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Abstract. The paper presents the results of the computer modeling of the behavior of polymers based on
polyimides, C60 fullerene molecule and organic molecules. It was found that the alloying of the polymer - fullerene
molecule system with the organic molecules leads to the breakdown of polymer chains, as well as to their con-
vergence. This allows to allocate donor-acceptor pairs in the space.
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NCCJIEJOBAHHUS BIIMAHNA HEKOTOPBIX OPTAHMYECKHX
COEAMHEHUMU (COANP, NPP, PNP) HA ITOBEJIEHUE ITOJIMMEPOB
HA OCHOBE NOJIMUMHWAOB 1 MOJIEKYJI ®YJIUVIEPEHOB

M. E. Areabmenes, 3. M. Myaaaxmeros, C. M. BparyxuH,
B. B. lloniuxapnos, M. M. Bykenos, I'. C.BekracoBa

HHCcTHTYT OpranM4eckoro CHHTE3a U yriuexuMun, Kaparanna, Kazaxcran

AHHOTaHI/Iﬂ. B pa60Te OPEACTABIICHBI PE3YIbTATHI KOMIIBIOTCPHOTO MOACIHPOBAHUA MOBCACHHUA IMOJIUMCPOB
HA OCHOBE IOJIMMMHIOB, MOJCKYJIBI (PyrepoHoB CO60 M MOJNCKYT OPTraHMYCCKHX COCTUHCHUHA. YCTAHOBICHO, UTO
JETUPOBAHME CHCTEMBI MOTUMED — MOJCKYIbI (DyIIEPEHA OPTaHUUSCKHMH MOJICKY IAMU IPHBOJHUT KaK K IPOLEccaM
Ppa3psiBa MOMMEPHBIX LENEH, TAK M K UX COMKEHHIO. JTO MO3BOJLIET PACIPEACIHITh JOHOPHO-AKIIEITOPHBIC ITAPHI B
MPOCTPAHCTBE.

[Tpn yryuimeHIH BpEeMEH NMEPEKIIOYCHHS HeMaTHiecKuX xKuakokpuctaummaeckux (KK) —sueek, npu
CO3JaHMM JOHOPHO-AKLENTOPHOH mapel momumep — ¢ymieper [1-10] mpoussoautcs modaBneHUS
opranuueckux 106aBok. O0nanas MOBBHIICHHBIM JUTIOTBHBIM MOMEHTOM [9], HOBBIF KOMIUIEKC PUBOIUT
K VBEIHYCHHUIO MO/LIPH3YEMOCTH CHCTEMBI, YTO BBI3bIBACT Oomee 3(QeKkTHBHOC € VIpPaBICHHE MPH
MIPUJIOKEHNM BHEITHETO 3JEKTPHUESCKOTO WM CBETOBOTO BozaeckcTena. B [10] nmokazano, 9To KOMILIEKC
OPraHHYCCKUH TOHOP — (PYIIEPEH BBICTYNACT KaK akTHBATOp npouecca camooprannsanuu KK cucremsr,
obycnagiauBas Oonee ynopsaoucHHyro vkaaaky momekya JKK. Ilpu srom ycranosieHo Ha 2 mopsiaka
COKpAILICHHE BPEMEHH NEPEKITIOUCHHS CTPYKTYP.

Hanvmare momumepHsIx nened yeunusarot ynopsgoueHHOCTs JKK, B To ke BpeMs MOnekyisl ¢yi-
nepenos ce ocnadmsror [11]. B 3toM cMeicie HemoHATHA ponb A00ABOK B BHIAC OPraHHYCCKUX COCIU-
uwenui, m3BecTHoix kKak COANP, NPP, PNP, mpu cozmanuu takoii cucremsl. Mcciie10BaHus MOBEACHUS
KOMIIOHCHT TaKOW CHCTEMBI NPH BO3ACHCTBHM TEMIICPATYPHl B HPUCYTCTBUH BICKTPUYCCKOTO MO
MPEACTABISCT COOOH HAYYHBIH HHTEPEC.
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Kak mokazamu Hamu kBanToBO-xumuueckue uccrneaosanust (GAMESS Job: Compute Propertics
RHEF/3-21G: Basis Set — 3-21G, Method — HF, Wave Function — R) atix cocauHeHm#, oHM 001a1a50T
BBICOKUMH 3HAUYCHHUSAMH AUTOIBHBIX MOMCHTOB (PUCYHOK 1).

COANP

GAMESS Interface:

Dipole = (-0.756041, -4.885256, 2.904562) 5.733568
Debye

NPP

GAMESS Interface:

Dipole = (6.831621, 7.098306, -2.068239) 10.066509
Debye

PNP
GAMESS Interface:
Dipole = (3.905910, -8.575305, 1.020894) 9.478091 Debye

Pucynok 1 — Hasparme, MeTo[] pacuera, JAONBHBIM MOMEHT, CTPYKTYpa U HAIIPABIIEHHE TUITOILHOTO MOMEHTA FCCIIeTyEeMbIX
moneky1 COANP, NPP, PNP

C Lenbro BBICHCHHS BIMSHHUS 3THX OPraHMYCCKHX COCAWHCHHU Ha 00Pa30BAHUC BBIIICYKA3AHHBIX
J06aBOK OBLIH MPOBEACHBI COOTBETCTBYIOIINE HCCIEAOBaHMA. B 3TOH cTarhe IMpeacTaBiIcHBI PE3yIbTATHI
PadOTEI MO CO3JAHHIO U KOMITBIOTEPHOMY MOJCTHPOBAHUIO KOMIOHEHT CHCTEMBI, COACPIKAIICH MOICKY b
¢vnepeHo C60, monnMepoB Ha OCHOBE NOJIHHMHIOB, COACPIKALIUX HUMPO-TPYIIY U MO OJHOU-ABE
Monekyie oprannueckux coeauHeHuii COANP, NPP, PNP (ctpykrypa coeanHEHHH ONTHMU3HPOBAHA
merogom MMFF94 u3 nakera nporpamm ChemOffice 12).

OcyecTeineH nogdop ONTHMATIBHBEIX APAMETPOB MOJCITUPOBAHHMS (JABICHHE, BPEMS OT/KUTA U T.A.).
Coznassl BXOJHBIE (halIbl, ONPEACIIAIOMUE TEOMETPHIO U CHIIOBOE TIOJIE ITUX COCTUHEHHUH.

Hcxoxnas cucrema MOIEKY cOCTaBIsIA 4 LICMH MOTMAMUAOB, KKIAsA U3 KOTOPHIX cocTosna u3z 10
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ontumusuposana meronom MMFF94 u3 makera mporpamm ChemOffice 12), 4 monekyanl dyanepeHoB
C60, KOTOpBIC pacONArajuch Mo 2 MONCKYIbl MExAy 1 u 2 uenbro U Mexay 3 u 4 uemsmu, 1 u
2 monekynbl oprannueckux coeaunenuit (COANP, NPP, PNP) mexay 2 u 3 uensio nonuuMuaos. beiin
3aITaHUPOBAHEL § SKCIICPUMCEHTOB (Tabmuua 1).

PacrionioskeHHE KOMIIOHEHT CHUCTEMbI OOYCIOBACHO MANBHCHIINM MOJCITHPOBAHUCM C YUACTHEM
monekyn JKK, rae kmactepbl COCTABIAIOT MPIMOVIOIBHBIC Tapauicacmuncael pasmepamu — 13x13x7
(®IK) u 14x14x7 (OPID).
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TaGmuna 1 — Hymeparys mpoBOAUMBIX SKCIIEPUMEHTOB
B CHUCTEME 1IETH OJTMUMHUIOB — MOJIEKYJIbI yJiepeHoB — opraHuyeckue J00aBKku

z

Onucanue OKCIIEpUMEHTA

4 uenu noaMUMHOB, 4 Monekybl C60, 1 mosnekyna COANP B 1ieHTpe cHcTeMbl

4 uenu NoJIMUMKJOB, 4 Monekybl C60, 1 monekyna NPP B neHTpe cuctembl

4 nenu NoJIMUMKJOB, 4 Monekyibl C60, 1 monekyna PNP B neHTpe cuctembl

4 ueny NoaMUMKJIOB, 4 Mosekybl C60, 2 mosekysisl COANP B 11eHTpe cucTeMbl

4 neny NoAMUMKJIOB, 4 Monekylbl C60, 2 mosekyniel NPP B 1ieHTpe cuctemMsl

4 ueny NoJAMUMKJIOB, 4 Monekylbl C60, 2 mosekynibl PNP B 1ieHTpe cucTeMsl

4 uenu noaMUMKIOB, 4 Mosekyibl C60, o 1 monexyne COANP u PNP B 11ieHTpe cucTeMsbl

XNl |W N~

4 nenu noaMUMKIOB, 4 Mosekybl C60, o 1 monexyne COANP u NPP B 1ieHTpe cuctemsl

Pacnonoskenue neneit ornocureapHo KK psgos 1) 3x1x1, 2) 6x1x1, 3) 9xIx1, 4) 12x1x1. Llens
nonuMepa passopaunBanack orrocutenbHo OY Ha 180°. PaccTosHms MEKAy LMy — X=2.4HM, MEKIY
nemsIMH U MoJiekynamu z=lum (cBepxy). Pacmonmoxenme ¢ymaepenos C60: 1) 4x4x2, 2) 4x9x2,
3) 11x4x2, 4) 11x9x2. Pacnoaoxenue 2 moaekya (COANP, NPP, PNP): 1) 7x7x2 (B cay4ae oaHO#
MOTEKYIbI), 2) 7x8x2.

Jnsa mpoBeaeHUsS MOACIMPOBAHHUS MOBEACHHS 3TUX COCIUHCHUH OBUT MCMOTB30BAH METOX MOJIC-
Ky1apHOH amHamuku Ha ocHose mporpamvbl GROMACS [12] sepcun 3.3.1 B mpuUONIKEHUN KHUIKOTO
arperarHoro coctositus [12-15]. Ipu moaemupoBanuu ucnons3oBad NPT ancambOis. Paguycer orceuxu
JUCIICPCHOHHOTO H KYJOHOBCKOrO B3auMozehcTeus coctapmian 2,0 HM. Beimn mposeaeHwl mocre-
JOBaTCIBHBIC OTXKHUTH B pexxuMe Harpesa. Bpems oTkura npu oxHo# Temneparype coctasisiio 10 nc, Ho
MPU 3TOM KIACTEP PacIoarancs B OAHOH SUCHKe, 4eM OBLIO PEaTH30BaHO KHUIKOE arperarHoe COCTOSHHE
CHCTEMBI, A 3HAYCHHME HANPSIKEHHOCTH DIEKTPHUECKOro Mo cocTasmsito 1x10'B/M u HampasieHo
neprenaukysipao OY u OZ. Hampasienue momumepnbeix nerned cosmagano ¢ ockro OY. Crpykrypa
HCXOJHOU CHCTEMBI MPEACTABICHA HA PUCYHKE 2.

PucyHok 2 — Bua HCXOAHOHM CTPYKTYPBI
HCCIIEAY EMOH CHCTEMBI IIOCTE 0T kHra mpu T=325K

AHajau3 TOJYYCHHBIX PE3YJIBTATOB MOKA3aJl HEOOJBIINE PA3IHYMsI B H3MCHCHHUH KOMIIOHCHT IIO
OTHOIICHUIO APYT K APYTY HPU H3MCHCHHH HAMMPABICHHUS 3eKTprucckoro nojist. [loatomy B nanpHEHIeM
MPEACTABJICHBI PE3YJIBTATH UCCICAOBAHUH MPU HANPABICHUU 3JICKTPHUCCKOTO TOJISI, ICPICHIUKY ITPHOTO
miockoctn ucxoAaHoro kmactepa (0OZ). Lenu obGosnaumm ml, m2, m3, m4 B moCIeI0BATC/IBHOCTH,
YKa3aHHOU HA PUCYHKE 2. PacCTOSIHUS MEKIYy HUMU U3MEPSLTUCh MEKAY UX LCHTPAMH TSIKCCTH.

PesyapTaTsl nccre10BaHUN NPEeACTABICHBI HA PUCYHKaxX 3-12.

Kak BunHO Ha pucyHkax 3-5, mpH pacnonoKeHUH 1 MOJNEKYIIBI OPraHHYeCKON TOOABKH PACCTOSHUC
MexKay uermsmMu 2 u 3 0COOCHHO 3aMETHO U3MEHMIOCh. Tak, B obOmactu me3odassl (T=340K) ono co-
crasuno 3.382um (COANP), 4,505am (NPP), 2,648um (PNP). Tompko B cmyuae monekymsl NPP
PaACCTOSHUE MEXKAY STUMH ICMSIMUA BO3POCIIO ¢ POCTOM TEMIICPATYPHI.
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Pucynok 3 — TemriepatypHas 3aBUCUMOCTh PaCCTOSHUS MEKJTY TIEISIMU B cilyuae skcriepumenTa 1 — COANP
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Pucynok 4 — TemriepatypHas 3aBUCUMOCTh PACCTOSHUS MEKJy IIEISIMU B CIIyydae sKcriepuMenTa 2 — NPP
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Pucynok 5 — TemrieparypHas 3aBUCUMOCTh PACCTOSHUS MEKY IIEISIMU B ClIyudae skcriepuMenTa 3 — PNP

VBeIHUCHHE KOMMYCCTBA MOJICKYJT OPraHMYCCKUX A00aBOK A0 2-X (PUCYHKH 6-8) NpPUBOAUT K
HauOonpmiemMy paccrosauio B caydae Mojekyast COANP (5,211 um), moHM:KACT PacCTOSHHE IS
mosickynel NPP (2,148um) u mossimnaer qist PNP (3,688uM). CTob CNOXKHOS BIHSHHUE, MO-BHAUMOMY,
OOYCITOBICHO 3HAYUTCIBHBIMU HITOJBHBIMH MOMEHTAMH (PUCYHOK 1). DTO MOKET MPHUBOIAUTH KaK
CHUJIBHOMY MPUTSDKCHUIO, TAK M CHJIBHOMY OTTQJIKHUBAHHIO 3TUX MOJCKYJ, IlosMMEpHBIC 1enu OKa3bi-
BAKOTCSL «YBACUCHHBIMIW» TAKUMH mporeccamu. M3mMeHeHHe paccTosHus OyAeT onpeacasts 3hQEKTHB-
HOCTh PpaboOThl AOHOPHO-aKUCNTOPHOH mapel. [losromy mpaBwibHBI TMOAOOP COCTaBa TAKOH CHUCTEMBI
JOJIKCH YUHUTHIBATh KOHLCHTPALMIO 3TUX OPraHUYSCKUXx M00aBOK. WX u30BITOK OyAeT YMCHBINATH
ynopsaoucHHOCTD JKK 13-3a BO3MyIICHHH, BHOCUMBIX JAUTIO/b-THIIOJbHBIM B3AaUMOACHCTBHCM.
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Pucynok 6 — TemriepatypHas 3aBUCUMOCTh PACCTOSHUS MKy TIEISIMU B cilyudae skcriepumenTa 4 — COANP
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Pucynok 7 — TemriepaTypHas 3aBUCUMOCTD PACCTOSIHUS MEKy IIETBIMH B CIIydae sKcriepumenTa S — NPP
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Pucynok 8 — TemrieparypHas 3aBUCUMOCTh PACCTOSHUS MEKY IIEISIMU B ClIydae skcriepumenTa 6 — PNP

HpaBOMepHOCTb TaKHUX paCCY)K,Z[CHI/Iﬁ ONOATBCPXKAACTCA U3MCHCHUCM MCXKAY LCIIAMU IMPU HATUYIHUHN
MO OMHOU MOJICKYJIC OpraHuuYecKux mA00aBok pasHoro Buga (pucynku 9-10). HauGosee cuibHO ymeHb-
IaeTCs PacCTostHUE MeskAy tersyu B ciayuac COANP+PNP.
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Pucynok 9 — TemriepatypHas 3aBUCUMOCTh PACCTOSHUS MEKJTy IIEISIMU B cilyuae skcriepumenTa 7 — COANP+PNP
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Pucynok 10 — TeMneparypHast 3aBUCHMOCTB PACCTOSHUS MEXTY IIEISIMU B cIIydae skcriepumMenta § — COANP+NPP

CHumku kaactepoB (pucyHku 11, 12) 1eMOHCTPUPYIOT BAMSHUC Pa3MUYHBIX OPTaHHYCCKUX TOOABOK.
Heob6x0auM0 0TMETHTD, ITO B KaxK 101 YacTu (pucyHok 11) umerorcs Moseky. sl dyiepeHa.
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Pucynok 11 — Caumok cuctemsl B poekiiun XOY B cinyuae skcnepumenta 4 — COANP npu T=340K

Pucynok 12 — Caumok cuctemsl B poekinn XOY B cityuae sxcriepumerTa S — NPP ipu T=340K

Takum 00pa3oM, Ha OCHOBAaHMH NPOBCICHHBIX HCCICAOBAHHMN YCTAHOBJICHO, YTO JICTHPOBAHHUC
CHCTCMBI TIOJIUMEP — MOIEKYIBl (yIIepeHa OpraHmIecKHMU MOJCKYJIaMH HNPHUBOIUT KaK K IMporeccam
paspeiBa MOMHUMEPHBIX LemNel, Tak M K HX COMIDKCHHIO. JTO MO3BOMACT PACHPEACTIATh JOHOPHO-
AKLEOTOPHBIE NAPBL B IPOCTPAHCTBE.
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QYJLTIEPEH MOJIEKYJTAJIAP ?KOHE INIOJIMUMHU/ HETT3THAEI'T HOJIUMEPJIEP/ITH
CHUIIATTBIJIBIFBIHA KEUBIP OPTAHUKAJIBIK KOCITAJIAPJBIH (COANP NPP PNP)
I9CEPJIEPIHIH 3EPTTEYJIEPI

M. E. Aremenes, C. M. Bparyxun, 3. M. MoygaxmeroB,
B. B. loomkapnos, M. M. Bykenos, I'. C.bexracoBa

Annoramus., bepinren >KyMpIcTa, KOMIOBIOTCPIIK MOJCIBACY HOTIKCIICTICP] OPTaHUKANBIK KOCHANap, MOJIH-
uMu HeriziHzaeri moymvepnepaie, C60 dyurepen Monekynanapsl 0ap HEMATHKAIBIK CYWBIK KPHCTANIAP KBLIBIK-
Tapbl YChIHBIIFAH. [lommMep Kyiienepin Jernipacyi-(yuiepeH MOJIEKYIAChl OPTaHUKAJIBIK MOJICKY JACBIMCH, ITOJIH-
MCp Ti30CTiHIH AKBIPAyHI MPOICCCIHE FAHA EMCC JKOHC AC JKAKBIHAAY MPOLCCHHHE ANbIN KCICTiHI AHBIKTAIARL By
JOHOPJIBI AKIENTOPIIBIK MKYITAPIBIH KEHICTIKTET] YIECTIpYyiHEe MYMKIHIIK Oepei.

Hocmynuna 05.02.2015e2.




