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B pabGore [l] mokazaHo, dYTO pa3nIM4yus B  MEXaHH3ME  B3aWMOJCUCTBUSA
rekcadropokpemuueBoit kucioTel (I'OKK) ¢ azoTcomepxarmmMu OpraHndeCKUMH OCHOBAHHSIMU —
amMuHamMu (Am) ompenensercs X CTPOSHHUEM U DJICKTPOHOIOHOPHOU crmocoOHOCThI0. CormacHo
JaHHBIM TOTEHIIMOMETPUUECKOTO0 TUTPOBAHMSI B 3aBUCHMOCTH OT OCHOBHOCTH MOHOAaMHHA Ha
KpUBOM TUTpOBaHUs HaOJIOJaeTcss OIWMH WM JBa ckauka. [Ipu TuTpoBaHuMM pa30aBICHHBIX
pactBopoB H,SiFs BomHBIMEH pacTBOpaMM  OTHOCHTENBHO cnaObix ocHoBaHuit ¢ pK, < 7
HAOJII01AETCS TOJIBKO OJIMH CKAYOK IPU COOTHOIEHUH QpsiF, : Qam = 1 : 2. B ciryyae cunbHbix Am

¢ pKy > 7 (manpumep, TUNEPUIUH) — JBa SIPKO BBIPAKEHHBIX CKAayka THUTPOBAHUS TIpU
COOTHOIICHUU QstiFs : Qam = 1 : 2 mw 1 : 6. YcTraHOBIEHO, UTO NEPBBII CKAYOK CBSI3aH C

HelfTpanu3anueil CBOOOJHBIX MPOTOHOB, coriacHo ocHoBHOCTTH H,SiFg, a BTOpOlt — mpu
COOTHOWIEHNH | : 6 OTBedaeT MONHOMY THAPONM3Y KOMILIEKCHOTO aHuMoHa SiF. , BIUIOTH 10

o0OpasoBaHus C1ab0i KPEMHEBOW KHCIIOTHI.

CornacHo nanHbeM [2-4] B BogHbIX pacTBopax I'@KK onHOBpeMEHHO MOXKET CyLIECTBOBATH
HE MeEHee JEBSITH YacTHUll, HaXOASIIUXCS B JUHAMHYECKOM DPAaBHOBECHM IPHU OMPEEIIEHHBIX
ycnoBusix. [Ipu BBeieHUN B yKa3aHHbIE PACTBOPHI TAKMX OTHOCUTENIBHO MPOCTHIX COCAMHEHUN Kak
Am pa3snTUYHON dJICKTPOHOIOHOPHOW CIIOCOOHOCTH pPABHOBECHS YCIIOKHSIOTCSI BCIICACTBHE
YCUJIEHHUS] TIPOLIECCOB THIPOJM3a KOMIUIEKCHOTO aHHMOHA M, KaK OTMEYEeHO B [1], BO3MOXKHOTO
MPOTEKaHUs KOMIUIEKCOOOpa30BaHMsl C y4acTHUEM BCEX KOMIIOHEHTOB TaKOM CIO0XHOW XHMUYECKOU
CHUCTEMBI.

B menoMm mHOrooOpasue MOH-MOJIEKYJSIPHBIX (OPM M CYIIECTBOBAHUE TUHAMUYECKOTO
paBHOBECHS MeEXJAy HHUMHU HE JaeT BO3MOXXHOCTU OOBIYHBIMU KJIACCHUYECKUMHU (PU3UKO-
XUMHYECKUMH METOJIaMU 3a(UKCUPOBATH TOJHBIA KOMIIOHCHTHBIM COCTaB XMMHUYECKON CHCTEMBI
“H,0 — H,SiFg — Am” 1 OTHOCHTENBHOE CO/Iep KaHNe BCEX BO3MOXKHBIX (JOPM B HEM.

[ToaToMy mpHu pacCMOTPEHHH W aHAIIM3€ PE3yJbTATOB MOTEHIIMOMETPUYECKOTO TUTPOBAHUS
cucteMbl “H,O — H,SiFg — nunepuaun™ [1] B HacTosmeld paboTe MPOBEICHO MAaTEMaTHYECKOE
MOJICTTUPOBaHUE, YIUTHIBAIOIEe HanboJIee BEPOSITHBIC PABHOBECHS C YYAaCTHEM IPOTYKTOB, TAHHOM
KHCIIOTHO-OCHOBHOW PEaKIIMN U BO3MOKHBIX MPOIIECCOB THAPOIN3a U KOMITJIEKCOOOPa30BaHHUS.

JKCNepuMeHTATbHAs YaCTh
Ha ocHoBanuu mpoBeeHHOTO 0030pa JIUTEPATyPHBIX JAHHBIX [2] MO KUCIOTHO-OCHOBHBIM
paBHOBecusiM B pactBopax ['@KK u ux HMOHHO-MOJIEKYJISIPHOMY COCTaBy, a TaK€ COIVIACHO
JAHHBIM, TPEJCTaBICHHBIM aBTOpamu [3-4], crienyet, uto B3aumozeiictBue ['OKK ¢ amunamm
COMPOBOXKAACTCA  PSAOM  JOIMOJHUTENBHBIX  IMPOLECCOB.  Bo-MepBbIX, OpeHCTETOBCKUM
B3aUMOJICCTBMEM 1O THUIY “KJIacCCMUECKash KUCJIOTa —  KIACCHMYECKOE€ OCHOBaHHE”,

conpoBoxaaromumes nuccounanueit H,SiFq (1) u HF (2), kak npoaykTa ruaponnsza aHHOHA Sin2 o,

aBTompotronu3oM BoAel  (3), mporoHuM3anued amuHa (4). Bo-BTOpBIX, THAPOJIN30M
rekca(TopocUIMKaT-uoOHa, ¢ 00pa3oBaHUEM (TOPUI-MOHOB U aKBAKOMIUIEKCOB (PTOp3aMEIIeHHOTO
KPEMHHS PA3JIMYHOTO COCTaBa: MEHTA(TOPOCWIMKATA U TeTpadTOpuAa KPEMHUS U Ha KOHEUHOU
CTaIuM BO3MOXKHO 00Opa3oBaHHE OPTOKPEMHEBOH KUCIOTHI B Buje reis (5 — 7) [1]. B Toxe Bpems
aMHH B CBOOO/IHOM M MPOTOHUPOBAHHOH (hopMax ydyBCTBYET B 00pa30BaHUHM MOHHBIX aCCOLMATOB
¢ (TOPOKOMIUICKCHBIMH aHMOHAMH, & TaKXKe€ MOXKET 3aMellaTh KOOPIMHHPOBAHHYIO BOLY ¥y
neHradropuna u TerpadTropuia KpPeMHHS C OOpa3oBaHMEM HMOHHBIX Tap JHOO KOMILJIEKCOB
aHMOHHOTO M MOJIEKYJIsipHOro xapakTepa (8 - 12). KonnuecTBeHHO XapaKTepUCTUKU MEPBbIX CEMU
PABHOBECHI JOCTATOUHO LIMPOKO ONUCAHBI B IUTEPATypE.
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H,SiFs + 2H,0 — 2H;0" + SiF.~ (1)
HF + H,0 ” H;0 +F pKa=3.18 [6] 2)
2H,0  H;O" + OH pKy = 14.0 [6] 3)
Am + H;0" : AmH" + H,0 “4)
SiF}” + H,0  SiFs(H,0) + F PKrugpt = 1,60 [2]  (5)
SiFs(H,0) + HyO > SiF4(H,0), + F° PKrup2 =239 [2]  (6)
SiF4(H,0), + (n)H,0 > SiO,nH,0 + 4HF 21 ()
Am+HF ” {AmHF} B [5] (8)
SiF7 +2AmH"  {(AmH"),SiF"} B ©)
SiFs(H,0) + AmH'  {AmH SiFs(H,0) } SN (10)
SiFs(H,0) + Am _ {SiFs(Am) "} + H,O Brma (11)
SiF4(H,0), + 2Am _ {SiF4(Am),} + 2H,0 Brv (12)

KonnuecTBeHHBIE XapaKTEPUCTUKU MOCIEIHNUX YETHIPEX PABHOBECUM, a TAK)KE BEPOSITHOCTh
CYILIECTBOBAHMSI MOH-MOJICKYJISIPHBIX (DOpM, YUACTBYIOIIUX B HHUX B JIUTEpaType MPaKTUUYECKH He
ormmcano. HeoOXxomuMoCTh ydeTa ypaBHEHUH MaTepuasbHOTO OanmaHca mo kpemuamio (13), ¢Topy
(14) u amuny (15), ycroBus anekTpoHeWTpanbHOCTH (16) maeT MOMOTHUTENHHO €Il YeThIpe
MatemMaTHueckux BblpakeHus (13 — 16). Takum oOpa3zom, B LI€JIOM NOJIy4YyeHa MaTeMaTHYecKas
MOJIETIb BBIIICOMUCAHHBIX MPOIECCOB, COCTOSIIAs W3 TPUHAAUATH YypaBHEHUH W MATHAIIATH
MepeMeHHbIX. M3BecTHO, 4YTO HEOOXOIMMBIM YCIOBHEM peIICHHS JTI000W CHCTEMbl JHHEWHBIX
YpaBHEHUH SIBJIIETCS, IO KpallHEd Mepe, OJMHAKOBOE KOJIMYECTBO MEPEMEHHBIX M ypaBHeHUU. B
HaIleM CIy4yae YrciIo MEPEeMEHHBIX OOJIbIle, YeM YpaBHEHUM, Ha JIBA.

Qsi = [SiF7 ] + [SiFs(H,0) ] + [SiF4(H,0),] + Cy + Capy + C3a + + C4 + [SiO,-nH,0] (13)
Qr= 6[ SiF} ]+ 5[SiFs(H,0) ] + 4[SiF4(H,0),] + C; + 6C; + + 5Cs5 + 5Cs4 + 4C4 (14)
Qam=[Am]+ [AmH '] + C; + 2C, + C3y + C3a + 2C4 (15)
[AmH"] + [H'] = 2[ SiF ] + [SiFs(H,0)] + C3a + [F] + [OHT], (16)

rae Qsi, Qr, Qam — o0I1I€E COnEepKaHNe KpeMHUs, GTOpa U aMUHA, COOTBETCTBEHHO, B cucteme; Cj,
Ca, Cin, Csa, C4 cootBercTBeHHO paBHbl [{AmHF}], [{(AmH),SiF." }], [{AmH SiFs(H,0)}],

[{SiFs(Am)}], [{SiFa(Am),}]

B nmanHO# paboTe cienmaHo MOMYIIEHHE, YTO MEHTAPTOPOCHIMKAT MOXKET 0Opa3OBHIBAThH C
aMMHOM 100 aHWOHHBIM nponaykT {SiFs(Am)} — Mogens 1, nmub0 NPOAYKT HEUTpambHOIO
xapaktepa {AmH SiFs(H,0)} — Moxens 2. CyliecTBOBaHHE B CMECH OJHOBPEMEHHO JIBYX
IIPOAYKTOB IpeHeOperanock. B uTore, moiny4yeHo JBe CUCTEMbl JMHEHHBIX YPAaBHEHHH C YHCIOM
HEM3BECTHBIX Ha OJWH OOJbIlle, YeM caMuX ypaBHEHHH. B mepBoM mnpuOmmkeHun caenaHa
KOJIMYECTBEHHAsI XapaKTEPUCTHKA COCTaBa MCCIELYEMBIX XMMHYECKHX CHCTEM IIyTEM PELICHHS
BBIIIICYKa3aHHOM MaTEMaTUYECKOM CHUCTEMbl YPaBHEHHW. YCTaHOBJIIEHO, YTO OCHOBHAs 4YacTb
H,SiF¢ B BogHOM pacTBOpe aMHHa CYILIECTBYET B BUJIE FeKCAPTOPOCHINKAT-HOHA U MOJIEKYJISIPHOTO
KoMIUiekca cocraBa {SiF4(Am),}. Ilytem mnepebopa yka3aHHBIX ABYX KOMIIOHCHTOB OBUIH H
paccUUTaHbl pAaBHOBECHSI B pACCMAaTPUBAEMBIX MOJIEIbHBIX XUMUYECKUX CUCTEMAX.

[Ipyn pemeHnn BhIIIEYKa3aHHOM MaTEMaTUYECKOM CHUCTEMBI YPaBHEHUMH, OTpa)KarolUX
3aKOH JEHUCTBYIOLINX Macc, yCJIOBHs MaTepUabHOro OanaHca M 3JeKTPOHEHTPaIbHOCTH, HAXOIUIN
TaKWe 3HAYEHUS KOHILEHTpAMil HMTEpallMOHHBIX KOMIIOHEHTOB, IO3BOJISIOLIME C HaWMEHBIIEH
HOrPEIIHOCTBIO OMHUCATh KCIEPUMEHTANIbHY0 KpuBYI0 Qam = f(pH). IIpu 3ToM paccmarpuBasics
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N
¢yskuuonan F = Z((Qim)i -(Q%.): )—> min, tme Q, u Q% — OSKCepuMeHTAIbHbIE H
i=l1
pacdeTHble KOJIMYECTBA J00ABICHHOTO TUTpaHTa. MaccuB JaHHBIX IO MOTEHIIMOMETPUUYECKOMY
TUTpOoBaHUIO BOIHBIX pacTBopoB ['OKK (0.01 — 0.50 M) BoaubiMu pactBopamu nunepuauHa (0.01
—0.50 M) B34T U3 paHee MPOBEACHHBIX UCCIIETOBaHUM [1].

Crnenyer OTMETUTh, YTO C MOMOILBIO pa3padOTaHHBIX MOJAEIEH yAaJoCh MaTeMaTHYECKU
o0paloTaTh JUIIb T€ YYaCTKU MOTEHLUOMETPUYECKUX KPUBBIX, KOTOpPBHIE OTBEYAIOT IEPBOMY
CKauKy TUTpoBaHus (puc. 1). 310 yKa3bIBaeT Ha TO, YTO B Pa3pabOTaHHBIX MOJIENIAX YUTECHBI HE BCE
BO3MO>KHBIE MPOTEKAIOLIIE MPOIIECCHI CBSI3aHHBIE CO BTOPHIM CKaYKOM THUTPOBAHMUS.

Ha ocHoBanMuM TOTy4YEHHBIX

dpH

PH . m JaHHBIX ObLTH MMOCTPOCHBI
5 e JuarpaMMbl KOMIIOHEHTHOTO COCTaBa
10 i 1 12 M3YYEHHBIX CHUCTEM, Hampumep, MHpu
s | 1 10 tutpoBanun  0.10 M BoaHoro
5 18 pactBopa ['®KK 0.10 M BogHbIMU

6 16 pacTBopamu nunepuarHa (puc. 2).
4 L I IIpu pacuete KOMIIOHEHTHOTO
cocTaBa o KpUBOI
2T 72 MOTEHITMOMETPUUECKOTO THTPOBAHUS
0 0 BogHoro pactBopa ['®KK BoaHbiM
) 2 4 6 Qun/Qs pacTBOpoM MUnepuInHa
Habmoaetcs psag d¢dexToB (puc. 2).
Puc. 1. Kpussie pH-meTpudeckoro tutpoBanus 0.10 Ipu 00pa3oBaHUU AHMOHHOI'O
M Boxnoro pacteopa H,SiFs 0.10 M BogHbIM KOMILIEKCa {SiFs(Am) } €ro
DPAacTBONOM ITHUIIEDUINHA. HaAKOIJICHUE IMPOHUCXOOUT TOJIBKO

mociieé  TOYKH  DKBHBAJICHTHOCTH
(xpuBbie 4, 4°). OnucanHsbIii nporiecc (ypaBHeHHE 17) IpH UCTIOIb30BaHUH MTUTICPUANHA B KAU€CTBE
TUTPAHTA HE COMPOBOXKIACTCS NajbHEHIIEH epeKoOpANHAIIUEH Y aToMa KPEMHHS ¢ 00pa30BaHUEM
komruiekca {SiF4(Am),} (ypaBHeHHE 18).

SiF> +Am . {SiFs(Am)} +F (7

{SiFs(Am)} "+ Am  {SiFy(Am),}+ F (18)

W3 naHHBIX, TPEICTAaBICHHBIX HAa pHC. 2a, BHUIHO, YTO HAKOIUICHWE IUIEPUANHA B

o + 22—
TUTPYEMOil cHCTeMe COMPOBOKAAETC paspylienueM coemunenns {(AmH'),SiF."} (kpusble 1, u
1’) BIUIOTH 10 COOTHOMIEHUS KOMIMOHEHTOB (Qan/Qsi = 2.0), 3a cueT 4ero MpOUCXOIUT PE3KOe

HaKOIJICHHE CBOOOJHBIX MOHOB IeKca()TOPOCHIMKAT-UOHA U KaTUOHA NMUMNEPUANHUS (KpUBbIE 2 U
2’). [HanpHeimee mnpuOaBieHHWe TUTPaHTa NPUBOAUT K TOMY, YTO cpa3dy IOcie TOYKHU

2 +
SKBUBAJICHTHOCTH HA KPHBbIX, OMHCHIBAIONIMX OTHOCHTENbHOE coiepxkanne SiF. , AmH' u
+ . _
{(AmH"),SiF;" }, BO3HMKAIOT pa3pbIBbI BTOPOro poia (Mpeles cileBa He PaBeH Mpesely CrpaBa).
Kpome toro, rekcadropocuinukar-uoH B CBOOOJHOM BUAE OTCYTCTBYET, U CYIIECTBYET TOJBKO B
+ . _ o
coctase coemuuenns {(AmH ), SiF;™ }. Cozepianue ocTaabHbIX GOopM B TUTpyeMoii chcteme <1.0 %.

CornacHO pacueTaM YacTUYHOTO pacmlpeseNeHus pa3inuuHbeix ¢opm B cucreme “H,O —
H,SiF¢ — mnumepununa” ¢ nmomompto Mogenmn 2 (puc. 20) pe3koe U3MEHEHHE KOMIIOHCHTHOTO
COCTaBa BBIIICYTIOMSHYTON CUCTEMBI HAOIIOJACTCS JIUIIE MTOCIIE TOYKU SKBUBATEHTHOCTH (Qam/Qs;i
> 2.0). Heo6x01uMo OTMETHTB, YTO JIsl MOHOB MUNEPHINHHS HE XapaKTEPHO 00pa30BaHUs HOHHOM
napsl {AmH 'SiFs(H,0)} ¢ nenrapropocuiukar-uonamu (N (AmH'SiFs(H,0)} < 1.0 %) (xpussic 4,

Jo—
4’). TerpadTopocHIMKaT, Kak MpoAyKT ruaponusa SiF,”, IpakTHUECKH MOIHOCTBIO BXOIUT B
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cocraB coenuHeHHs {SiF4(Am),}. Onmcannbie 3G (HEeKTh, OYEBUIHO, CBSI3aHBI C TEM, YTO BOIU3U
TOYKU 3KBUBAJICHTHOCTH MPOMCXOIUT CYIMIECTBEHHOEC NU3MECHCHHE B MEXaHHM3ME B3aMMOJICHCTBHS B
cucteme “H,O — H,SiFg — numepuaua’.

a s " N, %
' i
,I’. 80 r
N
.’F” ::,E I'LI ;: 60
g 10
31 i
L ::. '
. P 20 +
‘...,_\t‘_r_ L3 .__._“ :I I:
I *-*_&:1 i
2 o-2-0-n-nb:Ed0 0+
356
QanmQsi 2.5 2 1.5 1.5 2 2.5 Q! Qs
.= N %
0 "
- 1
1r Y bl SO B
.-
60
40
. 2 20 3
.- _ -
5 DS ig 2
S
PR TT S Y 0 F
3 4¢ 41356
Qan/Qzi 2.5 2 1.5 1.5 2 2.5 Quam'Qsi

Puc. 2. lnarpaMMbl 4aCTUIHOTO pacripeesierns pa3nuaabix ¢hopm B cucteme “H,O — H,SiFg —
MUNEPUIMH” OT COOTHOMIEHUS Qan/Qsi O pe3ynbpTatamM pacuera ¢ moMoiso Mogeneii 1 (a) u

2 (6). N; — mombHas nons SiF.~ (2); SiFs(H,0) (5); SiF4(H20), (6); AmH' (2°); Am (3°);
kommiekcos {AmHF! (6°); {(AmH"),SiF;} (1, 1°); {SiFs(Am) ~} (4, 4 wma a);
{AmH'SiFs(H,0)} (4, 4’ Ha 6); {SiF4(Am),} (3, 5°) oTHOCHTeNBEHO 061Iero conepskanus Si (1-
6) u Am (1°-6’) B pacTBODE.

CrnemyeT OTMETHTb, YTO BO BCEX M3YUYEHHBIX B 93TOH paboTe ciydasx cojepiKaHue
MPOAYKTOB THIPOJIH3a reKcaTOPOCHINKAT-HOHA: TICHTAPTOPOCHUIINKAT-HOH U TeTPadTOPOCHINKAT
B cBoboanoM Buze (SiFs(H,0) u SiF4(H»0),, cooTBeTCTBEHHO) HE3HAYUTENBHO. DTU (HOPMBI, KaK
NPaBUIIO, 3aKOMIUIEKCOBAaHbBI aMHHOM WJIM €r0 MPOTOHHPOBAHHOW (OPMOM B BHUJIE COCIWHEHHI
{SiFs(Am)}, {AmH SiFs(H,0)} u {SiF4(Am),}.
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QUANTUM CHEMICAL MODELING OF MEERWEIN REACTIONS. THE ROLE OF
THE TRIPLET STATE OF ARENDIAZONIUM SALTS AND SPIN CATALYSIS
Bondarchuck S.l, Minaev A.z, Minaev B."?

'Department of Chemistry, B. Hmelnitsky National University, Cherkassy, Ukraine
*Department of Chemistry, State University of Technology, Cherkassy, Ukraine

Diazonium salts, YArN,+ X', where Ar is aryl residue with substituent Y and X is a complex
anion of low nucleophilicity, are starting reagents in Meerwein condensation reactions (chlororo-
arylation of unsaturated compounds). have been investigated for a number of Y and X species by
density functional method (DFT) with account of solvent effect by polarized continuum model
(PCM). Dielectric permeability of solvent was chosen in the interval from water to acetone.
Calculation of these salts in vacuum (with anions X=Cl-, Br-) provide pure covalent bound
compounds with low polarity of the N-X bond. In water the phenyl diazonium salt is characterized by
a large N-X distance (3.1 A) and strong polarization. These salts have received remarkable attention
as the first efficient photoinitiators for cationic polymerization [1]. In general diazonium salts are very
unstable and it is difficult to extract them from water solvents. A poor thermal stability of diazonium
salts often limits their use as photoinitiators for polymerization. The 4-alkyloxysubstituted diazonium
salts (Y = OCgH,3) with complex anion of low nucleophilicity (X = BF4, PFs", SbFe) are pretty stable
in several solvents and have a good photosensitivity to UV light (315 nm).

Photolysis of the diazonium salts produces paramagnetic species which EPR spectra and
hyperfine structure which are typical for both diazenyl and aryl radicals [1]. The photolysis of
the diazonium salts in the presence of vinyl ethers and epoxides is accompanied by the oxidation
of the monomer. Moreover, the photo-induced electron transfer starts the Meerwein-reduction of
the diazonium salts, which is usually catalyzed by CuCl, in thermal reactions. Aryl radicals can
be formed also from aryl cations in the triplet state [2]. EPR measurements prove that a second
radical source exists in an oxygen saturated vinyl ether solution under irradiation; this is charge-
transfer complex formation [1]. In order to check these mechanisms we have calculated by time-
dependent DFT the excited states of a number of aryl-diazonium cations. Their geometries were
optimized in the ground and excited states, including the reduced radical forms. Comparison of
the Meerwein reaction of the diazonium salts catalyzed by CuCl, in thermal reactions with the
mechanism of photo-induced cationic polymerization lead us to idea of the diazonium triplet state
involvement into the mechanism of the former thermal process. This is in agreement with general
ideas of spin-catalysis concept [3].

1) U.Muller, A. Utterodt, W. Morke, B. Deubzer, C. Herzig, J. Photochem. Photobiol. A 140,

53 (2001).

2) S.M. Gasper, C. Devadoss, G.B. Schuster, J. Am. Chem. Soc., 117, 5206 (1995).
3) B. Minaev, J. Mol. Catalysis. A 171, 53 (2001).
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