtained shapes of DCSs (present model
2, at small (0-25°) and high (120-180°) scattering angles and present experimental values
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of DCSs near 25° and 120°. Thereafter, ICSs and MTCSs were obtained using extrapolated
DCSs and appropriate integration defined as:

7T
ICS = 27t / DCS () sin 646 (14)
0
7T
MTCS = 21 / DCS(6)(1 — cos §) sin 6 (15)
0

The uncertainties of the relative DCSs consisted of statistical uncertainties and short-
term stability uncertainties, caused by instability of the system. This uncertainty is in-
creased by 20% for small scattering angles, due to the potential alteration of the interaction
volume. Dominant uncertainties for absolute DCSs are those from reference cross-sections
for Ar [42,43], and are taken to be about 20%. The DCS uncertainties obtained in such
a manner, A, are presented in parenthesis within Table 2. The total uncertainties for
absolute DCSs are about 30% for small angles and about 20% for the rest of the angu-
lar range. The total uncertainties of ICSs and MTCs arise from the DCSs uncertainties
mentioned above and uncertainties of the extrapolation of DCSs to 0° and to 180° and
numerical integration (10%).

4. Results

Measured results of the absolute differential cross-sections, integral cross-sections, and
momentum transfer cross-sections, together with their corresponding uncertainties, are
shown in Table 2. The results cover six incident electron energies, from 50 eV to 300 eV and
angular range from 25° to 125°. In Figure 1, the present theoretical and experimental DCSs
for all six incident electron energies are shown graphically. For the sake of comparison,
other authors’ data [16,23,24,27-31], listed in Table 1, are shown in the same figure.

Theoretical results are shown in two approximations: the simple sum of individual
atomic cross-sections (model 1, dashed black line) and with molecular effects taken into
account (model 2, solid black line). It can be seen that those effects significantly modify
DCSs. One of them, the absorption potential, plays a dominant role in this modification
of cross-sections. In comparison with present experiment and other authors’ results,
theory with included molecular effects showed better agreement, both qualitatively and
quantitatively, as expected.

Obtained ICSs, together with other authors’ results [17,25,29-31,33,34], are presented
in Figure 2.
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Figure 1. Angle differential cross-sections for elastic electron scattering from methane molecule, for six incident electron
energies, from 50 eV to 300 eV. The present results include experiment (blue circles), relative flow absolute data (red stars),

theory with molecular effects (full line) and simple sum theory (dashed line). Previous results, tabulated in Table 1, are also

shown for the sake of comparison.
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Figure 2. Integral cross-sections for elastic electron-methane collision, presented in energy range from 35 eV to 1000 eV.

Present experimental (blue circles) and theoretical (solid black line) results are shown together with previous experimental,
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5. Discussion

Experimental DCS at 50 eV exhibits wide minimum at 100° scattering angle, for which
position and depth are in good agreement with other authors’ results [17,25,29,32,33],
especially experimental ones [17,25,29]. Our calculations overestimate the measured DCS,
but it matches with shape and is in a good agreement with other theories [29,32] at high
scattering angles, above 110°. It is interesting to note that all existing experimental values
at 50 eV impact energy agree among themselves within the estimated uncertainties. It is
rather a problem with theories, which, in most cases, overestimate absolutes values or do
so at certain angular ranges.

There are many experimental and theoretical data for DCS at 100 eV. This cross-section
shows a wide and shallow local minimum at 80° scattering angle, which vanishes for
incident electron energies above 150 eV. Its position is the same or similar for every shown
result. Our measurement and calculation are in strong agreement with the experimental
result of Iga et al. [31] and with the theories of Jain (SEP) [32] and Mahato et al. [33], except
at higher scattering angles (from 105°). Other results are in good agreement with the shape,
but quantitatively are underestimated in comparison with the present result. It seems
that there are two classes of experimental values that differ in absolute values, one by
Boesten and Tanaka [25] and Cho et al. [29] and the other by Iga et al. [31] and the present
measurements. One of the significant differences between these two sets of data lie in
the choice of the reference gas, the former used He while the later used Ne and Ar as a
reference. Nevertheless the cross-sections for He are known with better accuracy than those
of Ne and Ar, it seems plausible to conclude that more similar flow conditions between the
reference gas and the target one give more reliable data. If it has been possible to obtain
perfectly the same all conditions necessary for applying the relative flow method, then the
choice of reference gas would be the one with the best-known cross-sections, i.e., He gas.
However, since the method itself introduces additional uncertainties, in our opinion, it
would be the best procedure to compare cross-sections with relatively similar flows within
gas inlet system.

As for DCSs for 150 eV, there are only results by Fuss et al. [34] available for comparison.
At this energy, there are no local minima, like for 50 eV and 100 eV. Instead, there is a wide
plateau from 70° scattering angle. Experiment and theory are in good agreement by the
shape, but the experiment is, on average, about 30% quantitatively lower.

DCSs for 200 eV (both measured and calculated) show good agreement (within ex-
perimental uncertainty) with experimental results of Iga et al. [31], recommended data by
Song et al. [17] and theoretical results by Jain (SEP) [32] and Mahato et al. [33] for smaller
scattering angles (below 70°). Results by Vuskovi¢ and Trajm ar [26] are good by shape but
higher in absolute value.

For DCS for 250 eV incident electron energy, to the best of our knowledge, there are no
published experimental or theoretical results. In the graph, it can be seen that our theory is
slightly higher than the measured results, but both are similar qualitatively.

At 300 eV, the shapes and values of present theory and previous results by Iga et al. [31]
and Song et al. [17] are in almost perfect agreement. The experimental result is just slightly
lower on the absolute scale. Same as for every other energy, calculations by Jain [32]
and Mahato et al. [33] agree good for smaller scattering angles, but for higher, they little
overestimate other results.

The values of DCSs span over three and four orders of magnitude in presented energy
range, what is the characteristic behavior for molecular targets and noticed also in the
previous targets [42,48]. The general agreement among different experimental datasets and
calculations is very good, and that is what one may expect at the present level of advanced
experiments and sophisticated calculations [49].

The present experimental integral cross-sections ICSs are shown in Table 1 and to-
gether with other available results in Figure 2. Our experimental ICSs are placed between
recommended Fuss et al. [34] and theoretical results Mahato et al. [33]. In the electron
energy range from 50 eV to 300 eV most of the other experimental ICSs, like those by
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Boesten and Tanaka [25], Sakae et al. [30], Iga et al. [31], Song et al. [17], lie within the
same uncertainty limits. Our experimental DCS data are obtained in rather limited an-
gular range, and that is why the presented integral cross-sections depend strongly upon
the extrapolation procedure. We have normalized our calculated DCS (model 2) to our
measured absolute data to best match in shape and then used these values for integration.
These values are presented in Table 2 with the uncertainty of 30% that arises from different
plausible extrapolations. The absolute uncertainties of ICS and MTCS values are obtained
from the difference of the corridor that is represented by maximal, DCS + A/2, and minimal
DCS — A/2 values.

If total cross-section (TCS) we calculate as the sum of our measured ICSs, and ioniza-
tion cross-sections obtained by Djuri¢ et al. [50] plus the recommended neutral dissociation
cross-sections by Fuss et al. [34], the TCS values obtained in such way agree well, within ex-
perimental uncertainties, with previously published experimental values by Zecca et al. [51]
and recommended values by Song et al. [17]. Furthermore, for electron energies greater
than 150 eV present TCS well agree with the semiempirical TCS by Garcia and Manero [52]
extrapolated in the interval energies of this paper. Total cross-sections for electron-methane
collision in the energy range from 45 eV to 300 eV are contrasted in Figure 3a, while the
corresponding Fano-Bethe plot is shown in Figure 3b. For electron energies from 150 eV
to 300 eV Bethe plot of present TCS, References [17,51] and extrapolated semiempirical
TCS Garcia and Manero [52], agree within the limits of experimental uncertainties. This,
under the given conditions, suggests that Born-Bethe approximation is valid in the electron
energy range from 150 eV to 300 eV.

1750
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Figure 3. Total cross-sections for electron-methane collision in energy range from 45 eV to 300 eV. #, present; &, Song et al.
(recommended values) [17]; —2—, Zecca et al. (experiment) [51]; - - -, Garcia and Manero (Born-Bethe approach) [52];

(a) Absolute values; (b) The Fano-Bethe plot:

Zecca et al. [51].

, linear fit of present; o e e, linear fit of Song et al. [17]; ——- linear fit of

6. Conclusions

In order to provide the insight into methane/electron interaction, measurements
and calculations of elastic electron scattering from methane target were performed. To
summarize, calculated and measured cross-sections for elastic CHy-electron scattering in
(50-300) eV incident electron energy range are reported and, conceivably, they will serve as
a dependable standard for related investigations in the future. Good agreement between
present theory and experiment and results available in the literature is noticed. Also, it is
shown that molecular effects (especially absorption effects) play a crucial role on calculated
cross-sections, particularly for very small scattering angles (below 20°). The experiment
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References

was performed in two independent steps. First was measuring relative DCSs for fixed
electron energy in function of scattering angle. Second was obtaining pair of absolute
points for every energy, by relative flow method and Ar as reference gas. These absolute
points were then used for normalization of relative DCSs. These independent results agree
well, which is confirmation of the reliability of the experimental method. DCSs for the
incident energy 250 eV is given without previous results known to the authors.

Nevertheless there are many studies of electron elastic scattering by methane molecule,
our impression is that the present study is important to pinhole the absolute cross-sections,
to confirm recommended sets of data for this process given by Song et al. [17] and to bring
new results at one impact energy. Last but not the least, we stress the problem of the choice
of a reference gas in the relative flow measurements and the necessity of choosing gases
with similar flowing conditions. That could bring methane molecule to be a new standard
for cross-sections measurements of other hydrocarbons or larger organic molecules.
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R.E radio frequency

PECVD plasma-enhanced chemical vapor deposition

DCSs differential cross-sections

ICSs integral cross-sections

MTCSs momentum transfer cross-sections

SCAR screen corrected additivity rule

ELSEPA Dirac partial-wave calculation of elastic scattering of electrons and positrons by
atoms, positive ions and molecules

DCMA  double cylindrical mirror analyzer

RFM relative flow method

TCS total cross-section
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Abstract: We report the results of the measurements and calculations of the absolute differential elastic
electron scattering cross-sections (DCSs) from sevoflurane molecule (C4H3F;0O). The experimental
absolute DCSs for elastic electron scattering were obtained for the incident electron energies from
50 eV to 300 eV, and for scattering angles from 25° to 125° using a crossed electron/target beams setup
and the relative flow technique for calibration to the absolute scale. For the calculations, we have used
the IAM-SCAR+I method (independent atom model (IAM) applying the screened additivity rule
(SCAR) with interference terms included (I)). The molecular cross-sections were obtained from the
atomic data by using the SCAR procedure, incorporating interference term corrections, by summing
all the relevant atomic amplitudes, including the phase coefficients. In this approach, we obtain the
molecular differential scattering cross-section (DCS), which, integrated over the scattered electron
angular range, gives the integral scattering cross-section (ICS). Calculated cross-sections agree very
well with experimental results, in the whole energy and angular range.

Keywords: sevoflurane; cross-section; elastic scattering; electrons

1. Introduction

Sevoflurane (SF) is sweet-smelling non-flammable highly fluorinated methyl isopropyl
ether with a boiling point at a temperature of 58.5 °C. Molar mass is 200.055 g/mol, vapor
pressure 197 mmHg at 26 °C, and dipole moment 2.33 D [1]. It is one of the most commonly
used inhalational anaesthetics, and it has been widely investigated. The recent review on
inhaled anaesthetics [2] covered their environmental role, occupational risk, and clinical
use. Gaya da Costa and co-authors [2] extensively elaborated on the case of sevoflurane
molecule and its contribution to the global warming effect as a volatile anaesthetic (espe-
cially in combination with the use with N,O), pointed out that its threshold has not yet
been established in the workplace as waste anaesthetic gas, considering its side effects in a
clinical context (epileptiform electroencephalogram patterns in both adults and paediatric
populations; the cardio protective effect in patients with coronary artery disease undergoing
vascular surgery, kidney transplantation or lung surgery). The atmospheric lifetimes of the
halogenated anaesthetics, halothane, enflurane, sevoflurane, isoflurane, and desflurane to
the reaction to the hydroxyl radical (OH) and UV photolysis have been determined from ob-
servations of OH reaction kinetics and UV absorption spectra [3]. Halothane, enflurane, and
isoflurane showed distinct UV absorption in the range 200-350 nm, and no absorption in
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the wavelength range 200-350 nm was detected for sevoflurane. Tang et al. [1] analysed the
effects of general anaesthetics on their potential targets by large-scale molecular simulation.
The structural parameters and partial atomic charges of the anaesthetics, considered to be of
great importance, were determined. Geometric optimizations using the Hartree-Fock and
the B3LYP (Becke, 3-parameter, Lee-Yang—Parr) density functional theory methods with
the large 6-311+G (2d,p) basis set were performed to determine the structures and charge
distributions of two halogenated anaesthetics; sevoflurane and halothane. Lesarri and
co-authors [4] investigated the conformational landscape of the volatile anaesthetic sevoflu-
rane. The structure of the anaesthetic haloether sevoflurane (CH,F-O-CH(CFj3),) has been
resolved using Fourier-transform microwave (FI-MW) spectroscopy in a supersonic-jet
expansion. In isolated conditions, sevoflurane adopts a single conformation characterized
by a gauche fluoromethoxy group and a near-symmetric orientation of the isopropyl group
with respect to the ether plane (cis H-Cipr—-O-CF). A schematic drawing of sevoflurane is
shown in Figure 1.

Figure 1. Schematic drawing of sevoflurane.

Don et al. [5] proposed a vibrational assignment of sevoflurane and studied its inter-
action with the aromatic model compound benzene, using the vibrational spectroscopy
of supersonic jet expansions and of cryo solutions in liquid xenon. Sevoflurane has been
investigated from the medical point of view also. Shiraishi and Ikeda [6] studied an uptake
and biotransformation of sevoflurane in humans and concluded that, despite its relatively
large minimum alveolar concentration (MAC), sevoflurane has a small uptake due to its low
solubility, but the degradation rate is shown to be high, resulting in a higher serum fluoride
concentration than for other halogenated anaesthetics. Most recently, Dong et al. [7] as-
sessed mice and neurons treated with anaesthetics sevoflurane and desflurane, and applied
nanobeam-sensor technology, an ultrasensitive method, to measure tau/p-tau amounts.
They showed that the sevoflurane induces tau trafficking from neurons to microglia.

Lange et al. [8] have investigated the lowest-lying electronic states of isoflurane and
sevoflurane in the 5.0-10.8 eV energy range by experimental and theoretical methods. Pho-
toabsorption spectra of isoflurane and sevoflurane have been measured with synchrotron
radiation over the photon range 5.0-10.8 eV. Low-lying excited singlet valence and Rydberg
states are investigated, and the assignments supported by quantum chemical calculations,
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the latter also helping to identify the triplet states. The measured absolute cross-sections
have been used to calculate the photolysis lifetimes of isoflurane and sevoflurane in the
Earth’s atmosphere.

Electron collisions with sevoflurane have also been investigated. Very recently, Lozano
et al. [9] reported total scattering cross-section from sevoflurane of 1-300 eV electrons.
The experimental results, obtained from an implemented magnetic beam apparatus, are
compared with theoretical results from the independent atom model, with a screening
corrected additivity rule including interference effects and rotational excitation.

As pointed out by Tanaka et al. [10], the absolute electron-impact excitation cross-
sections could be obtained by normalization to elastic scattering cross-section (which is
the subject of the present study), or in other ways to determine the binary encounter (BE)
scaling curve, after measuring the DCSs at high-energy impact (>100 eV), and for small
scattering angles. A comprehensive review of experimental techniques and calculation
methods for determination of electron cross-sections from biomolecules, biofuels and
their fragments, has been recently given by Brunger [11], covering extensive literature in
the field.

In this paper, theoretical and experimental results for elastic electron scattering from
sevoflurane, in the medium energy range, are shown, complementing the investigations
of electron interaction with this molecule. According to our knowledge, these are the first
reported results for absolute differential cross-sections in the energy range from 50-300 eV.

Experimentally obtained data include absolute differential cross-sections for elastic
electron scattering for the incident electron energy range from 50 to 300 eV (with 50 eV
steps) and an angular range from 25° to 125° (with 5° steps), and integral and momentum
transfer cross-sections for every measured energy. The experiment was performed on a
crossed-beam apparatus. Relative points were put on the absolute scale with the help of
the relative flow method, using Ar as a reference gas. Theoretical results are obtained
using the IAM-SCAR+I method (independent atom model (IAM) applying the screened
additivity rule (SCAR) with interferences terms included (I)). A very good level of agree-
ment has been found between the present experimental and theoretical data, within the
experimental uncertainties.

The paper is organized as follows. The experimental setup and measurement pro-
cedure are given in Section 2. The theory and calculations of DCSs are explained in
Section 3. Obtained results are shown graphically and in the table, and discussion is shown
in Section 4. Section 5 is reserved for the conclusion.

2. Experiment

A schematic drawing of the experimental set-up is shown in Figure 2. Our beam
profile has been determined in a previous set of measurements [12-14]. In our experi-
ment, the source of molecular beam is a stainless steel gas needle, with a diameter of
d = 0.5 mm and a tube length of 1 = 40 mm, which gives the ratio I' = d /1 = 80, while
the input pressures were such that the free mean path (A) was larger than the inner
diameter of the tube. According to Lucas [15], the proposed conditions for I and A are
I' > 10 and A = d, so we fulfil all the requirements for the well-collimated beam, and the
derived expressions can be used in our experiment. Moreover, author [15] states that the
beam properties will be optimized if the ratio of the square of single tube length and its
diameter is maximized, which, in our case, is 3200.

The analysing system consists of a front four-electrode lens, energy analyser, and rear
three-electrode lens. The four-electrode lens is used for collecting, directing, and focusing
scattered electrons to the energy analyser after slowing them down to the constant analyser
pass energy. Electron energy analyser is a double cylindrical mirror analyser (DCMA),
which, essentially, represents two cylindrical analysers connected in series. Pass energy is
determined by the potential difference between the cylinders. The three-electrode lens is
used for focusing analysed electrons into the detector (single channel electron multiplier).
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Since detecting particles are electrons, detector entrance is grounded, and exit is on a high
positive potential.

electron
gun

e
““““““ 3-el. lens
douple cylindrical L
mirror analyser
. detector
needle

Figure 2. Schematic drawing of the experimental set-up.

The anhydrous sevoflurane (C4H3F;0) used in this experiment had a declared purity
better than 99%. Before starting the measurements a few freeze-thaw-pump cycles under
vacuum have been made. Sevoflurane (SF) is a liquid at room temperature and was
introduced into the scattering region from a glass container via a gas line system. SF
molecule is characterized by vapor pressure (197 mm Hg at 26 °C) and relatively high
dipole moment (2.33 D). Therefore, to provide stable experimental conditions, everything
was heated to approximately 50 °C during the gas phase measurements in analogy with
previously studied molecular targets [16,17]. In the present work, pipes and the needle were
also heated providing a stable driving pressure behind the needle and also for avoiding the
absorption effects [18].

In order to reduce magnetic disturbance, the experimental setup is placed in the chamber
shielded by the two concentric p-metal layers. The pre-experimental pressure in the chamber
was about 5- x 1077 mbar and the working pressure was an order of magnitude higher.

The experimental procedure for acquiring the absolute differential cross-sections for
elastic scattering of electrons from sevoflurane molecule consists of two main stages:

e Stage 1: obtaining relative DCSs by measuring the intensity of electrons elastically
scattered from SF, in the function of scattering angle (from 25° to 125° in 5° steps), for
a given incident electron energy (50, 100, 150, 200, 250 and 300 eV). Electron intensities
are measured at least three times for every incident energy. Background contributions
are suppressed by introducing gas into the chamber, away from the interaction volume,
via a side leak, and by subtracting measured intensities from the apparent signal for
every angle at the given energy;

e Stage 2: Obtaining absolute points (two) for every electron energy, and normaliz-
ing relative DCSs on them. Absolute points are obtained using the relative flow
method [19,20].

In the present work, DCSs for elastic electron scattering from sevoflurane have been
measured at selected incident electron energies, from 50 to 300 eV (in 50 eV steps), and
at scattering angles from 20° to 125° (in 5° steps). At given electron energy, the relative
cross-section has been derived as a function of scattering angle by measuring the elastic
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scattering intensity at the maximum of the elastic peak. The background contributions of
the elastic electron intensities, which were around 10% at higher energies, were subtracted
from the measured electron yields. It should be noted that the background contributions
were generally more important at low incident energies and scattering angles (around 15%).
During the measurements, potentials on electron gun electrodes and DCMA were adjusted
to keep interaction volume constant. Deviations that can occur at small angles are corrected
by comparing cross-sections from Ar at given energy with other authors’ data [14,21].

Measured relative DCSs were normalized to the absolute scale according to the abso-
lute points (at 40°, 80°, 90° or 100°), obtained by a Relative flow method (RFM) previously
explained in detail [22]. In RFM we compare intensities of elastically scattered electrons
on the target molecule (SF) and referent gas (we used Ar), under the same experimental
conditions [19,20]. In order to obtain the same experimental conditions, the same beam
profiles, for both target molecule and referent gas must be provided. According to Olander
and Kruger [23], the same beam profiles can be obtained with two conditions: (1) the mean
free paths for both gases must the same and (2) the mean free path is approximately equal
to the diameter of stainless steel gas needle. A = d. In the experiment, the first condition is
achieved by adjusting pressures behind the gas needle inversely proportional to the ratio
of the squared gas kinetic diameters, and for second condition gas pressures need to be
low, which is fulfilled in our experiment [14]. Gas kinetic diameter for Ar is 3.58 A and
for sevoflurane 5.51 A, so the pressure ratio was Pa,: Psp = D?gp: D25, ~ 2.4. When the
same beam profiles for both, target molecule (DCSy) and referent gas (DCS,,) are obtained,
according to Nickel at al [19,20], absolute differential cross-sections for target molecule
DCSx (E, 8) can be calculated, knowing absolute differential cross-sections for the referent
gas DCS,f (E, 0), at the same energy and angle, using a formula:

DCS B NxFref Mref
X(EIG) - DCSref(EIG)N fF W (1)
refLx x

Quantities that we measure in the experiment are: Flow rate (F) and intensity of
elastically scattered electrons (N). M,.r and My are molecular masses for referent gas and
target molecule, respectively. The relative flow rate has been determined by closing an
outlet to the chamber, admitting target gases into a closed constant volume, and then
measuring the pressure increase in time. The flow is determined from the experimental
curve of pressure versus time fitted by the least-squares method. The whole system was
heated to minimize absorption effects [18], which can influence measuring flow rates and
determining the flow.

Our experimental spectrometer UGRA is limited in performing angular dependent
differential cross-sections measurements (25-125°) and to obtain integral (ICSs) and mo-
mentum transfer cross-sections (MTCSs) we need to extrapolate measured DCSs to 0° and
180°. For extrapolation, from 0-25°, and 125-180° we used calculated results obtained
by IAM + SCAR + I procedure (see section Theory) and appropriate integration. Our
experimental DCS data are obtained in a rather limited angular range and that is why the
presented integral cross-sections depend strongly upon the extrapolation procedure. The
exact formulae used for the integration are in the form:

T
ICS = 2n / DCS(6) sin 66 )
0

7T
MTCS = 27'(/ DCS(6)(1 — cos §) sin 06 3)
0

The uncertainties of the relative DCSs consist of statistical uncertainties and short-
term stability uncertainties, caused by the instability of the system. This uncertainty is
increased by 20% for small scattering angles, due to the potential alteration of the interaction
volume. Dominant uncertainty for absolute DCSs are those from reference cross-sections
for Ar [14,21], and are taken to be about 20%. The total uncertainties, derived as the square
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root of the sum of squares of individual independent uncertainties, for absolute DCSs are
about 30% for small angles and about 22% for the rest of the angular range. The total
uncertainties of ICSs and MTCs arise from the DCSs uncertainties mentioned above and
uncertainties of the extrapolation of DCSs to 0° and 180° and numerical integration and
were approximately 30%.

3. Theory

To calculate the differential elastic, integral elastic, and inelastic as well as the total
cross-sections we have used the IAM-SCAR+I method (independent atom model (IAM)
applying the screened additivity rule (SCAR) with interferences terms included (I)). This
method has been described in detail in previous publications [9,24-28]. Briefly, the molecu-
lar target is described as an aggregate of its individual atoms (i.e., C, H, F, and O in this
case). Each atomic target is represented by an ab initio interacting complex optical potential
given by:

Vopt(7) = VR(7) + iVabs(7) 4)

In Equation (4), the real part accounts for elastic scattering while the imaginary part
represents the inelastic processes which are considered as the “absorption part’ following
the procedure of Staszewska et al. [29]. The real part is divided into three terms that include:

V(¥) = Va() + Vex(¥) + Vit (7), 9
where vs. represents a static term derived from a Hartree-Fock calculation of the atomic
charge distribution [30], V,y an exchange term to account for the indistinguishability of the
incident and target electrons [31], and V), a long-range polarization term [32].

The molecular cross-sections are obtained from the atomic data by using the screening
corrected additivity rule (SCAR) procedure [33], incorporating interference (I) term correc-
tions [25], by summing all the relevant atomic amplitudes, including the phase coefficients.
In this approach, we obtain the molecular differential scattering cross-section (DCS), which
integrated over all the scattered electron angular range gives the integral scattering cross-
section (ICS). Moreover, by taking the sum of the ICS for all open channels (elastic ICS and
inelastic ICS) the total cross-section (TCS) could be obtained. Note that we do not include
at this stage any contribution from vibrational and rotational excitation processes.

Sevoflurane is a polar molecule with a permanent dipole moment of 2.22 D [1] and
therefore rotational excitations, not accounted for by the above procedure, are relevant
within the scattering scheme. In order to approximately include differential and integral
rotational excitation cross-section in the present study, we used the first-Born approxima-
tion, following the procedure described in [27]. In these conditions, these cross-sections can
easily be calculated by considering the molecule as a rigid rotor, with the initial rotational
excited state distribution in equilibrium at 300 K, and calculating all the transitions A] = £1
(J being the rotational quantum number) assuming the Born approximation but including
the correction for the larger angles given by Dickinson (see ref. [34] and references therein).

4. Results

Experimental results for DCSs, together with experimental ICSs and MTCSs, for elastic
electron scattering from sevoflurane, are presented in Table 1, all with corresponding
absolute uncertainties. Experimentally measured and theoretically calculated DCSs are
shown graphically in Figure 3. The experiment covers six energies of impact electrons, from
50 eV to 300 eV, and the angular range from 25° to 125° (theory covers all angles, from 0°
to 180°). Absolute uncertainties are about 22%, except for small angles, where uncertainties
are increased to about 30% due to the potential interaction volume alterations.
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Table 1. Experimental results for absolute differential cross-sections (DCSs), integral cross-sections
(ICSs) and momentum transfer cross-sections (MTCSs) for elastic electron scattering from sevoflurane.
In parentheses are given absolute uncertainties of the last two digits.

DCS (10-20 m? sr—1)

00 50 (eV) 100 (eV) 150 (eV) 200 (eV) 250 (eV) 300 (eV)
25 3.6(1.1) 2.55(76) 1.50(39) 2.25(74) 1.82(56) 1.53(45)
30 3.07(93) 1.98(59) 1.25(32) 1.44(48) 1.20(37) 1.12(33)
35 2.17(66) 1.64(49) 0.82(21) 1.01(33) 0.99(30) 0.96(28)
40 1.89(43) 1.14(34) 0.69(14) 0.80(26) 0.84(26) 0.72(21)
45 1.77(40) 0.78(23) 0.55(11) 0.71(24) 0.67(16) 0.43(13)
50 1.57(36) 0.61(14) 0.476(94) 0.61(16) 0.43(10) 0.304(66)
55 1.31(30) 0.49(11) 0.386(77) 0.41(11) 0.282(67)  0.235(51)
60 1.01(23) 0428(98)  0289(57)  0270(71)  0223(53)  0.202(44)
65 0.82(18) 0.369(84)  0211(42)  0214(57)  0.220(52)  0.180(39)
70 0.68(15) 0.307(70)  0.155(31)  0.194(51)  0.189(45)  0.160(35)
75 0.55(13) 0243(56)  0.126(25)  0.195(51)  0.162(38)  0.141(31)
80 0.47(11) 0203(47)  0.117(23)  0.179(47)  0.150(36)  0.122(27)
85 0.380(86)  0.165(38)  0.127(25)  0.165(44)  0.139(33)  0.107(24)
90 0339(77)  0.157(36)  0.125(25)  0.160(43)  0.127(30)  0.095(21)
95 0.327(74)  0.154(35)  0.129(26)  0.162(44)  0.117(28)  0.096(21)
100 0.347(79)  0.175(40)  0.128(25)  0.167(44)  0.109(26)  0.091(20)
105 0.396(90)  0.188(43)  0.130(26)  0.160(42)  0.111(27)  0.090(21)
110 0.48(11) 0225(51)  0.146(29)  0.160(42)  0.118(28)  0.093(20)
115 0.59(13) 0265(61)  0.161(32)  0.165(44)  0.11327)  0.089(20)
120 0.71(16) 0311(71)  0.179(35)  0.173(46)  0.116(28)  0.088(20)
125 0.85(19) 0.367(84)  0.193(38)  0.170(45)  0.122(29)  0.085(19)
ICS’s 37(10) 26.9(8.3) 20.5(5.6) 18.8(6.4) 16.6(5.2) 15.3(4.6)
MTCS’s 13.5(4.3) 5.8(1.5) 2.94(68) 2.90(85) 2.14(58) 1.66(43)

DCSs have characteristic behavior for molecular targets, noticed previously [12,13].
At 50 eV and 100 eV DCSs exhibit a wide minimum at 100° scattering angle, which
disappears at higher incident electron energies. Experiment and theory are generally in
good agreement, both in shape and on the absolute scale. There are systematic discrepancies
at small angles for all electron energies, probably because of the instability of interaction
volume at those angles during the experiment. Also, there are obvious declinations of DCSs
for 150 eV electron energies at high scattering angles.

Concerning the normalization procedure of our results, in the relative flow measure-
ments, absolute DCSs for Ar are taken from Rankovic et al. [14] for incident electron energies
50-200 eV and 300 eV and from Williams and Willis [22] for electron energy of 250 eV. In
both papers, the absolute values were derived by measurements of angular dependences
of elastically scattered electrons using electron spectrometers, two 127° cylindrical electro-
static energy analysers in [21], and a double cylindrical mirror analyser (DCMA) in [14].
Authors had different normalization procedures. Rankovi¢ et al. [14] used He as a reference
gas and Williams and Willis [21] a phaseshift analysis of the relative angular distributions
of electrons elastically scattered in the energy region of the resonances 2Pz /51 /5 of Ar. Both
absolute differential cross-sections agree within mutual uncertainties as discussed in [10].
Since our normalization is based upon RFM, we prefer to use values from the most recent
paper [14] because they were obtained at the same electron spectrometer UGRA and only
for the energy of 250 eV, which is not available from our apparatus [14], we used those
from Williams and Willis [21].
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Figure 3. Angularly dependent differential cross-sections for elastic electron scattering from sevoflu-
rane molecule, for six incident electron energies, from 50 eV to 300 eV. The present results include:

experiment (blue circles), relative flow absolute data (red stars) and theory (full line).

The shapes of the experimental and theoretical cross-section plots are in excellent
agreement, but measured points are 25% lower than the calculated ones. Because our
experiment is angularly limited, ICS depends on the used extrapolation method, which
is consisted of the normalization of our theoretical DCSs to our measured absolute ones.
We have normalized calculated DCS to the measured absolute data to best match in shape
and then used these values for integration. These values are presented in Table 1 with
an uncertainty of 30% that arises from different plausible extrapolations. The absolute
uncertainties of ICS and MTCS values are obtained from the difference of the corridor that
is represented by maximal, DCS + A/2, and minimal DCS — A/2 values.
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Measured and calculated absolute differential and integral cross-sections are graphi-
cally presented in Figures 3 and 4, and to the best of the authors knowledge, there are no
other published results, neither experimental nor theoretical, for DCS or ICSs for elastic
electron scattering from sevoflurane in this energy and angular range.
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Figure 4. Integral cross-section for elastic electron collision with sevoflurane molecule in the energy
range from 10 eV to 350 eV. Experiment (blue circles) and theory (solid black line) are presented.

5. Conclusions

We performed the experimental and theoretical investigation of elastic electron colli-
sions on sevoflurane molecule at intermediate incident electron energies in order to provide
insight into electron/sevoflurane interaction. Two independent sets of measurements,
relative differential cross-sections at fixed energy in the function of scattering angle and
absolute differential cross-sections obtained by relative flow method were performed. The
last one provides us with two absolute points for every incident energy, which were used
for the normalization to the absolute scale. These two independent sets of measurements
showed good agreement which gives reliability to our experimental procedure. We have
shown good agreement between the present experiment and theory (IAM-SCAR+I method)
on the absolute scale and also in the shape. Using Ar we stress the problem of the choice of
the reference gas in the relative flow measurements, since conditions should be provided
for the widths (shapes) of the target beam and the reference gas beam to be approximately
the same, which is easier to achieve with Ar in relation to He or Ne, since they are much
lighter. The importance of this investigation is that according to our knowledge these
are the first reported results for absolute differential and integral cross-sections for elastic
electron scattering on sevoflurane in the energy range from (50-300) eV.
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Date 2013-11-17 20:39

Dear Dear Jelena,

I write you as chairman of the Local Organising Committee of the Conference on Elementary Processes in
Atomic Systems - CEPAS. CEPAS is triennial conference and the 6th continuation will be held in
Bratislava from 9th to 12th July 2014.

The main topics of the conference are:
photo-processes and laser collisions
electron(positron)/atom collisions
collisions with biomolecules
heavy particles (ion/atom) collisions
interactions with surfaces
processes with nano-sized complex systems

You have been selected by the members of the International Scientific Committee of the CEPAS conference
as topical speaker on the topic:

Absolute differential cross sections for elastic scattering
In the program of the conference are planned 6 invited and 24 topical lectures.

It would we for me great honour if you could accept this invitation.
Please let me know your decision.

Yours sincerely,

Stefan Matejcik
Chair of the LOC
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Transport of electrons through a long metallic microcapillary:
characterization of the outgoing low-energy electron beam

Aleksandar R. Milosavljevi¢ 1* Jelena B. Maljkovié¢ ' Réka J. Bereczky 2 Milos Lj. Rankovié L
Bratislav P. Marinkovi¢ ' and Kéroly T8kési *

(1) Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia
(2) Institute for Nuclear Research, Hungarian Academy of Sciences, H-4001 Debrecen, Hungary, EU

e-mail: vraz@ipb.ac.rs

The guiding of charged particles — highly charged ions — by insulating nanocapillaries has been
firstly reported in 2002 [1] and has been attracting a large attention since then, partly due to
potential applications in ion transport [2]. The pioneering work on electron guiding through
insulating capillaries has been reported recently [3,4] and the electron guiding phenomena has
been discussed in detailed nowadays [5,6]. The aim of the present research is to investigate the
electron transport by metallic high-aspect ratio capillaries and their potential use for a robust,
spatially well-determined, low-energy electron source, which can be efficiently applied to study

electron driven molecular processes under different environmental conditions.

In this work we have investigated transmission of 150 eV incident electrons through a
single stainless steel microcapillary (0.9 mm diameter and 19.5 mm length — the aspect ratio of
about 22). The intensity of the outgoing electron current has been measured as a function of
both the incident beam angle with respect to the capillary axis (tilt angle) and the kinetic energy
of outgoing electrons. The “quasi-monochromatic” incident electron beam produces a wide
distribution of outgoing electrons, spanning down to practically 0 eV. At large tilt angles (when
the direct beam is suppressed due to the close collision with the inner wall of the capillary) this
distribution is determined by elastic electron scattering, inelastic processes and secondary
electron production. It is, however, interesting that the dependence on the tilt angle changes with

the outgoing kinetic energy, and low-energy electrons may dominate at larger tilt angles.

Acknowledgement: The work was supported by the MESTD RS (Project No. 171020), by
the Hungarian SRF OTKA No. NN 103279, and by the Bilateral Cooperation Program between

the Hungarian and Serbian Academies.

[1] N. Stolterfoht et al., Phys. Rev. Lett. 88 (2002) 133201.

[2] T. Ikeda et al., J. Phys. Conf. Series 399 (2012) 012007.

[3] A. Milosavljevi€ et al., Phys. Rev. A 75 (2007) 030901.

[4] S. Das et al., Phys. Rev. A 76 (2007) 042716.

[5] A. R. Milosavljevi¢ et al., Nucl. Instrum. Meth. B 279 (2012) 190.
[6] K. Schiessl et al., Phys. Rev. Lett. 102 (2009) 163201.
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Electron transmission through a metallic capillary

J. B. Maljkoviél, M. Lj Rankoviél, R. ]. Bereczky?, B. P. Marinkovicl,
K. Tokési2, A. R. Milosavljevié!

I Laboratory for Atomic Collision Processes, Institute of Physics Belgrade, University of
Belgrade, Pregrevica 118, 11080 Belgrade, Serbia
2 Institute for Nuclear Research, Hungarian Academy of Sciences (ATOMKI), P. O. Box 51,
H-4001 Debrecen, Hungary
jelenam@ipb.ac.rs

We present the preliminary experimental results about eleciigs ission
through a single metallic capillary, following our previous invegligati8 of electron
guiding through insulating nanocapillaries [1]. The incfent elctron energy was
150 eV and the aspect ratio of the capillary was 21.67 (leng Sk m and inner
diameter d=0.15 mm). The kinetic energy distribution itted electrons was
recorded at a tilt angle (the angle between the incident beam and the capillary
axis) of 2°. The results are obtained by an elect spectrgieter, consisted of an
electron gun, a double cylindrical mirror energy zer (WCMA) and a channeltron
detector. Fig. 1 presents the kinetic energy ib of electrons escaping the
capillary. Except the dominant peak, corresp ng po the direct beam and the elastic
surface scattering, there is a strong fractief o ons that suffer inelastic collisions
and secondary electrons.
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Figure 1. Energy spectrum of the electrons escaping the metalic capillary at the tilt angle 2°.
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Acknowledgements: This work was supported by the Bilateral Co-operation
Program between the Hungarian and Serbian Academies through project Interactions
of charge particles with single insulating capillaries, by the Hungarian Research fund
OTKA No. NN103279, Serbian Research Project Ol 171020 and by the COST Action
CM1204 (XLIC).
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27" Summer School and
International Symposium on

the Physics of Ionized Gases

August 26-29, 2014, Belgrade, Serbia

SPIG 2014

Dr Jelena Maljkovic¢

Institute of Physics Belgrade,
University of Belgrade,
Pregrevica 118,
11080 Belgrade
Serbia
Belgrade, 21™ October 2013

Dear Dr Maljkovig,

On behalf of the Scientific and Organizing Committees, we have a pleasure to invite
you to attend the 27" Summer School and International Symposium on the Physics
of lonized Gases (SPIG 2014) and present a progress report (20 min, including
questions and discussions) aimed at the topics covered by the Section 1 (Atomic
Collision Processes).

The SPIG 2014 will be held from 26™ to 29" August in Belgrade, Serbia. The details
of the conference are available at www.spig2014.ipb.ac.rs. Unfortunately, due to
the limited conference budget, the organizers cannot commit to any financial
support.

We hope that you will be able to accept our invitation. Please let us know by the 4™
of November and send us the title of your lecture.

We look forward to welcoming you to Belgrade in 2014.

Yours sincerely,

i 1
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Zoran Mijatovi¢ Dragana Mari¢ and Aleksandar R. Milosavljevic¢
(Chairman of the (Co-Chairs of the Local Organizing Committee)

Scientific Committee)

Local organizing Committee:

Institute of Physics, University of Belgrade Tel:+381 11 316-0882 E-mail: spig2014@ipb.ac.rs
Pregrevica 118 +381 11 371-3056 Web: www.spig2014.ipb.ac.rs
11080 Belgrade, Serbia Fax:+381 11 316-2190
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KINETIC ENERGY DISTRIBUTION OF
ELECTRONS SCATTERED INSIDE A
PLATINUM TUBE AT THE INCIDENT

ENERGY OF 200 eV

A. R. Milosavljevi¢ ", M. Lj. Rankovi¢ ', J. B. Maljkovié¢ ', R. J. Bereczky 2,
B. P. Marinkovié¢ ' and K. Tékési >

'Institute of Physics, University of Belgrade, Pregrevica 118, Belgrade, Serbia
? Institute for Nuclear Research, Hungarian Academy of Sciences, H-4001
Debrecen, Hungary, EU

Abstract. We have measured the kinetic energy distribution of electrons escaping
a macroscopic platinum (Pt) tube (3.3 mm diameter and 40.8 mm length). The
200 eV incident electron beam of about 800 nA was directed into the capillary
entrance at a large tilt angle of 5.5°, with respect to the capillary axis. The results
show a dominant fraction of elastically scattered electrons, accompanied by
inelastic losses.

1. INTRODUCTION

Insulating micro- and nano-capillaries made of different materials have
been extensively used to investigate the so-called guiding phenomenon, which
was first revealed with the pioneering work of Stolterfoht and coauthors in 2002
[1]. Briefly, the beam of charged particles, particularly highly charged ions (HCI),
dinamically deposit charge on the inner capillary surface, thus providing a
Coulomb field that deflects the particles and efficiently guides them towards the
capillary exit. Large attention has been devoted to this phenomenon due to both
an interesting physics and possible applications, such as the possibility to
introduce a micro/nano HCI beam directly into a biological object [2]. The first
results on electron guiding through insulating capillaries have been reported more
recently [3,4], followed by a more detailed investigations [5,6]. A comprehensive
review on the subject can be found in the recent paper by Lemell et al. [7].

In contrast to the HCI, the electron transmission through insulating
capillaries appeared to be much more complex [5,6,7]. Particularly, electrons can
be closely elastically scattered from the surface (not only deflected by deposited
charge), inelastically scattered and can produce secondary electrons (which thus
affect the Coulomb interaction). Moreover, it has been suggested that even
metallic (conductive) capillaries could be used for the electron guiding [6].
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In the present work, we investigate electron transmission through
metallic macroscopic capillaries. Our aim is both to learn about fundamental
properties of the electron guding by metallic capillaries, governed by electron-
surface interaction, and to investigate the potential application of metallic high-
aspect ratio capillaries as a robust, spatially well-determined, low-energy electron
carier/source, which could be efficiently applied to study electron driven
molecular processes under different environmental conditions. We started
investigation with a large-diameter Pt tube, in order to compare the obtained
results to the electron interaction with a plane Pt surface and theoretical
simulations. In the present work, we have investigated transmission of 200 eV
incident electrons through a single Pt macrocapillary (3.3 mm diameter and 40.8
mm length — the aspect ratio of about 12.4). The intensity of the outgoing electron
current has been measured as a function of both the incident beam angle with
respect to the capillary axis (tilt angle) and the kinetic energy of outgoing
electrons.

2. EXPERIMENTAL SETUP

The experiment has been performed in the Laboratory for Atomic
Collision Processes, at the Institute of Physics Belgrade (IPB) by using the
electron spectrometer UGRA [8], which has been modified to perform the
present experiment. The electron gun produces a well collimated electron beam,
with a diameter and an angular divergence estimated to be approximately 1 mm
and 1° at 200 eV of the incident energy, and with an energy spread of about 0.5
eV. The Pt tube has been fitted inside the entrance electron lens system (see
Figure 1), in front of the electron gun, which can be rotated around the capillary
entrance in the angular domain of about -15 to +15 degrees. The angle between
the capillary axis and incident electron beam direction is denoted as the tilt
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Figure 1. Schematic drawing of the experimental setup.
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The electrons escaping the capillary were focused by an electrostatic
lens (Figure 1) into a double cylindrical mirror energy analyzer (DCMA),
followed by a single channel multiplier used as a detector. Since the entrance
lens of the analyzer is fixed to have its axis parallel to the capillary axis, the
observation angle is fixed at 0° and the acceptance angle also depends on the
focal properties of the entrance lens. The kinetic energy distribution of the
electrons escaping the capillary was measured by recording the electron current
at the detector (count rates) as a function of the retarding potential at the entrance
of the DCMA that worked in a constant pass-energy mode, thus providing a
constant energy resolution over the whole scanned energy domain [8]. Still, it
should be noted that the recorded kinetic energy distribution can be affected by
the transmission of the entrance lens [3].

3. RESULTS

The preliminary obtained kinetic energy distribution of electrons
escaping the Pt tube at the tilt angle of about 5.5° and for the incident electron
energy of 200 eV is shown in Figure 2.
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Figure 2. The kinetic energy distribution of electrons escaping the Pt tube at the tilt angle of 5.5° and
the incident electron energy of 200 eV.
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Figure 1), which also depends on the electrostatic field. Therefore, the present
results suggest that 200 eV electrons can be directed and transmitted along the
nt fraction of the transmitted electrons seems to
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STSM Report (WG1) - J. Maljkovic

Electron impact dissociative ionization of tetraethyl orthosilicate

Jelena Maljkovic', Peter Papp’, Michal Lacko?, Michal Stano?, Aleksandar Milosavljevi¢!, Stefan
Matejcik?

(1) Laboratory for Atomic Collision Processes, Institute of Physics, University of Belgrade,
Pregrevica 118, 11080 Belgrade, Serbia
(2) Department of Experimental Physics, Faculty of Mathematics, Physics and Informatics,

Comenius University, Mlynska dolina, 84248 Bratislava, Slovakia

e-mail: jelenam@ipb.ac.rs

We have investigated dissociative electron ionization of tetraethyl orthosilicate, TEOS
(Si(OC;Hs),), in  gas phase, interesting as a possible Focused Electron Beam Induced
Dissociation (FEBID) precursor. Measurements were performed at Comenius University on the
crossed beams apparatus [1] and the cluster apparatus [2]. Both are equipped with trochoidal
electron monohromator, which produces well collimated electron beam crossed perpendicularly
with target. Positive ions formed with electron molecular interactions are extracted by a small
electric field and recorded by quadrupole mass analyser. We have measured the possible pattern

of fragmentation for TEOS molecule and compared with the NIST mass spectrum. Beside

}

parent M=(Si(OC,Hs),)" at m/z 208 many other positive ions were recorded in the mass

spectrum, with many SiO," fragments (x= 2, 3 and 4) and their hydrogenated alternatives

1

between m/z 60 and 100. Only the loss of 1 or 3 CH; or C,Hs was typical for TEOS, contrary to
the loss of 1 or all 4 OC,Hs ligands. Alternative fragmentation paths were the loss of
2 CH3 + CH2CH3, CH3 + C2H5 + OC2H5, 2 C2H5 + OC2H5, CH3 +2 C2H5 + OC2H5. Beside that,

measurements of threshold energies for all TEOS fragments have been done.

1

1

!

This work was supported by the Slovak Research and Development Agency under Contract No.
APVV-0733-11; the Slovak grant agency VEGA V/0514/12; Ministry of Education and Science
of Republic of Serbia (Project No. 171020). This work was conducted within the framework of
the COST Action CM1301 (CELINA).
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Electron transmission through

Study of electron transmission through a metallic  magiosconi metall caplnes
capillary B |

- The Monte Carlo simulation of electron
transmission through AI203 nanocapillary
A. X. Yang, B. H. Zhu, X. M. Chen et al.
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Study of electron transmission through a metallic capillary

A. R. Milosavljevi¢', M. Lj. Rankovi¢", D. Borka®, J. B. Maljkovi¢', R. J. Bereczky’, B. P.
Marinkovi¢' and K. Tékési’
'Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia
*Vinéa Institute of Nuclear Sciences, University of Belgrade, P.O. Box 522, 11001 Belgrade, Serbia
*Institute for Nuclear Research, Hungarian Academy of Sciences, H-4001 Debrecen, Hungary

Synopsis In this work we study the transmission of charged particles through a single cylindrically shaped metallic ca-
pillary of microscopic dimensions with a large aspect ratio. We used electrons as projectiles. Our results suggest the
existence of guiding of the electron beam by a metallic capillary.

In this work we investigate the guiding of
electrons through straight and narrow metallic
capillaries. The investigation of guiding of
charged particles by metal capillaries is strongly
motivated by the possibility of producing cheap
alternatives to complex electron-optical tools.

We have performed both the measurements
and the classical calculations of electrons guid-
ing [1, 2, 3]. Since electrons cannot change their
charge state, it is experimentally impossible to
make a clear distinction between transmission
of the primary and secondary electrons which
correspond to elastic scattering. But using the
classical simulation, we can identify and follow
up all electron trajectories. We performed Mon-
te Carlo simulation assuming that after each
inelastic collision a secondary electron is gener-
ated with kinetic energy directly estimated from
the energy transfer [2, 3]. The created secondary
electron is treated as a primary electron and the
trace of its path is followed in the successive
simulation procedure.

Our experimental setup consisted of an elec-
tron gun, a straight cylindrical platinum capil-
lary, an energy analyzer and a channeltron as a
detector. Pressure inside the vacuum chamber
was 7x107 mbar. An inner radius of the capil-
lary was 3.3 mm, with 40.8 mm in length. Esti-
mated electron beam width at the entrance of
the capillary was 0.9 mm with 0.3° angle diver-
gence. The initial electron energy was 200 eV.
We found that a dominant fraction of electrons
escaping from the capillary have energies
smaller than the incident electron energy. Fig-
ure 1. shows the energy spectrum of electrons
transmitted through a cylindrical platinum ca-
pillary.

E-mail: mrankovic@ipb.ac.rs
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Figure 1. - Energy spectrum of electrons transmitted
through platinum capillary [4].
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Atomic Collision Processes

JISSOCIATIVE ELECTRON ATTACHMENT TO
BENZENE CHROMIUM TRICARBONYL

Jelena Maljkovi¢ ", Paulina Maciejewska 2 and Janina Kopyra ?

i Laboratory for Atomic Collision Processes, Institute of Physics Belgrade,
University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia
“Faculty of Sciences, Siedlce University, 3 Maja 54, 08-110 Siedlce, Poland

act. We have investigated dissociative electron attachment to benzene
um tricarbonyl, M = C«(CsHg)COs. This molecule was in our interest

se it is a possible Focused Electron Beam Induced Dissociation (FEBID)
cursor. Measurements were done utilizing an experimental setup settled in
Siedice, Poland. The obtained mass spectra were recorded for the energies from 0
/o 14 eV, with 2 eV step. The compound showed a very rich fragmentation

\INTRODUCTION

In the present work a dissociative electron attachment (DEA) to benzene
\romium tricarbonyl has been investigated. In DEA processes electron is
ptured by molecule forming a temporary negative ion, which can decompose
Ito negative fragment and one or more neutral counterparts. This molecule has

in our interest because it is potential Focused Electron Beam Induced
sition (FEBID) precursor. FEBID is a direct-writing technique in which the

chnique a highly focused, high-energy electron beam impinges on a substrate
id due to collisions produces lower energy back-scattered electrons and
gcondary electrons. It is nowadays very well known that these low energy
ectrons (LEEs) contribute to the processes resulting in the formation of the

its. However, in the case when LEEs lead to partial fragmentation of the

molecules this results in the formation of deposit with limited purity and
solution.
‘ The benzene chromium tricarbonyl molecule belongs to organometallic
ompounds. It has piano stool geometry with planar arrangement of aryl group
nd three carbonyl groups which act as “legs” ( Figure 1). This molecule has
een investigated previously. Rees and Copens [1] have been studied the crystal
tucture of this molecule at 78 K, both by X-ray and neutron difraction. The
lectronic structure of transition metal in benzene chromium tricarbonyl has been
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investigated by using SCF MO calculations [2]. Uemura and coauthors [3] have
investigated direct regioselective lithiation of chromium benzenetricarbonyl.

D

|
oc-Cr-co
CO

Figure 1. Structure of benzene chromium tricarbonyl molecule.

2. EXPERIMENT

The experiments were performed by means of crossed beam apparatus
settled at Siedlce University, Poland. Description of the experimental set-up has
been given elsewhere [4]. Briefly, it consists of a trochoidal electron
monochromator (TEM), a quadrupole mass analyzer (QMA) and a secondary
electron multiplier, all enclosed into vacuum chamber. Incident electron beam,
with energy resolution of FWHM= 150-200meV and electron current [=10nA,

orthogonally intersects with molecular beam resulting in the formation of
fragment anions. Molecular beam emanates from the oven which was heated by
two halogen bulbs. These lamps prevent condensation of the target molecules at
the lenses and also provide sufficient vapour pressure of the target molecules and
also and provide stabile experimental conditions. Working temperature was
around 95 °C. Negative ions are extracted directly from the collision region by @
small electric field, towards a QMA and detected by single pulse counting
techniques. The calibration of the energy scale was achieved by measuring SF
signal, with intense resonance near 0 eV. Base pressure was in the range of ~10
mbar while the working pressure around 3% 107 mbar.

3. RESULTS

Preliminary results of dissociative electron attachment to benze
chromium tricarbonyl are shown. Resonant features of anion yields indicate tf
underlying processes are DEA, as the only effective below ionization energy,
~7eV [5]. Mass spectra has been obtained in the incident electron energy
from 0 eV up to 14 eV. Molecule showed rich anion formation: (M - CO) = |
am.u., (M - (CO),) = 158 am.u, (M - (CO);)" = 130 am.u, (M — CeH) =k
am.u, Cr = 52 am.u., Cr(CO) = 80 am.u, (Cr(CO),) = 108 a.m.u. and Cr Cl
— 80 a.m.u. The most intense reaction channel is the loss of one carbonyl gro
which is also shown by other authors [6] in DEA process to W(CO),. React
channel associated with loss of all three CO groups, Figure 2, has a thresh
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dfound 3eV. Three resonances are present in the anion yjeld curve. We can speak
iere about metastabile decays, also shown in [6]. Sequential process, where (M -
0) decays to (M - (CO),) and (M - (Co),y decays to (M - (CO)3) can occur in

.

lis presently studied compound,

4 6 8
Electron energy (eV)

Figure 2. Anion yield of (M - (CO)3) formed by electron impact,

CONCLUSION

DEA  processes have been investigated on benzene chromium
bonyl, a potential FEBID precursor. The obtained action tandem mass
btra have showed rich anion formation. The release of one, two and three CO
ups has been noticed that is a consequence of a prompt decomposition of the
POrary negative ion. In addition, a sequential processes can contribute to the
all intensity of the above mentioned fragment anions,

knowledgemen s

 work was supported by the Polish Ministry of Science and Higher
tation (Project No. 277/8/11), Ministry of Education and Science of
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Electron transmission through steel capillary

B.P. Marinkovié¢!, M.Lj. Rankovié¢!, J.B. Maljkovié!, A.R. Milosavljevié?, D. Borka3, C. Lemell?,
K. Tékesi®

Unstitute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia

2PLEIADES beamline, Synchrotron SOLEIL, L’orme des Merisiers, Saint-Aubin - BP48, 91192
GIF-sur-YVETTE CEDEX, France

3 Atomic Physics Laboratory, Vinéa Institute of Nuclear Sciences, University of Belgrade, Belgrade,
Serbia

4Institute for Theoretical Physics, Vienna University of Technology, Vienna, Austria

SInstitute for Nuclear Research, Hungarian Academy of Sciences (ATOMKTI), Debrecen, Hungary
and ELI-ALPS, ELI-HU Non-profit Kft., Szeged, Hungary

The transmission of low-energy electrons through platinum [1,2] and steel capillaries have been
investigated both experimentally and theoretically. The length of the present steel capillary was L =
19.50 mm while the inner diameter was d = 0.90 mm. Kinetic energy distribution of electrons transmitted
through steel capillary was recorded at two tilt angles (the angle between the incident electron beam and
the capillary axis) of 2.64° and 4.0°, respectively. The experimental results were obtained by an electron
spectrometer which consists of an electron gun, a double cylindrical mirror energy analyzer (DCMA) and
a channeltron detector.

Electron transmission is modelled by a classical trajectory Monte Carlo simulation taking both elastic
and inelastic scattering events of primary electrons colliding with the inner wall of the capillary and
transport of secondary electrons into account.

T T T T

LCF p—— 4
multiple scatt
€
100004 E,=150 eV ¢
¢ =2.64 deg 1 1

= 1000+ .
2 3
[=]
O

100 5

10 4

T T T
60 80 100 120 140 160
Electron energy (eV)

Figure 1: Energy spectra of electrons transmitted through a steel capillary. |

Figure 1 shows energy spectra of 150 eV electrons passing through the steel capillary at 2.64° tilt angle.
We found excellent agreement between our simulated electron-energy spectra with experimental data.

[1] A.R. Milosavljevi¢ et al.. Nucl. Instr. Meth. Phys. Res. B 354 (2015) 86.
[2] D. Borka et al, Nucl. Instr. Meth. Phys. Res. B, in press (2017),
http://dx.doi.org/10.1016/j.nimb.2017.02.024
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P-11: Dissociative electron attachment to
cyclopentadienylmanganese(l) tricarbonyl

Jelena Maljkovi¢'*, Sylwia Mazuryk?, and Janina Kopyraz

! Laboratory for Atomic Collision Processes, Institute of Physics Belgrade, University
of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia
*Faculty of Sciences, Siedlce University, 3 Maja 54, 08-110 Siedlce, Poland

In the present work a dissociative electron attachment (DEA) to cyclopentadienylmanganese(I)
tricarbonyl, (CsHs)Mn(CO)s, has been investigated. Molecule can be considered as potential FEBID
precursor. This samle has extremely high sublimation rate and adsorb on filament of ion gauge, so
measurements were hard to perform. Measurements were done utilizing an experimental setup [1]
settled in Siedlce, Poland. Briefly, it consists of trochoidal electron monochromator (TEM),
quadrupole mass analyzer (QMA) and secondary electron multiplier, all enclosed into vacuum
chamber. Incident electron beam, with energy resolution of FWHM = 160meV, orthogonally crossed
with molecular beam resulting in the formation of fragment anions. The obtained mass spectra were
recorded for the energies from 0 eV to 8 eV, with 2 eV step. The compound showed weak features, at
energy near 0 eV, that are due to the loss of one or two carbonyl groups: (M - CO) =176 am.u., (M -
(CO),)" = 148 a.m.u. Temperature was around 45 C and the pressure around 4.4x10-" mbars.

Fonbibon bbb ol bt o ol
T ¥ ¥ ¥
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Electron energy (eV)

Fig.1. Jon yield of (M-(CO)), produced from electron impact on gaseous
cyclopentadienylmanganese(I) tricarbonyl.
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Preface

S

Welcome to the International Conference on Many Particle Spectroscopy of Atoms, Molecules,
Clusters and Surfaces, MPS-2018, organized in Budapest, Hungary, from 21 to 24 August 2018.
The objective of MPS-2018 is to assess the state of the art in the current understanding of a variety
of basic phenomena in the charged particle dynamics in atoms, molecules, clusters and at surfaces
such as a) collision induced physical, chemical and biological reactions, b) ultrafast dynamics, c)
charge-exchange processes, d) collective as well as single-particle excitation and ionization, )
electron-electron correlation effects in atoms and in solids, f) excitation and single and multiple
ionization of various targets, g) energy loss, scattering and channeling of primary particles, and h)
electron and photon emission processes.

MPS is a biannual meeting. The aim is to promote the growth and exchange of scientific
information on these areas of atomic and molecular and surface physics. The most recent meetings
have been held in Moscow (Russia, 2016) Metz (France, 2014), Berlin (Germany, 2012), Sendai
(Japan, 2010), Paris (France, 2008), Rome (Italy, 2006).

Hungary is a landlocked country in the Carpathian Basin in Central Europe, bordered by Austria,
Slovakia, Ukraine, Romania, Serbia, Croatia and Slovenia. Its capital is Budapest. Hungary has
been a member state of the European Union since 1 May 2004.

The conference is held at the Danubius Hotel Flamenco (Address: 3-7 Tas vezér str., 1113
Budapest), the most modern conference centre in Budapest.

Hotel Flamenco offers something rare — accommodation close to the centre of Budapest yet
surrounded by beautiful parkland. This four-star hotel near the so-called “Bottomless Lake” in
Budapest’s 11th district has its own garage and rooftop car park, although it’s also easily accessible
by public transport with metro, bus and tram stops a short walk away. Hotel Flamenco is also an
ideal venue for events. Its conference rooms come in various sizes, making it equally suitable for
hosting smaller conferences and major events for several hundred people.

We hope that all participants will have a lively and successful meeting while enjoying the attractive
surroundings in this beautiful region of Hungary. We hope, furthermore, we may offer exciting
scientific programs and last but not least famous Hungarian dishes and wines. Organizers have been
doing their best to guarantee pleasant experiences for everyone.

On behalf of the local organizing committee,
Kaéroly Tokést .
Chair of MPS-2018
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Technology, Haifa Israel fullerene-surface impact: experiment and simulation
c Ab initio simulations of photoelectron energy spectra
9:50 - 10:10 :: k{Jo.mm.)t fTokvo. J from multielectron systems subject to intense laser
e university of 10Kyo, Japan fields
10:10 - 10:30 iﬁg igs?va{\]ﬂ/fs’gow St Enhancement of ionization of atoms in bright squeezed
University, Russia vacuum light

Coffee Break (10:30 — 11:00)

Interactions with molecules I. (Chair: Lorenzo Avaldi)

11:00 - 11:30

Da Bo

National Institute for Materials
Science, Tsukuba, Japan

Virtual Substrate Method for Nanomaterials
Characterization

Sorbonne Université, Paris(05),
France

11:30 — 11:50 | Victor Despre Charge migration in propiolic acid and its dephasing by
Universitat Heidelberg, Germany | the coupling to the nuclear motion
Moustafa Zmerli Charge transfer and nuclear dynamics after methyl
11:50 — 12:10

iodide core ionization following single photon
absorption

12:10 - 12:30

Raimund Feifel

University of Gothenburg,
Sweden

Ultrafast molecular three-electron collective Auger decay

Lunch (12:30 — 14:00)

Interactions with molecules II. (Chair: Sebastian Otranto)

Miriam Weller

Qatar University, Doha, Qatar

14:00 — 14:30 o Time-resolved Studies of Molecular Systems Using
g:::r#mversnat Frankiurt, | Synchrotron Radiation
Kilian Fehre

14:30 — 15:00 | g eine-Universitat Frankfurt Strong Field lonization of Chiral Molecules
Germany

15:00 — 15:20 |Mohammad F. Gharaibeh | . spejj photoionization of molecular oxygen-ions

15:20 — 15:40

Nikolay Shvetsov

Leibniz Universitat Hannover,
Germany

Semiclassical two-step model and strong-field ionization
of hydrogen molecule

Coffee Break (15:40 — 16:10)

More complex systems (Chair: Piero Decleva)

16:10 — 16:40

Péter Dombi

Wigner Research Centre for
Physics, Budapest, Hungary

Photoelectron spectroscopy for ultrasensitive
measurement of plasmon fields

16:40 — 17:00

Hicham Agueny
University of Bergen, Norway

Electron dynamics in single-cycle THz pulses

17:00 - 18:30 Poster session (P55 - P108)

19:30 — Conference dinner




24 August 2018, Friday
Electron collisions (Chair: Alexander Dorn)

Jelena Maljkovi¢
9:00 — 9:30 | Institute of Physics Belgrade, | Elastic electron scattering by triethyl phosphate molecule
Serbia - experimental and theoretical study
Zehra N. Ozer Experimental and theoretical investigation of triple
9:30 —10:00 | pfyon Kocatepe University, | differential cross sections of CO, molecule at
Afyon, Turkey intermediate electron energy
Matthieu Genevriez ; ; —
10:00 - 10:30 Absolute cross section for electron-impact ionization of

Universit e Catholique de
Louvain, Belgium

He(1s2s 3S)

Coffee Break (10:30 — 11:00)

Collision with molecular systems (Chair:

Stephan Fritzsche)

Noboru Watanabe

Stereodynamics in electron-impact ionization of

11:00 - 11:30 | 1510y University, Sendali, molecules studied by molecular-frame electron energy
Japan loss spectroscopy
Vishant Kumar N . .
11:30 — 11:50 o Investigating the fragmentation dynamics and geometry of
Eormandle Université, Caen, CO molecular clusters
rance
Zoltan Jurek ; _ ; ;
1150 — 1210 | oo or Fris Elstron Lassr Chemical dynamics in Argon clusters induced by intense
Science, Hamburg, Germany | *"@YS
) 9, Yy
12:10 - 12:30 tamialis s Multi-scale simulation of high harmonic generation in

Vienna University of
Technology, Austria

condensed matter

Lunch (12:30 — 14:00)

Heavy particle collisions (Chairs: Nicolas Sisourat/ Nikolay Shvetsov-Shilovskiy)

14:00 — 14:30 gkgp TJ Abdt.ltrall()hrrzjanov Calculating fully differential cross section for ionization of
Au n University, Fern, H and He by heavy projectiles
ustralia
14:30 — 14:50 Rlchard A w:lhelm Ultrafast neutralization dynamics of highly charged ions
Vienna Univetsiyof upon impact on atomically thin solid targets"
Technology, Austria
14:50 — 15:10 | Luca Repetto lon induced self-organization of form birefringent Cr-Si
Universita di Genova, Italy subwavelength optical gratings
15:10 — 15:30 é\”:,h? ’,‘ad’,’ ro; Quantum suppression of antihydrogen formation in
ary Entversity; Panh, positronium-antiproton collisions
Australia
Ors Asz talqs ) Application of Collisional Radiative models in Beam
15:30 — 15:50 | Budapest University of Emission Spectroscopy modeling for fusion plasma
Technology and Economics, donsfy AEGIDsIeS
Hungary ansiy diag
Sebastian Otranto lon impact ionization of H,0 at intermediate energies: the
15:50 — 16:10 |Instituto de Fisica del Sur role of multiple electron removal

Bahia Blanca, Argentina

16:10 — Final remarks
16:30 — End of Meeting
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Ilkhom Abdurakhmanov

Calculating fully differential ionization cross section of H and He upon heavy projectile impact
Department of Physics, Astronomy and Medical Radiation Sciences, Curtin University, GPO Box U1987,
Perth 6845, Australia

Diego Arbo
Retrieving intracycle interference in angle-resolved laser assisted XUV atomic ionization
Institute for Astronomy and Space Physics - [AFE, Buenos Aires, Argentina

Nora Berrah
X-ray induced time-resolved dynamics in Fullerenes
University of Connecticut Department of Physics, USA

Nicolas Camus
Experimental studies of Wigner's tunneling time
Max-Planck-Institut fiir Kernphysik, Heidelberg, Germany

Bo Da

Virtual Substrate Method for Nanomaterials Characterization

Research and Services Division of Materials Data and Integrated System, National Institute for Materials
Science, Tsukuba, Ibaraki 305-0047, Japan

Péter Dombi

Photoelectron spectroscopy for ultrasensitive measurement of plasmon fields
Wigner Research Centre for Physics, Budapest

Kilian Fehre

Strong Field lonization of Chiral Molecules

Institut fiir Kernphysik, Johann Wolfgang Goethe Universitéit, Max-von-Laue-Strasse 1, 60438 Frankfurt am
Main, Germany

Matthieu Génévriez
Absolute cross section for electron-impact ionization of He(1s2s 3S)
Laboratory for Physical Chemistry, ETH Ziirich, Switzerland.

Elena Gryzlova
lonic autoionizing states studied with free-electron lasers
Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics, Moscow, Russia

Akiyoshi Hishikawa

Manipulating atoms and molecules by intense laser fields
Department of Chemistry, Graduate School of Science, Nagoya University, Nagoya, Japan

Jelena Maljkovi¢
Elastic electron scattering by triethyl phosphate molecule — experimental and theoretical study
Institute of Physics Belgrade, Serbia

Fernando Martin

Attosecond coupled electron and nuclear dynamics in molecules
Departamento de Quimica, Modulo13, Universidad Auténoma de Madrid, 28049 Madrid, Spain
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Zehra Nur Ozer

Experimental and theoretical investigation of triple differential cross sections of CO2 molecule at
intermediate electron energy

Afyon Kocatepe University, Physics Department, Turkey

Laing-You Peng
Few-Photon Double Ionization of Helium.
School of Physics, Peking University, 100871, Beijing, China

Nicolas Sisourat

Interatomic Coulombic Decay in triatomic and more complex systems

Sorbonne Universités, UPMC Univ Paris 06, CNRS, Laboratoire de Chimie Physique Matiére et
Rayonnement, F-75005, Paris, France

Florian Trinter

Imaging the correlated two-electron wave function of a hydrogen molecule

Deutsches Elektronen-Synchrotron (DESY), FS-PE, Notkestrasse 85, 22607 Hamburg, Germany and Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Molecular Physics, Faradayweg 4, 14195 Berlin, Germany

Noboru Watanabe

Stereodynamics in electron-impact ionization of molecules studied by molecular-frame electron energy loss
spectroscopy

Institute of Multidisciplinary Research for Advanced Materials Tohoku University, Sendai, Japan

Miriam Weller

Timeresolved Studies of Molecular Systems Using Synchrotron Radiation
Institut fiir Kernphysik, Goethe-University Frankfurt am Main, Germany
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Elastic electron scattering by triethyl phosphate molecule — experimental and
theoretical study

J. Vukoviél, B. P. Marinkovié®, B. Predojevié!, K. Tokési*?, J. Maljkovié?

!"Faculty of Natural Sciences, University of Banja Luka, Republic of Srpska, Bosnia and Herzegovina
*Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia
*Institute for Nuclear Research, Hungarian Academy of Sciences (ATOMKI), Debrecen, Hungary
‘ELI-ALPS, ELI-HU Non-profit Kft., Szeged, Hungary
Corresponding author: jelena.maljkovic@ipb.ac.rs

Electron elastic differential cross sections
(DCS) of triethyl phosphate molecule
(C;Hs5)3PO4  have been investigated both
experimentally and theoretically. Beside its role
as a polymer resin modifier or a common
intermediate in the manufacture of pesticides
[1], triethyl phosphate molecule can serve as a
model for radiation damage of the phosphate
group as a part of DNA backbone (Fig.1).

OH

O &
|

N

Figure 1. The skeletal formula of (a) triethyl
phosphate molecule and (b) a phosphate group
attached to the sugar molecule in place of the -OH
group on the 5' carbon atom in DNA backbone.

The home-made experimental setup is based
on a crossed beam technique comprising of an
electron gun, a single capillary gas needle and a
detection system with a channeltron [2], while
construction of a gas line used for relative fow
technique, design and programming of digital
acquisition system are detailed in [3]. DCS data
as function of scattering angle, DCS (0), is
obtained by measuring the signal and
background for each angle point. For the
relative flow measurements argon gas was taken
as a reference gas and the absolute cross
sections have been used from the recent
measurements in our group [4].

The partial expansion method was used to
describe the differential and total cross sections
for electron elastic scattering. The method of
calculations can be found in reference [5].

Measurements have been performed at
several electron impact energies, i.e. 50, 100,

25

150 200 and 250 eV and in the angular range
from 25° to 125°. In Fig.2 measured and
calculated DCS at 100 eV are shown. Both sets
of data are arbitrary normalized at the same
point at 40° scattering angle.

TEF
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®*—exp.
caleul
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Figure 2. The experimental and calculated differential
cross sections for electron elastic scattering by triethyl
phosphate molecule at 100 eV impact energy. Both
curves are normalized at scattering angle of 40 degrees.

The comparison in shape between experimental
and calculated gives a good agreement. Still, we
need to match the absolute scales and to estimate
the uncertainities.
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Absolute cross section for electron-impact ionization of He(1s2s *S)

M. Génévriez"t, J.J. Jureta*, P. Defrance*, X. Urbain*

* Institute of Condensed Matter and Nanosciences, Université Catholique de Louvain, Louvain-la-Neuve,
Belgium
t Laboratory of Physical Chemistry, ETH Zurich, Zurich, Switzerland
Corresponding author: matthieu.genevriez@phys.chem.ethz.ch

Electron-impact, ionization of ground state
helium is a benchmark process which, as such,
has been extensively studied. Good agreement
is now reached between the results of state-of-
the-art theoretical and experimental investiga-
tions. The case of electron-impact ionization of
the metastable, 1s2s 38 state of helium is far from
being as satisfactory. For example, despite sus-
tained theoretical effort within the past decades,
the only measurement of the absolute total ion-
ization cross section which spans a significant en-
ergy range [1] lies more than 60% higher than the
results of all recent, state-of-the-art calculations
(see, e.g., [3, 5]). This difference is not accept-
able due to the importance of metastable helium
in a wide variety of physical environments and
processes, from Bose-Einstein condensates to di-
agnosis of thermonuclear fusion plasmas.

We have measured the absolute cross sec-
tions for electron-impact single and double ion-
ization of He(1s2s 3S) and for double ionization of
He™ [1], using the animated-crossed-beam tech-
nique of Defrance et al. [2]. A source of fast
metastable helium atoms was purpose-built for
this study and overcomes the lack of state se-
lectivity existing in the earlier experiment. It is
based on the photodetachment of fast (keV) He™
ions by a COg laser, which ensures that atoms are
produced in the 1s2s 3S state only. A relatively
high beam brightness can be reached due to the
large detachment efficiency, and purity is better
than 5% with contamination limited to He(1s?
1S) only.

The present results for single ionization of
He(1s2s 39) lie significantly lower than the pre-
vious experiment, and are in fact in the re-
gion reached by recent, ab initio calculations [1].
They are in excellent agreement with the multi-
core calculation of Fursa and Bray [3], as shown
in Fig. 1, over the whole energy range covered.
Frozen-core calculations fail to match the present
results at higher energies, hinting at significant
contributions from inner-shell ionization and in-
direct mechanisms such as excitation to doubly
excited states and autoionization.
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Figure 1. Cross sections for electron-impact single
and double ionization of He(1s2s ®S) and double
ionization of He™.

Results for the double ionization of metastable
helium and He™ are the first data reported in the
literature for these processes. The cross section
for double ionization of He(1s2s ®S) has roughly
the same magnitude as that for ground state he-
lium, suggesting that ionization of the second
(1s) electron is the limiting factor. The cross sec-
tion for double ionization of He™ is much larger
than typical values, as expected for such a weakly
bound system (77 meV), and does not match for
universal shape of Rost and Pattard [6].
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Osum ce notsphyje aa je Ap JEJIEHA MAJbKOBWUH, Hayunu capagHuk UHCTMTYTa 3a
$usuky pykosoauna uspagom mactep paga JENEHE BYKOBWFR nog Hasueom "ANCONYTHU
MPECELM 3A ENEACTUYHO PACEJAHE ENEKTPOHA HA MOJEKYNTY TPUETUN-DOCPATA", Koju
je opbpatbeH Ha Pusnukom dakynTety YHusepauteta y beorpagy 24. centembpa 2018. roguHe.

Ap JeneHa Maskosuh je 3a meHTOpa mactep paga JENNIEHE BYKOBUR umeHoBaHa Ha
ceaHuumn HacrasHo-HayyHor Beha ®usnukor dakynteta ogpxaHoj 18. okto6pa 2017. roauHe
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The International Conference on Many Particle Spectroscopy of Atoms,

Molecules, Clusters and Surfaces MPS-2018 (21-24 August, 2018)

Date: Debrecen, 25. June 2018.

Dear Prof. Jelena Maljkovic!

As the chairman of the Local Organizing Committee of MPS’18 (The International Conference
on Many Particle Spectroscopy of Atoms, Molecules, Clusters and Surfaces), it is my pleasure
to invite you to participate in the MPS’18 to be held in Budapest, Hungary from 21-24 August
2018.

Your contributed paper entitled “Elastic electron scattering by triethyl phosphate molecule —
experimental and theoretical study " has been selected and accepted for invited talk presentation
at the conference. MPS is a biannual meeting, which deals with physical and chemical
phenomena induced by the interaction of charged particles (singly up to highly charged ions,
atoms and clusters, electrons) and photons with atoms, molecules, clusters and surface and the
bulk of solids and also liquids. The aim is to promote the growth and exchange of scientific
information on these areas of atomic and molecular and surface physics.

Please note, however, that this invitation does not imply an obligation for financial support from
the conference organizers.

The MPS-2018 organizers encourage you to apply for the visa (if needed) as early as possible.
You may find more details concerning to visa issues on our official webpage:
http://mpsbudapest2018.com

We are looking forward to welcoming you in Budapest!

Yours sincerely,

<

Al . :
‘% IJ‘L]’ e /

Prof. Dr. Karoly To6kési
Chairman

Conference Organizing Committee, MPS’18

E-mail: mps2018@atomki.mta.hu mpsbudapest2018 @gmail.com http://www.mpsbudapest2018.com
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WELCOME

We are pleased to welcoming to the 13™ European Conference on Atoms
Molecules and Photons (ECAMPI13) in Florence!

The triennial ECAMP conference series, launched in 1981, is the major
conference of the Atomic, Molecular and Optical Physics Division (AMOPD)

of the European Physical Society (EPS).

The Scientific Programme covers the most recent developments in the
broader field of AMO physics.

We extend our sincere appreciation and gratitude to the Chairs and all
Speakers whose contributions help to make this event possible.

We are very much looking forward to this outstanding event and its unique
approach to exchanging knowledge.

The Local Organizing Committee




ECAMPI13

13™ EUROPEAN CONFERENCE ON ATOMS, MOLECULES AND PHOTONS

FLORENCE, ITALY

APRIL 8-12, 2019

GENERAL INFORMATION

Organizing Committee ERS

EPS AMOPD

The Atomic, Molecular and

Optical Physics Division (AMOPD) of the European Physical Society (EPS)

Organizing Secretariat
u

oic

meeting
specialists

Viale Matteotti, 7 - 50121 Florence, ltaly

Tel. ++39 055 50351 - Fax ++39 055 5001912
ecamp2019@oic.it - www.ecampl3.org

The Organizing Secretariat desk is open for registration and information according
to the following time schedule:

Sunday, April 7 16.00-18.00
Monday, April 8 08.00-20.00
Tuesday, April 9 08.30-19.00
Wednesday, April 10 08.30-13.00
Thursday, April 11 08.30-19.00
Friday, April 12 08.30-17.30

Congress Venue
Fortezza da Basso - Cavaniglia Pavilion
Viale Strozzi 1 - 50129 Florence, Italy

App ECAMP13

A dedicated APP for ECAMP13 has been realized!

Download the app “miTalent” from App Store or Android. Insert the code:
ecampl13 and then start to use it!

Registration Fees

Registration fees (VAT included) On site
Delegates 600,00 € (491,80 € + VAT)
\_Students* 320,00 € (262,30 € + VAT) J

*Copy of valid Student Card must be handed at the Registration Desk
Registration is mandatory for all oral and posters presenters.

Welcome Reception & Social Dinner for Accompanying Person
The price is 70,00 € (VAT included) and includes:

- Welcome reception on April 8 at the Congress Venue

- Social dinner on April 10 2019 at Palazzo Borghese
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Symmetry breaking atomic ionization by coherent circularly polarized
bichromatic radiation

EV. Gryzlova', A.N. Grum-Grzhimailo', M.M. Popova, E.l. Staroselskaya',
N. Douguet?, K. Bartschat? ('Russia, 2USA)

Inspecting the hydrogen migration in water using asymmetric fs laser
E. Kechaoglou, S. Kaziannis, C. Kosmidis (Greece)

Coherent blue light generated by four-wave mixing: interference effect and
autler-townes splitting
M.P. Moreno, A.A.C. de Almeida, S.S. Vianna (Brazil)

Coherent population oscillations-based light storage
P. Neveu, C. Banerjee, F. Bretenaker, E. Brion, F. Goldfarb (France)

Phase sensitive amplification enabled by coherent population trapping
P. Neveu', C. Banerjee', J. Lugani'?, F. Bretenaker', E. Brion', F. Goldfarb'
('France, 2United Kingdom)
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Methane gas has been investigated widely in past years by electron collisions (see a comprehensive review of
electron elastic cross sections [1]). We have done a combined experimental and theoretical study of the electron
elastic differential cross sections from methane molecule (CHy) in the intermediate energy range. The
experimental setup based on a crossed beam technique comprising of an electron gun, a single capillary gas
needle and a detection system with a channeltron was used to measure differential cross sections. The absolute
scale for the cross sections is obtained by relative-flow method using argon gas as a reference [2]. For the
interpretation of the measured data we applied the partial expansion method to calculate the elastic cross sections
for electron scattering from methane Fig 1. shows our theoretical results of the differential elastic electron
scattering from methane molecule at 100 eV.

] E0= 100eV
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Fig. 1 Angular dependence of relative DCS for elastic electron scattering on methane molecule.
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We have investigated elastic electron scattering from anaesthetic molecules, halothane and
sevoflurane, in the medium energy range from 50-300 eV [1]. Experiment has been performed
on the UGRA apparatus [2] settled at the Institute of Physics Belgrade. The experimental setup,
based on a crossed beam technique comprising of an electron gun, a single capillary gas needle
and a detection system with a channeltron, was used to measure differential cross sections. The
absolute scale for the cross sections is obtained by relative-flow method using argon gas as a
reference [3]. Absolute DCSs for elastic electron scattering from sevoflurane at 100 eV are
shown in Fig.1.
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Fig.1. Angular dependence of the DCSs for elastic electron scattering from sevoflurane at 100 eV.
Circles represent absolute experimental differential cross sections; stars represent absolute values
obtained by relative flow method.
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J B Maljkovi¢ ' *, J Vukovi¢?, K Tokési®*, B Predojevié? and B P Marinkovié¢!

nstitute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia
2Faculty of Science, University of Banja Luka, Mladena Stojanovica 2, 78000 Banja Luka,
Republic of Srpska, Bosnia and Herzegovina
3Institute for Nuclear Research, Hungarian Academy of Sciences (ATOMKI), Debrecen, Hungary
*ELI-ALPS, ELI-HU Non-profit Kft., Szeged, Hungary

Synopsis

We have performed a combined experimental and theoretical study of electron elastic differential and

integral cross sections from methane molecule (CH4) in the intermediate energy range. Data have been com-
pared with available data sets in the literature as well as with recommended data set [Song ef al J. Phys. Chem.

Ref-Data 44 023101 (2015)].

Methane gas has been investigated wide-
ly in past years by electron collisions [1,2].
We measured electron elastic differential
cross sections (DCSs) for methane molecule
(CH4) in the energy range from 50 eV to
300 eV and angular range from 20° to 130°.
DCSs were then extrapolated to zero and
180° and integrated in order to obtain the
integral cross sections. The experimental
setup based on a crossed beam technique
comprising of an electron gun, a single ca-
pillary gas needle and a detection system
with a channeltron was used to measure dif-
ferential cross sections.

The absolute scale for the cross sections
is obtained by relative-flow method using
argon gas as a reference [3]. For the inter-
pretation of the measured data we applied
the partial expansion method to calculate
the elastic cross sections for electron scat-
tering from methane.

Here we present our daa point at 50 eV and
we find it in an excellent agreement with the
recommended set of data [1]. At the conference
we will present our data points in a full scale of
clectron impact energies, from 50 to 300 eV in
steps of 50 eV and calculated ICS curves ob-
tained based on IAM method and screening cor-
rection factors.

* E-mail: jelena.maljkovic@ipb.ac.rs
" E-mail: bratislav.marinkovic@ipb.ac.rs
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Figure 1. Energy dependence od integral cross sections
for elastic electron scattering by methane molecule.
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Synopsis  We have performed a combined experimental and theoretical study of electron elastic differential and
integral cross sections from methane molecule (CH4) in the intermediate energy range. Data have been com-
pared with available data sets in the literature as well as with recommended data set [Song et al J. Phys. Chem.

Ref.Data 44 023101 (2015)].

Methane gas has been investigated wide-
ly in past years by electron collisions [1,2].
We measured electron elastic differential
cross sections (DCSs) for methane molecule
(CH4) in the energy range from 50 eV to
300 eV and angular range from 20° to 130°.
DCSs were then extrapolated to zero and
180° and integrated in order to obtain the
integral cross sections. The experimental
setup based on a crossed beam technique
comprising of an electron gun, a single ca-
pillary gas needle and a detection system
with a channeltron was used to measure dif-
ferential cross sections.

The absolute scale for the cross sections
is obtained by relative-flow method using
argon gas as a reference [3]. For the inter-
pretation of the measured data we applied
the partial expansion method to calculate
the elastic cross sections for electron scat-
tering from methane.

Here we present our daa point at 50 eV and
we find it in an excellent agreement with the
recommended set of data [1]. At the conference
we will present our data points in a full scale of
electron impact energies, from 50 to 300 eV in
steps of 50 eV and calculated ICS curves ob-
tained based on 1AM method and screening cor-
rection factors.
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Figure 1. Energy dependence od integral cross sections
for elastic electron scattering by methane molecule.
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cross sections for elastic electron scattering from zin, Phys. Rev. A 99, 062702 (2019) 10pp]. 3agatak 1.2 (pykoBoaumar 3aatka jap Jenena Mamkosuh): a) 3BperieHa cy Mepermha enacTHHIHOT pacejarba eJIeKTpoHa Ha
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MO INOUKAITAIN HAHOOUIIMOBA. 3agatak 2.1: (pykoBoaumnari 3agarka ap Mumor Parkosuh): 3aBpiiena TemaTrka. 3agaTak 2.2 a) (pykoBoauiarr 3agatka ap Maja PaGacosuh): M3BprtieHa cy Mepema ONTHUKIX
locoGuHa TparkacTix HaHo Matepujana (Sr2CeO4:Eu, GAVO4:Sm; Gd27r207.Eu; CaW04:Nd),xao u armkouBepsuonor MaTtepyjana(Gd203:Er, Yb). Moryhaoctu iprimene MaTepujata Y VO4:Eu3+ 3a Mepema mmpoMere
memmiepatype cy myonmukoBary [P22. J. Phys. D: Appl. Phys. 53, 015106, 10pp, online 1st Oct. 2019]. Pesynrtatu aHammse u kapaktepu3arpje Mareprjata CdSe/ZnS-PMMA my6muxoBanu cy y pajgoBy [P17. Optical properties
CaWO4:Nd3+/PMMA composite layered structures, Opt. Mater. 96, 109361 (2019) 8pp]. Onrriuke ocobune Matepujana CaWO4:Nd cy peactaBbere y paay [P11. Optical properties and fluorescence of quantum dots
CdSe/ZnS-PMMA composite films with interface modifications, Opt. Mater. 92, 405-410 (2019)]. 6) HacraBibeHo je n3ydaBame JTacepcku HHyKOBaHOT IpoGoja U MocMaTpaH! Pa3IMIuTH BPEMEHCKH Pa3Maltyl y30PKoBarha
[PO1. Laser-Induced Plasma Measurements Using Nd: YAG Laser and Streak Camera: Timing Considerations, Atoms, 7(1), 6 (2019) 12pp]. B) McrmTrBana je mokamu3ainyja enekTpoHa y JBOSTEKTPOHCKIM KBAaHTHUM TarlkaMa
[V 38BEICHOCTH O/ javrHe CIIOJhalllibel’ MArHETHOT I10Jha U Be3a ca KBAHTHOM IperrieTeHonhy HajHIKIX cTamba U IyOmvkosaH je paj. [P19. Effect of the magnetic field on electron density distributions in two-electron quantum
dots. J. Phys. A. Math. Theo. 52, 435303 (2019) 21pp]. 2.3 HactaBmeHa je o6pazna pesynrara TiO2 memprctopa modujennx FEBID texmmkom. TEMA 3. ®OTOITPOIECH BE3AHU 3A MHTEPAKITUJE JIACEPCKOI" 1
CHHXPOTPOHCKOI" 3PAYELA CA ATOMUMA, JOHNMA U (BUO)MOJIEKYJIMMA. 3anatak 3.1 a) Mutepakiiyja macepckor 3paderha ca SHoMoleKyTuMa (pyKoBoauiIall 3afarka ap Maja PaGacosuh): HactaBmeHo je
M3yYaBare BPEMEHCKH Pa3IoKeHIX Iy MIHECTIEHTHIX cIiekTapa anmkanonaa 6uibke pyca [CI10. Nonlinear microscopy and time resolved fluorescence spectroscopy of Chelidonium majus L. Proc. PHOTONICA2019]. 6)
MHTepaKIMja CHHXPOTPOHCKOT 3pauera ca (010 )MoJIeKyIuMa (pykoBoauiarl 3a1arka ap Carma Tormh): [IpoyuaBanu cy Moryhu MexaHusaMu gparMeHTalyje MojieKkyiia Kao JUpeKTHE MOce UITe arcoprmyje X 3paderna
MOMONY TIOIECHBOT CHHXPOTPOHCKOT 3paterha Y KOMOHHAIT]H ca PazITIiTUM exciiepuMenTatauM Texaukama (PES, XPS, NEXAFS, PEPICO, PIPICO, mMaceHa CIIeKTpOMETpHja) Ha pa3IiuATHM MOTIEKYIIMA: 1)
rrTponMuasonMa [P10. Radiation Damage Mechanisms of Chemotherapeutically Active Nitroimidazole Derived Compounds, Front. Chem. 7, 329 (2019) 14pp: PO6. Core shell investigation of 2-nitroimidazole, Front.
Chem. 7, 151 (2019) 13pp]; i) TutaHmjyM-130-TIPOTIOKCHT (OPraHOMETAIHK, TIPEKYPCOp 3a XeMujcKy jaerno3vyjy 1 GEBN ]I TexHrKy BHcOKe pe3omyIHje koja oMoryhaBa cTBapame U ypehuBarme HAHOCTPYKTY PHIX
mMarepujana) [C113. Photo-induced fragmentation of the titanium (I'V) iso-propoxide molecule, VEIT 2019: CI12. Inner-shell spectroscopy of titanium (I'V) iso-propoxide, PHOTONICA2019]. Oa uctpaxuBama cy
MpeicTaB/heHa ¥ Ha YBOJHOM IpeiaBarby Y OKBHUPY IIPBE BPOIICKe paIOHUITe KOPUCHUKA CHHXPOTpoHa ojpxkaHe y beorpagy ESUO Organization [IT02. Core Shell Investigation and Radiation Damage Mechanisms of
INitroimidazole Compounds studies at the Gasphase Beamline @ Elettra, Photonica 2019 and 1st ESUO Regional Meeting, Belgrade, 28.08.2019] 3anatax 3.2 (pykoBo;mnar 3a1arka jap [peapar Konapx): HcrpaxkeHa
e(eKTHBHA /1032 03padeHOCTH MojeMHIX AenoBa barkana [O01. Effective Doses Estimated from the Results of Direct Radon and Thoron Progeny Sensors (DRPS/DTPS), Exposed in Selected Regions of Balkans, Radiation

Natvm: 10 02 2020 071152
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From Jelena Maljkovic <jelenam@ipb.ac.rs>
Toe  Jelena Maljkovic <jelenam@ipb.ac.rs>
Date 2022-04-11 13:48

-------- Original Message --------

Subject: MD-GAS COST Action: invited talk
Date: 2019-12-18 11:52

From: Alicja DOMARACKA <domaracka@ganil.fr>
To: <jelenam@ipb.ac.rs>

Dear Jelena Maljkovic,

On behalf of the Scientific Organizing Committee I would like to invite
you to give a talk with the tentative title _Elastic electron scattering
processes_ at the first General Meeting of the COST Action: MD-GAS
(Molecular Dynamics in the GAS-phase). The meeting will be held at the
GANIL facility in Caen, France, February 18-21, 2020. See
https://www.cost.eu/actions/CA18212/#tabs|Name:overview [1] for more
information about this new COST Action, which started on November 12,
2019. Invited talks will be 25 min+5 min for questions.

Note that there is no registration fee. Further information will soon be
available on the meeting website: https://md-gas.sciencesconf.org

Given the very short time to meeting, we kindly ask for your definite
decision within 7 calendar days.

In case of a positive response, please also provide the title of your
talk.

We look forward to hearing from you soon.
Best regards,
Alicja Domaracka,

on behalf of the Scientific Organizing Committee
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Alicja Domaracka (CNRS)

CIMAP - Centre de Recherche sur les Ions, les Matériaux et la
Photonique

UMR 6252 (CEA - CNRS - ENSICAEN - Université de Caen Normandie)
CIMAP - GANIL Bd H. Becquerel - BP 5133 - 14070 CAEN Cedex 5 FRANCE
Tél : +33 (@) 2 31 45 45 03

Fax : 433 (@) 2 31 45 47 14

http://cimap.ensicaen.fr
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_Préservons notre environnement, n’imprimez ce mail que si
nécessaire._
_Preserve our environment, print this email only if necessary._

[1] https://www.cost.eu/actions/CA18212/#tabs|Name:overview

Institute of Physics Belgrade
Pregrevica 118, 11080 Belgrade, Serbia
http://www.ipb.ac.rs/
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COST Association Notification <noreply@cost.eu>
Jelena Maljkovic <jelenam@ipb.ac.rs>
2022-02-10 16:11

COST Action CA20129: Update of Working Group Assignment lm Web ma‘ ‘

i

Dear Dr Jelena Maljkovic,

This is to inform you that your Working Group assignment has been updated. You are currently assigned to
the following Working Groups of COST Action CA20129:

WG1: 1. Irradiation- and chemistry-driven multiscale phenomena
WG4: 4. Training, dissemination and outreach

If you need further information, please contact the Action.

Best regards,

COST Association

COST Association | Avenue du Boulevard-Bolwerklaan 21
1210 Brussels | Belgium
Tel: +32 2 533 38 00
helpdesk@cost.eu | https://www.cost.eu

WG-007 — Mail generated by e-COST on 10 February 2022 at 16:11:10

https://maiI.ipb.ac.rs/roundcube/?_task=mail&_safe=O&_uid=28267&_mbox=|NBOX&_action=print&_extwin=1
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HAYYHOM BERY UHCTUTVYTA 3A OU3UKY

Ipeamer:
3axTeB 3a MOKpeTame MOCTYMKA 3a 300p Y 3Balkbe HAyYHOT capaHuKa
np Jeiaena MaspkoBuh

Monum Hayuno Behe WHctuTyTta 3a QU3MKYy Aa y cKiaay ca
[IpaBWIHUKOM O TOCTYNKY M HAyUMHy BpEIHOBamka M KBAaHTUTATUBHOM
HCKa3WBalkby HAyYHOMCTPAXKMBAUKUX pe3yJiTaTa HCTPaKUBaya, MOKPEHE
MOCTYyTaK 3a MOj U300p y 3BamkE Hay4YHOT capagHuKa

VY beorpany, 24.05.2013. ronune

Jelena Maljkovi¢




8. Biografija

Jelena (Bozidara) Maljkovi¢ je rodena u Travniku (Bosna i
Hercegovina) 24. aprila 1977. godine. Fizicki fakultet — smer
Teorijska 1 eksperimentalna fizika je zavrSila 2006. godine na
Univerzitetu u Beogradu sa srednjom ocenom 8,82. Master studije
je upisala 2006. godine na Fizickom fakultetu Univerziteta u
Beogradu i zavrsila 2007. godine sa prose¢nom ocenom 10,00.
Doktorske studije je upisala 2007. godine na Fizickom fakultetu
Univerziteta u Beogradu — smer Eksperimentalna fizika atoma i
molekula 1 zavrsila sa srednjom ocenom 10,00.

Jelena Maljkovi¢ je dobitnik Norveske stipendije 2001.
godine. U radnom odnosu na Institutu za fiziku Univerziteta u
Beogradu je od juna 2008. godine u zvanju istraziva¢ saradnik.
Ucestvovala je takode na nekoliko bilateralnih nau¢nih projekata
(Srbija-Slovenija 2008-2009; Srbija-Slovacka 2010-2011; Srbija-
Francuska 2012-2013). U okviru ovih projekata, Jelena Maljkovi¢
je znacajno prosirila svoje znanje 1 iskustvo tokom naucnih poseta
Institutu ,,JoZef Stefan* u Ljubljani, ,,Comenius®* Univerzitetu u
Bratislavi i SOLEIL sinhrotronu pored Pariza.



MULIJBEBE PYKOBOAMOLIA TTPOJEKTA CA ITPEAJIOT'OM
YJIAHOBA KOMUCHIJE 3A TIMCAIBE U3BEIITAJA

Kanmunarkuma np Jenema MasbkoBuh wucCHymaBa CBE  YCIIOBE
npensuhene [IpaBMITHUKOM KOjUM C€ PETYNHINY CTHIaha HAYYHHX 3Bamba
Peny6mmke CpOuje 3a n300p y 3Bamkbe HAyYHOT CapaJHUKa T€ CMaTpaMm Ja
Hayuno Behe Muctutyta 3a Qusuky YHuBep3uteta y beorpamy tpeba nma
MMOKPEHE MHUITN]ATUBY 3a FeH 300D Y OBO 3BALE.

Kanmunatkuma je  ydecTBOBaja y  MPETXOJHUM  HAY4YHO-
HUCTPOXUBAYKAM TMPOjeKTUMAa MUHHCTApCTBA 32 HAYKy M TEXHOJIOIIKA
pa3Boj a caga MHUHHUCTPACTBY 3a MPOCBETY, HAYKY M TEXHOJIOIIKUA Pa3Boj
Peny6muke CpOuje u Ha CBakoOM je MokKazaja 3amakeHe pesyJrare. JeieHa
MasbkoBuh ~ je JOKTOpPCKY Aucepranujy oja0OpaHuina Ha Duznykom
dakynrety YHupepsutera y beorpany mana 14.05.2013. moag MeHTOPCTBOM
np Anekcanapa MusocasspeBuha.

VY mepuony a0 oxbpaHe JOKTOpPCKE AucepTaluje myoiMkoBana je 7
pagoBa y MehyHapogHUM Hacomucuma, 9 caommTema Ha MeljyHApOIHUM H

JETHO Ha HAalMOHAJIHUM CKynoBuMa. PanoBu cy a0 caga uutupanu 29 myta
0e3 ayromnurara (Web of Knowledge, 23.05.2013).

[Ipensior unanoBa Komucuje 3a nucame u3BeIITaja:

1. ap Anexcannap MusiocaBjbeBuh, BUIIIM H.capaiHUK _, 1. pedepeHT
2. np bpatucnas MapunkoBuh, H.CaBETHUK
3. np I'opan Ilonmapuh, Baapennu npodecop Yuus. y beorpaay

PykoBonunar npojexta O 171020

Hp bpatucnas Mapunkosuh,
HAy4YHU CaBETHHUK



CIIMCAK HAYYHHUX PAIOBA

MOHOI'PA®UJE, MOHOT'PAD®CKE CTYIAUJE, TEMATCKHU 3bOPHUIIU,
JJEKCUKOT'PA®CKE U KAPTOT'PA®CKE ITYBJIMKAIINJE
MEBYHAPOJHOI 3HAYAJA
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1. Cross section data for electron collisions in plasma physics

B. P. Marinkovi¢, V. Pejéev, D. M. Filipovi¢, D. Sevi¢, A. R. Milosavljevi¢, S. Milisavljevié, M.
S. Rabasovi¢, D. Pavlovi¢ and J. B. Maljkovi¢

Journal of Physics: Conference Series, 86, 012006 (2007).

PATOBHU OBJAB/BEHU Y HAYYHUM YACOIIMCUMA MEBYHAPOJHOTI'
3HAYAJA
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P1. M Danko, J Orszagh, M Durian, J Koc¢isek, M Daxner, S Zéttl,

J B Maljkovi¢, J Fedor, P Scheier, S Denifl and S Matejcik

“Electron impact excitation of methane:determination of appearance energies for
dissociation products”

J. Phys. B: At. Mol. Opt. Phys 46 045203 (2013)

DOI: 10.1088/0953-4075/46/4/045203

P2.J. B. Maljkovi¢, F. Blanco, R. Curik, G. Garcia, B. P. Marinkovi¢, and A. R. Milosavljevi¢,
“Absolute cross sections for electron scattering from furan”,

J. Phys. Chem. 137 064312 (2012) [10 pages].

http://link.aip.org/link/?JCP/137/064312

DOI: 10.1063/1.4742759

P3. J. B. Maljkovi¢, F. Blanco, G. Garcia, B. P. Marinkovi¢, and A. R. Milosavljevig,
“Absolute cross sections for elastic electron scattering from methylformamide”,

Physical Review A 85, 042723 (2012) [8 pages].
http://link.aps.org/doi/10.1103/PhysRevA.85.042723

DOI: 10.1103/PhysRevA.85.042723

P4.J. B. Maljkovi¢, A. R. Milosavljevi¢, F. Blanco, D. Sevi¢, G. Garcia, and B. P. Marinkovié,
“Absolute differential cross sections for elastic scattering of electrons from pyrimidine”,
Phys. Rev. A 79, 052706 (2009) [7 pages].
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P1.J. B. Maljkovi¢, F. Blanco, G. Garcia, B. P. Marinkovi¢, and A. R. Milosavljevi¢,

“Elastic electron scattering from formamide molecule”,

Nucl.Instrum. Meth. B. 279 124-127 (2012).

Special issue: Proceedings of the Fifth International Conference on Elementary Processes in
Atomic Systems, Belgrade, Serbia, 21-25 June 2011, Edited by Bratislav Marinkovi¢ and Karoly
Tokési.

d0i:10.1016/j.nimb.2011.10.029
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P1. A. R. Milosavljevi¢, F. Blanco, J. B. Maljkovi¢, D. Sevi¢, G. Garcia, and B. P. Marinkovi¢,
“Absolute cross sections for elastic electron scattering from 3-hydroxytetrahydrofuran”,

New J. Phys. 10 103005 (2008) [19 pages].

doi: 10.1088/1367-2630/10/10/103005

P7. B. P. Marinkovié, A. R. Milosavljevi¢, J. B. Maljkovi¢, D. Sevi¢, B. A. Petrusevski, D.
Pavlovi¢, D. M. Filipovi¢, M. Terzi¢ and V. Pejcev,

“Optical and Electron Spectrometry of Molecules of Biological Interest”,

Acta Physica Polonica A 112(5) 1143-1148 (2007).
http://przyrbwn.icm.edu.pl/APP/ABSTR/112/a112-5-68.html
http://przyrbwn.icm.edu.pl/APP/PDF/112/a1122568.pdf

Proceedings of the International School and Conference on Optics and Optical Materials,
ISCOMO7, September 3-7, 2007, Belgrade, Serbia. ISSN: 0001-673X
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1 A.R. Milosavljevié, F. Blanco, J. B. Maljkovi¢, G. Garcia, B. P. Marinkovié¢,

“Absolute differential cross sections for electron scattering from building blocks of biopolymers”,
Proc. 5™ Conference on Elementary Processes in Atomic Systems (CEPAS2011) and the 2™
National Conference on Electronic, Atomic, Molecular and Photonic Physics (CEAMPP2011),
215 — 25 June 2011, Belgrade, Serbia, Contributed Papers & Abstracts of Invited Lectures,
Editors: Aleksandar R. Milosavljevi¢, Sasa Dujko and Bratislav P. Marinkovi¢, Abstract of
Invited Topical Lecture, p.28.

ISBN: 978-86-82441-32-8
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1Aleksandar R. Milosavljevi¢, Jelena B. Maljkovié, Dragutin Sevi¢, Iztok Cadez and Bratislav P.
Marinkovi¢,

“Measurement of kinetic energy distribution of positive ions from electron induced dissociation
of pyrimidine molecule”,

Proc. 25" Summer School and International Symposium on Physics of lonized Gases SPIG, 30™
Aug — 4" Sept. 2010, Donji Milanovac, Serbia, Book of Contributed Papers and Abstracts of
Invited Lectures, Topical Invited Lectures and Progress Reports, editors: L. C. Popovi¢ and M.
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Publ. Astron. Obs. Belgrade No. 89, July 2010, ISSN: 0373-3742 pp. 37 — 40.
Acknowledgements: grant 141011 as well as the project of bilateral scientific collaboration
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2. Jelena B. Maljkovi¢, Aleksandar R. Milosavljevi¢, Zoran Pesié, F. Blanco, G. Garcia, Dragutin
Sevi¢ and Bratislav P. Marinkovi¢,

“Absolute differential cross section for elastic electron scattering from halothane at 100eV

Proc. 25" Summer School and International Symposium on Physics of lonized Gases SPIG, 30t
Aug — 4" Sept. 2010, Donji Milanovac, Serbia, Book of Contributed Papers and Abstracts of
Invited Lectures, Topical Invited Lectures and Progress Reports, editors: L. C. Popovié¢ and M.
M. Kuraica, ISBN 978-86-80019-37-6,
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3. A. R. Milosavljevi¢, F. Canon, J. B. Maljkovi¢, L. Nahon and A. Giuliani,

“Photodissociation of pure and nanosolvated protonated leucineenkephalin peptide”,

Proc. 26" Summer School and International Symposium on Physics of lonized Gases SPIG, 27" —
30" Aug. 2012, Zrenjanin, Serbia, Book of Contributed Papers & Abstracts of Invited Lectures
and Progress Reports, editors: M. Kuraica and Z. Mijatovi¢, ISBN 978-86-7031-242-5(print) and
978-86-7031-244-9(e-book), Contributed Paper, pp.55 — 58.

http://spig2012.pmf.uns.ac.rs/
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1. A. R. Milosavljevi¢, J. B. Maljkovié, D. Sevi¢ and B. P. Marinkovié,

“Electron interaction with biologically relevant molecules in gaseous phase”,

Research Conference, ESF-FWF Conference in Partnership with LFUI, “Chemical Control with
Electrons and Photons”, Chairs: P. Swiderek and N. J. Mason, 22-27 November, 2008,
Obergurgl, Austria, Poster Abstracts 30.

http://www.esf.org/conferences/08261
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“Relative angle-differential cross sections for elastic electron scattering from pyrimidine”,
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Abstracts of Invited Lectures, Topical Invited Lectures and Progress Reports, 25 — 29 August
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“Merenje apsolutnih diferencijalnih preseka za elasti¢no rasejanje elektrona na malim
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Zbornik radova “Fizika 2010 BL”, Banja Luka, Republika Srpska, BiH, 22-24 septembar 2010.
Urednik: B. Predojevi¢, (PMF, Studijki program fizika, Banja Luka, 2011), Sekcijsko predavanje
Sudari elektrona sa atomima i molekulima, str. 201 — 210.

“Measurements of differential cross sections for elastic electron scattering by small
biomolecules”, (in Serbian)

Proceedings “Physics 2010 BL”, Banja Luka, Republic of Srpska, BiH, 22-24 September 2010.
Ed. B. Predojevi¢, Oral presentation within the section Electron Scattering by Atoms and
Molecules, pp.201 — 210.
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