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AnHoranus. B pabore paccMoTpeHa mpocrasi AByXypOBHEBasi MOJIENb JIIEKTPOH-
JOHOPHO-aKLENTOPHOTO KOMILIEKCA, B3aUMOJEHCTBYIOIIETO ¢ KOPOTKUM HMMIIYJIbCOM Jia-
3epHOr0 U3ITyUYeHHS B MPUOIIMKEHUHU cnaboro moist. B pamkax Teopun BO3MYUICHHH MO
BEJTMYMHE ONTUYECKON CBSA3U MOIYUEHO aHATTMTUYECKOE BHIpaKEHHE 11 BEpOITHOCTHU 00-
Hapy>KUTh YaCTHUILy Ha TepMe BO30Y>KJIEHHOTO AJEKTPOHHOTO COCTOSHUS K MOMEHTY Bpe-
MeHU f. [lomydeHHOe BhIpakeHHE MOYKET OBITh MCIOJIB30BAHO JJISl YHCIEHHOT'O MOJIENH-
POBaHUS IPOLIECCOB ONITHYECKOW HAKAYKH JOHOPHO-aKIENTOPHBIX MOJIEKYISPHBIX CHCTEM
B paMKax MeTo/la OpOyHOBCKOTO MOAenupoBaHus. [lokazaHo, 4TO MpeIoKEeHHAsT MO-
JieNb B 00J1aCTH CBOEH MPUMEHMMOCTH KOPPEKTHO OIHCHIBAET 3aBUCUMOCTHh KBAHTOBOTO
BBIXOJ]a ()OTOBO30YKICHUS JBYXYPOBHEBOW CHCTEMBI OT pa3HOCTH MEXIy Hecyllel yac-
TOTOH MMIYJIbca HAKAUYKH U COOCTBEHHOM YacTOTOH KBaHTOBBIX MEPEXOOB B JBYXYpPOB-
HEBOU CHCTEME.

KnroueBsble cjioBa: BEIUACIUATENBHAS XUMUS, ONTHYECKAs HAKauKa, (POTOXUMHUECKHIE
peaKIyu, JOHOPHO-aKIIENTOPHBIE KOMIUIEKCHI, KOTEPEHTHBIE AIIEKTPOHHBIE TIEPEXOIbI, Opoy-
HOBCKO€ MOZIEIMPOBAHHE.

BBenenue

CBepxObIcTphIe (HOTOMPOIIECCHI, CBI3aHHBIC C BHYTPH- M MEKMOJIEKYJISIPHBIM MTEPEHOCOM 3apsija,
BO MHOTHX CHUCTEMaxX IPOTEKalOT Ha CYOITMKOCEKYHIHBIX BPEMEHAX, CPaBHUMBIX C JUIUTENLHOCTHIO
UMIyNbca Hakadki. OHUM 13 HanOoJiee N3BECTHBIX IPHUMEPOB CBEPXOBICTPOH () OTOXUMHYECKOH peak-
IIUY SBIISIETCS PEKOMOWHAIIHS 3apsI0B B JIOHOPHO-aKIENTOPHBIX Komimiekcax (JJAK) — MoneKyssipHbIX
CHCTEMaX, B KOTOPBIX JOHOPHEIA (D) U akmenTopHbiid (4) ¢pparMeHThl, COOTBETCTBEHHO, OTJAIOT M
MPUHHUMAIOT BJIEKTPOH TPU BO30YKJICHHUH TTOJIOCHI C TiepeHocoM 3apsiaa. Cpenu Hanbonee MOIHO Ucciie-
noBaHHBIX JTAK MOXXHO BBIZIENHUTH KOMILJIEKCHI, COCTOSIINE U3 TeKCaMETHIIOCH301a, TIeHTaAMETHII0CH-
30712, U30JlypeHa U TPHUMETOKCHOEH30/Ia B KAUeCTBE JOHOPOB U TETPallMaHITUIICHA B KaYeCTBE aKIler-
TOpa IeKTpoHa [5].

U3BecTHO, 4TO KHHETHKA 00paTHOTO 3JIeKTpoHHOro TiepeHoca B JJAK [D+ A’] - [DA] BO MHO-
TOM 3aBHCHT OT CKOPOCTH JIOCTaBKM HEPaBHOBECHOI'O BOJHOBOTO MakeTa B 00JAacTh MepecedyeHus
MMa0aTUYECKUX 3JICKTPOHHBIX TEPMOB OCHOBHOI'O U BO30YXKICHHOIrO cocTosHui [2; 7; 9]. B cBoro
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ouepenb, TUHAMUKA JBUKCHUS BOJTHOBOTO MMaKkeTa B BO30YKICHHOM (MOHHOM) COCTOSIHUH [D+ A’]
oTIpeneNsieTcsl XapakTepoM penakCallui pacTBOPHUTENS B OKPECTHOCTH MOJIEKYN JOHOpPA U aKIIeNnTo-
pa. [ns onucanus BIUAHUS Cpeabl HaCTO MCIONB3YIOT Mojeb [lebast, koTopasi CBOOIUT TUHAMHYEC-
KHe CBOICTBa PacTBOPUTENS K €AMHCTBEHHOMY IMapaMeTpy — BPEMEHU IMPOJOIBHOMN TUIIeKTpHUYec-
KOl penakcanuu T, . BMecte ¢ TeM OONBIIMHCTBO peajbHBIX MOJISPHBIX PacTBOPUTEINCH XapaKTepH-
3yeTcst He OJHUM, a HECKOIIBKMMU (4alie AByMsSI-TpeMs) BpeMeHaMu peiakcanuu [6; 8]. Yuer ciox-
HOIl MHOTOMOJIOBO TMHAMHKH pelaKkcalliy CPebl BO3SMOXKEH B paMKax 000OIIeHHON cToXacTHyec-
koit momenu (OCM), Kotopasi pacCMaTpUBAaET ABMKCHUE BOJHOBBIX MAKETOB B MPOCTPAHCTBE HE-
CKOJIBKHX MOISIPU3ALMOHHBIX KOOPJUHAT pPeaKIuu, Kaxaash U3 KOTOPBIX CBsI3aHa C COOTBETCTBYIOLIEH
penakcanuoHHONW Mool pactBopuTens [11].

HenocraTkoM HCIonb3yeMoro B HacTosiIiee BpeMs MOAXOa K MOASIUPOBaHUIO (HOTOXUMHUYIEC-
KUX peakiuit Ha ocHoBe OCM siBIsiercst IPEIoIoKeHNe 0 TOM, 4TO (GOopMUpPOBaHKE BOITHOBOTO ITAKETa
B COCTOSIHUH [D* A’] npu GoToBO30YKICHUN MPOUCXOANUT HA CTOJIb KOPOTKHX BPEMEHAX, YTO peakca-
LIMOHHBIE MOJIbI PACTBOPUTENS U PEareHTOB BO BpeMs JAEHCTBUSA ONTHYECKOTO MMITYIbCa MOTYT CUH-
TaThCA «3aMOPOXKEHHBIMID) (CM., Hanpumep, [2; 9]). JlaHHoe mpennoaoxkeHre He CIIpaBenuBO B CUTY-
aIysIX, Korua pevb UIET O HEPABHOBECHBIX DIIEKTPOHHBIX MEPEX0iax ¢ y4acTHEM KonebaTenbHO-BO3-
Oy)KJICHHBIX COCTOSIHHI MpomykToB. CKOpocTh (HOTOpEaKlMu B 3TOM Clydae MOXKET ObITh CpaBHUMA
WJIM J1a)Ke MPEBBIIIaTh CKOPOCTh PeaKcally OTASIbHBIX MOJ PACTBOPHUTENS, a BpeMs JECHCTBUSI UM-
MyJIbca HAKA4YKK — MPEBBIIIATh XapaKTepPHOE BpeMsi peKOMOWHAITUH 3apsJIOB.

Lenpbro qTaHHOTO MCCIIEAOBAHMS SIBISETCS pa3padboTKa aJrOPUTMOB YHCICHHOTO MOJICTUPOBAHHUS
MPOIIECCOB KOTEPEHTHOro onTuyeckoro Bo3oyxaeaus JJAK B paMkax Meroga GpOyHOBCKOTO MOJIEIH-
poBanus [4]. IlpennaraeMple aarOpuTMBI ONMUPAIOTCS HA pacueT CIydyalHbIX TPAeKTOPHM IBHKEHUS
YacTHUI| Ha MOBEPXHOCTSAX CBOOOIHOW SHEPTUHU DIIEKTPOHHO-KonebarenbHbIX coctosuuii JJAK u yder
OINITUYECKHX IMTEPEXO0B MTyTEM IeHEePAIH AEKTPOHHBIX «IIPBHLKKOBY» C TepMa OCHOBHOT'O COCTOSTHUS Ha
TepM BO30Y)KJIEHHOTO COCTOSIHUS TPU B3aMMOJICHCTBUU C JIa3ePHBIM HMIYILCOM. JlaHHBIC TOAXOMIBI
pacmupsioT 00JIACTh TIPUMEHUMOCTH YHCIIEHHOTO METO/Ia, OMMCaHHOro paHee B pabore [3] U He yuH-
TBHIBAIOIIETO CIEKTPaJbHbIE CBONCTBA MMITYJIbCa HAKAYKH.

1. Innamuka Bo30y:kaenusi JJAK B npudamxeHnu ciaadbIxX moJiei

[Ipouecc 3acenenus monnoro coctosaus JAK mpu B3auMoneicTBuM C Ja3epHBIM HWMITYIbCOM
paccMOTpHM B paMKax JIByXYpOBHEBOT'O IPHOIMKEHHS, BKIIOYAIOIIEr0 TOJIHKO OCHOBHOE U BO30YX ICH-
HOE JJIEKTPOHHBIE COCTOSHUS KOMIUIEKca. M3 paccMOTpeHHs, TaKuM 00pa3oM, UCKIIIOYEHBI HE TOIBKO
BBICIITNE JJEKTPOHHBIC COCTOSHUSI CHCTEMBI, HO U BHYTPH- U MEKMOJICKYIISIPHBIE KolieOaTenbHbIe CTe-
MeHn cBOOOBI. 3BeCTHO, YTO BBICOKOYACTOTHEIE KoleOaTelbHbIe MOJIBI IPHHUMAIOT aKTHBHOE ydac-
THE B TIpolieccax (GOTOBO3OYXKACHHS U CITIOCOOHBI OKA3aTh BIMSHUE HA TUHAMUKY Hakaukd. [[pumenn-
MOCTh JIByXYPOBHEBOTO MPUOIMKEHHUS 3/1eCh 000CHOBBIBACTCSI JIMHEHHOCTBIO OTKIIMKA MOJICKYJISIPHON
CHCTEMBI Ha ONTHYECKOE BO3CHCTBHE NMPH HEOONBIINX WHTEHCUBHOCTIX AJIEKTPOMATHUTHBIX MOJIEH.
Pacder nuHaMHKH KBaHTOBBIX IIEPEXOJIOB U3 OCHOBHOTO COCTOSIHHSI B HECKOJILKO BO30YKJICHHBIX 3JICK-
TPOHHO-KOJIEOATEIbHBIX COCTOSIHUI B 3TOH CHTYallHd CBOAMTCS K YYETY MapHBIX B3aMMOJICHCTBUN B
paMKax JIByXypOBHEBOW MOJEIH.

B npesicrasenin GasucHbix Gynxumit |p,) = (1, 0)" (ocrosHoe coctosne IAK) u |p,) =(0, 1)'
(B030YKIEHHOE COCTOSHMUE) FAMUIIBTOHUAH [ 3aluiieM B Gopme

vy —oy Q1)
D=3y o ) M
roe @, — 4acrtora bopa aid KBaHTOBOTO Iepexozaa |g0]>—>|g02> (hw,=E,-E);

Q (Z) =QF (Z) e =QF (Z) (COS ot +isin a)t) — HEMarOHAJIbHBIA MaTPUYHBIN DJIEMEHT CBSI3U COCTOSHUIN; () —
Hecylas 4acTora UMITyIbca (oToBo30YKaAeH s ; () — yacTora Pabu; F (t) — orubarommas J1a3epHOro UMIY/IbCa.
Hcrionb3ys H3BECTHBIE BBIpaKeHus 11t Matpui Haymn &, (i = x, y,z)
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BeposTHOCTH OOHAPYKUTH YaCTHUILY B BO3OYXKJICHHOM COCTOSHHH pPaBHA
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erf (x e dt

)=
NER
JJis BEpOATHOCTH Tiepexoaa B BO30YKICHHOE coCTosHHE P, (l) roryvqaem

2

2.2 A 2.2 _ A

P(z)zgr"zexp _BOT iner || 14 erf| L2l IAOT
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) ®

[TpeoOpasyem nanee moONydeHHOE BBIPAXKEHHE K BHJLY, YIOOHOMY /IS BeIYHMCIEHUN. Bocmonb3y-
eMcsl U3BECTHBIM BbIpaxkeHueM uisi pynkumn DaeeBoit w(z) KOMIIJIEKCHOTO aprymeHTa z [1]

w(z):exp(—zz)(l—erf(—iz)). )

Torna ¢yHKIHS OMMOOK OT KOMIUIEKCHOTO apryMeHTa MOXKET OBITh pacCUuTaHa Kak

erf(z)=1- exp(—z2 )w(iz).

t—t i
Ucnonb3ys 06o3HaueHune = = NS +$Aa)fe, st Bepostoctn P (1) Haxomim
nQ’r’ Aw’t’ ’
PZ(Z): 2 & lexp| — 5 ¢ —iAwt, (2—exp(—zz)w(z’z)) . (10)

[TonmyyeHHOE BBIpAKEHHUE MOXKET OBITh UCIIOIB30BAHO JIJIS YMCICHHOIO MOJICIUPOBAHMS TPOIIeC-
coB onrtuyeckoil Hakauku JJAK B pamkax Merona OpOyHOBCKUX Tpaekropuid [4]. [eneparus ciydai-
HBIX TIEPEXOJIOB YaCTHI] U3 OCHOBHOI'O B BO30Y)KJICHHOE COCTOSTHHE B 3TOM CITydae JIOJDKHA OBITh pean-
30BaHa Ha OCHOBE pacieTa BepOATHOCTH P(t, At) Tepexo/ia YaCTHUIIhI C HUKHETrO Ha BEPXHUIMA JIEKTPOH-
HBIN TepM B TEUEHUE ITIara 10 BpeMEeHH At

P(1,At)=P,(t+At)-P,(1).

OtmernM, uTO pacuer 3HaueHus: GpyHkimn damnecBoit w(z) B BeipaxkeHnH (10) MoxkeT OBITH MpOBe-
JIeH Ha ocHOBe asiroput™a 916 [10] uiu ¢ HCob30BaHUEM U3BECTHBIX OMOTHUOTEK CIICIMAIBHBIX (DYHKITHIA.

2. Kunernka u KBaHTOBBI BbIX0A (GOTOBO30Y:KIeHUSA

Paccmorpum nasnee pesynbTaThl YHCIEHHOTO pacuera KMHETUKH 3aCelIeHHUs BEPXHEro 3JIEKTPOH-
HOTO COCTOSIHUSI CUCTeMbI Ha 0cHOBe BhIpaykeHHs (10) B ciyyae pe30HaHCHOM HaKauyku Ag =( (JeBas
MaHeNnb Ha puc. 1) ¥ HEpe30HAHCHOM HaKa4Ku A # (0 (IpaBas maHenb Ha puc. 1). Llentp ummynsca
(oToBO30YXK/1eHHS B TaHHOM CIIydae COBIIaJaeT C HavyajaoM KoopauHart, f, = 0. Ha pucynke 1 u3o6pa-
KEHbl HOPMHPOBAaHHBIE KHHETHYECKHE KPUBbIC, pACCUMTAHHEIE 10 Gopmyne £, (t) =2P, (t) / (7[9275 ) .

I'paduxu E, () Ha JIeBOH maHenu pucyHKa 1 JEMOHCTPHPYIOT KHHETUKY HACETCHHOCTH COCTOSHHS

(,) TIpH Pa3IMYHBIX 3HAUCHUAX T,. OCOOEHHOCTBIO ATHX KPUBBIX MOKET CUMTATHCS BUIMMAS «3a1€piK-
Ka» B JMHAMHKE 3aCeJICHHS BEPXHET0 YPOBHS 10 OTHOIICHUIO K UMITYJIbCY HaKauku. J|aHHBIA pe3yibTar
SIBJISIETCSL CIIEZICTBUEM KOT€PEHTHOCTH AJIEKTPOHHBIX TEPEXONoB B cucrteme. M3 coorHomenus (8) nerko
[I0Ka3aTh, YTO B PE30HAHCHOM cityuae ( A = () ) HACEJIEHHOCTb F, B LIeHTpe UMILy/bca (IpH ! = ) IOCTU-
raeT 3HaueHUs OHOH YeTBEpTU OT MAKCUMAJIBHOI'O 3HaueHus P, (IpU ¢ — +o0 ).

I'pacdukm 3aBucuMoOCTH E, (t) HAa MPaBO¥ aHENHN pUCYHKA | MTOKa3bIBAIOT BIMSHUE PA3HOCTH Yac-
TOT A Ha KUHETUKY 3aCEIEHUS BEPXHEro MEKTPOHHOTO COCTOSHUSA. POCT 3HaUeHUS A TpencKasy-
€MO BeJIeT K MaJeHUI0 CKOPOCTH KBAHTOBBIX TEPEXOJOB U YMEHBIIICHUIO KBAHTOBOTO BBIXOJA BO30YXK-
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JICHHOT'O COCTOSIHHSL CUCTeMBbL. IHTepecHOH 0COOEHHOCTBIO N300paKEHHBIX HA PUCYHKE | KPUBBIX SB-
JISIeTCsl ACTIONYIIAINS BEPXHEr0 3JIEKTPOHHOTO YPOBHS MPHU OONBIINX A ¢ , XOPOILIO pa3IniuMas Ha Bpe-
MeHaXx, KOTJia JIeCTBHE UMITYlIbca ociabeBaeT.

E,(t)
hAw, 3B
—0.00
1 —0.01
0.6 0.02
—0.03

0.04
0.4 —0.05
] 0.06
—0.07

0.8

0.2+

0.0 T T T T T T T
-100 -50 0 50 100

Bpems, dcC Bpems, dpc

Puc. 1. Kunertnka Hacenensoctu £, (l ) COCTOSIHUSA |(02> JBYXYPOBHEBOM CHCTEMBI.
JleBas manens: E, (t) IIPU PE30HAHCHOM HaKauke A = () ¥ pa3IU4HBIX 3HAYEHUAX JUINTEIBHOCTH
JIa3epHOTo UMITyNbca T, (YKa3aHbI Ha pucyHke). IIpaBas manens: To ’ke caMoe, HO IIPH OTKJIOHEHHH

OT pe30oHaHca A # 0 1 PUKCHPOBAHHOMN JUTMTENBHOCTH UMITynbea, T, = 20 dc

Ha pucynke 2 mokazaHbl rpad)MKHi 3aBHCUMOCTH KBaHTOBOTO BBIXOJa Y, (hOTOBO3OYXIEHUS OT
BEJIMUUHBI 7A@ TIpU HECKOJIBKUX 3HAUCHUSX JIUTEIbHOCTH UMITYIIbca 7, (YKa3aHbl Ha pUCyHKe). Benu-
yrHa Y, 3/1eCh paccyrTaHa KaK HACEJEHHOCTh BO30YXJIEHHOTO COCTOSHHUS CHCTEMBbl Ha BPEMEHaXx,
KorJia JIefiCTBHE UMITYJIbCa 3aBepiieHo, Y, = £, (+00). AHaJOrnyHO pe3yapTaraM Ha pUCYHKe 1, KpuBBIe
Ha PHUCYHKE 2 JEMOHCTPHPYIOT YMeHbIlleHHE 3PPeKTUBHOCTH (HOTOBO3OYKACHHS B CHUTYallHH, KOTJA
Pa3HOCTH MEXTY IIEHTPAITLHON 9aCTOTON UMITYJThca HAaKauKK 1 O0OPOBCKOI 4aCTOTOH mepexoaa |(0] > - | q02>
BO3pacTaer.

& T - T
-0.10 -0.05 0.00 0.05 0.10
hAw, 3B

Puc. 2. KBaHTOBBII BBIXOJ] BO30YKACHHOTO cocTosiHus ¥, = E, (oo) Kak Qpynkuus hA@ (nvaun)

U CIICKTpaJIbHaA IJIOTHOCTb SHCPTUU UMITYJIbCa HAKAYKN (TO‘{KI/I)

JIaHHBIN pe3ynbTaT MOXKET ObITh OOBSCHEH CIEKTPalbHBIM COCTABOM HMMITYJIbCA BO3OYXKICHHS.
JlelicTBUTENBHO, U3 BbIpaxeHus (8) Ipu ¢ —> 400 JIETKO HalTH

y 2

= () = exp(-d0’c). an
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3TO BhIpaXXEHHUE COBIIAJIAET CO CIIEKTPAIbHOM MIIOTHOCTHIO SHEPTHH rayCcCcoBa UMITYIbCA C OTH-
Oaromieit (3).

[Nocnennuit pe3ynbraT MOKa3bIBACT, YTO MPEAJIOKEHHAST MOJIETb JJAET KOPPEKTHOE KOJTMYECTBEH-
Hoe onucaHue 3QPEKTUBHOCTH KOTEPEHTHBIX 3JICKTPOHHBIX MEPEXOA0B MO ISHCTBUEM JIa3€PHOTO HM-
MyJibCa HEBBICOKOW MHTEHCHMBHOCTU. DTOT PE3yNBTAT TAKXKe TapaHTUPYET COBIAJCHUE MPOohuIsl pac-
Mpe/CIICHUs YacTHIl B BO30YXAeHHOM cocTossHuu JIAK Bmoab KOOpAUHAT PAaCTBOPHUTENIS C aHAIOTHY-
HBIM BBIpayKCHHEM, MOJyUYeHHBIM B padore [9].

3akjaoyenue

[Nomy4uenHoe B paboTe aHAIMTHYECKOE BBIPAKEHHE JJIsl BEPOSITHOCTH TIepexo/ia KBa3HUaCTUIIbI U3
OCHOBHOTO B 3JICKTPOHHO-BO30YKJICHHOE COCTOSIHUE IOJ] JEHCTBHEM KOPOTKOT'O JIA3€PHOTO UMITYJIBCA
HEBBICOKOH WHTEHCUBHOCTH MOXET OBITh MCIIOIB30BAHO JIJISl YHCICHHOTO MOJICIIUPOBAHHMS TIPOIIECCOB
ontudeckoil Hakauku JJAK B pamkax MeToma ciydaiiHBIX TpaekTopuid. IIpemiokeHHbIi anropuT™ J10-
CTaTOYHO YHUBEPCAJCH JIJIsl TOTO, YTOOBI IPUMEHSATH €r0 B MOJIEIISIX, BKIIIOYAIOIINX OTHY WA HECKONb-
KO KJIACCHYECKUX NOISPU3aLIMOHHBIX KOOPAUHAT PACTBOPUTEINS, a TAKKE OJHY UIIN HECKOJIBKO BBICOKO-
YaCTOTHBIX KBaHTOBBIX KoeOaTeNnbHbIX MOJ. OCHOBHBIMH MPEHMYIIECTBAMH MPEATIOKEHHOTO TTO/IX0-
Jla SIBJISIFOTCS, C ONHOM CTOPOHBI, YU4ET KOT€PEHTHOCTH IEKTPOHHBIX IEPEXOJ0B, C APYrod — BBICOKAs
[IPOU3BOAUTEIBHOCTh PACUETOB 10 OTHOLIEHHUIO K IIPSIMOMY YHCIIEHHOMY PELICHHI0 HECTALMOHAPHOIO
ypaBHeHus UIpenunrepa.
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NUMERICAL SIMULATION OF COHERENT OPTICAL TRANSITIONS
IN ELECTRON-DONOR-ACCEPTOR COMPLEXES
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Abstract. Ultrafast photochemical processes, involving intramolecular and intermolecular
charge transfer in polar solvents, often proceed on subpicosecond timescales comparable
with duration of the pump pulse. One of the well-known examples is ultrafast (up to 0.1 ps)
charge recombination (CR) in photoexcited electron donor-acceptor complexes (DACs). In
these molecular systems, donor and acceptor compounds of the DAC emit and receive electron,
respectively, upon optical excitation of the charge transfer band. Among the most intensively
studied DACs are the complexes with hexametylbenzene, pentametylbenzene, isodurene and
trimetoxybenzene acting as electron donors, and tetracyanoethylene — as electron acceptor [5].
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Kinetics of the back electron transfer in DACs is known to depend on the time of
delivery of the noneqilibrium wavepacket to the ground and excited states term crossings
region. In its turn, dynamics of the wavepacket motion on the excited state free energy surface
(FES) is determined by character of solvent relaxation in vicinity of the donor and acceptor,
and may proceed with several relaxation timescales ranging from hundreds of femtoseconds
to tens of picoseconds. Influence of complex multimode dynamics of solvent relaxation on
ultrafast CR processes can be taken into account properly within the general stochastic model
of electron transfer in polar medium [9]. This model considers motion of nonequilibrium
wavepackets on the excited state FES of the DAC in terms of several reaction coordinates
coupled to the corresponding solvent relaxation modes.

The drawback of the common approach to numerical simulation of photochemical reaction
within the general model is a supposition on instantaneous optical pumping of the DAC. Within
this approximation, solvent modes and intramolecular vibrational degrees of freedom are treated
as “frozen” during the pump [2; 9]. This is not, however, always true, especially in nonequilibrium
reactions with participation of the vibrationally excited states of the products. The rate of such
reactions can be comparable or even exceed the rate of solvent relaxation, while duration of
the laser pulse can exceed the characteristic time of CR.

The aim of this study is the development of numerical algorithms for computer simulation
of coherent optical excitation processes in DACs within the Brownian simulation technique
[4]. The proposed algorithms are based on propagation of trajectories of quasiparticle on
the corresponding FES with generation of random “hops” from the ground to excited state
FES as a result of interaction with the laser pulse. Our new approach extends the area of
applicability for the numerical method described earlier in [3] with account for spectral
properties of the pulse.

In this study we obtained analytic expression for the probability of quantum transition of
quasiparticle from the ground to the excited state within a simple two-level/weak-coupling
model. This expression can be used for calculation of surface-hop criteria. The proposed
algorithm is universal enough to be applicable for different models, involving one or more
classical solvent modes, and one or more high-frequency quantum vibrational modes. The
main advantages of the approach are, on the one hand, account for the coherent quantum
dynamics, and on the other hand — high performance of computations with respect to direct
numerical solution of the Schroedinger equation.

Key words: computational chemistry, optical pumping, photochemical reactions, donor-
acceptor complexes, coherent electronic transitions, Brownian simulations.
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