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B3AUMO/JIEVICTBUE ®YJLUIEPEHA Cg C PATUKAJIAMH POCTA CTUPOJIA
N IMAHU3O0IIPOIINJIBHBIMU PAJIMKAJIAMU

© A.P. IununaxmeroBa, A.K. ®pusen, C.B. KoJsecos

[TpoBeneHO KBaHTOBO-XMMUYECKOE MOJICIHPOBaHNE B3anMopencTBus ¢yimiepeHa Cgy ¢ paguKaIaMu pocrta
CTHpPOJIa U paJuKaIaMi WHHAIATOpa — IUHUTPHIA a30M30MacCIITHON KHUCIOTHL. [IpoaHanms3upoBaHa peakIioHHAS
CIOCOOHOCTh PAJMKAIOB POCTa CTUPOJIAa M ITUAHU3OMPONMIBHBIX PaJUKajIOB MO OTHOLIEHHIO K MOHOAIIyKTaM
¢bymnepena Cgy ¢ TONMUCTHPOIEHBIMU PATUKAIAMK U PaJUKaTaMi HHUIMATOPA. PaccCMOTpPEHBI peakiuu mprcoe-
IUHEHHSI paUKaNIoOB POCTa CTHPOJa M PaAUKaIOB WHUIHATOpa K MoHOoanaykTaM Cgp, COIEpIKaIINX aIaeHAbl KaK
OJIHOTO BHJIa, TaK U 0OOOUX BHUJIOB, [0 aTOMaM C HAUOOJIBIINM 3HAYEHUEM CIIMHOBOH MIIOTHOCTH (2, 4 u 16). Iloka-
3aHO, YTO JAHHBIC PEAKLUU MPOTEKAT 0€30aphepHO, MOITOMY O PEAKIIMOHHOM CIIOCOOHOCTH MCCIIEAYEMBIX pa-
IIMKAJIOB M0 OTHOUICHUIO K (YJUICPSHIIBHBIM paguKalaM B PEaKIUsIX PeKOMOMHAIIMHA MOKHO CYAUTH JIUIIE TI0
3HAYEHUSIM TEIUIOBBIX 3P PEKTOB. B peakiusax peKOMOMHAIIMY 3HAYCHHUS TETUIOBBIX d(h()EeKTOB peakiuii B 00Jb-
1Iei CTereH 3aBUCAT OT CTPOSHHSI paauKala, IPUCOSTUHIEMOT0 K MOHOAIIYKTY Cgo, YEM OT CTPOCHHUS aJICHIA
B (yIUIEpeHIIEHOM pagukaie. Pa3miudHoe cTpoeHne agneHnoB B MpOom3BOIHBIX Cgo IIPHUBOAUT K PA3IAIHOMY K-
PAaHHPOBAaHMIO WX AKTUBHBIX IEHTPOB, OJHAKO HAJIHYHE CTCPHUCCKHUX IIPEIATCTBHN B Ciydae oOpa3oBaHUA
OucaaaykToB HEe ObUIO BBIABIEHO. Hambosee TOYHO O peakIMOHHOM CIIOCOOHOCTH PAJMKAJIOB IO OTHOLICHUIO
K TIpOm3BOAHEIM (yiuiepeHa Cgy MOXKHO CYTUTH IO peakusM ¢ ygactueMm OmcaanykToB Cgp, COIESpPIKAIINM pas-
JMUYHBIE aJICHNIBI, TaK KaK MPUCYTCTBYIOT M CTepUUecKue (DaKTOPHI, W YHEpreTHIecKue. PaccMOTpeHBI peakiym
MIPUCOENNHEHHS PAJAUKAIIOB HHUIIMATOPA U PAIUKAIIOB pocTa cThpodia K bucamrykram Cgy ¢ paguKaiaMyd HHUIIHA-
TOpa U paJiKallaMy pOoCTa CTHPOJIa C 00pa30BaHHEM JBYX H30MEPHBIX TPUCAAIYKTOB KaK CMEIIaHHOTO CTPOCHHUS,
TaK W COJACPKAIINX aAeHIBl OAHOTO BHIa. [IprcoenHenne TpeThero paankana Kk oucaaaykram Cgo XapaKTepu-
3yeTcs HAIMYUEeM DHEePreTHYecKoro dapbepa, o 3HaueHUsIM KOTOPBIX BUIHO, YTO MOJUMEPHBIC aJJIeHIbI MOTYT
CO3/1aBaTh 3aTPyAHEHUS IS MPUCOENWHEHHs] HEOOJBIIOr0 paJuKaia MO OMMKAMIIUM K HUM TOJOXCHHSM.
[Ipu mpucoennHeHnn Mo GoJee OTOATICHHBIM IMOJIOKEHUSIM PEaKIIMOHHAS CIIOCOOHOCTh PaJWKAaIOB MO OTHOIIE-
HUIO K TPOU3BOIHBIM Cgo Mao 3aBUCUT OT CTPOCHHSI UX aJICHIOB.

KitoueBsie cioBa: ¢ymaeper Cego, QyIepeHWIBHBIE PAIUKAIBl, PAJUKaIbHOE MPUCOSTUHEHUE, PaIUKaIIb]
WHHUIHATOPA, PaJUKaIBl pOCTa.

BBenenue. Mexanm3m yuactus ¢yuiepeHa
Ceo B 2JIEMEHTAPHBIX aKTax PaJUKaIbHON TOJIUMeE-
pu3anmMu U CTpoeHue (QyJuiepeHcoaepKalHuX T0-
JMMEPOB, NOJTYUYEHHBIX NP PAAUKaILHON IMoJInMe-
puzanuu B npucytctBun Cgg, B JIUTEPATypE Tpak-
TYIOTCSI JOCTaTOYHO TNPOTUBOpPEUHBO. M3BecTHO,
yTo K Cgp B HaYaIbHBIA NEPUOJ PATUKAIBLHOM MO-
JUMEPHU3alUU TPUCOSAMHSIOTCS pPaAUKaibl HHU-
muatopa (1) U Makpopaukasl, KOTOpPbIE pa3iv-
YaTCsi IO CBOEH pPEaKIMOHHOH CHOCOOHOCTH.
B pabote [1] moka3aHo, 4TO NpU paguKaIbHON IO-
JMMEpPU3AIMK  CTUpOjia mpucoeaunsercs 1-2 |
U OKollo 5-6 pamukanoB pocra crupona (PS’).

OpHaKO OTHOCUTENIbHAs PEaKIMOHHAS CIOCO0-
HOCTh | 1 PS’ 1m0 OTHOWIEHHIO K MOHOAIyKTaM
Ceo, COZIEpIKAIIMM PA3HBIC aJICH/IBI, HE OTpejere-
Ha. PaHee MBI MoKa3aiu, 4YTO MPH PaTUuKaILHOU
MOJIMMEPU3AIIMU CTUPOJIa 00Jiee BEPOSITHO MPHUCOE-
munenne PS’ k Cgo, a He ' [2], ogHako o6pa3zoBa-
aue anykToB Cgo ¢ PS™ u |” cMemmannoro cocrasa
HE paccMarpuBaioch. Takum o0pa3oM, ocTaeTcs
HEPELICHHBIM BOIPOC — 3aBUCHUT JIM PEaKIIMOHHAS
CIOCOOHOCTh TPOU3BOAHBIX Cgy MO OTHOIICHUIO
K pajyKajiaM OT CTPOSHHS aJICHIOB WM OT Peak-
[IMOHHOW CIIOCOOHOCTH TPHUCOEAUMHSIEMBIX paTuKa-
JioB. Jlyis pelieHusl TaHHOrO BOIpOCa IEIecoo0-
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XUMUA

Taoaupga 1

Tepmoounamuyeckue napavempul peaxyuii (NHY/AH?, koic/mons) peaxyuti npucoeounenus
paouxana pocma cmupona u l* k monoaodykmam RCey’, 20e R —PS u |

Atomst B RCgp
Peaknus > Z 16
ICeo" + 1" — Cgol 13.9/59.9 —97.3/0(11%) -88.9/0
ICgo" + PS" — 1C4PS —22.5/10.2 -133.7/0 -103.0/0
PS-Cgp + I' — PS-Cgol 0.2/58.9 -102.3/0 -88.5/0
PS-Cgo” + PS" — CgoPS, -23.2/28.3 -136.3/0 -101.4/0

IIpumewuanue *B ciydae mpucoeqUHEHHUS BTOPOTO MUAHU30IPOIIIEHOTO PaJrKaia HanOoIee BEposiT-

HO TprcoeInHeHue 1o atomy 11.

Tabnuma 2

Tepmoounamuueckue napamempul peaxyuti (NHY/AH?, k/Joc/mons) npucoedunenus PS u I°
Kk 6ucaooykmam CeRy, 20e R — PS" u I, ¢ obpasosanuem 1,4,11- u 1,4,30-mpucaooyxmos

Tpucamrykr RsCep’
Pearauis 1,411 1,4,30-

Coola + I’ — I:Cop' T39.7/173(L1L4" | —29.U/17.4(1,11,16-)
Ceolo + PS — |2C50.PS -49.8/11.0 -53.2/6.3
CgoPS, + 1" — PS,Ceo’| -12.5/42.3 -36.2/24.0
CgoPS, + PS" — PS3Ceo -57.5/8.0 -46.6/12.1

IIpumewuanue *Obpasoanue 1,11-Cgl, HauOOMEE BEpOATHO, CTpOSHHUE TpUcaAnykToB 1,11,4- n

1,4,11-,1,4,30-u 1,11,15 — ananoru4Ho.

pasHo IPUMEHEHHE METOI0B KBaHTOBO-
XUMHUYECCKOTI'O MOI[eJH/IpOBaHI/IH, KOTOpLIe HpI/IMe-
HSIOTCSI B HCCJICIOBAHUSX PAJAUKATHHBIX PEaKITHil
Ceo, OJIHAKO paHee HE PacCMATPUBAJIKCH PaIUKAIIbI,
CIIOCOOHBIE a/IEKBATHO MOJIEIUPOBATH MAKPOPaIHU-
kanel. Llens  maHHOM  pabOTBI:  KBAHTOBO-
XUMHUYECKOE  MOJEIMPOBAHUE  B3aMMOJEHCTBHSA
MOHO- 1 6ucaykToB Cgo, COIEPIKAIINX 8 IEH/IBI |
u PS, ¢ pagukanamu |I'u PS’ ¢ o6pazoBanuem aj-
JYKTOB CMEIIAHHOTO COCTABA.

PesyabTaTtel M uMX o006cyxaenue. Pacuersr
BBINIOJIHEHBI B iporpamme Priroda 09 [3] metogom
PBE/3z [4], XOpOIlIO ONMHCHIBAIOIIAM IapaMeTPhI
npou3BoAHbIX Cgo [5]. TemnoBsie 3ddextsr peax-
uuii (AH®) 1 sHTaIBINYN aKTHBAIMK peakimii (AH?)
paccuntanbl i temneparypbl 298 K. PS™ mone-
mupoBanu yactuieir CHi-CH,C'H-Ph, rae komerg
pactymed nenu npexacrasien CHz-rpymmoi. Hy-
Mepanus npou3Boanbix Cey mana mo MIOITAK [6],
NIEPBBIN aJJIEH]l TPUCOEINHEH 110 aToMy 1.

Jl1s BBISICHEHHMS HaJIM4Usl 3aBUCUMOCTH peak-
IIMOHHON CTHOCOOHOCTH TPOU3BOAHBIX Cgo MO OT-
HOLIEHUIO K paJuKalaM OT CTPOEHUS INPUCOEIH-
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HSEMOTO pajvKala U aJiJIeHI0B MPOBEIEHO MOJIe-
nupoBanue npucoeaunenus |'u PS™ k MoHOa Iy K-
taMm Cg ¢ PS- m l-agnennamu, ¢ obpasoBaHreM
OMCaIyKTOB CMEIIAHHOTO COCTaBa M COAEPIKAIIUX
aJICHIBI OJTHOTO BUAA (Taou. 1).

[To manHBIM Taba. 1 BHAHO, YTO B PEAKIUAX
pexomOuHarum 3Hauenns AH® B 00nbIeii crerneHu
3aBHUCST OT CTPOSHHSI pajfiKaia, MPUCOEIUHIEMOTO
Kk MoHoamaykty RCgy'. Tak, st MpHCOEIUHEHUS
PS" k PS-Cgy' n k ICgp’ 10 4 1 16 aToMam 3HAUEHUS
AH® otnuuarorcs mumb Ha 3.0 u 1.5 xJIx/Mounb,
cooTBeTcTBeHHO. 3Hauenuss AH® npucoenuuenust |
K PS-Ceo n k 1Cgp’ 10 4 (11 uist 1Cqo’) 11 16 aTomMam
oTnuyarores aunib Ha 5.0 u 0.3 kJ[K/MOJb, COOT-
BeTcTBeHHO. CpaBHEHUE SHEPreTHUECKUX XapaKTe-
puctHk npucoenuaerns PS’ u |” kK MoHOAIIYKTY 110
MIOJIOKEHUIO 2 TIO3BOJISIET CYAWTh M O BIUSHUH
cTepuyecKknXx (PakToOpoB, CO3ABACMBIX AJJICHIIOM,
Ha PEaKIMOHHYI CHOCOOHOCTh (YJUICPEHUIBHBIX
pamukamoB, T.K. oOpaszoBanme 1,2-OHMcamayKTOB
XapaKTepU3yeTcss  HaJU4MeM  JHEPreTHYCCKUX
GapbepoB. 3Hauenms AH” mpucoeanuenust PS™ k
MoHoaanykry PS-Cg Mmenbme, uyem K [Cg Ha
18.1 x/[x/monb. [lanHblid dakT MOXKET OBITH 00Y-
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CJIOBJICH OOJIBIIIUM SKPaHUPOBAHUEM TOJIOKCHHS 2
UAHU3OTIPOTIAIHHBIM aJIJICHIOM.

Opnnako 3Hauenuss AH” npucoemuuenns | k
PS-Ce0 u k |ICq pasnmuuarorcs Juimb Ha
1.0 xJIx/Monb, clenoBaTenbHO, pasmmume B AH”
npucoeanHeHus1 PS-paankana k (ymiepeHIIbHBIM
paaukanaM He OOyCIIOBJIIEHA CTEPUYECKHMHU (hak-
TopaMu. Tak Kak 3HAYCHUs SHTAIBIUN aKTUBAIIUU
peakiuii npucoemunerns PSS’ wu |I° oTmuuarorcs
MPaKTUYEeCKd B JBa pa3a, TO MOXKHO MPEIIoJIo-
KUTh, YTO PEAKIMOHHAs CIOCOOHOCTH (QyJuiepe-
HWJIBHBIX PAUKAIOB 110 OTHOLICHHUIO K PauKanam
3aBHCHUT OT THUITA IPUCOCAMHACMOTO PaJINKaa, a He
OT CTPOCHUSI UX aJIJICHJIOB.

Peakuun o0Opa3oBaHUsl TPHCAAIYyKTOB CMe-
[IAHHOTO COCTaBa XapakTEPHU3YIOTCS HaIUIHEeM
SHEepreTHUeckoro Oaprepa. PaccMoTpeHo mpucoe-
JUHCHUC K PS'ul k 1,4-C60R2 (l. K 1,1 1-C60|2).

W3 tabn. 2 BUAHO, 4TO 0Opa30BaHUE TPHUCAJI-
nykToB Cgp C pasHBIMH pagUKallaMH, B KOTOPBIX
MOCJICIOBATEILHOE ~ TPUCOCINHEHHUE —PaJMKAIOB
MPOUCXOJUT IO BEpUIMHAM paguwieHa mo 1,4-
MOJIOKECHUSAM OTHOCHTENILHO aJIJICHJOB, B HEKOTO-
poOli CTENeHW 3aBHCUT OT CTPOCHUS OWCaUTyKTa.
Tak, Gapeep mnpucoeaunenust | k 1,4-CgPS; B
1.9 pasa Bolle, yeM Oapwep mpucoeguHeHUs K 1,4-
Ceolp. Omuaxo 3uauenns AH npucoenuHeHus PS’ k
1,4-CeoPS, u 1,4-Cgol, oTnmuarorcss auIis Ha
3.0 k/x/mMonb. CrieoBaTenbHO, paHee MPUCOSIH-
HEHHBIC IIEMH MOTYT CO3/1aBaTh 3aTPYAHCHUS IS
MPUCOCUHEHUS] HEOOMNBIIOr0 paauKana mo Oiu-
JKalllllUM K HUM MoJoxeHusM. [Ipucoennnenue I’
MO BEpIIMHE DPAJWJICHA, PaBHOYIAJICHHON OT aj-
nennoB — aromy 30, x 1,4-CgPS, nmeer 6aprep B
1.4 paza BeIe, yeM Oapbep npucoeanHeHus K 1,4-
Ceolp. Tlpucoenunenue paaukana PS' mo aromy
30 k 1,4-CgoPS, numeer 3nauenne AH” B 1.9 paza
BeIle, 4em mpucoeauHeHne k 1,4-Cegl,, ommako
pasHuMma Mexay 3Hauenusmu AH cocramser
mumib 5.8 k/x/mMone. K Tomy ke, npucoeanHeHne
PS" k CgR, xapakTepu3yercss MEHBIIUMHU dHEpre-
THYECKMMU OapbepaMHu, ueM npucoeannerue | .

3akimoyenune. B pabore Mpl mpunum K 3a-
KIIFOYEHHIO, YTO B PEAKIUAX PATUKAIHHOTO TPH-
COEIMHEHHs PEAKLHOHHAs CIOCOOHOCTh IIPOU3-
BOoIHBIX Cgy B OOJIBILICH CTEEHU 3aBUCUT OT THIIA
MIPUCOEANHAEMOr0 pajuKaia, 4YeM OT BHJAA paHee
[IPUCOEUHEHHBIX aaneHnoB. OJHako B cilydae
MPUCOECTUHEHUS PaJANKaJIOB WHULIMATOpa K Oucan-
nykTy Ceo C paguKazamMH pocTa CTUPOJAa SHEPreTH-
Yyeckuil Oaphep TOBBIIIACTCS MPAKTHYECKH B 2 pasa
[0 CpPaBHEHUIO C pEaKIHeld MPHUCOEANHEHUS K
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oucaapnykry Cg C pagMKaJaMH HHUIHMATOPA, YTO
00yCJIOBJICHO CTEPUYECKUMH MPEMSATCTBUSMH, CO3-
JaBa€MbIMU IOJIMMEPHBIMH LICIISIMH.

Paboma evinonnena 6 pamxax npoepammbl
®HU 2ocyoapcmeennvix akademui Ha 2013—
2020 22, (2oc.  3a0anue  No  AAAA-Al7-
117011910026-3). Pacuemvt evinoneHvl HA Kid-
CmepHOM  Cynepxommnvlomepe U 000PYO08aAHUU
LKIT «Xumusy YPUX YOUL] PAH.
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INTERACTION OF FULLERENE Cg WITH STYRENE GROWTH RADICALS
AND 2-CYANO-2-PROPYL RADICALS

© D.R. Diniakhmetova, A.K. Friesen, S.V. Kolesov

Ufa Institute of Chemistry — Subdivision of the Ufa Federal Research Centre
of the Russian Academy of Sciences,
69, prospect Oktyabrya, 450054, Ufa, Russian Federation

Quantum-chemical modeling of the interaction of fullerene Cg with styrene growth radicals and initiator
radicals (Azobisisobutyronitrile) was carried out. The reactivity of the growth radicals of styrene and
cyanisopropyl radicals towards to fullerenes Csq monoducts with polystyrene radicals and initiator radicals is ana-
lyzed. The reactions of addition of styrene growth radicals and initiator radicals to monoadducts of Cg, containing
addends of one species of radicals and both species of radicals by atoms with the highest spin density (2, 4, and
16) are considered. It was shown that these reactions proceed barrier-free; therefore, the reactivity of the studied
radicals toward to fullerenyl radicals in recombination reactions can be indicated only by the values of thermal
effects. In recombination reactions, the values of the thermal effects of reactions depend on the structure of the
radical attached to the monoadduct of Cg, more and less on the structure of the addend in the fullerenyl radical.
The different structure of addends in Cg, derivatives leads to different shielding of their active centers, however,
the presence of steric hindrances in the case of the formation of bisadducts was not detected. Most accurately, the
reactivity of radicals toward to Cg, fullerene derivatives can be indicated by reactions involving bisadducts of Cgg
containing various addends, because both steric and energy factors are present. The reactions of addition of initia-
tor radicals and styrene growth radicals to bisadducts of Cgo with initiator radicals and styrene growth radicals
with the formation of two isomeric trisadducts of mixed structure and containing addends of the same species are
considered. The addition of the third radical to Cgq bisadducts have an energy barrier, the values of which show
that polymer addends can create difficulties for the addition of a small radical at the closest to them atoms of full-
erene core at bisadducts of Cgo. When addition to more distant atoms of fullerene core at bisadducts of Cg the
reactivity of radicals toward to Cgq derivatives is dependent on the structure of their addends less.

Key words: fullerene Cg, fullerenyl radicals, radical addition, initiator radicals, styrene growth radical.
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