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MOJIEKYJISSPHBIE KOMILTEKCHI OKCHJIA CEPBI (IV)
CN,0-COJEPKAIIIAMUA OPTAHUYECKAMU OCHOBAHUSIMA
(OB30P)

CucTeMaTu3upoBaHbl M OOOOLIEHBI JIUTEPATYPHBIC AAHHBIC IO CHHTE3Y, CTEXMOMETPHH,
CTPOCHUIO Y OTHOCUTENIBHOH YCTOWYMBOCTH MOJICKYJSIPHBIX KOMIUIEKCOB okcuza cepsl (IV)
¢ N,O-cozepKaliMi OpraHi4ecKUMU OCHOBaHUAMH. Oco00e BHUMAHHE y/IEJICHO MEXaHU3-
MaM 00pa30BaHMs KOMILUIEKCOB C IIEPEHOCOM 3apsijia, B KOTOPBIX peanusyercs S<—N- u S<—O-
CBSI3bIBaHME, & TAK)KE BaH-IEP-BAAIbCOBBIX KOMIUIEKCOB. OTMEUYEHBI KOPPENALMU MEXITY
DJICKTPOHHBIMY, CIEKTPAJIbHBIMU I1apaMeTpaMH, CTPOCHUEM, OTHOCHUTEIBHOH yCTOHUMBO-
CTBIO U IPYTHMH XapaKTePUCTHKaMH 00pa3yeMbIX COCANHEHHH.

KunroueBble cioBa: oxcua cepsl (IV), N,O-comepxaiiye opraHn4eckue OCHOBAHHUS, KOM-
IJICKCHI C TIEPEHOCOM 3apsijia, BaH-/IeP-BaalbCOBBI KOMIUICKCHI.

Oxcuy cepbl (IV) — onMH M3 OCHOBHBIX Ta3000pa3HBIX TOKCHYHBIX 3arpsi3HUTE-
neit arMocdepsl aHTPOITOTEHHOTO MpoucXoxkaeHus (6omee 200 MIIH. T/TON), MOCITEI-
CTBHUS BO3JCUCTBUS KOTOPOTO Ha OKPYXKAIOIIYIO Cpelny OOHApYyKHBAaIOTCA B BHUJIE TaK
Ha3bIBAEMBIX «KHUCIOTHBIX» JoxkaeH [1, 2]. B kadecTBe 3(eKTHUBHBIX XeMOCOPOSHTOB
B CX€Max OYMCTKM OTXOMSIIMX Ta30B oT KMCibIx rasoB (SO,, H S, CO,, HF, SiF,, BF))
HCTIONB3YIOTCSl OpraHWYECKHe OCHOBAaHMS M WX coiu [3-9], oOmamaromme psiqoM mpe-
UMYIIECTB Iepell TPaJAUIIMOHHBIMU HEOpPraHM4eCKUMH XemocopOeHTamu. B padote [10]
0000IIIeHbI TaHHBIE TI0 MATPUYHO W3O0JIMPOBAHHBIM KOMIUIEKCAM, B TOM YHCIIE C SOZ.
B 0630pe [3] 00cykaaroTcst U3BECTHBIE TPUMEPHI OCYIIECTBICHHS IPOIIECCOB COPOINU
oxcupa cepsl (IV) opranndeckuMu 0CHOBaHIMSIMU U MIX TIONUMEPHBIME (hopMaMu, Iy TH
pereHepa XeMOCOPOCHTOB U YTIIIH3AIUU IPOAYKTOB copOimu. C APYyroi CTOPOHEI,
aBTopamu [11] 000OIIEHBI JHIL JaHHBIE, KACAIOIUECs KOOPAMHAIMOHHBIX COCMHE-
HUM, B (10151) KOTOPBIX SO, BBICTYNAET B KA4ECTBE JIUTaH/Ia JTMOO CPEbl MX CHHTE3A.

Xots 6omee 100 et uzsectHo, uto SO, crocoben 06pa3oBLIBaTh KOMILIEKCH 1:1 ¢
aMHHAMH (B TOM YHCJIe C aMMHAKOM, aHWIMHOM, THIPA3HHOM U TPETHYHBIMH AMUHAMH ),
OJTHAaKO HEKOTOpOoe 000OIIeHNE CBEACHUI 00 yKa3aHHBIX NMPOIYKTaX B3aUMOACHCTBHUS
Y BOBMOXKHBIX IYTSIX MX JalbHEHINET0 MPUMEHEHHS CeNIaHo JIUIIb B padorax [12-14].

BwMmecte ¢ Tem, B mocieqHHEE TONBI TOSBIJIOCH 3HAYUATEIHHOE YHCIO WHTEPECHBIX
myOMuKanuii B 3Toi 001acTH, U, OYEBUIHO, Ha3pesia HEOOXOJUMOCTh B HOBOM 0030pe.
Lenp HacTosAmero 0030pa — cucreMaru3anus 1 0000IIeHHE JaHHBIX 0 METOJaM CHH-
T€3a, CTPOCHUIO U OTHOCHUTEIBHOHN yCTOHYMBOCTH MOJEKYJISIPHBIX KOMIUIEKCOB OKCHIA
cepsl (IV) ¢ N,O-comepkamumu opraHMYeCKAMU OCHOBAHHSIMHU.

JJIeKTPOHHOE CTPOeHHNe W KHCJIO0THOCTH N0 JIbloncy okcuaa cepsl (IV)
DJEeKTPOHHOE CTpOeHHe MOJeKylbl okcuaa cepbl (IV) Oblia mpeameTroM aHaiu-
32 MHOTOYMCIICHHBIX IMyONHMKanuil (cM., Harpumep, [15-17]). B oCHOBHOM cOCTOSTHUH
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B yrioBoi monekyne SO, peanusyercst 51eKTpoHHas koHdurypanus (5a,)*(3b,)*(6a, )’
(4b,)*(7a,)*(2b,)*(5b,)*(1a,)*(8a,)>, uro mpusoautr k ~X1Al cocrosumio [18, 19].
Husmas sanaras MO (H3MO) 5a; sBnsercs CUIBHO CBA3BIBAIOMIEH G-OpOMTAIBIO:
OCHOBHOH BKJIaJI B CBSI3bIBaHHE BHOCHUT B3ammojeiicTBue 3s-AO cepbl ¢ CHMMETpUY-
HOW G-opOuTasnbio jurannoB. Cienyromas no sHeprun MO 3b1 B OCHOBHOM TT-THIIA,
HPHYEM CBA3b OCYLIECTBIAETCS UENTUKOM 3a c4eT 3p-AO cepbl. OpOuranb 6a, IaBHbIM
oOpa3zom c-Tumna, la, u 4b, — uncroro n-tuna, 7a, u 8a, — CMEMIAHHOIO G- U T-THIIA.
B o0pa3oBaHuu G-CBSI3M NMPUHUMAIOT y4acTHE TONBKO 3s- U 3p-AO cepbl. DHEPTUio
CBSI3BIBAHUS TIOYTH MOJHOCTBIO KOMIIEHCHPYET sG-paspbixiienne MO 3b, u 8a,.
n-CBsI3bIBAaHUE OCYLIECTBISETCS NpU ydacTuu 3p- u 3d-AO cepbl. Monenb OTTalKU-
BaHUS 3JICKTPOHHBIX IMap BajeHTHOW obonouku (OBIIBO) [20], ¢ mo3umuit koTopoii
TEOMETPHS COCTUHEHUH HEMEePEXOHBIX JICMEHTOB MPECTABISCTCS KaK Pe3yabTaT MU-
HUMU3AIUH SJIEKTPOCTATUIESCKUX B3aUMOACHCTBHUH JIOKATU30BAaHHBIX HA IIEHTPAIbHOM
aToMe JIEKTPOHHBIX I1ap, MPEyCMaTpUBaeT TPUTOHAIbHYH0 KoopauHauuio AX E nByx
aTOMOB KHCJIOpPOJa W HETONCIICHHOH JIEKTPOHHON maphl y atoma cepbl. Cyns mo pe-
3yabTaTam noxysmmupudeckux (meroq PM3) [21] u HeaMIupHuYecKux pacueToB [22], Ha
aToMe Cephl JTOKATU3YeTCs 3HAUUTENbHBIN 3P ()EeKTUBHBIN MOTOKUTEIbHBIH 3apsn (+1,3
[21], +1,1 [22, 23]) u oTuM 00ycCIOBJIE€HA aKTUBHOCTH OKcuaa cepol (IV) B peakuusx ¢
HYKJICOPHIbHBIMU peareHTamu. CormacHo [24], MaJTTMKEHOBCKAs 3aCEJICHHOCTh aToMa
cepnl B SO, cocranser +1,5 u +1,25 npu pacuerax B sp- U spd-6a3ucax COOTBETCTBEH-
HO; OTMEYCHA HecylecTBeHHAs poib 3d-AO S B CBI3bIBAaHHH.

Monekyna SO, MoxkeT pearupoBarh Kak cinabas kuciora JIbronca, HCIONb3ys JI0-
KaJIM30BaHHYIO B OCHOBHOM Ha aToMe cepbl HWXHIOK cBoOomHyto MO (HCMO) cum-
MeTpus 8a,, WIKM KaKk OCHOBaHue JIblowca, MCIONb3ys MO0 BEPXHIOK 3aHATYyI0 MO
(B3MO) la,, 10Kann30BaHHYIO Ha aToMax KUCIOpona, ubo opbutans 3b,, nokanuso-
BaHHYIO Ha aToMe cepsl [25].

B pamMkax KOHIIENIUU (OKECTKHUX» WU «MSTKHUX» KUCIOT M ocHoBaHuil (JKMKO)
[Mupcona [26] okcu cepsl (IV) 00bdHO paccmarpuBaeTcst Kak kucinoTa JIprorca, morpa-
HUYHAS 110 CBOMM CBOMCTBAM MEXIY <OKECTKUMH» U «MATKHUMM» KucioTamu. Cremyer
OJTHAKO OTMETUTh, YTO U3BECTHBIE JaHHBIE 00 OTHOCUTENILHONW YCTOMYMBOCTH KOMILIEK-
coB SO, ¢ ocHoBanusMHU JIbronca pasauuHon Ipupossl [13] CBUAETENLCTBYIOT CKOpEe
B TOJIB3Y <OKECTKUX» CBOMCTB okcua cepsbl (IV), 4TO B KaKOH-TO CTEIICHN TIOATBEPKIa-
€TCsl Pe3yNIbTaTaMU KOJIMYECTBEHHOM OIEHKH JILIOUCOBCKOM KucinorHocTH SO, B raso-
BOIl (pa3e 1Mo OTHOLIEHHIO K (PTOPUI- U XJIOPHUI-MOHAM METOJOM HOH-IIMKJIOTPOHHOTO
pesonanca [27]. ITo mannbiv [27] 3Hauenue cpoactsa D(SO,-F7) > D(SO,~CI") (43,8 u
20,9 KKa/MOJb COOTBETCTBEHHO), YTO, B OOIIEM, XapaKTEPHO JUIS «KECTKUX)» KUCIIOT
Jlbtonca. Cyzst o NpUBENEHHBIM Bbille BennuuHam D, SO, saBiseTcs 3aMeTHO Ooee
ciaboii KuenoToii JIbrorca 1o CpaBHEHHIO, HAPUMED, C TAKMMU aklenTopamu, kak BF,
u SiF,.

Omueprus cpoacTsa K anekrpony uist SO, pasusercs 1,107 eV [28]. CymectByer He-
CKOJIBKO IITKaJ JBFOMCOBCKON KUCIOTHOCTH (0OcHOBHOCTH) [29]. B pamkax XKMKO wuc-
MOJIB3YIOTCA IIKAJIBI 3JIEKTPOOTPULIATENIbHOCTH (y = 6,7 eV) u xectkoctu (17 = 5,6eV)
[29]; B ypaBHeHuu [lparo onepupyrot snekTpoctatnueckoi (£, = 1,04) u xoBaaeHTHON
(C = 3,19) cocraBmstomei [30]; B MeToJie MPUHIIMITMAILHOTO KOMIIOHCHTHOTO aHa-
32 UCTONB3YIOT XeMOMeTprueckyro (0 = -45) u KOBaJeHTHO-3JIEKTPOCTATHYECKYIO
(C,/E, = 3,1) xapakrepucTuku [29].
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MeTtoabl cuHTE3a MOJIEKYJISIPHBIX KoMILIeKcoB SO,

Tpu- U TETPaKOOPIAUHAIIMOHHBIC KOMITJIEKCHI okcuaa cepbl (IV) ¢ oprannvecku-
MM OCHOBaHHSIMH Hau0oJIee 4aCTO CUHTE3UPYIOT 1o olmiei cxeme (1) cienyoommumu
IIYTSIMH:

SO, + nL — SO, 'nL (1)

a) copbumeri SO, OpraHMYECKUM pACTBOPUTEIEM (B KayeCTBE PACTBOPHTEINS
BBICTYIIa€T camo ocHoBaHwue) [31-43];
0) paCTBOPEHHEM OPraHUYECKOIO OCHOBaHUs B )KUIAKOM SO, ¢ (B KaueCTBE paCTBOPH-
TeJst BRICTynaeT cam okcun cepsol (IV) [44, 45];
B) HACBIIIIEHHUEM PAaCTBOPHUTEINSI Ta3000pa3HbIM okcuaoM cepsl (1V), a 3arem npubdas-
JIEHUEM K TIOJTyY€HHOMY PAacTBOPY OPTaHMUECKOTO OCHOBaHUS [46-48];
I') nporycKanuem raszoobdpasnoro SO, 4epes pacTBOp, COMEPIKAIIMN OPraHUYECKOE
ocHoBanue [36, 46-59];
1) H3y4E€HNEM NPEBPANIEHUH B MaTpuax N, i 6iaroponsix ras3os [10, 22, 60-68].
Ha BBIXOZ mIpomyKTOB peakiun okcuaa cepsl (IV) ¢ aMuHaMu CymiecTBeHHOE BIIHS-
HHE OKa3blBAaeT NMPHUPOJA PACTBOPUTENS, TEMIIEpATypa CHHTEe3a M cooTHomenune SO, :L
B peakIMoHHO# cpene. Tak, B psay pacTBOpHUTENe OSH30J — TOIyod — XJI0pohopM —
AIETOHUTPWIT — TIPOTTAHOJT YMEHBIIACTCS BBIXOJ NMPOAYKTa peakiun okcuaa cepbl (IV)
¢ rexcametunenterpamuiom (I'MTA) cocrasa 2SO,-C H N, [47]. OTto MoxeT ObITh
0O0BSICHEHO TEM, YTO B YKa3aHHOM psily YBEJIMYHMBAETCS TOHOpHOE 4yHcio no ['yrmany
(D,) [69, 70], To ecTh C MOBBIILIEHUEM OCHOBHOCTH PACTBOPUTEJIS TIOHMKAETCS BBIXO]|
IIEJICBOTO MTPOIYKTA 32 CUET KOHKYPEHTHOM PeaKIiu:

SO, + nSolv — SO, nSolv 2)

rae Solv — pactBopurens. CornacHo [47], mpakTHYEeCKHU BBIXO MPOIYKTOB B3aUMOIEH-
CTBHA ann(aTudecKux aMHHOB ¢ okcuaoM cepsl (1V) n3 Tonyona Ha 7 % BbIIIe, YeM U3
MeHee TOJISIPHOTO OeH30a.

CornacHo [47, 55], npu B3aumoericTBum okcuaa cepbl (IV) ¢ OeH3uIaMUHOM, TH-
OCH3WJIAMHUHOM U TPUOEH3MIAMHHOM B O€H30JBHBIX PAacTBOpaxX MpPU MOJSIPHOM COOT-
HOIIEHUH B peakimoHHoi cpene SO, :aMun = 1:6 00pasyroTCcs METKOKPUCTAIIIHYECKHE
ocaznku cocraa SO,'L. YBenuuenue BpeMeHH nporyckanus okcuna cepol (IV) uepes
HACBHIIICHHBI PACTBOP aMUHA B PACTBOPUTENE, 3HAYUTEIHHO TOBBIIIACT BBIXOJ KOHEU-
HOTO TIPOJYKTA.

Boixon coenuuenust SO, 0-CH,C H NH, u3 takux pacTtBopuTelied, KaK aleToH U
3TAaHOJ, 3HAYUTEIBHO HIDKE, YeM IIPH CHHTE3C B CPE/E alpOTOHHBIX PACTBOPHUTEICH.
Boixon komruiekca SO, 0-CH,CH,NH, camkaercss B psily pacTBOpUTENIEH TOIYON —
6en3oi — xopodopM — TeKcaH — aneToH — 3tanoin [49, 71, 72], 4To Takke MOXKET ObITh
00yCJIOBICHO KOHKYpUPYIOIIEH peakiueit (2), Tak Kak B yKa3aHHOM sy PacTBOPUTE-
el yenmuuBaetcs snadenue (D,) [69, 70].

3HaunTeIbHOC YBEIMUYCHUE BBIXOAA aanykra okcuma cepol (IV) c¢ aHmsmamHOM
(S0O,'0-CH,0C H,NH,) B pabote [46] ObLI0 TOCTUTHYTO NPU MOHUKEHUH TEMIIEPATYPbI
cuHTe3a BIUIOTH 110 -9 °C. YBenudueHune BpeMeHH npomyckanust okeuza cepsl (IV) uepes
TOJTYOJIBHBIA PacTBOP 7-TOJYWMHA MPUBOJMT K YBEIMYEHHIO BbIX0a ajtykra (SO, n-
CH,C,H,NH,) (mo ~63 % npu Bpemenu npomnyckanus 90 MUH), a 3aTe€M K HEKOTOPOMY
CHIDKEHHIO, 4TO B padore [46] CBI3BIBAIOT C €0 PACTBOPUMOCTBIO B PEAKIIMOHHOM pa-
CTBODE.
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CrexuoMeTpHsi M TUIIBI KOOPAMHAILIMHU MOJIEKYJISIPHBIX KOMILIEKCOB

Cyns o JaHHBIM, TIPEJCTaBIeHHBIM B paborax [13, 35, 46-49, 55, 64, 65, 73-76],
MOHOAMHUHBI W Tujapaszudbl (1,1-mumerunruapazuH, N-aMUHONUNEPUAWH, N-aMHHO-
roMonumnepuanH 1 N-aMIHOMOP(OINH) HE3aBUCHMO OT TOJOKECHHUS U pa3Mepa 3aMec-
THUTENICH B HEBOIHBIX PaCTBOPax 00pasyrot ¢ okcuaoM cepbl (IV) nponykrel Tuma SO, L.
Juis uMuaa3ona M ero MpPOM3BOAHBIX XapaKTepHO 00pa3oBaHUE MPOAYKTOB COCTaBa
SO, Am [77]. Ciieayetr OTMETUTD, YTO AHWIIKH, O- U N-TOJyUJIUHbI, n-aHu3uuH [13, 49,
72, 78], momobno ammuaky [79], obpasyror Taxxke npomykTsl coctasa SO, 2L. Jlns rek-
caMmeTuIeHIuaMuHa, 4,4’-oumupuanna, 1,4-muazooummkio[2.2.2]okrana (DABCO) u
N,N,N’,N’-terpametuin-p-penunenanamura (TMPDA) BblaeneHbl cOeIMHEHHs COCTa-
Ba 250,"L, 4TO CBA3aHO C HATMYMEM JIBYX DJIEKTPOHOIOHOPHBIX aTOMOB N B MOJIEKyJIax
nrangaoB [47, 80-83].

g cucremsl «okeup cepsl (IV) — N-MeTui1-2-nupponnjon» MakCUMYMBl Ha Jida-
rpaMMe «COCTaB — TeMIIEpaTypa 3aMep3aHus» HaOIIOIA0TCA MPU COOTHOIICHUH KOM-
noHentoB 1:1 (+2,6 °C) u 1:2 (-14,0 °C) [31], uTo sBISIETCS] KOCBEHHBIM TTOITBEPIKIC-
HHUEM COCTaBa 00pa3yIOIINXCS COeNUHEHUH. [IpUroToBIeHHBIC SKBUMOISPHBIE CHCTEMBI
«okcuna cepol (IV) — N,N’-(mumernnnpornuieH)kapoamuny u «okeua cepol (IV) —
N-MeTUn-2-IUPPOTUAOH», 110 MHEHHIO aBTOPOB [38], ABISAIOTCS WHIMBUAYaJbHBIMU
coenuHeHussMu. Ha oOpa3oBaHue KoMITIeKca SOZ'L B TIOCJIEJTHEN CHCTEME YKa3bIBalOT
JaHHbBIe paboThI [84].

B cucreme «oxenn cepsl (1V) — N-popmuimopdonna» 3ahuKCHPOBaHO ABa COCIH-
nennst: SO, L u 2S0,-L [39]; «okeun cepoi (IV) — numetnndopmamuny — tpu (2S0,°L,
SO,-L n 250,°L) [34]. VI3 5TaHONBHBIX PACTBOPOB B Clly4ac aMOMIEHTaHTHOTO Kapba-
MH/Ia BBIJICIICHBI POYKTHI COCTAaBA SOZ‘L n 3SOZ-2L, a THOKapOaMuia — TOJIBKO SOZ'L
[85]. M3 cucremnl «SO, — NH,C(O)NH, — H,O» myTemM M30T€PMUYECKOrO MCIIAPEHHS
BbIIENIEH MOJIEKYIIpHBIN KomIuieke coctasa SO, L (H,0), [86]. B momo0Oubix ycnosusx
<[:827,]2’—6HanH;[Hn0M BbLIENEHbI coeuuenus coctasa SO, (L),"H,0 u SO, (L), (H,0),

[Ipumenenne Bo3mMokHOCTEH Y®-cnekrpodoromerpun (METOJ MOJSIPHBIX OTHO-
LIEHUH) ¥ TOTEeHIUOMETPUH (METO/ HACBILICHHS) TIO3BOJIMIIO YCTAHOBUTH COOTHOIIIE-
Hue okcuza cepsol (IV) u aMuoB B 00pasyemMbIx cOeIMHEHUAX B Boje [53, 54, 56-58,
86, 88, 89].

I'MTA ¢ okcuzom cepbl (IV) B HEBOJHBIX cpeliax 00pa3yeT TONBKO COCIUHEHHUE CO-
crasa 2S0,-L [13, 85, 90], B oiMume OT BOAHBIX PACTBOPOB, [JI€ B PE3YJILTATE KUCIIOTHO
KaTaJIM3UPYEMOTO THIPOIIUTHICCKOTO paciiajia JIuran 1a 00pa3yoTcst MPOLyKThl KOH/ICH-
caIiM, B YaCTHOCTH aMHHOMETaHCylbpokuciora [91, 92]:

N

H,0 O
( ID + S0, HzN/\//S/<OH 3)
N\//VN 4

U3 pactBOpoB B Xxs1opoopMe TeTpaaeHTAHTHBIC Me30-TePAPCHUIITOPPUPHH U €TO
n-Cl, n-CH, u n-CH,O npou3sBojiHbIe Ial0T TOJILKO KOMILIEKCHI cocTasa 250, L [59].

U3 6en3ona, Tomyona, Xiopodopma BbIJIEIECH MPOAYKT ¢ MOHOATAHOIAMUHOM OEJI0TO0
ugeracocrasa SO, 2L [93]. [l nusTaHonaMuHa U TPEATAHOJIAMKHA IOy YEHbBI TAKETIbIE
BA3KHE JKMJIKUE IPOIYKTHI ApKo-keToro npera cocrasa SO, L [93]. U3 sxkBumonsapHoi
KuIKOM cucteMbl «okcun cepbl (IV) — N-MeTHIIuITaHONIAMUHY» BBIICICH KPUCTAJ-
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smyeckui mpoaykt cocrasa SO, CH,N(CH,CH,OH), [38]. BsaumoneiictBue SO, ¢
METHIAMITAaHOIAMUHOM aBTOPHI [94, 95] oNUCHIBAIOT YPABHEHUSIMU:

CH,N(C,H,0H), + SO, — CH,N(C,H,0),S0 + H,0 (4)
CH,N(C,H,0OH), + 280, — CH,N(C,H,SO H), (5)

CornacHo pe3ynbTaraM TEPMOJAMHAMUYECKHUX pacdeToB [94, 95], BeposTHOCTH Mpo-
TEKaHUs peaknui (4, 5) TOCTaTOYHO BEJIMKA, IpUYeM cxema (5) MpearnovTUTENILHO pea-
JU3YETCs TIPU YBETMUYECHUH TEMIIEPATYphl U coziepxkanust SO, B ra30BOil CMeCH.

Cynst no nanueiv 'H, C SIMP cniekrpomerpun u UK-cniekrpockomnuu [42], npu B3a-
nmozeiicteuu N,N-u0OyTriyHaekaHoma ¢ okcuioM cepbl (IV) oOpasyercst HOHHAS KUJI-
KOCTb, KOTOPast IPECTABISACT COOO0M COCTUHEHNE COCTaBa SOZ:L =1:1:

R1
\N/[/\]n\OH O O
R2 s

(0]
H |
R1\r{1+’[/\]n\o/3\\o (6)
R2
b

rae R1,R2 =-C,H,; n= 11. B ciyuae 1,2-amunocnupros 1o gannbiv 'H, °C SIMP cniek-
tpomeTpun U UK-crekrpockornuu [96, 97] Takxke oTME4eHO 00pa3oBaHHE MPOAYKTOB
HE MOJIEKYJISIPHOTO, a IBUTTEPHOHHOTO CTpoeHUs. OYeBUIHO, 3TO CBOMCTBEHHO W IS
JIPYTUX aMUHOCIIMPTOB Tipu 00pa3zoBanuu coennuennii 1:1. [TonrBepiknenneM 3Toro sB-
nsiroTes peakiuu 1,8-nnazoouimkino[5.4.0]yHnek-7-eHa U TeTpaMeTHIITyaHUIHHA C SO2
B IIPUCYTCTBUU rekcanoia-1 [41]:

N o)
\/j+ N7 +/Hn\OH

N
NH

e n=>5.

CormracHO KBaHTOBO-XUMHYECKHM PAacueTaM B MOJICKYISIPHBIX KOMIUIEKCaX OKCHIIA
cepnl (IV) ¢ H,O, H,S, NH,, CH,NH,, (CH,),NH u PH, npoucxomut B3aumozeicTBHIE
HETO/ICTICHHOM 2JIEKTPOHHOM Naphl IMTaH/a, HAXOISAIICHCs Ha AIIEKTPOOTPHIIATEIbHOM
arome (O, S, N), ¢ n* MO SO, takum 06pasom, 4TO T-JaTUBHASL CBSI3b HAXOJUTCS OPTO-
rOHaJILHO K rockoct SO, [61, 98, 99]. B amuHOKOMILIEKCaX MIIOCKOCTL MOJIEKYIIBI SO,
SIBIISICTCSI IPUOTM3UTEIHLHO MEPICHINKYISIPHON K S<—N cBsi3u [61, 75, 100], kotopas Ha-
XOIIUTCS B KOJUIMHEAPHOM MOJIOKEHUH K ocu C; aMuHa, 4TO OOHAPYKEHO B TBEPIOM
[64, 82, 101] u ra3oBOoM cocTostHuu [65-68, 102]. JaHHblii (akT HE CBUAECTEIBCTBYET O
JUIOJISIPHOM B3aUMOJICHCTBUY, HO OIaronpUsTCTBYET MPH YUYETe EKTPOCTATUICCKUX
YJI€HOB BBICIIETO TMOPSIKA TPH MPOBEJACHUN KBAHTOBO-XMMHUYECKHUX pacuetoB [102,
103]. ITpu B3aumoneicTBun okcuaa cepsl (IV) ¢ ruapasunamu (R,NNH,) n-narusnoe
S<—N cBs3bIBaHME NPOUCXOUT 34 CUET T-3JIEKTPOHOB atomMoB azora RN rpynm [74];
C UMHUAA30JI0M U €r0 NPOU3BOAHBIMH — T-3JIEKTPOHOB UMHUa301bHOTO aromMa N [77]; ¢
Me30-TepadSHIITITOPPUPHHAME — T-3IICKTPOHOB MHPPOIHINHOBOTO a3oTa [59].
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JlaHHBIE MHKPOBOIHOBOHM CIIEKTPOCKOTIMM MAaTPHYHO H30JMPOBAHHOTO BaH-JEpP-
BaasbcoBoro kommiekca SO, C H, nmokazanu, uro mosekyna SO, HAXOAUTCs apaiiesb-
HO OeH3onbHOMY Koubiy [102]. Ilpu 5TOM T-371eKTpOHHAs TUIOTHOCTh apOMaTHYECKOTO
Kosbla pearupyet ¢ t¥-opouransmu SO,. B kommnekce SO,"C H.N peanusyrorcs S<—N
u opmo O---H cBa3piBanue [75]; nupunud noBepHyT Ha 70-80° Tak, YTO OH HAXOIUT-
s NOYTH NEPIEHAUKYIApHO K mwiockoctu SO, [66, 67]. Ilomobnoe HabmonaeTcss npu
Se<—N CBA3bIBAHNH B MOJIEKYIISAPHBIX KOMILIEKCaX SeO, ¢ MMPUINHOM U TPUMETHIIAMH-
HoM [105].

[Ipu TeopeTndeckux pacyeTax KOMIUIEKCOB C apOMaTHUYECKUMH aMUHaMH (HaTpH-
Mep N,N-nmuMmeTunaHuIuHOM [43]) yYUTBIBaeTCS, 4TO T-HEMOJENeHHAs JIeKTPOHHAsS
napa atoMa N HaXOJUTCSI B CONPSDKEHHM C apOMaTH4ecKol m-cuctemoit konbua [106].
Onnako nannbie PC IMP creKTpOMETpHH YKa3bIBAIOT HA TO, YTO KOMILIEKCOOOPa30Ba-
HUE apUIaMHHOB ¢ OKCHIIOM cepbl (IV) BirtodaeT B ce0st epeHOC 3apsiia ¢ MOIEKYIISp-
HOU OpOWTaNH, JIOKAJM30BAaHHOW B OCHOBHOM Ha aroMe a30Ta, TO €CTh 00pa3yronuecs
TIPU TOM MOJIEKYJISIPHBIE KOMIUIEKCHI IIPEUMYIIIECTBEHHO UMEIOT /-Xapakrep [35].

VIpOYHEHHE CTPYKTYPBI MOJIEKYJISAPHBIX KOMIUIEKCOB SO, ¢ aMHUHAMH, THIpa3u-
HaMHU, Me30-TepaQeHUInopPUpUHAMUA MTPOUCXOANUT 33 CYET MEKMOJEKYJSPHBIX BOJIO-
POIHBIX CBS3eH MEXKAY aMUHHBIMU, THAPA3UHHBIMU, TUPPOIBHBIMU U T.JI. IPOTOHAMH U
3axomruiekcosanubeiM SO, [59, 68, 74, 84, 107].

B wmonekynspraom kommiekce SO, (NH,CONH,),-(H,0),, cyna mo nanneiv K-
cnekrpockormu, *C u 'H SIMP cnekrpomerpun peanusyercs S<—O=C koopauHa-
IUsI, a JIOTIOMHHUTENbHAS CTaOMIM3alusl MPOMCXOANT 3a cueT H-cBszeit ¢ yuactuem
KapOaMHIHBIX TIPOTOHOB M MOJIEKYI BOAIbI [86]. B coenunenusx cocrasa SO,'L ¢ amu-
namu (N-metun-2-nupponuanHon u JIM®A) no nannsim K- u KP-ciekrpockonuu,
170, 3C u 'H SIMP crieKTpoMeTpHH, a TAK)KE KBAHTOBO-XUMHUECKUX pacueToB S<—O=C
CBSI3bIBAHME TIPOMCXOIUT 3a cueT m-31eKTpoHoB —N-C=0 cucremsi [31, 84, 108].

CornacHO IaHHBIM, MPEACTABICHHBIM B TaOm. 1, B KOMIUIEKCaxX MJIMHBI CBSI3CH
S<-N sBIAIOTCS TPOMEKYTOYHBIMH MEKIY CYMMOH BaH-JEp-BaallbCOBBIX paany-
cos atomoB N u S (=3,25 A) [109] u paccuuTaHHO# [UTMHBI OJMHAPHOH CBA3H S<—N,
KaK CyMMBI KOBAJEHTHBIX paguycoB (1,76 A) [110], 4To cBUIETENBCTBYET O «UACTHY-
HoM cBszbiBanumy» [111]. B coemunenusax SO, (CH,) NH, (n = 0 + 3) S<-N cBa3p
(dg = L771-1 ,844 A [112]) umeet 6osee KOBaIEHTHBIN XapaKTep, 4eM B MOJIEKYIISPHBIX
komiuiekcax SO, (tadm. 1). Jlnsa «cnabbix» KOMIUIEKCOB MEXMOJIEKY/ISAPHbIE PacCTos-
HUs cocTasisiror 2.51-3.06 A, TOT/Ia KaK JiJIsl CHIILHO B3aWMOJICHCTBYIOIINUX JTUMEPOB —
1.68-1.95 A [113]. Paccrostans S-O (1,433 — 1,461 A) mo Bennumue mpuMepHO Takue
Ke, kak 1 B TBepaoM (1,430 A) [114] u rasoobpastom (1,431 A) SO, [115]. C apy-
roif ctopoHsl, yrisl O-S-O 3HaunTenpHO cokpamens! (112,3 — 116,9°), mo cpaBHEeHUIO ¢
TEMH, KOTOPBIE XapaKTEPHbI 1JIsl TBEPAOTO u razoobpasuoro SO, (119,5 u 119,3°), uro
cornacyercs ¢ faHHbIME [ 101]. CoracHo pacyeTHbIM AaHHBIM [01, 75], ¢ yBenudeHuem
p-xapaktepa aroma N (B psiay sp > sp*>> sp’) U cTeleHn METHIHpoBaHus aroma N 3a
cuet nosnoxutensHoro +I-sdgdexra CH,-rpynm (B pamxy NH, — CH,NH, — (CH,),NH —
(CH,),N) IpoMCXOIHUT yCUIEHHE CMEILEHHUS TT-3IEKTPOHHOM MIoTHOCTH OT N Ha t*-MO
opoutanu SO,, 0 4eM CBUIETENBCTBYET yMEHBUIEHHE IIMHBI CBA3H S<—N (Tabm. 1) [68,
75]. Kax ormeueno B [100], sneprus cBa3u S<—N KOppenupyeT ¢ OCHOBHOCTBIO aMHMHA
um ero D, a crepudeckuit 5GQeKT 3aMeCTUTENS YMEHBIIAET SHEPIUIO CBS3HU C yBEJIHU-
YEHUEM BEJIMYMHBI PACCTOSHUM d .

Astopamu [117] mist ygera pa3mudus B pa3Mepax reTepoaroMoB, 00pa3yroNuxX mo-
JAPHYIO JIOHOPHO-AKIIENTOPHYIO CBA3b, BBEJICHA XapaKTEPUCTUIECKas BENMIMHA A7, :
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Ary,=rp—a(r, tr), ©)
e r,, — JUIMHA JIOHOPHO-aKLUENTOPHOM CBA3H; 7, M 1, — 3HAYEHHS TOMOIOJIAPHBIX
KOBAJICHTHBIX PAaJUyCOB TeTEPOaTOMOB, OOpa3ymoOIIUX 3Ty CBsI3b; AMIHUPHUECKUN
koo puument a, = 0,901 + 0,007. TIpu Ar, | > 1 IPOYHOCTH KOMILIEKCOB ONPENETAETCSA
BaH-JIeP-BaaJIbCOBBIMU B3aUMOJAEHCTBUAMM MEXJy KoMIoHeHTamu. Ilpu yBenndenun
MIPOYHOCTH CBS3BIBAHMSA JJIMHA TOHOPHO-AaKLENTOPHON CBSI3U MPUOIMKAETCS K CyMMe
reTepOIOISPHBIX KOBAJEHTHBIX PaIlyCOB aTOMOB, 00pa3yIOLINX ATy CB3b U BEINYHHA
Ar, cTpemutes K Hymo. IIpu 3ToM 1o cBoeMy (pU3HYECKOMY CMBICITY TPOU3BENECHUE
a(r, +r,) ABIAETCA CyMMO# KOBAJICHTHBIX PaJMyCOB I F€TEPONOIIAPHBIX CBA3EH.

C yBenuueHUEM BEJIMYUHBI CPOACTBAa K MpOTOHY (PA) OCHOBaHMs HabIromaercs
YMEHbUIECHHUE 3HaYeHUH Arg, (Tabm. 1). [Ipu 5TOM BKIIaj CHII IEPEHOCA 3apsijia BO3pacTa-
€T, a BaH-JIep-BaalibCOBBIX Majaaet [117].

Janusie KP n UK cnekrtpockonuu mokazanw, 4to aist N-metunaHwmimaa, N,N-
nuMeTrianminHa U N,N-Tu3THIIaHUIHA B3auMOJISHCTBUS ¢ okcuioM cephl (IV) crabee,
yeM JyIs amu(aTuIecKuX aMHHOB, B TO BpeMs Kak 1iisl n-peHunenauamuaa 1 N,N,N',N'-
TeTpaMeTHII-/-QeHIUIICHINAMUHA B3aMMOJICHCTBHSI COTIOCTABUMBI C TPUMETHIAMHHOM.
Bwmecte ¢ Tem, criekTpanbHbIE JaHHBIE JJIT KOMITIEKCA C6H5NH2-SO2 CBH/JICTEIBCTBYIOT
0 HAJIMYUM TIPOYHBIX MEKMOJIEKYIIAPHBIX BOAOPOAHBIX cBA3ei NH -rpynn anumuna ¢
okcugoM cepsl (IV) [107].

ITo manueM [35], B ciekrpax "*C SIMP nponykToB B3aMMOJESHCTBHS apHIaMHHOB
¢ okcuzaoM cepsl (IV) He HaOMrOMaeTC KOPPEIAINN MEKIy 3HAYCHUSIMUA XUMHUYIECKHX
CIBHTOB (AG) CHIHAIIOB aTOMOB YIVIEPO/IA M OCHOBHOCTBIO aMMHOB (pK, ). B To ke Bpems
KOPpEJISIUiA TakKe HE ObLIO HAHIEHO MEKy cMmenlenreM actot SO, (v u v, ), B €ro
KII3 ¢ apomaruueckum amunamu 1 ux pK, [107]. Habmronaemble HECOOTBETCTBHUS MOYK-
HO 00BACHUTS criemyromuM 06pa3oM. C 0THOM CTOPOHBI, 3HadeHHUs pK, ABISIOTCA MEPOH
MIPOTOHOAOHOPHOHM CIIOCOOHOCTH — CUTYyalus, B KOTOPO 3((EKThl CTEPUUYECKOTO Ipe-
MSATCTBUSI UMEIOT BTOPOCTENIEHHOE 3HAY€HUE; C JPYrol CTOPOHBI, pa3Mepbl MOJICKYJIbI
oxcuza cepsl (IV) TakoBbI, 9TO 3((PEKTH CTEPUIESCKUX TIOMEX MOTYT U3MEHSTh OXKHIac-
My10 TeHaeHnuo B nonoxkenun v (SO,), v, (SO,) u 8(*C) na ocHOBaHMH 3HAUEHUH pK, .

C yBemuyenueM crenenu Mertunuposanus aroma N B psany NH, — CH,NH, -
(CH,),NH — (CH,),N pactyt abcomorusie 3nauenus Av, (SO,)A6(S0,) [61]. B 0630-
pe [10] a1 MaTpu9HO U30IMPOBAHHBIX KOMILIEKCOB OTMEYEHBI 3aBUCUMOCTH Vv, (SO,)
ot PA.

YeToiiuMBOCTH MOJIEKYJIAPHBIX KOMILJIEKCOB

OnHOM W3 BaXHEWIIMX XapaKTEPUCTHUK MOJCKYJSPHBIX KOMIUIEKCOB SIBIISCTCS
DHTAJbIUA PEaKIUU KOMILIEKCooOpasoBanus (AH, ), XapaKTepusyromas MpOYHOCTh
JOHOPHO-AKUENTOPHOM CBA3U. AH, | B OTIMYKE OT SHTAIBIMU 00pa30BaHUA KOBAJICHT-
HOI CBSI3M, M3MEHSAETCS B BEChbMa IIUPOKOM JHMAara30He — OT HECKOJIBKO €IMHHUIL IO CTa
u 6onee x [117].

JI1s MOHUMaHUS TIPUPOJTBI IOHOPHO-AKIIENITOPHOTO B3aMMOJICHCTBHS HEOHOKPATHO
IPEINPUHUMAIIHCE MONBITKA YCTAHOBUTD B3aUMOCBS3b AH , | ¢ IPyTMMH XapaKTePUCTH-
KaMU MOJIEKYJISIPHBIX KOMIUIEKCOB, HAPUMeEp, € MOJIOKEHUEM TI0JIOC MepeHoca 3apsiia
B AJIEKTPOHHBIX criekTpax noromnienus (DCII), TMnonbHBIME MOMEHTAMH KOMILJIEKCOB,
M3MEHEHHEM SHTPOIHU PEaKIMid KOMITIEKCOOOPa30BaHUsI, XUMHUECKAM CIBHTOM TIPU
KoopauHanuu u T.1. [117].
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CornacHo [46, 47], yem cuiIbHEE AIIEKTPOHOAOHOPHEIE CBOWCTBAa N-JIUTaHAOB, TEM
BBIIIIC SHTAIBINSA 00pa30BaHUS MX KOMILICKCOB ¢ okcuaoM cepsl (IV). 3aBucumoctsb
SHTAJbIUU 00pPa30BaHUN KOMIUIEKCOB C JIKWJIIAMUHAMU M OCH3WJIAMHHAMH COCTaBa
SO,Am 0T OCHOBHOCTH JIMI'aH/Ia 110 JaHHBIM [47] MeeT BU:

-AH’= 15,693 + 11,723-pK ; R* = 0,9893 n==6 (10)

PocT 21eKTpoHOIOHOPHOI CITOCOOHOCTH apUIaMUHAIMTAH/Ia COPOBOKIACTCS YBe-
JIMYEHUEM 3HAUEHUS SHTAJIBIINU Pa3JI0KEHUs] COOTBETCTBYIOIIEIO KOMIUIEKCA B ClIey-
totem nopsiake: SO, 0-CH,OC H,NH, < SO, 0-CH,C.HNH, < SO, -»-CH,0C H,NH,
~ SO, m-CH,CHNH, < SOz~CéH5NH2 < SO2 n-CH,OC H/NH, < SO2 n- CH3C6H4NH2
[46]. B 10 ke Bpemsi 110 qaHHbIM [46] 3HadeHnss AH® KOMIUIEKCOB ¢ apuIaMHUHAMH JINHEH-
HO KOPPEJUPYIOT ¢ BeNMYuHaMu cMeniennid Av ., B UK-criekTpax sTuX cOeIMHEHHUI:

-AH’= 40,952 + 1,969-Av_; R2=0,9592 n==~6 (11)
B monorpaduu [103] Tonbko ans coeAMHEeHU Iz, SnCl » TiCl4 ¢ N-nurangamu npu-

BeJIcHa JIMHEWHAs 3aBUCUMOCTb AH, = OT CTeneHH nepeHoca 3apsna ot noHopa (D) x
akuenropy (A) p, /(e'ry,):

AH, =355u, /(er,,), (12)

7€ W, — JUIOJIbHBIH MOMEHT, 7, — JUIMHA JOHOPHO-AaKIENTOPHON CBA3M, € — 3aps]l
anekrpoHa. OHAKO, NPEeIPHUHSATAS HAMHU MOMBITKA TONYYUTh 3aBUCUMOCTh AH' OT cTe-
TIEHH TIepeHoca 3apsaaa oT N k S B MoneKyapHbIx kommiekcax SO, L ¢ mpusnedenuem
JAHHBIX KBAHTOBO-XUMHYECKHX PacyeToB [75] MOJOKUTEIBHEBIX PE3yIbTaTOB HE JIaa.

Kak u u1st MHOTHX IpyTrHXx (pH3HKO-XUMHUYECKUX TTporieccoB [119-121], B ciydae 00-
Pa30BaHMs BBIIEYKa3aHHBIX MOJIEKYNIAPHBIX Komiuiekcos I, SnCl,, TiCl, [117] ormeue-
Ha SHTAJIBIUHHO-PHTPONHUIHAS KOMICHCAIMS, 3aKIIOYAIONIascs B TOM, YTO yCHIICHHE
MEXKMOJICKYJISIPHOTO B3aUMOJICUCTBUS MPHUBOAUT K TOHWKCHUIO KOH(HUTYpaIMOHHON
CBOOOMIBI CHUCTEMBI, CIIEAOBATEIBHO, K MOHIDKEHHIO SHTponuu. KoMmneHcarmoHHBIN
3¢ dext BelpaxkaeTcs: ypaBHeHUEeM (13), B KOTOPOM M30T€pMOAMHAMUYECKAsk TeMIepa-
typa (B,) pasna 337 K, a cBoGonusiit wien (o) — 3100 Jx/mons. B monorpadpuu [29]
OTMEYEHBI KOPPENALMU MEKIY 3HadeHUAMHU AH, 1 AG , | 171 MOJIEKYJIAPHBIX KOMILIEK-
COB SbClS, I, ¥ KOMIUIEKCOB € BOAOPOJHBIMH CBA3SAMHU.

AH, =a,+ B AS, (13)

B ciyuae xommexcoobpazoBanuu okcuna cepsl (IV) ¢ pa3snuyHbIMH OCHOBAaHUMH
JIprouca no ganssM [31, 39, 122-125] Hamu BbISIBII€HA SHTAIbIMMHO-IHTPONUIHASL
komrteHcanus (puc. 1). Ilpu sToM ko3 unmenTs! B ypaBHeru# (13) YuCICHHO paBHBI
Beon =292 K, ay, = 650 JIx/momb (npu n = 19; R* = 0,967), B, =284 K, o, =
440 Jox/mons (mpu n = 10; R? = 0,959) u OTIHYAIOTCSI OT TAKOBBIX zum KOMILIIEKCOB |,

SnCl,, TiCl,.
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Puc. 1. DHTanbNUIHHO-3HTPONUIIHAS KOMIICHCALUS
npu 00pa30BaHUH MOJIEKYJISIPHBIX KOMIUICKCOB
oxcuna cepsl (IV). 1 — S<—N xommiekcsr; 2 —
S<—O KOMIIIEKCHI.
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Puc. 2. 3aBHCUMOCTB SHTANBINI 00pa30BaHUs
(AH", xJIx/MOIb) MOTTEKYIAPHBIX KoMILIekcoB SO,

OT XapakTepUCTUIECKON BENUUMHBI (Ar,, A).

B pesynbrare aHanmuza IaHHBIX, OTHO-
CANIMXCS K CTPYKTYpPE W TEPMOJAUHAMHKE
00pa3oBaHusi MOJCKYJSIPHBIX — KOMILICK-
coB [117], oTMeueHa B3aMMOCBSI3b MEKIY

AH, W XapakTepUCTUYECKON BEIMYMHOU
Ar, .

-AH, = a, (Ar, )" (14)
rae SMIIMPUYECKUH KO3 GULHEHT
a, = 21,6 * 1,6 «Jx A/Mons;

K=1. IIpu Ar,, > 1 AH, cTpemuTcs K
HYITIO.

OpnHako B 00pabOTaHHOM MacCHBE
JMaHHBIX (80 MOJEKYISPHBIX KOMILIEKCOB)
aBropamu [117] oxcun ceper (IV) ymo-
MSHYT TOJBKO CIUHUYHBIM MPUMEPOM, B
sujie komruiekca SO, (CH,),N. Ouesunjno,
3TO  CBSI3aHO C  OTPAHUYCHHOCTBHIO
OKCTIEPUMEHTANBHBIX ~ JTaHHBIX ~OTHOCH-
TEJNFHO TEPMOJMHAMHKH KOMILIEKCO00pa-
30BaHUSI M JUIMH JOHOPHO-aKIEITOPHBIX
CBSI3EH I OMHUX U TEX JKE COSANHEHHUI.

B cBsa3u c BBIIE CKa3aHHBIM HaMu
OblTa celaHa MOIBITKA YCTAaHOBUTH B3a-
umocessb AH, u ry (Ar,,) ¢ mpusie-
YCHHEM JIAHHBIX KBAHTOBO-XHMHYCCKHX
pacueroB [75]. [lomy4yennast 3aBUCUMOCTh
AH’ = flArg) (puc. 2) omuchkiBaeTcs
ypaBHeHueM (15), ¢ koadduuueHTOM
JTIOCTOBEPHOCTH anMmpOKCUMAITUH
R?>=0,9841.

-AH=272-(Ary )", n=T7  (15)
CommacHO ~ TMONyYEHHBIM  JIAHHBIM,
YVYHTBIBasE UACHTUYHOCTH YpaBHEHUH (4)
(5), B cimydae ¢ MOJEKYISIPHBIMHI KOMILICK-
camu SO, L smnupuyeckuii koddpuunent
a, (27,2) npuHUMAET 3HaYEHNUE, TTPUOITU3H-
TEJIFHO PAaBHOE BEIHYUHE, BBIYMCICHHON
B [117] (21,6); moka3arenb CTENEHU k ~ 2,
ommyeH ot 1. [Tocneanee roBOpuT 0 HENPH-
TOTHOCTH JJISi MOJIEKYJISIPHBIX KOMIUIEKCOB
SO2 monenu [117], He yunThIiBaromen Biu-
SIHUSI TOTIOJTHUTEITIHHBIX B3aNMOICHCTBHH.
Ussectro [29], uto koncTanta (K) u
SHTAJBIUS KOMIUTIekcooOpazoBanus (AHP),
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3aBUCAT OT MEXKMOJEKY/IApHbIX B3aumonercteuii SO,, L u SO,"L ¢ pacteoputeneM.
«Crna0pIe» KOMIDICKCHI OOBIYHO HMMEIOT OOJBIINE KOHCTAHTHI KOMIDIEKCOOOpa3oBa-
HUsI B ra3oBoil (ase, 4eM B PacTBOpE, B TO BpeMs Kak 0OpaTHOE 4acTo HaOMomaeTcs
JUTSL «CHJIBHBIX» KOMIUIEKCOB [29] (Tabm. 2). KpoMe Toro, 3ieKTpOCTaTHYeCKUe CHIIBI
B KOMIDIEKCAX MEHEE MPOYHBI B CPEIC PACTBOPHUTENS, UTO JICIACT ICKTPOCTATUICCKA
CBsI3aHHBIC MOJICKYISIPHBIC KOMIDICKCHI Ooliee CTaOMIBHBIMEH B Ta30BO# (ase, yem B
pactBope [126]. To ecTb, eciu KOMILIEKCHI OoJiee CTa0WIIbHBI B ra30BOH (ase, ueM B
pacTBope, TO JIEKTPOCTATHYECKAask COCTABIsIONIAs (BaH-IepP-BaalbCOBBI CHJIbI) MPEO0-
JIaJIaeT HaJl KOBAJICHTHOM (CHJIBI epeHoca 3aps/ia) U Ha000poT.

k

SO,+nL > SO, nL (16)

Tabmnuna 2
Koncrantsl (K , 1/Moib) M 3uTanbonu (AH®, k/I/Mo1b) KoMILIeK000pa30BaHUs
JILIOMCOBCKHX KOMIIJIEKCOB KHCJIOTA-0CHOBAHNE

I'azoBas ¢a3za PacrBop
Kuciora OcHoBaHue K, -AH", PacTBO- K, -AH", Jut-pa
K K

a/moas | k/lk/Moas | putens | a/moasb | kx/Moab

Kommuiekcrl 6omee cTaObniIbHBI B ra30BOM (a3e, 4eM B pacTBOpE

SO, mpanc-2-0yTeH 3,1 CH, 0,08 [29]

I CH, 4,5 8,4 CH, 0,24 6,8 [29]

L (C,H),0 6,4 18,8 CH, 0,9 17,6 [29]

L (C,H),S 226 35,1 CH,, 195 35,2 [29]
CH,OH (CH,),N 20,8 28,9 cq, 4,6 23,7 [29]
CF,CH,0H | CH,C(O)CH, 47,3 30,9 Ccl, 7,3 21,1 [29]

Kommuiekcrl 6omee cTaOuIIbHBI B pacTBOPE, Ye€M B ra30Boi (ase

SO, (CH,)N 340 40,6 CH, | 2550 | 46,1 |[127,128]
SO, (CH)\N 340 40,6 CHCL, | 63500 | 63,6 |[127,129]
SO, (CH)\N 340 40,6 CHCIL, | 36100 | 59,5 | [127,129]
BF, (CH,\N 11,3 CH,CI, 129,5 [29]
BF, (CH,),P 79,1 CH,CI, 87,4 [29]

ITo nanubIM YO-cniekTpockonuu [93], B 3TAHOIBHBIX pacTBOpPaX dTaHOJIAMHHOB pe-
anusyrorest kommiekesl cocraa SO,-H, N(CH,CH,OH) . Koncrautsl ycroiunBocTn
9THX COCIMHEHHI uuciieHHo paBHbl (2,10 £ 0,30)-103, (2,34 £ 0,60)-10° u (0,78 +
0,13)-10" mast MOHO-, W~ ¥ TPUAITAHOJAMHHA COOTBETCTBEHHO. PaccumTaHHbIC 3HA-
YEHMS KOHCTaHT yCTOWYMBOCTH HAXOJATCSA B COOTBETCTBMU C PK DTaHONAMHHOB B
aranosne [93].
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Ban-nep-BaajibcoBbI KJIATPATHI
Ocoboe mecto B xuMuu okcuaa cepel (IV) 3aHUMaOT ero BaH-Jep-BaalbCOBbI
kommekesl  SO,"CH=CH, SO, CH,=CH,, SO,CH, SO, CHCH, SO, CH,O,

SO, C,H, [116], B ToM uucie pemieTyarbie Kiarparhl SOZ'(p—HOC‘;H ,OH), [117],
(SO,)-(bipy), (H,0) 1 (SO,)-(bipy), (H,0), [87].

B myctoThl Kpuctammuueckoil pemerkn 2,2°-munmpunmia (bipy), He HCKaxas ee
CTPYKTYpBI, BXOIAT PEHTreHOaMOpHbIE MOHO- U jquruapar SO,, KOTOpbIE B3aUMO-
JEMCTBYIOT ¢ KapKacoM XO3dMHA IIOCPEICTBOM TOJIBKO BaH-AEp-BaajlbCOBBIX cuil [87].
OxapaKkTepu30BaHHbIE KOMIIJIEKCHI — IIEPBbIE IPEACTABUTENN MOJIEKYISIPHBIX COEIMHE-
HUH THAparoB okcuaa cepsl (V) U reTeponuKINIecKoro 0CHOBaHU bipy yKa3aHHOTO
THIIA, B OTJIMYHE OT ONMMCAHHOIrO Komiuiekca SO, py, B KOTOPOM PEAIM3yeTCsi B3aUMO-
neiictBue S<—N [75]. Ilpu obpasosanuu SO, (p-HOC H,OH), peanusyercst cTpykry-
pa P-THAPOXHWHOHA, B KOTOPOH OCHOBHBIM CYNPaMOJICKYJISPHBIM CHHTOHOM SIBJISICTCS
00pa30BaHHbIA BOXOPOAHBIMH CBA3AMH IUKIT (O-H),, MOCTPOEHHBIN U3 THAPOKCHIILHBIX
rpynt (110 OfI0W OT KaKJ0M M3 MIECTH MOJIEKYJ ruapoxuHoHa) [131].

OueBuno, uto mpu B3aumozekcTeuu B cucreme SO, — H,O — bipy He npoucxoaur
JMCCOLMAMS TAK Ha3bIBAEMOW «cepHucToi» kuciotel (SO, -H,O; pK = 1,86 [132])
C TOCIEIYIOIMM TNPOTOHHPOBaHWEM N-aToMa CpPaBHHUTEIBHO HHU3KOOCHOBHOTO bipy
(pK, = 4,34 [133]), B OTIMYME OT ONMCAHHBIX paHee MPOLECCOB B3aumoneicTeus SO,
B BOIC C J3TaHOJAMHHAMU (BBIICICHBI «OHHEBBICY» MACIOOOpa3HbIC THIPOCYIb(PHUTHI
[134, 135] u kpuctananueckuid cynbhuT [136]) 1 BHICOKOOCHOBHBIM JIBYXKHUCIOTHBIM
aMMHOTYaHHJMHOM (00pasyeTcsi KpUCTAJUINIECKUH MOHOTHAPAT «OHHUEBOTOY» CYIb(H-
ta [137]). Kpome Toro, kapkac xo3snHa bipy He CIIOCOOCTBYET OKHCIICHHIO TOCTEBBIX
Mojiekyn SO, KUCIIOPOIOM BO3/TyXa, B OTJIMYME OT CHCTeM C ydactueMm Tris [138], anku-
namuHoB [139, 140], 6enzunamunos [141] u rexcamermnenaunaMuna [139] (BeiaeseHsl
U CTPYKTYPHO OXapaKTEepHU30BaHbI MPOAYKTHI «MsArkoro» okucienus S(IV) B S(VI) —
«oHHeBBIeY cynbdarsl). C qpyroil CTOPOHBI, 3aMETHO 0ojiee CHIIBHBIC 0 CPAaBHEHUIO C
SO, H,0 munepanbubie kucnorsl (H,SiF, [142], HBr [143] u HCIO, [144]) oxunaemo
MIPOTOHUPYIOT bipy ¢ 00pa30BaHHEM COOTBETCTBYIOIINX «OHHUEBBIX) COJCH.

Takum 00pa3oM MOXKHO OTMETUTh, YTO Ha BBIXOJ MPOAYKTOB PEaKLUU OKCUIA CephI
(IV) ¢ oprannveckiMHU OCHOBaHHMSMH (B YACTHOCTH, AMUHAMM) CYIIIECTBEHHOE BIIUSHUE
OKa3bIBAIOT YCIIOBUS CHHTE3a: IPHUPOAA PACTBOPUTEIS (OCHOBHOCTD, OMSIPHOCTD), TEM-
neparypa u cootHomenue SO, :L B peakunonnoii cpene. CTeXuoMeTpusi MOJIEKYIISPHBIX
kommekcoB SO, nL 3aBUCUT OT JICHTAHTHOCTH JIMTaHJIA, a TaKXkKe OT €ro CrocoOHOC-
™1 K H-cBsi3piBanuio. B pesynbrare B3aumoneiicTBust okcuaa cepsl (IV) ¢ opranudec-
KMMU OCHOBaHUSMM BO3MOXkHa peanusanuss S<—N- u S<—O-cBsasbiBaHus. OTMeueHBbI
3aBUCHMOCTH SHTAIBIHMN 00pa30BaHMS MOJCKYISPHBIX KOMIIJIEKCOB OT OCHOBHOCTH
aMHMHA ¥ CHEKTPaJbHBIX XapaKTEPUCTHUK; BBIABIEHA 3HTAJIBIMHHO-IHTPONUNHHAS KOM-
neHcaus A S<—N- 1 S<—O-cBA3aHHBIX KOMIUIEKCOB. HecMOTps Ha OrpaHU4EeHHOCTh
9KCIIEPUMEHTAIBHBIX JaHHBIX MO TEPMOAMHAMHUKE KOMIUIEKCOOOpA30BaHUS W JUIHH
JIOHOPHO-AKIETITOPHBIX CBSI3€H TSI OMHUX U TEX XK€ COCTUHEHH, yCTAaHOBJICHO, YTO
HPOYHOCTH CBA3HM S<—N B MOJEKYJISAPHBIX KOMIUIEKCaX SO, 3aBUCUT OT XapaKTePUCTH-
4eCKOi BennunHbl Ar . OTMEYEH BKJIa/l BaH-IEP-BAaAIbCOBBIX CHJI U CUJI TIEPEHOCA 3a-
psaa B oOpa3oBaHUE MOJIEKYISIPHBIX KOMILIEKCOB okcuaa cepol (IV).
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MOJIEKVYJISAPHI KOMIIVIEKCHA OKCHUAY CIPKHA (1V)
3N,0-BMICHUMU OPTAHIYHNMHN OCHOBAMM (OIJISLT)

CHCTeMaTH30BaHO Ta y3arallbHEHO JIITepaTypHi JaHi MO0 CHHTE3Y, CTEXiOMeTpii, OymoBH
Ta BIJHOCHOI CTIHKOCTI MOJIEKYISpHUX KOMIUIEKCiB okcumy cipku (IV) 3 N,O-BmicHEMEU
opraHiyHMMHU ocHoBaMH. OcoONMBY yBary NMpUAIIEHO MeXaHi3MaM yTBOPEHHS KOMIUIEKCIB
3 TIEPEHOCOM 3apsfy, B SKHX peami3yeTbcsi S<—N u S<—O 3B'si3yBaHHA, a TaKOK BaH-IEp-
BaaJbCOBUX KOMIUIEKCIB. Bil3HaueHO Kopemsii Mk eIeKTPOHHHMH, CIIEKTPAIbHUMH Iapa-
MeTpamH, OyZJOBOKO, BiTHOCHOIO CTIHKICTIO 1 IHIIMMH XapaKTePUCTUKAMU YTBOPEHHX CIOIYK.

KuarouoBi cioBa: oxenp cipku (IV), N,O-BMicHI opraHiuHi OCHOBH, KOMIUIEKCH 3 IEPEHOCOM
3apsiLy, BaH-J€P-BaabCOBI KOMILIEKCH.
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MOLECULAR COMPLEXES OF SULPHUR DIOXIDE WITH
N,O-CONTAINING ORGANIC BASES (REVIEW)

The literature data on the synthesis, stoichiometry, structure and relative stability of molecular
complexes of sulphur dioxide with N,O-containing organic bases have been systematized and
generalized. It was shown that the yield of the reaction product of sulfur dioxide with organic
bases (such as amines) are strongly influenced by the conditions of synthesis: the nature of
the solvent (basicity, polarity), the temperature and SO,:L ratio in the reaction medium. The
stoichiometry of SO,-nL molecular complexes depends on ligand denticity, as well as its
ability to H-bonding. The reaction of the sulfur oxide (IV) with organic bases can give S<—N
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and S<-O complexes. With the increase of the value of base proton affinity the decrease Ar
values has been marked. Characteristic parameter Ary = ro — a,(r, + r) (Where r is the
S<«-N donor-acceptor bond length) has been determined by microwave spectroscopy and X-
ray analysis, 7, and r,, were the tabulated values of the homopolar covalent radii of sulphur
and nitrogen heteroatoms.

The dependence of formation enthalpy of molecular complexes of basic amines and spectral
characteristics has been noted; enthalpy-entropy compensation for S<—N and S<~O complex-
es has been stated. Despite the limited experimental data on the thermodynamics of complex
formation and the lengths of donor-acceptor bonds for the same compounds it has been found
bond S<-N strength in SO, molecular complexes to depend on the intrinsic value of Ar, . The
contribution of van der Waals forces and charge transfer forces to the formation of molecular
complexes of sulphur dioxide has been stated.

Keywords: sulphur dioxide, N,O-containing organic bases, charge transfer complexes, van
der Waals complexes.
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