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HackonbKo xopoiio Teopusi ¢yHKIIMOHAJa IVIOTHOCTY OIIMChIBAET
CIIMHOBYIO IVIOTHOCTD

I'pomos O.1.»
a Xumuueckuii pakynemem MI'Y umernu M.B. Jlomonocosa, 119991, Mocksa, Poccus

B pamkax OMCKyCCUMM O KayecTBe OMMCAHMSI 37IeKTPOHHOM TJIOTHOCTYU C MTOMOIIbI0 COBPeMEeHHbBIX (PYHKI[MOHA/IOB
IJIOTHOCTY [1] 0COGEHHO MHTEPEeCHO OIEHUTh KaueCTBO OMMCAHUS CIIMHOBOM IIOTHOCTU. C OMHOI CTOPOHBI, STOMY
BOIIPOCY VYAESIOT 3HAUMTEAbHO MeHbllle BHMMAaHMUS, C APYroil CTOPOHBI, CIIMHOBAs IUIOTHOCTb JOCTYIIHA MOJIS
SKCMEPUMEHTATBHOTO M3MEPEHMUSI C OTHOCUTETHHO BbICOKOW TOYHOCTHIO. B mokiame 6yzmer maH 0630p COBPEMEHHOTO
COCTOSIHMSI ITPOOJIEMBI, a TAK)Ke Pe3y/IbTaThl pacyeTa KOHCTaHT CBEPXTOHKOTO B3auMOIeiicTBus Ha aToMax 14N Ha6opa
13 23 HUTPOKCWIbHBIX PaZMKajOB C MOMOIIbIO KaK IMPOKO MCIOIb3yeMbIX, TaK ¥ OTHOCUTEIbHO HOBBIX, ellle He
MIPUMEHSIBIINXCS 17151 pacueTa KoHcTaHT CTB dyHKIMoHam0B moTHOCTH — GGA-dyHKIMoHanos: BP86, PBE, OLYP, BEEF,
PBEpow, meta-GGA ¢yukumonanos: TPSS, M06-L, SCAN, MN15-L, PBE-GX, ru6puausix GGA ¢yHukimonanos: B3LYP,
PBEO, mPW1PW, B97, B98, BHandHLYP, HSE06, B2PLYP, ru6puaubsie MeTa-GGA-dbyHKImonanos: TPSSO, M06, M06 -
2X, MN15, SCANO, PBE1KCIS u ¢yHK1IMOHA/IOB C TONpaBKoii Ha fganbHopelicTBre: CAM-B3LYP u wB97x [2]. B kauecTBe
pedepeHca UCIOIb30BaHbl KCIIEpMMEeHTaIbHbIe TaHHbIe, a TAKKe pe3ynbTaThl pacyeta MeTomom DLPNO-CCSD.

Crmcok aurepaTypsbl
1. M.Medvedev et al., Science 355, 49-52 (2017).
2. 0. Gromov et al., J. Mol. Model. 25, 93 (2019).



OTKyaa 0epéTcs TYHHe/IbHOE paculelyieHVe BO BpallaTe/IbHbIX CIIEKTPax
nudenmnnosoro a¢pupa?

Tuxonos [1.C.,~" ®aruma M.,>P ITepes K., [lHemnp M.»P
& Deutsches Elektronen-Synchrotron (DESY), Notkestr. 85, D-22607 Hamburg, Germany
b Institute of Physical Chemistry, Christian-Albrechts-Universitdt zu Kiel, Max-Eyth-Str. 1, D-24118 Kiel, Germany

BpamaTenpHbiit criekTp audenmwioBoro sadupa (I3, Puc. 1) cocTOUT M3 MEPEXOmOB b-Tulla, MPUUYEM Kaskaas
JIUHUSL B CIIEKTPe BBIVIIIUT KaK TPUILIET C COOTHOLIeHMeM MHTeHCMBHOCTel 1:2:1. [1] 3TOT TyHHeNIbHBIN MaTTepH
TPagULIMOHHO IPUIMCHIBAETCSI BHYTPeHHeMY BpaleHnio ¢GeHWIbHBIX TPYII B 3TOI MojeKyse, [1] HO KOHKpeTHbIH’
MexaHM3M 06pa3oBaHMs MOAOOHO CTPYKTYPBI Jocesie ObIT HEM3BECTEH.

MpbI poaHaIM3UPOBaIN TPeGyeMyIO TPYIIIY MOJIEKY/ISIPHOI CUMMETPUM IJIS pelieHus 3Toi mpobiemMbl. OKa3aaoch,
YTO CMMMETPUSI HAb/II0[aeMOT0 BHYTPeHHETo BpaleHus B [13 omuchIBaeTCs UKINYECKON Tpymoit Cy, SBASIOMIENcsS
roArpyImoi rpyrmsl Cg, KOTOpas XapakTepu3yeT MMOAHYI0 AMHAMMUKY BHYTPEHHEro BpalieHus! GeHWIbHbIX TPYMIl. ITO
IBJDKeHMe OUeHb ITI0X0XXe Ha BHYTpeHHee BpallleHye HUTPOorpyni B Monekyie NyOs (OoN-O-NOy). [2]

Pe3ynbTaThl TEOPETUYECKOTO aHaiM3a ObUIM ITOJKPEIUIEHbl UMCIEHHBIMM PAcYETaMy OUMHAMUKM BHYTPEHHETO
BpamieHus] (GEHWIbHBIX TPYIIl HAa OCHOBE MABYMEPHOrO CTalMOHApHOTO ypaBHeHus Ilpémuurepa. s 3TOTO
COOTBETCTBYIOIASl ITOBEPXHOCTh ITOTEHIMAIbHOI 3HepruM Obuia IocumtaHa B npubmokeHunu DLPNO(TightPNO)-
CCSD(T)/def2-TZVPP//B3LYP-D3/def2-TZVPP, nocne uero ypaBHenue llIpénuHrepa pemiasoch CETOYHBIMU MeTOZAMMU
Tpy TIOMOIIM CKPUIITAa Ha si3bike Python. TTomyuyeHHas olieHKa TyHHeNbHOTO paciieruienus (0.05 MI'1r) cornacyeTcs ¢
9KCIepUMeHTaIbHBIMY 3HaUeHusiMu (Hampumep, 0.6 MI'y miis nepexona 8y¢ < 817).

@/, ;

Puc. 1: MonekynsipHasi cTpyktypa audenmnioBoro adupa (J13). CTpenoykamy mokasaHo BpamieHue GeHMIbHbIX IPYIII.

CrmMcok aurepaTypsbl
1. C. Medcraft et al., Phys. Chem. Chem. Phys. 18, 25975-25983 (2016).
2. ].-U. Grabow et al., J. Chem. Phys. 105, 7249 (1996).



ComocraBiieHue pe3yJabTaTOB Pa3/IMYHbIX BBIYMUC/IUTC/IbHBIX METOO0B OJISI
pacdeTa BO3MO>KHOM CTaGI/IJII/IBaHI/II/I ININKO3UJI-KAaTUOHOB

Tep6ct A.T.,2 Kpbutos B.B.,* Hudauntbes H.D. @
& Jlabopamopus Xumuu 21uKkoxonsozamos, I'6 YH Hucmumym Opzanuueckoti Xumuu um. H.JI. 3enunckozo Poccutickoii
Axkademuu Hayk, Jlenurckuti npocnekm 47, Mockea, 119991, Poccus

KoHTposib HajZ CTepeoCceeKTUBHOCTBIO PeaKIUii ITIMKO3UIMPOBAHMUS BCE ellle SBJSETCS 3ajaueli, He MMeIoIlen
IIOCTATOYHO OOIIero pemreHusl. B To ske BpeMs TaKoii KOHTPOJIb BECbMa BaskeH, IMOCKOJIbKY IIPU CUMHTE3€e PasINyHbIX
OMONIOTMYECKM 3HAUMMBIX YIJIEBOIHBIX CTPYKTYP KPUTUUECKM HEOO6XOOMMO CO3[aHMe TIMKO3UIHBIX CBS3eil CTPOTro
orpefeneHHo KoHuUrypaium. CI0KHOCTH JaHHOTO BOTIPOCa CBsI3aHa C TeM, UTO PeakIMy INIMKO3UIMPOBAHMS 10 CBOeit
MIpUpoJie UMEIOT TEHEAEHIINIO MPOTEKATh M0 MeXaHu3My, 6mu3koMy K SN1, MpeAIonoKUTeTbHBIM ITPOMEKYTOUHBIM
06pa3oBaHMeM TVIMKO3U/I-KaTMOHA B BUIe MOHHOI mapel. Ha cTpoeHue 9TOJ Iapsl M Ha ee peakIMOHHYIO CIIOCOOHOCTD
MMEIOT BIMSIHME MHOXEeCTBO ()aKTOPOB: PacCTBOPUTENb, IIPUPONA U PACIIONIOKEHMEe 3alIUTHBIX I'PYIII, TeMIlepaTypa
M T.0. AHXMMEpPHOE COydyacTMe 3alUTHBIX TPYII, MMEIIIUX B CBOEM COCTaBe, HAINlpMMep, KapOOHUIbHBIN aToOM
KUCJIOpO/ia, SIBJISIETCS OJHUM M3 BO3MOXHBIX (DAKTOPOB, PETYIUPYIONIUX CTEPEOCEIeKTUBHOCTD IMIMKO3WIMPOBaHMS. B
JAHHOM COOOIIEHMM PacCMaTPUBAETCS COTIOCTABIEHME PA3IMUHBIX TEOPETUUYECKMX METOIOB PacueTa SHEPIUil TAKOTOo
COYYaCTUSI C IKCIIePYMEHTATbHBIMY JTAHHBIMU 110 CTEPEon36MpaTeNbHOCTM IMKO3WINPOBaHUS HyKoDypaHO3MIHBIMMA
byKOnMpPaHO3UMIHBIMM IIMKO3UI-TOHOPAMM, COAEPXKAIIMMM pas/IMUHbIe 3alMTHBIE ITpyIIbl Ipyu aTroMe O(3). ITokasaHo,
YTO TONyIMITMPUUYECKMe METOIbl M MeToabl ab initio, 6e3 ydyeTa 3JeKTPOHHONM KOPPENSINM 3aHVKAIOT BeTMUYMHbI
SHEeprui comeicTBys. YUeT 3JIeKTPOHHOM Koppensuyuu B npubmokeHny MP2, a Takke pacueT MeTomoM (GyHKIMOHaIa
IJIOTHOCTY TIO3BOJISIIOT TOMYYMUTh IPaBAOINOAOOHbIE JaHHbIE, COOTBETCTBYIOIIME HAOIIOMAEMON IKCIIEPUMEHTATbHO
cTepeoceeKTMBHOCTU. Kak HM CTpaHHO, KOPPEIUPYIOIIME C SKCIIEPUMEHTOM DPe3yabTaTbl MOTYT ObITH ITOJyUYEHBI U
MIPOCTENIINM METOAOM MOJIEKY/ISIPHO MEXaHUKU.

IlanHast paboTa Obl/Ia BBITIOMHEHA ITPU Moaaepskke rpanTa PH® 19-73-30017.



Dynamics of the bulk hydrated electron from many-body electronic structure
theory and machine learning

Rybkin V.V.2
a Department of Chemistry, University of Zurich, Switzerland

The structure of the hydrated electron has been long a matter of debate as it evades direct experimental observation
owing to the short life time and low concentrations of the species. The first molecular dynamics simulation of the bulk
hydrated electron based on correlated wave-function theory (MP2) has provided conclusive evidence in favor of a per-
sistent tetrahedral cavity made up by four water molecules, and against the existence of stable non-cavity structures [1].
However, due to extraordinary computational cost those simulations have been restricted to 5 ps, which is not enough
to compute converged observable properties.

Fitting a conventional classical force field for the aqueous electron is impossible due to the presence of an extra elec-
tron without a corresponding nucleus. Alternatively, neural-network based force fields (of the Behler-Parrinello type [2])
trained on the MP2 forces are flexible enough to reproduce the effect of the solvated electron on the water structure,
without taking the extra electron in account explicitly. This cheap approach reaching MP2 accuracy allowed to extend
simulation times to nanoseconds and allowed for quantum dynamics within the thermostatted ring-polymer molecu-
lar dynamics formalism. In addition, spin density distributions and band gaps were calculated by hybrid DFT for a set
of structures selected from force-field trajectories. As a result, a number of properties — radial distribution functions,
diffusion coefficients, vibrational spectra, band structures — have been obtained with a high accuracy and interpreted.

CrmMcok aurepaTypsbl
1. J. Wilhelm et al., Angew. Chem. Int. Ed. 58, 3890 (2019).
2. ]. Behler et al., Phys. Rev. Lett. 98, 146401 (2007).



Electronic structure for metastable electronic states

Bravaya K.?
a Department of Chemistry, Boston University, 590 Commonwealth Avenue, Boston, MA 02215, USA

Electronic states metastable with respect to electron are ubiquitous in highly energetic environments or as interme-
diates in the processes mediated by electron-molecule interactions. These states belong to the continuous spectrum of
the Hamiltonian and as such cannot be described by using conventional quantum mechanics techniques developed for
bound electronic states. One of the elegant solution that allows one to leverage the powerful machinery of the mod-
ern quantum chemistry methods and their implementation as efficient codes and adapt the methods to description of
resonances is provided by non-Hermitian quantum mechanics techniques. In this talk I will present a recently devel-
oped model that combines multireference perturbation theory with complex absorbing potential method, one of the
non-Hermitian quantum mechanics approaches, for description of resonances’ energies and lifetimes [1].

CrnmMcok aurepaTypsbl

1. A.A. Kunitsa et al., J. Chem. Phys. 146, 184107 (2017).



Complexes of Graphene with P-Core-Modified Porphyrin: Computational
Studies

Kuznetsov A.E.,*
a Departamento de Quimica, Universidad Técnica Federico Santa Maria, Av. Santa Maria 6400, Vitacura, Santiago, Chile.

Since the graphene discovery in 2004, various graphene-based materials have been investigated and applied in many
fields. Formation of porphyrin-graphene nanohybrids can lead to significantly enhanced photo- and electrocatalytic
activity and other useful properties. Motivated by recent studies of complexes porphyrins-graphene/graphene oxide, we
have performed computational studies of the complexes between graphene and P-core-modified porphyrin, ZnP(P),4. As
graphene models the H-terminated C4,H;6 and Cs4H;g were used. Calculations were performed using two DFT functionals
taking into account weak interactions, wB97XD and B97D. ZnP(P), was found to interact quite strongly with C4;H;¢ and
Cs4H;g, with binding energies of ca. 27.2 (19.5 with BSSE correction) and 40.2 kcal/mol, respectively (wB97XD/6-31G*
level). We found that the ZnP(P), species underwent significant distortions when interacting with the C4;H;s model (Fig.
1a) but was much less distorted upon coordination to the Cs4H;s model. Analysis of molecular orbitals (Fig. 1b), charges
distribution, molecular electrostatic potentials and other electronic properties was performed, along with comparison
with complexes between regular porphyrin, ZnP, and two graphene models. The core-modification of porphyrins could
be promising approach to novel nanocomposites with interesting properties.

HOMO-2, HOMO-+4,
-0.25068 A.U. -0.25868 A.U.
(b) (©

Puc. 2: Optimized structure of the ZnP(P), complex with C4;Hj¢ (a) and two higher-lying MOs of the complex showing
binding between ZnP(P), and C4Hy¢ (b).

Crmcok aurepaTypsbl

1. K. Garg et al., Carbon 122, 307-318 (2017).
. H. Wu et al., Electrochimica Acta 259, 355-364 (2018).
. L. Zhang et al., Dyes and Pigments 138, 213-222 (2017).
. S. Fan et al., Talanta 160, 713-720 (2016).
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5. R.Zeng et al., Applied Surface Science 434, 756-762 (2018).
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Infrared spectroscopy as a probe of electronic energy transfer

Scutelnic V.,»* Rizzo T.2
a Laboratory of Molecular Physical Chemistry, EPFL, CH-1015, Switzerland,
* Actual address: College of Chemistry, UC Berkeley, California 94720, USA

We have combined electronic and vibrational spectroscopy in a cryogenic ion trap to produce highly resolved, con-
former-selective spectra for the ground and excited states of a peptide containing two chromophores. These spectra
permit us to determine the precise three-dimensional structure of the peptide and give insight into the migration of the
electronic excitation from phenylalanine to tyrosine, since changes in the excited-state infrared spectra are sensitive to
the localization of the electronic energy in each chromophore. The well-controlled experimental conditions make this
result a stringent test for theoretical methods dealing with electronic energy transfer.



KBaHTOBOXMMMUUECKOEe UCCIegoBaHue CYl'[epOCHOBHO-KaTaJIMBMpYEMOﬁ

COOPKM TeTPALMKIANYECKUX IPOU3BOAHBIX (DPOHTAIMHA U3 KETOHOB U
alleTUIIEHOB

Open B.B.,* MamkyeBa A.A.,* A6cansimos [1.3.2
aUpkymckuii zocydapcmeenHulii yuusepcumem, Hpxkymck, Poccus

BsaumopeiicTBMe HUKIOAIM(PATUIECKUX KETOHOB C aLleTUIEHOM Ipu Temmepatypax 60-80°C B IpUCYTCTBUU
cynepocHoBanuit KOH/IMCO nipuBoguT K 06pa30BaHMIO TETPALVIKINYECKMUX MPOM3BOSHBIX GppoHTaMMHA [1], KOTOpBIE
MCIIONB3YIOTCSI B KauecTBe IPeKypCOpOB JIeKapCTBEHHbBIX CPEeCTB sl Tepanuu U mpodunaktuku BUU-unbexmit n
paka, a Takke KaK aHTUOMOTYKM C IIMPOKUM CIIEKTPOM IECTBUS.

HacTtosinee mucciemoBaHue ObIIO BBIIIOJHEHO METOJAMM KBaHTOBOXMMMYECKOTO MogjenupoBaHus (B2PLYP/6-
311+G**//B3LYP/6-31+G* + PCM) c 1Lenbl0 M3yuyeHUs] MexXaHu3Ma COOPKM TaKOro IMPOU3BOJHOro (ppoHTaIMHa Ha
npuMepe o6pa3oBaHus 7-MeTuiI-15-MeTuneH-14,16-guokcorerpanykiao[11.2.1.01.0813recagexana 3 gByx mMosnekyn
IMKJIOTeKCAaHOHA ¥ IBYX MOJeKkyn aueTwieHa. Ocoboe BHMMaHMe ObUIO yaeneHO KOHGOPMALMOHHON M30MepUM U
JIyacTepeoMepuy KIYeBbIX MHTEPMeANaTOB U NMPOAYKTA.

BbUTO TTOKAa3aHO, UTO AMacTepeoMephbl KaK MPOMEKYTOYHOTO ITOMYKeTasss, TaK ¥ KOHEYHOIO IPOAYKTa COOPKMU
SHePreTUYeCcKy OJIU3KHU, U 3TO MOKET ObITh OMHUM 13 (PaKTOPOB, OOBSICHSIONIMX 06pa3soBaHMe CMeCH I1acTepeoMepoB.
Vunuyupyomas ¥ 3aBepliapmias peakiuy BUHMUIMPOBAHMS SBJSIOTCS Haubosee 3K30TEPMUUECKUMMU CTAAVSIMU
Ha nyTM cOOpKM TeTpauykiorekcagekaHa. TeroBoit 3ddekr peaxiumm cocraBiasier AH = —46.8 Kkajx / MoJb,
OTHOCUTEBHO MCXONHBIX peareHTOB. O6pa3oBaHue SRSRS-nmacrepeoMepa TeTPAlMKIOTEKCA[EKAaHA KUHETUYECKU
¥ TepMOOMHAMMUeCKu Haubosiee BBITOMHO ¥ IPOMCXOOUT vepe3 IPOMEXKYTOUHbIE CTaauy IpeBpamieHust SS-
mvacrepeomepa 1,5-nmkeToHa (OH o6pasyercs ¢ AGH = 20.0 kkan/moinb) B SRSRS-nayacTepeomep IMOMyKeTasIs ¢ 6apbepom
AG" = 14.8 KKaJ1/MOJIb C TOCIeAYIOMMM BHYTPUMO/IEKY/ISIpHbIM O-BUMHMIMPOBaHMeM ¢ 6apbepoM AG* = 9.0 KKaji/MOIb.
Craaus STMHWINPOBaHMS 1,5-IMKeTOHA B 9TOM C/IyJae oIpefesiseT quacTepeoMepHbIit COCTaB CMeCH.

Pa6oTa BbITIONIHEHA TTpy TToAAepskke Poccuiickoro HayuHoro ¢oHaa (mpoekT N2 19-73-00033).



C/IOKHBIN XapaKTep HU3KOYaCTOTHBIX KOJIeOaHMIA B OCHOBHOM U
BO30Y)KI€HHBIX 3IEKTPOHHBIX COCTOSTHUSIX MOJIeKyabl pypdypona

baraes B.A.,* TonyHoB 1. A.?
& Xumuueckuti paxynemem MI'Y, I'CIT- 1, JlenuHckue 2opsl, 0. 1, cmp. 3., Mockea, 119991 Poccuiickas ¢pedepayus

PaHee MbI TTOKa3ajay, YTO B MOJIEKYJIaX HEKOTOPBIX aJbIEerMIOB TOPCUOHHOE KonebaHue (BpalleHyue GopMUIbHOIM
rpyrmbl CHO) MOXeT MMeTh CIOKHYIO (GopMy, OOYCIOBIEHHYIO OCOGEHHOCTSIMM TIOBEPXHOCTM ITOTEHIMATbHOM
sHeprum (I1119) [1,2]. A B cyryyae apoMaTUUECKUX U T€TEPOIVKINYECKUX IbIETUI0B OblyIa HalieHa KMHeMaTudecKas
B3aMMOCBSI3b BHYTPEHHEro BpallleHMs M Heruiockoro (BeepHoro) Kosmeb6anuss CHO rpymmer [3,4]. B moxmane
MIPeICTaB/IEHbI PE3Y/IbTAThI UCCIIEIOBAHNS CTPOEHME U KOJIe6aTeTbHOM AMHAMUKY MOJIEKYIIbI Qypdyposia B OCHOBHOM U
HM3LIMX BO3OYKIEHHBIX N* COCTOSHMUAX MeTonoM CASSCF/def2-TZVPP. [l MoeKy/bl B 'nt* COCTOSHUM TIOCTPOEHbBI
ceuenus ITID pasHoit pasmepHoctu (1, 2 ¥ 3) MO KOOpAMHATAM, OTBEYAIOIIMM IBVDKEHMSIM OOJBINON aMILIATYIbI
(BHYTpeHHEMY BpallleHMIo, upamumasbHoMy uckakeHuio CCHO ¢parmeHTa M HeEIUIOCKOMY AedOpMalyIOHHOMY
kosnebanmnio CHO rpymmber). C MCTIONb30BaHMEM 3TUX CEUEHMI TMHETHBIM BapMaLIOHHBIM METOIOM OBLIM PACCUNTAHBI
SHepruu KonebaTeabHbIX YPOBHE U COOTBETCTRYIOLIME KojlebaTebHble BOMHOBbIE QYHKIUNA.

Puc. 1: Monekyna dbypdypona (s-TpaHc-KoHpopmep)

[TokaszaHo, uTo Monekyna Gypdypona uMeer B >nn*-cOCTOSHMAX IUIOCKYI0 PAaBHOBECHYIO CTPYKTYpPY. OmHAaKO
MTOBOPOT (DOPMMIIbHOJ TPYIIITEI COMTPOBOXKIAETCSI CMJIBHBIM MM PaMUIAIbHBIM MCKaXKeHMeM KapOOHMIBHOTO (hparMeHTa.
CrerneHb 3TOTO MCKasKeHMSI 3aBUCUT OT yIJia MOBOpoTa (HOpMMIBHOM I'PYNIIbI (YIVIa BHYTpPeHHero BpaiieHus). Kpome
YKa3aHHOJ B3aMMOCBSI3M IBYX Konebauuii (06ycioBiaeHHoi dopmoit ITI19), HabmogaeTcss cuabHas KMHeMaTudeckast
CBSI3b BHYTPEHHErO BpalleHus ¥ Heruiockoro aedopmanyonHoro CHO-kone6aHusi, oOHapykeHHas HaMM paHee
st Gypdyposiia B OCHOBHOM 3JIEKTPOHHOM COCTOSTHMM. TOJBKO YUYET 3TUX TPEX OBMKEHMI B paMKax TPEXMEPHOI
KosiebaTembHO 3aauy TIO3BOJISIET TIOYYUTh HAWTyUIIIee COTIacie PACCUMTAHHBIX Y SKCIIePUMEHTAIbHBIX [5] 4acTOT.

Crnmcok aurepaTypsbl
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. 0.S. Bokareva et al., Int. J. Quantum Chem. 108, 2719-2731 (2008).
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3. L.LA. Godunov et al., . Phys. Chem. 118, 10159-10165 (2014).

4. V.A. Bataev et al., Spectrochim. Acta A 161, 155-161 (2016).
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MOJIeKYJIHprIe CTPYKTYPBI AVMMEPOB IMaMaHTU/Ia U OKCaaaMaHTWIA.
IKCIIEpMMEHTA/IbHOE M TeopeTUYEeCKOoe nccjieaopanmue

Bumnesckmii 10.B.2
a Lehrstuhl fiir Anorganische Chemie und Strukturchemie, Universitit Bielefeld, Fakultdit fiir Chemie,
Universitdtsstr. 25, 33615 Bielefeld, Germany

B nocnenHne pecstuiaeTus HabmonaeTcss 6ypHoe pa3BUTHE METONOB KBAHTOBOM XUMUM. CTaHOBUTCSI BO3MOKHBIM
ZeNlaTh pPacueThl BCE 6osee CJIOXKHBIX M KPYITHBIX MOJIEKYISIPHBIX CUCTEM B Pa3/IMUHBIX arperaTHbIX COCTOSHUSIX. [Tpu
9TOM IpeATiojaraeTcs (MHOrIa He6e30CHOBATEIbHO), UTO TOYHOCTDb TAKMX PACUETOB TaK JKe pacTeT. Takyio BO3MOKHOCTb
JaeT, cpeay Ipouero, yueT OMCIIEPCUOHHBIX B3auMomeiicTBuii. OgHako obas Teopust TpebyeT sKCIepUMeHTaTbHOI
MpoBepKu. B Hameil sabopatopuu B YHUBepcuteTe I. Bunedenbn Mbl 3aHMMaeMcs CTPYKTYPHOM XMMMeNR U, B
YaCTHOCTHU, ¥IMeeM BO3MOKHOCTM JJIsl TTPOBeIeHMUs SKCIIePUMEHTAIbHBIX 37IeKTPOHOTpadmnuecKuX UCCIeq0BaHUI 1
razocdasHoro cocrosiuus Beliectsa [1]. HemaBHO HallMM KojuteraM yaaaoch MOMyuyuTh aumep auamanTuia (Puc. 1) n
0XapaKTepu30BaTh ero CTPyKTypy B Kpucrasie [2]. Kak 1 oXnpanoch, B 3TOM MOJIEKy/le UCKIIOUNUTENbHO IIMHHAY 11eH-
TpasbHas oguHapHast ¢Bsi3b C—C. OgHAKO YAMBUTEIbHBIM ObUT (DaKT ITPOYHOCTM ITON CBSI3U — BEIECTBO CTAOMIBHO B
OTHOCUTETbHO MIMPOKOM JIMara3oHe TeMIepaTyp U Jaxke MOXKET ObITb CyonMMupoBaHo. CUMTAETCs, YTO 38 UCKITIOUK-
TebHYI0 CTAOMIBHOCTD STOTO BEIeCTBa OTBEYAIOT MMEHHO AUCIIePCHMOHHbIE B3aMMO/IECTBIUS, KOTOPbIe TPUTITUBAIOT
(bparmeHTbI MOJIEKYJIBI APYT K OPYTY. ITU Ke B3aMMOAENCTBIMS OKa3bIBAIOT OOJbIIOe BAMUSHUE HA IIUHY LIeHTPaIbHOM!
cBs13U. Tak KaK MMEIOIIAsICS CTPYKTypa B KPUCTA/UIE MOXKeT ObITh MCKakeHa 13-3a 3((EKTOB YIMaKOBKY, HAMU ObUIO
MIPOBEIEHO UCCIeOBaHMe 3TOI MOJIEKY/bl B ra30BOi ¢aze MeTomoM 3jeKTpoHorpadmuu. Taxke 6bUIO MCCIETOBAHO
HOBOE BeleCTBO — AMMEP OJHOTr0 M3 M30MEPOB OKcaauaMaHTuiIa (6,6’-6uc-(3-okcaguaMaHTaH), Puc. 1). ITapaiienbHo ¢
3TUM ObUIM ITPOBEIEHBI PACUETHI CTPYKTYP ITUX MOJIEKYJT UCIIONb3YSI Pa3IMUHble KBAHTOBO-XMMIUYECKME TTPUOTVKEHMS.
[MonyueHHbIE 5KCIIEpUMEHTAIbHBIE PE3Y/IbTATHI [3] Laau BO3MOXKHOCTD ITOHSTh, Kakie TeOpeTUYeCKe METOLbI MUMEIOT
HaMOOJBIIYIO TOUHOCTD 1l TAHHBIX MOJIEKY/I. OmHAKO, HEKOTOPbIe 0COOEHHOCTH CTPYKTYPBI HE YIaI0Ch BOCITPOU3BECTYU
HU B OTHOM pacuere.

Puc. 1: CTpyKkTypa MOMeKy/aI AMMEPOB AMaMaHTWIA (C/1eBa) M OKcaaMaMaHThaa (CIipaBa)

CrmMcok aurepaTypsbl
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Huxknuueckum yrinepop Cig: HaMMeHbIIU YIVIEPOAHBIN aKIEeIITOP
3JIEKTPOHOB

Cracok A. @
a Affiliation: Institute of Computational Chemistry and Catalysis (IQCC), Department of Chemistry University of Girona C/M.
Aurélia Capmany, 69. 17003 Girona, Spain

HemaBHo yueHble u3 IlIBeitiiapuu 1 BenmMKOOGPUTAHUM CMHTE3UPOBAIM M OMMCAINM HOBYIO IIMKIMYECKYIO MOJIEKYITY
OITHOVI U3 aJFIOTPOIHBIX MoaudMKaIuMii yrieponaa, coctosinyio u3 18 atomoB yrinepoga (Kaiser et al. Science, 2019, 365,
1299). 9ta Moneky/a o61amaeT CMIbHBIMM 3JI€KTPOHHO-AKIIENTOPHBIMM CBOMCTBAMM, CXOXKUMMU € ¢yiepeHoM Cgg, U
TIpeCTaB/IsIeT MHTepeC IJi HaHOMIEKTPOHMUKM. C TOMOIIbI0 KBAHTOBO-XMMUYECKMUX PACYETOB Mbl U3YUMUIIN JIEKTPOH-
HbIe CBOJCTBA MOIEKY/IbI Cig ¥ ee KOMIUIEKCOB C 3JIEKTPOHHO-IOHOPHBIMM MapTHEpPAMM B OCHOBHOM U BO30YKIEHHOM
cocTostHMM. MbI TTOKa3aju, 4To UcIoab3oBanue DFT GyHKIMOHAMA ¢ 60/1b1110i1 goseit XD-o6MeHa TPUBOAUT K ITOTUMHO-
BOI1 cTpyKType Cig C YepenyroIMMUCS TPONHBIMU M OGMHAPHBIMU CBSI3SIMU, UTO XOPOIIO COT/IACYETCS C SKCIIEePUMEHTOM
1 BbICOKOTOUHBIMM CCSD pacuetamy. Mbl yCTAHOBWUIIM, UYTO B KOMILJIEKCaX MOeKy/bl Cig C TUIMUHBIMU JOHOPAMMU 371€K-
TPOHOB HMKHEe BO3OYKIEeHHOe COCTOSTHIE TTPEeICTaBIISIeT COO0I COCTOSIHME C pa3ie/IeHHbIMY 3apsigaMu, 06pa3oBaHHOE
IepeHoCOM 3JIeKTpOHa OT IapTHepa K Monekyne Cig. Takum o6Gpasom, mosekyna Cig SIBJASETCS HauMMEHbIIUM
aKIeNITOPOM 3JIEKTPOHOB, COCTOSIIIMM TOJIbKO M3 aTOMOB yriepoma. ITockonbky Cig oG/mamaeT Gojbllieil sHeprmeit
BHYTpeHHel peopraHmusaiuy 1o cpaBHeHuio ¢ dymiepeHoM Cgg, peakiiy 37€KTPOHHOTO MepeHoca ¢ OTHOCUTEIbHO
BBICOKOJI IBVDKYIIEN CUIIOM G6YOyT 3aMeHEeHbI C MHBEPTUPOBAHHOTO HAa HOPMAJIbHBIN peskuM Mapkyca rpu 3ameHe Cg
Ha Clg.

Cyclo[18]carbon: smallest all-carbon electron acceptor

Stasyuk A.?
a Affiliation: Institute of Computational Chemistry and Catalysis (IQCC), Department of Chemistry University of Girona C/M.
Aurélia Capmany, 69. 17003 Girona, Spain

Very recently, a new stable allotropic form of carbon, cyclo[18]carbon, has been synthesized and experimentally stud-
ied (Kaiser et al. Science, 2019, 365, 1299). This C;s molecule demonstrates strong electron acceptor properties similar
to the C¢g and is of potential interest for nanoelectronics. In this work, we report a computationally study of the ground
and excited state properties of C;g and its complexes with several electron-donating molecules. We demonstrate that
a high amount of the exact (HF) exchange in the DFT functional leads to a polyynic structure of C;g with alternating
triple and single bonds, in agreement with experiment and high level CCSD calculations. We show that in complexes
of C;g with typical electron donors, the lowest excited states are charge separated states formed by electron transfer to
Cis. This makes C;g to be the smallest all-carbon electron acceptor reported so far. Because C;g exhibits a larger internal
reorganization energy as compared to fullerene Cqg. ET reactions with relatively high driving force will be shifted from
the inverted to the normal Markus regime when replacing Cgy by C3.
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Cunres IIePEeKUCU BOaOopoaa M OKMCUICHHUE YIrapHOro ra3a — DFT u He TO/JIBKO

[Mapana J.1.»
& Uncmumym Hccnedosanuii u Texronozuti Kamanusa, TexHonozuueckuti uncmumym Kapacpya,
DezeHwimatin-Jleononsdcxagen, 76344, l'epmarus

l

H,0;

[TepBas yacTh JOKIaAa OymeT MOCBSIIeHa OMMeTa/UIMUYeCKUM KaTaIn3aTopaM Ha OCHOBE MaUIafus OJIS MPSMOTO
CUHTe3a IepPOKCHIa BOAOPO/Ia U3 3eMeHTOB. Pa3paboTka HOBOV TeXHOIOTUY MAJIOTOHHAKHOTO CMHTE3a IepeKucH Bo-
IOPOJia «Ha MeCTe» SIBJISIeTCsl IePCIIeKTUBHO BBUIY YBEIMUYEHMST PbIHKA TAHHOTO “3€JIeHOT0” OKUCINTEISI, SKOHOMM-
YeCKOii HEBBITOJHOCTYU TPAAUIIMOHHO aHTPAXMHOHOBOM TEXHOIOTUM JIJISI MAJIOTOHHAKHBIX TTPOU3BOJICTB U MPOOGJIEM C
JIOTMCTUKOJ/TPaHCIIOPTUPOBKOJI TTEPEKVCH OT KPYITHBIX 3aBOMIOB K MEJIKMM IOTpebuTensiM. laHHas paboTa mpeacTa-
BJISIET C060¥1 KO/UTabopaIyio TPYII, 3aHMMAIOIIMXCSI CMHTEe30M HAHOYACTMUII, CIIEKTPOCKOITMEN B YCIOBUSIX IpoIlecca
(operando), TeXHOJIOTMEN MUKPOPEAKTOPOB M KBaHTOXUMMUUeckKMM pacuetamu. C nmpumeHenueM DFT HamMy 6b1I0 00b-
SICHEHO BJIMSIHME TIPMMECHBIX aTOMOB Ha M3MeHeHMe pa3MepoB siueiiku MeTauia B atMocdepe ¢ u36bITKOM BOAOPOIA
[1], a TakKe MMOKa3aHO MHIMOUPYIOLIEE BIMSHYE IPUMECHBIX aTOMOB Ha HeXKelaTebHbIe MPOIeCChl (aycconuannio O—
O cBsa3u) Ha (100) TOBepxXHOCTY MHTEpMeTAINNIA NayIagus [2].

Bo BTOpOI#1 yacTy AoKIama 6yaeT pacCMOTpeH mpoliecc HuskotemmnepaTypHoro (100K) okmcieHrst MOHOOKCHIA yTJTe-
poza Ha MeTajlI-OpraHn4eckoit kKapkacHoii ctpykrype (MOF) — HKUST-1. Boripeku NnpeabiayiMM paboTaM HaMy GbLIO
MPOJIeMOHCTPUPOBAHO, UTO HAbGMI0HaeMas B 9KCIIepMMeHTe peakius He MOKeT ITPOUCXOAUTD Ha UIeaIbHOM CTPYKTYpe
HKUST-1. B To 5ke BpeMs Ki1toueBasi craaus mpotiecca Ha fedekTHoit penteTke MOF (DE-MOF) He MOXXeT 6bITh KOPPEKTHO
omycaHa ofHoJeTepMuHaHTHbIMYU MeTomamu (Bkiatouasi DFT). C mpumeneHnem CASSCF(5x4) Ha 3TOM y4yacTke Ham
YAA0Ch HANTU MYTh PeaKUM XOPOIIO COTIACYIOIIUIACS C SKCIIePUMEHTAIbHBIMU JaHHBIMU. [3]

Crmcok aurepaTypsbl
1. O.OopoukuH, I.1llapamna u ap. Ha pelieH3upoBaHUMN.

2. B mogroroske.

3. Wang, W., Sharapa, D.I.,et.al. Angew. Chem. Int. Ed. DOI: 10.1002/anie.202000385 (2020)
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MHoOrokoH(uUrypanmMoHHble METOAbI B OPraHNYECKOI 3JIEKTPOHMUKE U
doTonnke

®perigson A.5.2P
a [Tlenmp @omoxumuu PAH, yn1. Hosamopos 7a, Mockea, 119421 Poccuiickas ®edepauus
b Hayuno-Hccnedosamensckuii SI0epHuiti YHusepcumem MU®HU, Kawiupckoe w. 31, Mockea, 115409 Poccuiickas @edepauus

s OpraHMYecKoil  SJAEKTPOHUKYM UM (POTOHMKM TUIMYHBI 3a7auM  IIOIVIOIIEHMUS/VICITYCKAaHUSI  CBeTa,
pasgeneHusl/peKoMOMHALIMIM/TIepeHoca 3apsiioB, a TakKke XMMMWYECKMUX IIpeBpalleHuii MOJIEKYT B BO30YKIEHHBIX
" 3apsDKEHHBIX COCTOSTHUSX. XOTS 06BIYHO IJIS1 MX PelleHMs MTPUMEHSIIOT OTHOCUTEIBHO JellieBbie ¥ ObICTPhIE METOIbI
dbyHKIMOHAa/Ia TVIOTHOCTHU, MPUTOAHBIE AJISI MacCOBBIX pacyeToB, TOYHOCTh U, IJIaBHOE, KauecTBeHHas PaBUWIbHOCTh
MTOJTYYEHHBIX TAaKUM 06Pa30M pPe3yJabTaTOB OCTABJSET JKeJaTh Jyuliero. B wactHoctu, DFT mepeorieHMBaeT CTEIeHb
repeHoca 3apsfa B MPOTSDKEHHBIX CUCTEMax, 3aHMKaeT SHepPrUM COCTOSIHMIA C TepeHOCOM 3apsifa, U JaeT pa3Hble
OMMOKM JJISI COCTOSIHMIA pasiMUHON TIPUPOObl. DTO MOXKET IPUBECTM K HEBEPHBIM OIIEHKaM BepOSITHOCTEe
6e3bI3/TyuaTe/IbHbIX IIPOIIECCOB U, KaK CJIACTBIE, HEBEPHOI KMHETUUECKOI KapTHUHE.

MuorokoHpurypaiMoHHble MeTombl, Takue kKak CASSCF/XMCQDPT, obGecIieuMBalOT KaueCTBEHHO IPaBUIbHOE U
JOCTAaTOYHO TOUHOE OIMCcaHMe MHTepeCyInX Hac IPo1eccoB. B yacTHOCTH, 3a cUeT ycpeJHeHMUSI MaTPUIIbI TVIOTHOCTHU
10 COCTOSTHMSIM C pa3HOM JIoKanau3aluein 3apsiga wiv BO3OYKOeHMSI, MOXHO IOMYYUTh HEMCKakKeHHOe OIMCaHMe
JIOKaJM3alMm 3apsiga U SKCUTOHA B IIPOTSIKEHHBIX cucTeMaxX. Takke MOKHO MONTYUYUTh COQTaHCMPOBAHHOE OIMVCaHue
COCTOSTHMIA Pa3/IMUHON MYJbTUIUIETHOCTU U OPOUTAIIBHONM TPUPOMABI, UTO TMO3BOIUT TEPETU K HAEeKHOMY pacueTy
KOHCTaHT CKOPOCTe 6e3bI3/TyuaTeIbHbIX PoIeccoB. TakuM 06pa3oM, MHOTOKOH(MUTYPalMOHHbIE METOIBI JAIOT 6osee
Ty6oKOe MOHMMaHNe MeXaHu3Ma IPOoIleCcCOB, ITPOTEKAIOIINX B M3yUYaeMbIX CHUCTEMAX.

B maHHO JeKuuM s 06pUCYyI0 MPo6aeMbl, TPeOyIole MHOTOKOH(MUIYPALIMOHHOIO PAaCCMOTPEHMUSI, TaM OCHOBBI
meTtomoB CASSCF u XMCQDPT u npuBeny IpuUMepbl MPUMeHEHUsI MHOTOKOH(MUIYPALMOHHOM KBAaHTOBOW XMMMM K
3aJjlauaM OpraHMYeCcKOi 3JIeKTPOHUKY U GOTOHUKM.

Crnmcok aurepaTypsbl
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Pa3paboTKa ¥ nmoaaepkka KBAaHTOBOXMMMWYECKMX ITaKeTOB Ha IpumMmepe
MOLCAS/OpenMolcas

Bepsasos B.?
& Teopemuueckas Xumus, YHusepcumem JIynoa, POB 124, Lund 22100, Sweden

PaspaboTKa 1 MofaepskKa O0MbIIMX MPOrPAMMHBIX ITAKETOB, MCIIONb3YIOIIMXCS B COBPEMEHHO KBAaHTOBO XUMMUM,
TpebyeT HOBBIX MTOJXOM0B — HauMHasl OT OpraHU3alMy B3aMMOIECTBUSI MEXIY pa3paboTuMKaMy OO MCITONb30BAHUN
PasIMYHBIX CTPaHIAPTHBIX IPOTPAMHBIX CPEICTB /i1 Pa3pabOoTKyM MPOrpaMM U UX momaaepskku. IIpoekT MOLCAS 6511
co3gaH B Havasie 90X TOZIOB, ¥ C TeX ITOP 3aBOEBAJI MPU3HAHME KaK OIMH U3 BeAYIIMX ITAaKETOB [T MHOTOKOHMUTYypaIu-
OHHBIX pacueToB. B 2017 romy 60sbIi1ast 4acTh Koma Oblj1a BeiyIneHa nop aunensueit LGPL mox HasBanueM OpenMolcas.

Hoxiazn KpaTKo OTpaXkaeT OCHOBHbIe XxapakrepucTuku rnakera MOLCAS ¢ HayyHOI TOuku 3peHus. OCHOBHOI TeMOit
SIBJISIeTCST 0630p IMIPOrPaMMHBIX CPEICTB M OPraHU3alMOHHbIX pelleHni, ucronb3yommxcs B MOLCAS u OpenMolcas.

CrmMcok aurepaTypsbl
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Application of Symmetry-adapted perturbation theory (SAPT) for
construction of transferable intermolecular potentials

Shirkov L. G.,2
& Adam Mickiewicz University, Faculty of Chemistry, ul. Uniwersytetu Poznaii skiego 8, 61-614, Poznari

Symmetry-adapted perturbation theory (SAPT) is an effective tool for the calculation of the intermolecular interaction
E;,¢ of van der Waals complexes [1]. It is intended to kill two birds with one stone, providing accurate Ej,; free of basis set
superposition error and decomposition of E;,; into various physically-meaningful terms such as electrostatics, exchange,
induction, and dispersion. The computationally cheap variety of SAPT, based on the density functional theory, DFT-SAPT
[2], is often used for the calculation of Ej, and construction of analytical potential energy surfaces for the complexes,
for which the employment of the accurate ab initio supermolecular methods is a computational challenge [3-4]. The
parameters of the constructed potentials must be transferable to a wide class of molecular complexes without the need
of electronic structure calculations for a given complex, providing almost ab initio accuracy. Such potentials can be then
used to interpret the numerous experimental spectroscopic, scattering and thermochemistry data.

/_@\

M22(-248)

x/A x/A

Puc. 1: Contour plots of para-dichlorobenzene-Ar PES complex in z=z, and xy planes.
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Non-adiabatic transfer following an ultrafast excitation: A novel dynamical
isotope effect

Komarova K.G.,* Remacle F.,P Levine R.D. ?
@ The Fritz Haber Center for Molecular Dynamics and Institute of Chemistry, The Hebrew University of Jerusalem, Jerusalem
91904, Israel
b Theoretical Physical Chemistry, UR MolSys Béc, University of Liége, B4000 Liége, Belgium

Ultrafast laser pulses have a wide spread in energy providing coherent population of multiple electronic states within
one molecule. As dynamics unfolds the pumped wave packets reach the region of the strong non-adiabatic coupling and
exchange their population. We describe both numerically and analytically new and essentially quantum effect in the non-
adiabatic transfer following an ultrafast excitation. We discuss the dynamics in the manifold of bound singlet states of
N, and dissociative states of LiH. The effect originates from the quantal interference between the nuclear wavepackets
evolving on two coupled electronic potentials. It is not limited to the light nuclei, like the effect of tunneling, and is

dynamical in nature.
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Ultrafast excitation population exchange on the S; population dynamics

The key point is that the non-adiabatic transfer takes place between two or more already populated electronic states.
In this novel type of initial state the non-adiabatic amplitude exchange between the coupled electronic states strongly
depends on isotopic composition and in the case of bound electronic potentials on the history of the dynamics. We show
that isotope substitution can lead to an opposite direction of the transfer, therefore can be used as a tool to control the

pathway of the photochemical reaction.
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TeopeTuueckoe MUccjieagoBaHMe YIJIEPOIHBIX KJIACTEPOB Ha IOBEPXHOCTU
menu

ITonos U.,* lllapamna 1.2
a Uncmumym Hccnedosanuii u Texronoeuti Kamanusa, Texnonozuueckuti uncmumym Kapncpya,
DezeHwimatin-Jleononsdcxagen, 76344, l'epmarus

OpuuM 13 Haubosee YCITENTHO ¥ MIMPOKO MPUMEHSIEMbIX METOOB CMHTe3a rpadeHa SIBISIeTCSI METOH, XMUMUYECKOTO
ocaxkmeHust 13 ra3o0Boii ¢asbl (chemical vapor deposition CVD) Ha IMOBEPXHOCTSIX ITePEXOIHBIX METAJIOB. B KauecTBe
MPEeKYpPCOPOB UCIIOIb3YIOT Ta30Bble CMeCH aJIKaHOB C BOLOPOAOM M MHEPTHBIM HOCUTEJIEM (aprOH), pexke MPUMEHSIIOTCS
nobaBku kucimopona. HecMoTps Ha To, UTO B JIUTepaType MpeNCTaBAeHO 6O0JbIIOe KOINUYEeCTBO SKCIIepUMEHTATbHbIX
mcciaenoBanuii CVD Ha MeTa/utax pasjauMyHOi MpUPOIbI, Haubolee yIAYHbIM C TOUKM 3PEHMs KauecTBa IOTyvyaeMoro
rpacdeHa SBJSIETCS Me[lb.

PasButue skcrepumeHTanabHOV MeTomuku CVD rpacdeHa Ttpebyer GyHOAaMEHTaJIbHOTO IMOHMMAHMSI IPOLIECCOB,
MIPOUCXOASUIMX Ha KaXKI0M cTaguy pocta. [IockonbKy puMeHeHNe TObKO 3KCIIePUMEHTAaIbHbIX METOLOB He II03BOJISIET
JOCTOBEPHO YCTAHOBUTb HETa/JM MEXaHM3MOB POCTA, BO3HMKAET IOTPEOHOCTh B COITYTCTBYIOUIUX TEOPETUUYECKUX
uccaenoBaHuax. Hacrosmiasg pa6ora TMocBsIleHa KBaHToBoxuMuueckomy (KX) wucciemoBaHUI0 3jeMeHTapHBIX
TIPOIIeCCOB, TPOUCXOISINNX HA TIOBEPXHOCTY MeIM B XO/ie XMMUUYeCKOro ocaskaeHus rpadeHa.

Pa6ota coctout 13 ABYX 4acTeii. [lepBasi yacTh MOCBSIIIEHA pacyeTaM SHepruii agcopbinu, 6apbepoB auddysumn u
PeaKLVIOHHBIX 6apbepoB /IS MaJIbIX YIIEPOIHBIX KitacTepoB MeTogoM PAW-DFT ¢ pyukinonanamu BEEF-vdW u PBE-D3
B IporpaMmmHOM mnakete VASP.

Bropast yacTh HampaB/ieHa Ha pa3paboTKy, ITapamMeTpu3alui0 M TeCTUPOBaHME TMOPUIHOTO IMOIySIMIIMPUUECKOTO
KX MeTopa, MO3BOJSIONIETO PENIUTh MPOOIEeMYy KPUTUMUECKOTO pocTa BpeMmeHMu pacueta DFT ¢ pasMepoM CUCTEMBI.
IMpenyiaraemMblii OIX0M, OCHOBaH Ha IepepaboTaHHOii Teopuy HbloHca-AHgepcoHa-I'pyuMIIKM U Teopuy BO3MYILIEHMIT B
dbopmanusame yukimit ['puHa.
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