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0630p MOCBALWIEH MCCAENOBAHMAM MEPULIMKIUYECKUX DEaKUMi (OTOXPOMHBIX KpayH-
conepxaluux cucreM. KomnnekcoobpasoBaHue HOTOXPOMHbBIX KpayH-3(MPOB ¢ KaTHOHAMH
METaJIOB OKA3biBAET CYLIECTBEHHOE BJAMAHME KAK HAa CMEKTPa/ibHblE XapaKTePUCTHKH MOJiE-
Ky, TaK U Ha MpoTeKaHue HOTOXPOMHBIX peakuinit. [IpuBekarebHOi# 0COGEHHOCTBIO HOBBIX
CUCTEM SIBASETCS BO3MOXHOCTH PEAIM30BaTh CUCTEMbI C (OTOYNPABJIAEMBIMU KOMILIEKCO-

06pa3yloLluM CBONCTBAMHU.

KinoueBbie c10Ba: KpayH-3duPbI, POTOXPOMHbIE COCAMHEHMUS!, NEPULIMKIMYECKHE peak-
L{K, NEKTPOUNKINYECKHME PeaKLMH, UMKIONPUCOEANHEHHE, KOMITIEKCOO6pa3oBaHue, ClH-
POrMIPOMHIACIM3IUHBI, CTUPONUPaHBI, CIMPOHADTOKCA3UHbI, 6eH30- U HadTONMpPaHbl, Gylb-
FUObl, IMTETAPUIITEHB!, UMKIO(AHbl, CTAPWIOBbIE KPACHTEIH, MPOM3BOAHBIE aHTPaLEHa,

3aMeLUEeHHBIH LMKI00YTaH.
1. Beenenue

®doToxpoMHas peakuus spiaseTcsi 06paTUMON TpaHc-
dopmauueil BelecTsa O AEHCTBUEM CBETA U3 OAHOrO
M3oMepa B ApYyroii, mpuueM Ui peaju3aluy 3TOro rne-
pexoma Npu OGJyYEHMH CBETOM HEOOXOAMMO, YTOObI
oba ¢oToM3OMEpa 3HAYMTEJILHO OTIMYAIMCh APYr OT
Zpyra no CrneKkTpa bHBIM XapakTepucTukam!. @otoxpoM-
Hbl€ peakuUMHd MOryT ObiTb pa3fejeHbl Ha LECTh TUNOB B
COOTBETCTBMM C TEMHU NPEBPALLEHUSIMH, KOTOPbIE MPO-
WCXOOSIT MON AEHCTBMEM CBETa: TPUILIECT-TPUIUIETHBIE
NpeBpaALUEHUS, MPAHC-KUC-U3OMEPHU3ALIUS, TIEPULIMKIIH-
yeckMe peakUWM, Tayromepus, nuccouuaumus, ¢oro-
XPOMHbIE MEPEXOAbl C MEPEHOCOM anextpoHaZ, Tlepu-
HUKIHYECKHE PEaKLIMK ABISAIOTCA Hauboaee MHOrOYMC-
JIEHHOM M BaXHOI Tpynroil peakuuil, KOTOpbIE, KakK
MOKa3aHo, SIBASIOTCA OCHOBOI ONHMX M3 CaMbiX Mepc-
MEXTUBHBIX, C TOYKM 3PEHHs] MPAKTHYECKOTO W MOTEH-
LMAIBHOrO MpUMeHeHUs, POTOXPOMHBIX coeinnenniH,

Beenenue 1OHO(OPHOro (GparMeHTa B (OTOXPOM-
HYI0O CHCTEMY MPUBOAMT K OOPa30BaHUIO ONTHYECKUX
CEHCOPOB KaTHOHOB MeTa/IoB™ I3MEHEHHS B CTPYKTYpe
nonoGHOro JuraHna, KOTOpbie MOryT ObiThb Bbi3BaHBI
(oTonpeBpalleHUSIMHK, OKA3bIBAIOT 3HAUMTENBHOE BIIU-
AHHE Ha KOMIUIeKcoobpasylowme cBoifictBa. Takum 06-
pa3oM, HOTOH30MEPH3ALIU MOXET ObITb MCIO/Ib30BaHA
1714 YIIpaB/ieHUs KOMILIEKCOOOpasylolleil CrIoCOGHOCTHIO
JIMFaHIO0B C MCMOJb30BaHKEM CBeTas.

BMecTe ¢ TeM BBeleHHE KpayH-3(pHpPHbIX PparMeH-
TOB B (DOTOXPOMHbIE MOJIEKY/bl OTKPbLIO HOBBIH 1OI-
X0l K ynpasjieHH0 (POTOXPOMHBIMM CBOWCTBaMH, 3a-
KJIIOYAIOLMIACA B MCMOJBb30BAHMYU Mpoliecca KOMIIEK-
coobpasoBaHus. [lpu cBA3bIBAHMM KaTHOHA MeTaia
MOHODOPMHBIM (HparMeHTOM (OTOXPOMHON MOJIEKYIIbI
MIPOMCXOAT CYLIECTBEHHHbIE M3MEHEHUS NMPAKTUUYECKH
MONE3HBIX CBOMCTB, TAKUX KaK HOTOCTAOUIBHOCTD, YYB-
CTBUTENBHOCTb M NPOTAXEHHOCTL OMEPaTMBHON pabo-
4eil ONTHUYECKON 061acTH. ’

TakuM 06pa3oM, GOTOXPOMHEIE KpayH-3GbHpbI Npea-
CTaBAAI0T c000il HOBBIH KJIaCC WCKYCCTBEHHBIX pelen-
TOpPOB, B3aMMOZEHCTBUE C KaTUOHOM METajlia B KOTO-
PhiX BbI3bIBaeT KOH(POPMAaUMOHHbIE M3MEHEHUS B pe-
LIeNTOpE, CONPOBOXAAIOLICECS LIBETOBBHIMH 3P deKTamu.
[Mono6HbIE CUCTEMBI MOTYT ObIThb MCNONb30BAHbI NS
cnenytoumx ueeits:

¢doromepekaoyaeMasi IKCTPaKUMA KaTHOHOB Me-

TaJlJIOB;

MOJIEKY/IipHAa 3NEKTPOHMKA,

(doTonepeKoYaeMblii TPAaHCMOPT Yepe3 MeEMOPaHBI;

CUCTEMBI ONTHYECKOI 3anucu uHdopmauuu;

MCKYCCTBEHHBI (POTOYNPABASEMbIA KaTalus,

HeJIMHEHHbIE ONTHYECKHE YCTPOICTBA.

JlaHHbI 0630p MOCBSIILEH MCCICNOBaHUSIM TNEPH-
LUMKJIMYECKMX peakuuii OpraHuu4ecKux (HOTOXPOMHbIX
COCAUHEHH, COdepXalMX B CBOEM COCTaBe KpayH-
aupHbie dparMeHTsl: Yucno pabor B aTol 06nacTH
WHTEHCUBHO PACTeT, OAHAKO B JIMTEPaType Mpeacrtaslie-
HBl TOJBKO SMEKTPOLMKIMYECKUE PEaKLMK M LIMKIO-
npucoennHeHue (GOTOXPOMHBIX KpayHCOAEpXKalllux co-
eIMHEHHH, YTO CBA3aHO, BUIUMO, C HAUOOJILILIUM UHTE-
PECOM K STHUM MPOLIECCaM, BBI3BAHHBIM BO3MOXHOCTBIO
UX MPAKTHYECKOrO NMPUMEHEHUS.

2. DAeKTPOUMKIHYECKHE PeaKUHH

K HauGonee nepcrnieKTUBHLIM U Pa3pabOTaHHLIM B
HacTosillee BpeMeHst GOTOXPOMHBIM COEAMHEHHSIM OT-
HocsiTc (POTOXPOMHBIE CHUCTEMbI, MpPETEPNeBaloLIne
3NEKTPOLIMKINYECKHE PEaKUWH MOA NECHCTBHEM CBETa.
[Ipuuem cpear MHOTOYMCIEHHBIX BO3MOXHBIX 3€KTpO-
LUMIUTMYECKHX MPEBPAILEHUHA HCTIONB3YIOTCA TOJNBKO 1Ba
tuna: 1,5-anexTpouukaunyeckas peakuus (1) u ¢oro-
TpaHcdopMaLus rekca-1,3,5-TpueHa B umkiorekca-1,3-
el (2) (cxema 1).

CpaBHUTEIbHO HENaBHO? CHHTE3MPOBaHBI M H3yye-
Hbl AMTMAPOMHIONN3UHBI, MPETEPNEBAIOIINE MO AeH-
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CTBUEM CBeTa mpespaileHue (1). DNeKTPOLUKIHYECKHE
[4n+2]-peakuuu (2) XapaKTepHbl IS GOJBIIOTO 4YKcia
COECAMHEHMH, BKIIIOYAIOIIUX CIIMPOOEH30MHpaHbl, CIH-
POHA(PTOKCA3MHbI, GEH30MUPAHBI, GYILIUABL ¥ AUAPUII-
9TEHBI.

2.1. IArMApOMHAONH3HHBI

®otoxpoMHas peakuusi, MPOTEKAIOIasA B MOAEKYIaxX
3TOro Kj1acca COEAMHEHHH, 3aKilo4YaeTcs B 06pa3oBaHuy
NOJi IEACTBHEM CBETA OKPALLIEHHBIX LIBUTTEP-HOHHBIX CO-
enMHeHui’. JlaHHas peakuusi TIPOXOMUT TOMBKO (POTOXH-
MHYECKH, B TO BPeMs Kak oOpaTHOe npeBpallieHHe BO3-
MOXHO Y TOJ NeACTBHEM CBETAa, U TEPMHYECKHM ITyTEM.
1,5-OnexTpouniinueckasl peakLuss MOXET W3MEHAThCS
MpA BBEACHHUU B MOJIEKYJY 3aMECTHTE]CH pasnHuuHON
npupoabl. HoBbiit noaxon K M3MEHEHHIO XapakTepa npo-
TeKaloLleH peakLMK 3aKJII0YaeTCsl B UCNOJIb30BaHUH TIPO-
Hecca KOMIUIEKCOO6pa3oBaHUS B KPayHCOAEPXKAIMX. K-
TUAPOMHIOAM3UHAX. Huxe mpeacTaBneHbl AWTHIPOMH-
Jonu3nHbl 1 1 2, MMeoLLMe B CBOEM COCTaBE B KAUECTBE
3aMECTHTENEH MOJaHABl U KpayH-3¢upbid—10,

Ilpn nobaBneHUMH KaTHOHOB METAJUIOB B PacTBOp,
colepXxaluuii IUrHAPOUHAONU3NHBE, HAGMIONANU Cleny-
JoLIMEe U3MEHEHUS B CBOWCTBAX: 1) 6aTOXpOMHBII CIBUT
10 40 HM B Y®D-cnexkTpax HMCXONHONM M 6GeTanHOBOM
¢opM Mosekynbl; 2) yBenMUYEHHEe KBAaHTOBOTO BHIXOJA
dayopecueHumuM; 3) UIMEHEHUE CKOPOCTH (POTOXPOM-
HOH peakuHH, HanpuMep, LUEIOYHBIE METAIbl 3aMe/l-
JISIIOT, a LUENOYHO-3eMeNbHbIE YCKOPAIOT (OTOMHIYLH-
pyemylo peakuuio. ‘DddexkT TakkKe 3aBUCUT OT CeseK-
TUBHOCTH CBSI3bIBAHMS KAaTHOHOB METAJLIOB. BIMAHUE
TEM BHILLE, YEM NMPOYHee 06pasyioluecd KOMIUIEKCHI.
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B cnyyae coenuneHuit 2a,b XOOpAMHALIMA KaTHOHOB
METAJUIOB claba, MO3TOMY BIMSIHHE Ha CIIEKTPaJbHBIE U
doToxpoMHbie CBOIHCTBa He3HaUYMTENbHBI. [Ipenmnonara-
eTcs, YTO 00bSCHEHUEM OOHApYXeHHOro ¢akra MOXET
cayXuTth GoJbluasi MOABMXHOCTb LEMH MOJaHaa, YTo
MPENATCTBYET 00pPa30BaHUIO MPOYHBIX KOMILJIEKCOB.

2.2. CnupobGenzonupaHni

DNeKTPOLUKINYECKas [4n+2]-peakuusi IPOTEKAeT B
cnupobeH30nMpaHax NON JEHCTBHEM CBETa, NPH STOM
MpoucXonuT paspbiB cBsg3u C—O u o6pa3oBaHue OKpa-
LWEHHO! CTPYKTYPHl MEPOLUAHMHOBOIO THUIMA, 3JIEKT-
POHHBIE CHEKTPHI NOTJOUIEHHS KOTOPO# PacmooXeHbl
B obnactu ot 400 no 700 HM (cxema 1, peakuus (2),
X = CH).% CnekrpanpHele XapaKTEPHCTHKH CIHPO- U
MEPOLIMaHMHOBOK (POPM COCAMHEHMS, a TAKXKE Xapak-
TEP UX M3OMEPU3ALMHU APYT B APyra 3aBUCAT OT MPHUPO-
Ibl ¥ MONOXEHUS 3aMECTHUTeNe!, paCTBOPUTEA, TeMIie-
paTyphl ¥ APYrux $HakTopos.

B cnyyae kpayHcomepxXalux CHHUPONMHUPAHOB GOJb-
moe BAMsiIHME Ha (OTOXPOMHBIE CBOWCTBAa OKa3bIBaeT
MPUCYTCTBUE B PACTBOPE KATHOHOB METAJLIOB. DTOT dakT
ObIJ1 MOATBEPXICH PE3yAbTATAMH UCC/IEAOBAHUSA CIIUPO-
Ha()TOKCa3uHOB 3—5, comepXauiux MOHoa3a- 1 5-KpayH-
5-, 15-kpayH-5-2upHble PparMeHTsl WIH ATMLUKIH-
YeCKHe aHaJIoTd B TIOJIOXEHHH 6 (3a,b) WM mpH aToMe
a30Ta (4a—g) UHAOIHHOBOrO AJpa, a TAKXKE B IOJOXKe-
HUK 8 (5a—e) GeH30MMpPaHOBOIl YacTH MonexynsilliZ,

CnekTpel NOTJIOLIEHHA coeaMHeHMd 3a u 4a, He
CoIepXAlUX KPayH-3(PHUPHOTO (pparMeHTa, He U3MEHS -
JIMCb NMpud AOOGABICHHHM B PACTBOP B3THX COEIMHEHHH
HOIMIOB IuenouHbix Metawios!l, ®oronsomepusauns
cnupomnupaHa 3b B MepolaHUHOBYIO GOpMY B IIPUCYT-
crBumn K* Gbuta satpyaHeHa. Xopoiuo MOAXOMSIIMIA MO
pa3Mepy KaTHOH Kajuusi 00pa3oBLIBal KOMIUIEKC C Kpa-
YH-3(HPOM M AOMOTHUTENLHO KOOPANHHMPOBAJICS C Ha-
XONSIUMMCH BOJIM3M aTOMOM KHCJIOPOZA IMMHPAaHOBOrO
LIMKJIa, TEM CaMbIM J€jas 3TOT LMK 60siee yCTONYMBBIM
K BO3AEHCTBUIO CBeTa (CxeMa 2).
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Cxema 2

Iu3aitH Monekyn 4b—g Gbij1 OCYLIECTB/IEH C YYETOM
Toro ¢akra, 4YTO «KpayHHPOBaHHLIii» KaTUOH MeTala
crnocobeH O00pa3oBbiBaTh NOMOJHUTEIbHYIO KOOPAMHA-
LIMOHHYIO CBSI3b € (EHONATHLIM aTOMOM KHCJIOpOAa,
croco6CTBYS CTAGMIN3ALMH MEPOLIMAHWHOBOW (HOPMBI
crnupocoeaHeHus (cxema 3).

Cxema 3

j—
4d,g

Kak nokasanu pesynbTaThl MCCACAOBaHUSA, BAUSHHE
KAaTHOHOB METAJJIOB B 5TOM Cllyyae onpenensercs cie-
anylomnmMu  (akropamu: (1) COOTHOLIEHHEM pasmepa
NOJIOCTH KpayH-3dHpa M KaTHOHa MeTana; (2) nono-
XeHueM HoHodopHo# rpynnbl; (3) WIHHON aNKUILHOM
LENIOYKH, COEAUHSIOLLIEH MOIEKYY CITUPONMPaHa K Kpa-
YH-3UPHBIit ‘MaKPOUMKI; (4) 3NEKTPOHHBIMH CBOIA-
CTBaMHM KaK KaTHMOHa MeTajula, y4acTBylOLlEero B Mpo-
Hecce KOMIUIEKCOOOpa30oBaHMsl, TaK U OUIOJs — Mepo-
unanuHa. Hanpumep, st coenuHeHui 4d,g cenekrus-
HOE OKpallMBaHKUe OblI0 OOHApPYXEHO I COEAMHEHUIA
¢ koporkoii uenbio — CH,CO, ans 4d (n = 1) Haubonee
cuNbHBbIN 2 deKT Habnonaics B C/lyyae MpUCYTCTBUS B
pacteope Li*, a s 4g (n = 2) — Nat.

CnupobeH3onupaHbl, COAEpXalide B KayecTse
3aMecTUTENeil MOHOa3aKpayH-3>dHpHbie (parMeHTb
(12-xpayH-4-3¢up, 15-kpayH-5-3¢up u 18-kpayH-6-
2(up), a TAKKE UX ATHUUKIMYECKHE aHAJIOTH B MOJIO-
XeHuH 8 GeH30MMPaHOBON YaCTH MOJIEKYJIbE, NOAPOOHO
uccnenoatbi 1213, Okasajnoch, YTO KOMIIEKCO06pa30-
BaHME CO LICAOMHBIMM METAlNaMM, TakuMu Kak Lit,
Na*t u K*, npuBoauT K NpPOTEKAHHIO M3OMEPU3ALIUU
KpayHCOAepXalllero CnuponupaHa ¢ o06pa3oBaHUEM OT-
KPBITOH MEPOHMaHUHOBOH (OpPMBI JaXe B TEMHOTE.
Haunsie cnektpockonun SIMP 7Li u 23Na ykassisaior
Ha TO, YTO B MEPOLIMAHHHOBOM M30MEpPE KaTHOH METal-
Ja, Haxoosumiics B KpayH-3¢upHOH NONOCTH, CHOCO-
6eH J0OMOJHUTENbHO KOOPAMHHUPOBaTLCSH C (EHONAT-
aHWOHOM, CTaGUIM3UPYS MEPOLMAHUHOBYIO (opMmy.
I10T 3DEKT OTCYTCTBYET B COEAMHEHHUSAX, HE COlEpXKa-
wux uoHogopHoro ¢parmeHta. Ilpu obiyyeHnu cae-
TOM MEPOLMAHMHOBBIA U30MEP NMEPEXOAUT B 3aKPHITYIO
cnupodopMy, BbICBOGOXIAs WOH.MeTana. Takum 06-
pa3oM, OGJiyueHHe CBETOM MOXET ObITb MCHOJb3OBAHO
U1 M30MEPH3aLIMK KpayHCOIEPXKALIMX CMHPONUPAHOB,
K TOMYy Xe (DOTOXpOMHasi peakuus MPeAOCTaB/seT BO3-
MOXHOCTb (POTOYNPaBAEHHUSA NMPOLECCOM KOMILIEKCO0G-
pa3oBaHus (cxema 4).

IMoBeneHne KpayHcoaepxallero cnupobeH3oTnaHa 6
OTJIMYAEeTCs OT MOBENEHHS PACCMOTPEHHOro paHee CO-
eJMHEHHS 5¢, KOTOPOE JIETKO M30MEPHU3YETCsl B MEpOLIMa-
HUHOBYI0 GopMy B npHcyTcTBUM Li* maxe Ges obnyue-
Hug. POTOXpOMHOE MpeBpallieH!e 6 B NPUCYTCTBUU HIH
B OTCYTCTBME Li™ MpoMCXOAMT TONBLKO NPH OBIYYEHHUH,
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Cxema 4

Sc

i. B TeMHore. ii. O6ayuenue (UV, VIS).

XOTA B MPUCYTCTBUM KaTHOHA METala BpeMs XH3HH
MEpOLIMaHMHOBOTO M30Mepa BO3PacTaeT ¢ 5 ¢ 10 2 MuH 14,

Me Me
L
Me
G )
Q O
6

®otoxpomHoe noseaeHne cnuponupaHa 7h, coemu-
HEHHOTO ¢ GEH30KpayH-3pUpOM uepes METHIECHOBYIO
LENOYKY, a TaKXKE €ro aHanora 7a, He MMEIOLLErO Kpa-

yH-3¢upHoro ¢parmeHra, GbJIO HCCIEI0BAHO B pacT-
sope B CH,Cl, u B MmeMGpaHe 13 nonusuamIXIOpHaals.

IMpu uccnenoBaHMM SKCTpAaKUMM MUKPATOB LIENOY-
Hbix MetaioB u3 Boasl B CH,Cl, onpeneneHa cenek-
TUBHOCTb CBfI3bIBAHMSI KaTHOHOB cnuponupaHom 7b.
Lilenounble MeTamibl 3KCTPArHpOBAINCH B CAEAYIOLIEH
nocnenosarensHoctu: K* > Na* > Rb* > Cs*. Xuako-
CTHasl 3KCTPAKLHMS IIEAOUHbIX METAJIOB C MCIO0JIb30Ba-
HueM 7b ymeHbwanach Ha 3—6% npu o6ay4eHHH cBe-
ToM. CniuponupaH 7a He CBSI3bIBaETCA C KaTHOHAMM
METAJIOB AO U rociie 061ydeHus ceetoM. Oba coenuHe-
HUs 061a1a10T (POTOXPOMHBIMH CBOMCTBAMH B PacTBOpE
U B MmeMbpaHe. BennunHa GoTOMHAYLIHPYEMBIX H3MEHE-
HUH coeauHeHns Tb B MeMOpaHe 3aBUCHT OT pasmepa
pagnyca KaTHOHA LUEIOYHOrO METalia U €ro KOHLEHT-
pauMu B pacTBOpeE. .

KpayHconepxawuit 6uc(cnuponupad) 8 Gbia u3y-
Y€H B CpaBHEHHH C MOHOCHHPOMHMPAHOM IOXOXEro
crpoeHuald. KatHoHuHayuupyeMas H3oMepH3aLms
6uc(cniuponupana) 8 Geina HCcieA0BaHa METOAAMU OIl-
THYeckoi U AMP-cnieKTpoCcKONUY U NOATBEPXIEHA JaH-
HBIMH pacyeToB, TMPOBEAEHHBIX METOLOM: MOAEKYJIsAp-
Hoit MexaHnku!®. TToxasaHo, 4TO KOMMIEKCOO6pa3oBa-
HHE C OOHOBANEHTHBIMH ILE/IOYHBIMM -KATHOHAMH Bbi-
3bIBaeT 06pa3oBaHHe MEPOLUAHHHOBOM (OPMBI TONLKO
OnHOH M3 Mosekyn 6uc(cnuponupaHa) 8. [{o6asieHue
K€ B pacTBOp CIIMPONMpaHa [ABYX- WM TPEeXBaICHT-
HBIX KaTMOHOB (Hampumep, Ca?* wam La3*) npuso-

Cxema 5

Me Me
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8a-Ca2+
8a - Ca2* — xoMnnekc 3aKpbITOro naomepa 8 ¢ Ca2*, 8b - Ca2* — KOMANEKC MEPOLMAHUHOBOTO M3oMepa 8 ¢ CaZ*.

- 8b - Ca2t
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OUT K MOJIHOMY TNepexoldy MOJEKYIbl B OTKPBITYIO,
MEpPOLMAHMHOBYIO “GOPMY, B KOTOPOMH «KpayHHUpPOBaH-
Hblf» KATUOH 00pa3yeT AOMOJHUTENbHBIC KOOPAWHALK-
OHHblE CBA3M C O6euMH GEHONATHLIMU TPYNMNaMH
(cxema $5).

KOMNO3MLHOHHBIE TUIEHKH, coaepxaliue 8, B npu-
cyterBun Cal™ 1eMOHCTPUPYIOT CYLLIECTBEHHbIE M3Me-
HEHUS! UOHHOW MPOBOAMMOCTH. NTPH O6NYUEHUH CBETOM.

Ons 6uc(cnuponupanos) 9, 10 c asakpayH-a¢up-
HbIMKM (PparMeHTaMu M MX MOHOMEPHbIX aHanoros 11,
12 o6HapyxeHa CHOCOOHOCTb K CBA3bIBAHHIO C KaTHO-
Hamu Cu2*, Co?*, Ni2*, npuuem ans coenunenuit 9—11
CeNeKTUBHOCTb Haubosiee BbICOKA MO OTHOLUEHHIO K
Co?*, a ans coenutenus 12 — k Cu?*. Komniekcoo6-
Pa30BaHME COMPOBOXIAETCH H30OMEPHU3ALIMEl B COOTBET-
CTBYIOLLYIO MepounaHuHoBylo dopmy!”.

Bbin paspaboTaH cHHTE3 CAMPOGEH3O0THA3OIMHONHU-
paHa 13, B KOTOPOM KpayH-3@upHbl# dparMeHT pacno-
NOXeH B GeH30THA301MeBON YacTH MoneKy:ibi18. Coenn-
HEHUE NMOYYEHO B OTKPHITOH, MEPOLIMAHMHOBOM (opme
(Amax = 488—579 HM B 3aBUCHMOCTH OT PaCTBOPUTEA).
Moxn neiicTBreM 0o6ayYeHHs. COeAMHEHKE OOPATHMO Me-
PEXOMUT B 3aKphiTylo opMy (cxema 6). O6 akcnepu-
MEHTax IO BAMSHUIO KAaTMOHOB MeTajloB Ha ¢oro-
XPOMHbIE CBOWCTBA B pa6ote!8 ne coobuaercs.

Cxema 6

. (\o/\l .
Co\j TCHchZOH EN

0,

N02 gN o @ NO,

02N 0 NO, "
© @)

Me Me

gNo @ NO,

%“/_H\Nj Me Me
2o, T30

0 CH
é "

"NH HN]
OMO
12

2.3. CnupoHHI0HHOHA(DTOKCAIHHBI

POTOXPOMHBIE MOEKY/IbI CMHPOUHAOIMHOHAPTOK-
ca3uHOB cogepxar 2H-[1,4Jokca3suHOBbIN LIMKI, aTOM
yriepona, HaxOAAUWMIACS B NOJOXEHUH 2 LIMKJIA, BKIIO-
YyeH B CIUPOCTPYKTYpYy. (POTOXPOMH3IM JAHHOrO Kiacca
COeAMHEHUI 3aKmoyaeTcs B 0OpaTUMOM TOMO- WJIH Te-
TEPONUTHYECKOM paspbiBe cBsish C—O 0KCa3MHOBOrO
uMknaa (cM. cxemy 1, peakuus (2), X = N).

Huxe mpeacTaBsieHbl CTPYKTYPbl M3BECTHBIX K Ha-
CTOSAIIEMY BpEMEHH CNUPOHABTOKCa3MHOB, COIEpXKa-
MX PasNHyHble KpayH-3GbupHble GparMeHTs B HadTa-
NMHOBOM yacT Monexyap19—21,

Me Me R3
=N

R?
14, 15

14a:R'=Me, R2=H,R3=X", n=1
14b: R'=Me, R2=H,R3=X" n=2
14c: R'=Me, R2=X", n=2,R3=H
14d: R! = (CH,),COOH, RZ = X", n =2, R®=H
15a: R'=Me, R2=H, R =Y", n=1
16b: R' =Me, R2=H,R¥=Y",n=5
15¢: R'=Me, R2=Y", n=1,R3=H
15d: R'=Me, RZ2=X", n=5R¥=H

!

(%o
anoco»QO/ﬁo Y= OCO(CHZ),,—{Q/ o
s0o Oj 0\)
(0]

Rt
CTpyKTypa M TMOJIOXKEHHE KPayHCOLEpXalerocs
(dparMeHTa SBNSETCS BaxXHeHWHMM (akTopoM, BIUAIO-
MM Ha YCTOMYMBOCTb MEPOLMAHHHOBOH (GOPMbI, H
TakuM 06pa3oM Ha (POTOXPOMHBIE MPEBPALLEHUs Moe-
Kyn. CneKTpajibHble ¥ GOTOXMMHYECKHE CBOKCTBa CO-
ennHeHnit 15a—d, codepxaluux asakpayH-3(QUpPHBI
(bparMeHT, YKa3bIBaloT Ha CYLIECTBOBaHHE IBYX KOHKY-

PHMPYIOLIMX MPOLECCOB KOMIIEKCO06pa30oBaHus KaTHO-
HOB 1LI€/IOYHO-3EMEJIbHBIX U PEAKO3EMENbHBIX METAJLIOB

v/
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no KpayH-3¢pupHOMY (PparMeHTY U KUCIOPOLY OKCa3M-
HOBOFO LMKJA, pasnuyalouwmxcst no 3hGHEeKTUBHOCTH U
ceneKTMBHOCTH. KaTHOH MeTanna B KpayH-3dupHoO#
MOJMIOCTH 33 CYET ONTHUMAILHOTO PACMONOXEHUs MO OT-
HOLLUEHMIO K JOHOPHOMY aTOMy KHCJIOPOAa MEPOLIMAHH-
HOBO# GOpMbI KpacuTesisi MOXeT 06pa30oBbiBaTh A0OMOJI-
HUTEIbHYI0O KOOPAMHALMOHHYIO CBA3b C 3THM a4TOMOM
KHMCIOPOAa, YTO MIPUBOAMT K CMELLEHHIO PABHOBECHS B
CTOPOHY 00pa30BaHUsI MEPOLIMAaHMHOBOW (POpMbI Jaxe
B OTCYTCTBHE OO/JyUYEHHS.

HUccnenosaHus cnupoHadpTOKCa3MHOB, MMEIOILUX
6eH30-15(18)-kpayH-5(6)-acdbupHbie (pparMeHTbl B pas-
JIMYHBIX MOAOXeHUAX HadTanuHoBoro aapa (14a—d),
NoKa3aau OTCYTCTBUE BIUSHHUS KOMIIEKCOOOPa30BaHUA
Ha hOTOXpPOMHbIE NpeBpalleHus Mosiekyl. Buaumo, ato
CBA3AHO C TEM, YTO XECTKasi CTPYKTypa creiicepa npe-
MATCTBYET KOOPAWHALWKU MEPOLIMAHWHOBOIO KHCIOpOIa
C KaTMOHOM, HaxXOLsLMMCS B MOJIOCTH KpayH-3dupa.

2.4. Benzo- u Ha(bionupanu (xpomennr)

O6uwas cTpyKTypa 6eH30- U HaTONHUPAHOB Mpel-
CTaBJieHa HMxe, TeopeTHuecku rpynnel R! u R2 moryr
6bITb J1IOOLIMHU, KPOME CITUPOTETEPOLIMKIHYECKUX IPYIIT
(B 3TOM ciyyae coeavHeHHUs dopmanbHO OyayT OTHece-
Hbl K KJaccy cniupoHadTONMpaHOB, KOTOPLI Gk pac-
CMOTpeH B paszene 2.2)22,

R®
R4 R?
R3

R', R? = 3ameuieHHbIt Ph,

S N N
R3+R* = O um R*+R% = O vunm R5+R6 = O
P - Z

®DoTOXpOMHas peakUUsi XPOMEHOB MPOTEKAeT Mo
™MRY [4n+2]-371eKTPOLUMKINYECKON peakUuuu W mpe-
crapiasieT coboit paspsiB cBsizu C—O noa aeiicTBUeEM
obayyenuns (cxema 7)23. MoToMHayLMpYeMas OKpaLIEH-
Has MepouUMaHHHOBas ¢opMa yCToMYMBA NMpPH KOMHAT-
HOW TeMriepaType, €C/ii 3aMECTUTENH B MOJOXEHUH 2
MMPAHOBOTO UMK/IA ABIAIOTCS 3aMELIEHHBIMY MM He3a-
MELUEHHbIMH QEHWIbHBIMU TPyNnaMu. OKpacka OTKpbi-
TOit popMbI BapbUpyeTCcs B IIMPOKOM AHMANa30He BUIAU-
MOTO CNEKTpa BBENEHUEM 3aMECTHTeNieil B pasavyHble
nojoxeHuss HahTaIMHOBOI (WM OEH30JAbHOMH) YacTH
MOJIEKYJIbI U B DEHUNBHBIE 41pa, HaXOAALMECS B MOJIO-
XEHUH 2 MUPaHOBOro LMKia24,

Cxema 7
N
Ph Ph
_+
A O Ph 2 ph
h uv 7
Ph
(¢} Ph A
0
B
L
(o} Ph
C

A — UBMTTEpP-MOHHAR GOpMa, B — TpaHC-xMHOUAKAN dopma,
€ — yuc-xvHouaHas dopma.

B santepatype?S uMeeTcsi eIMHCTBEHBIH NpUMEp
KpayHCOZEepXallero coeinHeHus 3Toro kiaacca. Coob-
IEHHE MOCBALIEHO (POTOKOHTPOIUPYEMOMY KOMIEK-
c006pa3oBaHUIO KATHOHOB CBHHUA ¢ HadTonupaHoM 16
(cxema 8). O6HapyxeHo, uTo Pb2* B TeMHOTE cnocoben

Cxema 8
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CBA3bIBaTbCA C O€H30-15-KpayH-5-3dupHbIM dparMeH-
TOM XxpoMeHa 16, oaHako npu 0GJAyYEHWH TIPOUCXOAUT
BbIOPOC KaTMOHA U3 KpayH-3¢upHoi nonoctu. Kak no-
JlaraloT .aBTOpbl. NYOJAMKALUM, MPU OONYYEHUW CBETOM
MPOUCXOANT 0Opa3oBaHHe MEPOUMaHMHOBOTO H30Mepa
XpOMEHa; oaHoit U3 ero ¢opM aBasieTcst GeTamH, B
KOTOPOM TMOJIOXKMUTE/NbHbIM 3apsa pacnojoXeH BOJHM3M
KpayH-3¢pUpHOro ¢parmMeHTa. PacnosioxeHue oOaHO-
MMEHHBIX 3apsAAoB -B6AU3U APYr Apyra AecTabuau3upyer
MOJIEKYJly, YTO TIPMBOAMT K Bbi6pocy Pb2* 13 momoctu
KpayH-3dupa.

2.5. Oyabruant

Dynbruasl Noa AeiicTBUEM CBETa NpeTepnesaloT ¢o-
TOXPOMHOE MpeBpallleHHe B OKpalleHHOE MPOW3BOAHOE
7,7a-auruapobeH3odypaHa no peakuuu, npeacTaBieH-
HOM Ha cxeme 9.26 OcobeHHOCTBbIO NAHHOTO Kiacca
COENMHEHUIH SBASETCA TO, YTO OOpaTHbIt HOTOXpOM-
HblA Mepexod B MCXOAHYIO HEOKpalleHHYK ¢opMmy
3anpelieH TEPMUYECKH B CHJY MPOCTPAHCTBEHHBIX Mpe-
NATCTBUN.

Cxema 9
0
hv,
= | 0
hv,
R! (0]
RS R¢ O

Bbl1M CHHTE3MPOBaHbl KpayHcoaepXallye COeArHe-
Hus 17a—c u w1a o6oux GOTOM3OMEPOB OMNpEAEIEHbI
KOHCTAHTBl MX KOMIIJIEKCOOBPA30BaHUS C KAaTMOHAMU
Li*, Na*, K*.27 ¥ orkpbiToii okpauieHHO# ¢opmBl
CMOCOOGHOCTh K KOMILIEKCOOOPA30BaHUIO Bblllie, YEM Y
HeoKpalueHHOH. Kommaekcsl coeanHennit 17a—c He
dortoxpomubl. OOHapyXeHa CeleKTHBHOCTb KOMILIEK-
coobpa3zoBaHus: coeauHeHue 17b cBsizbiBaeTcsl mpen-
noytutenbho ¢ Na*, a 17¢ — ¢ K*.

17a—c
n=1(a), 2(b), 3(c)

Coob6uaerca?’ o cunrtese unaonundynsruaa 18a,
04HaKO HOTOXPOMHbBIE U KOMILIEKCOOOpa3yloliiie CBOM-
CTBA COEAMHEHUS €lle HE UCCNIeNOBaHBI.

HU3yuyeHne HoBoro cynbruaHoro coeauHeHust 18b
MOKas3aJjlo, YTO CIEKTPbl MOMJIOLIEHHS HCXOAHOM U OKpa-
lieHHOH (OpPM CMELIAITCS B KOPOTKOBOJHOBYIO 06-
nactb Ha 50 HM NP KOMIIEKCOOOGPA30BaHUU C KATHO-

18a

(O\oﬁ o
</0\9)

HAMM LUEJIOYHBIX 1 LUETOUHO-3EMEbHBIX METALIOB, CKO-
pOCTb 0GECLIBEYNBAHUS YMEHBLIAETCS B MPUCYTCTBUM
KaTMOHOB MeTaio28,

2.6. iureTapua3Tennl

H3BecTHO, 4YTO CTUABLOEHBI MMOX AEHCTBUEM - CBETA
MpPETEPNEBAIOT 00PATUMYIO PEAKLHIO MPAHC-YuUc-N30Me-
pusauun?? 30, B nononHeHne K U30MEPU3ALUAH BO3MOX-
HO Gojiee ry6OKOe NpeBpalleHUe NOA. ACHCTBUEM CBE-
Ta — (OTOLMKIM3ALMUSA, NMPUBOASIIAA K 0OpaTUMOMY
06pa3oBaHUI0 JUTHAPOGEHAHTPEHA, KOTOPbIH, OOHAKO,
B MPUCYTCTBUM KMCJIOpOJa BO3oyxa criocobeH Heobpa-
THMO OKMCIATLCS B (heHaHTpeH (cxeMa 10).

Cxema 10

50 = D
/”'2

Kak npaBuiO, BpeMsl XXH3HU LIMKJINYECKOH OUrni-
podOpMbI HEBETMKO: OHA JIErko U GbICTPO BO3BPALlAET-
csl B TIEpBOHAuYalbHOE OKpalieHHoe coctosiHue. [loka-
3aHO TaKXe, UTO YCTOWYMBOCTb LIMKJIMYECKOTO U30MeEpa
3HAYMTENLHO YBENMUMBAETCs, Koraa (peHUNbHbIE TPYI-
Nbl 3aMEHEHbl HA reTEPOLIMKINYECKHE, HAPHMEDP, UH-
HNONVHOBLIE, (GYypaHOBBIE M- caMOe Jiyylllee — THO-
¢eHoBbIE.

B pa6ote3! onucan cuHTe3 H POTOXPOMHOE IOBee-
HHe HOBbIX GUC(KpayH-3bUp)COAEPXAMNX AUAPHIIITE-
HoB 19a,b. DKcriepMMeHTHl MO 3KCTPAKUUHU MHKPaTOB
LIENIOYHBIX METALIOB MPOJEMOHCTPHPOBATH CEJIEKTUB-
HocTb 192 k xatHony Nat u 19b k xatonam K* u Rb*.
OtkpbiTass HopMa COEXUHEHUS IKCTPArupyeT KaTHOHBI
MeTaanoB Ha 5—10% sydlle o CPaBHEHUIO C 3aKPBITOH
¢opmoit. [peanonaraercsi, 4To B OTKPHITOH dbopme 6na-
rogaps Gojiblled MOABHXHOCTH (PPArMEHTOB MOJEKYJIbI
BO3MOXHO 00pa3oBaHUE COHIABHYEBBIX KOMIUIEKCOB, B
KOTOPbIX METAI yAEPXUBaeTcsa Gonee NMpoyHo.
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Cxema 11

A — oTkpbiTas dopma, B — KoMNnekc ¢ napannenbHbiM PacnonoXeHneM KpayH-3aupHbIX ¢parmeHT63, C — 3akpbitas popma.

Cxema 12

,—OCH <CHzoCH2)ZCH20-‘

KBaHTOBBIi Bbix0A GOTOLMKIM3ALUNM TUTETAPUNITE-
Ha 20, coaepxkaulero 6eH30- 1 5-kpayH-5-3¢hupHblii dpar-
MEHT, YMeHbLIAeTC MpU N0GaBieHUH B PacTBOp mnep-
xnopato K* u Rb* (cxema 11)32ab, OGuapyxeHHoe
AIBJIeHHE OOBACHSAETCH TEM, YTO NPH A0GABIECHUHN CONEN
B PacTBOpP OUreTapuaaTeHa 20 MOXET NPOUCXOAUTD 06-
pasoBaHue (POTOXMMHYECKH HEAKTUBHBIX KOMILIEKCOB
C3HIBMYEBOrO TUMA C fapajulebHBIM PACHONIOXEHHEM
KpayH-3dHPHbIX (PParMeHTOB.

3. Peakuns UMKJIONPHCOEIHHEHHS
3.1. [4+4]-DoTonnKI0NpHCOEAHHEHHE

LuxnonpucoeanHeHne sBisieTcsl euie OOHMM BaXx-
HBIM KJIaCCOM MEPUUUKINYECKUX Ppeakuuii, KOTOpbIit
MOXET ObITb TOJIOXEH B OCHOBY NOCTpoeHUs oTo-
XPOMHBIX MOJeKya. BHyTpuMonekynspHoe [4+4]-uuk-
JIONPUCOEANHEHHE B COCAMHEHMAX; COAEpXaluMX ABA
aHTPALIEHOBbIX OCTAaTKa, MpPEACTaB/AETCS B 3TOM OTHO-
IWEHUW XOpOLIMM mNpuMepoM. - LukionpucoenuHeHue
aHTpalleHa MOXHO HCMOJb30BaTh: TakXe Afst dotone-
PEKJIIOYEHHsS] NPOU3BOAHBIX KpayH-3¢dHupoB. Tak, 0bay-
YeHHME CBETOM aHTpalleHcoaepXxailero noaaHaa 21 B
npucytcTBuM Lit naet kpayHcozepxawmii LMKA0AaLIyKT
(cxema 12)33. B10 coenuHeHue B BuIe Komrekca ¢ Lit

E Li*
LiCIO,, Ay
/

JIOCTaTOYHO CTabW/IbHO, HO JIETKO MpEBpalliaeTcsi B UC-
XONHYIO OTKPBITYIO (pOpMY NpH ynaneHuu KaTHOHa Me-
Taaja U3 MakpoLHMKa.

Jns coeauHeHuss 22 HaGMIOKANOCh TOJILKO BHYTPH-
MOJIEKYASpHOE (DOTOLHKIONPHCOCAUHEHUE C YYACTHEM
aHTpaLeHOBbIX ocTaTKoB. [TonydyeHHBIH POTOHHKIO-
afAyKT ObUT BbLAENIEH M OXapaKTEpPU3OBaH € UCMOJb30-
BaHueM cnekrpockonuu AMP. danbHeiwue uccneno-

Cxema 13
> .
=5 |/\°/>
=S g hv
= o 2
> 0\)
== [\/
22
b —
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BaHUS MOKa3alu CrOCOOHOCTb LUMKIIOALXYKTa K Cenek-
THBHOMY CBsA3blBaHMIO KaTHOHa Na™ (cxema 13).

B coeauHeHuy 23 1Ba aHTPAUEHOBbIX OCTaTKa CBSA-
3aHbl ABYMS NoauaGupHbIMU Lenoykamu3s, BryTprMo-
NexkynsspHoe (POTOLUKIONPUCOEANHEHUE B 3TOM Clyvae
NpoTeKaeT 0CO6EHHO GBLICTPO B NMPUCYTCTBUU TEMILIAT-

Horo voHa Na®,
o/\\

(\O

go P
\//
23

boino uccnenosaHo (GOTOMHIYLMPOBAHHOE LHMKIO-
npucoennHeHne B MeOH B MpHCYTCTBMM KaTMOHOB LUE-
JIOYHBIX M PeAKO3eMeJbHBIX METAJIOB OJUIOMEpPOB MO-
JIUSTWIEHTJIMKO/EH, CORepXaluX B KayeCTBE TEPMU-
HATBLHBIX FPYNN HadTaTMHOBbIE OCTaTKH (24).36 doTo-
00y4eHNEe COeNMHEHUI NTPUBOAWIO K 00pa30BaHMIO Ky~
6aHOMOAOOHBIX LUMKI0AAAYKTOB, MpUYeM Habofanach
BBIPaXXEHHAs 3aBUCHMOCTb KBAaHTOBOTO BbIXOA PEAKUHU
OT MpPUPOIbI LIE0YHOro MeTalia (cxema 14). Dddek-
TUBHOCTb NPOTEKAHKUA PEAKL MM 3aBUCENA TaKXKeE OT JUTH-
Hbl MOAU3PUPHON Lenodku (Tadna. 1). Bece aTM aaHHBIE
YKAa3bIBaloOT Ha TO, YTO MOJU3(pUPHas Lienoyka CoenrHe-
HMit BOBJEKAETCSA B MPOLECC KOMILIEKCOOBPA30BaHHs C
KaTUOHOM MeTajia. B pesynbrate HeoOxomumas [Lns
3((HEKTUBHOTO TNPOTEKAHUS PEaKLMH UMKIONpPUCOeqN-
HEHMSA OTpeAeICHHas B3aMMHasi OpueHTauus HadTaau-
HOBBIX OCTaTKOB JOCTaTOYHO CHJIBHO 3aBUCHT OT pa3me-
pa KaTHOHa MeTajula U AJAWHbI NONU3UPHON LENHU.

Cxema 14

it

+

M
oo YV

M ,»
BECSaane

PoTo06paTHMOCTb peakLuy LUKIONPUCOEANHEHHS
KPAayHCOAEPXALIMX IPOM3BOAHLIX AHTPALIEHA BHICOKA,
OHAKO CHHTE3 3THX COEAMHEHHi1 JOBOJBLHO CJIOXEH,
YTO OrpaHHUYHBAET BO3MOXHOCTH HX NPAKTUYECKOTO UC-
TIOJ1b30BaHHSI.

O—C

3.2. [2+2]-@oTouuKionpucoe uHEHHE

[2+2]-LnknonpucoeauHeHHE MOXET ObITb UCMOJb-
30BaHO WIS MOJYYeHUs HOBOTFO THMa GoTonepeKkoyae-

Tabamua 1. OTHOCUTENBHBIH KBAaHTOBLINH BbIXOA (1) doTouuk-
nonpucoeauHenus 24 8 MeOH B npucyTcTBUY XJIOPUAOB llie-
nouHsix Metamios (MCI)*

n n

24 24 + Lit 24 + Na* 24 + K* 24 + Cs*
4 0.34 1.00 1.31 1.16 1.12
10 1.45 1.00 1.03 1.28 1.37

* Yenosus: [24] = 2.70- 1075 monb -~ 1.14- 104

monb* 1~! (cM. cxemy-14).

1 (MCl) =

MBIX KpayH-3¢bHpoB, colepXallux OEH30AbHBIE LHUKIIHI,
CMOCOBHbIE OPUEHTHPOBATLCS B POCTPAHCTBE APYr Ha-
npotus apyra. ITpumepoB Takoro Tumna KpayH-3(pHpoB
He Tak MHOro3”-33. HoBble KpayHcomepXallfe LMKIO-
¢danbl 25a,b O6bIM NONYYEHB C UCMONb30OBAHMEM BHYT-
PUMOJEKY/ISIPHO#M peakumy [2+2]-LuKi0onpucoeIMHEHUs
(cxema 15)3%2:b, TIpu POTOXMMHYECKUX MCCIEAOBAHUAX
WCXOAHBIX COENMHEHMI ObUlO HaWAEHO, UTO peakuus
LUKJIONMPUCOEAMHEHHSI TIPOTEKAET C BHICOKHM KBaHTO-
BbIM BbIX0IOM. JI0GaB/IeHHE MOHOB LLEJIOYHOTO METa/lla
yBEJIMUMBAET BHIXOX LUIMKIIOAANYKTa b1arojapa TeMriar-
HOMY 3 dexTy.

Cxema 15
~ &
0 o ™ 0o

< 7

25h

KpayHconepxailiye UMKIo0yTaHbl, KOTOpbie 06pasy-
JOTCS B PE3y/IbTaTe BHYTPUMOJEKYNspHoro [2+2]-¢oto-
uukionpucoeauHenus (OLIT), npeacTapigioT HHTEpeC
B KayecTBe (OTOMEPEKITIOUACMBIX KOMILIEKCOHOB40a—d,
OnHako ObLIO HaleHO, YTO YHNOMSIHYTas Bbillle peak-
uMs HeoBpaTnMa. BosmoxHocTh oToobpaTumoro pac-
LIETUIEHUS. KpayHcolepXalux LUUKI00yTaHOB Obula
NpOJEMOHCTPUPOBAaHA. HAa MPHMEpEe APYrUX COeAMHE-
Huir413—¢, OGnyueHne pacTBOpoB KpayH-3¢upos 26a—c



ISSN 0002-3353

Hzeecmus Axademuu nayx. Cepus xumuueckas, 2001, Ne 11 1891

B MeCN ceerom (A = 300 HM) NpUBEJO K 00pa3oBaHUIO
NPORYKTOB BHYTPUMOJEKYISAPHOTO LMKJIONPUCOEAUHE-
HHUSA ¢ BbIX0AOM Gosee 90% (cxema 16). Mpu o6ayueHun
NOJYYEHHBIX UUKI00YTaHOB Y®P-cBeToM ¢ A = 220 HM
00pa3yioTcs MCXOMHbE COeANHeHUs. Bbixonbl B o6par-
HOM peakuuu Obl1M HaMHOro MeHbite (10 30%) u3-3a
NpOTEKaHUs NMOGOYHBIX NMPOLECCOB.

Cxema 16

M omorcon
ji
Q CH=CH—CO—R? '

26a—c
Q ‘ H—-(,:H-—CO—F{1
Q CH—CH—CO—R?2

-dN
Lo B
_0\2 \__/O

i hv (A = 300 um); ii. Av (L = 220 Hm).

CTepeoxvMHs OCHOBHOFO MPOLYKTa COr1aCOBaHHOM
peakunn OUIT ankeHoB, mpotekaloweil ¢ yyactueM
HU3LIEro BO3OYXIEHHOTO CHHINIETHOTO COCTOSIHUS Ofl-
HOM M3 IBYX pearupylolLnX MOJEKY, orpeneisiercs ¢
y4eTOM OpOHTAIbHOH CUMMETPHU M OPOUTANBLHOTO Me-
pekpbiBaHus42. B pacTBOpe 3TH MeXMOJIEKYNSPHbIE pe-
aKLMM NPOTEKAIOT ¢ HU3KUM KBAHTOBbIM BBIXOAOM, [0-
CKOJIbKY B3aMMOIEHACTBUE PEareHTOB ABJSETCS BGUMOIeE-
KynSpHO#M peakuueil, a BO3OYXAEHHOE COCTOSIHUE Oblc-
TPO NE3aKTUBUPYETCH, YTO OOYCJIOBJIEHO MPOTEKAHUEM
KOHKYPUPYIOLIMX NMPOLECCOB, B MEPBYIO OYEpeb, peak-
unu mpanc-yuc-boTonsomepusauun. s MexXMoneky-
nsapHbix peakunit @UIT xapakTepHa, Kak npaBuiIo, HU3-
Kas peruo- v CTepeoCeeKTUBHOCTb, TaK KaK B3aMMO-
AeACTBYIOLME MOJIEKY/ILI MOTYT UMETh PA3THYHYIO B3a-
UMHYIO OPHEHTALIMIO.

epcneKTHBHBIM HHCTPYMEHTOM YHpPaBieHUs Perto-
u crepeoceneKTuBHOCThIO PLITT, a Takxke 3¢pdekTHBHO-
CTbIO €r0 MPOTEKAHMA MOXET CTaTh CaMOMNPOU3BObHAS
cOOpKa ankeHOB B CYNPaMOJIEKYNSPHYIO CTPYKTYpY ¢
TaKOM npeaopraHu3aliueii peareHToB, MPHU KOTOPOit B3a-
MMHasi NPOCTPAHCTBEHHAsA OPUEHTALUA MOJIEKy byaer
61aronpUsSTCTBOBaTH 0GPa3’0BaHMIO C BBLICOKMM BBIXO-
IOM TOJILKO OHOTO M30Mepa LMKI06YTaHa.

ta uaes Gbina peann3oBaHa HAa MPUMEPE KPayHCO-
Aepxaluux cTupunoBbix Kpacuteneit (KCK) 27a—f43

/~

S 0

©:N/+ ' o Z]
NS

trans-27a—f

R = Me (npotusounon ClO,") (a), CH,S05™ (b), (CH2),S05™ (c),
. (CH2)3803™ (d), 0-CgH4aSO05™ (€), p-CeHyS05™ (f)

Coennnenns 27c—f, uMerolne GETAMHOBYIO CTPYK-
Typy, 06pasyloT B NPUCYTCTBMK MOHOB Mg2* cympamo-
JIEKYAAPHBIE IUMEDBI C NMEPEKPECTHBIM PACTIONOXEHUEM
MOJIEKYl (@Hmu-«roJ0Ba-K-XBOCTY») 34 CYET MEXMOJIie-
KyJISIpPHOrO B3aUMOLEHCTBUSA CYIbGhOrpynmnbl OAHOH MoO-
AeKyabl M noHa Mg2*, Haxoasulerocst B KpayH-mofoCTH
apyroit Monekyabi44, TMokazano*5—48, yto npu horoo6-
JIyYeHUH pacTBOPOB AumMepa 27¢ NMpOTeKaeT crepeocre-
undpuyeckoe OUII, KOTOpOoE NMPUBOAUT UCKTIOUUTENb-
HO K 00pa3oBaHMIO TONBKO ONHOrO M3 11 BO3MOXHBIX
NMPOU3BOAHBIX UMKJIOOyTaHa 29C, 0XMIaEMOTO B COOT-
BETCTBMU C COINIACOBAHHLIM CYNIPANOBEPXHOCTHO-CYI-
pPanoBepXHOCTHLIM (S,S) MPUCOEOIUHEHUEM pEareHTOB
(cxema 17). Cnenyer oTMeTHTBb, yTO trans-27a—f B oT-
CYTCTBHE KATUOHOB IEJOYHO-3EMENBHbIX METANIOB, a
TaKXXe KOMIUIEKCH frans-27a,b ¢ Mg?*, Ca?* uau Ba?*
He BetynatoT B peakumnio PUIT maxe B HachlileHHBIX
pactsopax. Ilepexoa ot cneiicepoB ¢ ru6koit nmoaume-
TUIEHOBO LIEMOYKON pasTMYHON UTMHbI K N-3aMecTH-
TeIsIM C XECTKO OPHMEHTHPOBAHHON B IPOCTPAHCTBE
Cy/bOrpynnoi no3Bo/seT pacCYUTHIBATL HA yBeUYe-
HHUE 3PGEKTUBHOCTU 3THUX (HOTOpEaKLUMit M NOBIUATDH
Ha BbI6Op nyTH npespaiieHus KCK.

Cxema 17

(CHQ)SSO Q,o )

Mgz+l

/M
O
v

CES

Het = r-

e N4
\

(CH,),S05™

KpayHconepxawue ctupunossie xpacutenu 27c—f
CrocoGHbI 06pa30BbIBaTh GHHOH-«HAKPHITBIE» KOMILIEK-
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Cxema 18

>
hv

P

()

JnMeEpHbIiA KOMNAEKC

i

Lnknoannykr

Cbl PV MpaHc-yuc-u3oMepu3almu onarogaps B3auMo-
nehcTBUIO cynbdorpynnbl N-3amecTuTens (cneficepa)
KaTHOHOM MeTa/la B KpayH-3(UpHO#l nosoctu (cxe-
Ma 18). INonyyeHHble AaHHbIE NO3BOAIOT TAKXKE 00BSAC-
HUTb NPUYUHBE, O KOTOPbIM Z-u3omep 27b He crnioco-
GeH naBaTh YCTOWYMBBIA AHHOH-«HAKPLITHI» KOMILIEKC.
Cnenyer OTMETHTb, YTO B cilyyae Z-U30MEPOB 3HAUYM-
TeJIbHO sipye MPOsIBAsSETCS BAUSIHME CTPOEHHUs creiicepa
Ha YCTOMYMBOCTb KOMILUIEKCOB. B nepsylo ouepeab 3710
otHocutesd Xk KCK ¢ kOHhOpMauMOHHO XXECTKMMHU Cheii~
cepamu. Hanpumep, oTHOLUEHHE KOHCTAHT YCTOHYMBO-
CTH aHHOH-<HaKpHITbIX» KOMMiekcoB (Z-27f) - Mgt u
(Z-27e) - Mg?* cocrasasiet ~500.

MOXHO ObIJI0 MPEANOAOXHUTb, YTO BapHaLIUS CTPYK-
Typsi KCK n1aeT BO3MOXHOCTb HM3MEHNTb MPOCTPaH-
CTBEHHOE CTPOEHME CYNPAMOJIEKYJISPHOrO IUMEPHOrO
KOMILIEKCA B XeJIaéMOM HarpaB/ieHHH U TakuMm obpa-
30M ynpasisitb 3PdEeKTUBHOCTBIO B3aUMOIECHCTBUA M
cTepeoxuMHeil KoHeuHoro npoayxta P49

C 23710t Lenblo Obl1 CUHTE3WPOBAH GUCKpayHcodep-
Xalui cTHpWIOBLI Kpacutedb (E,E)-30, uMmeloumit
CTPYKTYPY M CBOWCTBa MOJeKynsipHOro nmuHuera. Kpa-
cutens (E,E)-30 ¢ katuoHamu Ca2*™ u Ba2* B pacteope
B MeCN o6pa3yeT BHYTPUMOJIEKYIAPHbIE CIHABUYEBbIE
KOMIIeKChl (cxema 19)50:51,

CnonraHHast caMocGopka 6uc-KCK 30 u kaTroHOB
MeTaiaa GOJbLIOrO MOHHOTO panMyca B CIHABUYEBbIE
KOMIIJIEKChI, KOTOpas MPUBOAMT B pe3yabTaTte K CT3-
KHHI-B3aUMONENCTBUIO HEHACHILIEHHBIX (DPAarMEHTOB
KpacHUTeNs, PacoONOXKEHHbIX MO TUMY «FOJ0Ba-K-TON0-
Be», NaeT elle ONMH MeTon YyrnpasieHust 3PgeKTUB-
HOCTBIO W CTEPEOCENEKTUBHOCTBIO BHYTPHMOJIEKYASAD-
Horo ®DLIT ¢ obpazoBaHneM LMKIOOYTaHOB. [leCTBU-
TENbHO, B ciayyae KommaekcoB Ba?* ¢ 6uc-KCK 30
NPOaOIKUTENbHBIA POTOMN3 PoTOCTAUMOHAPHOH CMe-
CH reOMEeTPUYECKHX M30MEPOB BEAET K MOJIHOMY Pacxo-
Iy Kpacurens.

C nomouubio cnekrpockonuu AMP 'H ¢ ucnonbso-
BaHMeM aAByMepHbix MeToauk COSY u NOESY cpeau
MOAYYEHHbIX (QOTONPOAYKTOB ObLIO OOHapyXeHO ABa
M30MEPHBIX KpayHCoAepXalluX NPOU3BOAHBIX LMKIO-
6yrana 30a u 30b B cooTHowennu 17 : 83 (cxema 20).

IMoka3ano52, 4yTo U30OMepHbIE XPOMOTEHHbIE 15-Kpa-
YH-5-3¢1pbl XHHONKMHOBOIO psja Becrynaiot B MeCN B
peakuuio ®PLIT ¢ obpazoBaHMeM MPOMU3BOAHBIX LMK~
nobyraHa Tonbko B npucyTcTBUM Mg(ClOy), uam
Ca(Cl0Oy,),. epexon ot kpacutens, coaepxailuero 3ame-
LUEHHBIA MO MOJOXEHUIO 2 XMHOJMHOBBIM OCTATOK, K
KpacuTeio, COoAepXallieMy 3aMeLieHHbIH MO MOoJoXe-

7
AHWOH-«HaKPbITLIA»

KOMNNeKCe

(O dparmenT 6enso-15-kpayH-5-adupa

@ DparmenT 6eH30-15-kpayH-5-acmpa ¢ Mg2*
[> Ocratok 6ensorpuasona

/™ (CH,),S0;~, CH,CeH,S05~

Cxema 19

(E,E)-30

|

=

O
PC

[(E,E)-30] - M2+

M = Ca, Ba

HUI0 4 XMHOMMHOBBIN OCTaTOK, IPUBORUT K MPHUHLHUIH-
a7bHOMY U3MEHEHMIO HanpapaeHus peakuuu LI (cxe-
ma 21). KsanroBsiit Bbixox PLII1 kpacutens 31 man u
coctapaset 0.0007. B cnyyae ®LUIT 32 kBaHTOBBIA BbI-
X0l 3HAYUTENAbHO GOJbllie, YTO YKa3biBaeT Ha TO, 4TO
CTENEHb AMMEPU3ALUU KOMIUIEKCOB 3TOFO KpacHUTesst
OCTaeTcsl BLICOKOIM daxe B O4e€Hb pa3baBleHHBIX Da-
CTBOpAx M YTO NPOCTPAHCTBEHHAsi CTPYKTYpa ANMEPHBIX
KOMIJIEKCOB, MO-BUAWMOMY, GraronpusaTHa st OUIT.

Has uccnenosanus PLIT komnnekcos KCK ¢ katu-
OHaMH METANIOB ObUTH MCMOIb30BaHbI METOABI MOJIEKY-
napHoOit MexaHMKK33—55, DroT moaxon nosposiser npea-
CKa3aThb CTEPEOXHMHIO TMPOU3BOAHBIX LMKIOOyTaHa B
COOTBETCTBUM C PAacCYMTAHHBIMU TPEUMYLUECTBEHHbI-
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Cxema 20
— hv H,0
_BaZ+
[(E,E)-30)] - Ba?* 30a-Ba?* .
30a O ®parmenT Berzo-15-kpayH-5-adupa
P n . [> Ocrarok 6ensotasona
. Ba2+
™ (CHy)
H
— hv H,0
et ——————
_Ba2+
[(E,2)-30)] - Ba?* 30b-Ba?* 30a

Cxema 21

hv,

M2+, hy,
—

M = Mg, Ca, Ba; R = (CH;),503"; n =3, 4.

Tpumeuanue: 31a — n3oMep anmu-«ronoBa-K-XBOCTy», 32a — U30OMEP CUH-«TONOBA-K-TON0BE».

MH KOHOOPMALMAMU AHMEPHbIX - CYyNPaMONEKYASPHbIX
KOMIUIEKCOB.

4. 3axkmogenue

PesynbraThl McCNeXOBaHMI HECKONBKMX TPynN yue-
HbIX TIPOAEMOHCTPUPOBAJIH, YTO (POTOXPOMHBIE KPayH-

3upbl npeacTaBasioT coboi HOBBIH Kiacc GOTOXpOM-
HBIX MOJIEKY/I, U1, KOTOPHIX MOXHO NPEANONOXUTb Pl
NEPCNIEKTHBHBIX MPUMEHeHHit. [ 3THX COeAMHEHUN
MOXHO OXHAaTh CYWIECTBEHHOIO BAMAHHMS KOMILJIEKCO-
00pa3oBaHNs Ha CNEKTPaJIbHLIE XapaKTEPUCTHKH MOJe-
Kyl M KMHETHKY dotonpespaiueHuii. HaoGopot, KoH-
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¢opMaLMOHHbIE MpeBpalleHUs] MOJIEKY], KOTOpblE CO-
NPOBOXAAT (OTOpEakLUHnIo, CUIbHO BAMAIOT Ha CMO-
COBHOCTb MOJIEKYJl CBSI3bIBATb KaTMOHbI METAJUIOB. JTO
O3Ha4aeT, YTO WISt AAHHOTO THUNA CHCTEM CTAHOBUTCS
BO3MOXHbIM (OTOYNpaBiasieMoe KOoMMIekcoobpa3osa-
Hue. [NonyueHHble pe3ynbTaThl MOTYT ObITh pacnpocTpa-
HeHbl Ha HOBble CepHU (OTOXPOMHBIX cucTeM. BaxHeii-
WAMK LeAsSMU -OyAyluux HCCAeNOBaHUN MOTYT ObITh:
CHHTE3 HOBbIX COeAUHEHHUI; Gonee oblIUpHBbIE U Gonee
NeTajibHbie UCCeNOBaHUA KX (DUIUKO-XHUMHUYECKHUX
CBOWCTB 151 TOTO, YTOOLI HAWTU KOPPEASILMU CTPYKTY-
pa—CBOMCTBO; MOAUGUKALMUSA YXKE H3BECTHBIX CHUCTEM
U1l BKTIOYEHHUS UX DU3NUECKH MM XUMUUYECKH B XHUI-
KHe KPUCTa/LJIbl MW MOJMMEDDLI C UEAbIO CO3AAHUS HO-
BbIX TOJIE3HbIX MaTepHanoB, OCHOBAHHBIX Ha ‘HOBBIX
GOTOXPOMHBIX MOJIEKYJIaX.

Pabota BbiMmoOAHEHa npd (UHAHCOBOM MNOALEPXKKE
Poccuiickoro ¢oHaa ¢pyHIaMeHTalbHbIX UCCAEIOBAHUA
(npoexktol Ne 99-03-33064, Ne 00-03-32898) u INTAS
(rpant 97-31193).
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