




HHCTH'l`y'I' 3A q]m3IiEt:y
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PaAm cTaryc: 3allocjleH
Ha3HB IIHCTlrryH14je y Kojoj je 3anoc7IeH/a: HHc"ryT 3a dyll3IIKy y BeorpaHy
HpeTxonHa 3alloc7Ielba: /

06pa3oBalE.e
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CTpytHa 6IIOxpaoIIja

M14JI]aH  Hallmh  pobeH  je  3.11.1990.  roAHHe  y  HapahHHy,  rae  je  3aBpllmo  ocHOBHy  IIIKOJry  H  npHpoAHo-
MaTeMaTrmrm    cMep    rl"Ha3IIje.    oCHOBHe    aKafieMCKe    cTyAlije    Ha    oHceKy    3a    ®113IItlKy    eJleKTpoH14Ky
EJleKTPoTexH14qKor  dyaKy7ITeTa  ylmBep3HTeTa  y  Beorpany  3aBpll"o je  y jyJly  2013.  roAHHe,  ca  HPoceqHOM
oi|eHOM 9.93. MacTep aKaj]eMCKe cryflMje Ha HCTOM oAcery 14 dyaKyJITeTy 3aBpli"o je y jyny 2014. roAHHe, ca
npoceqHOM  oHeHOM  1o.oo.  CBoj  MacTep  pap  ypaAHo je  y Jla6opaTopl4jH  3a  IIpllMeHy  panyHapa  y  Hayi|H  Ha
14HC"ryTy 3a dyll3Hry y Eeorpapy, nqu MeHTopcTBOM Ap Hropa CTaHKOBHha. ORTo6pa 2014. roA14He yr"cao

je  HOKToPCKe  aKaAeMCKe  cTyAHje  Ha  ®H3HqKOM  dyaKyurery  yHmep3RTeTa  y  Beorpaf|y,  Ha  cMepy  dyl43HKa
KOHHeH30BaHe MaTepl4je H cTaTHc"tlKa dyH314Ka. HOKTopcKe cTyqlqje Ha ®113IIqKOM dyaKyjlTeTy 3aBpmHo je ca
IIPoceqHOM  olieHOM  9.75.  BpeAHo je  IIOMeHy" f|a je  IIOJlarao  H ABa qll¢epeHlilljaJIHa  14cllFTa  ca  ocHOB"x
aKaAeMcrmx  c'ryAHja  dyH314Ke  (TeopHjcKa  MexaHHKa  H  TeopHja  KOHAeH3oBaHor  CTaH]a),  H  Ha  o6a je  flo6Ho
ol|eHy  10.  flaHa  23.  cerITeM6pa  2019.  roH14He,  oA6pa"o  je  cBo].y  AORTopcry  flHcepTal|Hjy  „Modeling  the
Behaviour of Confined Dipolar and Ionic Systems" Ha ®H3ImKOM dyaKyJITery yHHBep3RTeTa y Beorpany, Koja
je ypabeHa nqu MeHTopcTBOM Ap Mropa CTaHKOBHha.  OA HOBeM6pa 2014. roHrme 3anocJleH je Ha 14Hc"ryry
3a  dyl43IIKy  y  Beorpany  y  Jla6opaTopl4jH  3a  IIpl4MeHy  paqyHapa  y  Haylil4,  y  oKBHpy  HaHHOHajlHor  lieHTpa
143y3eTlmx   Bpeqlloc"   3a   H3yqaBaHe   KOMnJleKCHIIx   cHCTeMa,   r`Ae   je   Ao   Ael|eM6pa   2019.   rofll4He   6Ho
aHra)KOBall   Ha   TlpojeKTy   OcHOBH14x   14cxpaxHBaH,a   „Mqu|e/114paH,e   14   HyMepHLIKe   cHMy/Ial|14je   c/IoxeH14x
BrmeqecTlrmHx cHCTeMa" (OH171017), Kojl" je pyKOBOHHo Ap AHryH BaJla)K, a oA jaHyapa 2020. rofll4He je
aHra)KOBall HHCTrmyliHOHa7IHo. y 3BaH,e 14cTpa;K14Baq capaf]HHK 143a6paH je y allpl4/Iy 2017. rqu|14He, a y 3Balbe
HayqHH capapHHK y MapTy 2020.  roAIIHe.  y nepHOAy qu  1.11.2019.  roflllHe Ho 31.12.2021.  roAIIHe Pafflo je
Ha tlemKOM TexHHtlKOM  yHIIBep3FTery  y  IIpary  y tlemKoj  Kao  I]OcTfloKTOpcRE  HCTpa"Baq.  rlo  3aBplileTny
HaBeAeHor rlocTf|oKa, BpaT14o ce y BeorpaA 11 rlpoBeo je 2022. roAHHy papehl4 Ha CBOM MaTIIqHOM HHc"ryTy
3a   ®113HKy   y   Beorpqu|y.   CxBaTajyha   3Haqaj   MebyHapoA"x   capafHbH   y   MquepHoj   Haypr,   a   Hap0qHT0
nocTfloRToPCKHx   ycaBpmaBalba   y   14HocTpaHCTBy,   IIOTpan{IIo   je   HOBH   nocTAOK.   Ha   oCHOBy   IIo3IFT14BHHx

yTHcaKa ca npBor nocTAOKa 11 814coKor HHBoa 3HalLa qelilKor je3HKa, paf|o je np14xBaT14o MoryhHoCT IIOBpaTKa
y   Hpar.   OA   1.3.2023.   roAHHe   Ao   31.12.2024.   roA14He   paflHo  je   Ha   MHCTIITyTy   3a   opraHCKy   xeMH].y   H
614oxeMHjy  tlelllKe  aKapeMHje  HayKa  y  Hpary  Kao  liocTAOKTOpcrm  IICTpa7KIIBaq.  cBoj  HayTIHH  aHra7KMall  y



Hpary  HacTaBHo I.e  y jaHyapy  2025.  roH14He  Ha  HHCTlnyTy  3a  dyH3HqKy  xeMHjy  Japoc7IaB  XejpoBCKII tlelllKe
aKapeM14je   HayKa.   yqecTBOBao   je   y   BHIIIe   Halil4oHajlHHx,   6117IaTepa7I"x   11   MebyHapofl"x   npojeKaTa.

Ho6IITHI¢K je  cryHeHTCKe  HarpaHe  HHc"ryTa  3a  dyH3HKy  y  Beorpapy  3a  Haj6oJby  AOKTopcKy  HIIcepTapHjy
oA6palbeHy TOKOM  2019.  roA14He H  Harpafle  HpllBpeAHe  KOMope  Cp6Hje  3a  Haj6oJbe AORTopcKe flllcepTaliHje
ca  npl"eHaMa  y  IIPHBpefll4  3a  aKaf|eMCKy  iilKOJlcKy  roAHHy  2018/2019.  Kao  tlJlaH  COST  aKliHje  CA21121
MecaNano, Ao6Ho je rpallT 3a yilelllhe Ha MebyHapoqlloj KOHdyepeHliHjl4 "The 11 th International Conference on
Multiscale Materials Modeling (mmmll)" Koja ce oApxaJla y cellTeM6py 2024. roAHHe y Hpary.

2. IIPErJIEE HAytlllE AKTIIBHocTH

HaytlHOHCTpajKIIBaHRE    pap    KaHHHHaTa    IIPHIIafia    HayqHoj    flHcliHrlJ"HH    dyH3HKa   KOHfleH3oBaHe
MaTepHje H ¢H3HKa MaTeplljaJla,  a 3acHHBa ce Ha Teopl4jH,  aHaJIH"REM MeTOAHMa H panyHapcKI"
cHMy/IaliHjaMa.   H]eroBa  HayqHa  armBHocT  y  olieH]HBaHOM  HepHOHy  Moxe  Ce  noHeJIIrm  Ha  TPH
H CTpa}K14BaqKa IIpaBI|;a :

2.1 MofleJloBall.e H cllMyJlal|Hje pa3J[rmH"x HalloTPH6oJ[olllKIIx cllcTeMa

HaHOTpl46oJlo"].a  ce  6aBH dyH3HqKI" ®eHOMeHHMa Tpelba,  xa6alba H  noHMa3IIBalba Ha HaHocKaj",
rlpH qeMy TeMa 14cTpaxrmalba Mory  6H" pa3J"tlFTII MaTep14jaJ".  y oKBIIpy AaTor Hcxpa)KHBarlKor
IIpaBI];a,  KaHfll[qaT je IIOMohy  MOHejloBaH,a H  cHMy7IaliHja H3yqaBao TPH  HaHOTPH6o/IolllKa  cHCTeMa:
aMOP¢He     BaHafurjyM-oKCIIqe,     MemaBHHe     dyocdyoHHjyMCIIx    joHCKHx    TetlHoc"     ca    BOAOM    H
MOJ"6AeHHjyM-AHcyJldyHA.    3ajeqlmqrm    HHJb    cBHx    IIOMeHy"x    14cTpaJKHBalLa   je    oApebHBarbe
cTpyKType MaTepHj aJla npH qupebeHHM TepMOAHHaMHqKHM H MexaHHqKI" ycJloBHMa (TeMIIeparypa,
npHT14caK,  MexaHIIIIKe  HedyopMaHHje  HonyT  npHMelbeHe  HopMaJIHe  CHJle  rmH  cM14Iialba),  a  noTOM  H
OApebl4Balbe   xpH6oJlomKHx   KapaRTepHCTIIKa   (MexaH113aM   H   THn   Tpelba,    Koe®HI]I[jeHT   Tpelba,
xa6albe,   ed)eKaT   noflMa3HBalba).   HaBeAe"   Hayq"   rlpHcryll   oMoryhaBa  Ao6HjaHbe   CTpyKTypa-
oco6HHe  (structure-properties)  peJlalil4je,  Koja  flaje  Aparoliem  yBIIA  y  rloTeHi|HjaJIHe  TexHo7IolllKe
IIPHMeHe    IIclll4THBaHIIx    Tpll6oJlolllKMx    cl4cTeMa.     TaKobe,     pe3yJITa"    nocTHrHy"    y    OBHM
HCTpa"BalbHMa  oMoryhyjy  cHMyJlaHHOHy  pea)epeHliy H  HH¢opMHIIIy  IIapaJleJIHa  (Kpo3  cHHep"jy
cHMy7IaliHje-eKcllepHMeH") II/in 6yAyha eKcnepHMeHTaJIHa HCTpa"BaHa Hay HCTHM TPH6oJlolilKHM
cHCTeMHMa.

2.2 Pa3Boj 11 IIPHMeHe MeTOHa HopMar[He qllHaMHKe

MeTofl  MOJlenyJlapHe  AHHaMHKe   (Molecular  Dynamics  -  MD)  je  jeAaH   qu  Hajpal"peHHjllx   H
HajcTaHnapq"jHx  MeToqa  MoflejloBaH,a  y  ¢113HI|14  KOHAeH3OBaHe  MaTepl4je  H  ¢143III|H  MaTepHjajla.
To   Meby"M   He   cllpeqaBa   pa3Boj   aJITepHaT14BHIIx   MeTOHa   MOAeJloBaH]a,   KojH   y   KOHxpeTHI"
IIpo67IeMHMa    Mory    noKa3a"     6ojby    IIPHMeHjbHBocT    HhaJ"    panyHapcKe    nepdyopMaHce     off
MOJleKy7IapHe flHHaMHKe.  KaHrmaT je  KOHKpeTHo  paAIIo  Ha pa3Bojy  H BepH¢14KaliHjH  HHOBaTHBHor
MeTofla y d}H3HliH MaTepHjajla,  Ha3BaHor HopMajlHa qllHaMHKa (Normal Dynamics - ND), 3aTo inTo
IIpeflcTaBjl]a  eKBHBajlerIT MD-a y peliHIIpoqHOM  npocTopy.  ylloTpe6a HopMaJIHHx  KoopAIIHaTa je  H
oApeqHHlia  Koja  je  f|aJla  Ha3HB  OBOM  HOBOM  MeTofly.   MD  Ce  y  Cylll""  cBoflH  Ha  pelllaBall,e
IbyTHOBIIx jeAVat"Ha KpeTalba flaTor  cHCTeMa aTOMa y KapTe3HjaHCKHM Koop4HHaTaMa.  HopMajlHa

AHHaM14Ka   IIpeHHaqaBa   IbyTHOBe   jeAHa"He    KpeTalLa   IIOMohy   dyoHOHCKHx   HoPMaJIHElx   MOAa,
KopHCTeha aHeKBaTHo y3opKOBalbe peliHHpotlHor rlpocTopa, IIITo oMoryhaBa:  IIOBehalLe pallyHapcKe
e¢14KacHoc"  (Tj.   cKpahaBalbe  BpeMeHa  143BplllaBaH]a  paqyHapcKIIx  nporpaMa)  6HpaHbeM  KojH  H
Ko7IIIKo  'TajlacHHx   BeKTopa   Bpny7IeHOBe   3oHe   he   6rml   pa3MaTpaHH,   Kao   H   y3HMalbe   y   o63Hp

AHCTop3Hja    IIpeKo    BeJIHKHx    aTOMCKHx    pacTojalba,    6e3    IIoxpe6e    3a    Kopl4IIIhelbeM    Be/"rmx
cHMyJlalil4oHHx KyTHja.

2.3 MofleJloBalbe H CHMyJlaquje xHflpaTHcallllx Ha®HOH MeM6paHa

ITopHBHe  hej"je  ca  MeM6paHOM  3a  pa3MeHy  HpoTOHa  (Proton  Exchange  Membrane  Fuel  Cells  -
PEMFC),   Koje  KopHCTe   BOAOHHK  Kao   ropHBo,   IIpeHCTa87bajy   IIepclleKTHBHo   peHelbe   3a  mHpoK
clleKTap  npHMeHa KOHBep3Hje  eHep"je,  IIPH HeMy je Ha¢HOH Hajqelllhe KopHmhe"  MaTepHja/I 3a



113pany  MeM6paHa.  Ko7IH"Ha  Bode  Kojy  ancop6yje  Ha¢14oH `Mehri6paHa  riMa  K7I,yqHH  y"Iiaj   Ha
MexaHHqKe    oco6HHe    H    onepa6H7IHocT    MeM6paHe,    3aTo    IIITo    HHBo    xl¢qpaTalil4je    oApebyje

TpaHCIIoPTHa CBojcTBa MeM6paHe.  HOTpe6Ho je oApeHlr" oll"MaJIHy xHApaTal|Hjy Koja oMoryhaBa
eq)HKacall  TpaHcnopT  npoTOHa,   ajm  He  HapymaBa  MexaH14qKy   cTa6II/IHoCT  MeM6paHe.   y  oKBHpy

AaTor   HCTpa"BaqKor   rlpaBI|a,   ocTBapeHa  je   capaflllia   ca   Ko/IeraMa   H3   HeMaqKe   Kopllopalil4je
®PojAeH6epr,   KojH   cy   eKcnepHMeHTa7IHo   oflpeAli7"   3aBHCHocT   rycTHHe   MeM6paHe   off   HHBoa
xngpaTalil4je.  KarmaT je  614o  yKjbyqeH  y  cHMy/IaliHOHH  acneKT  IIOMeHyTe  capaAlbe.  Pe3y7ITa"

A06Hje"  cHrtyJlaliHjaMa  M07IeKy7IapHe  AHHaMIIKe  OMoryhlljm  cy  IIOBe3HBaH,e  eKcllepHMeHTa7IHHx
pe3y7ITaTa   Ca  MojleKy/IapHHM   ona}KalbHMa.   Pa3yMeBalbe   Ha"Ha   Ha  Ko].14   MeM6paHa   Pearyje   Ha
npoMeHe   caf|pxaja   Bofle   oMoryhaBa   IIpeHoc   MexaHH3aMa   ca   MOJleKy7IapHor   HHBoa   Ao   HIIBoa
npHMeHe y HHflycTPHjcKI" PEMFC cllcTeMHMa.

3. IIplncA3 HA]3HAqA]HHillx pE3y/ITATA

3.1 TPH6onomKe KapaKTepllcmKe BaHaqujyM oKCHAa (pap [1])

y  OKBHpy  AaTe  TeMe,   KaHflHAaT  je  pafpro   Ha  Pa3Bojy   11  npHMeHaMa   CHMyJlaliHja  Mo/IeKyJlapHe

flHHaMHKe  Ha  HaHOTPH6oJlomRE  cl4cTeM  KojH  ce  cacTojH  oA  HBa  KPHCTaJIHa  cJloja  HallpaBJbeHa  oH
BaHapHjyM-IIeHTOKcllfla   (V2o5)   H  neT  pa3j"qFTHx   cToxHOMeTpl4ja  aMoP¢Hor  BaHaffljyM-oKCHAa
cMelllTeHHx    113Meby    Ha"x    KpllcTajlHHx    cJlojeBa.    I|HJb   je    614o    14cmm"    HaHOTPH6oJlolllKe
KapaKTepl4cT14Ke  aMOpd]"x  BaHarmjyM-OKcrma  IIPH  pa3J"tlHT14M  TeMrleparypaMa  H  IIpl4MelbeHoj
HOpMa/IHoj  cHj"  Ha  ropH,II  KPHCTajlHH  v2o5  cjloj.  papll  cl4Myj"palba  AHHaMHqKor  a)opM14paHa  H
IIpeKHflalba   KOBaJleHTHHx    Be3a    H3Meby    aTOMa   BaHap|HjyMa    H    KIIceoHrmca,    tlHMe    ce    IIoc"}Ke

peaJ"cTrmHo   MOAe/IOBaH,e,    HpllMeELHBaH   je   MeTOA   pea"BHe   MOJlenyJlapHe   flHHaM14Ke,    KojH
npef|CTaBJba IIOATHn ollmTer MeTOAa MOJleKyJlapHe AHHaMHKe. KOHKpeTHo, cHMyJmpaHo je cJleAehllx
neT  cToxlloMeTPHja  BaHapHjyM-oKclqqa:   {v2o3,  v3o5,  v8oi5,  v9oi7,  vo2}  Koje  cy  oAa6paHe  Ha
oCHOBy  nocTojchllx  eKcrlepllMeHTa/IHHx   HCTpa"Barba  H   cBoje  peJleBaHTHoc"  y  TexHOJlolllKHM
npHMeHaMa.   3aHHMaJle  cy  Hac  Tpll6ojlomKe  IIepdyopMaHce  14cnrmBaHHx  BaHapHjyM-oKCHfla  HPH

ycjloBHMa  IIOBHIIIeHe  TeMI]eparype  H  IIplm4cKa,  TaKO  Aa  cMo  npHMeHII/in  TeMneparypy  qu  {6oo,
800,   1000}   [K]   11   IIPHTHcaK   qu   {1,   2,   3,   4}   [Gpa],   yKjbytlyjyhH   H   pea)epeHTHH   cnyqaj   6e3
npHMellieHor  cnojbHor  IIPHTHCKa.  CBe  pa3MaTpaHe  cToxHOMexpHje  oMoryhaBajy  HOAMa3HBalLe  Ca

PeJlaTHBHo   HIICKIIM   Koedylll|HjeHTOM   Tperba   qu   0.2,   IIITo   je   f|ParolieHa   HH¢OpMaHHja   Koja   je
PeJleBaHTHa  3a  AH3ajH  IIpeMa3a  (coating)  y  KojHMa  je  BaHapHjyM  y  yJlo3H  IIOAMa314BaqKor  areHTa.
olllllTa   TeHHeHliHja   cMalLHBalba   Koe¢IIIilljeHTa   Tpelba   ca   IIopacTOM   TeMIIepaType   IIpeACTaBJlia
TPH6ojlolllKH  edyeKaT  KojH  je  KopHCTaH  3a  rlpH7IaroAjbHBo  IIo"a3HBalbe.  HPHMeheH  je  pacryhH

Tpel]q  oTKJloHa  cH/Ie  Tpelba  (IIITo  je  IIOBe3aHo  ca  e4]eKTOM  apxe3Hje),   ca  cMalLelbeM  cappxaja
KIIceoHHKa  y  BaHapHjyM-OKcngHMa.  pe3yura"  pafla  Ha  OBoj  TeMII  npeACTaB/beHH  cy  y  HayTIHOM

pany  "Tribological  properties  of vanadium  oxides  investigated with  reactive  molecular dynamics"
Kojll je o6jaBJbeH 2022. roAHHe y BOAeheM MebyHapoAHOM Hacol"cy KaTeropl4je  M21a+ Tribology
International.  KaHflHflaT je  Aao  BeoMa  3HaqajaH  AollpllHoc  H3papll  oBor  PaHa,  TaKo  Aa je  y  yJ]o3H
BOAeher ayTopa, Kao H KopeclloHHHHr ayTopa.

3.2  yTIII|aj  caxpxaja  Bone  Ha  TpaHcnopTHe  11  TepMoqllHaMrmKe  oco6HHe  4oc4oHI(jyMCKIIx
joHexrm[ Tet[Hocml (Pap [5])

y  OKBHpy  PaHa  Ha  AaToj   TeMH,   oApebeHe  cy  xpaHcllopTHe  H  TepMqullHaMFTKe  KapaKTepHCTHKe

¢oC¢oHI¢jyMCKHx   joHCKHx   TeqHoc"   HOMelllaHHx   Ca   BOHOM,   y   Pa3J"qHT"   oAHoCHMa.   KPo3
AeTaJbHy   CTyfllljy   3acHOBaHy   Ha   cHMyJlalil4jaMa   MOJleKyJlapHe   flHHaM14Ke,   flo6HjeHH   Cy   edyerm¢
cappxaja  Bof|e  y  noMeHyTIIM  MelllaBHHaMa  Ha  TeMIIeparypy  K7byqalLa,  AII¢y3Hjy  H  BIICK03HOcT.
THMe  Cy  oCTBapeHH  f|Paroliem  yBHqH  Ha  Mo/IeKy/IapHOM  HHBoy  y  y"I|aj   KOJIHqHHe  Bofle   Ha
KapaRTeplICTIIKe joHCKHx  TeqHoc"  IIOMelilaHHx  ca BOAOM.  Ham  cHCTeMH,  IIopefl dyyHf|aMeHTaJIHor
3Haqaja,  nocenyjy  H  3Haqaj   ca  acrleKTa  TexHo7IomK.Ix  IIPHMeHa.  HaHMe,  d]ocdyoHHjyMCKe  joHCKe
TeqHoC"  HMajy  noTeHlil4jajl  Kao  eKo/IolllKa  Ma3HBa,  npl4  qeMy  ce  H3fpajajy  cBojl" jeAHocTaBHHM
npoliecoM   cmrre3e.   Ca   BHcoKOM   814cKo3Holllhy,   814coKOM   TepMa/IHOM   cTa6II/IHolllhy   H   Ma/II"



IIPHTHCKOM  nape,  joHCKe  Telllloc"  noKa3yjy  cBecTpaHy  IIPHPony  Koja  Hx  HCTHqe  Kao  orlTHMajlall
H36op  y  3axTeBHI"  H  HenpHCTyllaqHIIM  ollepaTHBHHM  cpeflHHaMa.  Pe3yJITa"  Ao6HjeHH  y  oRE14Py
oBe  TeMe  IIpeACTaB/beHH  cy  y  HayqHOM  paHy  "Effects  of  Water  Content  on  the  Transport  and
Thermodynamic  Properties   of  Phosphonium  Ionic  Liquids"  KojH  je  o6jaBjl]eH  2024.   roAHHe  y
MebyHapoHHOM   qacol"cy   KaTeropHje   M22   Langmuir,    Ha   KOMe   je   KaHAHAaT   Hpy"   ayTop.
KaHHIIqaTOB   AonpHHOc   je   IIpeBacxoHHO   Be3aH   3a   pa3Boj    cKPHIT"   cHMyJlapHja   M07Ieny7IapHe

AHHaMHKe, Kao H 3a pe8143IIjy H eflllTOBall.e Pafla.

3.3   y7Iora   3apo6meHIIx   Mo7IeKy7Ia   Bone   y   TPH6o7IomKIIM   KOHTaKTIIMa   ca   TpeHeM   Ha
pe3ojlyutHjl[ KpllcTajlHe pellle'me MaTepHjaJla (pap [3])

yjlora     Mo7Ienyjla     Bofle     KojH     cy     3apo67beHH     y     TPH6o7Ioil]KOM     HaHOKOHTaKry     KojH     ce
eKcllepHMeHTaJIHo    Hc"Tyje    IIOMohy    MHKpocKona    Ha    6a3H    aTOMCKHx    crma    (Atomic    Force
Microscope - AFM)  6H7Ia je  HeHOBOJbHo  HCTpa)KeHa  H  HejacHa.  y  lill/I,y  113yqaBaH,a  H  pelllaBalba
IIOMeHyTor   HaytlHor   IIpo67IeMa,   KaHAHflaT  je   ocTBapll0   CapaHH]y   Ca   eKcnepHMeHTaJIHHM   THMOM
npody.    PoHeHa    EepKOBIIIIa    ca    BeH    rypHOH    y"Bep3FTeTa    H3    M3pae7Ia.    CHCTeM    KojH    je
eKCHepHMeHTajlHo   14   cHMyJlalilloHo   HCTpaxHBaH   CacTojH   Ce   qu   IIPo6e   (Probe)   CacTaBJbeHe   oH
aMopd)Hor    cHJ"I]IIjyM-AIIOKCHAa    (Si02)    14    jeAHoCJlojHor    KPHCTaJla    MOJ"6f|eHHjyM-flHcyJldylqqa

(MOs2) Kao y3OpKa (sample), HPH qeMy cy y HaHOKOHTaKry npl4cyTHH MojleKy" BOAe.
y  eKcllepHMeH"Ma  IIocToje ABe Ko7114ql4He  H  npocTopHe  pacITOHeJle  MOJleKyJla  BOAe:  KOHAeH3oBaHa
BOAeHa  KanHJlapa  ycJleH  oApebeHe  BJla)KIIoc"  Ba3nyxa,  Kao  H  AFM  IIpo6a  HaMeHcrm  IIomyHo
IIOT0117beHa  y  BOAy.  y  cHMy7IaliHjaMa  cy  HM117IeMeHTHpaHa  ITOMeHyTa  qBa  cHCTeMa,  y3  joIII  jenaH

floAaTHH  KojH je HMao yJlory pedyepeFTHor  cl4cTeMa:  IIpo6a o67IoxeHa BOAOM (water coated probe),
npH qeMy je KOJIIItlHHa Bofle HefloBOJbHa fla 6H ce dyopMHpaJla Kal"Jlapa.  Cylll"HCKH, IIcnHTHBaH je

y"I]aj  KOJIH"He  H  IIpoCToPHe  PacIIqueJle  MOJleKyJla  Bofle  Ha  HaHoCKollcKo  Tpelbe,  y  KJ"3eheM
KOHTalrry  IIp06e  14  y3OpKa.  pe3yjlTa",  KaKO  eKcllepllMeHaTa  TaKO  H  cHMy7IapHja,  IIOKa3yjy  fla  ce
stick-slip   TpeH,e   (Tlm   TpeELa   KojH   ce  jaBjl]a   IIpl4   K7"3alby   HpeKo   Kpl4cTa/I"x   rloBpml4Ha)   Ha

pe3ojlyliHjll   KOHCTaHTe   pellleTKe   y3opKa   Moxe   IIoc"ha   ca   3apo67beHI"   MojleKy7mMa   BOAe
IIPHcyTHHM  y  HaHOKOHTaKTy,  rlpH  IImpoKOM  OIIcery  HHTeH3IITeTa  HopMajlHe  cll7Ie  IIPHMelbeHe  Ha
IIpo6y.   Pe3yJITa"   pafla   Ha   oBoj   TeMII   IIpeACTaBJlieHH   cy   y   HayqHOM   paHy   "Role   of  Trapped
Molecules  at  Sliding  Contacts  in  Lattice-Resolved  Friction"  KojH  je  o6jaBJI>eH  2024.  rof|HHe  y
Bof|eheM   MebyHapqulloM   qacol"cy   KaTeropl4je   M21a   ACS   Applied   Materials   &   Interfaces.
KamllqaT je Aao BeoMa 3HaqajaH flollpHHoc H3papll oBor paAa, TaKo Aa je y yJlo3II BOHeher ayTopa,
Kao  H  KopeclloHArmlr  ayTopa.   Hpello3HaBarbeM  cHHeprHje  eKCIIepTH3a  H3  floMeHa  cHMyJlaliHja  H
eKcllepllMeHaTa,     Kao    14    IIHHI];IIpaH,eM    capaHH,e    CPIICKe    H    143PaeJICKe    HayqHOHCTpa"BatlKe
HHCTnyliHj e, KaHqlqqar j e flao IIo3HTHBaH IIPHMep ocTBapHBalba MebyHapoHHe HayHHe capaflELe.

3.4 Pa3Boj, cooTBepcKa HM"eMeHTal|Hja H IIPHMeHe MeTofla HopMajlHe qllHaMHKe (paul [4])

TeopHjcKa pa3MaTpaH>a MeTOHa HopMaJIHe flHHaMHKe HaroBecTHJla Cy ELeroBe IIpeAHoc" Hay ollllITe
npHXBaheHHM    H    HPHMelbHBaHI"    MeTOHOM    MOJleKyJlapHe    HIIHaMIIKe,    IIPHJIHKOM    HPHMeHa    y
cllelil4dyrmHHM  IIpo6JleMHMa.  Ham  IIPHcryn je aHaJIHT14qrm  143BeAeH  H I"IIJleMeHTHpall y  ®opTpaH
Kofl, KojH je IIOTOM IIPHMelbeH y XPH cTyA14je cJlyTlaja.  ITJlaBHH I|IIJb je 6HO BepH®HKaliHja pa3BHjeHor
MeTOAa  H  co¢TBepa,  a7m  H  yKa3IIBaH,e  MoryhHoc"  H  3Hatlaja lberoBe ylloTpe6e.  y IIPBoj  cryAlqjH
c7IyHaja   IIPHKa3aHa  je   onlllTa   cTpaTe"ja  y3opKOBalba  pei|HHpotlHor  npocTopa,   a  KOHKpeTHO  je

patlyHaTa  dyoHOHCKa  flHcnep3Hja  KPHCTaJIHor  cHJ"IiHjyMa;  y  Apyroj  CryHHjH  cnyqaja  npHKa3aHa je
rlpHMeH/bHBocT  MeTOAa  y  143yqaBalby  CTa6HJIH3aliHOHor  e¢eRTa  TeMneparype  y  c{-ypaHHjyMy;   y
Tpehoj   cryf|IIjH   c7Iytlaja  HCTpajKIIBaHa  je   KapaKTepll3al|IIja  paMaHCKor   cHeKTpa  Ha  pa3/"qlrm"
TeMIIeparypaMa  y  MoS2/MX2  xeTepocTpyKTypaMa  Ha  6a3H  fll4xa7IKoreHHAa  IIpe7Ia3mlx  MeTa7Ia.  Ha
TaKO  pa3H07"REM  cryf|HjaMa  cjlytlaja,  IIPHKa3aHo je  14  flHCKyTOBaHO  0  TOMe  KaKO  MeTqu  HOpMajlHe

AHHaMHKe   II0CeHyje   oml"   3Hana].,   H   M0xe   Ce   HPIIMeHlr"   Ha   cHMy7"palbe   nepHoqllqHHxa,
ceMHnepHoqllqHHx6    H    KOHaqHHXB    cHCTeMa,    nonyT    KPHCTa/lad,    rl/Ioqa    (slabs)6    H    Moj|eKy/|aB,

pecneK"BHo.  H3Bopm  Kofl  (source  code)  KOMIIJleTHor  ®oPTpaH  COG)TBepa,  KojH  je  KaHHlqqaT  y
capaplLH ca ABojHlioM Kojlera pa3BHo, Ha7Ia3H ce Ha jlHHKy: https://github.com/acammarat/pindol. Ha



flaTOM  J"Hry  ce  Hajla3e  H  IIOMohHH  codyTBepH  KojH  ce  Kopl4cTe  3a  IIpeT-  H  IIocT-  IIpol|ecHpalbe
CHMyJlapHja  HopMaJIHe  flHHaMHKe,   Kao  H  IIpl4MepH   IIPHMeHe  ca  AeTa/bHHM  yllyTCT814Ma  3a  HOBe
KOPHCHrmce. Pe3yJITa" paAa Ha oBoj TeMH IIpef|cTaB/beH14 cy y HayqHOM paHy "Integrating Newton'S
Equations   of   Motion   in   the   Reciprocal   Space"   KojH   je   o6ja87beH   2024.   roA14He   y   BOAeheM
MebyHapquHOM tlacol"cy KaTeropHje M21 Journal of Chemical Physics Ha KOMe je KaHHlrmaT flpy"
ayTop.   KaHrmaTOB   AonpHHoc   ce   oAHocH   Ha  Teopl4jcKI¢   pa3Boj   MeTOAa   H   IberoBy   codyTBepcKy
I"IIJleMeHTa"jy,  noTOM  Ha  pap  Ha  HCTpa]KIIBalLy  H  dyopMajlHoj  aHaj"314,  Kao  11  Ha  peBH3Hjy  H
eA14TOBaELe paf|a.

3.5  IIOBe3IIBalE,e  rycnlHe  1I  HaHocKa/[He  KpllcTa/IHHIItlHocnl  Ca  XIIxpaTal[HjoM  y  Ha4HOH
MeM6paHaMa (pap [2])

®oKyc HCTpa"BalLa y oKBHpy oBe TeMe 6Ho je Ha Ha¢HOH  117 IIpoTOH-pa3MelbHBaqKoj  MeM6paHII
H  Ha  IIFTalby  KaKo  ce  npoMeHa  xHflpaTaliHje  (A  =  6poj  Mo/IeKy7Ia  BOAe  no  cyJI¢oHaTHoj  rpyl")
oApa)KaBa Ha  ryc"Hy,  KpllcTa7IImHqHOcT  H  HaHOcKa7IHy  MOp¢07IO"jy  BOAeHe  ¢a3e.  ocTBapeHa je
Capafqua     Ca     KOJleraMa     143     HeMaqKe     Kopllopapl]je     ®pojHeH6epr,     KojH     cy     ce     6aBII/"
eKcnepHMeHTaJIHHM fle7IOM pafla Ha oBoj TeMH. HaHMe, cHHep"jcKI" rlpl4crylloM CMo KOM6HHOBa/in
eKCIIepHMeHTaJIHa   Mepelba   rycTIIHe   (xHApocTa"qKo   MepeHbe   IIo   Apxl"eqoBOM   IIPHHlirmy)   ca
CHMyJlaliHjaMa MOJleKyJlapHe AHHaM14Ke y 814IIIe pexHMa MopdyoJlo"j e:  aMop¢Ho,  rloJlyKpl4cTaJIHo  14
KPHCTajlHo  cTalbe  (pa3/"qHTe  TepMOMexaHHqKe  HCTopHje,  yK/byllyjyhl4  cMIIIiaELe  papl4  y6p3aBana
CTpyKTypHor ypebeHba).  Ha mBoy  cHMyJlaliHja IIPHMelnyjy ce noJIIqHHcnep3Ha BopoHoj  Tece7IaliHja
H aHaJIH3a cjlo6oAHe 3aHpeMHHe  (Fractional Free Volume - FFV),  Kao H DBSCAN  (Density-Based
Spatial  Clustering  of  Applications  with  Noise)  K7IacTepoBalLe  Mo7IeKy7Ia  Bofle,  qHMe  ce  pa3ABaja
ed)eK"BHa  rycTHHa  Had)HOHa  H  KOHdyl4HHpaHe  Bo4e  y  KaHa7IHMa/K7IacTepHMa.  KrE,ytl"  Ha7Ia3  je
H3pa7KeHa   Kopejlai|H].a   H3Meby   KPHCTaj"HHqHoc"   H   edyeK"BHe   rycTHHe   HadyHOH   a)a3e:   Behe

ypebeHe noflpa3yMeBa KOMnaKT"je IIaKOBalbe H BHmy rycTHHy, y3 ed]eKaT carypalil4je npH BIIcoKoj
KP14CTaJmHHqHoc".  HCTOBpeMeHo,  BOAa IIOKa3yj e j acaH IIpeJla3 qu H3o7IOBaHmx Mo/IeKyJla/KJlacTepa
npH   HHCKoj   xHflpaTalil4jH   Ka   IIepKOJlaHHOHHM   xpexaMa   IIPH   BHIIIoj   xHApaTaliHjl4,   Hapoql4To   y

ypebe"jHM  (KP14CTaJI"M)  KOHdyHrypalil4jaMa,  rae  ce  ®opMHpajy  H3pa)KeHHjH  noBe3aHH  KaHajlll.
Hoce6Ho  je  3HaqajHa  tlHlbeH14Iia  Aa  ryc"Ha  KOHdyl4HHpaHe  BOHe  Moxe  Aoc"hH  Bpeqll0C"  flo
npH6/m>KIIo  1.2 g/cm3, IIITo yKa3yje Ha HaHocKajlHH "compression/ordering" edyeKaT y orpaHIIIleHI"

AOMeH14Ma,  Pa3JlrmRT of|  6aJIK BOAe.  Hpeq/Io)rmj" cMo  H KBall"TaTHBm  (dyeHOMeHOJlolllrm) Mqu|eJI
Ko].H  noBe3yje  yHoc  Bofle  H  IIpoMeHe  e¢eRTHBHe  rycTHHe,  qHMe  cMo  flaJm  rlpef|HK"BHH  OKBHP  3a
OII"MH3al|Hjy  XHHpaTal]Hje,  TpaHcllopTa  H  MexaHHTIKe  cTa6II/IHoc'"  MeM6paHa  y  peaj"cTHqHHM

yc7IOBI"a.  Pe3y7ITa"  pafla Ha  oBoj  Tern  IIpe3eHTOBaHH  cy y HayqHOM parry  "Linking  Density  and
Nanoscale Crystallinity to Hydration in Nation PEMFC Membranes: Insights from Experiment and
Molecular  Dynamics   Simulations"   KojH  je   o6jaBJbeH   2026.   roA14He  y  BqueheM  MebyHapoqlloM
qaconHcy   KaTeropHje   M21a   Small    Structures   Ha   KOMe   je   KaHAHAaT   rlpeTIIocJleAlbH   ayToP.
KaHrmaTOB  Aollp14Hoc  npHnafla  floMeHy  cHMyjlaliHja  MojleKyjlapHe  AHHaMHKe,  Kao  H  peBH3HjH  H
eAIITOBalby  PaAa.  y  peaj"3aliHjll  paf|a  Ha  oBoj  TeMH,  KaHrmaT je  6Ho  y  y7Io3H  MeHTopa  Mjlaber
CapapHrmca thoKTopaHAa) MaTeje JOBaHo814ha, KojH je y yJlo3H BOAeher ayTopa oBor pafla.

4. II0KA3ATEJbl4 ycIIEXA y HAytlHOHCTPA»CHBAtlKOM PAHy

4.1.  y"uajHocT

HpeMa Scopus 6a314 HOHaTaKa, Hayilm pafioBH KaHflHHaTa I]HTHpaHH cy yKyllHo  123 nyTa, IIPH qeMy

je BpenllocT XHpmoBor HHfleKca 8. H3y3HMajyha ayToliHTaTe, 6poj IiFTaTa je 111, a XHpllloB HHf|eKc
je 7. y IIPHJlory 6 je AaT H3BelllTaj H3 Scopus 6a3e reHepHcaH Ha AaH 18.3.2026. roA14He.

4.2.  MebyHaponHa Haytnla capapra

KaHrmaT   je   ocTBapHo   MebyHapoHHy   HayqHy   capaflHy   Kpo3   ycaBplllaBaH,e   Ha   14HocTpaHHM
HayqHOHCTpajKIIB aqKHM HHCTlnyl]Hj aMa :



(1)   rlocTAOKTopcKo   ycaBplllaBalbe   Ha  qelllKOM  TexHHqKOM   yH14Bep314TeTy   y   Hpary   (y   IIepHquiy
1.11.2019 -31.12.2021)

(2)   IIocTAOKTopcKo   ycaBpmaBaELe   Ha   HHc"ryTy   3a   opraHCKy   xeMHjy   H   6IIoxeMHjy   qelllKe
aKapeMHje HayKa y Hpary (y nepHony 1.3.2023 -31.12.2024)

(3)  IIocTAolrropcKo  ycaBplllaBalbe  Ha  MHc"ryry  3a  dyl43HqKy  xeMHjy  Japocj]aB  XejpoBCKII  tlelllKe
aKapeMHje HayKa y Hpary (y TOKy, 3alloqeTo  13.1.2025. roAHHe)

HOKa3H  o  3anoc7IeHy y HaBeAeH"  HHocTpaHHM HayqHOHCTpaxHBaqKIIM  14HCTlnyliHjaMa Aa"  cy y
nprmory 11.

4.3.  PyKOBobelE.e lpo].eKTI"a H nompojeKTI"a (papmlM naKeT"a)

KaHrmaT  je  pyKOBoflHo  Ha  flBa  paAHa  IIaKeTa  y  oKBIIpy  IIpojeKTa   "Scoring  of  Protein-Ligand
Binding   Affinity    Predictions"    Ha   KOMe   je   pap|Ho    TOKOM   IIocTAOKTopcKor   ycaBplllaBalba   Ha
HHCTlnyry  3a  opraHcny  xeMHjy  H  6HoxeMHjy  tlelllKe  aKapeMHje  HayKa  y  Hpary  (2o23  -  2o24).
Ha3HBH paf[Hrmf rlaKeTa Ha KojHMa je KaHfll4qaT pyKOBOAH0 Cy:

(1) Pa3Boj H npHMeHe codyTBepa 3a ayTOMaT143oBaHy nplmpeMy HpoTellHCKIIx cTpyKTypa 3a KBaH"o-
MexaHHqKH cKOpHHr

(2)   Pa3Boj   H   np"eHe   codyTBepa   3a   ceJleKlil4jy   cTpyKTypHIIx   MOJleKyJla   BOAe   KojH   IIojaqaBajy
IIpeflHKliHj e a®14HlrreTa Be3HBaH]a J"raHAa 3a IIpoTellH

Ham    IIPojeKaT   dyHHaHCHpao   je    HaBef|e"    HHc"TyT,    a    papllJlo    ce    o    HHTepHOM    npo].eKTy
KOMeplil4jajm3al]Hje.  y IIpll7Iory  2 je AaT HOKa3  o  OBOM pyKOBobelLy,  ca HHdyopMaliHjaMa  o  paAHHM
IIaKeTHMa 14 yjl03H KaHrmaTa y lbHxOBoj peaJ"3aHHjH.

4.4.  ypebllBalE.e HaytnlHx IIy67IIIKal[IIja

KamlqflaT je y yJlo3H rocryjyher ypeHHHKa (Guest Editor) cllelilljajlHor  143AaH,a HayqHor tlaconHca
Symmetry  IIofl  Ha314BOM  "Symmetry/Asymmetry  in  Condensed  Matter  Physics  and  Engineering
Applications''.  HpeMa  Ko6coH  6a3H  KaTeropHja  qacoHHca  Symmetry  je  M21;  IF2  2024:  2.2;  IF5
2024: 2.1. HOKa3H o TOMe Aa" cy y IIPHJlory 10.
HalloMeHa:   Ba}KIIo  je   HarJlacH"  fla  HaBeHeHo   crlelil4jaJIHo   143Aalbe  Ao   cafla  HeMa   o6jaBJI]emx

paA0Ba,  IIITo  3Ha"  Aa je  yJlora  rocTyjyher  ypeqHHKa  ¢opMajlHo  I¢cllylbeHa,  a/"  KaKo  6H  6Hjla  H
cyllm4HCKH  14cnylbeHa,  Tpe6a  caqeKa"  o6jaBJI>HBalbe  PafloBa.  PeJleBaHTHa  HH¢opMalquja je  fla
aKrye7IHH  POK  3a  cjlalbe  paHOBa  31.5.2026.,  ca  TIIMe  IIrro  he  BepoBaTHo  6H"  IIOMepeH,  IIITo

yo614qajeHa IIpaKca y cneliHjaJ]HHM H3flalbHMa HayqHHx tlacollHca flaTor 143flaBaqa.

4.5.  IIpe;|aBalba no IIo3IIBy (ocrm4 Ha KOHdyepelllqujaMa)

KaHrmaT  je  OApxao  rna  HpeAaBallia  no  1103HBy  y  f|OMahHM  H  HHOcTpaHHM  HHCTnyl|HjaMa  y
o6/Iac" HayKe H BHcoKor o6pa3oBalba (OCHM Ha KOHdyepeHlilljaMa):

(1)  rlpeflaBalbe  IIo  IIo3HBy  Ha  Ma"dyecTaliHjl4  "Ham  ®oTOH14Ke"  y  Ael|eM6py  2023.  roA14He  Ha
EjleRTpoTexHHqKOM a)aryurery y"Bep3HTeTa y Eeorpany

(2)  npeAaBall.e  IIo  IIo3HBy  Ha  TpeHHHr  IIIKOJ"  BLESSED  IIpojeKTa  EBpollcKe  Mpexe  f|oRTopaTa  y
HOBeM6py 2o24. roqllHe Ha y"Bep314Tery HHKapHlrie xll7I BepH y AMjeHy y ®paHnycKoj

HOKa3H o HaBeHeHI" IIpeflaBalbHMa Ilo no3HBy (OCHM Ha KOHdyepeHlil4jaMa) fla" Cy y npHJlory 4.



Hoped  qBa  HaBef|eHa  rlpeHaBaH,a  IIo  IIo3IIBy  (OCHM  Ha  KOH¢epeHlil4].aMa),  Moxe  ce  HCTaha  Aa  je
KaHrmaT yqecTBOBao y OpraHH3aliHjH 4Be MebyHap04He HaytlHe parmoHHlie, Ha Kojl"a je H Oflpxao
IIpef|aBaEba:

(1) MebyHapoflHa HayqHa pafproHHHa "Argentinian-Serbian Nanotechnology Workshop:  Challenges
in bridging theory and experiments" oApxaHa y HOBeM6py 2024. roHHHe Ha HHc"Tyry 3a ¢H3HKy y
Beorpany

(2)  MebyHapquHa  HayqHa  paAHOHHI|a  "Workshop  on  Integrating  Simulations  and  Experiments  for
Advanced Applications" oApxaHa y jaHyapy 2026. rqu|HHe y CpllcKoj aKapeMHjH HayKa 14 yMeTHoc'"

y Beorpapy

HOKa3II o opra"3alilriH H IIpeHaBalbHMa Ha HaBeAeHHM pafproHHliaMa fla" cy y npH7Iory 4.

IIITo ce THqe IIpeAaBalba IIo IIo3HBy Ha KOH¢epeHlil4jaMa (pe3y7ITa" KareropHje M32), y IIPH7Iory 4
Cy  fla"  floKa3II  Aa  Cy  y  I"Tall.y  MebyHapoHHe  KOHdyepeHI|Hje,  Ha  ocHOBy  qHlbeHHlie  Aa  HMajy
Hayllrm KOMRTeT ca II/IaHOBHMa H3 6ap 5 pa3JIFTrmx 3eMaJI>a.

4.6.  PeueH3ilpalLe IIpojeKaTa H Haytllmx pe3y7ITaTa

KaHrmaT je pelieH3IIpao 47 Hayqmx paHOBa y qacoHHCHMa pa3mx KaTeropHja: M21a+ (Tribology
International), M21 (Polymers, Materials, Symmetry ,... ) H M22 (BehH 6poj qaco"ca). ynyllaH 6poj
pa3J"lIIITIIx HacollHca je  19, a yKyllaH  6poj  pa3/"qHTHx H3AaBaqa je 4 (Springer Nature 1,  Elsevier2,
Multidisciplinary   Digital   Publishing   Institute   (MDPI)3,   Frontiers4).   [|oKa3H   o   pel]eH3eHTCKHM
almlBHocT14Ma KaHHlqqaTa fla" cy y npHJlory 3.

4.7.  06paBOBaEE.e HaytmRE[ KaxpoBa

Kal]qHAaT je  6Ho  MeHTop  H  T17Iall  KOMIIcl4je 3a  qu6paHy  MacTep  paf|a cryfleHTa MaTeje JOBaHOBHha
IIOA   Ha3HBOM    "CHMyJlalil4je    CxpyKTypHHx,    TepMOAHHaMHqKHx   H    MexaHHqKHx   KapaKTepHCTHKa
MeHla814He   joHCKe   TeqHoc"   H   BOAe   MeTOAOM   Mo/IeKyJlapHe   flHHaMHKe:   IIPHMep   [bmim] +[PF6]-

joHCKe   Terllloc"",   KojH  je   qu6pall,eH   Ha   ®H3HqKOM   ¢aKyjITery   yHHBep3IrreTa   y   Beorpapy   y
cerITeM6py 2023. roflHHe.

KaHrmaT  je   6Ho   MeHTop   Ha  flBa   npojeKTa   Ha   CeM14Hapy   d]H3HKe   y   HCTpa7KHBaqKoj   cTaH14IiH
rleTHHlia   Koja    cy   ycllelllHO    3aBPH]eHa   IIpe3eHTalil4joM    no/Ia3HIIKa    Ha   rqullllmoj    neTHHTIKoj
KOHdyepeHliHjH ``KopaK y Hayny" H o6jaBjbHBalLeM paAOBa y "HeTHmlKI" cBecKaMa".
MeHTopHcaHIIx neTH14qrm PaAOBII :

(1) "Hcr"T14Balbe TeqHo-qBpcTor KOHTaKTa TM joHCREx TetlHoc'" H KpllcTa/IHe IIoqJlore MeTdAOM
MOJlery7IapHe qllHaM14Ke"
roquHa: 2019
noJla3H14I|H: AjleKcaHflap ®117"IIOBHh 14 MaTej ByqKOBHh

(2)  "AHaJ"3a  MarHeTmx  ry6y7IapHIIx  cTpyKrypa  y  BepTHKajlHOM  xoMoreHOM  MarHeTHOM  IIo7by"
roA14Ha: 2022
Ho/Ia3H14K:  MHxaj/Io CpehKOBHh

HOKa3II o HaBeAeHHM MeHTopcTBHMa Aa" cy y rlprmory 9.

HOpeH Tora, KaHflHHaT je MeHToP Ha floKToPCKI" aKaHeMCK14M c'IyfllqjaMa MaTeje JOBaHOBIcha, KojH

je   floRTOpcKII   cryfleHT   Ha   ®H3HtlKOM   d]aKy7ITery   yHHBep3IITeTa   y   Beorpany.   oH6paHa   TeMe
AORToPCKe  AHcepTalillje  oqeKyje  ce  y  TOKy  2026.  roAHHe.  HOHaTHo,  KaHHflaT  je  Ko-MeHToP   (y
oKBHpy  cBor  aHra;KMaHa  Ha  HHc"ryry  3a  dyll3HqKy xeM14jy  tleillKe  aKapeM14je  HayKa  y  Hpary)  Ha



4oRTopcKHM    aKaf]eMCKHM    cTyflHjaMa    AIIIBa"    HyJlaMaHe,    Koja    je    4oRTopcKII    cryFiellT    Ha
MaTeMa"tlKo-¢H3HqKOM  ¢aKy/ITe'ry  KapJloBor  yHHBep3I¢TeTa  y  IIpary.  H3Paf|a  rbeHe  flolcropcKe

H14cepTaliHje  je   y   IIoqeTHoj   dya3H,   C   063HPoM  f|a  je   KOJlerHHHI|a   TpeHyTHo   Ha  Apyroj   roflHHH
AOKTOpcKHx cryHHja.

4.8.  Harpap[e H IIpneHall,a

KaHAIIAaT   je   Ao6IITHHK   CTyHeHTCKe   Harpafle   HHC"TyTa   3a   dyll3HKy   y   Beorpany   3a   Haj6o/by

AOKTopcKy HHcepTapl4jy of|6palbeHy TOKOM 2019. roflHHe. TaKobe, Ho6IITHHK je HaxpaHe HPHBpeAHe
KOMope   Cp6Hje   3a  Haj6oJI>e  HOKTopcKe  flllcepTaliHje   Ca  IIPIIMeHaMa  y   npl4BpeflH   3a  aKafieMCKy
IIIKOTlcny rqullHy 2018/2019. HOKa3H o I]oMeHyT14M HarpaflaMa Aa" cy y IIpliJlory 7.

4.9.  j|olprmloc pa3Bojy oFTOBapajyher HaytlHor xpaBI|a

y  cKjlafly  ca  AedyHHHliHjoM  oBor  KBajllITaTHBHor  yc7IOBa,  Moxe  ce  HaBecTII  c7Ieqehe:  KaHrmaT je
o6jaBHo  pap  KaTeropllje  M21a+  y  qacol"cy  Tribology  International  (2022)  Ha  KOMe je  Bof|eha  H
KopecrloHHIIHr  ayTop.  HCTpaxrmalba npe3eHTOBaHa y  OBOM paHy  peaJIH3oBaHa  cy TOKOM  IIocTAOKa
Ha  qelilKOM  TexHHqKOM  yHHBep3HTery  y  IIpary,  IIpeMa  TOMe  HeMajy  Be3e  ca  HCTpa"BaH,I"a  H3

f|oRTopcKe HHcepTaliHje.  Ha flaTOM  pafly  HeMa KoayToPCTBa  ca MeHTopoM  ca AORTopaTa.  HaBeAe"
HayqHH    pe3yJITaT    IIpeHCTaBJIIa    AonpHHoc    KaHAHflaTa    pa3Bojy    HayqH0r    npaBIia    PanyHapcKe
HaHOTPH6oJlo"je.

HOpeq  Tora,  y  Tory  je  npHnpeMa  paAa  KojH  je  y  Be"  ca  HCTpa>KHBalbHMa  pea7IH3OBaHHM  TOKOM
KaHAHf|aTOBor IIocTAOKa Ha HHc"Tyry 3a opraHCKy xeMHjy H 6HoxeM14jy tlemKe aKapeMHje HayKa y
Hpary,  Ha KOMe je Boneha ayTop. Hofla"o,  oqeKyje ce o6ja87bllBalbe pafloBa y oKBHpy aHrajKMaHa
Ha  HHc"ryTy  3a  dyll3IIqKy  xeMHjy  tlemKe  aKapeM14je  HayKa  y  IIpary  KojH  je  y  TOKy,  TaKobe  y
cBojcTBy  BOHeher  ayTopa.  Ham  pafloBH  he  IIpeACTaBJI>a"  KaHf|Hf|aTOB AollpHHoc  Pa3Bojy  HayqHor
npaBIia paqyHapcKe 6HodyH3HKe.

5. EHE/IHorpA®H]A KAHHI|HATA

KaHrmaT  je  Ao   cafla   o6jaBHo   yKyllHo   10   paf|oBa  y   MebyHapquHHM   HayqHHM  qacollllcHMa.   y
ol|elbHBaHOM IIepHony HMa 5 o6ja87be"x pafloBa.

PapoBH y Bonchlm MebyHapoqHHM tlaconllcllMa (KaTeropllja M21a+) - ol|elbllBallll IIeplloA:

[1] M. Da§i€, I. Ponomarev, T. Polcar, and P. Nicolini,
"Tribological Properties of Vanadium Oxides Investigated with Reactive Molecular Dynamics ",

Tribology International 175, 107795 (2022).
doi:  10.1016/j.triboint.2022.107795

PapoBH y BonehllM MebyHapoqllllM tlaconllcllMa (KaTeropllja M21a) -ol|ell.HBallH nepHOA:

[2] M. Jovanovi€, N. Bemhard, M. Baldofski, M. Rybicki, M. Da5i€, and I. Stankovi¢,
"Linking Density and Nanoscale Crystallinity to Hydration in Nafion PEMFC Membranes:

Insights From Experiment and Molecular Dynamics Simulations",
Small Structures 7 (3), e202500573 (2026).
doi: 10.1002/sstr.202500573

[3] M. Da5i€, R. Almog, L. Agmon, S. Yehezkel, T. Halfin, J. Jopp, A. Ya'akobovitz, R. Berkovich,
and I. Stankovi€, "Role of Trapped Molecules at Sliding Contacts in Lattice-Resolved Friction",
ACS Applied Materials & Interfaces 16, 44249 (2024).
doi:  10.1021/acsami.4c08226



Pat)OBH y BonchllM MebyHapoqllllM vaconHcllMa (KaTeropHja M21) -oI|elbHBallH neplloH:

[4] A. Cammarata, M. Da5i€, and P. Nicolini,
"Integrating Newton's Equations of Motion in the Reciprocal Space",

Journal of Chemical Physics 161, 084111 (2024).
doi:  10.1063/5.0224108

PapoBH y MebyHapoqHIIM I]aconllcllMa (KaTeropHja M22) - ol|elbllBallll nepHOA:

[5] I. Stankovi¢, M. Da5i€, M. Jovanovi€, and A. Martini,
"Effects of Water Content on the Transport and Thermodynamic Properties of Phosphonium

Ionic Liquids",
Langmuir 40, 9049 (2024).
doi: 10.1021/acs.Iangmuir.4c00372

HpeqaBalba IIo no3HBy ca MebyHapoqllor cKyna luTaMnalla y H3Boxpr (KaTeropHja M32)
- ol|elbllBaHII IIepHofl:

[6] M. Da5i€, A. Cammarata, and P. Nicolini,
"Phonon-Inspired Normal Dynamics of Lattices ",

The lst Virtual meeting WG2 of COST action CA21101 COSY, 6th February 2024,
Belgrade, Serbia, Book of Abstracts, page 25 (2024)

[7] M. Da:i€'
"Computer-Aided Drug Design",

The Training School of COST action CA21101 COSY,19-22 September 2023,
Belgrade, Serbia, Book of Abstracts, page 23-24 (2023)

CaonlllTelba  ca  Mebyllapoqllor  cKy]Ia  IIITaMIIaHa  y  mBortyr  (KaTeropHja M34)  - ol|elbllBaHII
nepHOH:

[8] M. Jovanovi€, M. Baldofski, N. Bemhard, M. Rybicki, M. Dasi€, and I. Stankovi€,
"Mechanical Behavior of Nafion Membranes",

German Physical Society (DPG) Spring Meeting 2026, 8-13 March 2026,
Dresden, Germany (2026).

[9] M. Da5i€, A. Poolamanna, M. Hazrati, and 5. Timr,"Multi-Scale Computational Framework for Modeling Metabolic Pathways ",

German Physical Society (DPG) Spring Meeting 2026, 8-13 March 2026,
Dresden, Germany (2026).

[10] M. Da§i€, I. Stankovi€, M. Jovanovi€, A. Martini,
"Impact of Water Content on the Mechanical and Thermodynamic Properties of Phosphonium Ionic

Liquids",
26th IUPAP Conference of Computational Physics (online), 3-7 November 2025

[11] M. Jovanovi€, N. Bemhard, M. Baldofski, M. Rybicki, M. Da5i€, and I. Stankovi€,
"CoITelation   Between  Nanoscale   Crystallinity,   Density,   and  Hydration   in   Nafion  Membranes:

Experimental and Molecular Dynamics lnsights",
26th IUPAP Conference of Computational Physics (online), 3-7 November 2025

[12] S. J. Rodriguez, M. Jovanovi€, M. Dasi€, I. Stankovi€,"Comparisons of Interactions and Morphology During Aluminium Fluoride and Water Intercalation

in Graphite",



The  13th  Conference  of  the  Serbian  ceramic  society  "Advanced  ceramis  and  application",  8-10
September 2025,
Belgrade, Serbia (2025)

[13] M. Da5i€, A. Poolamanna, M. Hazrati, and i. Timr,
"Multi-Scale Modeling of Enzyme-Substrate Interactions in Crowded Environments ",

15th European Biophysics Congress, 30 June -4 July 2025,
Rome, Italy (2025).

[14] A. Poolananna, M. Dasi€, M. Hazrati, and 5. Timr,
"Substrate Binding in Enzyme Clusters: Effects of Crowders and Transient Interactions",

15th European Biophysics Congress, 30 June -4 July 2025, Rome, Italy (2025).

[15] M. Da§i€, J. Fanfrlfl{, and J. Reza€,
"Selecting Protein Crystal Structure for Optimal Scoring of Protein-Ligand Interactions",

MecaNano 3rd General Meeting, 19-21 May 2025,
Krakow, Poland (2025).

[16] M. Da5i€, and I. Stankovi€,
"Role of Trapped Water Molecules at Sliding Contacts in Lattice-Resolved Friction Investigated with

Molecular Dynamics", German Physical Society (DPG) Spring Meeting 2025, 16-21 March 2025,
Regensburg, Germany (2025).

[17] M. Jovanovi€, M. Baldofski,I. Stankovi€, M. Rybicki, and M. Da5i€,
"Evaluating the Properties of Nafion PEMFC Membrane via MD Simulations",

German Physical Society (DPG) Spring Meeting 2025, 16-21 March 2025,
Regensburg, Germany (2025).

[18] M. Da§i€, A. Cammarata, and P. Nicolini,
"Integrating Newton's Equations of Motion in the Reciprocal Space as a Novel Materials Modeling

Technique",
llth International Conference on Multiscale Materials Modeling, 22-27 September 2024,
Prague, Czech Republic (2024).

[19] M. Da§i€, and I. Ponomarev,
"Reactive Molecular Dynamics Study of the Nanotribological Properties of Oxidized Vanadium",

llth International Conference on Multiscale Materials Modeling, 22-27 September 2024,
Prague, Czech Republic (2024).

[20] I. Stankovi€, M. Da5i€, M. Jovanovi¢, and Ashlie Martini
"Effects of Water Content on the Transport and Thermodynamic Properties of Phosphonium

Ionic Liquids",
The 12th Liquid Matter Conference -Liquids 2024, 22-27 September 2024,
Mainz, Germany (2024).

[21] M. Da5i€, J. Fanfrlfk, and J. Rezi€,
"Sensitivity of the Scoring of Protein-Ligand Binding Affinity Predictions on Protein

Crystal' s Geometry",
3rd International Conference on Noncovalent Interactions (ICN12024), 17~21 June 2024,
Belgrade, Serbia (2024).

[22] M. Da§i€, A. Cammarata, and P. Nicolini,
"Normal Dynamics -method development and applications",

MecaNano 2nd General Meeting, 1-3 May 2024,



Vierma, Austria (2024).

[23] I. Stankovi€, 0. Noel, and M. Da5i€,
"Exploring influence of water on the friction on two dimensional surfaces",

MecaNano 2nd General Meeting, 1-3 May 2024,
Vierma, Austha (2024).

[24] M. Dasi€, J. Fanfrlik, and J. Reza€,
"Enhancing protein-ligand binding affinity via optimal selection of water molecules "

German Physical Society (DPG) Spring Meeting 2024, 17-22 March 2024,
Berlin, Germany (2024).

[25] M. Dasi€, and I. Stankovi€,"Molecular dynamics study on the impact of water distribution on nanoscopic friction in

case of monolayer MoS2",German Physical Society (DPG) Spring Meeting 2024, 17-22 March 2024,
Berlin, Germany (2024).

[26] M. Jovanovi€, M. Dasi€, and I. Stankovi¢,"The simulations of structural, thermodynamical, and mechanical characteristics of the

mixture of ionic liquid and water using molecular dynamics: example of PJmim]+ [PF6 ]-
ionic liquid„,
German Physical Society (DPG) Spring Meeting 2024, 17-22 March 2024,
Berlin, Germany (2024).

[27] M. Da5i€, and I. Stankovi€,
"Molecular Dynamics Investigation of the Nanoscopic Friction on Monolayer MoS2 in the

Presence of Water",
STLE Annual Conference, Digital Proceedings, 21-25 May 2023,
Long Beach, California, United States of America (2023).

[28] M. Dasi€, and I. Stankovi€,
"Influence of Water Quantity on the Nanoscopic Friction on Monolayer MoS2 Investigated

with Molecular Dynamics ",
The 8th European Nanomanipulation Workshop, 15-17 May 2023,
Krakow, Poland (2023).

[29] M. Da5i€, and I. Stankovi€,
"Nanoscopic Friction on Monolayer MoS2 in Presence of Water Investigated with Molecular

Dynanrics",
German Physical Society (DPG) Spring Meeting 2023, 26-31 March 2023,
Dresden, Germany (2023).

[30] M. Dasi€, I. Ponomarev, T. Polcar, and P. Nicolini,
"Tribological Properties of Selected Vanadium Oxides Investigated with ReaxFF molecular

dynamics",
German Physical Society (DPG) Spring Meeting 2023, 26-31 March 2023,
Dresden, Germany (2023).

[31] M. Da5i€, I. Ponomarev, T. Polcar, and P. Nicolini,
"Tribological Properties of Selected Vanadium Oxide Stoichiometries Studied with Reactive

Molecular Dynamics ",
llth International Conference of The Balkan Physical Union, 28 August -1 September 2022,
Belgrade, Serbia (2022).



[32] M. Da§i€ and I. Stankovi€,
"Influence of the Size of Cation on the Structure and Tribological Properties of Ionic

Liquids Studied with Molecular Dynamics",
llth International Conference of The Balkan Physical Union, 28 August -1 September 2022,
Belgrade, Serbia (2022).

[33] I. Stankovi€, M. Da§i€, and C. Garcia,
"Tubular structures of magnetic particles : platform for curvilinear nanomagnetism",

llth International Conference of The Balkan Physical Union, 28 August -1 September 2022,
Belgrade, Serbia (2022).

[34] I. Stankovi€, and M. Da§i€,
"Non-equilibrium molecular dynamics investigation of a model ionic liquid lubricant for

heavy-duty applications ",
llth International Conference of The Balkan Physical Union, 28 August -1 September 2022,
Belgrade, Serbia (2022).

PapoBH y Bouchl" MebyHapoquHM tlacollllcHMa (KaTeropHja M21a) -IIpeTxonllH IIepHofl:

[35] I. Stankovi€, M. Da5i€, J. A. Otflora, and C. Garcia,"A platform for nanomagnetism - assembled ferromagnetic and antiferromagnetic dipolar

tubes",
Nanoscale 11, 2521 (2019).
doi:  10.1039/CBNR06936K

[36] K. Gkagkas, V. Ponnuchamy, M. Da§i€, and I. Stankovi€
"Molecular Dynamics Investigation of a Model Ionic Liquid Lubricant for Automotive

Applications",
Tribology International 113, 83-91 (2017)
doi:  10.1016/j.triboint.2016.12.017

[37] I. Stankovi€, M. Da§i€, and R. Messina,
"StructLire and Cohesive Energy of Dipolar Helices",

Soft Matter 12, 3056 (2016)
doi: 10.1039/C5SM02774H

PapoBII y Bonehlun MebyHapoprlllM tlacollHcllMa (KaTeropHja M21) -IIpeTxoqlm IIepHofl:

[38] M. Da§i€, I. Stankovi€, and K. Gkagkas,
"Molecular Dynamics Investigation of the Influence of the Shape of Cation on the Structure and

Lubrication Properties of Ionic Liquids",
Physical Chemistry Chemical Physics 21, 4375 (2019)
doi:  10.1039/CBCP07364C

PapoBH y MebyHapoqlll" tlaconllcl"a (KaTeropHja M22) - xpeTxoqllH IIepHofl:

[39] M. Da§i€, K. Gkagkas, and I. Stankovi€,
"Influence of Confinement on Flow and Lubrication Properties of a Salt Model Ionic Liquid

Investigated with Molecular Dynamics ",
European Physical Journal E 41, 130 (2018)
doi:  10.1140/epje/i2018-11740-6



6. KBAIITII®ImcAlplTA HAytlllllx pE3yJITATA KAHHlquATA

BpcTa BpeHocT pe3y7ITaTa
yKynaH 6poj pe3yJITaTa yKynaH 6poj 6onoBa
(yKynaH 6poj pe3yJITaTa tyryrlaH 6poj 6quoBa

pe3y/ITaTa (IIPHJIor 2) Koil4 nopre}Kv HopM14T)albv) HaKOH   HODM14Dall>a)

M21a+ 20 1(0) 20 (20)
M21a 12 2(1) 24 (20.6)
M21 8 1(0) 8(8)
M22 5 1(0) 5(5)
M32 1.5 2(0) 3(3)
M34 0.5 27 (0) 13.5 (13.5)

yKyllHO 73.5 (70.1)

II0PebeH]e Ca MHIIIIMa/IrmM KBaHTrmaTHBHIIM ycJ]oB"a 3a H36op y TpaLxeHo Haytl[Io 3Ball.e

HHd)epeHI|HjaJIH14 ycJloB 3a olielbrmaHH IIepl4qu 3a 1436op y
Heol]xquHO

OrmapeHI[
HaytlHO 3BaEE,e:  Brmlm HayilHH capapiH14K HOPMxpaHII6i)oi6oAOBa

yKVHHO 50 70.1
06aBe3HH: Mll+M12+M21+M22+M23+M91+M92+M93 35 53.6



HPHJIor 1

IIpeTxquHH 14360PH y 3Balbe
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Руковођење пројектима



Doc. RNDr. Jan Řezáč, Ph.D.
Senior scientist, team leader
e-mail: rezac@uochb.cas.cz

Prague, Dec 11 2024

Employment certificate – Dr. Miljan Dašić

To whom it may concern:

We certify that Dr. Miljan Dašić has worked at the Institute of Organic Chemistry and Bio-
chemistry of the Czech Academy of Sciences (IOCB Prague) as a Postdoctoral Researcher
in the period 1.3.2023 – 31. 10. 2024 and as an Associate Scientist in the period 1. 11. 2024
– 31. 12. 2024.    

During his employment at IOCB Prague, Dr. Dašić participated in my team's project on the
application of efficient quantum-mechanical calculations in computer-aided drug design. This
project, running in the years 2021 – 2024, was internally funded by IOCB Prague. Dr. Dašić
was leading the work in two work packages within the project:

1) Development and applications of software for automatic preparation of protein structures
for quantum-mechanical scoring, and,

2) Development and applications of software for selecting structural water molecules which
enhance protein-ligand binding affinity predictions.

The work on both topics included both scientific tasks in the field of computational chemistry
of biomolecules and software development in Python.

In case of any further information needed, feel free to contact us. 

Doc. RNDr. Jan Řezáč, Ph.D.

 

mailto:rezac@uochb.cas.cz
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Tribology International
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MILJAN DAŠIĆ

in recognition of the review contributed to the journal

The Editors of Tribology International



We are pleased to confirm that

Miljan Dašić
has reviewed 40 papers for the following MDPI journals in the period 2022–2026:

Algorithms, Lubricants, Applied Sciences, Machines, Molecules, Sensors, Energies,

Coatings, Materials, Journal of Sensor and Actuator Networks, Sustainability, Fluids,

Symmetry, Polymers, Metals

Stefan Tochev, Chief Executive Officer

18 March 2026

MDPI is a publisher of open access, international, academic journals. We rely on active researchers, highly qualified in their field to provide

review reports and support the editorial process. The criteria for selection of reviewers include: holding a doctoral degree or having an

equivalent amount of research experience; a national or international reputation in the relevant field; and having made a significant

contribution to the field, evidenced by peer-reviewed publications.
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Institute of national importance for the Republic of Serbia 

Njegoševa 12, 11001 Belgrade, P.O.B. 473, Serbia 
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Belgrade, 03 June 2023 
 
 

Invitation letter 
 
 

COST CA21101 COSY Training School “Multiscale modeling of the properties of compounds: 
From isolated molecules to 3D materials relevant for industrial and astrophysical applications”, 
19 – 22 September 2023, Belgrade, Serbia 
 
 
To: 
Dr Miljan Dašić  
Institute of Organic Chemistry and Biochemistry  
Czech Academy of Sciences  

 
Dear Dr Dašić, 

 
On behalf of the organizing committees, I am pleased to invite you to deliver an invited lecture at 
the COST COSY Training School, “Multiscale modeling of the properties of compounds: From 
isolated molecules to 3D materials relevant for industrial and astrophysical applications”. This 
event is organized under the COSY COST Action (CONFINED MOLECULAR SYSTEMS: 
FROM A NEW GENERATION OF MATERIALS TO THE STARS, CA21101, https://cost-
cosy.eu) for the first grant period and will take place in Belgrade, Serbia, from 19th to 22nd of 
September, 2023 (https://www.trainingschool-cost-cosy.com). 
 
 Please, let me know at your earliest convenience if you are willing to accept this invitation. 
 
 

Looking forward to seeing you in Belgrade 
 
  Sincerely,       

 
  dr Sonja Grubišić                                                              
  Research Professor, 
  IHTM-Center for Chemistry 
  University of Belgrade, Serbia  
  Email:sonja.grubisic@ihtm.bg.ac.rs                                                                                                     
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Belgrade, 08 January 2024 
 
 

Invitation letter 
 
 

COST CA21101 COSY 1st WG2 Virtual Meeting 
 “From quantum to classical dynamics of isolated molecules and 3D materials”, February 6 
2024, Belgrade, Serbia 
 
 
To: 
Dr Miljan Dašić  
Institute of Organic Chemistry and Biochemistry  
Czech Academy of Sciences  

 
Dear Dr Dašić, 

 
On behalf of the organizing committees, I am delighted to invite you to deliver an invited talk at the 
COST COSY WG2 Virtual Meeting “From quantum to classical dynamics of isolated 
molecules and 3D materials”. This event is organized within the framework of the COSY COST 
Action (CONFINED MOLECULAR SYSTEMS: FROM A NEW GENERATION OF 
MATERIALS TO THE STARS, CA21101, https://cost-cosy.eu) for the second grant period and 
will take place on February 6, 2024. 
 
 We would greatly appreciate your contribution and kindly ask to confirm at your earliest 
convenience, if you are willing to accept this invitation. 
 
 

Looking forward to your participation. 
 
  Sincerely,       

 
   
  dr Sonja Grubišić                                                              
  Research Professor, 
  IHTM-Center for Chemistry 
  University of Belgrade, Serbia  
  Email:sonja.grubisic@ihtm.bg.ac.rs                                                                                                     
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COST COSY
The 1st Virtual 
meeting WG2

From quantum to classical dynamics of isolated
molecules

and 3D materials

P1

Phonon-Inspired Normal Dynamics of Lattices
Miljan Dašić1,2, Antonio Cammarata1, Paolo Nicolini1,3

1Department of Control Engineering, Faculty of Electrical Engineering, Czech Technical University in
Prague, Technicka 2, 16627 Prague, Czech Republic, 

2Scientific Computing Laboratory, Center for the Study of Complex Systems, Institute of Physics Belgrade,
University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia, 

3Institute of Physics, Czech Academy of Sciences, Na Slovance 2, 18200 Prague, Czech Republic

Normal Dynamics (ND) is a simulation technique providing a way to integrate the Newton’s
classical  mechanics  equations  of  motion,  by  adequately  sampling  the  reciprocal  space.
Appropriate sampling strategies and their capability of producing dynamical trajectories at the ab
initio  level on an ordinary desktop computer will  be discussed.  ND enables to:  (1) obtain a
systematic improvement of the accuracy, and fine tune the computational load, and (2) take into
account the atomic distortions happening across large distances, without the need of using large
unit cells. Theoretical background of the  ND method (which is based on phonons [1]) will be
presented, together with several case studies which illustrate the method’s applicability. Also, it
will  be explained that this simulation technique is general and it  can be used for simulating
periodic, semiperiodic and finite systems, such as crystals, slabs, or molecules.  Authors have
implemented the  ND method in the  Fortran programming language, and named the developed
software - PINDOL (Phonon-Inspired Normal Dynamics of Lattices). PINDOL is an open-source
software package for performing atom dynamics in the NVE and NVT ensembles [2].   

Fig 1. (a) Phonon band structure of crystalline silicon obtained with the frozen phonon approach (ref) and extracted 
from the effective force constants at 10 K in different sampling sets. (b) Detail of the band structures in (a).

References:

1. D. M. Wallace, Thermodynamics of Crystals, John Wiley & Sons Inc (1972), USA [book]. 
2. Link to the PINDOL project: https://github.com/acammarat/pindol. 
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Dr Miljan Dašić
Institute of Organic Chemistry and Biochemistry 

Czech Academy of Sciences

  in Zemun, November 13th, 2024

Dear Dr Dašić,

It is my great pleasure to invite you, as a represent of your academic institution (Institute 
of  Organic  Chemistry  and  Biochemistry  (IOCB  Prague)  of  the  Czech  Academy  of 
Sciences,  Prague,  Czech Republic),  to present  your work and accomplished results 
regarding the applications of Semi-empirical Quantum Mechanical (SQM) methods in 
modeling protein-ligand interactions at Training Events No. 6, No. 7, and No. 8 in the 
framework of our EU-funded project.

Your  expertise  from  IOCB  Prague  highly  resonates  with  the  EU  Horizon  Doctoral 
Network - BLESSED: Bridging Models at Different Scales to Design New Generation 
Fuel Cells, which will be held at Université de Picardie Jules Verne, Amiens, France in 
the period 25th-27th November 2024. 

I hope that you can accept this invitation, and I am looking forward to welcoming you in 
Amiens, France, where you will share your expertise gained at IOCB Prague with other 
colleagues in our Network.

Yours sincerely,

Dr Igor Stankovic

Principal Research Fellow
Institute of Physics Belgrade
tel. +381 65 601 9974
http://www.ipb.ac.rs/



 
 

BLESSED: Bridging Models at Different Scales To Design New Generation Fuel 

Cells for Electrified Mobility 

 

Training Events No. 6, No. 7 and No. 8  
25-27 November 2024, UPJV, Amiens, France 

 

First Day (25/11)  

Time Content Who 

13:00 – 13.30  Welcome ALL 

13.30 – 15.00 How do we realize molecular dynamics models 
in LAMMPS? Design of simulation. 

Igor Stanković 

15.00 – 15.30 Coffee break 

15.30 – 17.00 How to include quantum effects into molecular 
dynamics simulations. 

Jens Poulsen 

 

Second Day (26/11)  

Time Content Who 

09.00 – 10.30 Introduction to phase-field models Jens Poulsen 

10.30 - 11.00 Coffee break  

11.00 – 12.30 Semi-empirical quantum-mechanical (SQM) 
methods for modeling molecular interactions 

Miljan Dašić 

12.30 – 13.30 Lunch break 

13.30– 15.00 Modeling of manufacturing processes  Alejandro A. Franco 

15.00 – 15.30 Coffee break 

15.30 – 17.00 Modeling approaches for electrochemical energy 
devices – Part I 

Francisco Fernandez 

19:00 or 19.30 - Dinner in the city center (google maps link)   

Third Day (27/11)  

Time Content Who 

09.00 – 10.30 Modeling approaches for electrochemical energy 

devices – Part II 

Diego Galvez Aranda 

10.30 - 11.00 Coffee break  

11.00 – 12.30 Validated Examples for Modelling the 

Manufacturing of Electrochemical Energy Devices 

Mohammed Alabdali 

12.30 – 13.30 Lunch break 

13.30 – 15.00 Virtual Reality Practices 
 

Soorya Saranavan and 
Utkarsh Vijay 

15.00 – 15.30 Coffee break 

15.30 – 17.00 Virtual Reality Practices 
 

Soorya Saranavan and 
Utkarsh Vijay 

 



Argentinian-Serbian Nanotechnology Workshop

Challenges in bridging theory and experiments

Institute of Physics Belgrade, the reading room of the library dr Dragan Popović

Friday, November 22nd, 2024, 10:00-12:30

time topic/presenter

10:00 Modeling interaction of small molecules with materials:
friction forces, intercalation, and memory effects

Dr Igor Stankovic

Senzor Infiz / Scientific Computing Laboratory, Center for the Study of Complex Systems,
Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia

10:35 Unveiling the Pathways: KPFM and Modeling Insights into MoS₂
Nanosheet Network Behavior in Transistor Devices

Dr Jelena Pešić

Center for Solid State Physics and New Materials, Institute of Physics Belgrade,
University of Belgrade, Serbia

Chair of Physics, Department of Physics, Mechanics and Electrical
Engineering, Montanuniversitaet Leoben, Austria

11:10 Low-Energy Ion-Surface Interactions: From Spectral Anomalies to
Charge Transfer Mechanisms

Dr Fernando J. Bonetto

Surface Physics Group, Institute of Physics of Littoral (CONICET-UNL),
Güemes 3450, S3000GLN Santa Fe, Argentina.

11:45 Semi-empirical quantum-mechanical (SQM) methods
for modeling molecular interactions

Dr Miljan Dašić

Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences,
Flemingovo náměstí 2, 166 10 Prague, Czech Republic

Scientific Computing Laboratory, Center for the Study of Complex Systems,
Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia

organized by: Dr Miljan Dašić, Dr Igor Stanković, Dr Jelena Pešić



Modeling interaction of small molecules with materials:
friction forces, intercalation, and memory effects

Dr Igor Stanković

Senzor Infiz / Scientific Computing Laboratory, Center for the Study of Complex Systems,
Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade,

Serbia

Molecular dynamics (MD) simulations have become an invaluable tool for investigating and
predicting the behavior of small molecules in complex environments, providing insights into
their structural, thermodynamic, and transport properties. This talk will highlight recent
advancements in using MD to understand molecular interactions in diverse systems,
including phosphonium-based ionic liquids [1], aluminum fluoride intercalation in graphite for
battery applications [2], and water clusters in nanoscale geometries [3]. First, we explore the
impact of water content on the dynamic properties of phosphonium ionic liquids, revealing
how water molecules modulate ion interactions and impact viscosity, diffusion, and thermal
stability. Next, we examine the role of AlF3 in rechargeable aluminum batteries, using MD to
uncover the mechanisms behind its intercalation in graphite and implications for energy
storage optimization. Finally, we delve into the behavior of water clusters on graphene
nanoribbons under varying electric fields, showcasing MD’s capability to capture ferroelectric
effects relevant to future nanotechnology applications. By illustrating these cases, this talk
will emphasize MD’s role in elucidating the fundamental mechanisms behind small molecule
interactions in complex systems, guiding the design and optimization of materials across
energy storage, nanotechnology, and beyond.

[1] I. Stanković, M. Dašić, M. Jovanović, A. Martini, Langmuir 2024, 40, 17, 9049–9058.

[2] S.J. Rodríguez, A.E. Candia, I. Stanković, M.C.G. Passeggi, G.D. Ruano, ACS Appl.
Nano Mater. 2023, 6, 18, 16977–16985.

[3] arXiv:2304.09738



Unveiling the Pathways: KPFM and Modeling Insights into MoS₂ Nanosheet
Network Behavior in Transistor Devices

Dr Jelena Pešić

Center for Solid State Physics and New Materials, Institute of Physics Belgrade,
University of Belgrade

Chair of Physics, Department Physics, Mechanics and Electrical
Engineering, Montanuniversitaet Leoben

In this talk, we will explore how Kelvin Probe Force Microscopy (KPFM) and a tailored
network model reveal the complex behavior of MoS₂ nanosheet networks in transistor
devices. Using in-operando KPFM, we image the potential distribution across MoS₂
networks, isolating potential drops at nanosheet junctions and mapping how these affect
current paths. This imaging highlights distinct types of junctions within the network,
emphasizing the impact of overlap and trapped impurities on resistance. We develop a
model that simulates the formation of current pathways across these nanosheet networks,
correlating conductive regions to the overall device morphology and conductivity.

Our findings suggest that current flow often follows the path of least resistance, confirming
the “winner-takes-all” behavior documented in similar systems. The model further quantifies
the likelihood of current pathway formation, supporting a more detailed understanding of
connectivity within these networks. Ultimately, this study bridges microscopic KPFM
observations with macroscopic device properties, helping build strategies for enhancing
network connectivity and optimizing device performance in applications of
solution-processed 2D materials. [1]

[1] Imaging Junctions in Two-Dimensional Semiconductor Nanosheet Network
Transistors, Jelena Pešić, Simon Leitner, Joseph Neilson, Igor Stanković, Muhammad
Zubair Khan, Dragana Tizić Matković, Adam G. Kelly, Tian Carey, Jonathan Coleman,
Aleksandar Matković, under review.



Semi-empirical quantum-mechanical (SQM) methods for
modeling molecular interactions

Dr Miljan Dašić

Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences,
Flemingovo náměstí 2, 166 10 Prague, Czech Republic

Scientific Computing Laboratory, Center for the Study of Complex Systems,
Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, Belgrade, Serbia

Semi-empirical quantum mechanical (SQM) methods represent computational
techniques used to model molecular interactions implementing a balance of accuracy and
computational efficiency [1]. Unlike fully ab-initio methods that exclusively rely on quantum
mechanical calculations, SQM methods include empirical data [2], such as: ionization
potentials, electron affinities, and orbital energies from experimental sources. These
parameters simplify calculations by approximating certain electron interactions, thus
providing insights into electronic structure, binding energies, and molecular geometries for
larger systems, where purely quantum mechanical treatment would be computationally too
expensive, or even prohibitive.

In case of research regarding hydrogen fuel cells, SQM methods provide
complementary insights to primary methods, such as Density Functional Theory (DFT),
which is often used for detailed studies, especially in catalysis. While DFT provides precise
descriptions of chemical processes, SQM is a valuable tool for estimating binding energies in
fuel cell catalysts, for studying interaction energies in polymer electrolyte membranes, and
for analyzing adsorption on catalytic surfaces where computational speed is a priority. By
applying SQM either as a preliminary tool or integrated within hybrid models, it is possible to
explore broader molecular configurations and interactions of fuel cell components, hence
coupling efficient initial studies with higher-accuracy studies. Such a flexibility makes SQM
useful in preliminary screenings, where large datasets and complex systems need to be
handled fastly.

As the lecturer Dr Dašić is actively conducting research based on a specific SQM
approach, namely the SQM2.20 scoring function which is used in determining Protein-Ligand
binding affinity predictions [3], one part of the lecture will cover that topic.

Rerefences
[1] Dral, Pavlo O., ed. Quantum Chemistry in the Age of Machine Learning. Elsevier, 2022.
[2] Stewart, James JP., Journal of Molecular modeling 2007, 13, 1173.
[3] Pecina, A.; Fanfrlík, J., Lepšík, M., Řezáč, J., Nature Communications 2024, 15, 1127.



Low-Energy Ion-Surface Interactions: From Spectral Anomalies to Charge
Transfer Mechanisms

Fernando J. Bonetto

Surface Physics Group, Institute of Physics of Littoral (CONICET-UNL), Güemes 3450,
S3000GLN Santa Fe, Argentina.

The Surface Physics Group of Santa Fe (Argentina) specializes in characterizing surfaces
and 2D materials through advanced techniques, including STM, AFM, AES, EELS, and
LEIS, combined with theoretical models. This presentation will focus on three recent studies
conducted in our group on low-energy ion interactions with surfaces.

The first study explores unexpected peaks in the LEIS spectra of Ar+ ions scattered from a
Cu(111) surface, which cannot be explained by the standard binary collision model. Using
molecular dynamics simulations, we show that these spectral features arise from surface
defects such as islands or steps, demonstrating the impact of imperfections on LEIS spectra.
Next, we investigate charge transfer in collisions between hydrogen ions and C60-based
carbon films deposited on Cu(111). The study reveals how substrate atoms and electronic
structure of the grown films influence the charge transfer process depending on film
thickness.

Finally, we present novel measurements of neutral and ion fractions of Ne+ions
backscattered by MoS₂ and metallic Mo surfaces. Despite the distinct electronic properties of
the two targets, neutralization rates remain high across various energies and collision
angles. Theoretical calculations indicate that resonant charge transfer is more prominent in
MoS₂, while Auger neutralization dominates for metallic Mo. The discrepancy between
experimental and calculated neutral fractions is attributed to excited states in Ne projectiles.
These findings offer new insights into ion-surface interactions and enhance our
understanding of charge transfer mechanisms in low-energy collisions.



​Workshop on Integrating Simulations and Experiments for​
​Advanced Applications​

​During the meeting, the latest results of research and industrial activities​
​within the EU-funded projects​​BLESSED​​,​​ULTIMATE-I​​,​​and​​HIP-2d-QM​​will be​
​presented, with a focus on:​

​●​ ​fuel cells and functional materials​​,​
​●​ ​advanced simulation methods​​,​
​●​ ​textiles for optical and space applications​​.​

​The working language of the meeting is​​English​​.​

​The meeting will take place​
​on​​Tuesday, January 13, 2026​​, from​​9:30 a.m. to 12:30​​p.m.​
​in​​Hall 3, 1st floor, SANU Palace​​,​
​35 Knez Mihailova Street, Belgrade.​

​Organized by: Dr Miljan Dašić, Dr Igor Stanković, and Dr Jelena Pešić.​



​time​ ​topic/presenter​

​9:30​ ​Registration​

​10:00​
​Welcome to the Institute of Technical Sciences SASA​

​Lidija Mančić​

​10:10​
​ULTIMATE-I project​

​ReaxFF for modeling the interaction of water with graphene edges​

​Igor Stanković​

​Institute of Physics Belgrade and Senzor Infiz, Belgrade, Serbia​

​10:25​
​2D-HIP-QM project​

​Engineering Current Paths in MoS₂ Nanonetworks​
​for Thin-Film Electronics​

​Jelena Pešić​

​Center for Solid State Physics and New Materials, Institute of Physics Belgrade, University of​
​Belgrade, Serbia, and Chair of Physics, Department of Physics, Mechanics and Electrical​

​Engineering, Montanuniversitaet Leoben, Austria​

​10:40​
​ULTIMATE-I project​

​Textile mirrors for space applications​

​Carlos Garcia​

​Departamento de Física, Universidad Técnica Federico Santa María,​
​Valparaíso, Chile​

​10:55​
​Coffee Break​



​time​ ​topic/presenter​

​11:00​
​BLESSED project​

​Multiscale Modeling of Enzyme-Substrate Interactions​

​Dr Miljan Dašić​

​J. Heyrovsky Institute of Physical Chemistry, Czech Academy of Sciences,​
​Dolejškova 2155/3, 182 00 Prague 8, Czech Republic​

​Scientific Computing Laboratory, Center for the Study of Complex Systems,​
​Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia​

​11:15​
​BLESSED project​

​Understanding Electrode Fabrication and Carbon Degradation in PEMFCs​
​Studies using Density Functional Theory and Discrete Element Method​

​Simulations​

​Matilde Russo​​1,3​​, Sourab Barath Vijayaraghavan​​1,2​​,​​Peter Lindstedt​​3​​, Alejandro A. Franco​​1,2​​,​
​Matthias Baldofski​​1​

​1​ ​Freudenberg Technology Innovation SE & Co. KG, 69469​​Weinheim, Germany,​​2​ ​Université​
​de Picardie Jules Verne, F - 80039, Amiens Cedex 1, France Réseau sur le Stockage​

​Electrochimique de l’Energie (RS2E), FR CNRS 3459, Hub de l’Energie, 15 rue Baudelocque,​
​80039, Amiens Cedex, France,​ ​3​ ​Imperial College London,​​Exhibition Road, South Kensington,​

​London SW72AZ, UK​

​11:45​
​BLESSED project​

​Hydration-Controlled Water Network Formation and Density in Crystalline​
​and Amorphous Nafion Membranes​

​Mateja Jovanović​​1,2,3​​, Nicolas Bernhard​​1​​, Matthias​​Baldofski​​1​​, Marcin Rybicki​​1,4​​, Miljan Dašić​​3​​,​
​Igor Stanković​​3,5​

​1​ ​Freudenberg Technology Innovation SE&Co., Weinheim,​​Germany,​
​2​​Institute of Technical Sciences of the Serbian Academy​​of Sciences and Arts(SASA),​

​Belgrade, Serbia,​​3​ ​Institute of Physics, University​​of Belgrade, Zemun, Serbia,​​4​ ​Freudenberg​
​e-Power Systems GmbH, München, Germany​

​5​​Departamento de Ingenería Mecánica, Universidad Técnica​​Federico Santa María,​
​Valparaíso, Chile​

​12:00​ ​Concluding remarks and discussion​
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Selecting Protein Crystal Structure for Optimal

Scoring of Protein-Ligand Interactions

Miljan Dašić∗†1,2, Jindřich Fanfrĺık1, and Jan Řezáč1

1Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences, Flemingovo

náměst́ı 2, 166 10, Prague – Czech Republic
2Scientific Computing Laboratory, Center for the Study of Complex Systems, Institute of Physics

Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade – Serbia

Abstract

Non-Covalent Interactions between target protein (P) and ligands (L) determine the
P-L binding affinity. Appropriate approach for modeling P-L binding is based on Semi-
empirical Quantum-Mechanical (SQM) methods. Promising solution for determining P-
L binding affinity predictions is universal physics-based scoring function SQM2.20. Term
predictions refers to the fact that results obtained via simulations are confronted with reliable
experimental results. Performance of SQM2.20 has been rigorously verified over a benchmark
dataset named PL-REX (Protein–Ligand Refined EXperiment) consisting of high-resolution
crystal structures and reliable experimentally determined P-L binding affinities (PL-REX
comprises 10 diverse protein targets, with 164 QM-optimized P-L complexes).
We have examined the variability of SQM2.20 scoring using a single receptor, in case of each
protein target of PL-REX. System preparation for scoring includes annealing of hydrogen
atoms in protein. Hydrogen annealing is affected by the value of random seed, which is set
as input parameter. Out of 100 considered cases (10 protein targets x 10 different random
seeds), 94 cases belong to the interval with absolute difference in squared Pearson coefficient
Rˆ2 from the value averaged per protein target of 0.05. Such result allowed us to establish
the difference in Rˆ2 values of 2 · 0.05 = 0.1 as a significant change in scoring results.
Each of protein targets of PL-REX comprises different protein crystal geometries. The same
applies to protein crystal geometries of two additional CDK2 systems, which were considered.
We have investigated the impact of protein crystal structure on SQM2.20 scoring result over
PL-REX dataset and two additional CDK2 systems in the next two cases: within ligand
series, and when using protein crystals with different ligands (here CDK2 protein target was
used as an example). Our general conclusion is that the sensitivity of scoring on crystal’s
geometry is low, which is advantageous for applications.

∗Speaker
†Corresponding author: mdasic@ipb.ac.rs

sciencesconf.org:mecanano2025:616768
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12th Liquid Matter Conference 2024  
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Comparison of properties of phosphonium ionic liquids mixed with water 
 

Mateja Jovanović1,2, Igor Stanković3, and Miljan Dašić3,4 
 
1 Faulty of Physics, University of Belgrade, Belgrade, Serbia 
2 Freudenberg Technology Innovation SE & Co. KG, Weinheim, Germany 
3 Scientific Computing Laboratory, Center for the Study of Complex Systems, Institute of Physics Belgrade, 
Zemun, Serbia 
4 Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences, Prague, Czech 
Republic 
 

 
Author list: Mateja Jovanović, Igor Stanković, Miljan Dašić  
 
We present a numerical investigation of the influence of water content on the dynamic properties of 
a family of phosphonium-based room-temperature ionic liquids. The study presents a compelling 
correlation between structural changes in water−ionic liquid solutions and thermodynamic and 

transport properties across diverse systems. The results for phosphonium ionic liquids are compared 
with 1-butyl-3-methylimidazolium hexaphosphate ([bmim]PF6) as a reference. Through this 
approach, phosphonium cation structure-related characteristics can be identified and placed within 
the broader context of ionic liquids. These insights are underpinned by observed changes in 
interaction energy, boiling point, diffusion rate, and viscosity, highlighting the crucial role of water 
molecules in weakening the strength of interactions between ions within the ionic liquid. The 
investigation also explains temperature-dependent trends in phosphonium cations, showing that alkyl 
group length and molecular symmetry are important tuning parameters for the strength of Coulomb 
interactions. These results contribute to a refined understanding of phosphonium ionic liquid behavior 
in the presence of water, offering valuable insights for optimizing their use in diverse fields. 
 
 

 

 

 

 
 
 







3rd International Conference on Noncovalent Interactions (ICNI2024)

Sensitivity of the Scoring of Protein-Ligand 
Binding Affinity Predictions on Protein Crystal’s Geometry 

Miljan Dašić,1 Jindřich Fanfrlík1, and Jan Řezáč1

1Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences,
Flemingovo náměstí 2, 166 10, Prague, Czech Republic

e-mail: dasic@uochb.cas.cz 

Keywords: Protein-Ligand binding affinity  predictions;  PL-REX benchmark dataset;
semiempirical quantum-mechanical methods; physics-based scoring function SQM2.20;
impact of crystal’s geometry

 Noncovalent Interactions (NCI) between a target protein and ligands determine the
P-L binding affinity. Appropriate approach for modeling the P-L binding is based on the
Semi-empirical  Quantum-Mechanical  (SQM) methods.  Those  methods are  quantum-
mechanical in the core, but they also include the semi-empirical corrections of the NCI.

Accurate  and  fast  determination  of  Protein-Ligand  (P-L)  binding  affinity
predictions is highly relevant for the Structure-Based Drug Design (SBDD) branch of
the Computer-Aided Drug Design (CADD) discipline. Naturally, an efficient solution of
this  problem  would  be  very  attractive  regarding  the  possible  applications  in
pharmaceutical drug discovery/design, e.g., in hit identification and lead optimization. 

A promising solution for determining the P-L binding affinity predictions is an
universal  physics-based  scoring  function  SQM2.20[1].  Its  performance  has  been
rigorously verified over a benchmark dataset PL-REX[1]  consisting of high-resolution
crystal structures and trustworthy experimentally determined P-L binding affinities (PL-
REX consists of 10 diverse protein targets, with 164 QM-optimized P-L complexes). 

Each of the ten protein targets of the PL-REX dataset includes different protein
crystal  geometries.  We have  investigated  the  sensitivity  of  the  scoring  on  crystal’s
geometry. Besides that, for each protein target we have determined the best reference
crystal, i.e., that crystal which maximizes the scoring results.  

Table 1.  Overview of the scoring results (Pearson R2) for the PL-REX dataset

References
[1] Pecina, A.; Fanfrlík, J., Lepšík, M., Řezáč, J., Nature Communications 2024, 15, 1127.
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Normal Dynamics - method development and

applications

Miljan Dašić∗1,2, Antonio Cammarata1, and Paolo Nicolini3

1Department of Control Engineering, Faculty of Electrical Engineering, Czech Technical University in

Prague, Technicka 2, 16627 Prague, Czech Republic – Czech Republic
2Scientific Computing Laboratory, Center for the Study of Complex Systems, Institute of Physics

Belgrade, University of Belgrade – Pregrevica 118, 11080 Belgrade, Serbia, Serbia
3Institute of Physics, Czech Academy of Sciences, Na Slovance 2, 18200 Prague, Czech Republic –

Czech Republic

Abstract

Normal Dynamics (ND) is a nanomechanical simulation method, the core of which is
integration of the Newton’s classical mechanics equations of motion, by adequately sampling
the reciprocal space. Adequate sampling strategies and their capability of producing dynam-
ical trajectories at the ab initio level with low computational demand will be discussed. ND
method enables to: (1) obtain a systematic improvement of the accuracy, (2) to fine tune
the computational resources’ demand, and (3) to consider the atomic distortions happening
across large distances, without the need of using large unit cells.
Theoretical background of the ND method is based on determining the phonon structure of a
material. We will present several case studies which illustrate the method’s applicability and
computational performance. It will be explained that this simulation method has a general
orientation, and it can be used for simulating: (a) periodic, (b) semiperiodic, and (c) finite
systems (such as (a) crystals, (b) slabs, and (c) molecules).

Authors have implemented the ND method in the Fortran programming language (thus
achieving high computational efficiency), and named the developed software - PINDOL
(Phonon-Inspired Normal Dynamics of Lattices). PINDOL is an open-source software pack-
age for performing atom dynamics in the NVE and NVT ensembles (link for the free down-
load: https://github.com/acammarat/pindol).

∗Speaker

sciencesconf.org:mecanano2024:533360



Exploring influence of water on the friction on two

dimensional surfaces

Igor Stankovic∗1, Olivier Noel2, and Miljan Dašić1

1Scientific Computing Laboratory, Center for the Study of Complex Systems, Institute of Physics

Belgrade, University of Belgrade, Pregrevica 118, 11080 Zemun – Serbia
2Institut des Molécules et Matériaux du Mans – Le Mans Université, Institut de Chimie - CNRS

Chimie, Centre National de la Recherche Scientifique – France

Abstract

This presentation explores water’s influence on dynamic tribological contact in two sys-
tems: hydrophilic monolayer MoS2 and hydrophobic graphite interfaces. We reveal distinct
stick-slip patterns at atomic resolution in the MoS2 system. Simulations highlight water’s
role in preventing prolonged slips by maintaining separation between solids. We explore the
influence of water in both fully immersed conditions and air, emphasizing capillary water
effects. Shifting the focus to hydrophobic interactions, our investigation challenges the con-
ventional understanding of water expulsion in such contacts. We introduce a mechanism
involving a droplet produced within the sliding nano-contact through the accumulation of
water adsorbed on the substrate. The presentation concludes by demonstrating that a full
slip regime of the droplet on the hydrophobic substrate explains the experimental tribo-
logical behavior. This research advances our understanding of dynamic friction on water
molecule-contaminated surfaces, offering implications for industrial applications.

∗Speaker
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ABSTRACT BODY:
Body: In the current work, molecular dynamics (MD) simulations are employed to study the nanoscopic friction
on monolayer MoS2 in the presence of water. The simulation setup mimics atomic force microscope (AFM)
experiments by using an amorphous probe made of SiO2, a monolayer MoS2 plate, and water molecules in
between to simulate conditions due to air humidity. Two systems are compared, with a probe fully immersed in
water and surrounded by water, and a water capillary around the probe. In the latter case, the stick-slip friction
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Nanoscopic Friction on Monolayer 𝑀𝑜𝑆2 in Presence of Water
Investigated with Molecular Dynamics — ∙Miljan Dašić and
Igor Stanković — Scientific Computing Laboratory, Center for the
Study of Complex Systems, Institute of Physics Belgrade, University
of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia
We have implemented and applied a molecular dynamics (𝑀𝐷) sim-
ulation setup in order to study the nanoscopic friction on monolayer
𝑀𝑜𝑆2 plate in the presence of different quantities of water. Our setup
mimics a standard 𝐴𝐹𝑀 experiment, including an amorphous 𝑆𝑖𝑂2

probe, a monolayer crystalline 𝑀𝑜𝑆2 plate, and water molecules in-
between. Presence of water molecules matches experimental conditions
of air humidity. We studied two different quantities of water: (1) full
water layer - 𝑆𝑖𝑂2 probe is fully immersed in water and surrounded
by water molecules, and (2) capillary water - water forms a capillary
around the 𝑆𝑖𝑂2 probe, with lateral vacuum gaps. We conducted two
modes of simulations: vertical approach of 𝑆𝑖𝑂2 probe towards 𝑀𝑜𝑆2

plate and lateral sliding of 𝑆𝑖𝑂2 probe. There are always trapped
water molecules in the gap between the probe and the plate; their
number drops with the increase of temperature. We have obtained
well-pronounced stick-slip friction loops; we found that an increase of
the applied normal load leads to the more pronounced stick-slip be-
haviour, as seen in 𝐴𝐹𝑀 experiments. The amount of water present
in the studied nanoscopic tribosystem has a pronounced impact on the
stick-slip frictional behaviour.
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Tribological Properties of Selected Vanadium Oxides Inves-
tigated with 𝑅𝑒𝑎𝑥𝐹𝐹 molecular dynamics — ∙Miljan Dašić1,2,
Ilia Ponomarev1, Tomaš Polcar1, and Paolo Nicolini1 —
1Department of Control Engineering, Faculty of Electrical Engineer-
ing, Czech Technical University in Prague, Technicka 2, Prague 6,
16627, Czech Republic — 2Scientific Computing Laboratory, Center
for the Study of Complex Systems, Institute of Physics Belgrade,
University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia
Providing effective lubrication at high temperatures/pressures and in
oxidative environments is relevant for various industrial applications,
such as turbomachinery and cutting tools. Promising solutions are
oxidation-resistant hard coatings consisting of binary or ternary films
(e.g., 𝐶𝑟−𝑁 , 𝑇 𝑖−𝑁 , 𝐶𝑟−𝐴𝑙−𝑁 , 𝑇 𝑖−𝐴𝑙−𝑁) doped with vanadium.
The amount of oxygen present in an oxidative environment can be var-
ied, leading to different vanadium oxide stoichiometries. We investi-
gated tribological performance of under-oxidized vanadium lubricants,
selected based on available experiments. We conducted a 𝑅𝑒𝑎𝑥𝐹𝐹
molecular dynamics study on selected stoichiometries {𝑉2𝑂3, 𝑉3𝑂5,
𝑉8𝑂15, 𝑉9𝑂17, 𝑉 𝑂2} at elevated temperatures {600, 800, 1000} [K]
and pressures {1, 2, 3, 4} [GPa]. Our tribosystem consists of two rigid
𝑉2𝑂5 layers, and a vanadium oxide in-between. At a fixed temper-
ature, we did not notice significant changes of the friction coefficient
with stoichiometry. All considered stoichiometries provide effective
lubrication. Our study is relevant and interesting for the design of
vanadium doped oxidation-resistant hard coatings.
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Tribological Properties of Selected Vanadium Oxide
Stoichiometries Studied with Reactive Molecular

Dynamics
Providing effective lubrication at high temperatures/pressures and in oxidative environments is relevant for
various industrial applications, such as turbomachinery and cutting tools [1,2]. Promising solutions for such
conditions are oxidation-resistant hard coatings consisting of binary or ternary films (Cr-N, Ti-N, Cr-Al-N,
Ti-Al-N) doped with an additional element which can diffuse to the surface of the coating and form an oxide
layer that serves as a lubricant. Vanadium became a popular dopant since its oxides melt at considerably low
temperatures, hence providing liquid lubrication.

The amount of oxygen present in an oxidative environment can be taken as a study parameter, leading to the
consideration of different vanadium oxide stoichiometries. This study aims to explore the tribological per-
formance of under-oxidized vanadium lubricants, selected in accordance with available experimental studies
[3].

We present a reactive molecular dynamics study on the tribological properties of five vanadium oxide stoi-
chiometries {V2O3, V3O5, V8O15, V9O17, V O2} at elevated temperatures {600, 800, 1000} [K] and pressures
{1, 2, 3, 4} [GPa]. Our tribological system consists of two rigid V2O5 layers, modeling two solid surfaces in a
tribocontact, and a vanadium oxide with stoichiometry labeled as VxOy , confined between them. Under the
imposed working conditions, all studied vanadium oxides were amorphous.

We have employed an atomistic model within the ReaxFF (reactive force field) potential to describe the inter-
actions of vanadium and oxygen atoms. Sliding simulations were implemented in the reax/c package of the
LAMMPS code [4].

By applying a linear fit on the dependence of the sliding force Fx on the normal load Fz :

Fx = COF · Fz + F 0
x ,

we extracted the coefficient of friction COF and the sliding force at zero load F 0
x (adhesion com-

ponent of the friction force). At a fixed temperature, we did not notice significant changes of the
friction coefficient with stoichiometry. The values which we obtained for the COF (∼0.2 at 600 K,
∼0.15 at 800 K and ∼0.1 at 1000 K) are in good agreement with the previously determined results for
amorphous V2O5 lubricant at the same temperatures [5]. We concluded that all considered VxOy

stoichiometries (i.e., under-oxidized vanadium) are going to be an effective lubricant. The friction
coefficientCOF decreases with the increase of the temperature. We observed the increasing trend
of the adhesion-related offset of the friction force F 0

x with the decrease of the oxygen content in
VxOy lubricants and explained it by themore-pronounced tendency of vanadium atoms from VxOy

to bond with oxygen atoms from V2O5 in oxygen-poorer environments.

Our study on vanadium oxide lubricants provides a reference which is relevant for the design of
vanadium doped oxidation-resistant hard coatings.

References
1. P. A. Papi, C. Mulligan, and D. Gall, Thin Solid Films 524, 211 (2012)
2. A. A. Voevodin, C. Muratore, and S. M. Aouadi, Surf. Coat. Technol. 257, 247 (2014)
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4. S. Plimpton, J. Comput. Phys. 117, 1 (1995)
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Influence of the Size of Cation on the Structure and
Tribological Properties of Ionic Liquids Studied with

Molecular Dynamics
Ionic liquids (ILs) are two-component systems composed of large asymmetric and irregularly shaped organic
cations and anions. Physical properties of ILs like negligible vapour pressure, high-temperature stability, high
ionic conductivity and also a great variety of ILs and their mixtures highlight them as potentially relevant
to lubrication [1, 2]. A large number of variations in IL composition is possible, estimated at the order of
magnitude of 1018 different ILs. From their variety stems the possibility of tuning their physicochemical
properties which can affect lubrication, such as viscosity, polarity, surface reactivity. Hence, it would be
advantageous to figure out general relations between the molecular structure and tribological properties of
ILs.

In this study, we investigate a generic tailed-model (TM) of ILs which includes: an asymmetric cation consist-
ing of a positively charged head (σC = 5) and a neutral tail of variable size (σT = 3, 5, 9) and a large spherical
negatively charged anion (σA = 10). It represents a more realistic model compared to the simplest one, the
so called Salt Model (SM) [3, 4]. We figured that, although simple, TM model results in striking differences in
equilibrium bulk structure of IL governed by the tail size relative to cationic head: (i) simple cubic lattice for
the small tail, (ii) liquid-like state for symmetric cation-tail dimer, and (iii) molecular layer structure for the
large tail. A mutual feature of all investigated model ILs is a formation of the fixed (stable) layer of cations
along solid plates.

We have investigated the influence of the size of the cationic tail on the response of three ILs to confinement
andmechanical strain, usingmolecular dynamics simulations in the LAMMPS code [5]. Tribological properties
of three IL models are compared in and out of equilibrium. We have related the evolution of normal force
with inter-plate distance to the changes in the number and structure of confined IL layers. A mutual feature of
all investigated model ILs is a formation of the fixed (stable) layer of cations along the solid plates. The fixed
layer formation is a result of strong Lennard-Jones interaction between the plates and ions. A consequence of
the fixed layer stability is a steep rise of the normal force at small interplate gaps. The steep rise of the normal
force is an effect useful for preventing solid-solid contact and accompanying wear.

Understanding the interplay between different processes in thin lubricant films is important due to the con-
flicting demands imposed on how IL lubricant should behave in dynamic confinement: high load-carrying
capability requires strong adsorption to the surface, while low friction requires low viscosity.

References
1. F. Zhou, Y. Liang and W. Liu, Chem. Soc. Rev. 38, 2590 (2009)
2. R. Hayes, G. G. Warr and R. Atkin, Phys. Chem. Chem. Phys. 12, 1709 (2010)
3. R. Capozza, A. Vanossi, A. Benassi and E. Tosatti, J. Chem. Phys. 142, 064707 (2015)
4. M. Dašić, I. Stanković and K. Gkagkas, EPJ E 41 (11), 130 (2018)
5. S. Plimpton, J. Comput. Phys. 117, 1 (1995)
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Tubular structures of magnetic particles: platform
for curvilinear nanomagnetism

We review tubes [1,2] consisting of magnetic dipolar particles as a model for magnetic nanostructures and
show, in particular, how to obtain anti-ferromagnetic states. The tubular assemblies of magnetic particles
can be realized with different thickness, length, and lattice structures. The universality of dipolar interac-
tion concerning the length scale allows the realization of these systems both at the macro scale as dipolar
rotors and mesoscale using magnetic microspheres. Our system consists of tubes created by the assembly
of dipolar spheres. The cylindrical topology results in the breakup of degeneracy observed in planar square
and triangular packings. As far as the ground state is concerned, the tubes switch from circular to axial mag-
netization with increasing tube length. All magnetostatic properties found in magnetic nanotubes, in which
the dipolar interaction is comparable to or dominant over the exchange interaction, are reproduced by the
dipolar tubes including an intermediary helically magnetized state. Besides, we discuss the antiferromagnetic
phase resulting from the square arrangement of the dipolar spheres and its interesting vortex state [2]. The
proposed system should enable research of tubular magnetic nano-devices at scales that are more accessible
for observation simultaneously avoiding material imperfections, existing in solid-state counterparts.

References
1. I. Stanković, M. Dašić, J.A. Otálora, C. García, “A platform for nanomagnetism–assembled ferromagnetic
and antiferromagnetic dipolar tubes”, Nanoscale vol. 11, p. 2521-2535, 2020.
2. R. Messina, L.A. Khalil, I. Stankovic, “Self-assembly of magnetic balls: From chains to tubes”, Physical
Review E vol. 89, 011202226, 2014.
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Non-equilibrium molecular dynamics investigation
of a model ionic liquid lubricant for heavy-duty

applications

In the current work, we present a modeling approach for simulating mesoscopic phenomena related to lu-
brication. Our geometry allows a variable confinement gap and a varying amount of lubricant in the gap.
We have implemented and compared several coarse-grain molecular dynamics descriptions of an ionic liquid
(spherical model and model with cation tail) as a lubricant that can expand into lateral reservoirs. The re-
sults have revealed two regimes of lubrication, and elastohydrodynamic one under low loads and one with
low, velocity-independent specific friction, under high loads. The observed steep rise of normal forces at small
plate-to-plate distances is an interesting behavior that could potentially be exploited for preventing solid-solid
contact and wear.
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