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CIIMCOK YCJIOBHBIX OBO3HAUYEHUI U COKPAIIIEHUI
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BBEJAEHUE

AKTYaJILHOCTb TEMBI

Oymiepensl yxe Oosee ABaALATH JIET HAXOAATCS B IEHTPE BHUMAHUS XUMUKOB,
GU3MKOB M TpeAcTaBUTENEd CMEXHbIX Hayk. OHM DOpHHAUIEKAT K IIMPOKO
pacupoCTpaHEHHOM TIpyIIe HaHOMATepUuajoB, KOTOpas HMHTEHCHBHO HCCIELYyeTCs
MHOTMMHU TPYIIIaMU YYEHBIX BO BCEM MHUPE.

@ysiepeHsl SBISIOTCA MOIIHBIMUA aHTHOKCUAaHTaMu. OHHU JIETKO U € OOJIbIION
CKOPOCTBIO pPEAarupyrT CO CBOOOAHBIMHM paJuKaaMH, KOTOPbIE€ YacTO CTAHOBSITCS
OPUYMHON TMOBPEXKJICHUS WM TuOenu KieTok. Tak, (ymnepeHbl NPUMEHSIOTCS B
MEIUUMHE U (apMalleBTUKE JIs YIpaBICHUS HEBPOJIOTMYECKUMHU TOBPEKICHUIMU,
KaK, Hampumep, mpu Oosne3Hu AunblreiiMepa. WHTEHCMBHO pa3pabaTbiBaloTCs
npemnapaTsl OT arepockiieposa. [Ipu atom ¢yiepensl BeqyT ce0s Kak «paJauKalbHbIE
ryOku» u sABst0TCS 00see 3(p(HEeKTUBHBIMU aHTUOKCHJIAHTAMHU, YEM Jake BUTaMHH E,
NOCKOJIBKY OHM MOTYT HeWTpanu3oBaTh 20 u Oosiee CBOOOAHBIX PaJMKAIOB Ha OIHY
MOJIEKYJTY.

C npyroii cTopoHbl, (yIjIepeHbl XMMHUUYECKH aKTHBHBI, Oylarojaps 3TOMYy HX
NO0ABISAIOT K TMOJIMMEPHBIM CTPYKTypaM, 4YTOObI CO37aBaThb HOBBIE COIOJIHUMEPHI C
3aJIaHHBIMU (PU3UYECKUMU U MEXaHUYECKUMU CBOMCTBAMH.

[Tpumenenune Ceo, C7o ¥ ApyTUX (PyssiepeHOB B OMOXUMUYECKUX U METULIMHCKUX
UCCJIEIOBAHMUSIX B 3HAUYUTEIBHOW MeEpe CBA3aHO C HCIOJIb30BAHHEM HUX B BUJE
CTaOMJIbHBIX PAacTBOpPOB. IIpM 3TOM BaXHBIM BOMPOCOM OCTAETCS 3KOOE30MAaCHOCTH
COOTBETCTBYIOIIEN MPOAYKIIUU.

Mexnay tem, pacTBOpUMOCTbh Cgo AOBOJBHO HHU3Kas B JIIOOBIX PACTBOPUTEISX.
JlyqmiiMu  OKazajguch apOMaTUYEeCKHUE pacTBOPUTENU (MPOU3BOAHBIE O€H30/Ma U
Hadranuua), a Takke cepoyrmiepon CS;. B ammdaruyeckux  yrieBojopoaax

(mapadurHax) pacTBOPUMOCTh HUXKE, a B IMOJSPHBIX PACTBOPUTENSAX — €IlI€ MEHBbIIIE.
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PactBopuMocTh B Bojae mpakTuuecku HyseBas. C apyroil CTOpOHBI, B BOJE MHOTHMHU
aBTOpaMHU K HACTOSILIEMY BPEMEHHU IMOJIyYE€HbI M HCCIEAOBAaHbI KOJIJIOUTHBIE PACTBOPHI
Ceo 11 Cro.

B monsapHBIX pacTBOpUTENSIX (AllETOHUTPWII, AllETOH, AUMETUICYIb(POKCUI), a
TaKke B CIHUPTax (QyiiepeHsl Toxe 00pa3yloT KOJUIOMIHBIE PAaCTBOPBI C pazMepoM
arperaToB /10 HECKOJBKUX COTEH HAHOMETPOB. B oTiiMuMe OT BOAHBIX KOJUTOMIHBIX
pacTBOpoOB  (rMApO30JI€i), 30JdM B MOJSAPHBIX OPraHUYECKUX PaCTBOPUTEISIX
(opraHo3oyiv) HMCCIEOBAaHBl MEHbIIE, NMPUYEM MPUHIMINAAIGHO BaXXHOE SBICHHE —
KOATyJISIIHSI SJICKTPOIUTAMU — B CITy4ae OPraHO30JIel MPAKTHUECKH HE U3YUEHO.

[TosToMy Hacrosiee wHccieOBaHWE ObUIO MPEANPUHATO C Lenblo Ooiee
JETAIbHOTO U3y4yeHUs: GOPMUPOBAHUA U (PU3UKO-XUMHUUECKUX CBOMCTB HaHOArperaTroB
Ceo0 B HECKONBKHUX TOJSPHBIX OPTaHUYECKUX PACTBOPHUTEINSAX, a TAKKE YCTOWYHMBOCTHU

9THUX OUCIICPCHBIX CUCTEM II0 OTHOIICHHIO K 3JICKTPOJINTAM pEBJIPI‘lHOfI IIPUPOALI.

Casa3b padoThl ¢ HAYYHBIMH NPOrPAMMAMHU, IIJIAHAMH, TEMAMU

JlanHast quccepTairoHHas padoTa SIBISIETCS YacThiO TJIAHOBBIX HCCIIEAOBAHHM,
NpoBOAUMBIX Ha Kadeape dusnueckot xuMuu XapbKOBCKOTO HAIMOHAIBLHOTO
yauBepcuteta umenu B. H. Kapasuna B pamkax rocoromxerHoit HUP «Hanocucremu
Ta HAHOBMOPSAJIKOBAaHI Marepiainu: Ju3aiiH, (I3UKO-XIMIYHI  XapaKTePUCTHKH,

ONTHUMi3allisl YMOB BUKOPHCTAHHS y BUCOKHUX TEXHOJOTIAX, MEIUIMHI, aHami3Dy, No

rocpeructpanuu 0116U000834.

eanb 1 3a1a4u UCCIIEI0BAHUSA

B mnacrosmeit auccepranmm OblJa TIOCTaBJEHA IeJb: BBIIBHTH OCHOBHBIC
3aKOHOMEPHOCTH (OPMUPOBAHUS, arperaTMBHON YCTOMYMBOCTH M  KOATYJISIIUU
HaHoOpa3MepHbIX arperatoB Cgp B MOJSPHBIX OPraHUUECKUX PACTBOPUTEISX.

JIist TOCTYKEHMS TIOCTABJIEHHOM 1€ HE0OXO0IUMO OBLJIO PEIIUTh CIEAYIOIINe

3a/1auM.
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1. N3yunts pexumsl (HOpMHUpPOBAHMS HAHOPA3MEPHBIX arperaToB MOJEKYII
Ceo B YKa3aHHBIX PACTBOPUTENSAX KAK KOHJICHCALIMOHHBIM, TaK M JUCHEPrallMOHHBIM
METOJaMH.

2. OxapakTepu3oBaTh  pa3Mepbl, CTENEHb IOJIUAMCIEPCHOCTH, 3apsij
arperatoB Cgo, @ TaK)KE UCCIEI0BATh MPOLIECCHI CTAPEHUS TUCIIEPCHON CUCTEMBI.

3. BbIsicHUTE TpUpoOly 3apsiia YacTUI] U MEXaHM3M €ro BO3HMKHOBEHHS, a
TaK)Ke XapaKkTep U3MEHYMBOCTH 3apsiaa MoJ AEHCTBUEM AIIEKTPOIUTOB.

4. WN3yuntp  xapaktep  koarymsuumum — gucnepcuii Cgp  comsiMH  C
HEOPTraHWYECKUMHU U OPTaHUYECKUMH KaTUOHAMM, & TAK)KE KHCIIOTaMHU.

Obvekmuvt uccnedosanus — Tpouecchl (HOPMUPOBAHUS HAHOPA3MEPHBIX
arperatoB Cgop B MOJSIPHBIX OPraHMYECKUX PACTBOPUTENAX M UX B3aUMOJECHCTBHUE C
ANEKTPOIUTAMHU.

Ilpeomem uccnedosanua — BIVSTHUE TPUPOJBI OPTaHUYECKOIO PaCTBOPUTENS U
JJIEKTPOJIMTOB HAa JAMCIEPCHOCTh, AJIEKTPOKMHETHYECKUH MOTEHIMaJl, CTapeHHue Hu
arperaTUBHYI0 yCTOMYMBOCTh HAHOPA3MEPHBIX arperatoB pysuiepeHoB Cep.

Memoowt uccnedosanusa — crnekTpoGOTOMETpUUECKHI (MTOTyYEHUE CIEKTPOB
MOTJIOIIEHNUS U UCCJEIOBAHUE KOJUIOMIHBIX CBOMCTB), CIEKTPOMIyOpUMETPUUECKUH,
JMHAMHYECKOE paccesHHE CBeTa (JaHHbIE O pacIpeleleHUH YacTHUl] IO pa3Mepam u
u3MepeHue C-TIOTeHIMana) W CTaTUYECKOE pACCEesIHME CBETa, IPOCBEYMBArOLIas

QJICKTPOHHAA MUKPOCKOIIHA, CIICKTPOCKOIINSA 3JICKTPOCIIPC.

HayuyHasi HOBU3HA NOJIy4YeHHBIX Pe3yJIbTATOB

1. JlokazaHa aHMOH-paJUKajdbHas MPUPOJIa BOZHUKHOBEHUS! OTPULIATEIILHOTO
3apsna HaHoarperatoB Cep B TOJIIPHBIX HE SBJISIONIMXCS JOHOPaMU BOJIOPOIHOM CBS3U
(HABC) pactBopuTensix (arleTOHUTPHUI, CMECh alleTOHUTPHUIIA ¢ OEH30JIOM M TOJIyOJia C
AllETOHUTPUIIOM).

2. Koarymsauusa nucnepenit Ceo kak B nossipabix H/IBC pacTtBopuTensix, Tak u

B M€TaHoJIe, noguuHsaercs npasuiy Llynsue-I"apau.
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3. OOHapykeH MmapaJoKcaabHbIA 3(PPEKT: CHIBHO BBIPAKEHHAS! CKIOHHOCTH
arperatoB AMeKTpodmibHbIX MoJekyn Cgo K Tepe3apsake Mo JeHCTBHEM
HEOPTaHUYECKUX KaTHOHOB U CHJIBHBIX KUCIOT.

4, VkazaHHOe  SBJIIGHHE TEpe3apsIKi B CIydyae  MHOTO03apsaHbIX
HEOPTaHWYECKUX KATMOHOB NPHUBOJUT K TMOSABJICHUIO HOBOW PAa3HOBHIHOCTH TakK
Ha3bIBAEMBIX 30H KOAryJISIIUU.

d. OrneneHno 3HadeHWE KOHCTaHTHI ['amakepa (B3ammojeincTBue (yruiepeH—

GyIepeH) U ¢ ero MOMoIIbI0 HHTEPIPETUPOBAHBI CBOMCTBA TUAPO30JIei PyIIepeHoOB.

IIpakTHYeckoe 3HAYeHHNE MOJYYEHHBIX Pe3yJIbTATOB

1. BripaboTanbl yclioBUS TOJYYE€HHS HAHOAMCIEPCHBIX CUCTEM C HHU3KUM
K02 (PUITMEHTOM TOTUIUCTIEPCHOCTH B TMOJSIPHBIX PACTBOPHUTEIISAX PA3IMIHOTO COCTaBa
HA OCHOBE alleTOHUTPUJIA U METaHOJIA.

2. OxapakTepu30BaH MNPOIECC CTAPEHUS UCCIETOBAHHBIX CUCTEM.

3. OxapakTepu3oBaHa 3aBUCUMOCTb TapameTpoB HaHoarperatoB Cey,
MOJIYYeHHBIX METOJIOM JAUCIIEPTUPOBAHUS, B 3aBUCIMOCTH OT BPEMEHH O3BYUHBAHUS.

4, OOHapyKeHO HWCYE3HOBEHHWE OTPHULATEJIBHOTO 3apsiia W MoTeps
arperaTUBHON yCTOWYUBOCTU JTUCIEPCHOW CHCTEMBI B TOJISIPHBIX PACTBOPUTENSNX, HE
aBisronuxcst qoHopamu BogoponHo cBsizu (HJBC), mon neiictBuem HEOOMBIIMX
100aBOK BOJIBI.

S. BroisBnennbiii 3¢ ekt mnepe3apsaiKd MOXKET ObITh HCIOJNB30BaH IS

YIPABJICHUS TPAHCIIOPTHBIMU CBOMCTBAMH HAHOArPETaTOB (YJIJIEPEHOB.

JInuHblii BKJIAJ COMCKATEJSl COCTOUT B HCCIEJOBAaHMM MEXaHU3MOB
oOpa30BaHUs TUCIIEPCUI, FJICKTPOHHBIX CIICKTPOB OPraHO30JIeH, ONPEICICHUHN TTOPOTOB
OBICTPOM KOAryJsiliud METOJOM CHEKTPO(GOTOMETPUHU, OIEHKE pPa3MEpOB METOJIOM
JTUHAMUYECKOTO pACCeSHUS CBETa, HMCCIECIOBAHUU DJIECKTPOKUHETUYECKUX CBOMCTB.

ITocraHoBKa 3amauM UCCIENOBaHMs, OOCYKIEHHE pE3yJIbTaTOB U (HOPMYJIMPOBAHUE
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BBIBOJIOB TPOBEJCHBl COBMECTHO C HAY4YHBIM pPYKOBOAWUTEIEM, [I.X.H., MPOQ.
H. O. Muegnoseim-I1leTpocsinom, u k.x.H., H.c. H. H. KamueBoii.

ABTOop BbIpaxkaer OnarogapHocth H.c. C.B.IllexoBuoBy 3a mnomouir Ha
HAaYaJIbHOW CTaJWM SKCIEPUMEHTOB ¢ pactBopamu ¢ymiepeHoB, E.A. KopocteneBoi
(Papmcrannapt-bruonek, XappkoB) 3a U3MEPEHUS] METOAOM CTaTHUYECKOIO PACCESIHMS
cBeTa, K.T.H., AoueHTy A.W. Mapununy (HaunoHanbHBII YHHBEPCUTET HMILEBBIX
TexHonoruit, Kues) 3a nsmepeHus: AMHaAMUYECKOTO PAcCEesTHUS CBETa, KaHIUAATY (Pu3.-
MaT. HayK, JoueHTy Kadeapsl ¢usnueckux TexHoioruil  A. I1. Kperurano
(ynuBepcurer  uMm. B. H. Kapazuna, =~ XapbkoB) 32  H3MEpEHUS  METOJOM
IIPOCBEUMBAIOLIEHN AIEKTPOHHON MuKpockonuu, A. C. 3o3yne (YHUBEpCUTET DpiIaHreH-
HriopuOepr, ®PI') 3a uccnenoBaHue METOAOM CHEKTPOCKONMHUHM 3JIEKTPOCIpEs, K.X.H.
B. K. KnoukoBy (MHCTUTYT cuMHTWUISIIMOHHBIX MaTtepuanoB HTK  «WHctutyT
MOHOKPHUCTAJIJIOB», XapbKOB) 3a MPEIOCTABICHNE BO3MOXKHOCTU MU3MEPEHHS METOJIOM

JTMHAMUYECKOT0 paccesiHus cBeTa Ha npudope ZetaPALS.

Anpo0anusi pe3yJibTAaTOB JUCCEPTALMHA

OcHOBHBIE pe3yNbTaThl padOThl JOKJIAAbIBAIMCH Ha Hay4YHBIX KOH(pepeHuusax: V
Bcepoccuiickoit MosioAe:)KHONW HaydyHON KOH(pEpeHIUU «XUMUS U TEXHOJIOTHS HOBBIX
BemectB M MatepuanoB» (r. CheIkThIBKap, pecnyonuka Komum, 2015), VII
DnexTpoxumuueckoM cbezie «YIC-2015» (r. Xapwkos, 2015), VIII Bceykpannckoit
Hay4YHOW KOH(EepeHIIUN CTYJeHTOB U acriupaHToB «XimiuHi Kapasinceki untanas—2016
(XKU-2016)» (r. XapbkoB, 2016), 7-it mexmyHapoaHoi koHdepenuuu “Physics of
liquid matter: modern problems (PLMMP-2016)” (r. Kues, 2016), u |l BceykpanHckoii
HAyYHO-TIPAKTUYECKON KOH(pEpEeHIIMN «AKTyalbHI MpoOjeMu Ximii Ta XIMIYHOT

texHoJorii» (. Kues, 2016).
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Hyonukanuu

[To maTepuanamM auccepTallMOHHON pabOThI OMyOJWKOBAHO 6 cTaTel, U3 HUX 5 B
KypHajiaX, KOTOpbIE PETUCTPUPYIOTCS B MEXIyHapoaHou 06a3ze Scopus («Journal of
Molecular Liquids», «Colloids and Surfaces A: Physicochem. Eng. Aspects» — 2
crateu, «Physical Chemistry Chemical Physics», «Langmuir») ta y «Bicauky XHY im.
B. H. Kapasina» — 1 crarbs, a TakkKe TE3UCHl S JOKJIAJ0B Ha MEXIYHAPOJHBIX U

BCEYKPAMHCKUX KOH(PEPECHIINAX.

Crpykrypa u 00beM padoThI

PaGota coctour H3 BBEACHUS, CEMU pa3/EiIOB, BBIBOJAOB, CIHUCKa
UCIIOJIb30BAaHHBIX JINTEPATYpPHBIX HCTOYHUKOB (189 HammeHoBaHuii), crucka paboT
aBTOpa MO TEME JUCCEePTAlMU U TpeX MNPUIIOKEHHUM, COAEpKUT 47 PUCYHKOB U

14 Ta6mui. O6mmit o6beM auccepranuu coctaiser 160 c.
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PA3JIEJ 1

®VJIJIEPEHBI B PACTBOPAX: OT MOJIEKY.JI IO HAHOATPETATOB
(JIMTEPATYPHBII OB30P)

1.1 O0mas xapakTepucTHKa pacTBOpPOB Qy/IepeHOB

Ceroaus (dysuiepeHsl IPUHAJICKAT K COSAMHEHUSAM, ITUPOKO MCIOJIB3YEMbIM Ha
MpaKkTUKe, B TOM YHUCJIE B PA3JIMYHBIX 00JacCTAX HAHOTEXHOJOTMH, U HHTECHCHUBHO
U3YYal0TCS KaK TCOPETHUSCKH, TaK M SKCIIEPUMEHTAIBHO [1-7].

Monekyna Tak HaspiBaeMoro OakmuHctepdymepeHa Cgo, HIA  MPOCTO
¢dynnepeHa, Ha3BaHHAas B 4YeCcTb apxuTekropa Puuapna bakmuncrepa ®ymiepa,
KOTOPBIM CTpouJl 3daHusl B cdepuyeckoil ¢dopme, HarmoMuHaeT (GyTOOJbHBIA MY,
MTOBEPXHOCTh KOTOPOT0 COCTOUT M3 20 MIECTUYTOJHLHUKOB U 12 MSATHYTOJBHUKOB (pHUC.

1.1). Xopomio n3BecTHBI ¥ MOJIeKyIbI C7g, C76, Crs, Cgs 1 T.11.

Pucynok 1.1 Unmoctpanus mosnexyisl pymiepena Ceo
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CBoeoOpa3Hoe CTpoeHUE MOJIEKYJ (yuiepeHOB OOYCIOBIMBACT WX BBICOKHE
AIIEKTPOHOAKLIENTOPHBIE CBOWCTBA. BaH-1ep-BaalbCOBCKUM aMAMETP C YYETOM T-
anekTpoHHoro obnaka st Ceo coctaBisier 1.0 HM, CPOJCTBO K DJIEKTPOHY B ra30BOM
daze — 256 xJ[x-Moub 1, a nonspuzyemocts — 83x 10730 M3 na ogny monexymy Ceo [8].

brnaronapss 3TUM W HEKOTOpPBIM JpyruM cBoiicTBaM ¢ymepeHsl Cgo U UX
MPOU3BOJIHBIC HAIUIA HIMPOKOE MPUMEHEHHUE: B KaueCTBE OCHOBBI JIJIsi IIPOU3BOJICTBA
aKKyMYJISITOPHBIX OaTapei; B KauecTBe mMaTepuaiia JjIsl MOJYIPOBOJHUKOBONW TEXHUKH
(TpaguIIMOHHBIEC MPUJIOKEHUS B AJICKTPOHUKE: JTUOJ, TPAH3UCTOP, (DOTOSIEMEHT U T.I1.),
rae (¢yinepeHsl 00JaJaloT MPEUMYIIECTBOM [0 CPaBHEHUIO C TPAJAUIIMOHHBIM
KPEMHHEM BCJICJACTBHE MaJioTO BpeMEHH (OTOOTKIWKA, B KadeCTBE JO00aBKH IS
MOJIYYeHUS] MCKYCCTBEHHBIX aJIMa30B METOJOM BBICOKOTO JaBJCHUS C OOJBIIUM
BBIXOJIOM; B KadecTBe J00AaBOK B IIMHBI I aBTOMOOWJICH W B JpPyrue MaTepHaIbl
(Takue, KaK, HAIpUMEP, MOKPHITUE MIAPOB JJisi OOYJIUHTA), IJIsl TOBBIIICHUS TPOYHOCTH,
U3HOCO- U TEPMOCTOMKOCTH; MUKPO100aBKa (QyJIIIEPEHOBON Caki B OETOHHBIE CMECU U
TUTOMOMPYIOIIME COCTAaBBI MOBBIIIIACT MAPKy MaTepHalia; B KOCMETHKe | T.1. [9-13].

OyniepeHsl TakkKe TPUMEHSIOTCS B aHATMTUYECKON Xxumuu [14], B Onoxumuu u
MEIUIIMHE B BHUJC BOJHBIX PAcCTBOPOB, TOCKOJBKY OHH SIBISIFOTCS 3(()EKTUBHBIMU
antrokcumaanTamMu [10]. OgHako 10 CHX IOP OCTAaeTCS OTKPBITBIM BOMPOC 00 HX
TOKCUYHOCTH.

Tak xak (ymrepeHsl He HACTOIBKO XUMUYSCKA MHEPTHBI, KaK rpaduT U anmas, u
UX MPUMEHEHHUE U XUMHUYecKass MOIU(DHUKAIMS CBSI3aHbI C UCIIOJIb30BAHUEM PACTBOPOB,
TO BO3HUKAET HEOOXOIUMOCTh B 00Jiee IeTaIbHOM M3YYEHUHU MOoCleNHuX. [la u ¢ Touku
3peHusT MHTEpecoB (YHIAMEHTAIBHOW HAYKHM O PacTBOpPaX HEOOXOIUMO BO3MOIKHO
0oJee MOJTHOE TTOHUMAHKUE CBOMCTB 3TUX HEOOBIYHBIX MOJICKYJ B )KUIKUX Cpeax.

OnHoii W3 XapaKTepHBIX YepT (QYIICPEHOB SBISICTCS HMX CIIOCOOHOCTH
oOpa3oBbIBaTh arperatbl B pactBopax [9, 15-20]. B mamononsipHbIX apoOMaTHYECKUX
pacTBOpUTENAX (PYJUIEpPEHBI XOpOIIO COJHBATUPOBAHBI W OTHOCHTEIIBHO HEIIOXO

pactBopuMsbl [9, 21]. MonekynapHas pactBopuMocTth Cgo B BOJ€ KpaitHe Mana. [lo
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YCPEIHEHHBIM OLICHKAaM, JaHHas BEJIMYMHA HAXOJWUTCS B JUANa3OHE OT 2x107% no
1.1x10 M (1yr m manee 1 M =1 wmoner? ) [12, 21, 22]. B To ke BpeMmsi, B BOzE
GbyepeHsl CpaBHUTEILHO JICTKO 00pa3yroT TUAPO30JIK U cyciieHsun [5, 18, 23-37].

B BBICOKOMONSPHBIX ~ OPraHUYECKUX  PACTBOPUTENAX  MOJEKYJspHas
pPacTBOPUMOCTh (QYJJIEPEHOB CIUIIKOM HHU3Ka [9, 21], HO B 3TOM cllydae OHHU TaKKe
CKJIOHHBI 00pa30BbIBaTh KOJUIOUIHBIE pacTBOpHI [9, 11, 16-20, 38-41].

3HaYeHUS] PACTBOPUMOCTH (IIO-BUIUMOMY, TIIABHBIM 00pa3oM MOJIEKYJSIPHOH, a
He koJyutousiHoM) (ymiepeHa Cgo B HEKOTOPBIX PACTBOPUTENSAX MPHUBEIAEHBI B TaOIUIE
1.1. Jannasie gist C7o HOCAT OXO0KHM Xapakrtep [9].

PaBHOBecHE HACBHILIEHUSI TOCTUTAETCS OYEHb MEIJIEHHO [42-45]; 3TOT mporlecc
MOXET JJIUTHCS, MO OLEHKAM Pa3HbIX aBTOPOB, OT HECKOJbKUX YacCOB /10 HECKOJBKHUX
nHel. B HekoTophIX paboTax MPeIJIoKEeHbl KOJUUYECTBEHHBIE XapaKTEPUCTHUKU
arperanuu KiactepoB B mporecce pactBopeHus: Ceo B CSy, ¢ HCIIOIB30BAHUEM MOJECIIH
HykJearyu [46-48].

brina oTMeueHa oTdeTiiMBas 3aBUCUMOCTH pacTBopuMoctu (yiepeHa Cgp OT
napametpa [unbnebpanna, ou, pactBoputens [49, 50]. OnpHako corjacoBaHUE
JIECKPUNTOPOB ISl PsAfla PACTBOPUTENICH CO 3HAYCHUSIMU PACTBOPUMOCTH SIBIISICTCS
CJI0°KHOM 3a7a4eH.

Koppensust pactBopumoctu ¢ nmapamerpom ['mibnedpania, BeIMYrHA KOTOPOTO
BapbUpoBanach B npegenax 18.5-20 MIIa%®, Gbu1a BEIIBIEHA MHOTHMM aBTOPAMH LIS
HECKOJIbKUX JIeCATKOB pacTBoputeneit [45, 49-53]. B 1o xe Bpems, CuBapamaH ¢
COaBTOpPaMU  MPOWLIIOCTPUPOBAIM  3aBUCUMOCTh  Jlorapudma  pacTBOPUMOCTH

JJIEPEHOB B IIKaie MOJbHBIX nojei, 100X, , maa Ce u C7o OT MOJSAPU3ALHUOHHOTO
> 29

napametpa (N>-1)/(n?+2), o mis orpanudennoro cnucka (15-17) pacteopureneii [51].



aTtmochepHom naBiaenuu u 25 °C [9]
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Tabnuya 1.1

PacTrBopumocts QysuiepeHa Ceo B OpraHu4eCKUX pacTBOPHUTEISIX MPH

PacTBopurens PactBopumocts, M
MeTaHoJ1, aeTOHUTPHIT (5-6)x108
DraHon 1.4x10°
n-T'ekcan 6x10°
n-OKTaH 3.5x10°
CCly 4x107*
[Tupuaua 4,10
N-MeT’uanuppouaun-2-04 1.2x10°3
Benson 2x10°3
Tomyon 4x1073
Xop6en3on 9.7x10°3
CS,, xuHoNMuH 0.01
Terpanun 0.02
1,2-InxnopOenson, 0.04 —0.05
1-meTunHadpTanuH
[Tupponuana 0.065
[Tunepuaun 0.074
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[IpuMeHeHrne MyJIbTUIIAPAMETPUYECKOTO TMOAXOAa OCHOBAaHO Ha MPUHIIMIE
JIMHEWHOCTH CBOOOHOW SHEPTHM, YTO TMO3BOJMJIO MPEACTaBuTh GyHkuuio 10gX, mis
55 pactBopuTeneil oT MmoiyspHOM pedpakuuu, napamerpa Kamne-Tadra, Hdumpora-
PatixapaTa u aAumnosapHOro Momenra [53].

B crnenmyromeir pabore Mapkyca u coaBTopoB [54] Obuia omyOiaMKOBaHa

3aBUCUMOCTB J1a 95 pactBoputenei ¢ koadduruentom koppemsaiuu 0.996 (yp. 1.1).

log x, =—0.1298E,(30) + 0.2264%R — 0.0592V_ + 0.7294 , (1.1)
rae E;(30) — mapamerp momspHOocTH Paiixapara B Kkai/Moib, R — MOJSIpHAs
pedpakuus B cmP/monb, V. — MOJApHBIA 00beM, S — Ge3pa3sMEpHBIN Iapamerp

ocHoBHOCTH (mapamerp Kamne—TadTa).

Opnako B 18 cnyuasx JnaHHas Koppeisiusi He HaOoIanach BCIEICTBUE
HEOTIPEICTICHHOCTH PACTBOPUMOCTH WJIM OIICHOK ITapaMeTpPoOB, WM OCOOCHHOCTH
B3aumoeictTBus pactBoputeneit ¢ Ceo. [lomoOHBIE ypaBHEHUST OBLIM OMyOJIMKOBAHBI U
MakwuTpoii ¢ coaBTopamu 1iist 81 pactBopurens [55].

3nmecy cieayeT oTMeTuTh padoty IlymkapeBoit m Xomuna [56], B KoTOpO# ¢
MPUMEHEHUEM UCKYCCTBEHHBIX HEUPOHHBIX CeTell 76 pacTBOpHUTENEH ObLIN pa3aesieHb
Ha JICBSITh TPYII HA OCHOBAHWM 3HAYCHWH JCBATH MapaMeTpoB (aeckpuntopoB). IIpu
ATOM TaKO€ pacrpe/iesieHne pacTBOPUTENICH MO TPyMIaM COTJIAaCyeTcsl CO 3HAYCHHSIMU
pactBopumocTH (ymtepeHa Cep B 3THX PACTBOPUTEIIAX.

MHorue crmocoObl TPUTOTOBIICHUS THAPO30JCH (y/UICpEeHOB OCHOBaHBI Ha
MEePeHOCEe OTUX MOJIEKYJ U3 OPTraHWYECKUX PACTBOPUTENECH B BOAY, NHPH OSTOM
NPUCYTCTBHE arperaToB B OpPraHWYecKoW ¢aze MOXKET TMOBIUATh Ha PEKUM
obpazoBanust aucrepcuii B Boge [23]. [ake mpu HEMOCPEACTBEHHOM IIEPEBOIC

dymneperoB Cego u3 TBepaod ¢assl B Boay [29, 57] cimemayeT mMOMHHTH O TOM, YTO
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KOMMEpPUYECKHEe MpernapaThl MOMyJaloTCs OOBIYHO IKCTPAKIMEW TOJIYOJIOM U3 CaXH, C
HOCJETYIOIUM YAAJICHUEM PACTBOPUTEIIS.

BrionHe BeposiTHO, YTO MpEABICTOPUS TBEpHAbIX TpemaparoB [58-61] moxker
OKa3bIBaTh BIMSHUE HA XapaKTep MPOAYKTOB UX JHCIEPrUpoBaHus B Boae [24, 29, 57,
62].

OnexTpoHHbIe creKTpel Cgp B H-TE€KCaHE, TpUXJOpMETaHe M 1,2-TuxiiopITaHe
XapaKTePU3yIOTCsI MAaKCUMYMOM TOTJoMeHus pu 334 HM 1 3HaUYeHHneM KodduiueHTa

1. B nmkiorekcaHe, OeH30J€ H

MousipHoro nornomenus (52+5)x10° n1mons t-eM-
TOJIyOJIC COOTBETCTBYIOIIME 3HAYCHUS TPU DOTOH K€ IJUHE BOJHBI COCTABIISIIOT
(65+5)x10° n-mompt-em? [63]. WMmeercs pneranbHeii aHanm3 cnektpoB Ceo B

pa3IM4YHBIX pacTBOpUTEIIX [64].

1.2 IloBenenue QpyrIepeHOB B «XOPOIINX) PACTBOPHUTEISIX

Cocrosinne (yuiepeHOB, MOJEKYISIPHOE WM KOJUJIOMJAHOE, B TaK HAa3bIBAEMBIX
XOPOIIUX PAaCTBOPUTEIAX, TakuX, Kak CSy, Tomyosn, 6€H30/, U T.1., ABISICTCA U JO CHX
nop npeameToM auckyccuid [9, 15, 17, 18, 43, 44, 65-67]. O6 3TOM TOBOPST BBIBOJIEI,
CIeJIaHHbIC TpeMs ucclieoBaTeabckuMu rpynnamMu. B 1998 besmenbHunibia, Enerkuii
u OKyHb MOCTYJUPOBAIN «KJIACTEPHYIO CTPYKTypy» ¢GymiepeHo [12]. B 2008
CemenoB, YapbikoB U ApanoB NpeoaoKUId, 4YTO Majible acCOLUAThl, 00pa3yrouecs
U3 HECKOJBKUX MOJIEKYN (yIIEPEHOB, UMEIOT «HECOMHEHHO PAaBHOBECHYIO TPHUPOIY»
[68]. Onnako B 2010 ronxy ABneeB, AkceHOB U TponHH yKa3ajd, 4TO MPU PAaBHOBECHOM
PAaCTBOPEHUHM B «XOPOIIUX» PACTBOPUTENSIX OOPa3ylOTCs TOJIBKO MOJICKYJISIPHBIC
pacTBOpBI, a KJIACTEPHBIA POCT B HUBKOMOJAPHBIX PACTBOPUTEISIX COOTBETCTBYET
nepexony K ciaboMy TEPECHIINICHUIO, BCIEACTBUE BHENIHUX BO3JEHCTBUN MpH
pactBopenun [18]. Drta Teopus mpeacraBisercs HauboJiee BEPOSTHOU, MOCKOIBKY
bynnepeHsl, Kak ¥ APYyrue MajopacTBOPUMBIE COCIWHEHHUS, CKIOHHBI 0Opa30BBIBATH

niepechIieHnbie pacTBopsl [43, 45, 68].
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®pakranpHbie CTPYKTYpBl Cgp HaOMIOMANMKCH, K TIpEMepy, B Toiryose [69]. Kak
y)K€ OTMEYaIoCh, HEKOTOPHIC aBTOPHI CYUTAIOT, YTO B TaKWX CIydasx arperarbl
BO3HHUKAIOT JIMIIL B pe3yjbTare 0OpabOTKU yibTpasBykoMm [18]. Arperarsl B Takux
pPaCTBOPUTEIISAX €CIM BOOOIE © 00Opa3yloTcs, SBISIOTCS HEYCTOMYMBBIMH U
pa3pylIalTcs MEXaHMUECKUM BCTpsixuBaHueM [15], a X BOSHUKHOBEHHE MOYKET OBITh
JaCTUYHO OOYCIIOBJICHO B3aMMOZCHCTBHEM ¢ Kucaopoaom [15, 65, 70].

B pe3ynbrare TepMOAMHAMUYECKOTO MCCIEAOBAHUS PACTBOPCHHS U COJbBATAIINH
Ceo 1 C70 B «XOpOIINX» PACTBOPUTENSAX OBLIO YCTAHOBIIEHO, YTO U3MEHEHHE DHTPOTHH,
AS, mu1st 000MX TIPOIECCOB MMEET OTPHUIIATENIbHBIN 3HaK [58, 71-73]. Mcxons u3 JaHHBIX
CTPYKTYPHO-YYBCTBHTEIBHBIX METONOB [74, 75] m yuuteiBas 3HaK AS, MOXHO
3aKJIIOYUTH, YTO COJbBaTalus (PyUIepeHOB UMEET COJIbBO(POOHBIN XapakTep.

YuuThiBas CHIIBHBIC TUCIEPCHOHHBIE B3aMMOJCUCTBHUS MEXAy (yuiepeHaMu U
«XOPOUIMMU» PACTBOPUTEISIMU, MOXKHO OXHJATh, YTO TMPHU arperamuud MOJEKYI
GbyIIepeHoB OHU COXPAHSIOT CBOM COJBBATHBIE O00JIOUKH. Jlaxke MOJNEKYJISpHBIN
pacTBOp MOXHO paccMaTpUBaTh Kak CBOEOOPa3HYI MEPUOIUYECKYIO KOJIIOMIHYIO
CTPYKTYPY, B KOTOPOW YaCTHUIIBI B3aUMOJICHCTBYIOT YEPE3 CIOM MOJIEKYJI paCTBOPUTEIIS
[9]. B moaw3y Takoro mpearoyioKeHHUs TOBOPAT HEJaBHUE PEHTICHOCTPYKTYPHBIC
uccienoBanus xkuakoctu [9, 69, 74]. BeposTHO, mMo3TOMY, BO3MOXHAs arperarfus
MOJIEKYJT B XOPOIIMX PACTBOPUTENSAX TNPAKTUYECKH HE TMPOSBISIETCS B CIHEKTpax
TIOTJIOTIICHHUS.

[Ber pactBopoB Cgp 3aBUCHUT OT MPHUPOJBI PACTBOPUTENS U, B HEKOTOPBIX
ClIy4asiX, OT KOHIICHTpamuu. Tak, HalmpuMep, HACHIIIEHHBIC PACTBOPHI B OCH30/IC U
tonyosie ¢uoneroBeble, B 1,2-muxsopOeH30jie — TEMHO MypHypHble, B I-
MeTHIHAQTATHHE — KOPUYHEBATO-3¢/IeHbIe U T.1. [76].

Buaumeie cnektpel Cgo u Czo B O€H30iie, TOJyoJie, XJIOpOEH30Jie U
1,2—nuxnopoensone [20, 43, 77, 78] nomuunstores 3akoHy byrepa—Jlambepra—bepa.

OcoOblii  cnyuaid  mpeAcTaBisieT coOol  moBenaeHWE  (yJUIEpEHOB B

a3oTcolepKalMx  pactBopureisix.  [loMmMMO — OpraHM4YecKHX — pacTBOPUTENEH,
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IPECTaBIsIeT MHTEPEC KUAKUN aMMUaK, COAEpKAIIMN MIEIOYHbIE METAJUIbI, KaK cpea
mis Ceo [79-81]. B Takux cucremMax HaJIWYWE COJIBBATHPOBAHHBIX JJIICKTPOHOB
CIIOCOOCTBYET TMOSBJICHHUIO PAa3IMYHBIX aHUOHHBIX (opm dymnepenoB. [lo maHHBIM
TeopeTndeckux pacueroB [80, 81] BeIsgBIEHaA TOJICTash COJIbBaTHAs O0OJOYKA YACTHIY
dymiepeHoB u crnenupuyeckas accorpanus WoHa K' co BceMu yriiepoJHBIMH
aHMOHAMHU.

PactBopumocTts Cgp B N-mMeTHImupponuauH-2-oHe JOBOJABHO Oosbinas (Tald.
1.1) [49], HecMOTpsi Ha BBICOKYIO AUAJICKTPHUUECKYIO IMPOHHUIIAEMOCTh (& = 32.2), npu
3TOM Ha CIIEKTpax MOTJOUICHHS UCYEe3aeT TOHKAsl CTPYKTypa B BHIMMOM 0OJACTH U TIO
JaHHBIM  BpeMmsipa3pemeHHol  QuyopecteHTHO anu3omerpun [39] oOpasyrorcs

HeOoubiue arperathl ¢ d = 2.3 1 3.9 um st Ceo 1 C7p, COOTBETCTBEHHO.

1.3 Cnoco0b1 moJsry4yenust ruApo3o0.iei Qgy/iiepeHoB U UX CBOIICTBA

OCHOBHBIE CITOCOOBI TIOJTYYCHHUS THAPO30JICH MOXKHO MPEACTABHTH B BHUJE TPEX
rpymin: (u3nyYeckas KOHJCHCAIUs (3aMEHa pPACTBOPHUTEINS, IKCTPAKIIHS), XUMUYICCKas
KOHJICHCAIIUs U JUCIIepraiuoHHbIN croco6. PaccMoTpum ux 6osee moapoOHo.

[TocnenoBarenpHOE pa30aBICHHE HACHIIIEHHOTO OcH30JbHOTO pacTtBopa Ceo
TeTparuapoPpypaHoM, aleTOHOM, W, HAKOHEI], BOJOH ommcaHo B pabore CKpuBEHCa,
Typa u ap. B 1994 rony [82]. Ilosagnee, B 2001 romy, Jleryuum c coaBTOpamu
NPEJIOKIIIN TTOJTydaTh Tuap0o30ib Ceo U Cro IMyTeM T00aBICHUS BOJBI K HACBHIIIICHHOMY
pactBopy (yiepeHa B TeTparuapodypaHe ¢ MOCICIYIONUM MPOMyCKaHUEM a30Ta |
UCTIapeHreM opraHudeckoro pactBoputens [83]. Bo MHorux paboTax MCHOIB30BAICH
uMeHHO 3ToT Metoa [30, 84-87]. Takum 06pa3oM MOKHO MOJTy4aTh BOJHBIC TUCICPCHH
He Tobko Cgo, HO U Cyo u Cgs [86]. Bmocnencteum meron Ckpuenca [82] Obun
MOIU(UIIMPOBAH ITyTEM pACTBOPEHUS OCH30JILHOTO pacTBOpa B OPraHHUYECKUX

pPacTBOPUTEIIAX M Jajiee B BOJAE BMECTO TolyojbHOro [23, 37], a 3arem u pactBopa B

stanoJe [88, 89].
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JpyruM cnocoboM MpemsioKUiIN MOoydaTh TUapo3onb (ymnepena KoceBuu u
AnnpueBckuit B 1995 roxy [90]. Dot Meron 3akirouaincs B neperoce Cgo mimm Crg U3
TOJIyoJIa B BOAYy IpH 00paboTke yiabTpa3BykoM. KpymHble YacTHIIbl 3aTeM OTAENSUIN
nyreM ¢uibTpoBaHuss ¢ pasmepom mop 220 HM. B jpampHeiimem 3TOT MeTon
UCIIOJIB30BaIM DIIMMeEJIeX U apyrue aBTopsl [24, 25, 30, 37, 84, 85, 91].

B kauectBe anbTepHaTUBBI ObUT MPEJIOKEH METOJ TiepeHoca QyIiepeHa B BO1y
MyTEM HCIIAPSHUS TOTYOJILHOTO CIIOSI Ha TIOBEpXHOCTH BobI [92]. B mpunImie, 3To Bce
TOT K€ METOJ] 3aMEHbI paCTBOPHUTEIIS.

[IpsiMoii nUcTIEprallMOHHBIA METOJT MOJIYYEHMs] THAPO30Js (ysuiepeHa craiu
UCITI0JIB30BaTh TOJIbKO ¢ 2004 roma [93]. OcoOCHHOCTRIO TaHHOIO METO/IA SIBISETCS TO,
YTO B pPE3yJIbTaTe MOJYYAIOTCS IOCTATOYHO KPYIHBIE arperarbl, TaK KaK MPOSBISETCS
CHeM(PUIHOCTh CTPOSHHSI CAMOTO TBEPAOTO (ysuiepeHa, KOTOPBIH COXpaHSIET MyCTOTHI
1oCjIe yIAJCHUs OpraHUYecKuxX pactBoputenieii [62]. 3mech Takke HIrpaeT poJb
U30TPOITHOE BpaleHue u chepuueckas hopma mosekyrn Ceo [29].

JlucniepralilnOHHBIA METOJ WIM IepeMemnBanne TBepaoro Cey ¢ BOJOM MOXKHO
NPOBOIUTH MPH PA3HBIX pekuMax, Hanpumep, npu 313 K B teuenue 2—4 uenensb [94], B
teueHue 5 mecsnen [95] wim maxe 1075 aneit [96]. MHorma BMecTO MEeXaHHUECKOTO
NepeMEIMBaHUS HCIIOJIB3YIOT YIbTpa3Byk [97].

Jlpyroe HampaBiieHHWE JaHHOTO MeToja OblIo pa3BuTo Jlerydm c coaBTOpamu
[29]: TBepapIii mpenapar B TeUYCHUE HECKOJIBKUX MHUHYT PACTUPAIOT B araTOBOM CTYIIKE
(«aHTUYHBIM CcrOCOO TPUTOTOBJICHUS») W TIEPEHOCAT B BOJAYy C 00pabOTKOM
yibTpa3BykoM. M3-3a  0COOEHHOCTH  CTpOE€HMsSI  (PYJUIEPEHOB U CTPYKTYpbI
KPUCTAIUTMYECKON PEIIeTKH TaKUM CIIOCOOOM yIaeTcss MOJYyYUTh HaHOpPa3MEpHBIC
arperaTbl, 4TO HETUIMYHO [JI1 M3TOTOBJICHHUS KOJJIOMJIHBIX YacTHIl. B HEKOTOpHIX
ClTydasiX JIsi PaCTUPAHUS HCIIOJIb30BAJIA CTEKIITHHYHO CTYTKy [95].

B 10 e Bpems, Bukecmanmg u ap. MOPEmIONKWIN CHOCOO MPHUTOTOBICHUS
TUApPO30JIeH  (QyJIepeHOB MyTeM WX  pacTUpaHuss B  TMPUCYTCTBUU  COJEH

KapOOKCHKHUCIIOT, U B YaCTHOCTH, IUTPATOB [31].
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MeTon XMMHYECKOW KOHJEHCAIlWH, TMpeAIOKeHHbIM Boaiim u  ngp. [98],

3aKJII0YAETCs B OKUCICHUHM aHuOoH-paaukana (yp. (1.2)):

4Cq0* + Oy + 2H,0 — 4Cq (,Z[I/ICHepCI/IH) +40H" (12)

JIJist osTrydeHHrs MOHOAHHMOHA MPOBOJAT JEKTPOXUMHUECKOE BOCCTAHOBIICHUE C
nomonipio Al-Ni crutaBa B Terparmapodypane. [Tocie 3Toro mo0aBisioT MO KaIuIsIM
pacTBOpP K JUCTUILIUPOBAHHOM BOJIE JIJISi OKHCIICHHUS] MOHOAHHOHA. [loydeHHbIe TaKuM
00pa30oM YacTHIIBI UMEIOT HEKPUCTAJUIMYECKYIO TPUPOY, B OTJIMYUE OT OOJIBIIUHCTBA
JIPYTUX METOOB.

B 3aBucumoctu oT cmnoco0a mHOMydyeHUs THUAPO30JIEH pa3Mepbl U CTPYKTypa
YaCTHII AUCTIEPCHON (ha3bl BCE )K€ PA3IUYAIOTCs, HO KOJUIOMIHO-XUMUYECKHE CBOMCTBA
BOJIHBIX JUCIIEPCHH B LIEJIOM MMEIOT MHOro obmiero. Bce 3Tu (akTopbl UrparoT posib
IpU MCTOJIB30BAaHUM THIPO30JeH (yIJIepeHOB B MEAMIIMHCKHX M DKOJOTHYECKUX
UCCIICTOBAHUSIX.

BaxxHo Takke OTMETHTb, UYTO IIOJIyYEHHbIE OJHHM M TEM € CI0Co00M
JTUCTIEPCUU MOTYT pa3inuaThCs. Tak, HapUMep, TUCIEPCUH, MOJYYCHHBIE METOJIOM
XAMHUYECKOM KOHJAECHCAIMM 10 MeToay Beln u coaBTOpOB, M HCHOJIb30BAHHBIE B
onosornueckux uccienoBanusax [99], umeror cpeauuii pasmep vactuir 10—20 HM, B TO
BpeMs Kak B ipyroi padote [100] aBe pa3HOBHIHOCTH TOTO K€ METO/A JAJIA YACTHIIBI C
pazmepamu 150 u 500 HM.

[[BeT BogHBIX aucrniepcuii QyIepeHOB B 3aBUCHMOCTH OT KOHIIEHTPAIIUUA MOYKET
ObITh xenThiM [62, 83, 88, 101], ropununsim [82], suTapubiM [23, 88] min KopuuHEBBIM
[100].

[To TaHHBIM CKaHUPYIOUICH U TIPOCBEYMBAIONICH AIEKTPOHHOW MUKpOCKOTHHU [29,
73, 98] u munammueckoro paccesaus ceera (JPC) [23-25, 31, 37, 84, 88, 95, 96, 102]

CHUCTEMBI MMOJUAUCIICPCHBI, 4 JAHHBIC O padMEpax 4aCTHL, ITOJTYYCHHBIC MCTOA0OM I[PC u
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[15M, coBnanatot. JInon ¢ coaBropamu [94] Habmonamm gacTuib! pasmepoM 10-25 Hw,
HO (pakmmst Oojiee MEIKMX YacTHUIl TaKXKe MOXET MPUCYTCTBOBATh. ITO
noaTBepxaaeTcs naHabiMu [19M npyrux aBropos [88].

Kak mpaBwuio, aucriepcHas ¢aza UMeeT KpucTaIMIecKyto npupoxay [23, 25, 29,
62, 83, 84, 88], 3a nckioueHUEM YaCTHII, ITOJIyYeHHbIX okuciaeHueM (yp. (1.2)) [98].

BepostHeiid HenoctaTtok Metona [IOM 3akntouaeTcss B U3MEHEHUM JTUCTIEPCHOM
da3pl B pesynbrate ucnapenus pactBoputens [91, 96]. Ommako, mius Tuapo30Jei,
MOJIYYeHHBIX METOJIOM NEepeHEeceHUsI B BOAY U3 TeTparuapodypana, pesyiabrarsl [I9M
BBICYIIICHHBIX ¥ BRIMOPOKCHHBIX 00Pa3IlOB YKa3bIBAIOT HA MICHTUYHYIO MOP(OIOTHIO
MHOTOTPaHHBIX YacTHIl [62].

Crnenyer OTMETHUTB, YTO pa3Mep YaCTHIL JJIs THUAPO30JIeH, TTOTyYSHHBIX METOJOM
3aMEHBI PACTBOPHUTENS M3 TOJIYOJIBHOTO PAcTBOpPA, CHIBHO 3aBUCHUT OT HWCXOJHOMN
koHieHTpaiuu Cgo B TOJIyOJIe, a TaKXKe OT 100aBoK cosnel [23, 37].

DONEKTPOKMHETUYECKUM TOTEHIMan dYacTtull ¢yJIJIepeHoB B BOJE Bceraa
OTpULIATEIbHBIN, B OOJBIIMHCTBE padOT 3HaueHue BapbupyeT oT —30 mo —50 MB, B
3aBUCUMOCTH OT MeToja mpurotosicHus [88, 95]. Ilpu Oosblield MOHHON cuiie U
meHnbmeM pH 3Hauenuwe ( CTaHOBHWTCS MeEHee oTpuiaTenbHbiM. OmHAKO MpUpoaa
OTPHIIATEILHOrO 3apsiaa sBIsIeTCS MpeaMeToM auckyccmii [25, 29, 31, 37, 62, 83, 95,
96, 101, 102].

CornacHo yHuBepcaibHoMy npaBuiay Kosna [101], opuenTarus qumosei Boabl
Ha TpaHulle pasfena (a3 TakoBa, YTO HEMOJspHas aucrepcHas (asza 3apsokeHa
orpuriarensHo. s Cg B padote Pyodda ¢ coaBropamu [49] mpuBeneHo 3HAYCHHE
JTUAJIEKTpUUECKO mpoHuiaemMoctu & = 3.61. Ho opueHTtauus nunoseid cama no cebe
HEJI0OCTaTOYHA /I BOSBHUKHOBEHUS AJIEKTPOKMHETHIECKOTO TIOTCHITHAIA.

OTpunatenbHBIA 3aps)l YacTHUIl MOXKET BO3HHKATh M B pe3yJjbTaTe IOHOPHO-
AKLENTOPHBIX B3aUMOJICCTBUM KHUCIOPOAHBIX AaTOMOB BOJbl C T-3JIEKTPOHHOU

cuctemoit ymaepena Cego [29, 37, 83, 102]. Takue B3aumomeiicTBust Moiekybl Cgo C
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TUAPATUPOBAHHOW OOOJIOYKOW TIOATBEPKAAIOTCS KaK MOJEKYISIPHO-TUHAMUYECKUM
MOJICJTUPOBAaHUEM, TaK U KBAHTOBO-XUMHUYeCKHUMH pacueramu [103-106].

B nmoarBepkieHMe KOHULEMUMUUA aJCOPOIMU TUIPOKCUIBHBIX HOHOB OBLIO
ormeueHo [9, 73, 107], uyto pH BomHOW (a3el CTAHOBUTCS HIDKE 6 B THIPO30JISIX
bynnepeHoB, TakuM o0O0pa3oM, OTPUIIATENIbHBIA 3apsii YacTUIl MMEET MLIEIOYHYIO
IPUPOSTY.

Hawnbosee nelCTBEHHBIM TIPHEMOM BBIACHCHHS] YCTOMYMBOCTH W TPHUPOIBI
JUCTIEPCHBIX CHUCTEM SBJISIETCS OIpeAesieHne MoporoB ObicTpod koaryssiiuu, [1BK,
anekTponauTamu. llepas pabGoTa, MOCBSIIEHHAs MOporaM Koaryiasnuu (ysuiepeHoB
ANIEKTpOJIUTaMu, OblIa omy0aukoBaHa MuemyioBsiM-IIeTpocsiHom ¢ coaBTopamu B 1997
roay [101]. K naHHOMY MOMEHTY 3TOT BONPOC HMCCJICIOBAH JOCTATOYHO MOJIPOOHO B
psnge padot [9, 23-34, 36, 37, 108-114].

Haunloiiee BeckuM OCHOBaHMEM JIJI TOTO, YTOOBI YTBEPK1aTh, YTO TUAP030H Ceo
ruipodOoOHbI, SBJISETCS XapakTep WX KOATryJSIUU AJIEKTPOJIUTAMHU, BBITIOJIHEHUE
npasuia yneue—I"apau u reopun Jepsaruna—Jlangay—®depres—Oepoeka (1JIDO).

Hekoropeie tunuuneie pesynprarel onpexaenenus [IBK npu onuHakoBbIx
ycnoBusix [13, 73, 101] npencraBnens! B Tabnuie 1.2. 13 cpaBHenus 3nadenwmii I1BK ¢
KOHIIEHTPAIUSIMU DJICKTPOJIUTOB B KHUIAKUX OHUOJIOTHYECKUX OOBEKTax CIEIYeT, UTO
BBEJICHUE 30J1s (PyJiepeHa B OMOIOrHYeCKHEe CUCTEMBI CIIOCOOCTBYET €ro KOaryJIsIiiHm.

Takue cpaBHuTenbHO HHM3kHME 3HadyeHusi [IBK xapakrepHbl 1uisi ruapodoOHBIX
sosteii [115, 116]. TIpu atom BeImonHsETCS Kiaccuueckoe npauio Illymbue—Tapau:
[IbK(ogno3apsaaupiMu noHamu): [IBK(MHOro3apsiiHbIMM HMOHAMH) COOTHOCSITCS Kak
1:20: 1500 mns 3apsaoB kaTHOHOB 1 :2: 3, cOOTBETCTBEHHO. Bmo0OaBok kK 3TOMY
CJIEIyeT OTMETHUTh, YTO TEM CaMbIM OTPHUIATEIBHBINA 3apsi YaCTUIl TUAPO3OJICH TaKKe
MTOITBEPIKIACTCSI.

3nauntensHoe cHkeHue [1BK mis Tpex3apsaHpix KAaTHOHOB MOYKHO OOBSICHUTD,
NpUHUMas BO BHUMaHME creruduueckyo azcoomuto [116, 117]. HesnauurtenbHOE

OTKJIOHEHHE OT COOTHOIIEHUs 1 : 64 : 729 MoXKeT BO3HUKATh U3-3a AJIEKTPOMArHUTHOTO
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3ama3JplBaHUsl WIM KOArylsiid B JallbHEM MHHAMYME B COOTBETCTBHH C
nepBoHavabHOM Teopueit Jlepsruna—Jlangay [115-118].

JIns OUEHKH SHEPTUU B3aMMOJCHCTBHS M IOCTPOSHHs auarpamm [ amakepa
CIIEYET YYHUTHIBATH JBE COCTABIIIIONINE PACKIMHUBAIONICTO IaBJICHUS, HaINpUMED,

COIIaCHO CICAYOUICMYy YpaBHCHHIO!

=U, + U, = 27y In(l+e™") — e : L
U el atr = 276,EoTY” In ) 12h(1+3.547hA™) (-3)

3I[€CI) &, = 78.4 — oTHOCHTEIbHAS JUIBJICKTPHUUYCCKAdA IIPOHHUIACMOCTL BOJbI IIPH

T=298.15 K,
£o0=28.854x1071 ®/m,
Kk — oOparHas j1ebaeBCcKas JUIHHA,

A — JJINHa BOJIHBI, XapaKTCpu3yromas QJICKTPOMArHuTHOC 3ara3JabIBaHUC

(npupaBHuBatot 100 HM):
h — paccrosiHue MeX Iy YacTHIIAMH,
I — paanyc 4acTwuil,

Y — MOBEPXHOCTHBIN JIEKTPUUYECKUN TOTEHIMAI.

(V) *
JIns OLIEHKH CJIOKHOM KOHCTaHThl ['amakepa, Ay, HEOOXOAMMO pacrojararb

sHayenneM A Uit B3aumoekcTus (ysuiepen—(yisieped B BAKyyMe.
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Tabnuya 1.2

3HaYeHusi MOPOroB OLICTPOIi Koaryasiuu ruapo3ous Ceo [101, 107, 119] 1

DNEKTPOIHUT z 2 | IIBK, MM, *(5-15%) ITBK(NaCl): ITbK(conn)
NaCl 1 |85°3 1

Y2 NaySOq 1 |85 1
NH.CI 1 180 1.06

KI 1 |80 1.06
KOH 1 275 3.1

HCI 1 10.88 97
HCIO, 1 ]0.55 155
CaCl, 2 (4.1 21

Yo Fea(SOq)3 3 [0.05 1.7x103
La(NOs); 3 |0.056 1.5x10°
Th(NO3)4 4 10.027 45 3.1x108
n-CsH1iN(CzHs)sHSO, |1 | 1.8 47
N(#-C4Hg)sHSO, 1 108 106
H-C12H2sN(CHs)3Br 1 10.032 2.6x103
H-C16H33N(CHa)3Br 1 |0.0052 °© 1.6x10%

! Konnenrpauus ¢pymiepena: (0.98—1.10)x 10 M (s npeaBapuTeasHO HE

OT(QWIBTPOBAHHOTO 30J151 3HAYEHUSI TOPOTOB Koarynsanuu B 1.5—1.7 pa3 Huxe);

2 3apsi; KATHOHA;

3 B npucyrctBuu 6.4x104 M nonenuncynsgara natpus I1IBK = 0.322 M,

40.003 M HNO;s;

® CpaBHUTENLHO HeOONbIIOE pasnuune 3HadeHuii [IBK nus 2 = 3 u 4 MoxkeT ObITh

00BbsICHEHO accolmalei katnona Topus (IV) ¢ o1HUM HOHOM HUTpPATA;

® xonuenTpamus Qyanepena: 1.95% 107 M.
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“ *
I[J'IH OLCHKH CJIOKHOH KOHCTAHTHI FaMaKepa, AFWF ) H€O6XOI[I/IMO paciiojiaraTtb

sHayenreM A Ul B3auMmoaekcTBus (ysuiepeH—(pyiieped B BAKyyMe.
CymiecTByIOT JB€ MPOTHUBOIOJIOKHBIE OIICHKA KOHCTaHThl ['amakepa st

B3auMozeiicTeuii Qymnepen-Qymiepes B Bakyyme: A = (6.5, 7.5 um 8.5) x 107 JTx [9,
24, 25, 27] n 50x107° JIx [23, 37]. Ilepsas oneHka nomydeHa u3 3HadeHmit 16K

THJIPO30JIs, B TO BpeMs KaK BTOpasi — U3 JaHHBIX 00 yriepoaHbIX HaHOTpyOKax. [loaxon
JUJI®O B KJIaCCUYECKOW MHTEPIIPETALNUN YUUTHIBAET SJIEKTPOCTATHUECKOE OTTAIKMBAHHE
u MouiekyisipHoe nputskenue (yp. (1.3)). Ilocnennee Bbipakaercss yepe3 KOMOHWHAIMIO
KOHCTaHT ['amakepa pacTBOpUTEINS U KOJUIOMJHO-pACTBOPEHHOro BeecTBa. Kak Obu1o

ykazaHo pasee [9], smauenms A, = 50x10%° Ik MoxkeT OBITH HPUHATO, €CIH

CYHIECTBYET KaKOW-THMOO cTaOmiu3upyromui  (akrop, KOTOPBIM MPEHsTCTBYET
NPUTSDKEHUIO U KOATyJSLMH, KaK, Harpumep, ruaparanus ¢yiepena Ceo.

B cBs3u ¢ 3TUM sBIIsieTCs 1eeco00pa3HbIM comocTaBieHue ruapososieid Cep C
OpraHo30JIIMH B PaCTBOPUTEIISIX, KOTOPBIE HE SIBJISIIOTCS TOHOPAMH BOJOPOAHBIX CBA3EH
(HABC).

1.4 Hanopa3mepHsble arperartsl Qy/1JiepeHOB B NOJSAPHBIX PACTBOPHUTEISIX

B nonsipHBIX, TO €CTh «IJIOXUX)», OPTaHUYECKUX PACTBOPUTENSAX BOSHHUKHOBEHUE
KOJIJIOUHBIX PACTBOPOB K HACTOSIIEMY BpeMeHH Oe3ycioBHO aokaszano [9, 11, 16, 18-
20, 38-41]. TunuyHBIMM TpUMEpaMU  SBISIOTCS — arperaTel B cmecd  N-
METHJITUPPOIHINH-2-0Ha € aneToHuTpwioM [3], B cMmecsx Tonyona mim OCH30i1a C
aneronutpwiom [16, 19, 43], B N-merwmmuppomuaun-2-one [18, 39] u napyrux
pactBoputensix [20], B IMCO [11], B aneToHHTpHIIE, allETOHE, dTAHOJIE, METAHOJIC U
JPYTuX MOJISIPHBIX pacTBopuTesix [38, 41, 57].

OCHOBHBIM METOJIOM MPUTOTOBJICHHUSI 3TUX CHUCTEM SBISETCS (u3nyecKas
KOHJIeHcaIusl (3aMeHa pacTBOPUTENS).

Tak, B 2001 romy AmnaproBoii c coaBTOpaMH OBIT MPEIJIOKEH CIOCOO

MPUTOTOBJICHHS U3 TOJIYOJHHOTO PacTBOpa YCTOMUMBBIX aucnepcuid ¢ymiepeHoB Ceo U
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C70 B NOJISIPHBIX PAacCTBOPUTEINSX, TAKMX KAaK AIlETOHUTPWII, AllETOH WU 3TaHoia [38].
[Ipu »Trom gucnepcHass (a3za oOpa3yeTrcss BCIEACTBUE KPUCTALIU3AMKM, YTO
MOATBEPXKIACTCS  METOAOM  DJIEKTPOHHOM  MUKpockonuu. Pasmep wacTtun, B
3aBUCUMOCTH OT KOHLIEHTpaluH, Bapbupyer B mpenenax 150-490 HM mo JaHHBIM
JUHAMUYECKOTO pacCesHUs] CBeTa. OJEKTPOKMHETHMYECKHH TOTEHIMal YacCTHIl
dyiepeHa B alleTOHUTPHUIIE OTPULIATENIBHBIN U cocTaBisieT oT —32 1o —38 MB [38].

bbl1 Takke NpenyioKeH ApPYyrod crnocod MPUTOTOBJIECHHUS TUCIEPCUH: IOCHE
pactupanusi TBepAoro ¢ysiepeHa B araToBOM CTYNKE C MOCIEIYIOIIUM BHECEHHUEM B
alleTOH, alleTOHUTPHWII, CIUPTHI, pacTBOp oOpadarhiBay yiabTpasBykoMm [57]. Takoii
JTUCIIEpPrallMOHHBIN MeToA nonydeHus: ¢yimepeHoB Cegp, OCHOBAHHBII HAa pa3pylIEHUU
CBA3€  MeXAy T[EepBUYHBIMU  arperatamu, IO3BOJSIET  IOJiydaTb  Oosee
KOHILICHTPUPOBAHHBIE KOJUIOU]IHBIE PACTBOPHI.

OrnrcaHbl Tak)Ke MOJyYEHHE M CBOMCTBA KOJUIOMAHOTO pactBopa Ceo B METAHOJE
[120]. ITo cpaBHEHHIO C TONYOJBHBIM PACTBOPOM, TIE aBTOPbI OOHAPYKHUIM YaCTHUIIBI
pasmepoM 32 HM, B METaHOJIE, IO pe3yJbTaTaM JAUHAMUYECKOIO PACCESTHUSI CBETa,
NPOSIBIIIOTCS Yke Oojiee kpymHbie yacTuibl: 106 u 342 um [120]. IIpu sTOM Bo3pacraeT
KOA(h(UIIMEHT TMONMUIUCIIEPCHOCTH. B HECKONbKHX paboTax OBLIO YIOMSHYTO, YTO
arperatbl Cgy HAOMIOAAIOTCS TOJIBKO B TOM CIIy4ae, €CJIM KOHIIEHTpPAIUsl MPEBBIIIAET
HEKOTOpYIO 3ajaHHylo BenmuuuHy [12, 18]. A B odeHb pa30aBIICHHBIX pPacTBOpax
¢ynnepenos Cy (c< 7x107" M) B cMecsiX TOMyolla ¢ aleTOHUTPUIOM HE HaOII0NaIoCh
oOpa3zoBaHue arperatoB jgaxe npu 70 %-HOM coaepikaHuu aneToHuTpuia [77].

Har, Campe u coaBTOpbl yKa3bIBalOT Ha TO, YTO arperauus MpOSIBISETCA B
CIIEKTPax TMOIJIOMICHUS TOJBKO B pacTBopHTensx ¢ & > 13 [20], torma kak mis Coo
KPUTHYECKas BEJIMYMHA JAUIIICKTPUICCKOM MPOHUIIAEMOCTH 3aMETHO Bbie ~27-31 [78].
BeposiTHON pUYWHONM TaKOTO pa3inuus sSBIsETCS 00Jee BHIPAKEHHOE B3aWMOJICHCTBUC
moJiekyn Crp ¢ apoMaTHYeCKUM pacTBOpUTEsieM, 1o cpaBHeHuio ¢ Cgo [71, 78].

B cMecsax «xopommx» W TOJSIPHBIX PAcTBOPUTENEH MMEPEMEHHOTO COCTaBa
HAOJIOMACTCSl TMEpPeXoJl OT MOJICKYJSIPHBIX pPACTBOPOB K KOJUIOMAHBIM. Tak,
AJIEKTPOHHBIE CHEKTpbl norjomeHus ¢ymiepeHa Czo B TOJIyoJie pe3KO U3MEHSIOTCS B

npucyTCTBUM  CBbIlle 60 OOBEMHBIX MPOLEHTOB AlETOHUTPUIIA BCIEACTBUE
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oOpasoBanus kiactepoB u3 Mojekya Cro [77]. Pe3ynbraThl HOATBEPKACHBI CIICKTPAMU
dryopeciieHIINN, a W3MEpPEHUs] pacCesiHHsl CBeTa IOKa3alld, YTO pa3Mep arperaroB
coctassier oT 6 10 10° um [19]. Arperamus Cro Habmoganack Takxke B keuone u CCly
C moOaBkamu areToHuTpuia [121].

B apomaTmueckom pacTBopuTelie OSH30HUTPHIIE, KOTOPBIN SBISIETCS TIOJSIPHBIM C
JTUAJICKTPUYECKON MPOHUIIAEMOCTBIO ¢, = 25.2, pacTBOpUMOCTh (yiepeHa Cg paBHA
6x10% M. DeH30HUTpMII SBISETCA aHAIOTOM cMecel OeH30/la WM TONyoda C
ALETOHUTPUIOM. B JaHHOM cilydae npH KoHUEHTpanusx ¢ysuiepeHa Gompme 1x1074 M
HAOJII0/TAeTCs arperamus, CPSIHUNA pa3Mep YacTHUIl TIPH 3TOM cocTaBisieT 250 HM. DTOT

IPOIIECC MOYKHO NIPEJCTaBUTh B BUIe ypaBHeHus (1.4) [122]:

NCeo <> (Céo)n (1.4)

XOTsi CTa0MIBHOCTh M KOAryJsilids BOJHBIX KOJUIOMAHBIX pPacTBOpoB Cep
ANEKTPOJIUTAMU U3Y4Y€Ha O4YeHb NoApoOHO (cM. pasnmen 1.3), COOTBETCTBYIOIINE
WCCIICJIOBAaHMS JJII OpraHo30jieil OTCyTcTBYIOT. HecMOTps Ha MHOTOYHMCIICHHBIC
mMyOJUKaIyK, MOCBAINIEHHBIC MPUTOTOBICHUIO OPraHO30JIeH, M3YYCHHIO Pa3MEPOB HX
YacTUI] W JPYTHX CBOWCTB, 3aKOHOMEPHOCTH KOAryJISUA DJCKTPOJIUTAMU U
MIPOUCXOXKJICHUE OTPUIIATEIILHOTO 3apsi/ia arperaToB OCTAIOTCS HEMOHITHBIMA. [103TOMY
JaHHasl TMCCepTalMOHHas paboTa MOCBsIIeHa U3y4eHHI0 oprano3oieit Cgp B MOJISIPHBIX
PaCTBOPUTETISX.

B To Bpems kak B Boje HauOoyiee BEpPOSTHOM MPUYMHOW BO3HHUKHOBEHUS
OTPHUIIATEIHLHOTO 3aps/ia KOJUTOMIHBIX YacTHUI] (PYyJUIEpEHOB SBISETCS ancopOIusi HOHOB
HO™, xoTopass MoeT OBbITh yCWJICHA SIBIEHUEM TaK Ha3bIBAEMOTO JIOKAJM30BAHHOTO
ruaposnza [9, 119], mns ciaydas aneTOHUTPUIIA TPYIHO IMPEICTABHTH AHAIOTHYHOEC
BnusHue wuoHoB Juata, CH>CN~, mnockoibKy HOHHOE TMPOU3BEIACHUE COCTaBIISET
npubausurensuo 1070 [123]. B Takom ciaydae MOXKHO MPENIONOKHUTE
mucnporopruonnpoBanne  Cgp, KOTOPOE TPHUBOJUT K BO3HUKHOBEHHIO aHHWOH-

pamukanoB C, [65], mim k mepeHocy anekTpoHa ¢ pactBoputens [38], HO MexaHH3M

ATUX MPOIIECCOB TPEOYET BHISICHEHHUS.
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1.5 Bb100op cucTem /1M1 MCCJIEI0OBAHUSA U MOCTEA0BATEIbHOCTD ONBITOB

Kak cnegyer u3 0030pa auTepaTypbl, B HACTOSIIEE BpEeMsl OTCYTCTBYIOT KakKue-
anb0 maHHble O CTaOMIBHOCTH Cgy MO OTHOIICHUIO K JJICKTPOJIWTAM B TOJSPHBIX
pPacTBOPUTEIIAX U TeM Oosiee 00 0COOEHHOCTAX KOAryJIsiUu.

Ha ocHOBaHMM pacCMOTPEHHBIX BBIIIE JAHHBIX B KAaueCTBE Cpex s
uccienoBanusi opranoszoisieir ¢ymiepeHa Cep HaMu OBUIM HMCIOJIB30BaHBI TJIABHBIM
oOpa3oM J1Ba MOJSPHBIX pacTBopuTes: TunuuHbiii HJIBC-pacTBopuTens aneToOHUTPUI
U JIOHOP BOJIOPOJHOM CBSI3M METAHOJI. 3HAUYECHUS] UX OTHOCUTENBHBIX JUIICKTPUUECKUX
nponunaemocred  npu  25°C  Omm3ku: 359 wum 32.66 COOTBETCTBEHHO, a
COJIbBATAIIMOHHBIE CBOMCTBA BO MHOTOM JAUaMETPaIbHO TPOTUBOTIOJIOKHBI.

Kpome TOro, HamMmu ucciaenOBaHO TOBeACHHE (PyJUIepeHa B CMECAX MOJISIPHBIX
pacTBOpUTENIEH C «XOPOLIMMM», IMOCKOJIbKY H3BECTHO, YTO M B 3TOM Clly4ae MpH
JIOCTATOYHOM  COJIEP’)KaHUM  TOJSIPHOIO  KOMIIOHEHTa  (ysuiepeHbl  o0pa3yroT
KOJUIOMJIHBIE pAacTBOpbl. OTAENbHBIE HCCIIECNOBAaHUS OBUIM TMPOBEACHBI U B YHCTHIX
apoOMaTUYECKUX pPACTBOPUTENSAX, B YACTHOCTU, C IMEJIbIO YTOUYHEHUS 3HAYCHUU
MOJISIPHBIX KOA(D(PUIIMEHTOB TMOIJIOMICHHUS. OMU30IUYECKU HCCIEAOBAINCh TaKKe
aucriepcun  QyiiepeHa B APYTMX CMENIAHHBIX  PACTBOPUTENSIX, COJEpKalluX
numetmicyiabdokeun (JIMCO), nuxiaopMerad u Jp.

ITepBoii cragmeit paboOTHl OBUIO HCCIIEIOBAaHME OCOOCHHOCTEH 00pa3oBaHMS
HAHOJMCIIEPCHBIX CHUCTEM (yiUlepeHa Kak IyTeM BHECEHHS KOHIIEHTPUPOBAHHBIX
pacTBOpOB B TOJNyoJje WM O€H30Jie B TMOJSPHBIE PACTBOPHUTENH, TaK M METOJIOM
JMCTIEPTUPOBAHUS. 3aT€M MCCIICIOBAIUCH CBOMCTBA MOJYYEHHBIX O€33JE€KTPOTUTHBIX
pacTBOPOB: pa3Mep YaCTHI], MOJUIAUCIEPCHOCTh, SJIECKTPOKMHETUYECKHUE CBOWCTBA,
AIIEKTPOHHBIE CIIEKTPHI MOTJIONIEHUS.

Jlanmee n3y4yanoch B3aMMOJEHCTBHE OPraHO30JIEN C JIEKTPOIUTAMU PA3IMUYHBIX
TUTIOB. [TOCKOJIBbKY 3apsi KOJIJIOMTHBIX YACTHUI] OB IEPBOHAYATIFHO CYIIECTBEHHO
OTpHUIIATEIBHBIM, UCCIEAOBAIIOCH TJIABHBIM 00pa30M BIIUSHHE PA3HOOOPA3HBIX
KaTHOHOB, IPUYEM B KQUECTBE DJICKTPOJIIMTOB YA00HO OBLIO UCIIOJIB30BaTh MEPXJIOPATHI,

ITOCKOJIbKY OHHM XOPOIIO PACTBOPUMBI B MTOJSIPHBIX OPTAHUYECKUX PACTBOPUTEISX.
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PA3JIEJ 2
SKCIIEPUMEHTAJILHAS YACThH

2.1 PeareHTbl 1 annmaparbl

2.1.1 PeakTuBBI U MOCYAA

Hcxonnsie npernapatsl ¢ymiepena Ceo hupmbr Acros Organics (99.9 %) u 2,6-nu-
mpem-0ytun-4-metundenona ¢upmber Merck co crenenpto umctothl > 99 %
WCITOJTB30BAIH 0€3 TOMOJIHUTEILHON OYMCTKH.

PacTBopuTeny TOIyOI, aleTOHUTPIII, OeH30i1, MeTano, anerod, JIMCO, CH,Cl,
OUUIAIM U JCTUIAPATUPOBAIU IO CTAHAAPTHBIM MeToaukaMm. CojepskaHue BOAbI HE
npesbimano 0.01 macc. % (onpenenenune mo merony dumepa). [lepxmoparsl HaTpus,
Kanpliug, Oapus, JaHTaHa, TeTpa-#H-OyTuinamMMoHusi, N-UETWINUPUIUHUA U
HEeTUITPUMETHIIAMMOHUS, HUTPAT JIAaHTaHa, alleTaT JIJAHTaHA CHHTE3UPOBAIA U OUHINATH
MEPEKPUCTALIN3ANNECH C TOCIEAYIOMIEH OCYIIKOM M XPaHWJIM MOJ 3alUTOM OT BJIarw.
Xnopuyto kucinoty HCIO4 roToBuiar MHOTOKpAaTHBIM pa30aBiICHHEM allCTOHHUTPHUIOM
BOJHOTO pactBopa. Bce peakTuBbl ObUIM KBaTU(UKAIIMKU X.U. U OC. Y.

Tpudnatnas kucnora CF3SOsH Obuta mro0e3Ho mpegocTaBiieHa mpodecopoM
1O. JI. Arynonsckum (MucTuTyT Ooprannuyeckod xumuu, HAH Vkpaunsr). Kpunrtang
[2.2.2], mmm Kryptofix 222 (mns cunaTesa) pupmer Merck, u munukiorekcui-18-kpayH-
6, yuc-anmu-yuc, nam nzomep b (99.0 %), npegocrasnennbiit UHCTUTYTOM (prznyeckoi
xumun, Poccuiickoii Akagemuu Hayk, ucmnosib3oBamu Takke 0O€3 JOMOJHHUTEIHHOM
OYHUCTKH.

Jist  mpuroToByiieHuss PabOYMX PACTBOPOB HCIOJIB30BATM MEPHBIC KOJIOBI
BMeCTUMOCTBIO 5, 10, 25, 50 u 100 mi, nunetku ¢ aeaeHusIMH BMecTuMocThio 0.1, 0.2,

1,2 u 5 mu, mukporunetku 2—20 Mk, 20-200 Mk 1 100—-1000 M.
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2.1.2 TIpu6opsI

CriexTpbl MOMIONICHUS MOJy4yalu ¢ moMmolibio crnektpodoromerpoB Hitachi U
2001 m CDO—-46 npoTUB COOTBETCTBYIOUIETO PACTBOPUTENSI WIM XOJOCTOTO PacTBOpa,
COJIEp>KaIero Bce KOMIIOHEHTHI 3a MCKIIIOUeHHEM caMmoro (QysuiepeHa. McnombpzoBanu
KBaplLeBbIe KIOBETHI ¢ JiMHOM moriomatoniero cios 0.1, 1.0 u 5.0 cm. Ilornomenue
ObU10, Kak mnpaBwio, B mnpexenax or 0.1 mo 1.3. HeompeneneHHOCTh M3MeEpeHHs
norJiomenus cocrapisiia Ha nmpudope Hitachi U-2000 +0.001. M3mepenus morionieHus
npoBoauian B auana3zoHe jiuH BoiaH 200-1100 um mpu Temmneparype 25+1°C, a B
HEKOTOPBIX CIIydasX NPy KOMHATHOW TeMreparType.

Pacnpenenenre wuacturp mo pasmepam u 3era-noteHnuan ({) pacTBOpoB
(GyInepeHoB onpeneaeHbl METOAOM AMHAMUYECKOTO pacCesHHsl CBETa B J1abOpaTopuu
HannonanpHOro yHHMBEpCHTETa NMUIIEBBIX TexHosoruii, Kues, Ykpauna, Ha npudope
Zetasizer Nano ZS Malvern Instruments (BenmukoOputanus), u B naboparopuun ['HY
HTK HAH VYkpaunbl «IHCTUTYT MOHOKpPUCTANIOB», XapbKOB, YKpanHa, Ha Mpudope
Brookhaven ZetaPALS (CIIIA). Bce ati usmepenus npoBoawiu pu 25°C.

BenuuuHbl  37E€KTPOKMHETUYECKOTO TMMOTEHIMAla BBIUYMCISJIMCH Ha OCHOBE
JaHHBIX O MOABIKHOCTH, MOJYYEHHBIX Ha mpuoOope Zetasizer Nano ZS. [lns kaxmoit
CHUCTEMBbI H3MepeHUs (-TIOTCHIMajla TPOBOAWINChL HE MEHee IaTh pa3 ¢ 12-42
npoOeramu npu paznuuHbix HanpsokeHusx (30-100 B). HeonpenenenHocTs n3aMepeHust
3eTa-MoTeHITMaNa Haxoamwinack B mpeaenax 4—6%, a pasmepa ygacturr — 10-15%. Jlns
MU3MEPEHUS 3€Ta-NMOTEHIMAJIA UCIIOIb30BAIM MOTPYKHBIE SJIEKTPOIBI.

Bce u3Mepenust pazmMepoB 4acTHUIl MPOBOIUIUCH Tpu 25°C MO YIJIOM pacCesHUS
173° na npubope Zetasizer Nano ZS, u non yriom paccesiHus 90° ma ZetaPALS. B
ciyyae n3mepenus ( Ha npudope ZetaPALS yron paccesinust coctaBisit 15°.

Pacnipenenenrie 1o pasmepaM 4YacTUI[ TakXe ONpEAessuId € MOMOUIBIO

cratuaeckoro ceetopaccesaus (CPC) ¢ ucnonp3oBanreM IU(PPaKIIMOHHOTO Ja3epHOTO
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ananuzaropa SALD-7100 Shimadzu B na6opatopun ®apmcrangapt-buonek, Xapbkos,
VYkpauna, E. A. KopocreneBoii.

N3mepenus criektpoB aiekTpocnpest Obutn caenanbl A. C. 303ynell Ha npudope
micrOTOF II Bruker B YuuBepcurere r. Opnanren, OPI'.

Crektpnl QuryopecneHiuu u3Mepsiin Ha npubdope Hitachi 850 fluorescence
spectrophotometer.

DIEKTPOHHO-MUKPOCKOIIMYECKUE HCCIIEeIOBAaHUS MPOBEACHBI KaHAUAaTOM (pus.-
MaT. Hayk, noueHtoM A. I1. Kpeimranem Ha ¢usuko-texuunueckom axyiabrere XHY ¢
nomompio npudopa Cenmu [19M-125K. B BeicokoBakyymHOW yctaHoBke BVYII-5M
YIJIEPOHYIO TUIEHKY TOamuHOW 10-20 HM KOHAEHCHpPOBAIM M3 BOJBTOBOM JYrM Ha
cBexuii ckoi MoHokpuctaioB KCl mpu pabodem JaBieHHM OCTaTOYHBIX ra3oB 10~
*Tla. Ilocne NPOMBIBaHMS JUCTUUIMPOBAHHONW BOAOM € MOCHEMYIONEN OCYMIKOM
yIJEpOAHbIE IJIEHKA NOMEIAIN Ha MEJIHbIE 3JEKTPOHHO-MUKPOCKOMMYECKUE CETOUYKH.
AJMKBOTY M3y4aeMOro pacTBOpa Kalaju Ha IUIEHKY U HU3ydalld MOCJI€ BBICYLIUBAHUS.

N300pakeHust perucTpUpOBaId C MOMOLIBIO HU(PPOBOIl POTOKAMEPHI.

2.2 MeToauka npoBeieHNsi IKCIIEPUMEHTOB
2.2.1 IlpuroroBjieHUE PACTBOPOB Py LJIEPEHOB

Kak mpaBuiio, mocie BBIIEPKKH TBepAOro ¢yiiepeHa, B3ATOro ¢ U30BITKOM, B
O€H30JIe WM TOJIyOJie B TEUEHHE JIBYX HEZENb pacTBOp (UIBTPOBAIM Yepe3 (DUIbTPHI
PTFE c pasmepom nop 0.45 mxm. KoHieHTpanuu MCXOJHBIX pacTBOPOB B O€H30J€ U
TOJyOJi€ OBUIM YCTAHOBJIEHBI C TMOMOIIBIO MOJSPHBIX KOI(P(OUIIMEHTOB MOTJIONICHUS
64.3x10° (moms/m) ! cm ! mpm 335 mm m 58.43x10% (mome/m) ! cm ! npu 336 HM,
COOTBETCTBEHHO. HeKOTOpHIE ONBITHI OBLIM IIPOBEAEHEI ¢ UCIOIb30BaHueM 6.00x1074 M
pactBopa Cgo, NPUTOTOBJIEHHOIO PACTBOPEHMEM HABECKHU TBEPAOro (QysuiepeHa B
apOMaTUYECKOM pacTBOpUTENIE, WM 00Jie€ KOHIICHTPUPOBAHHOTO, HO HEHACHIIIICHHOTO

pacTBOpa B 3TUX K€ PACTBOPUTEISX.
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AJNHMKBOTBHI MCXOAHBIX PAcTBOPOB MOOABISUIM K allETOHUTPHILY WU K APYTUM
HOJIIPHBIM PACTBOPUTENSIM P KOMHATHOM TEMITEpaType, a BCE M3MEPEHUS TPOBOINIIN
npu 25 °C. Pa6oune konuentpauu Cg B alleTOHUTpHIIE ObLIH oKono 4x107° M. Ipu
BBICOKMX KOHIIEHTPALMSIX OPraHO30JId MEHEE CTa0UIIbHBI.

C apyroii CTOpOHBI, B CMECH OeH30:1a ¢ alleTOHUTPUIIOM HCIIOJIb30BAIM BHICOKHE
KOHIIEHTpAIlMU, TIOCKOJIbKY DJIEKTPUYECKOE COMNPOTUBIEHUE PACTBOPOB  OBLIO
JIOCTATOYHO BHICOKUM. B 3ToM cirydae 8x107° M pactBop Cep B G€H301€ CMEIMBAIIH C
anetonuTpuiioMm (1:1 mo oO6bemy), TMOO UCXOMHBIM KOHLUEHTPUPOBAHHBIA PAaCTBOP B

Oenzose BHOCKIH B cooTBeTCTBYIOINIYIO0 cMech CgHe—CH3CN.

2.2.2 OnpeneneHue NOPoOroB KOAryJasiiuu

Ucxonnsiit pactBop Cso B apoMaTuueckoM pactBoputese paszdasisuim B 100 pas
pPacTBOPOM COJIM B allETOHUTPUIIE, TUOO0 MK cHavyasna pa30aBisiin Ceg allEeTOHUTPUIOM
B 50 pa3 m mocie 3TOro CMEMMBAIA C COOTBETCTBYIOIIMM alE€TOHUTPHIBHBIM
pacTBOpOM 3JeKTpoJinTa. crnonb30BaHnue Kak JIBYX CIIOCOOOB CMEIIUBAHUS PACTBOPOB,
Tak W Apyroii paboueii konuenTpanuu Ceo, 2.0%10° M, npuBeNo K NPAKTUYECKH TEM KE
pe3yJbTaTaM.

Hcnonb3oBanu BE MPOLEAYpbl ONpPENeNeHUsT MOpPOTOB OBICTPOW KOaryssiuuu
(ITbK).  Tlepas  3akmouaiach B  CHEKTPOGOTOMETPUYECKOM  HCCIETOBAHUU
3aBUCUMOCTH  MOIJIOIIEHHMS  pacTBOPOB  (PyIepeHOB C  COOTBETCTBYIOIIUM
ANEKTPONUTOM Ipu 333 HM BO BpeMeHH. NHIYKIIMOHHBIN NEPUO TPUHUMAIIA PaBHBIM
20 MuHYyTaMm, B CBSI3U C OYEHb MaJION KOHIICHTpAIUEH OpraHo30Isl.

[To BTOpO# METOAMKE UCCIEAOBAIN 3aBUCUMOCTh 3P(HEKTUBHOTO pa3Mepa YacTHII
BO BPEMEHU METOJIOM JMHAMUYECKOTO PACCESIHUS CBETA. 3aT€M CTPOWJIHA 3aBUCUMOCTH
OT KOHIIEHTpPAllMU 3JIEKTPOJUTa napamerpa 3(PQPeKTUBHOCTH B3aMMOACHCTBUS YACTHI]
(o6parubiil mapamerp ®ykca), W, mpu 5T0M NepByro TOUKY Ha IUIATO NIPUPABHUBAIIM

I1bK.
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PA3JIEJ] 3

MOJYYEHUE KOHJEHCAIIMOHHBIM METOJIOM OPTAHO3O.IEN
OYJIVIEPEHA Ceso U UX OBIIIAA XAPAKTEPUCTUKA

3.1 lloBenenue gyaaepena Ce B «XOPOLINX» PACTBOPHUTEIAX

3.1.1 Ko3¢duuueHTsl MOJSIPHOrO MNOIVIOIIEHAS H PACTBOPUMOCTH

(dyniepena B apoMaTH4eCcKNX PACTBOPUTEJIAX

PaGouue pactBopbl (ymiaepeHa Cgp TOTOBWIM pa30aBICHUEM HACHIIEHHBIX
pacTtBOpoB, JHOO pacTBOpPOB C KoHIeHTpauued B 3—10 pa3 Hmwke mnpenena
pacTBOpUMOCTH, paBHOro = 4x102 M [9].

st onpenenenust Ko3hdUIMeHToB MoJisipHOro norjomieHus Ceo B TOJIyOJIe U B
6en3ouie (Tabu. 3.1) TOTOBUIIM pacTBOPHI [0 TOYHO PACCUUTAHHOM HaBeCKe (yJuiepeHa B
aTUX pactBopuTessix. Cmycts 3 JHS U3MEPSUIA  CIEKTPHl  TOTJIONMICHUS TPOTHB
XoJiocToro pactBopa. [IpuMep crekTpa TOTJOMIEHHS B TOJYyOJ€ MPEACTABICH Ha
pucynke 3.1. Jlnsg Y@ u BUAMMOM 4aCTH CIIEKTPa UCIOJIb30BAIIN Pa3Hble KOHLIEHTPALNH
PACTBOPEHHOIO BEIIECTBA, YTOOBI M30€KaTh CIUIIKOM BBICOKUX WJIM CIWIIKOM HHU3KHX
3HaueHui morjomeHus 4. KoHIeHTpalnuu pacTBOPOB, MPHUTOTOBJICHHBIE BECOBBIM
METOJIOM, MEPECUUTAIA B MOJISIPHYIO IIKay C MCIOJb30BAaHUEM IUIOTHOCTU TOJIyOJIa:
6.00x1074, 6.00x10° u 6.00x10° M. Ilpu 5ToM He HaOIIOIAIH OTKIOHEHMI OT 3aKOHA
byrepa—Jlam6epra—bepa.

JlanHble, mpeacTaBieHHble B Ta0iuie 3.1, mogoOHbI paHee OmyOJMKOBAaHHBIM
[124]. Ognaxo, B pabote [124] 3HaueHUs Amax ¥ E HECKOIBKO HHUKE, YEM B HAIIMX
oboux pactBoputelsix. [IpencraBneHnpie B myOnukanuu [125] criekTpbl OTHOCSTCS K
OYEHb KOHIIEHTPHPOBAHHBIM pacTBopaM (yiiepena, 1o 1.33x107° M, u nornomenune

npesblaet 3HaueHue 4.0.



36

Tabnuua 3.1
Ko3dgPpuunentsi MmosisipHoro norJiomenus ¢gysiepera Ceo mpu 20 °C
B tonyone B OeHn3zone
Amax, HM 103XEmax, Mtem Amax, HM 103XEmax, M oM™
3361 58.4334 335! 64.30°
407 2 3.163 407 2 2.962
(472) ° 0.432 (472) © 0.442
541 0.908 541 0.911
596.5 0.798 596.5 0.809

1 [lepen naHHBIM MaKCUMYMOM HMEETCSI MUHMMYM TOTJIONIEHUS MPU Amax = 316 HM,

koTophiii cocraBmsier E = 24.60x10° Mem? u 20.78x10° Mlcm? B TOmyone u

6€H3OJI€, COOTBCTCTBCHHO.

2 Mexay AByMs MAKCHMyMaMHU OTMEYEH MEHUMYM HOTJIOIIEHHS IIPH Amax = 448 HM

(E =230 M tcm?) B Tomyose v ipu 437.5 um (185 M tem ) B Gensoue.

3 3pauenne 53940 Mlcm ! npu 334 um ony6nmkoBano B padore Kusumsr u ap. [40].

452443 M tcm ! mpu 332 um [124].

®56561 M lcm ! mpu 330 um B pabote [124].

6 He MaKCUMyM, HO JaHHasdA AJIMHA BOJIHBI UCIIOJIB3YCTCA OJIs1 OHCHKW KOHOCHTPpAUN

dymnepena Cgo B apoMaTndeckux pacTBopuressix [3, 126].
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A, HM
Pucynok 3.1 3aBucumocTs k03 (UIIMEHTAa MOJSPHOTO IMOTJIOMEHUS OT JJIUHBI
BonmHel: 1 — pactBopa (ymiepena Cg ¢ KoHUeHTpamueil 6.26x10° M (cnesa), 2 —

pactBopa ¢ymiepena Ceo ¢ KoHIeHTpanuek 6.00x10* M (crpasa) B TomyoIe.

Hcnonp3oBaHrne W3BECTHOTO YypaBHEHHUS sl pacueta KoHueHTpamuu Ceo B
apOMaTHYECKUX PACTBOPUTENSAX C MCIOJb30BaHHEM norjouieHus npu 335.7 u 472 um
[126, 127] npuBout k 3Ha4eHnio 6.29x107° M s nocineanero u3 HaMKUX PacTBOPOB.

[Tocne BIIEp)KUBAHUS PACTBOPA B TEUEHHUE TPEX HENleb 0e3 ImepeMenTuBaHus, HO
C TOCTEeNYIOMUM (QHIBTPOBAHHEM CTajl0 BO3MOXXHBIM OIIGHHUTH PACTBOPUMOCTH TIPH
Amax = 336, 407, 541 M, koTopas cocraBuna (3.84+0.10)x10~2 M. Iony4eHHOE 3HAUEHHE
PacCTBOPUMOCTH COTJIACYIOTCSI C JINTEPATYPHBIMU JAHHBIMU W3 JIECATH PAa3HBIX CTaTCH B
nuanasoHe (2.98 — 4.4)x10~2 M. Cpennee 3Hauenue cocrapiser 3.7x107° M [9].

[TogoGubie skcnepuMeHTHl ObUTH TIpoBeneHbl s Cgo B Oenzone. Haiinennas
TakuM 00pa30M pPacTBOPHMOCTE B OeHsone cocrapiusger (2.04+0.02)x1072 M, mpu stom
UTEpaTypHBIE JaHHBIE BappHpyloTcs oT 1.9x1073 mo 2.6x107° M, cpennee 3HaueHHE

cocrasysier 2.2x107° M [9].
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3.1.2 Cocrossane dyiepeHa B HHIMBHAYAJIBbHBIX «XOPOLIHX»

PACTBOPUTEIIAX

Arperanuio ¢QymiepeHa B YUCTOM TOJIyOJi€ HM3ydald C MOMOIIBIO METOOB
CTaTUYECKOTO U JUHAMUYECKOTO paccesiHus cBeta. M3aMmepeHus: mpoBOIMIIN B PaCTBOpPax
C KOHIIEHTpalueu, OJM3KOM K KOHIEHTpAIlM HACBIIIEHHOTO pacTBOpa, Kak co
B30AJITHIBAHUEM U TIEpPEMEIIUBAHUEM BO BpeMsI U3BMEPEHUM, TaK U 0€3 TaKOBOTO, KaK CO
CBEKETIPUTOTOBJIEHHBIMH, TaK U C COCTAPEHHBIMHU pacTBopaMu. HekoTopsie n3MepeHus
IPOBOAMIN TaKXe C pa30aBICHHBIMH pPAacTBOpAMHU B JMAana3oHe KOHIEHTpanuil (4—
400)x10" M.  PesympTaThl  OKa3alMCh  HECKONBKO  HPOTUBOPEYUBLIMH M
HECTaOUIIBHBIMU, OJTHAKO B I€JIOM HAOIIOAAeTCA TEHACHIIMS K 00pa30BaHUIO HECTOMKUX
arperatoB, KOTOpble HAOMIONAIOTCS B TIEPBYIO OuYepelb B PpaCHpeleiIeHUH II0
untencuBHocTH ([Ipunoxenue A, puc. A1-A3).

Kak Obuto ykazano panee [9], HEKOTOpbIC aBTOPHI MPEIIOJATAIOT HAJTHYHEC
arperatoB B Toylyojie U OeH3ojie. OJHAKO BMOCJEICTBUM CTPOTUMH aHAIU3 METOIOM
MaJIOyTJI0BOT'O paccestHUsl HEUTPOHOB JI0Ka3all OTCYTCTBUE arperaToB MpU COOJIOCHUU
paBHOBecHOU mporeaypsl npurorosnenus [18]. Ho mpu 3TOM cnemyer umers B Buiy,
uyro AneeB u ap. [18] uccnenoBanu pactBopsl Ceo B CS;. [IprMeHeHue 1mompo0HOTO
metona K pactBopam Cgy B Tostyosne [66] ykaspiBaeT Ha HEKOTOPHIE M3MEHEHHS BO
BPEMEHH, W TIpU OTOM Tpearnoyiaraercs arperanus. MaxmMaHoOB W [Ip. CpaBHWIA
pPaBHOBECHBII ¥ HEPaBHOBECHBI METOAbl MPHUTOTOBICHHS M B O0OMX CIydasx
HAOJIIO/IaIM arperaThl, pa3nyHbIe 10 pasMepy u cTpykrype [125]. OHu ucnosnbp3oBamu
CTHIEKTPOCKOTIMIO M IMPOCBEYUBAIOIIYIO IJIEKTPOHHYIO MUKPOCKOTHIO, OJHAKO METOIbI
JIPC u ManoyrioBoro paccesHuds HEWTPOHOB HE MPUMEHSJIMCh B 3TOiMl pabore. B
HenaBHel pabote [128] Obutn oOHapyxeHbl arperatsl ¢ysuieperHa Cgy B TONyose |
xynopoensoinie metogamu JIPC, CPC, xpuno—II9M, ManoyriioBoro paccesHusi HEWTPOHOB
U PEHTreHOBCKUX Jydeid. OJHAaKO MpU MPUTOTOBIECHUH PACTBOPOB HCHOIb30BAIN

JUTUTETbHYI0 00paboTKy yibTpa3Bykom [128].
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BepositHo, pacTtBophl dymiepeHa Cgy B XOPOIIUX PACTBOPUTENSAX MPEICTABISIIOT
co00if HEOOBIUHYIO CHCTEMYy. B CBS3M ¢ 3THM cCleIyeT NPHUHITh BO BHUMAaHHUE P
crareii ['mu3Oypra [74, 75, 129-133]. B yactHOCTH, B O€H30JC, TOJyOJIe U napa-
KCHJIOJIE TOYHBIC U3MEPEHHS TI0Ka3aIi HEeMOHOTOHHOE M3MEHEHHE TUIOTHOCTH PacTBOpa
U JIURJICKTpUUYECKON mpoHumaeMocT. llupokoyrioBoe W MajoyrioBoe paccesHue
PEHTTEHOBCKUX JIydell W 3aBUCHUMOCTh TEeMIIEpaTyphl KHIICHUS OT KOHIEHTpPAIlUU
YKa3bIBAIOT Ha CTPYKTYPHOE YHOPSAIOUYEHHE pacTBOpHUTeNs. Brimeykazanubie 3¢ (GeKTh
a1 pactBopoB Ceo u Cro HaOmomamuch paxe npu koHuentpanuu 1074 macc. %. U3
JTaHHBIX 10 30ymrockonuu [WMH30Ypr W Ap. cAeflaidd BBIBOJ O CYIIECTBOBAHUU
YIOPSAJOYECHHBIX COJIbBATHBIX O00OJIOUEK, COCTOSIIUX M3 npuMepHO 800 OEH307IbHBIX
MOJIEKyl Ha onxHy Mouekyny ¢ymiepena Cgo [133]. B To ke Bpems, naHHbBIE O
C)KUMaeMOCTH cucTeMbl Cgo—TOJyO0l1, MOJIyYEeHHbIE paccessHueM bpuiosHa, nokazanu
HAJIMYHME COJIbBATHON 000I0UKHM MOJICKYJIbI TOJIIMHOM 1 HM [134].

Bo Bcsikom ciyuae, Mbl He HaOIIOAAIM HUKAKUX CEPbE3HBIX U3MEHEHMN CIEKTpa
MOTJIONIEHUS B pa30aBJIEHHBIX pacTBopax. TomusiMa M JIp. MOKa3aliH, YTO U3MEHEHUS
BUAUMOTO criekrpa npu A = 400-450 HM B auanasone koHueHnTpanuii (0.244-2.45)x1073
M He3HauuTeabHbI [43].

Hamm maHHBIE TakKe MOKA3bIBAIOT HE3aBUCHUMOCTH CIIEKTpa MOTJIOMIEHUS OT
KOHIEHTpanuu B auanaszone (6—600)x10° M. DTo m03BoJISET IPEATIOI0KHUTE, YTO ECIIH
arperartbl JEMCTBUTEIHLHO 00pa3yroTCs, TO MOJeKyIbl Cgp aCCOIMUPYIOT, COXPAHSIS TIPH

9TOM COJIbBATHBEIE 0OOJIOYKH.

3.2 XapakKkTepuCcTHKA KOJUJIOMIHBIX PAcCTBOPOB (Qy iiepeHoB
3.2.1 O0mas xapakTepucTuKa

B xome wuccnenoBaHusi Hamu ObUIO  HM3roToBieHO MHoOro 3ojeid Cg B
aneronutpuie, JIMCO, cmecsax anetonutpuiia ¢ JIMCO, B meraHosie, a TakXe B
cmecsix tonyosia win Oensona ¢ CH3CN, JIMCO, meranonom u CH2Cl, ¢ nomoripto

metona AnaproBoit u ap. [38]. Crektpsl noromenus (puc. 3.2), mpocBeYHUBarOIIas
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ANEKTPOHHAs MUKpockonusi (puc. 3.3) U AMHAMUYECKoe paccesHue ceta (puc. 3.4)
MOJITBEPXKIAIOT  BO3HUKHOBEHUE  KOJUIOMTHBIX  YaCTHUIl.  DJIEKTPOKUHETHUECKUU
NOTEeHIMaNn (3eTa-MOTEeHIMaN), BCerga ObUT OTPHULATENBHBIM, a pa3Mep YacTHII
BapbupoBal B npeaenax oT ~ 100 um 1o = 600 HM.

HuTepecHoil 0COOEHHOCTBIO HEKOTOPHIX CMeceil OeH3osia ¢ aleTOHUTPUIOM
SBIISIETCA TO, YTO COXpaHsieTcs HaOmronaBIIascs B OCH30JBHBIX PACTBOpPAX TOHKAs
CTPYKTypa CIIEKTpa MOJeKyJsipHoro noriomenus Ceo B BuAMMOW obsactu (puc. 3.2,
BCTaBKa), B TO BpeMs Kak jgaHHble J|PC moaTBep»aaioT CyIIecTBOBAaHHE JOCTATOYHO
OONBIIMX KOJUIOMJHBIX YacTHIl. B aHaJlOrMYHBIX YCIOBHUAX B CMECSIX TOIyoJla C
AIlCTOHUTPHUIIOM TOHKAsl CTPYKTypa CIIeKTpa Tarkke coxpansercs [16]. Dto mo3Bomser
MPE/INOJIOKUATh OTCYTCTBUE HETIOCPEICTBEHHOTO KOHTAKTa MOJIEKYJ (QyJiepeHa MEexIy
co0Oi, BCJIENCTBUE UX COJIbBATallUM OEH30JI0M WJIM TOJIYOJOM. DTO COIJIACyeTcs ¢
W3BECTHON TeHACHIMEHW o0pa3oBaHUS CTaOUIBHBIX conbBaTOB Cgy € OEH30I0M B
TBepoM coctosiHum [58, 135, 136] u ¢ MoAenbI0 OpUEHTAIINN MOJIEKYJT aDECHOB BOKPYT

modieky Cgo B pacTBope [17].

3.2.2 IIpoucxoxkaeHue OTPULATEIBLHOIO 3apsiaa

Bo Bcex m3yuaembix opraHoszossix ¢ymiepera Cgy 3HAUCHHE 3eTa-TMOTCHIMAIA
BappupyeT B mpenenax —(30-50) mMB (tabn. 3.2). B Boae amcopOums moroB HO™

ABJIAETCS  HaumOoJee BEPOATHOM TNPUYMHON  OTPHLATENHLHOTO 3apsja  JacCTHII:
—-X
{nCGOmOH‘(m—X)H+} XH". Ho mis amneToHWTpWiaa 3TO TPYIAHO HPEIIONOKUTD,

COOTBETCTBEHHO 00Jiee BEPOSITHBIM SBJISIETCS] HOH-PANKATIBLHBIM MEXaHU3M.
VYpaBuenue CmonyxoBckoro (3.1) mis pacyera 3eTa-TMOTEHIHAIA MOXET
UCIIONB30BaThCAd Tpu kI >>1, Torma kak ypaBHeHue Xrokkemsi—Onzarepa (3.2)

npuMensiercs s kf < 1 (yp. (3.3)).

c=U, —— . (3.1)
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Pucynox 3.2 Cnextpsl normnomenust Ceo B O€H30J1€ (CIUIONTHAS JIMHUS), B CMECH

OeH30J1a C aleTOHUTPWIOM, 1 : 1 mo 0ObeMy (ITyHKTUpHAsS JIMHUS) U B AlETOHUTPUIIE C
1 % Tomyona (mrpuxoBas qunHMs). JJnuHa noriomatomiero ciost 0.1 cM (BctaBka: 1 cm).
Konnenrpamus Ceo B OeH3071€ M B cMecu OeHsona ¢ anetonutpunoM: 4.02x10° M. B
aneronuTpuie konuentpauus 4.0x10° M, um nepen BcTaBkoli Ha pHUCYHOK 3.2

MOTJIONIEHNE YMHOXkeHO Ha 10.
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Pucynok 33 [IpocBeunBatomas AJIEKTPOHHAS MUKPOCKOIHUS
CBEKENPHUroTOBIIEHHOTro pacTtBopa Ceo B anetonutpuie (4.0x10° M) nocne ucnapenus

PacTBOPHUTEIIS.
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Pucynok 3.4 a — pacnpeneneHwe dyacTuil Mo pazMmepaMm Mo aaHHeiM J[PC

cBesxenpuroTosiaeHHoro 3oms Cego (4.0x10°° M) B aneronutpuie ¢ 1 06. % Tonyona;

koadurment nomuaucnepcHoctu paBeH 0.30+0.015; 6 — pacmpenenenue 4acTuil Mo

pasmepam no gaHHbeiM JIPC cBexenpuroroBieHHoro 301 Cgg B cMmecu O€H30J-

anetonuTpu (1:1 mo o6wvemy, monbHas aoas CH3CN 0.63), koHueHTpauus QyiiepeHa

(4.03-4.07)x10° M, KIIJI = 0.059+0.013; 1 — pacnpeneneHue 1o KOJIUYEeCTBY YaCTHIL, 2

— 110 UHTEHCUBHOCTH, 3 — 10 pacCceuBarouIeMy 00beMY.
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3n
=u
o= 2¢,¢, (3.2)
2
&&RT

OnexTpodoperndeckas MOJIBMKHOCTb, Ue, paBHa OTHOUICHHIO CKOPOCTH
JBUKEHUS YAaCTHI] K HaINpsHKEHHOCTH moiisd, V/ E, # — BA3KOCTb, & — OTHOCHUTEIbHAS
JTUAJIEKTpUYEcKas TMPOHMIIAEMOCTh cpensl, F — mnocrosunas ®dapanes, paBHas
96487 Kn/monb, R — yHuBepcanbHas ra3oBas nmoctosiHHas, paBHas 8.314 JIx/(monbpxK),
| — nonnas cuna.

BBuny wucuesarome Manmoro 3HaueHus | B OeccosieBbIX pacTBopax Oosiee
KOPPEKTHBIM SIBIIIETCS MCIOJIb30BAaHUE ypaBHEHUsI XIOKKEJS, YTO U JeaeTcsl HaMU B
JaJIbHEHUIIIEM.

C uenpi0 BBISICHEHHS MPOMCXOXKACHUS OTPUIIATEFHOTO 3apsia KOJUTOMTIHBIX
yacTull ObUla NpUrOTOBJIEHA cepust opranoszonet Cg B cmecsix OeH3ona C
alleTOHUTPUIIOM,  coepkamux  2,6-Iu-Tper-OyTui-6-mMetuindeHon  (MOHOM), Tak
Ha3bIBAEMBIM «IOTJIOTUTENbL pagukanoBy (radical scavenger). B pesynbrare BmecToO
BO3HUKHOBEHHUS CTAOUIIBbHBIX YacTul pazmepoM 150-350 HM HaOmromaercs ux ObICTPbIN
pOCT ¢ nmanmbHEeHImmMM oOpa3oBaHueM ocaika (puc. 3.5), a 3eTa-MOTEHIUAT CHUXXAETCA

npubau3uTenpHo 10  ~ —(15-22.5) MB Bmecto 3HaueHus —(45-52.5) MB B oTcyTcTBHE

noHoza. [locie BeImameHuss ocajKka OCTAIOIIUMECS B pacTBOpe 4YacTHIBI MMErT ( =~ 0.
(Ecnm ombIT mpoBOAMTCS ¢ pacTBOpoM (yiuiepena B anetonutpuie ¢ 1 06. % Tomyona, ¢
xouuenTpanueii Ceo 4x107° M, pocT 4acTHI[ IPOUCXOANT 3HAYUTENLHO MeIeHHee). [pu
xoHuenTpanun Cep 2.4x107° M (¢ 6 06. % Tosryona), 4acTHIIBI YKPYIHSIOTCS, U 4epe3 TPU
yaca HaOJIr01aeTCs CeIMMEHTAlINs, a 3eTa-MOTSHIAN MPU 3TOM paBeH —22.5 MB.

Bropass yacTh sKcnepuMeHTa TakXKe JaeT WHTEPECHBIM pe3ysbTaT: €CIM HMOHOJ
n00aBUTh K Yyke CHOPMHUPOBABIIEMYCS OPTaHO30JI0, TO BO3pPACTAaHUSA YaCTUI[ U

YMEHBIIICHUS 3eTa-MoTeHIMaaa He Ha0moaaercs (puc. 3.5).
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Tabnuya 3.2

3HaueHnus 3era-norennuasna yactun Ceo B pa3HbIx cpenax npu 25 °C

¢, MB ¢, MB
Cucrema pacTBopuTENeil Ceo, M (o (o
CMOITyXOBCKOMY) | XIOKKEIIO)

Auneronutpui, 1 06. % Tomayona 4.0x10° -34.0+1.8 51
Aneronutpui, 0.1 06. % Tomyona 4.0x10° —-34+3 -51
Aueronutpui, 1 06. % Tonyona 45107 -33.0+1.4 ! -50
Aneronutpun, 1 06. % tomyoma +|  4x10°° OKOJIO HYJIS OKOJIO HYJIS
0.005 M nonomna
ALIETOHUTPUII, 30Jb MHPUTOTOBIIEH >10° -31.0+1.2 —47
metonoM Jleryun 2
ALIETOHUTPWII, 30Jb HPUTOTOBIICH >10° ~—7 ~-11
meTonoM Jleryun 22
Aneronutpmi — O6enzon, 1 : 1 1o (4.02— -35.1+1.3 -53
00. 4.08)x10°
Aneronutpun — IMCO — tonyon, | 3.4x107° -22.2+1.2 -33
50:49 : 1 o o0.
JMCO — Tonyou, 1 : 1 o 06. 3.4x10°° -16.5+2.5 25
Metanou, 1 06. % Tonyona 4,107 -25+5 -37
Meranon, 1 06. % tomyoma +| 4x107° -20.6+1.0 -31
0.01M wmonona, 1 4. 46 MuH. TIOCHE
TIPUTOTOBJICHWSI
AneronuTpuin — Toayon, 1:1 no 06. 6x10°° -33+5 -50

! Cornacno Anaprosoii u 1p., B CH3CN ¢ 0.1 % Tomyona: —32.5 mB [38],

2 TIpurotosneHo 1o meroxay Jeryun [57],

3 OTOT ke pacTBOp, HO NPUTOTOBJICH C UCIIOJIL30BAHUEM AlICTOHHUTpPUIIA, COACPKAIICTO

HOHOJI.
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Pucynox 3.5 IloBegenue Ceo B cmecu Oenzon—anetonutpuia (1 : 1 mo od0vemy) B
NPUCYTCTBUHM 2,6-1u-mpem-0yT-4-metuniperosna (nonona). Mcxoansiit pactBop Ceo B
O€H30JIe CMEIIMBAJIA C AIllETOHUTPHUIIOM, COJEPXKAIIUM HOHOJI (BepXHss Kpupas): 1 —
pacmpeseiieHde 10 HWHTEHCUBHOCTH, 2 — IO pacceuBarlieMy o0bemy, 3 — 1o
KOJIMYECTBY 4YacTHIl. To ke camoe, HO MOHOJ J00aBJIeH K 30J10 B CMECH OCH30JI—
aleTOHMTpUN depe3 1.5 9aca mociae NPUroTOBIeHUs 3018 (HWKHAS Kpubas): 1 —
pacrpeziefieHUe 110 MHTEHCHBHOCTH, 2/ — 1o paccemBaromeMy oobeMy, 3/ — mo umcmy

yactun. Konnentpanus ¢ymnepena Ceo B pactsope 2.0x107° M, a monona 0.0025 M.
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O4eBUIHO, YTO 3aps] HA TPAHULIEC TUCIEPCHOM (Pa3bl U AMCTIIEPCHOHHON CPEbI
obecreunBaeT 3MEKTPOCTATUUECKOE OTTAJIKUBAaHME arperaroB M TakuM oOpa3oM
3aIMIIAET KOJUIOMJHYIO CUCTEMY OT KOAryJIsiLuu.

AHUOH-paJIUKaJIbl BO3HUKAIOT BCJEJCTBUE MPOLECCA TUCIPONOPLUUOHUPOBAHUS

[65] (yp. (3.4)) wiu nepenoca saekTpoHa oT pactBoputeis [38] (yp. (3.5)).

2Cs0 — Ci, + C, (3.4)
Ceo + CH3CN — C:, + CH,CN™ (3.5)

Bricokas IIOJIAPHOCTh allCTOHUTPHUIIA CHOC06CTBy€T BO3HMKHOBCHHUIO HOH-

panukanoB. J{anee aHnOH-paJUKaIbl BEPOSITHO peKOMOUHUPYIOT (yp. (3.6-3.7)):

2C, — (Cg)z (3.7)

Bce anmonnbie ¢Gopmbl (ysuiepeHa Kpemnko yACp)KUMBAIOTCS Ha arperarax
Oslarogapsi Xopoio u3BecTHOU AnekTpoduiibHOCTH Cgo. BiusiHue MoHoIa MOXKET OBIThH

IPEJICTABJICHO CIICIYIOIUM 00pa3oMm:

Ci, + ArOH — C,,H + ArO’° (3.8)

Ci + ArO° — HepaIuKalbHBIC TPOIYKTHI (3.9)

,Z[aaneﬁmee CHMKCHHC OTpHLATCIBbHOI'O 3apiaaa KOJUIOMAHBIX 4YaCTHI[ B

NPUCYTCTBUM HWOHOJIA, HECMOTpsi Ha oOpa3zoBaHue HOHOB C,H™, MOXeT ObITh

OOyCJIOBJIEHO B3aUMOJICCTBHEM TIOCJICIHUX C KAaTUOHAMHU, KOTOpPhIE HMEIOTCS B
pactBope. Eciam wmoHonm moGaBnsieTcss B pPacTBOPUTENH JI0 BHECEHHS OCH30JbHOU
aMMKBOTHI (DyJUIepeHa, MepBasi CTaaus B 3HAYUTEILHON Mepe 3aMeJISIeTCsl, YaCTUUKU
BO3HMKAIOMIEH TBepAOW (a3pl JUIICHBI 3aps/ia U HE MOTYT MPEOJOJEeTh BaH-IEp-

BaallbCOBCKOE mMputTsbkeHne. Ho ecnm BTropas cragusi mpouecca yxe MpOU30IIia,
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JMAHUOHBI YK€ HE TOJBEpraloTcs BIUSHUIO WOHOJA. Mcxoms w3 3HaueHudd ( mpu
Hu3kux KkoHneHTparusax NaClO, (Pasmen 4), moBepXHOCTHas IUIOTHOCTH 3apsia,
KOTOpasi paccudThiBaeTcs 1o ypaBHeHHIO (3.10), COOTBETCTBYeT NPUOIHU3UTEIHHO

2

omHOMY ayeMmeHTapHoMy 3apsmy Ha 1000 am“ mis 3oms B CH3CN. B usBectHOM

ypaBHeHUU OmMMbI—XUIU—Y aiiTa Mbl UCIIOJIb3yeM 3HaueHue  BmecTo Y.

1
8In[cosh(cF /4RT)] \2
=2&9°—Kmsinh( F j 1+ 2 " [cosh(s )]

ds = 2RT )\ &t cosh®(cF /4RT) - (xr)’sinh*(cF /2RT) ) 5 10,

B ypaBHeHUU I' COOTBETCTBYET PalyCy YaCTUIIbI.

[IpyHuMass BO BHHMMaHHME pa3Mep KOJUJIOMJHBIX YacTHIl, IOJy4aeM, 4YTO
MOHU3UPOBAHHBIMU CTAaHOBATCA Jiuiib nOpubausutenasHo 0.002 % wmonekyn Cep.
[TosTomy monsiTHO, yTo HU MeToa JDIIP, HM morjomeHne HOHHBIX (HOPM B OIMKHEM
yIbTpapuoeTOBOM auamna3oHe [7/9] He B COCTOSHHM BBIIBUTH aHHOH-PAIUKAIBI HIIA

MOHBI 1py 061meil kornenTpanun Ceo 1x104-4x107° M.
Meton saekTpocripes MO3BOJWI BBIABUTh Halnuue aHuoHOB C;, (puc. 3.6,

[Ipunoxenue b, puc. b1). AHanoruuHbsle pe3ynbTaThl MOJYYEHBI U I APYTUX CMECEN
OCH30JI-allETOHUTPUI M TOJyoJ—aueToHUuTpun (puc. 3.7 a,0) 0pu  pa3HbIX
COOTHOILIEHUSIX pacTtBoputTened. K coxaleHuio, He yIaJoCch MOJYYUTh CHUTHANbI

AJIEKTPOCIIpest A1 KaTHOHOB (pysuiepena Ci; u pactBoputesss CH,CN®" .

PeanbHBIe TpolIeCChl, MPOXOIANIME B JaHHOW CHCTEME, MOTYT OBbITh Oolee
CJIO)KHBIMH, YeM TIPEJICTaBJICHHAS BBIIIIC YIPOIIEHHAS CXeMa.

B muTeparype oTMedanoch, 4TO B UMCTOM OCH30JI€ BBEJCHUE HOHOJIA B PACTBOPHI
dymiepeHa npensaTcTByeT arperanuu [65], B TO Bpems Kak B HAIMX OIbBITaX B
MOJIIPHOM allPOTOHHOM PAacCTBOPHUTENIE 3TO MPUBOAUT K OBICTPOMY YKPYITHEHHUIO

qaCTHUII.
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Intens. ZozuliaC60-11-probe-.d: -MS, 1.1min 465

2000 720.0001

o Y

720 mz

Pucynok 3.6 CnekTtp snekTpocrnpes aHHOH-paaukana C;, B cMecH O€H30J—

aneroantpui (1 : 1 no 06beMy), koHueHTpanus gpymiepena 4.0x10° M.
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intens. Zozulia-C60-21-Probe-.d: -MS, 1.2min #70 Inm;- W, 082 minEAa7163)
x1
a . 6 7200043
3000 720.0048
2.04
721.0078
s
2000 1.5
1.04
1000 -
| 722.0105
0.54
720.0048 230041
0 FR— b b osdb bttt y hocndsapin (1 Y1 N —- —‘JIL“J —_— e
600 800 1000 mz 715 720 725 mz

Pucynok 3.7 a — cnekTp anekTpocnpesi aHMOH-paaukana Ci; B cMecu OeH30J—

anerorutpua (2 : 1 mo o6beMy), konuenTpanus Qymnepena 4.0x10° M, 6 — crekTp
snextpocnpes 1x10*M pactBopa Cgo B cmecu Tomyosn—aneronutpun (4.1 1o

00BeMmMY).
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B ciyuae npurortosnenust opranososnst Cgo B MeTaHOJe 100aBKa HOHOJIA HE
BJIMSIET HA 3HAYEHUS 3eTa-noTeHuuania (taom. 3.2), XoTs pa3Mep KOJUIOMAHBIX YaCTHII
BO3pacTaer.

B 10 xe Bpems 3nadenue mopora ObicTpoit koarymsauuu (I1BK) B metanone c 1
00. % Tonyoua s HCIO, paBro 1.0 MM (Pasnen 6), 4To 3HaYMTEIBHO MEHBIIE, YeM
2.3 MM s NaClO4 (06a 3Hau€HUs TOJYYEHBI C TOMOIIBIO CIIEKTPO(HOTOMETPUUECKON
npouenypsl, meton JIPC maer OGonee Hu3kue 3HaudeHus). JlaHHas cuTyanmsi OImKe K
TOW, KOTOopas HaOmomanack B Boje [9], TOe KUCIOTHl OKa3blBAIM CHIIBHOE
Koarynupymwiee aeictBue. Takum o0pa3oM, OTpUUATENbHBIA 3apsl KOJUIOMIHBIX
yactull Cgp B METAHOJE MOKET ObITb OOYCJIOBJIEH HalUYMEM M aJcopOiued moHa
metunara (nonnoe npoussenenne B CH3OH mnpubmusurensHo pasao 1071, uro
3HAYUTENIHLHO OOJbIIE, YeM B alleTOHUTPHUIIE), aHAJIOTUYHO ajacopOiuu moHa HO™ B
cy4ae ruapo30JIeH.

C npyroil CTOpOHBI, CUTyalusl MPOTUBOIIOIOXKHA, Korna 3051b Cgyp TOTOBUTCS C
MIOMOIIbI0 MeTo/a Jleryun pydHbIM pacTUpaHueM [57]: oTpuUIaTeNIbHBIN 3apsi MOYTH
MOJTHOCTBIO OTCYTCTBYET, KOTJa B UCXOJHOM AllETOHUTPUIIE MPUCYTCTBYET HOHOI.

CrnenoBaresibHO, MOXKHO CJi€JaTh BBIBOJ, YTO NPUYMHON BO3HUKHOBEHUS
OTPULIATENBHOTO 3apsaaa KOJUTOUIHBIX YacTUIL] Cep B OJIIPHOM PACTBOPUTENE, KOTOPBIM

HE BBICTYNAET JAOHOPOM BOJOPOJHBIX CBS3€H, SIBIIIETCS CO3JaHHWE AHUOH-PAJMKAJIOB
Ci, XOTS €O BpEMEHEM OHH MPEBPAIIAIOTCI B APYrHe (yIUIEPEHOBLIE AHUOHBI,

HEYYBCTBUTEIBHBIE K «yOOPIIMKY pPaTUKAIOBY.

[Ipy cMemmBaHUM KaKk CBEXEIPUTOTOBICHHOTO, TaK U cocTapusiierocs 3055 Ceg
B AallETOHUTpWIE (WIM B CMeCH OEH30J—alleTOHUTPUII) C PacTBOpPAMU IEPXJIOpPATOB
KJIbIUS WIM JIAHTaHA IPOUCXOIUT NEpe3apsiKa KOJUIOMIHBIX YacCTHUL, KOTOpPHIE B

UTOT€ XapaKTEPU3YIOTCS MOJIOKUTEIbHBIM 3HaUeHEM 3eTa-noreHnuana (Paznen 4).
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3.3 U3meHeHHe CBOMCTB KOJJIOWIHBIX PACTBOPOB (y/jiepeHa BO BpeMeHH

3.3.1 ®opMupoBaHUEe KOJIOMIHBIX YACTHIL

Konmnmoumueiii  pactBop, TPHUTOTOBJICHHBIH  pa30aBlieHUEM  IOJISPHBIMU
pactBoputensimu  pactBopa Cg B OeHzone (Tomyosne), oOpasyercs JOCTaTOYHO
MEJUICHHO. JTO OTHOCHUTCS B TIEPBYIO OYEpelb K CHUCTEMaM C COM3MEPUMBIMU
KOJIMYECTBAMHU HEMOJISIPHOTO apOMAaTHUYECKOTO (XOPOIIETro) U MOJISIPHOTO (ILJIOXOrO)
pactBoputeneid. OOpa3oBaHuE YACTUIl BO BPEMEHU MPOUJUTIOCTPUPOBAHO HA PUCYHKE
3.8. MennenHoe oOpa3oBaHHE KOJUIOMJHBIX 4YaCTHI[ TPU BBEJECHUU PpPacTBOpa
dymiepena B Toayoiie B N-MeTHIIHPppOIHInH-2-0H ObL10 onrcano Anbde [39, 137].

307p B alleTOHUTpWIIE O4YeHb paszOamiieH. [IpuHUMas cpenHuil pazMep YacTuil
paBHBIM 250 HM, MOKHO OLECHHMTbH YUCICHHYIO KOHLEHTpaiuio 2x10M wactun B ame.
Takum oOpa3om, OJIHON KOJUIOMIHOM 4YacTUIIE COOTBETCTBYET cdepa ¢ pamuycom 10
MUKpOMETpoB. JlJis TOIOOHBIX CHUCTEM TMOPSAIOK J100aBICHUS KOMIIOHEHTOB WIpacT
BAKHYIO poib. Hampumep, ecim KOHLEHTPUPOBAHHBIM HMCXOIHBIM pacTBOp Ceo B
oenzosie 100aBiATh K cMecu 1 @1 OEH307-alleTOHUTPUJI, pacrpeaesieHne YacTHI] IO
pasMepaM B KOJUIOMJHOM pacTBope cmycts ~ 1 4yac mociae MPUTOTOBJICHUS
npexacraBieHo Ha pucyHke 3.8. Ecnu OeH3on no0aBisiTh K yke chOpMHPOBABILIEMYCS
30J110 B allETOHUTPHIIC, TO CUTYaIlUsl HOCUT MPOTHUBOMOJIOXKHBIN XapakTep (puc. 3.9).

BeposiTHO, BBICOKOE JIOKaJIBHOE COJiepaHue OeH30Jia CHOCOOCTBYET B 3TOM
clly4ae pacTBOpPEHHIO yxke chopmupoaBimxcs arperatoB Cep.

Oddexrr ymenbienusi arperatoB Ceop B N-METWIMUPPOIUANH-2-OHE TIPH
nobaByieHuM ToJiyosia ObuTM m3ydeHbl TpormmubiM [138]. Droit ke rpymnmoi ObuH
U3y4eHBI U MPOIIECCHI, MPOXOIsINUe Mpu qo0aBkax Boabl [139].

Jlanee paccMOTpUM pe3yJIbTaThl IS 30Js, MPUTOTOBJICHHOTO pa3OaBiIeHUEM
0eH30sIbHOTO pacTBopa arneTonuTpuioMm (1 : 1 mo o0wvemy). CrenyeT OTMETHTH TaKXKe,

4TO IIPOOCCChI HC BCCTAa O6paTI/IMBI.
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Pucynok 3.8 Pacrpenenenue komtonanbix gactun Cgo (4x107° M) mo pasmepam

no metony JIPC B cMmecu Genson—anerorurpuia (1 : 1 mo 06.) 1, 1/ — no uHTeHCHBHOCTH,
2, 2/ — o paccensaromemy oowemy, 3, 3’ — mo umcny wactui: 1, 2, 3 — cpasy mocine
npurotosienus; 1/, 2/, 3/ —rtakoii ke pacTtBOp, W3MepeHHBIA cmycTts 50 MuH.
KonuentpupoBanHsiii pactBop Ceo B O€H305€ pa30aBmiid OEH30JI0M, a 3aTeM J100aBUIU
SKBMBAJICHTHBINA 00bEM alleTOHUTPUIIA.
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Pucynok 3.9 Pacnpenenenue kommonausix yactul Ceo (4x107° M) mo pasmepam
o metony JIPC B cmecu Genson—aueronutpui (1 : 1 mo 06.) 1, 1/ — no untencuBHOCTH,
2, 2/ — no paccenparomemy obvemy, 3, 3’ — mo wumcay wactmm: 1, 2, 3-—
KOHLEHTpUpOBaHHbIH pacTBOp Ceo B O€H30Ji€ BBOAMIM B CMeCh O€H30Ja C
aneronutpuiom; 1/, 2/, 3/ — x npurorosnerHoMy 3010 Cgo B ALETOHUTPUIIE JOOABUIH
AKBUBAJIICHTHBIM 00BbeM OeH3osa. Bece m3amepenust npoBoauiu cmyctss S0 MUH. moclie

CMCUIMBAaHUA KOMIIOHCHTOB.
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Hanpumep, eciu 3016 Ceop B CH3CN unm B cmecu ¢ CgHg pazbaBien 6eH30710M
0 5 00. % ameroHuUTpuia, CHEKTp MorjomeHus B Y@ o01acTd HE MOJHOCTHIO
COBIAJAET C COOTBETCTBYIOIIUM CIEKTpoM pactBopa Cgo B O€H30JI€ Hocie 100aBICHUS
TAKOTO )K€ KOJMYECTBA allcTOHUTPHUIIA.

B tabnune 3.3 coOpanbl ocHOBHbIe mMapameTpbl 30J51 Cgo B alleTOHUTPHUIIE C
Pa3HBIMH MOJIBHBIMH JIOJISIMH TOJIyOJIia i O€H30J1a.

CrmycTss HECKOJIBKO 4YacoB IIOCJI€ MPUTOTOBJIEHUS HWHTEHCUBHOCTh Y ®
MOTJIONICHHSI CHIDKAETCS, TOTJa KaK (popma MOJIOCH! MOTJIONIEHHS BCE €Ille HAIIOMUHAET
dbopMmy cmekTpa pacTBopa B 4YHCTOM OeH3osie, XOTs pacTtBOp Cgy B CMEIIaHHOM
pactBoputene OeH3zon—aneroHuTpua (1:1 mo 00.) ocraercss KOJUIOMAHBIM. Jliis
CBEXEIMPUTOTOBJICHHOIO PACTBOpPAa HAOMIOJAETCS HETHNHYHBIA 111 KoJuiougoB Ceo
HU3KUH KoahPuireHT noauaucnepcHocty, pasabiid 0.059 (tadn. 3.3). Pesynbrater CPC
HaxonsATca B cooTBercTBUM ¢ JaHHbIMU JIPC. Croycts ueThlpe JHSA HaOIIOJaeTCs
OTUETIIMBBINA pocT pazMepa yactun u KII/I.

Cyas mno nuTepaTypHbIM JaHHBIM, B PacTBOPUTEISIX C OTHOCUTEJIHHOU
JTUDJICKTPUYECKONH — mpoHHMIaeMocteio & >13  [20] wHaOmromaercss — arperarus
OakMuHcTepdyepeHa.  Pe3ynbTaTel, TOJy4eHHbIE HaMH JUJII  CMENIAHHOTO
pacTBOpuTeNsi  OCH30J—allETOHUTPUI CO 3HadeHueM g = 12.3  cornacyercss cC
MPUOIM3UTEIIEHBIM TPAHUYHBIM 3HAYCHUEM MEXIY MOJIEKYISIPHBIMA W KOJIJIOMIHBIMHU
pacTBOpaMH, KaK M B APYTHX paboTaX, MOCBAIICHHBIX CMEIIAHHBIM apeH—alleTOHUTPIIT
pactBoputensm [16, 19, 38]. Cunenyer OTMETHTh, YTO Jake B CMECH OCH30JI—
aneroHutpun 4 :1 (mo obvemy), rae usmepenus [IPC mokaspiBatoT mpeoOiagaHue
MOJIEKYJIIPHBIX YaCTHUIl, HEKOTOpble (pakiuu OOJBIINX YaCTUIl OTMEYAIOTCS B
pacrpeesieHdy 10 MHTEHCHBHOCTH. B coorBercTBMM ¢ Asaprosoii [38], uem Bbiiie
ucxonnass koumeHtpanus Cgy B TOJIyoJie, TeM OOJbIe pa3Mep YacTHIl TOCTe

p336aBJ'IeHI/I$I AICTOHUTPUIIOM.
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Tabnuya 3.3
Xapakrepucruka pasmepoB Ceo B CHCTeMAaxX apeH — aleTOHUuTpua '
[MapameTp AIleTOHUTPHJI | AllETOHUTPHI C | AIIETOHUTPHII C OeH30J1—
cl06.% 0.1 06. % 1 06. % alleTOHUTPUII,
TOJIyOJIa TOJTyOJIa TOJTyOJIa 1:1mo
00beMy
¢(Ce0), M 4.0x10°%2 40x10°%3 4.0x10>4 4.08x10°>°
& 35.9 36.2 35.9 12.3
d (mo uumcny 151+5 351+12 426+ 6 116+1
YJaCTHUIl), HM (145+3) (386+8) (454+12) (156+5)
d (mo 229+ 10 384+18 495+11 148+1
paccenBaroIieMy (214+ 14) (416+11) (549+19) (221+6)
00BeMY), HM
d (o 194+4 365+17 496+ 13 141+1
MHTCHCUBHOCTH), HM|  (179+12) (402+12) (558+18) (196+5)
KII[ 0.130+0.015 | 0.270+0.012 | 0.254+0.032 | 0.059+0.013
(0.245+0.059) | (0.358+0.039) | (0.354+0.021) |(0.106+0.014)
(+(1-2) mB -33.0 6 -35.5 6 -34.0 © -35 °©
495 7 -53.2 7 -51.0 ’ -53.2 7

! 3nauenus B ckoOKax IOTy4IEHBI CITYCTS 4 JTHS.

2 PactBop npurorosnen 100-kpataeiv pasbasieruem 4.0x104 M Cq B TOMyOUIE.

3 PactBop mpurotoineH 1000-KpaTHBIM pa30aBIEHMEM IIPAKTUYECKHM HACBHILEHHOTO

pactBopa Cgo B TONTYOJIE.

4 PactBop npurorosieH 100-kpaTHBIM pa30aBI€HHEM IIPAKTUYECKH HACHIIEHHOTO

pactBopa Cgo B TONTYyOJIE.

> PacrtBop mpurotoBiaeH S50-KpaTHBIM pa30aBI€HHEM IPAKTUYECKH HACHILIEHHOTO

pactBopa Cgo B OeH301€.

6 PaccuuTaHnbl ¢ HCIOJIB30BAaHUEM YpaBHCHUA CMOJ’IYXOBCI(OFO.

" PaccunTaHbl C UCHONL30BAHUEM YPABHEHUS XFOKKES.
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Xota KII/[ oprano3oist He 0O4EHb BBICOKUH, IUIABHOE YKPYITHEHNUE KOJUTOUIHBIX
YacTHUI] CO BPEMEHEM UMEET MECTO JJII CUCTEM, TPUTOTOBJIEHHBIX U3 HACBHIILIEHHBIX
pPacTBOPOB B TOJIyoJie WK B OeH3ose. OHaKo cUTyalus He Takas, KaK B ClIy4yae
oprano3zouneii Ceo, MPUTOTOBICHHBIX BBEACHUEM Pa30aBICHHOTO PACTBOPA B XOPOIIEM
pacTBOpUTEIIE B allETOHUTPHUIL

3HaueHus 3eTa-noreHnuana (taom. 3.3) cornacyercsi co 3HaueHueM ( = —-32.5 MB
(mo CmomyxoBckoMy) B anleToHUTpuUie ¢ 1 00. % Tomyona, onyO0IMKOBaHHBIM B paboTe
Amaprosoii [38].

M cTOYHMKOM OTPHILIATENILHOTO 3apsija, BEPOSITHEE BCETO, ABIISETCS PaJUKaIbHBINI
nporiecc. B pasznmene 3.2.2 Obl1 omucaH mpoilecC 00pa3oBaHMs aHUOH-paJUKaa

dbynnepena.

3.3.2 CrapeHue pacTBOpOB

Ha mepBoit craguu wW3MEHEHUS pa3Mepa 4YacTUI[ BO BPEMEHU OTPAXKAIOT
oOpazoBaHuEe KOJJIOMAHBIX yactull (puc. 3.8), manpHEIlee XK€ W3MEHEHHE CIeayeT
paccMaTpuBaTh YK€ KAaK CTapEeHHE KOJUIOMAHOTO pacTBopa. TEHAEHUUIO K POCTY
KOJUIOMIHBIX YacCTHIl cycTs 4 JHS MOXKHO HaOmoaaTh U B Tabnuile 3.3. bosnee Toro, Ha
pucynke 3.10 npouuIrocTpupoBaH 0oJiee BRIPAKCHHBIN MPOIECC CTAPCHHMS.

CrnenmyeT OTMETUTh, UTO HAOJI0IA€TCS CTApEHUE KaK pacTBOPA, MPUTOTOBICHHOTO
3-Msl MecsillaMu paHee M3 3-X MECSYHOTO HACHIIIEHHOTO pacTBopa B OeH30ie, Tak U
CBEXKETPUTOTOBJIEHHOTO 30151 CITYCTsl 6 MecsiieB. B 00oux ciydasix cTapeHus! 4aCTUIIbI
craHoBsiTCs B 1.5-2 paza kpynHee. Hanbosnee BeposiTHON npuduHON sBisieTcs: 3G eKT
['u66ca—Dpetinanuxa—OcTBaybaA.

B cBsi3u ¢ 3TUM OBLIM TOJYYEHBI CHEKTPHI MOTJIOMICHUS TaKUX K€ PAaCTBOPOB.
Pesynprarel mpexactaBieHbl Ha Ha pucyHkax 3.11 u 3.12. CnekTp noriomeHus
dbynnepeHa B 4uCTOM O€H30Ji¢ CTAOWJIEH BO BPEMEHH, B OTIWYHE OT CIIEKTpa B

CMCIIaHHOM PAaCTBOPHUTEIIC 6CH30H—3L[CTOHI/ITPI/IJI.
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Pucynox 3.10 Pacnpenenenue wyactuir ¢ymiepena Cgy MO pa3MepaMm B
CMEIIIaHHOM pacTBoputesie OeHzon—aneToHuTpuwa (1 :1 mo oObeMy, MoiibHas JOJIs
CH3sCN paBna 0.63). Pacmpenencruwe mo umciy dYacTull (CIUIOITHAS JIMHHS), TIO
pacceuBampnieMy o00beMy (IITpUXOBasg JUHUS), MO WHTEHCUBHOCTH (IIyHKTUpHAs
muHusA): a —no ganaeiM J[PC cexenpurotosnennoro Ceo, KITJ[ =0.059+0.013, 6 —
nanuble CPC Ttoro e pactBopa, B — mnanHele JIPC KOJJIOMZHOTO pacTBOpa,
IPUTOTOBJIEHHOTO 3 MecsllaMd paHee, U3 3-MECAYHOI0 HCXOJHOTO OEH30JIbHOTO
pactBopa, KII/I =0.434+0.029, r — pactBop Ceo (2), U3MepeHHBIN crycTs 4 AHs (TpH
kpussle cnesa), KITJI = 0.106+0.014, u cnycta 6 mecsiueB (3 kpusble crpaa), KIIJ[ =
0.295+0.011. Konuentpauus ¢ymiepena (4.03—4.07)x10° M.
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Pucynok 3.11 Cnekrp mornomenust pactBopoB Cgo 4.02x10° M B 6Gensoune,
ycroiiuuBbix Bo BpeMenu (1, 1'); B cMemanHOM pacTBopuTese GEH30J1-alleTOHUTPUII
(1:1 no o6bemy) ciyctsa 1 yac mocne npurotosneHus (2, 2'); ToT e pacTBOp cHycTs

40 yacos (3, 3'). Jmuna nornomatontero ciost 1.0 em (1,2, 3)u 0.1 em (17, 2, 3)).
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Pucynok 3.12 Cuextp nornomenus pactsopa Ce ¢ =4.02x10° M B cmecu
oenzon—areroruTpua (1 : 1 mo ob6bemy): 1 — CBEKENPUTOTOBICHHBIM PacTBOp; 2 —
cnycTsi 1 "ac mocne npurotoBieHus; 3 — 24 daca; 4 — 40 ygacos; 5 — 6 gneit; 6 — 30
nHelr. Bee criekTpbl Obu1r m3MepeHsl mpu 25 °C. [Moprwro aneToHUTpUiia 100aBIISIN K

pactBopy ¢ymiepena 8.04x10° M B Gensoune, MHA noromaromero cios 1.0 cm.
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B pesynpraTe MOXHO cienaTh CIAEAYIOUINI BBIBOJA: KAaK CIEKTPHI MOTJIOLICHHUS,
Tak U pe3yibTarsl JJPC noka3piBaroT U3MEHEHHsI 307151 BO BpEMEHHU.

CrapeHue 3aKiO4aercs HE TOJbKO B YKPYIIHEHUM YacTUL. 3HAa4yeHHE 3eTa-
MOTEHIIMANa KOJUIOWIHBIX YacTHIl B cMmecu OeHzonm—ameroHuTpui (1 : 1 mo oObemy)
IOpOSIBIISIET TEHJACHIMIO K CHW)KEHHIO 10 Oosee orpunarenpHelx (. MoxHO
paccmaTpuBath JBa poaa u3MeHeHus. Bo-nepBbix, npu koHUeHTpanuu gysuiepeHa Cep
4.02x10°M cmycrs 3 Mecsna mocjie IPUTOTOBIEHHS 30151 3HAYEHUE 3€Ta-IIOTEHINAA
paBHO —/4+2 MB (TyT 1 nanee 3HaueHue { MPUBOIUTCS MO XIOKKENII0). DTO 3HAUCHUE
Oonee OTpPHUIATENTFHO TIO CPaBHEHHWIO C COOTBETCTBYIOIIMM 3Ha4eHHEM  (
CBEXEIMPUTOTOBIEHHOTO 30Js (Tadn. 3.3). Bo-BTOPBIX, UCMOIB3Ys] UCXOAHBIA PACTBOP
¢ynnepena Cego B O€H305ie, KOTOPBIA XpaHWJICS 6 MECSLEB, MPUTOTOBIMIN 30JIb,
3Ha4YeHHE 3eTa-TMOTEeHIIMaga KOTOporo paBHo —56+5 MB. Ecnu mcxomgnsiii pactBop B
Oensone xpanuics 11 mecsies, To 3HaueHHe { KOJUIOMIHOTO pacTBOpa B CMECH OEH30J1—
alleTOHUTPUJI, U3MEPEHHOE Cpa3y MOCJe €ro MpUroToBiaeHus o610 paBHo —110+4 MB,
a MocJIe XpaHEHUs ATOTO 3018 B TeueHue 1-3 mecsaneB BappupyeT oT —124 no —99 mB.
HaubGonee BeposiTHOW mnpuuuHON Takoro sd@dexra SBISETCS B3aUMOJACHCTBUE C
kuciopogom [70]. Oxkcunmbl dymiepeHa CgO m Ci0O sABASIOTCA XapaKTEPHBIMHU
npuMecsiMu  camoro dysiepena [9]. XpaHeHune pacTBOpOB (QysuiepeHa B TEUCHHUE
HECKOJIbKMX MECSIEB B TOJYOJI€ MPUBOJUT K U3MEHEHUIO I[BETA /10 KOPUYHEBOTO, MPHU

ATOM 3aMETHO M3MEHSIOTCS U UX CBOMCTBA.

3.3.3 /Ipyrue cMemiaHHble PACTBOPUTEIH

Jpyrum acmekToMm, KOTOpBIN cleAyeT NPUHITh BO BHUMaHuWe Tpu paboTe ¢
pacTBopamMu (pyJIJIEPEHOB, SBJISICTCS BpeMs (POPMHUPOBAHUS KOJUIOMIHBIX YaCTHI[ U
MOPSIIOK  CMEIIMBAHUS MPOTIOPIIMOHATBHBIX OOBEMOB XOPOIIETO W TOJIIPHOTO
pactBoputeneid. CooTBETCTBYIONIME JaHHbIe noayunin Merogom JIPC. Hanpumep, npu

xouuenTpamu ¢(Ceo) = 4x10° M B CMEIIAaHHOM PacTBOPUTENE OEH30J1—aLETOHUTPHUII
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1:1 mo ob6beMy KOJUIOMAHBIE YAaCTHULIBI MOSBISIIOTCS B MX OKOHYATENbHOU (opMme
TOJIBKO ciycTs = 1 4. D10 cornacyercs ¢ pesynbraramu Aib(e U ap. 1Ji1 pacTBOPOB B
N-metunnuppoauaua-2-one [39, 137].

B cMemannom pactBoputene Toimyon—amneToHuTpun (1:1 mo oOGwvemy) mpwu
c(Cep) = 4x107° M KomIoMaHbIE YaCTHIIEI HOSBIIAIOTCA TOJIBKO CITCTS MpUMEpHO 1 uac.
Nx xapaktepuctuku ciueayrwommue: 284 +22 ©HM (nmo wuyucny), 329 +32 (mo
pacceuBaroniemy oobemy), u 364 +20; 139 + 17 am (0 UHTEHCUBHOCTH ), KOAPHUITUCHT
nonuaucnepcHocTy pasex 0.349 +0.069.

B cmemanHom pactBope Toiyon—IMCO 1:1 mo o0bemy HaOmogar0TCs
yactuusl pazmepom 200 um (Ilpunoxenue B, puc. B3).

Ecin KoHueHTpauus (QysulepeHa B CMEMIaHHOM pacTBoputene 1x107° M,
YaCTUIIbl 3HAYUTEIBLHO MEHbINE Aaxe crycta 4 ns: 6.7-7.7 HM u ¢ J100aBOYHOI
HOpLUEN arperatoB pa3sMepoM HECKOJIbKO MUKpoMeTpoB. [locnennue obHapyKuBaroTCs
TOJILKO B pacHpeleeHUy MO MHTEHCUBHOCTH. WHTEepecHo, 4To pacTBopuMOCTh Cgo B
5TOM CMEIIAHHOM pacTBOpHTENe cocTaBisieT okono 4.3x107° M [140]. Onnaxo, kak
CIEKTPHI TOTJIONICHUS B BUAUMOM oOnact [16], Tak u manubie JIPC moaTBep:KaaroT
HAJIMYUE arperaTtoB MoJieKyn. Takum oOpa3oM, HachIIeHHbIE pacTBOpPhl Csy MOXKHO
MPEACTaBUTh B BUJE CMECH OTJEIBHBIX MOJIEKYJI M KOJJTOMJIHBIX YaCTHII.

OnexTpoHHble crnekTpbl noriomieHuss Ceop B cHCTEME TOJIYOJ—alleTOHUTPUII
npeacraBiaeHbl Ha pucyHKe 3.13. CHekTpbl B CUCTEME TONYOJ—IUXJOPMETAH JaHbl B
[Ipunoxenuu B, puc. B4.

B nanHoii cucteme ObUTH Tak)Ke U3MEPEHBI CIIEKTPHI QuryopeciieHnu QyriepeHa
(2.22x10°° M) npu anmuHe BonHBI Bo30yxkaaromero ceera 500 HM. B umcToMm Tomyone
MaKCHUMyM TIOJIOCHl HUCIyCKaHWs JexuT npu 587-590 HM, npu oObeMHOU moJje
aneronutpuia 30 % u 50 % Amax piyopecuenumu: 586—587 um, u nuib B 70 06. %
alleTOHUTPUJIA UHTEHCUBHOCTD 3TOM IMOJIOCHI PE3KO CHUXKAETCS M HAOII0AaeTcs mojoca

UCITyCKaHuA pu 632 HM.
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Pucynok 3.13 Cnekrpsl norsomenust pactBopoB Cgo (c=4x10° M): 1 — B
CMCIIIAaHHOM pacTBOpUTEIC areToHUuTpuwiI-toyol ¢ 30 00. % areroHuTpuia,
MIPUTOTOBJICHHBIA W3 HACHIIICHHOTO pacTtBopa (ysuiepena B tomyone, 2 — 30 00. %
aleTOHUTPHMIA, HO pasbabineHHeli n3 4x10% M pactBopa, 3 — ¢ 50 06. %
aleTOHUTpPUJIA, TIPUTOTOBJICHHBIM U3 HackIeHHOTO, 4 — ¢ 50 00. % aneroHuTpuIiIa,
paz6asnennbiii n3 4x104 M pactBopa, 5 — ¢ 70 06. % aneTOHUTPUIIA, IPUTOTOBJICHHBIH
13 HACBIEHHOTO, 6 — ¢ 70 00. % aneronuTpmia, pazdasneHnsii uz 4x10* M pacrtsopa.

Onruyeckas qnuHa 1.00 cM, Bce uzmepenus nporoauiu npu 25 °C.
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3.4 Oco0eHHOCTH MOBeleHUs Qy/llIepeHa B CMeCsIX «XOPOLIero» v MmoJisipHoro

paCTBOPHTeﬂeﬁ: TOJYyOJa 1 ME€TaHOJa

34.1 Oﬁpa30BaHne KOJUVIOMAHBIX YaCTHUIl ITPH HU3KUX KOHIHCHTPpanusix B

CMENIAHHOM PacTBOpPUTEJIE TOJIYO0JI—MeTAHOJI

B Ta6n1/1ue 34 MNPHUBCACHBI MOJIBHBIC OOJIM MCTAHOJIA, JJIA KOTOPBIX IMPOBOJIHIIN

HCCIICJIOBAaHUSI B CMECSIX TOJIyoJi—-MeTaHosI. IlnoTHocTM TONyonma W MeTaHoIa,
UCIIOJb3yeMbIe IJIs pacueTa Xcyon, paBHbl 0.8667 u 0.7925 r/cM, COOTBETCTBEHHO.

3HaueHust € OBUIM pacCUMTaHbl 10 QJJUTUBHOM CXEMe, C UCIOJIb30BaHUEM
OTHOCHUTEJIbHBIX JUAICKTPUUYECKUX MPOHUIIAEMOCTEM YHCTBIX pacTBOpUTENCH, B
MPEANOJI0KEHNUHU, YTO BKJIAAbl KOMIIOHEHTOB MPOMOPIMOHAIBHBI MX 0OBEMHBIM JI0JISIM.
[Tonmyyennsie TakuMm oOpa3oM 3HaueHust oTHocsTcs K 25 °C. B rtabmune 3.4 oHu
COTIOCTABJICHBI C JOCTYMHBIMHU JIMTEPATYPHBIMU JAHHBIMHU, MOJYYEHHBIMU Tpu 35 u
34 °C nJia cMEeIIaHHBIX PACTBOPUTENIEH ¢ TaKOM K€ MOJILHOM J10J1e¥ MeTaHoa.

Komnmouaneie 4yacTuibl B CMEIIAHHOM  PAacTBOPUTENIC  TOJYOJI—METaHOJ
uccienopamm ¢ nomouisto merona JIPC. B uemom Obina m3zydeHa 21 xomMOMHAIus
pacTBoputenei ¢ 00beMHoN nosiel Metanoia ot 99 no 1 %. Konuenrpanuu dymiepena
Cso ObUIM paBHBI 4107 M, 4x10°% M m 4x10° M wmm Omu3ku K HuUM. Bce
UCCIICIOBAHUSI TOBTOPSUIM W BOCHPOU3BOAWIM  HECKOJIbKO  pa3. [lpumepsl
pacnpeneneHnid mo pa3mepaM NOpuBeneHbl Ha pucyHkax 3.14 u 3.15, a takxke B
[Tpunoxenuu B (puc. B1, B2).

Pe3ynbTaThl MOKHO TIOJIBITOKUTE CIEAYIOIIUM 00pa3oMm:

1) B pacTtBOpax, coiepKaliux MPEHMYIIECTBEHHO METaHOJ, HAaOII0JaI0TCs TOJIBKO
arperatel. IIpu stoM B 99 06. % meranone npu 4x107M Cg HabmOgarOTCS
HauMEHbIIIHE 1Mo pazMepam, okoao 200 HM, yacTuilbl (puc. 3.14B). DTO HECKOJIBKO

HIDKE, YeM pa3Mep KOJUIOUIHBIX YacTull QyiuiepeHa B u-rekcane (255 um) [141].
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Tabnuya 3.4

MoJibHBI€E 10JIM METAHO0JIA U OTHOCHTEJIbHbIE AUIJICKTPUYIECCKHUEC IPOHNITACMOCTH B
CHUCTEME TOJNYOJI—METAHOJI

OOBbEMHBII MosbHas gons &r grnpu 35 °C | & npu 34 °C
npouent npu 25 °C | yeranona, Xem,on [142] [143]
0 0 2.380
1.00 0.026 2.683
5.00 0.122 3.894
9.70 0.220 5.317 3.450 3.560
19.45 0.388 8.269 4.823
19.49 0.389 8.282 5.050
20.00 0.397 8.436
29.30 0.521 11.25 7.355
29.35 0.522 11.27 7.416
30.00 0.530 11.46
38.50 0.622 14.04
39.20 0.629 14.25 10.042 10.217
49.20 0.718 17.28 12.012 12.375
50.00 0.724 17.52
52.50 0.744 18.28
55.00 0.763 19.03
57.00 0.777 19.64
57.50 0.781 19.79
58.50 0.788 20.09
59.10 0.792 20.28 15.894
59.30 0.793 20.34 16.122
60.00 0.798 20.55
65.00 0.830 22.06
67.50 0.845 22.82
68.00 0.848 22.97
68.75 0.853 23.20
69.10 0.855 23.30 19.481
69.35 0.856 23.38 20.781
70.00 0.860 23.58
80.00 0.913 26.60
90.00 0.959 29.63
95.00 0.980 31.15
97.00 0.988 31.75
99.00 0.996 32.36
100 1 32.66
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100 d, Hm 1000
Pucynox 3.14 Pacnpenenenue yactun dymiepena Cgo mo pesynbratam JPC mo

WHTCHCUBHOCTHU (M), TI0 paccenBaromeMy o0beMy (0), Mo 4uciIy 4dacTuil (4) B CMecsX
Tonyona ¢ MeTaHonoM: a — B 80 06. % meranone npu ¢(Ceo) = 4x10° M (51, 50, 54) u B
80 06. % meranone npu ¢(Cqo) = 4x10" M (7u, 70, 74); 6 — B 60 00. % MeTaHOIE ITPU
¢(Ceo) = 4x10° M (51, 50, 54) 1 B 99 06. % meranone npu ¢(Cgo) =4x10~7 M (7u, 7o,
74); B — B 99 06. % meranone npu C(Cgo) =4%x10° M (6m, 60, 649) u B 80 06. %
metanose npu ¢(Ceo) = 4x10°M (61, 60/, 61').



2)

3)

4)
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[Ipy TOBBILIEHUH COAEpPKAHUSA TONYyOJIa pa3Mep 4YacTUl[ CYIIECTBEHHO
yBenanuuBaetcs, 10 500 HM wim gaxe Oonbiue. [lpu 3TOM cucTtema cTaHOBUTCA
noymauciepcHoi. Hampumep, pasmep d u kK03(pPUIMEHT MOIHIACICPCHOCTH
pactBopa ¢ymrepena Ceo 4x107 M B 95 %-HOM MeTaHOIE COCTABIAIOT 265-321
HM (TI0 YUCITy YacTHll, paccerBaronieMy 00beMy u nHTeHcuBHOCTH) 1 (0.08+0.04,
COOTBETCTBEHHO, TOT/1a KaK B 70 %-HOM MeTaHOJIe T€ e MapaMeTpbl BO3PACTAIOT
no 470-503 um u 0.55+0.09, coorBercTBeHHO. Takoe Bo3pacTaHue pasmepa
YaCTHUIl HAXOJUTCS B COOTBETCTBUHU C KJIACCHUECKUM MpaBuiiom dDonbMmepa: uem
HUXKE PACTBOPUMOCTh COEIMHEHUS B JAHHOM pacTBOpPUTENEC, TEM MEHBIINE
oOpasyrotcst yactuinbl [144]. D10 sBICHHE MOXET OBITh TaK)KE OTHECCHO K
U3BECTHOM  TEHJEHIMU  (YyJUIEPEHOB K  OOpa3oBaHUIO  COJIbBATOB  C
apoMaTuyeckumMu MoJiekyidamu [9]. B pesynbrare, arperaTbl MOTYT OBITh
o0Opa3oBaHbI HEe TOJILKO MosIeKyJaMu Cgo, HO Takke U combBaTaMu CgoXNC7Hs.
Kax mpaBuio, yem Bblllle KOHIEHTpaIus ¢QyJIepeHoB, TeM OOJbIIue arperaThl
00pa3yloTcs Mpy OHOM U TOM K€ COCTaBE CMEIIAHHOIO pacTBopures (puc. 3.14
a,0).

[Ipy ompeneneHHOM MOPOrOBOM  COCTaBE€  CMEIIAHHOTO  PacCTBOPUTEIA
HaOJI0IAI0TCS Pe3KUe U3MEHEHUsl. B 4acTHOCTH, MOSIBISIOTCS OYEHb MaJICHbKUE
gacTuiel pazmepom 0.6—0.9 HM, Torma kak OOJNBIIME arperatbl HAOIIOJAIOTCS
TOJBKO B paclpeieicHud 10 HWHTEeHCHBHOCTH (puc. 3.15). OueBumHO, YTO
MaJIeHbKHE YacTHIIbl CIEIyeT paccMaTpuBaTh KaK MOJIEKYJIbl (YyJIJIEPEHOB.

[TomoOHbIe curnanbl Habmoganu u s ¢pymiepena Ceo B CS;, [141].
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1 10 100 d, Hm

Pucynok 3.15 Pacnpenenenue yactun dymiepena Cgo 1o pesynbratam JIPC mo
WHTEHCUBHOCTH (1), TI0 pacceuBammieMy o0beMy (0), MO YuCIy YacTuil (4) B CMECSX
TOJIyOJIa ¢ METAHOJIOM: a — B 5 00. % Mertanone mpu ¢(Cgo) = 4x10° M (5u, 50, 54) u B
5 06. % meranone npu C(Cego) = 4x10° M (6m, 60, 69); 6 — B 65 06. % MeTaHOJIE NIPH
¢(Ceo) = 4x10° M (6m, 60, 64); B — B 50 06. % meranone npu ¢(Cgo) = 4x10° M (5,
50, 54).
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5) DTOT MOPOTOBBIA COCTAB PACTBOPHUTENSI 3aBHCUT OT KOHIICHTpAIMU (YJUICPCHOB.

Tl 4x10°" M Cegp, pacmiaz arperaToB Ha MOJIEKYJIBI HaOIrOgaeTcs yxKe pu 67.5
00. % meTanona (MonbHas H0IsA Xcyon = 0.845), B TO Bpems Kak B 4x10° M
pacTBOpe TOT ke mpoiiecc mpoucxoaut mpu 55.0-57.5 00. % conepxanuu cnupra
(Xcn,on =0.763-0.780). Oto 03Hayaer, yTo B MOAOOHOM citydae npu 60 00. %

MeTaHOJIa HaOII01al0TCA TOJIBKO YacTHllbl pazMepoM 498-514 HM, Torga kKak B
50.0 u 52.5 %-HOM MeTaHOJI€ YaCTUIIBI PA3MEPOM C MOJIEKYITY PETUCTPUPYIOTCS B
pacmpeneNeHuy M0 YHUCIy YacTHI], pacCEUBaIOIIeMy 00beMy U MHTECHCUBHOCTH,
pu ATOM OOJIBIIME WM MEHBIIUE arperatbl HaOMIOAAI0TCs TOJBKO B
pacrpeneneHnuy 10 UHTEHCUBHOCTU. B mociielHeM yIOMSIHYyTOM pacipeacieHun
BKJIaJ] MOJIEKYJI Takke 3aBUCUT OT KoHueHTparuu Cgo. Hampumep, B 50 006. %
METaHOJIE 3TOT BKJIaJ cocTaBuseT 81+6 % musg 4x10~" M u 67+5 % g 4x10° M
pacTBopa.

6) B 4x107" M pactBope Cgo pe3KHMil CKa4OK IIPOMCXOJMT B Y3KOM MHTEPBAIIE
KoHIIeHTparmii mexay 65 u 70 06. % meranona. [lonydeHHbIe pe3yabTaThl IS
xoHuenTpanmu Qymiepena Cgo 4x10° M ckopee Ommxe k 4x1077 M, uem s

4x107° M pactBopa.

Crnenyer OTMETUTH, YTO B MCCIEAYEMbIX pa30aBJIICHHBIX pacTBopax (ysuiepeHa

Cs0 KPUTHYCCKHE 3HAYCHUS OTHOCUTEIBLHOM TUAJICKTPUICCKOMN MPOHUIIAEMOCTH & = 19—
20 no 23 (Xcnon =0.76-0.78 n 0.845, COOTBETCTBEHHO) OTHOCATCSA K IOSBJICHHIO

arperatoB ¢yepena Ceo WK, TOUHEE, K HICUE3HOBEHHUIO OT/ACIBbHBIX MOJIEKyI. JlaHHbIe
3HAQYEHUS! CYLIECTBEHHO BBIIIE, YEM KPUTHUUYECKOE 3HAYCHHUE & ~13, omnpeaeraeHHOE B

pabote Hara u np. [20, 78].

C apyroii ctopoHsb! He TOJIBKO B 50 00. % metanoie ( Xey.on = 0.724), HO 1 gaxe
Py p 3

B 5 00. % wmeranone (Xcpon =0.122), rae & ompenenenno Hmwke 13, perynspHo
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OOHapy>KUBAIOTCS CJeNbl arperatoB B u3Mepenusx meroaom JIPC na pucynkax 3.15a u
3.15B (cM. TaKke pe3yNbTaThl ANEKTPOHHON CHEKTPOCKOMUH, MPEACTABICHHBIC Jaliee).

Hannpie JIPC npu Manbix J00aBKax METaHONAa K TOJIYONy HPEACTABISIIOT OCOOBIN
untepec. Ilpm comepxanmm meranona 1 00. % (Xeuon =0.026) arperater He

OOHaApPY>KUBAIOTCS, IPU 3TOM PE3YyJbTAThl MOBTOPSIOTCS JyYllle, YeM Ui pacTBOPOB B
grctoM Toiryode. [Ipu 30—60 00. % Meranona mogoOHas KapTUHA HAOIIOJAETCS TOJIBKO
npu koHUeHTpauuu Qymiepena Ceo 4x1077 M.

Hcxons u3 Bcero BhimleckazaHHoro, mo panHeiM J[PC oOnapyxuBaercs
IIOPOTOBBIM COCTaB CMEIIAHHOTO PACTBOPUTENS, TJ€ MOJIEKYJSIpHAs pPacTBOPUMOCTD
JI0OCTaTOYHO BbICOKA. IIpu Oosiee BBICOKOM COJEp:KaHUU MeTaHoja (COOTBETCTBEHHO,
npu 0oJee BBHICOKMX 3HAYCHHSIX €) MOJIEKYJIBl aCCOUMUPYIOT B JIOCTATOYHO OOJIBIINE
arperarbl, a cHUCT€Ma CTaHOBHUTCA monuaucrepcHoil. Korma cocraB cMemaHHOTO
pacTBOpHUTENs MPHUOIIKAETCA K YHCTOMY METAHOINY, pa3Mephl arperaTtoB CTAHOBSITCS
HECKOJIbKO MeHbIe. Bo3MOXKHbIE NMPU3HAKU OTIEIbHBIX MOJIEKYJ MOTYT TEpSAThCSA Ha
(oHE CUIIBHBIX CUTHAJIOB OOJIBIINX arperatoB. Huke ykazaHHOTro npezesna CyluiecTBYIOT
PEUMYIIECTBEHHO OT/IEIbHBIE MOJIEKYJIbI, COCYIECTBYIOIINE C HEOOIBIION TPUMECHIO

KOJIJIOMAHBIX arperaTtosB.

3.4.2 U3MeHeHHs JIEKTPOHHBIX CHEKTPOB MOIVIOLIEHHUS B CMELIAHHBIX
PACTBOPHUTEIAX TOJLYOJ—METAHOJI

[TapannensHo ¢ naHHbIMUA JIPC mOJy4uian 3J€KTPOHHBIE CIEKTPhI MOTJIOUIEHUS
dbynnepena Ceo B cUCTEME TOIYOJI-MeTaHOJd. PucyHok 3.16 wumtocTpupyeT TUIHYHBIN
XapakTep CIEKTPOB MOTIJIONIEHHS B CMEIIAHHBIX PACTBOPUTENSIX. B maHHOM ciydae
UCITIOJIB30BAJIM HE TOJBKO CHEKTPATbHBIA y4acTOK 0KoJio A =~ 500—600 HM, Kak 3T0O ObLIO
caenano B pabore Hara u mp. [20], HO u Bcto Y@ u Bumumyto o6JacTh ciekrpa. SIBHO
BHJIHO, YTO B cMeIIaHHOM pactBoputenie ¢ comepxkannem CH3OH ot 30 no 50 06. %,
rae ¢pakius arperupoBaHHBIX (YIIIEPEHOB Majia, UMEIOTCS OTYETIMBBIE OTKIOHEHUS

OCHOBHOM TIOJIOCHI TIOTJIOIIEHUSI OT TOW, KOTOpas MPOSBIISIETCS B YHUCTOM TOJYyOJIe.
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Pucynok 3.16 Cnektpbl norioumeHuss pactBopoB Cego: 1 — B Tomyose, 2 — B
CMEILIaHHOM pacTBopuTese MeTaHoa—Tonyos ¢ 30 06. % meranona, 3 — ¢ 50 06. %
MeTaHoJ1a, 4 — ¢ 70 00. % meranona, 5 — ¢ 80 00. % meraHona, 6 — ¢ 90 06.% MeTaHoIIa,
7 — ¢ 95 00. % meranoma, 8 — ¢ 97 00. % meraHona, 9 — ¢ 99 00. % MeraHoIa.

KonnenTpanus (ymiepena cocrasisia 6.8x10° M, ontuueckas mmmna 1.00 cM, Bee

u3Mepenus nposoauiu npu 25 °C.
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B 70 06. % wMeraHosa, KOrja 4YacTHIIBl MOJICKYJISIPHOTO pa3Mepa He
oOHapyxuBatorcs metojgoM JIPC, mosoca mornomieHus okojo 336 HM Bce ele
MPUCYTCTBYET, XOTS €€ HWHTEHCHUBHOCTh 3HAYMTEIBHO HIDKE. PaHee yxe OblI
MPOWJUTIOCTPUPOBAH CIEKTp (QyiiepeHa B CMEIIaHHOM pacTBopuTesie OEH30/1—
aneToHuTpua 1:1 mo oOBeMy, KOTOPBIM MOJ00CH CIEKTPYy B O€H30Je, TOrja Kak
JaCTHUIIBI MOJICKYJISIPHOTO pa3Mmepa He HaOmomatorcs B metone JIPC. DOto naer
OCHOBaHWsI TOJaratb, 4YTO MHKPOOKPYKEHHE MOJEeKyn (QyiepeHa, COOpaHHBIX B

arperartbl, MOJKET BCE €IIIe UMETh apOMATHUSCKYIO TIPHPOTY.
Or 70 mo 95 06. % wmeranona (X oy = 0.860-0.980) cnekrp koimonmHOH

CHUCTEMBl TIpeTepricBaeT 3aMeTHble u3MeHeHHs. [lorjomenue 0€3 OTYETIMBOIO
MaKCHUMyMa HaXOJUTCSI B COOTBETCTBUHU C BhICOKMMU 3HaueHussMU KII/[ u namenennem
pa3Mepa 4acTull, KOTopsii moiaydeH MetoaoMm JIPC. B naHHOM ciy4ae MEIKUE YaCTUIIbI
HE MPOSIBIISIOTCS.

Haxownen, ¢opma criektpa dymiepena Cgo B nuanazone 95-99 o06. % meranona
(Xcr,on =0.980-0.996) cranoBuTCs ONU3KOM K cHeKTpy cycneHsuu B MeTaHose [120],

KOJUIOMIHBIX PAacTBOPOB B ATaHoJie [41], alleTOHUTpUIIE, B HEKOTOPBIX CMECSX TOJyoJia
c OoJyIbIIMM KOJM4YeCcTBOM areToHutpuia [16], ¢pymnepena Ceo B BOJHBIX CYCIICH3USIX
[145] wmu arperatoB B BOAE, CTAOMIM3HPOBAHHBIX IOBEPXHOCTHO-aKTHBHBIMU
BertectBamu [146]. B mocneanem ciaydae, Tak ke, Kak ¥ B N-METHITUPPOIHINH-2-0HE
[39, 40, 137], cnekTp erie Oojice CrIaXXEH M SBISCTCS MOHOTOHHBIM, 0€3 KaKUX-JTHOO
MIPU3HAKOB MaKCHUMyMa.

CrexTp MOTJIONICHUS B BUIUMOMN 00JIaCTH B CMEMIAHHBIX PACTBOPUTEIISAX TOTYOI—
METaHOJI NpH KOHLEeHTpanun ¢ysiepena 1.25x107° M 10moaHUTENHO NpeaCTaBIeH Ha
pucynke 3.17. JlaHHbIi TpuMep TMOKa3bIBa€T, UYTO Jake B Oosiee pa3OaBICHHBIX
pacTBopax, 4yeM Te, KoTopble ucnonn3oBanu Hat u ap. [20], cnexktp B ToJiyose B

nuanaszone 450-650 HM He u3MeHseTcs B MpUCYTCTBUM 5 00. % cnupra (g =3.9), u
toneko npu 30 00. % coxmepxkanmu metanona (Xcnon =0.530, & =11.5) moryr

MMPOABIATECA HCKOTOPLIC OTIWYUA. 910 Corjiacyercsa C KPpHUTHUUYCCKUM 3HAYCHUCM

OTHOCHTEJIBLHOM  JTUDJIGKTPUYECKOW  mpoHuIaemMoctd & =~ 12-14  [20, 78].
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Pucynok 3.17 Cnektp mnornomeHuss pactBopoB (g, C pa3HbIM COCTaBOM
CMEIIaHHBIX PACTBOPUTENEH TOIYOJ—METaHOI: 1 — B 4yucTOM ToJyosie, 2 — ¢ 5 00. %
Mmetanoia, 3 — ¢ 30 00. % wmeranoma, 4 — ¢ 50 06. % wmeranona, 4 — ¢ 50 06. %
MeTraHosa crycts 1 gac, S — ¢ 60 00. % wmeranona, 6 — ¢ 95 06. % meranona. Bce

n3mepenus nposoauiu mpu 25 °C u ¢(Cgp) = 1.25%x10°° M,
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Onnako mpu wuccienoBaHuu cucteM metoaoMm JIPC BbIIBISIOTCS HEOOIbIINE
arperatsl Jaxe npu 5 00. % mertanoina (puc. 3.15a).

Cnenyer otmeTuTh, uTo B pabore Hata u np. omyOiuMkoBaHa KpUTHYECKas
BenMunHa g Juis arperamuu Cro [78], koTopas HamHOTO BBINIE, YeM it Cgo, @ IMEHHO
27-31. Onnako paboune KOHIEHTpAUuK 10BONLHO Hu3kH, (9-14)x107° M, Bcnencrsue
HeOoubIon pactBopuMocTH Cro [78]. s pactBopoB Cgp KOHIIGHTpAIMS ObLIA BBIIIC:
1x10* M [20]. DT0 MOXET CIIyXKHTh NPUYUHON Pa3IMYUil MEXKIY KPHUTHYECKMMH
3HAYCHUSAMH & IS ABYX (YJUIEPEHOB.

Baxublii BOIpOC 3aKiIrOUacTcs TakKe U B MeTone oueHku &. Hat u ap. [20, 78]
paccuuTa M BCE STH BEJIMYMHBI JUIS BCEX CMEIIAHHBIX PACTBOPUTENICH B MPEANOI0KEHUH,
YTO WCKOMBIC €& SBIISIIOTCS PE3yJbTaTOM JIMHEHHBIX KOMOWHAIIMA COOTBETCTBYIOITUX
BEJIMYMH JIJIS1 YACTBIX PACTBOPUTENICH, MPOMOPIIMOHATIBHBIX UX 00beMHBIM J0J1siM. Hamu
ObUTa mpojenaHa Takas e MpoleAypa Il CHUCTEM TONyOoJd-MeTaHosl. Pe3ynbrarhb
npuBeneHbl B Tabmuie 3.4. K coxaneHuto, cooTBeTCTByOIMEe AaHHble A 25 °C B
JUTEepaType OTCYTCTBYIOT, HO 15 34—35 °C 3TH JaHHBIC TPHOIM3UTEIBHO Ha 4 €TUHUITBI
HUKe paccuuTaHHbIX i 25 °C. Jlns MHOTMX JpYruX CMEINIAHHBIX PacTBOpPHUTENICH
mo00HbIC JaHHBIE JOCTYIHBI. Tak, I cucTeMbl OeH30I—aneToHUTpui 1 : 1 mo o0beMy
AKCIIEPUMEHTAJIbHAS BEJIMYMHA & = 12.3 3aME€THO HWXE, YEM MOJIyYEHHAs 0 pacueram
(19.5). CrnenoBaresbHO, KpUTHUYCCKHME BEJIMYMHEI &, puBeAcHHbIe Hatom u np. [20, 78],
MO-BUJIMMOMY, MOTYT OBITh HECKOJIBKO 3aBBIIIEHHBIMH.

[ToMuMO BeNMWYWH € JUISI XapPaKTEPUCTHUKHA CMEIIAHHBIX PACTBOPHUTENICH MOTYT
OBITh HCMOJIb30BAHbI TAaKXKE IMapaMeTpbl COJIbBATOXPOMHOW TojsipHOCTH Paiixapnara

[147], E;(30). Ucnonp3yemble HAaMH BEJIMYUHBI JUISi CHCTEMBI TOIYOJI—METaHOJ OBbLIH
B3SITHI M3 suteparypel [147] u mepecuntansl Ha HOPMAIM30BAHHBIC BEIMYMHBL, E. .

Kpurndecknii coCTaB CMEIIAHHOTO PAaCTBOPHUTENS [PU MOJIBHOH 10N Xgy, oy = 0.763—

0.780 u 0.845 cootBerctBytor E; =0.676-0.782 u 0.697-0.703. B TO e Bpewmsl,

COCTaB C &, PaBHBIM 13, B CHCTEME TOJIyOJ—METAaHOJI XapaKTEPHU3YeTCs BEIMYUHON

EM =0.63 [148].
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B HekoTophIX cucTemax pacTBOpbHI (yruiepeHa CKIOHHBI K crapeHuto. OmHako
nociie pazdasieHus pactBopa Ceo B CsHsCH3; mertanomom nmanuwsie msmepenunii J[PC
JIOCTAaTOYHO CTaOWJIbHBI, HECMOTpPS Ha BO3pacT HMCXOJHOTO pacTBopa (ysuiepeHa B
ToJyoJie (CBEXXEMPUTOTOBIICHHBIN, crmycTs 1 Mecsn wiau 7 MecsaneB). Hamportus, B
CMECSX TOJIyoJia C alleTOHOM, Kak B 99 00. %, tak u B 50 06. % (CH3)2,CO pazmuuwms
oonee oryeTsiuBbl (puc. 3.18). Poyib MOJSIPHOCTH MPOSBISETCA TAKXKE B CMECAX
XOpOIIIUX PAcTBOPUTENIEH C alleTOHOM W aleTOHUTpuwiIoM. Hampumep, B cMemaHHOM
pactBopuTelne 6en3zo—aneToHuTpri ¢ 50 00. % CH3CN (g = 12.3 [149]) oTcyTcTBYIOT
OTZEJIbHBIE MOJIEKYJIBI BO Bcex m3MmepeHnsax JIPC, xorsa momoca nornomenus npu 336
HM nogo0Ha nonoce B unuctoM CegHg (cM. Bhimie). C npyroit CTOpOHBI, MOJIEKYJISIPHBIC
gacTullbl Cgp Mpeo0J1alaloT B aHAJIOTHYHBIX cCHCTeMax ¢ areToHoMm (puc. 3.18), rme
e =10.0 [149]. B mocmemnem ciydae Bkimag Mosiekyl Cgy B pacCeHBAIONIYIO
WHTEHCUBHOCTD JJI PacCTBOPOB, MPUTOTOBIICEHHBIX W3 MCXOJHBIX B TOJYOJIE€, KOTOPHIE
XpaHuiuch 1 mecsn unu 7 Mecsien, Obul paBeH 82+6 % u 76+£7 %, COOTBETCTBEHHO

(pe3ynbTaT ObLI YCPEIHEH MO JJAaHHBIM 32 3KCIIEPUMEHTOR).

3.5 CpaBHeHHe CHIEKTPOB NOIJIOIIEHUs M pa3MepoB arperatoB Ce B

METAHOJIC N ALICTOHUTPUJIC

Ha pucynke 3.19 comocrtaBieHbl 35eKTpoHHBIE crekTpel Cgp B TOIyOIIE,
allEeTOHUTPUJIC B MeTaHoje. Hapsay ¢ THMWYHBIME YepTaMu CIIeKTpoB arperatoB Cgo B
HOJISIPHBIX PACTBOPUTEIISAX, OTJIMYAIOIIMX UX OT CIIEKTPOB B TONyojie u Oensone [9, 18,
40, 41], nposIBASAIOTCS ONpeCICHHBIC Pa3IMYHs B MOTJIONICHUN B CIIUPTE U HUTPHJIC.

JInst oprano30i1s B METaHOJIE pa3Mep 4acTull B cpeliHeM cocTaBiisieT ~ 300 HM
(mns pacnpenesnieHus: Mo yuciay vactuil: 298 Hm), a B aretoHutpuie: ~ 200 um (as

pacrpeneneHus 1no yuciay yactuil: 190 am).
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Pucynok 3.18 Pacmpenenenue mo MHTEHCHUBHOCTH pacTBopa ¢yimepeHa Cgo B

cMmecsx Tonyon—aneToH: 1 — ganuesie JJPC B 99 00. % areToHe, UCXOIHBINA pacTBOp B
TOJIyoJie OBbUI IPUrOTOBIEH Ha 1 Mecsn panbiue, 1/ — Takas ke cMech, HCXOIHBIMA
pacTBop ¢yIsiepeHa B TOIyoJsie ObLI IPUTOTOBJIEH CEMBIO MECSLIaMU paHee, 2 — JaHHbIE
JIPC B 50 06. % aueroHe, MCX0aHbI pacTBop Cgy NPUIOTOBJIEH MecCsALEM paHee, 2/ —
TakKas *e CMecbh, UCXOAHBIN pacTBOp Cgo B TOIYO0JIE€ OBLI IPUTOTOBIIEH CEMBIO MECSALIaMU
panee. Beraska: ciextp norsomenus ¢ymnepena Ceo: 17 — B 99 06. % auerona, 2/ — B

50 06. % anerona. Konuenrpauus ¢ymiepeHa 6buia paBHa 4x107° M; Bce nzmepeHnus
P yaiep p Y

npoBouin nipu 25 °C.
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Pucynok 3.19 Cnekrpsl nornomenus 4x107° M pacteopos ¢ymiepena Ceo: 1 — B

TOIYyOJ€E, 2 — B AUETOHUTPWIE, 3 — B METaHojJe. B alneToHUTpUIIE W B METAHOJIE

cojiepkanue ToiryoJia 6eu10 1 00. %, nimuHa nornomatoriero cios 1.00 cm.
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Crmektp B METaHOJE XapakTepusyeTcss 0oyiee HU3KOW HWHTEHCUBHOCTHIO
MOTJIONICHUS BOJIM3M TJIABHOTO MAaKCUMyMa M HECKOJLKO 0oJiee BBICOKOM — B 00JlacTu
ot 400 1o 600 M.

Takoe BaMsSHWE pa3Mepa YACTUIl Ha OJJIEKTPOHHBIA CHEKTP TOTJIOMICHUS
HAXOJIUTCS B KaUYECTBEHHOM COTJIaCHMU C JaHHBIMH [leryuu u Jp., MOJTyYEHHBIMH JIs
ruzposoieit Cg ¢ pazmMepamu yactuil 235 u 40 um [29].

bonee toro, Jleryun u np. mpeIOKWIM ypaBHEHHUE, CBSI3BIBAIONICEC 3HAUCHUE
JUIMHBI BOJIHBI MAaKCMMyMa TOIJIONIEHUS C THAPOJAUHAMHYECKUM JIMaMETPOM YaCTHIL

ruapo3odeit [29]:

Amax = 337.1+0.065d,, (1) (3.11)

SKCHepI/IMCHTEUIBHI)Ie 3HAa4YCHMUA ﬂ“max B MCTAHOJIC M ALCTOHUTPHUIIC COCTABJIAIOT

353-357 u 350 uM, B TO BpeMsl KaKk paCCUMTAHHBIC 110 JIAHHOMY YPAaBHEHHIO PaBHBI 356
1 349 HM, cOOTBETCTBEHHO. CEA0BATENBHO, JAHHOE YPAaBHEHNE IPUMEHUMO HE TOJIBKO

JUISL TUJIPO3OJICH.
Pesynbratel pabotel onyoiukoBansl B [A2, A3, A5, A6, A7, All].
3.6 BoiBoabI K pa3zgeiy 3

1. [Ipu wucnonp3oBaHUM MeTO/Na (PUINYECKON KOHICHCAIUU MOJIEKYJIbI
bymiepena Cgp B allETOHUTPHUJIE, METAHOJIC, AIlETOHE W MX CMECAX C OCEH30J0M U
TOJIyOJIOM OOpa3yroT OTPUIIATEIILHO 3apsOKEHHBIE arperathl pazMepamu mopsaka 100—
600 HM, O YeM CBHJETEIbCTBYIOT JaHHbIE JUHAMHUYECKOTO PACCESHHsI CBETa,
MIPOCBEUYUBAIOIIEH 3JIEKTPOHHOU MUKPOCKOTMHNH, AJIEKTPOHHBIX CIIEKTPOB MOTJIOMICHUS U

anekTpodopesa.
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2. dopmupoBanue arperatoB gymiepera Ceo B cMecsix OeH30J1a WM TOIyoIa
C AallETOHUTPUIIOM MPHU COM3MEPHUMBIX KOHIIEHTPALMSIX COPACTBOPHUTENIECH MPOTEKAET B
TEYCHHE JIECATKOB MHHYT W 3aBHCHT OT IMOPSIKA CMEIICHUS KOMIOHEHTOB. CTapeHue
CHCTEM OT HECKOJIBKUX JHEU JJ0 HECKOIbKUX MECALIEB MPUBOJIUT K YKPYIMTHEHUIO YaCTHUII
¥ I3MEHEHUIO UX IEKTPOKHHETHIECKOTO MTOTCHIIAA.

3. VY3kas KpuTHYeCKas 00JacTh COCTaBOB CMEIIAHHBIX PACTBOPHUTENCH, B
KOTOPOW MPOUCXOAUT MPAKTUUYECKH IMOJIHOE HCYE3HOBEHHE OTACIBHBIX MOJEKYNT H
JOMHUHUPYIOT arperarbl, PETUCTPUPYETCS KaK C IOMOIIBI0 3JIEKTPOHHBIX CIIEKTPOB
MOTJIONICHHSI, TaK W TO JaHHBIM JHHAMHUYECKOTO PACCESIHHUSI CBETa, W 3aBHUCUT OT
KOHIeHTpanun (Gymiepenos (ot 4x1077 go 4x107° M).

4. Tak, B cuctemMe pacTBOpUTENeH TOMyOJI—MeTaHoJ npu KoHIeHTparusax Ceo
or 4%107" mo 4x10° M, nammas xputudeckas o0IacTb COOTBETCTBYeT 67.5 00. %
Meranosna (MonbHas goiiss = 0.84), B To Bpemsi Kak mnpu KoHueHTpauu Ceg, paBHOMU
4x10° M, yxe mpu 60.0 06. CH30H (monbnas nons = 0.80) oTaenbHbIE MOJIEKYIIBI YKE
HE 0OHapy)KUBAIOTCA.

S. Pa3mep KOJUIOMIHBIX arperaTtoB TeM MEHbBIIE, YeM MEHbIIE KOHIIEHTPAIUs
dbymnepena, m uyeM OoJbINe 10JII MeTaHoJla B cMecu c ToiyonoM. [locrmennee
NOJITBEPKAET U3BECTHOE MpaBuiio PobMepa 0 B3aMMOCBSI3H pa3Mepa YacTHl] TBEpIoH
JUcrepcHON (a3bl ¢ paCTBOPUMOCTBIO COEMHEHHSI B JAHHOM PacTBOPUTEIIE.

6. OTpunaTeNnbHBIN  3apsii arperaToB B aleTOHUTPUIE WMEET HOH-
paivKadbHYI0 TPUPOIY, O HYEM CBUICTEIBCTBYIOT JIAHHBIE CIEKTPOCKOIUHU

QJICKTPOCIHPEA U PE3YJIbTAaThl HIPUMCHCHHS JIOBYIIKH PaJIUKAJIOB.
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PA3JIEJ 4

B3AUMOJIEMCTBUE HAHOATPEI'ATOB Cso C KATUOHAMMU
PA3JINYHOM ITPUPO/Ibl B AIIETOHUTPUIE U CMECHU BEH30.1-
AIHETOHUTPUJI

4.1 B3anmopaeiictBue KOUIOMAHBIX 4acTull Cs ¢ 3JIEKTPOJUTAMH B

ALCTOHUTPUJIC

Vcnonp3oBanack pabouas KOHLEHTpAlUs KOJUIOMIHEIX pacTBOpoB 4x107° M.
PactBopbI ¢ 60Jiee BBICOKUMU KOHIIEHTPAIIUSIMHU HECTAOUIIBHBI.

N3 uzmepenuit a5ekTpodhopeTHuecKoi MOABUAKHOCTH, Us, MOKHO CHEIIATh BHIBOJT
O CUJIBbHOM BIIMSHUU DJIGKTPOJUTOB Ha KoJuloujHble dacTuibl Cgp, XOTS 9Ta
AKCHEPUMEHTANIbHAS MPOUEAypa 3aTPyAHEHA BCJIEACTBUE MPOTEKAHHS KOATYJSLIUH.
Hampumep, pe3ynbTartbl  3IEKTPOPOPETUYECKOTO  TUTPOBAHUS  OpPraHo3oiisi B
anierorutpuiie pactBopomM NaClO, B Tom xe pactBoputene (puc. 4.1) 3aBucar ot
cocoba TUTpoBaHWA. MeyieHHass  KOAryJjsius  MPOUCXOAUT TPU  JIFOOBIX
KOHIICHTpAIUSAX COH. SIBICHUE nepe3apsaku, 0ojee XxapaKTepHOe i1 MHOTO3apsAHBIX
KaTHOHOB, B TOI MJIM MHOM cTereHu Habmogaercs u st Nat.

Jlyist Toro, 4To0OBl MHTEPIPETUPOBATH AaHHBIE B TepmuHax Tteopuu JJIDO, mbl
cienoBani  pexkomeHmamusm  MIOIIAK  gns Gojiee TOYHOTO — OmpeseseHus
3NIeKTpOKUHeTHYeckoro noteHnuana [150]. 3nauenus { pacCYUTHIBAIUCH C MOMOIIBIO
3HAUCHUN kI B M3Yy4aeMOM JMANa3oOHE MOHHBIX CHJI C MCIOJIb30BAHUEM MPUOIMKCHUS

Omumbl s ypasaenus ['enpu [150, 151] (4.1).

C=15Uen/ erepf 4.1)

Koaddumment f, 3aBucsmmii oT 00paTHOM 1e0aeBCKOM JUTHHBI K, pACCYUTHIBASTCS

10 ypaBHEHUIO (4.2).
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Pucynok 4.1 Dnekrpodopernueckoe TutpoBanue 1.00 mi pactBopa (dymiepena

Ceo ¢ konunenrpamueii 4x10° M B ameromutpune 0.3 MM pactBopom NaClO,.
[Ipouienypa A (TpEyroJbHHKHK): pacTBOP COJHM JT0OABISUIA PAaBHOMEPHO MOPUHUSIMH I10
0.06 mn B Teuenne 115 muH, pesynprupyromuii oobem 1.80 mur; nmponenypa b (kpyrn):

nopiuu 1o 0.03 mu1 1o6assiu B TedeHue 170 MuH, pe3ynbTupytomuii 0obem 2.02 mi.
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-3
f =1+0.5|1+ 2:5 (4.2)
xr(1+2exp(—«r)) '

3HaueHusT Ue, KOTOPBIE HCIIOJIB30BAIUCH IJISI PAcdyeTOB, ObUTM BBIOpPAHBI U3
HKCIIEPUMEHTAILHBIX JAHHBIX, MTOJIYYEHHBIX B YCIOBUSIX, KOT/Ia pa3Mepbl KOJUIOUIHBIX
YaCTHI] MPAKTUYECKU HE U3MEHSIUCH.

3HaueHue oOpaTHOM Je0aeBCKOW JIMHBI B AllETOHUTPHUIIE PACCUUTHIBAIM IIO
ypaBHeHuto (3.3). Jls aneToHuTpUiIa 3TO ypaBHEHHUE peoOpa3yeTcs B BeIpakeHue (4.3):

2
k= |2F L 0153501 mut (4.3)
&&RT

Pesynbrathl pacuetoB kI, Ue, f m { mpeacraBiensr B Tabmmme 4.1. OtH u
MoCNeAyIonMe 3HadeHuss ( pacCUMTHIBAIUCh U3 3HAUEHUS 3€Ta-TIOTEHIMAaNa II0
CMOJyXOBCKOMY YMHOXKeHHEM uX Ha 1.5/f.

JlutepaTypHble JaHHBIE JalOT OCHOBAHMA IOJIaraTh IOJHYIO JUCCOLIUAIUIO
NepXJIOPATOB HATpWs, Kajblius W Oapus B ameronutpumie [152-154] B mpenmemax
KOHIIEHTpALUi, KOTOPbIE UCIIONb3YIOTCS B JaHHOU paboTe.

Jlorapudm xoHcTanTsl 06pasoBanus nona LaClO4%* B 3TOM pacTBOpHTENE PaBEH
1.56 [155]. dusa terpa-u-OyTrunammonuit nepxiopata, TBACIO4, norapudm KoOHCTAaHTHI

acconmarmu (TBA™ + ClO,) pasen 1.07 [151], cieqoBaTensHO, MOKHO CIeNaTh BBIBOJ,

yro kak TBACIO4, Tak w uerunrpumerminammonuii nepxmopar, I[ITACIOs,, u N-
uetmmmupuanauii  nepxmaopar, IIICIO,;, MONMHOCTRIO AMCCOMUHUPYIOT B  JaHHBIX
YCIIOBUSIX, KaK M BBIIIIEYKa3aHHBIC HEOPTAHUYECKUE DIIEKTPOIIUTHI.

[IpyarMasi BO BHMMaHHE BEPOSTHYIO KOATYJSIMIO B MPOILECCE TUTPOBAHMUS,
3HaueHust (, coOpaHHble B Tabnuue 4.1, ObUIM TMOJyYeHbl MO APYTrod METOIUKE, a
UMEHHO, ITyTeM MPUTOTOBJICHUS OTAEIBHBIX PAaCTBOPOB. M3MepeHus: MpoBOIMIH CITYCTS
HECKOJIbKO MHHYT IIOCJIE€ CMEIIMBaHUS PACTBOPOB 0€3 MPUMEHEHHUS MpPOLEIYphI
TUTpOBaHUs. [laHHBIC MOATBEPKAAIOT BEPOATHYIO Mepe3apsiiKy KOJJIOUTHBIX YaCTHII, B

YaCTHOCTU, ABYX3APAAHBIMA U TPCX3apAAHBIMHA KATUOHAMMU.
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Tabnuya 4.1

uekTpodopeTHUeCKHE MOABUKHOCTH M 3€TA-NMOTEHIHAIbI KOJUIOWIAHBIX YaCTHII

(¢yiiepeHa B npuCyTCTBUHU OJHO3APSAHBIX KATHOHOB

JloGaBIIsieMbIi KT f Uex108, M%(B ¢) ¢, MB
3JIEKTPOJIAT
bes anekTponuTos <<1 1.00 —47+3
NaClO,4, MM
0.0030 0.930 1.03 4.0 0.3 —43 + 2
0.0087 1.58 1.05 -3.78 +0.08 -40.6 + 0.9
0.015 2.94 1.09 —2.88 £0.03 -31.1 £+ 04
0.080 7.60 1.21 -1.22 £0.07 -13.1 £ 0.81
0.10 8.50 1.23 -0.36 £0.05 -3.8 £ 051
0.13 9.50 1.25 -0.16 +£0.12 -1.8 +1.31
0.15 10.4 1.26 +0.32 £0.07 +3.6 +0.71
TBACIO4, MM
0.25 8.68 1.23 -1.39 £0.10 -150 + 1.1
[[TACIO,, MM
0.25 7.14 1.20 -0.99 +0.09 -106 £+ 1.0
LIIICIO,, MM
0.25 15.5 1.32 —2.50 £0.04 —-26.8 £+ 04
0.70 25.3 1.38 -0.6 04 —7 +4
1.0 32.7 1.40 —-04 =03 -4 +3
2.0 53.6 1.44 +0.99 +£0.12 +10.7 £ 1.2
10 120 1.47 +1.09 +0.08 +11.7 £ 0.9

! 3payenus He3HAYMTENBLHO MEHAIMCH BO BpeMenu. Hampumep, B 0.15-0.20 MM
pactBope NaClOy4 3Hauenust B T€UEHHE MEPBBIX MUHYT OTPULIATEIBHBI CO CPEIHUM

3HayeHrneMm —8.4 MB.
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JlaHHbBIE OJTHO3HAYHO YKa3bIBAIOT HA TO, YTO IOMUMO CKaTust AU Py3HON yacTu
JIBOMHOTO 3JIEKTPUUYECKOTO CII0SI KOJIJIOMIHBIX YACTUIl UMEET MECTO U HeUTpanu3aus
MOBEPXHOCTHOTO 3apsi/ia BCIEICTBUE aICOPOIIUN MPOTUBONOHOB.

[lepe3apsiaka MOKET IPOXOJIUTH JAXKE B CIIy4ae OJHO3AaPAIHBIX KATHOHOB, TOI' /A
Kak B MetaHoJje (Paznen 6) nepesapsiika HaOIIOJAETCS TOJIBKO JIBYX- U TPEeX3apsIHbIMU
KaTHOHAMU.

Koarymnuuio 31eKTpoauTaMu U3ydaiad MO 3aBUCUMOCTSM pa3Mepa KOJIJIOHMIHBIX
yactull (puc. 4.2) ¥ JONOJHUTEIBHO MO 3aBUCHUMOCTH  TIOTJIONICHUS B
yibTpaduoaeToBoi 061acTu pacTBopa (ysuiepeHa ot Bpemenu (puc. 4.3).

IIpy oO4YeHb HU3KUX KOHUEHTPALMAX DSJIEKTPOJIMTOB KOAryJsius 3aMeJIeHa
(puc. 4.4). OgHako ¢ BO3pacTaHHEM KOHILIEHTPALUU COJIM 3TOT MPOLECC YCKOPSETCS
(puc. 4.5), u ObIcTpass Koaryjsiusi MPOXOJMT, KOTAAa KOHIEHTPALMH JIOCTUTAIOT
IOPOrOBOr0 3HAYEHUA. DTa KOHILIEHTPALMUs Ha3bIBAETCS TOPOrOM OBICTPON KOAryJIsIUH,
[1BK (cm. Paznen 1.3).

Bno6aBok k cxkatuto qud@y3Hod 4acTv, Bo3pacTaHWE MOHHOW CHUJIBI MPUBOJUT
TaKKe K Imepe3apsake. B Oosee SBHOM BHUIE 3TO MPOSBISAETCA MPU BBICOKHX
KOHLIEHTPALUsAX MHOI03apsiAHBIX KATUOHOB, HO, BEPOSITHO, MOXKET IMPOUCXOAUTH U ITPU
HU3KHX, KOTJa 00K 3apsi YaCTHIL] OTPULIATENIEH.

Haunbonee BeposTHON NpUYMHON mepe3apsiKd MOKHO Ha3BaThb OTHOCUTEIBHO
c1a0y10 COJIbBATALIMIO KATUOHOB B aleToHUuTpuiie. JHeprus ['nb0ca nepeHoca u3 Bobl
B CH3CN cyniecTBeHHO MOJIOXKUTENIbHA 7151 OOJIBIIMHCTBA HEOPTaHUUECKUX KaTHOHOB.
Hanpuwmep, nns H* u Na* nannas Benmuunna AGy (Bojga—aneToHUTpWIT) paBHa +44.8 u
+11.9 x/x/Moab, cooTBeTcTBeHHO [156]. s AByx3apsaHbIX MOHOB MeTalioB AGy
okoto +30 kJIx/mMomb. B To sxe Bpems ans opranndeckoro karnona TBA* AGy = -32.0
k/x/mone [156]. Takum oOpasom, mepesapsiika He XapaKTepHA I OPraHUYECKHX
KaTHOHOB, KOTOPBIE XOPOUIO COJIbBATUPOBAHBI B OPraHUYECKOM PACTBOPUTETIE.

[lepesapsinka MokeT OBITh CHMKEHA WM JaXe MpeaoTBpalleHa BBEICHHUEM
COOTBETCTBYIOIIIETO KoJnyecTBa kpunrtanaa [2.2.2] (puc. 4.6 a) unum AUUUKIOTEKCHUII-

18-kpayH-6 (puc. 4.6 6).
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Pucynok 4.2 Pacnpenenenue yactuil mo oonemy, mnoiaydeHHoe merojgom JIPC
npu 25 °C, xonnenrpanus ymiepena Cgo 4x10° M: 1 — xomnounansiii pactsop Ceo B
aneronutpuie (1 00. % Tonyona) , 2 — ¢ 70OaBKOM HeTUINUpUIMHUN niepxiopaTa 0.25
MM, 3 — ¢ pgoOaBkoi netuanupuauHui nepxsopara 1.0 MM, 4 — c moGaBkoii
HeTWInupuIMHuid nepxiopara 2.0 MmM. HHTepBanm BpeMeHH MEXKAYy CMEIIMBAaHUEM
KOMITOHEHTOB ¥ U3MEPEHUSIMU COCTABIISIT 3 MUHYTHI.
0.14- 1
0.12+
0.10-
<

0.08-

0.06 -

T v T M T M L v T M T

0 ' 10 20 30 40 50 60
f, MyH

Pucynok 4.3 3aBucumocts nornomenus 4.0x10° M pactBopa QymnepeHa B
anieronutpwie npu 333 HM ot Bpemenu B mpucyrctBuu NaClOs: 1 — B uymcrom

areroHuTpuie 6e3 comu, 2 —0.05 MM, 3 —0.10 MM, 0.15 MM, 0.20 MM.
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Pucynok 4.4 Mennennas koarynsinusi 3051 Ceg B aueronutrpuie (¢ 1 06. %
tonyoisia) pactBopom 0.0036 MM La(ClO,)s. Konmentpaius ¢dyiiepeHa cocrapisiia
4x10°° M, mipu 25 °C. BeTaBKu: pacnpeieleHne 9acTvI: | — [0 MHTEHCHBHOCTH, 2 — I10

pacceuBaronieMy 00bemy, 3 — 10 YUCITy YacTHII.
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Pucynox 4.5 3aBucumocts 3ddextuBHOro muamerpa dactuil ymiepena Cey OT
Bpemenu: 1 — B anetonutpuiie, U ¢ (1-C4Hg)aNCIO4: 2 — 0.20 MM, 3 — 0.25 MM, 4 —
0.26 MM, 5— 0.29 MM, 6 — 0.33 MM, 7 — 0.40 MM, 8 — 1.0 MM. 3HaueHus dess —
KpUTEPHUST U3MCHEHHS Pa3MEpPOB YACTHII — OMNPEACISIIM C MOMOIIBI0 000pYAOBaHUS

Brookhaven.
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MEIKpO]_II/IKJ'H/I‘-IeCKI/Ie JIUTaHABbI O6paBYIOT KOMIIJICKCHI ¢ KaTHOHAMH MCTAJJIOB H,

CJIEIOBATEILHO, MOBHIIIAIOT CTAOMILHOCTL B 00beMHOM (hasze.
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Pucynox 4.6 Mosiekyibl MaKpOIIMKINYECKUX JTUTaH/IOB: a — KpunTtaug [2.2.2], 6 —
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TUITUKIIOTeKCHIT-18-kpayH-6

3HaueHus kf, Ue, T u { mig 30meil B MPUCYTCTBUM MHOT03apsIHBIX KaTHOHOB
npexacraBieHbl B Tabmuue 4.2. [Ipy HU3BKMX KOHLEHTPALMSIX COJIEH IOIyYEHBI
HeycTorumBbie naHHble. Hampumep, B 0.01 MM pactBope Ca(ClOs), 3nauenus (
M3MeHSA0TCA oT —14 1o +10 MB B TeueHHEe HECKOJIBKMX MHUHYT; B TAHHOM JHWAIla30HE
KOHIIEHTPAIUI MPOUCXOAUT KOATYISIIHSL.

Ocobenno ciemyer oTMeTHTh, 4To Biausare Ba(ClO,), Ha komtouab Cep HAMHOTO
oonbme, yem Ca(ClOs),. Ilpu 3TOM KOAryssius MPOUCXOIUT IMPH OYEHb HHU3KHX
3HaueHusAx koHuentpauui Ba(ClO,4), u Habromaetcs nepesapsaka (puc. 4.7). JlaHHbIi
>pPeKT MOKHO OOBACHUTH Oojee cinaboii cosnpBaTanueil MoHa Ba?* Mmonexymamu
CH;CN.

DJIEKTPOHHBIE CIIEKTPHI MOTJIONMICHHUS OPraHO30JIeH B PUCYTCTBUU DJICKTPOTUTOB
U CIIEKTP UCXOIHOTO KOJUIOMIHOTO pAacTBOPA MPEACTaBICHBI Ha PUCYHKE 4.8.

Cnextp B npucyrctBun TBACIO,4 npakTHuecku COBIAAAaeT CO CIIEKTPOM 307151 0e3
31eKTPOTUTOB. CiielyeT OTMETUTh, YTO KOHIICHTpAIMs AAHHOW COJM TPU STOM HHIKE

[1BK, xoTopsrii paBeH 0.25 MM (cM. Tad. 4.3).
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Tabnuya 4.2

BHCKTPO(I)OPCTH‘IQCKI/IC NOABHKHOCTH U 3€TA-IIOTCHIHNAJIbI KOJUVIONAHBIX YaCTHII

(l)y.]'IJIepeHa B IIPUCYTCTBUU MHOTI'03apPAJTHBIX KATHOHOB

DIEKTPOJUT Kr f Uex108, M%/(B c) {, MB
Ba(ClO4), MM
0.0025 3.86 1.12 -0.24 £+ 0.01 -3.0 £0.1
0.0070 7.68 1.21 +1.7 £ 0.3 +20 £ 3
0.020 3.01 1.09 +2.78 £ 0.01 +29.9 +
0.10 8.41 1.23 +2.46 + 0.13 +27.5 +
0.50 33.9 1.40 +2.43 £+ 0.01 +24.3 +
5.0 143 1.47 +1.39 + 0.01 +14.8 +
Ca(ClOns. mM
0.010 2.66 1.08 -13+ 04 -14 + 41
0.016 3.36 1.10 +2.05 + 0.14 +22.1 £ 15
0.018 3.57 1.11 +2.70 £ 0.17 +29.1 £ 1.8
0.050 5.95 1.18 +2.31 £+ 0.17 +249 +1.8
0.10 8.41 1.23 +2.06 £ 0.07 +22.1 £ 0.8
0.15 10.3 1.26 +3.1 + 0.3 +33 2
0.80 59.5 1.44 +3.0 £ 0.7 +32 £ 7
0.90 63.1 1.44 +3.6 + 04 +38 *
1.0 66.5 1.45 +1.9 + 0.7 +21 =7
5.0 149 1.48 +1.8 £ 0.6 +19 +
La(CIOq)s, MM
0.0036 6.09 1.18 -3.26 £ 0.15 -35.1 +
0.15 10.9 1.27 +4.58 £ 0.13 +49.0 +
La(NO3)s, MM
0.0002 0.590 1.02 -28 = 0.3 -29 =3
0.0006 1.01 1.03 -08 £ 0.6 -9 6
0.0010 1.31 1.04 -0.17 £ 0.15 -18 1.6
0.0014 2.53 1.08 -0.40 £ 0.09 43 £1.0

! 3navenus { mmaBHO Memnsrorcs ot —14 go +10 MB B pesynbrare mepe3apsankud u

KoaryJisimmuu.
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Pucynok 4.7 Ilepesapsiaka yactun dymiepeHa Cgp B alleTOHUTPUIIE HOHAMHU

HaTpHs, Oapus U Kaablus
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Pucynok 4.8 Cnextpsl noriomenust pactsopa (ymiepena Ce 4x10° M mpu
25°C B aneronutpuie (100. % Tonyona): 1 — 6e3 nob6aBok cosieit, 2 — ¢ fo6aBkoi 0.15
MM (H-C4Hg)aNClO4, 3 — 0.15 MM Ba(ClOy)2, 4 — 0.15 MM HCIO4, 5 - 0.30 MM HCIO,.
CrexTpbl W3MEpSUIM CIYCTS 3 MHUHYTHI TOCJE TMPUTOTOBIEHUS COOTBETCTBYIOIINUX

pacTBOpPOB.
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[Tornomenne B Y® obnactu nepe3apsyKeHHBIX YacTHUI] MEHEe MHTEHCUBHO, YeM
y ucxo1HOoro 307151 Cep B alIETOHUTPUIIE.

DHJIOKOMIUIEKCH MeTami—@yiuiepeH onucanbl B juteparype [157]. OcoOwiit
uHTepec npeacrtaBiseT komiuieke LiT@Cgy u ero peakiuu B pactBopax [158, 159].
Hekoropble MeTaibl CO3/al0T MOJIOKHUTENIBHO 3apsikeHHble KoMIuieKebl U3 Ceo U Cro
Ipy aproH-uOHHOW OoMOapaupoBKe (yJIEPEHOB, OCAXKICHHBIX Ha METALTHYECKOM
cyoctpare [160], a pa3HOOOpa3Hble KaTHOHHBIE (OpMBI (QysuiepeHa, BKIIOUYas
(pymrepen)H*, moryr Bo3Hukarh B Ta3oBod (ase [161]. B Hamem ciyuae
B3aMMOJICHICTBHE KATHOHOB METaUIOB C MoJjekylaMu Cgy B aAlETOHUTPHIE MOXKET
paccMaTpUBaThC KaK pa3HOBUIHOCTB 9K30-KoMILIEKCOB. [l cuctemsr Li* + Cgp ObUH
OITyOJIMKOBAHBI PE3yJIbTaThl TEOPETUUYECKUX PACUYETOB, MPOTHO3ZUPYIOIINE TUTOJIBHOE
B3aMMOJICHCTBHE, HHAYIIUPOBAHHOE ITEpeHEeCeHnEeM 3apsia [162].

[lepesapsimka MPOUCXOAMT Ja)K€ B CHUIIbHO pa30aBJICHHBIX, MO CPABHEHUIO C

pacTBOpoOM MepxJiopara HaTtpus (puc. 4.7), pacTBOpax KUCIOT U MepxjopaTa KaabIus.

4.2 Ilepe3apsiaka yacTui QpysiepeHa KUCJIA0TAMU

B3auMopeiicTBue 30151 ¢ XJIOPHOW KUCIOTOW MPOUCXOAUT CIEAYIOIIMM 00pa3oMm:
HEWUTpanu3alusl OTPULIATENBHBIX ITOBEPXHOCTHBIX 3apsiOoB KOJUIOMAHBIX YaCTHIL
IIPUBOJUT K IEPE3aPAIAKE, II0CIIE YETO — K KOATYJIALHAH.

B unctom aneronutpuie 3HaueHus pK, XJIOpHON U TpU(PIIATHON KUCIOTHI PaBHBI
1.57 u 2.60, coorBercTBeHHO [163]. DTH 3JEKTPOJUTHI TAK)KE MOTYT IMepe3apsKarh
OTpHUIIATEIHHO 3apsbKeHHbIC KoutouaHbie yacTuilsl pymiepenoB B CH3CN. Hanpumep,
C=+429+7 mB npu 0.15 MM CF3SOsH u naxe +37+3 MB nipu 3Toi1 e KOHIIEHTpaluu
HCIO,. Kak mpaBwio, mepe3apsikeHHbIE KHCIOTaMH KOJUTOMIHbIe pacTBOpbl Ceo

HecTaOWJIbHBI BO BPEMEHM, YAacTHULIBI IPU 3TOM Bo3pactaroT. Ho, B yo0om ciyuae,

2- .
oxumaeMo He Tonbko mnporommposanme Cg — HCy > H,C,, HO Takke u

+

oOpa3zoBaHue KaTHOHOB HC;, miu ajcopOIus moHOB H), Ha arperarax ¢yJjaepeHOB B
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9TOM KaTHOHO- M TpoTtodoOHOM pactBoputrene [164]. TlomoOubie 3¢ dekTh
HaOIOIAINCh B CMECH O€H30J1a C alleTOHUTPHUIIOM.

Beenenne u30biTka [2.2.2] mNpUBOAUT K MPUOMMKEHUIO ( K HYJIIO M POCTY
pa3Mepa 4YacTHll, IOCKOJIbKY TPOTOHBl HJIYT Ha NPOTOHUPOBAHHME KPUIITAHJA.
Hanpumep, B npucyrcteuu 0.7 MM [2.2.2] Beimeynomsinytoe 3HadeHue C B 0.15 MM
HCIO,4 u3mensiercs Ha otpuiiarenstoe: —19+ 7 MB.

Taxke u cimaOble KHCIOTHI TOJBEPralOT YaCTHUIBI Tiepe3apsake: BBemeHue 350
MM yKCYCHOM KHUCIIOTBI B allETOHUTPUIIE MPUBOJIUT K M3MEeHEeHHIO 3HaueHus ¢ —30 mB
1o +8.44+0.4 MB u Bo3pacTtanuto yactui 10 <550 HM.

Kucnorno-ocHoBHbie cBoiicTBa (ysnepeHa Cgo M POJICTBEHHBIX COCIUHEHUI

ObLIH HN3Yy4YCHBI OKOJIO ABAaJALATH JICT Ha3all. XOTSl TOYHBIC 3HAUCHMUS pKa OIIPCACIINTD

TPYJIHO, OMyOJMKOBaHHbIE JaHHbIE [165-167] MO3BOMSIOT MpencKas3biBaTh MOBEICHUE
mosiekyn Cgp U COOTBETCTBYIOILMX AHUOHOB B mpuUCyTcTBUM KuciotT. g CeHz B

JIMCO cnenyroniye oeHKH ObLIM ToydeHbl Jnus3umOeroBeiM 1 jp. [166]: pK, = 4.7,
PK, = 16. Kimddens n bapa [165] u3ydnian KUCIOTHYIO AWCCOIUAIIMIO PAJIUKAJIOB B
JIMCO. Ouu Taxxe cooOuman o mporonupoBanmu CZ, 10 CeH; B ameronuTpuie

TpudIaTHOM KMCIOTON ¢ 00pa3oBaHUEM CTAOMIIBHOTO OpaHKeBOro pacTBopa [165].

B 1O BpeMs kak mpOTOHUPOBAHHE AHMOHOB (yJUiepeHa SBISETCS MPOIIECCOM
OKHJIa€MbIM, TPUCOCIMHEHHE TPOTOHA K HEUTpPaIbHBIM KOJUIOMIHBIM arperaTraM B
0€3BOJTHOM allETOHUTPHIIEC JOCTATOYHO HEOKHUIAHHO.

XOTSl JUIIb HECKOJIbKO TIOJIOKHMTEIIBHBIX 3apsI0B CBSI3BIBAIOTCS arperaraMu
Monekyn Cegp, 9TO MOKET CBUACTEIHLCTBOBATH 00 acCOIMAIIMN MTPOTOHOB C MOJICKYJIaMH
dymneperoB mnmm aacopoumu monoB jmoHus CH3CNH'. Bo Bcskom ciydae 3Ta
npobsieMa J0JKHA OaTh pacCMOTpeHa B JaJibHEWIIeM, MPUHUMAas BO BHUMAaHHE, YTO
MIPOTOHUPOBAHHBIC KATUOHHBIE (POPMBI PYJIICPEHOB OB PAHBIIE MOTYYEHBI TUOO BO

B3aUMOJICHCTBHH ¢ cynepkuciaotamu [168], niau B koHieHTpupoannoir H,SO4 [169].
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[TockonbKy BOia TOKE MOXKET OBITh HCTOYHUKOM MPOTOHOB, HEOOXOAMMO PaCCMOTPETh

Biausaue HoO Ha komutonanbie yacTULBI Cgp.

4.3 Biausaue BoIbI

Beegenune 2-3 00. % Boabl B KOJUIOMAHBIA pacTBOp ¢yiiepeHa Kak B
AllETOHUTPUJIE, TAK U B CMECHU OEH30J—ALETOHUTPUI MPUBOAUT K CTPEMUTEIBHOMY
CHIKEHHIO 3€Ta-MOTEHIMaNa 10 HyJsl U K pocTy pa3MmepoB arperatoB, npuuem KII/]
npuoOaKaeTcss K eaunuue. s 3058, npurotToBiaeHHOro no merony Jeryuu u Mypau
[57], HabmromaeTrcss Takas ke KapTuHa. O4eBUIHOW NpPUYMHON Takoro 3ddexra

SIBISIETCSL THAPOITH3 aHHOHOB: C — HCy — H,Cyy.

[IpuHuMas BO BHUMaHHE HEM30EKHOE MPUCYTCTBUE MAJIBIX PUMECEH BOJIBI TaKe
B XOpOILIO OCYIIEHHOM pacTBOpHUTENE (B HalEM Clly4ae alueTOHUTPUI COAepKal
0.005% BOJIBI, 11O TAHHBIM MOTEHIIMOMETPUUYECKOTO TUTPOBaHUS peakTuBOoM Duiiiepa),

10 KpaiiHel Mepe mepBast CTYIeHb POTOHUPOBAHUS HE MOXKET OBITh MCKII0UeHa: Ci +
H,O — C,H + HO". IlockonbKy THAPOKCHIBHBIA HOH TIOXO COJIbBATHPOBAH B

alleTOHUTPUJIE, 3TO YCIIOXKHSET CMEIICHUE PAaBHOBECHS BIIPABO.

JloGaBrieHre 3HAYUTENBHO OOJBIINX KOJIMYECTB BOABI OBIJIO PACCMOTPEHO BHIIIIE.
Hpyroii myTh, BeAyUMd K NPOTOHUPOBAHHMIO, MOXKET OBITh OCYILECTBIECH Yepe3
nononuutenbHoe BiusHUE CO2, Ho CH3CN kak pacTBOpuTenh HEONIArONMpPUSITEH IS
cymectBoBanus aHnoHOB HCO3™ ¢ TOKaIM30BaHHBIM 3apsiiOM.

3aT0 B MPUCYTCTBHM KAaTHOHOB METAJUIOB, OCOOCHHO MHOTO03apsIHBIX, AaHHUOHBI
HO™ u HCOs;~ wmoryt ObITh CTaOMIM3HPOBAHBI B BHUJE HMOHHBIX acCOIMATOB. JTO
MOBBIIIIAET BO3MOXKHOCTh cMecu BoAbl M1 CO, TeHeprpoBaTh MPOTOHBI M MOXKET OBITH
Jake TMpeJIOKEHO KaK BO3MOXKHBIM MexaHu3M Tnepesapsaku arperatoB Ceo B
NPUCYTCTBUH TIEpXJIOpaToB MeTaiioB. C Apyroil CTOPOHBI, CIEAYyeT yYUTHIBATh, YTO

npu nepesapsake arperatos kuciaoramu B CH3CN Bo3HuKaroImas KoJIJIouHas cucTemMa
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MeHee CTa0WIbHA BO BpeMeHH, 4eM B ciydae nepesapsaku coisimu Ca(ClOg); u
La(ClO4)s.

JlanpHeliee yBeIMYEHUE KOHLEHTPALMU COJIeH NPUBOAMT K KOAryJsluu

nepe3apsHKeHHBIX, T.6. KaTHOHHBIX YacCTHIl BCIEACTBHE CKaTus AUQPQGY3HOM YaCTHIL

I[BOﬁHOI‘O QIICKTPHUICCKOI'O CJIOA.

4.4 3nayeHHus1 NOPOTOB OBICTPO KOATYJISIUM

4.4.1 30 ¢yiiepeHa B aneTOHUTPHIIE

Pucynku 4.5, 4.9, 4.10 oTpaxaroT Bo3pacTaHHE pa3MEPOB YACTHUIl BO BPEMEHH.

JlanHbIe KpuBBIe ObLTH 00paboTaHbI C UcToIb30BaHueM (yHkiuu dykca, W (yp. (4.4).

krapid _ [(ar / all:)t—>0]rapid
k — (orlor),, 44

3nech K U Krapig SBISIOTCST KOHCTaHTaMH CKOPOCTH MENJICHHOW M OBICTpOi
KOaryJisiliud, COOTBETCTBeHHO. [l »sKkcrpamossiiiuu  OF/0t Ha HyneBoe Bpems
UCIIOJIb30BAIM HAYaJIbHBIC JIMHEWHBIE YYACTKM KPHUBBIX. 3aTeM Oblla MOCTpOEHa
3aBUCUMOCTh oOpatHOM ¢GyHkuuu @Dykca, wam kodPpduurerta >PPeKTUBHOCTU
B3aUMOJICUCTBUS, OT Joraprudma KoHUEeHTpauu yiekTpoiauTa (B MM). 3nauenue 16K
COOTBETCTBYET Hauamny miaro (puc. 4.11).

Omnpenenennbie TakuM obpazom 3Hauenus [IBK coOpanbl B Tabmuie 4.3. [1BK
ObUIM TIOJTy4YeHbI C HeomnpeaeaeHHOCThI0 20 %. Paznuune Mexay AaHHBIMU JUIsL OJTHO-
U JIBYX3apsIHBIX KaTHOHOB mnomuuHsiercss npasuny Llynsie—I'apau. bonee Bbicokoe
snayenne [IBK mias opraHMyYecKMX KaTHOHOB IO CpPaBHEHHIO ¢ WOHOM Na' MokHO
OOBSACHUTDH OOJIEE BHIPAXKEHHOW HENTpanu3alrel oTpulaTeaIbHOro 3apsiia KOJUTOMAHBIX
4acTHUIl MOHAMH HaTpus (Tadi. 4.1).

HAYEHHE JUIS HOHA Ha MOPSAIO0K HIKe, ueM s Ca®*,
3 I1bK Ba?* Ca?*
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Pucynok 4.9 3aBucumocts 3¢ (PEKTUBHOTO THAMETpa OT BPEMEHH ISl pacTBOpa
Ceo: 1 — B anferonutpuie, u ¢ modaskamu Ba(ClO,),: 2 — 0.0003 MM, 3 — 0.0006 MM, 4
—0.0008 MM, 5 —-0.001 MM, 6 —0.002 MM, 7 — 0.01 MM 8 —0.05 MM, 9 - 0.1 MM, 10 —

0.2MM, 11 - 0.5 MM.
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Pucynok 4.10 3aBucumMocTh 3(hPEKTUBHOTO JUAMETpPa YaCTHUIl OT BPEMEHHU st

pacteopa Cegp, ¢ = 4x10° M B aneronutpune ¢ nobaskamu Ca(ClO,),: 1 -0.15 MM, 2 —
0.80 MM, 3 — 0.90 MM, 4 — 1.0 MM, 5 — 5.0 MM, 6 — 15 MM. BcTaBka: nepe3apsaka

3ot pymrepera Ca(ClO,),. [TBK; =1.0 MM.
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Pucynox 4.11 3aBucumocts 3(PPEKTHUBHOCTH B3aUMOAECHCTBUS KOJIJIOHMIHBIX

gactury, W1

B

alleTOHUTPUJIE OT Jorapudma KOHLEHTPALMHU DJIEKTPOJUTOB,

BeIpakeHHOU B MM, 1y1st iepBoro nopora koaryisiun: 1 — NaClOg4, 2 — Ca(ClO4),, 3 —

Ba(CIO4)2, 4 — (H-C4H9)4NC|O4, 5 — H-C16H33N(CH3)3C|O4, IJIs1 BTOpPOro Iiopora

koarymsuuu: 2/ — Ca(ClO4),, 5 — n-CisH3sN(CH3)sClO,4. 3aBucumoctu aid ABYyX

IIOPOTOB KOATyJISILIMK PACCMAaTPUBAIM KAK OTJECIbHBIE CEPUU.

3navenus IIBK nis nepxisioparos, onpenenennsbie 1o pynkuuu Oykca

Karuon

Na*

TBA™"

LTA

Ca®*

Ba%

I1bK, MM

0.2

0.5

0.47

0.03

0.003

Tabnuya 4.3
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Hanubiit 3p ekt oobsicHseTca 6oee CUiIbHON aacopOLuel mepBoro KaTuoHa Ha
MOBEPXHOCTH KOJUIOMAHBIX YaCTHUIl, YTO MPUBOAUT K OOJiee CHIIbHOM TMepe3apsike
(tabin. 4.2). Jlpyroii MHTEpPECHON OCOOCHHOCTBIO SIBJSCTCS BPEMEHHAs CTaOWIIM3aIus
3ois1  BbicokuMu  KoHmeHTparusmu  Ca(ClO4), kak  pe3ynmpTar  CyIIECTBEHHOM
nepe3apsakd. JTO SIBJIIEHWE WM3BECTHO MO Ha3BaHHEM «30HbI Koarymsuum». Cremyer
OTMETHUTb, YTO MEePe3apsXKEHHBIE YaCTUIIBI OOJIBIIE 0 pa3MepaM, 4YeM MUCXOJIHOIO 30715l.

JlanpHEHUIINKA POCT KOHUEHTPALMHA COJM INPUBOJWUT K KOAryJsLIMM BCIEICTBUE
ckatus aud@dy3HONW YacTUIl TIBOMHOTO SJEKTPUUYECKOTO CIIOSI BOKPYT IMOJOKUTEIHHO
3apsSHKCHHBIX YacTHIl. 3HAYEHHWE BTOPOTO MOpOra KOAryJSIUW OMPEACTHIN TakKe IO
Gynkuun W, omo pasmo 13 MM. Bonee Ttoro, B uccnemosamusx c¢ I[TACIO,
HaOroaeTcs moo0HkIHN 3¢ dekT, Bropoe 3HaueHue [1bK pasno 5 MM (puc. 4.11).

SIBneHue nepe3apsiKi OTPUIATENFHO 3apsDKEHHBIX arperaTtoB Ceo MPOSBISETCS B
alleTOHUTPUJIE, ETO CMECSX C OEH30JI0M, METAHOJIOM, TOT'/la KaK B Cly4yae T'MIpo30Jien
naHHbI 3QQexT He xapakrepeH. IIpUumHONW 3TOro MOXKET CIYXUTh CUJIbHAs
THJIpaTas HEOpPraHMYECKUX KaTHOHOB B Boje. B cmyuwae katmona IITA™ B Bome
snauenue [IBK Huskoe, Ho B nuanasone konmentpaimii [[TABr IBK < ¢ <KKM [101]
(KkpuTHUecKasi KOHLEHTpALUS MUIEI000pa3oBanusi) ruapo30iib Cgo CTAOMIM3UPOBAH.
Ot1oT 3¢ deKT mpoucxoauT BeaeAcTBUE oOpa3oBanus oucioeB I[TABr na moBepxHoctu
KOJUTOMJIHBIX YacTHII, [0 aHAJIOTUU C NOBEIEHUEM KOJUIOMIHBIX PACTBOPOB KpEeMHe3eMa
npu cooTBeTcTBYIONIEH KoHLleHTpauu [[TABr B Bose.

XOTb SIBJICHUE Nepe3apsAaKu OblJI0O HEOJHOKPATHO MPOBEPEHO U BOCIIPOU3BEICHO,
OHO TpeOyeT NanbHEWIero wuccieaoBaHus. Hampumep, dacTuibl, nepe3apssKeHHBIC
KHMCIIOTAMH, HE TaK CTaOMJIBLHBI, 4eM nepesapskeHnbie nonamu Ca?* u La®* (puc. 4.12),
a a¢dext makpormkindeckoro nuranga it La(ClO4); BelpakeHHbIi cradee, yeM s
Ca(ClQy),. bomee Toro, ucnonn3oBanre La(NOs3); BMecTo mepxiopata mpu TeX Ke
KOHIIEHTpAIUsX TPUBOJAUT K MEHEE BBIPAKEHHON TMepe3apsiKke U  BbI3bIBAacT

KOAryJIsLHIO.
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Pucynok 4.12. a) Ilepe3apsaaka cBexenpurotosieHHoro 305 Ceo (4.0x10°° M) B

arieronutpuie, 0.148 MM La(ClO,)s; KITI = 0.135+0.044. 6) To xe ¢ 0.15 MM HCIOy;

KIT/1=0.308+0.004. (1 — mo uwmciay dYacTul, 2 — IO HWHTCHCHBHOCTH, 3 — IIO

paccenBaroIieMy o0bemMy).
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4.4.2 Koaryasiums 3014 ¢y/uiepeHa B cMecH 0eH30/I—alleTOHUTPHJI

[Toporu koarymsuuu mias pactsopa ¢ymiepena c(Cep) = 4x10°M B cmecu
OEH30JI-aLlETOHUTPUII C MOJIbHOM Jonelt aneroHuTpuna Xcp ey = 0.63 (g =12 [149]),
OTIpe/IeTICHHBIC METOJIOM CIIEKTPOPOTOMETPHUH, MPEACTABICHBI B TabmuIle 4.4.

Kak u B ciydae 301 B areToHuTpuie BoIoHsIeTCs npaBuiio Lllymsie—I"apau.
Ho, B ornmume ot aretoHuTpuia, camu 3HadeHus [IBK B cmecu BbIme BclieAcTBHE

HETIOJTHOTHI TUcconmanuu cojiei [152-154].

Tabnuya 4.4
3nauenus [IBK, MM [ + (10-25) %] nas 304eii pyaaepena Ceo B cMecsiX apeH—

AUETOHUTPHUJI 110 IAHHBIM CIIeKTPodoTOMeTpHH

bensoin — ALICTOHUTPUIT ALICTOHUTPUIT
DNEKTPOIUT aleTOHUTPUII, c 6.6 00. % clob. %
1:1(06.) OeH3ola TOJTyOsIa
Ceo, M: 4.02x10°° 3.96x10° 4.0x10°
NaClO, 1.00 0.2 0.15 (0.2)
HCIO,4 0.80 0.15 0.14
(1-C4Hg)sNCIO4 0.50 — 0.23 (0.5)
(1-C16H33)(CH3)3sNCIO4 0.50 — 0.25 (0.47)
Ca(ClOy); 0.11 — 0.016 (0.03)
La(ClO4); 0.016 0.003 0.0068

! Usmepenus mpu A = 333 um. 3nauenus [1BK, 3apeructpuposannsie crycts 40 MuH,
Hwke B 1.3—1.7 paza. B ckoOkax ykazansl 3HaueHus [IBK, momydenHele meToaoM

@dyxkca n3 ganubix no JPC.
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Hannbie T1BK, momydennsie cnekTpodOTOMETPUYECKH, HECKOIBKO OTIUYAIOTCS
OT TaKOBBIX, ToJMydeHHBIX MeToAoM JIPC (tabm. 4.4). DToT dakT 0OBICHICTCS OYCHBb
HU3KUMHU KOHIICHTPALMSIMU 307151 U Pa3HBIMU METOJMKAMU OIpeAesieHus U 00paboTKu

pE3yNbTATOB.

Pesynbratel pabothl onyonukoBansl B [Al, A5, A6, A8, A9].

4.5 BeiBoabI K pa3aeny 4

1. DNEKTPOJIUTHI OKa3bIBAIOT CUJIBHOE BIUSHHE HAa COCTOSIHUE HAHOATPEraToB
Ceo B alIETHOHUTPUIIE: HAPSAY C SKPAHUPOBAHUEM IOBEPXHOCTHOTO 3apsia MPOUCXOIUT
nepe3apsijka, OCOOEHHO 3aMeTHasg B MPUCYTCTBUU JBYX- U  TPeX3apsaHbIX
HEOPTaHUYECKUX KaTUOHOB, a TAK¥KE KOATYJISIIHUS.

2. Koarynsiuust mox AeiCTBUEM NEPXJIOPATOB METAIJIOB U OPraHUYECKUX
KaTUOHOB IIPOUCXOUT B COOTBETCTBUU ¢ IipaBwiioM lllyneue—I'apau.

3. B npucyrcteuu uoHoB Ba?*, Ca?* um La* zapan uwacTui u3MeHseTcs C
OTPULIATEIBHOrO HA MOJIOKHUTENbHBINA, MPUYEM 3HAYEHUS 3€Ta-MOTEHIMala U3MEHSIOTCS
or 47 no +49 MB B aneronutpune. [lpuumHoii sBiseTcs cnabasi COJIbBATAIIMS
KaTHOHOB, 4YTO MOJTBEPXkAAETCS BOCCTAHOBIEHHWEM OTPULIATEIBLHOTO 3apsiia Iocie
BBeJCHUS KpayH-d>dupa u Kpuntanga [2.2.2], CBS3bIBAIONIEIO KAaTHOHBI METAVIOB B
YCTOMYUBBIE KOMILIEKCHI.

4, [lepe3apsigka YacTUI] NPUBOAUT B HEKOTOPBIX CiIydasX K IOSBICHUIO
BTOPOrO TIOpOTa KOAryJsiuu (T.H. «30H KOAryJjsilun»), TMPUYEeM KOaryJupyrloT YkKe
nepe3apsiKeHHBIC, T.€. TTOJIOKUTENBHO 3apsbKeHHbIC yacTullbl. Biousaue kuciotr HCIO4 u
CF3SOsH Takke cBoauTcsl K Tepe3apske YacTHUIl U KOAryJsIIUM U HOCHUT XapakTep
KHCJIOTHO-OCHOBHOT'O B3auMOJEHCTBUS. CXOJIHBIM XapaKTep HOCUT BIUSHHUE BOJbI Ha

30J1b Cgp B alICTOHUTPUIIE.
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PA3JIEJ 5

MOJIYYEHUE OPI'AHO30JIEN Ceo B AHETOHUTPUJIE
JJACHEPTAIIMOHHBIM METO/JOM U X CBOMCTBA

5.1 IlpuroroBiieHHe U XapaAKTEPHUCTHKA OPraH030JIs1

Paznuyaror nBa MeToja MOJIYYEHUS JUCIEPCHBIX CUCTEM: KOHJCHCAIIMOHHBIM U
TucneprauuoHHelil. Bee, 4To OblIO paHee M3J0KEHO B pasnenax 3 U 4, OTHOCHIOCH K
KOJUIOMJHBIM pacTBopaMm QyIjiepeHa, MOJyYEeHHBIM KOHJEHCAIMOHHBIM METOJoM. B
JTAHHOM pa3zjiesie TPEeACTaBICHbl PE3yJbTaThl UCCIECIOBAHUS AUCHEpPCUU (PyIepeHOB
(cycrnieHsuit), moaydeHHbIX MeToaoM Jleryun [115].

[Tpouenypa mnpuroroBnenus 1o Jleryun u Mykan [29, 57] Obuta Hamu
MHOTOKpaTHO BocmpousBeaeHa. Hapecky dymnepena Cgo 2—3 Mr pacTuUpaliv B araToBOi
cTynke B TeueHue 5 MuHyT. [locne mobGasinenust 15-20 Mi1 alleTOHUTpUIIA CUCTEMY
oOpabaTbeIBalii yJIbTPa3BYKOM ¢ MOIIHOCTHIO 50 BT B Teuenue ot 40 no 240 MuHYT.
Hanee, oTnensid OT )XUAKOCTU JEKAHTUPOBAHUEM HEPACTBOPHUMBIN OCAJIOK.

[Tomy4yeHHBII pacTBOp H3y4Yaldd METOAOM IPOCBEUYMBAIOIIECH AJIEKTPOHHOMN
MUKPOCKOTIMM M JMHAMHYECKOro paccesHus cBera. lIpumepwsl dororpaduit 11OM
nmpeacTaBieHbl Ha pucyHke 5.1. Yactuipl, kak mnpaBuiao, 0ojiee MOHOJUTHBI TIO
CPAaBHEHUIO C 30JI€M, MOIYYEHHBIM pa30aBiieHueM pacTBopa (ymiepeHa Cgo B TOIyOJE
aneronuTpuiom (Pasnmen 3). Pesynprarel usmepenuit metogoM JIPC mpeacraBieHbl Ha
pucyHke 4.2. Kak npaBuiio, pa3Mep 4acTHUIl B HEKOTOPOIl CTENEHU 3aBUCUT OT YCJIOBHIA
o0paboTku ynbTpa3BykoM (1adin. 5.1). Ecau o06paboTka mpoXOauT € JJIUTEILHBIMU
nepeppiBaMi, a HE HENPEepPhIBHO, TO HaOmomaroTcs Ooee KpyHHBIE YaCTHUIIHI.
Konnouanele dYacTilbl MPU HTOM 3apsDKEHBI  OTPUIIATENIBHO, XOTSA 3HadeHue (-
MOTEHIMAIa BapbUPYET B 3aBUCHMOCTH OT YCJIOBHH U OOIIEro BpeMEeHH 00pabOTKU

YIBTPA3BYKOM.
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TEM 100KV x80000 10nm TEM 100KV x60000 100nm

Pucynox 5.1 Pesynprarer [IOM kommoumnbeix pacTBopoB (ymiepenoB Cep,
MOJyYEHHBIX JUCTICPTallMOHHBIM METOAOM 1o [leryum, mocie pa30aBieHUs UCXOTHOTO

pacTBOopa  aleTOHUTPWIOM B TpU pa3a M HCHOAPEHHUS  PACTBOPHUTEIS.
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Hannsie [I19M u JIPC coracyiotcst ¢ omyOIMKOBaHHBIMU pe3yibraTamu Jleryun,
IJIC pa3Mep YacTHIl B alleTOHUTPHIIC cocTaBisut 229 HM [57] (Tadu. 5.1).

VYcaoBus 03ByuHMBaHMS B 3HAYUTENBHOW MeEpE BIMSIOT Ha XapaKTEPUCTUKU
KOJJTOMIHBIX yacTull (Tadu. 5.1).

Hampumep, ecnu o3ByuuBaHue IiauTcs 8—16 MHUHYT, TO CHUCTEMa COIAEPKUT HE
TOJIbKO 4YacThIlel pazmepom 100-300 HM, HO Takke U 0oJjiee KPYMHBIE pa3MepoM 0
HECKOJIbKUX MUKPOMETPOB, KOTOPbIE IPUCYTCTBYIOT B KHUIKOU Cpelie U Ha CIETyIONIUui
JIeHb, Ja)ke TOclie JOMOJHUTENbHON 00paboTku ynbTpa3BykoM. C JIpyroid CTOPOHBI,
nocie 40 MUH O3BYyYMBaHUS TaKUX KPYIHBIX arperatoB He oOpaszyercs. CpemaHee
3HaUEHHUE 3eTa-noTeHumana no CMOIyXOBCKOMY CEMHU HE3aBUCHMO IMPUTOTOBIEHHBIX
KOJUIOUJIHBIX pacTBOPOB cocTaBisieT C = —31+12 MB, B To Bpemst kak ajist 30515 nocie 40
MUH o3ByunBaHusi (=-30+2 MB (B »TOM pazgene 3HaueHUs 3€Ta-NOTEHLHAA
npuBeeHbl 10 CMOIIyXOBCKOMY).

CrexTpbl NOTIOIIECHHS KOJTIOMAHBIX PACTBOPOB, MOTYUYCHHBIX JUCIIEPralliOHHBIM
METO/IOM, MOHOTOHHBI U HE UMEIOT BBIPAXKEHHOTO MakcuMyma (puc. 5.3a).

JI71s1 OIIEHKM KOHIIEHTPAlUU UCXOJIHBIN KOJUIOMIHBIN pacTBOp pazbaswiu B 10 pa3
OEH30JI0M, a 3aTe€M, CITYCTS HEeINI0, n3Mepuwin ciekTp B YO auanazone (puc. 5.30). Ilo
3HAQUEHUIO MOIJIONMIEHUSI B MaKCUMyME CIIEKTpa MOoIomeHus npu 334 HM npoBenu
pacyeT KOHLEHTPALMH, UCIIOIb3Yysl MOJIAPHBIH K02 duuuent nornomenus 64.3x103 M1
cMl, ompenmeneuubi npu 335 HM B umcrom Oemsone (Pasmen 3). Drtor cmnoco6
npuMeHsan Jleryuu, ucnosb3ys BMecTo OeH3ona Toiayold. B pesynprare okazanoch, 4To
oOmas KoHueHTpauus ¢yaaepesa cocrasuna 3.06x10° M. Jlns panbHelinero

M3YYEHUS] UICXOJHBIN pacTBOP pa30aBisiiIv alleTOHUTPUIIOM.

5.2 IIpoucxoxaeHue OTPULATEIBHOTO0 3aPS/1a KOJJIOUAHBIX YACTHIL

B npoTHBOMONIOKHOCTE THUAPO30JSAM, TAEC OTPULIATEIIBHBINA 3apsA]l KOJTOUIHBIX
YacTHUI[ CKOpee Bcero ooOycioBieH ajacopOruedt noHoB HO™, koropas ycuiieHa
JIOKaJIM30BaHHBIM ruaposn3oM [9, 119], B arleToHUTpHIIE TAKOW MPOLECC, IPU KOTOPOM

aacopouposaauck 061 moHsl CH2,CN™, MeHee BeposiTeH.
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NPOLEHT
NPOLEHT

100 1000 100 1000 10000
d, um d, um

Pucynok 5.2 Tunuunble pacnpeaeneHust 4actuil no pazmepam no meroxy [PC.
Cnea: pactBop, oOpaOotanHblil B TeueHue 1.5 yaca ynbrpa3Bykom. CrpaBa: mocie 8
MUH 00paOOTKM YJIbTpa3ByKOM. | — pacmpelneneHue MO HMHTEHCUBHOCTH, 2 — MO

pacceuBaieMy 00beMy, 3 — 10 YUCITy YaCTHII.

Tabnuya 5.1

XapakTepucTHKA KOJLIOWAHOTo pactBopa Ceo B aleTOHUTpHJIE

Howmep skcniepumenTa
[TapameTp I I Il v V

d (o uuciy yacTuir), HM 273+5 194+ 4 196+4 | 200+3 | 179+12

d (o pacceuaiomemy) 96,8 | 20416 | 247+6 | 221:4 | 184+13

00beMy), HM

d (mo uaTeHcUBHOCTH), HM 280+ 6 197+5 218+3 | 208+3 | 180+12

KIIJ 0.264+0.0| 0.297+ | 0.219+0.0| 0.183+ | 0.483+0.0
09 0.029 12 0.007 37

C no CmonyxoBckomy, MB | —31+1 | -28+3 |-41.9+0.2 | -31+4 |-29.3+0.6

€ o I'enpu, MB —47+1 | 42+3 |-629+0.2 | 47+4 |-44.0+0.6

Bpewms u pexum | 60 muH, | 40 MuH | 240 Mun | 90 Mmun | 90 muH

00paboTKu ¢ 7 uHTeEp-

YABTPa3ByKOM BaJIAMH




0.08

0.06 -

< 0.04-

0.02 -
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0.00

0.20-

0.15-

0.10
< J

300 400 500 600 700 800

A, HM

0.05-
0-00 v T v~ T v T v T —3
300 400 500 600 700 800

A, HM

Pucynok 5.3 CnexTpsl NOMIOIIEHUS] KOJJIOMIHOTO pactBopa (ymiepeHa Ceo B

aIllEeTOHUTPUJIC, TOTYYSHHBIM TUCIIEPTAIIMOHHBIM MeToAoM (a), U pa3baBieHHBIA B 10

pa3 6ensosiom pactBop V (Tadm. 5.1) (0).
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OnHako, eciau OpraHo30Jb IPHUTOTOBICH C HCIIOJNIb30BaHUEM alleTOHUTpHUIIA,
KOTOPBIM COMEPKUT 2,6-TuTperOyTuii-4-meTtuadeHon (MoHOJ), 3eTa-MOTCHIMAT TpH
3TOM CYIIECTBEHHO MEHee OTpulaTeNnbHbli, { ~—7 MB, u cucrema cranoButcs Gomee
MOJIUUCTIEPCHONU. DTOT (DAKT OTpakaeT MOH-PATUKAIBHYIO TPHUPOIY OTPHUIATEIHLHOTO
3apsiia yacTuil B anetoHuTpuie (cm. Paznen 3).

Jlo6asnenue 1 06. % Boabl B cuctemy |l (Tabdmn. 5.1) npuBOAUT K MIHOBEHHOMY
WCYC3HOBEHHIO OTPHIATEIHHOTO 3apsia KOJUIOMJHBIX YacCTHUIl. 3€Ta-TIOTCHIIHAI
Bo3pacTtaer oT —28+3 MB o +2.9+0.8 MB. OueBuaHOM NpUYMHON TAKOrO M3MEHEHUS
apnsgercst Tunponus (yp. (5.1)) u, BeposATHO, Aake U30BITOYHAsT acOpOIMs HEKOTOPBIX

HEOOJIBIITNX KOJIUYECTB HOHA T'MAPOKCOHUA Ha ITIOBCPXHOCTH YAaCTHII.

Céa + H,O — CeoH — CeoH> (51)

bonee TOro, mno-BMaIMMOMY, Ja)k€ B CYXOM AalETOHUTPWIE Iepe3apsaka
KoyutouAHbIX 4dacTtull Ceg SIBISETCS BECbMAa THUIMYHBIM SIBICHHEM B MPHUCYTCTBUU

SJICKTPOJIMTOB.

5.3 BzaumonencTBue € 3JIEKTPOJTUTAMUA

BHavane 0CHOBHbIE M3MEHEHUS KOJUIOMAHON CHUCTEMBbI PETUCTPUPOBAIN 1O YD-
cnekrpam (puc. 5.4 u 5.5), a umeHHo npu 333 HM.

OdeBuHBICE U3MEHEHUST HAOIONAIOTCS MPU KOHIIeHTpauusx 2.4, 2.75, u 2.5 MM
st NaClOs u  mepxjopartoB TeTpa-H-OyTUJIAMMOHHUST U IETUIATPUMETUIAMMOHMUS,
COOTBETCTBEHHO. OTH 3HAUEHUS MOXHO paccMaTpUBaTh Kak IMOPOrH ObICTpOi
koarynsuuu. Jns La(ClO4); amamorumunsiv crmocobom onpenemuan I1BK = 5.0x1072
MM, 4uro comtacyercs ¢ npasuioMm Llynsne-I'apau.

Pesynbrartel HaOmogenuit Y®-CHekTpoB Uis JOPYTHX ODJIEKTPOIUTOB MEHee

OIHO3HAYHBEI.
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0.18 1

0.16 4
0.14 4
< 0.12-

0.10 4

0.08 4

0 10 20 30 40 50 60
f, MyH
Pucynox 5.4 3aBHCMMOCTH HOIIOLIEHUS OT BpeMeHHu pactBopa 6x10° M Cg B
arieronutpuiie npu 333 HM u pasHbix KoHieHTparusx NaClO4: 1 — 6e3 nobaBok, 2 —

0.001 M NaClQO4, 3-0.0015M, 4 - 0.002 M, 5 — 0.0025 M NaClO..

0.24 4 1

0.22 -

0.20 -

0.18 +

0.16 -

0 10 20 30 40 50 60
f, MyH
PucyHok 5.5 3aBMCHMMOCTH IOTJIOIIEHHs OT BpeMeHH pactBopa 6x107° M Cg B
arierorutpuiie pu 333 HM 1 pasHbix koHIeHTpanuax La(ClO,)s: 1 — 6e3 nodaBok, 2 —

2x107° M La(ClOy)3, 3 - 3x10° M, 4 — 4x10° M, 5 — 5x107° M La(ClOy)s.
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Taxk, n3MeHeHus norIomeHus ctainu 3aMeTHbBIME 1pH 2.0 MM HCIO4, ipu sToM
UMEeT MECTO MHBEPCHS 3apsia U 3eTa-MOTEHIINaa KOJUTOMIHBIX YacTull 10 ( = +22 mB
MIpY KOHIEHTpAIMU XJIOPHOM KUCIOTHI 5.0 MM.

Cyms mo pesyasraram JIPC, takme xonmentparuun NaClO; mnpuBomar k
YKPYIHEHHIO YacTull 10 MUKpOH. Bee namepenns Y®-cnekrpos u JPC npoBogunm s
pacTBOPOB ¢ KOHIleHTpauuei ¢ymiepena (4—6)x107° M.

Tak, nHabOmomaercs CHIKEHHWE TOmNONIeHUsT npu 333 HM IS PacTBOPOB,
cogepxaiux Ca(ClOy), ¢ xonuenTpanueii 2.5 MM, Torma Kak mpu 1.3x10°° MM 3era-
MoTeHIMAI MeHee orpunatenpHbli ({ = -8 MB), dwem 06e3 nobGaBok. B mamamazone
xornentpanuii Ca(ClO,), ot 5.0x1073 MM 10 0.5 MM 3eTa-NOTEHIMAI TOJIOKUTEILHBINA
co cpenHuM 3HadeHreMm +29 MB. CrenoBarenbHo, HaOMIOMAEMBbI POCT pa3Mepa YacTHI]
mpu 2.5x10° M COOTBETCTBYeT pa3spyLICHHIO YK€ HM3MEHEHHOIO 301, KOTOPBI
oTIM4aeTca OT wucxoaHoro. He3HauuTenpHas mnepe3aps/ika KOJUIOMIHBIX YacTHIL
HaOmonanace u B npucyrctBun NaClO4. Hampumep, npu xonnentpanusx 0.1, 1.0 u
2.5-2.8 MM NaClO4 O6b1111 omIpeieNieHbl U3 ABYX CEPHl IKCTIEPUMEHTOB 3HAUCHUS ( = —
17.2,+6.2 u +8.6 MB, COOTBETCTBEHHO.

K coxanenuro, 11 OTHUX M TE€X K€ KOHIIEHTpAIUi COJIM, HO JIJIsi HE3aBUCHUMO
MPUTOTOBJICHHBIX  30JIEM  3HAYEHHMS  3€Ta-MOTEHUMAJIOB  MOTYT  Pa3jinyaThCs
cymecTBeHHO. OJHAKO SIBJIICHUE Tepe3aps/Ku, KoTopoe Habmomganoch B 305X Cep B
aleTOHUTPUJIE, MPUTOTOBJIEHHBIX MeTOA0M KoHAeHcauuu (Paznen 3), moaTBepxkaaeTcs
u s QyiepeHa, TPUTOTOBJICHHOTO pactupaHueM. OCHOBHOM MPUYMHOW TaKOTO
SBJICHUSI SIBJIAETCS, BEPOSATHO, cyabas cojbBaTalMsd KAaTHOHOB B KaTHOHO- U
npotooOHOM pacTBOpHTENe arieToHuTprIie [156, 164].

Taxke cimenyer orMmeruth, uto 3HadeHus I[IbK, mosmydyennsie meromom Y-
CIIEKTPOCKOTMH, [JII  OpPraHo30jsi, [MPUTOTOBJICHHOTO METOJOM  pacTUpaHus,
3HAQUYUTENBHO BBIIIE, YEM COOTBETCTBYIOIIME 3HAUYEHUS ISl 30Js B alETOHUTPUIIE,

MPUTOTOBJICHHOTO (pr3myeckoit koHaeHcamuei (Pa3gen 3).
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NHurtepecHo, uro 3nauenus [1bK mist ruapo30i1, IpUrOTOBIEHHOIO PaCTUPaAaHUEM
TBEpJIOro QyiiepeHa B BOjE, Takke 0osee BBICOKHME, YeM JUIsl KOJUIOMJIHOM CHCTEMBI,

TIOJIYYCHHOM MepeHOoCOM (ysuiepeHa 13 Tonyoja B Boay [25].

Pesynbrarhl paboThl omyOnuKoBaHbl B [Al].

5.4 BeiBOABI K pa3aenay S

1. OTtpuLaTenbHO 3apsbKEeHHblE 4YacTUlbl gucnepcun  ¢yimepena Ceo B
allETOHUTPUJIE, TMOJTYYEHHbIE METOOM Jleryuu, co 3HaUeHHEM 3€Ta-NMOTEHIHAIa OKOJIO
-30 MB mno CwmomnyxoBckomy (—45 MB mno Xiokkenw) HMEIOT, MO JaHHBIM
JTAHAMHAYECKOro paccesHus cBeta, pasmep 200-300 HM, 4TO NOATBEPKIACTCA H
METOJOM IIPOCBEYMBAIOIIEH AIEKTPOHHON MUKPOCKOIHH.

2. BeposiTHOl ~ mpuUuyuMHOW  BO3HUKHOBEHMSI  OTPHUIATEIBHOTO  3apsijaa
KOJUIOMIHBIX YacCTHI[ SIBJISIETCS. 00pa30BaHUE M MOCIEAYIONIas PEKOMOWHAIIUS aHUOH-
paaukaioB (yiiepeHa, MOCKOJbKY B MPUCYTCTBUU JIOBYIIKH CBOOOJHBIX PaIUKaIoB
2,6-mu-TpeT-OyTHin-4-meTundeHomna obOpazyroniascs KOJUIOWTHAs cucreMa
XapaKTepU3yeTcsl BBICOKOM MOJMIUCIEPCHOCTHIO, a 3€Ta-MOTEHUMAN YaCTHUI] ropa3ao
MEHEE OTPHULIATEIIEH.

3. Koarynsimust opranosonst ucciaegoBaHa merogamMu Y @-CEeKTpOCKONUU U
JTUHAMUYECKOTO paccesiHus CBeTa. B TPUCYTCTBUM HEOPTraHMYECKUX KATHOHOB,
OCOOCHHO HOHOB BOJIOPOJIa M ABYX3apsIHBIX HOHOB KaJbIUsI, YACTUIIbI MPOSBIISIOT
CKJIOHHOCTb K TI€pe3apsiike, O YeM CBHJICTEJIbCTBYIOT CYIIECTBEHHO MOJIOKUTEIbHBIC

3Ha4YCHMA 3€Ta-IIOTCHL KMAJIA.
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PA3JIEJ 6

KOAT'YJIAIUA AJIKO30JI5A Ceo B METAHOJIE

6.1 XapaKTepI/ICTI/IKa KOJUIOMJIHBIX YaCTUIl B METAHOJIC

CpaBHEHHE AJIEKTPOHHBIX CHEKTPOB MOTJOIIEHUs pacTBOpoB Cgg B TONyOJE U
MeraHosne (puc. 6.1) maer OCHOBaHME MpeAnoJiaraTh KOJUIOWIHBIM — XapakTep
MOCJIETHET0, aHAJIOTUYHO pacTBOpaM (ysuiepeHoB B aueronutpuie (Paznen 3).

B Bumumoii obnactu cnektpa npu A =400-700 uM 3HaueHus kodpduirieHTa
MOJIIPHOTO  TOTJIOMIEHUsT (yljaepeHa B METAaHOJE 3HAYUTENBHO MPEBBIIIAIOT
COOTBETCTBYIOIIUE 3HA4YeHHs] B Toiyone. CiemyeT OTMETUTh, 4TO (opma crekTpa
MeTtaHoJa ¢ 1 00. % Tonyona (puc. 6.1a) mogoOHa Toil, 4TO MpUBEJIEHA B cTaThe JIeBU C
coaBropamu [120] nnst cycniensuu ¢GysuiepeHa B METaHOJIE.

JlaHHBIE TUHAMUYECKOTO PAcCesHUs CBETa, MpEACTaBICHHbIE HA PUCYHKE 6.10,
OTPaXarT paclpeieICHUE YacTHll 10 pazMepaM. B pesynbprare 72 uamepeHui pazmepa
YacTHI] B IIECTH OTACJIBHBIX DKCIEPUMEHTaX, BBIMIOJHEHHBIX B TEUEHHUE ToJla C
HE3aBHCHUMO MPUTOTOBIEHHBIMU HCXOJHBIMH pacTBOpamu (yijiepeHa B TOJyoJe, ObUTH
MOJYYEHbl CPEIHUE 3HAUYCHUS Pa3sMEpoOB C HeompeaeneHHOCThio 3%: 298 HM 1o
WHTEHCUBHOCTH, 319 HM mo pacceuBaronieMy o0beMy W 275 HM 1O YHCIy YacTHII.
KoadduimenT nonuarcnepcHocTy B cpenneM coctaisier 0.28.

PaGouas KOHIEHTpanus ObLIa JOCTATOYHO HHU3KOH (4.0x107° M), nmockonbKy mpu
0oJiee BBICOKMX KOHIICHTpAIMSAX 30JIb B METAHOJIE CTAaHOBUTCS MEHEe CTaOUIIbHBIM.
VYyuThiBas BBINMICYKa3aHHBIC pa3Mepbl YaCTHII, CIEIYeT OTMETHUTh, YTO KOJUTOWIHBIN
pactBop dymepeHa CuiIbHO pa3daBieH. Eciu mpuHATE B TEPBOM TPHUOIHMKEHUU
chepuueckyro dopmy yactun (Pazgen 3), TO mojiyduM YHUCICHHYHO KOHIICHTPAIIHIO,

paBHyI0 Beero mumb 1x10% xomtonaneIx gacTun Ha oquH M3,
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Ex103/Mcm

300 400 500 600 700
A, HM

100 1000
d, Hm

Pucynok 6.1 (a) Comextp mnornomieHusi pactBopoB ¢ymwiepeHa Cgo B

TOyoJe (CIUIONIHAS JUHUS) U B MeTaHoue ¢ 1 00. % Tonyona (myHKTUpHas Junus); (0)
pacnpeneneHue dactuil 1mo pasmepam 3ois dymiepeHa Cg B metaHose ¢ 1 06. %
Tosyona; 1 — pacnpeneneHue mo HHTEHCUBHOCTH, 2 — M0 pacCeuBarIIeMy o0bemMy, 3 —
no uucny uactul,. Konnenrpauus ¢ymiepena B pactsope 4x107° M, Bce usmepeHus

npoBeaeHb! npu 25 °C.
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6.2 HccnenoBanue IJNEKTPOKHUHCTHYCCKOI0 INOTCHHHAJIA B KOJUIOUMIHBIX

pacTrBopax ¢yJuiepena Ceo npu 100aBKax 3J1eKTPOJIUTOB

OObIYHO HaHOpa3MepHbIE arperatbl (QyIIepeHOB B MOJSPHBIX PACTBOPUTEISIX
[38] 3apsbkensr orpumarenbHo (cMm. Pasgen 3). Bbuto moka3aHO, YTO OTPHIIATEILHO
3apsDKEHHBIE YacTHIbl CYIIECTBYIOT B AlETOHUTPUJIIE U B €ro CMEcsiX C OEH30JI0M

(Pazgen 3). I[lo naHHBIM CHIEKTPOB ANEKTpOCHpess ObUTM 0OHAPYKEHBI AHMOH-PaJIUKAIIBI

C60 B 30/1X Ha OCHOBC alICTOHHUTpPHJIA. OTH aHMOHBI M HX IMPOU3BOJAHBIC, TAKHC KaK

- — _
60 (Ceo)z ,u HCy | paccMaTpUBAINCh B Kaue€CTBE MCTOYHHUKA 3apsjia arperaros.

Ecaum pacTtBOpUTENIb COACPKUT <JIOBYIIKY PaJUKAIOB», MOHOJ, TO OTPHIIATEIbHBIN
3aps TaKWX 4YacTHI[ CHIDKAETCSA, a 30Jb CTAHOBUTCA HEyCTOMUMBBIM. Kak yxe
OTMEYaJIOCh B pazjaene 3.2, B MeTaHOJICE arperarbl (ysuiepeHa TakKe 3apsKCHBI
orpurnatenbHo. OpHako 3eTa-moTeHiman arperatoB Cgy B METaHOJIE HE 3aBUCHUT OT
MPUCYTCTBHS JIOBYIIKHM PaJMKaNoOB. B maHHOM citydae, 60j1ee BEepOsSTHO, UTO MOH JiMaTa
CH30™ aacopOupyeTcss Ha 3JIeKTpO(PUIBHBIX YacTUIAX (PYyJJICPEHOB, IO AHAJIOTHH C
ancopormeit HO™ B Bome [9]. HeiictBurenbHo, noOaBka 3% Boxmbl k 300 Cgo B
METaHOJIC HE OKa3bIBAET 3aMETHOTO BIMSIHUS HA 3HAUYCHHE (-TIOTEHIHAasa (XOTs pa3Mep
JacTHI[ TPH ATOM PE3KO BO3pacTaeT), B TO BpeMs Kak B cllydac aleTOHUTPHIIA
HAOIOMACTCSl YMCHBIICHHWE 3apsiia, BEPOSTHO BCIEICTBHE THIPOJIN3a aHWOHOB
dbynnepeHon ¢ oopazoBanueM HyCeop.

[Ipenmnomaraercs, 4T0 B BOAE OAHOW W3 IPUYMH ITOBBIIICHHONW KOHIECHTPALUU
noHoB HO™ BOKpYr KOJUIOMAHBIX dYacTHIl (yJuiepeHa SsBISIETCS JIOKATU30BaHHBIN
rugpoan3 [9, 119]; nomoOHoe siBiaeHMe mpeamnosaraiock Poourconom u CTOKCOM Ist
KaTnoHOB MeTa/uioB B Boje [170]. ITo anamorum ¢ obpaszoBanuem vactuil [NCepomHO™
(m—Xx)H"]* xH" B Bome [119], cTpykTypy arperatoB (yJjiepeHOB B METaHOJE MOXHO
npeAactaButh  cieayommMm  obpazom  [NCeoMCH30 (m—x)CH30H, 7 xCH3OH,".

JloOaBiieHHe KUCIOThI MPUBOAUT K HEUTpanu3aluu nosepxHoctu (yp. (6.1)).
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CH3O + H* — CH;OH (6.1)

MpI nccnenoBatu AMEKTPOGOPETHICCKYIO TOABMKHOCTB, Ue, KOJTIOMTHBIX YaCTHI]
dymrepena Cg npu pasHbix konmeHtpamusx NaClO;, um Tterpa-u-OyTHIIaMMOHMIA
nepxsopara, (C4Hg)sNCIO,. Jannbie npuBeacHs! B Tadauie 6.1.

CyIIecTBeHHBIN OTPHUIATENBHBIA 3apsii KOJUIOWTHBIX dYacThil (QyJuiepeHa B
arieronutpuiie (Pazgen 3), skpaHupoBaHuEe MOBEPXHOCTHOTO 3apsiia dIEKTPOIUTAMH,
nepe3apsaka MHOTO3apsSIHBIMH KAaTHOHAMH W KHUCIOTaMH OBUIM TBEPAO OKAa3aHBI,
HE3aBUCHUMO OT CIocoba 00pabOTKU pe3yJbTaTOB U3MEPEHUMN BETUYUH Ue.

Jlns pacuera o I'enpu (Paznen 4) ucnonb3zoBanu 3Ha4eHUs & = 32.66 pu T =
298.15 K, 3nauenue noHHOU cuibl, |, Beipaxkanu B MM. Panunyc mpuHuManu paBHbIM
150 uMm (cpeanss ouenka no usmepenusam J[PC). OOpaTHyto 1e0aeBCKyIO JUIMHY (B HM ™

1Y paccuntsiBanu no ypasuenuo (6.2).

2F%
S =0.1612V1 (6.2)
&6 RT
Cyns 1o JuTepaTypHBIM JTaHHBIM, 3JICKTPOJIMTHI, HCIOJIb30BAHHBIC B HACTOSIICH
paboTe, TMOJHOCTHIO IMCCOIMUPOBAHBI B Pa30aBICHHBIX METAHOJIBHBIX PacTBOpPAX.
JleliCTBUTENBHO, TorapudMbl KOHCTaHT acconuanuu katnonos Na*, (C4Hg)sN*, Ca?*, n
Ba?* ¢ monom ClO4~ B meTanone nmpu 25 °C pasnsl: 1.28, 1.73 [152], 2.44 u 2.68 [171],
cootBercTBeHHO. [l nona LaClO4?*, cootBeTcTByIOmMas KoHCcTanTa paBHa 2.59 [155].
3HavyeHUsT  ANEKTPO(YOPETUUECKUX  TOABIKHOCTEH W 3€Ta-MIOTCHIUAIOB
npejacTaBiieHbl B Tabnuie 6.1. OTu U nocnenyromue 3HayeHus: { pacCUUTHIBAIUCH U3
3HA4YeHUsl 3era-moTeHnuana mo CMoIyxoBckoMy ymHOXeHuem ux Ha 1.5/f. Xots
TOYHBIC 3HAYCHUS MOHHON CHIIBI B OECCOJIEBBIX CHCTEMaxX HEW3BECTHBI, OHH KpaiiHe

MaJlbl.
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Tabnuya 6.1

3HaueHus 3J1eKTp0q)0peanec1<oi/i NOABHKHOCTH A Z;—HOTCHIII/IaJla KOJJIOUIHBIX

yactul gysiepena Ce B MeTanoJie (¢ 1 00. % Touryosia) ¢ pa3HbIMHU 100aBKaMU

NaClO. u (C4Hg)sNCIO,

Jlo6aBsieMbIi Kr f Ue < 108, ¢, MB
SJEKTPOIIUT m?/(Bxc)

bes anekrponutoB | <<1 1.00 -13£04 -37+8
NaClO,, MM

0.01 2.418 1.08 -1.00+£0.01 -26.1£0.2
0.018 3.244 1.10 —0.62+0.03 -15.8+0.5
0.02 3.420 1.10 —0.60+0.02 -15.2+04
0.04 4.836 1.15 —0.81+0.06 -20+1
0.25 12.09 1.29 —0.45+0.06 -10£1
0.30 13.24 1.30 —0.62+0.05 -16£1
0.50 17.10 1.33 —0.70+£0.12 -15£2
1.0 24.18 1.37 —0.87+0.14 -18+3
2.0 34.20 1.40 —0.68+0.12 -14+£2
3.0 41.88 1.42 —0.65+0.15 -13£3
(CaHs):NCIOz, MM

0.02 3.420 1.10 —0.88+0.10 —22%2
0.05 5.407 1.16 —0.81+0.02 -19.5+04
0.08 6.839 1.20 —0.73£0.04 -17.2+0.7
0.30 13.24 1.30 —0.35+0.05 -8*1
1.00 24.18 1.37 —0.77£0.02 -15.8£0.4
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CrnenoBaTenbHO, B TAKMX CIIy4asiX UCTIOIb30BaIM ypaBHeHHE XIokkensi—On3arepa
(yp-. (6.3)). D10 3nauenue s 30151 Cgo B METaHOJIE OBLIO MOIYYEHO B TPEX

HC3aBHUCHUMBIX CCPHAX, COCTOAIINX U3 130 I/IBMCpeHI/Iﬁ C CCMbIO paCTBOpaMHU.

C=1.5Uen ! &reg (6.3)

[ToBepXHOCTHYIO IUIOTHOCTH 3apsifa, (s, CHEPUUECKUX KOJUIOUHBIX YACTHI]
MOXHO MPUOIU3UTEIBHO OLICHUTH MO0 YPaBHEHUIO, MpeIokeHHOMY OmumMoit, Xuiu u
Yaiitom [172], wucnoms3ys 3HadeHus (-TIOTEHIMAjda BMECTO ITOBEPXHOCTHOTO
noTeHIaa npu GukcupoBaHHbIX KOHIEHTparusax NaClOs,.

s dereipex konneHtpamuii NaClOs ot 0.01 mo 0.04 MM (tabn. 6.1) ObLIH
paccuntansl 3HadeHus (s or 8x10™ mo 1.4x1073 snemeHTapHBIX 3apsAI0B HA HM? IpH
r=150 mm. OG6paTHOe 3HaYeHHE COOTBETCTBYeT mnpuMmepHo 1000 HM? Ha onuH
oTpuniaTeabHbIi 3apsia. [lomobHbie pe3ynbTaThl ObUIM TIONy4eHbl 17 0.02 u 0.05 MM
(1-C4Hg)4aNClOy: gs = (1.2-1.5)x1073 snemMeHTapHBIX 3apsI0B HA HMZ,

Cnenyer OTMETUTh, UYTO TOYHOE OIpe/AelieHHe 3HaueHWi (-TIoTeHIMala B
pacTBOpax  dBJEKTPOJUTOB  OCIIOKHSAETCS  MPOLECCAMH  KOAryJsiliMk, [O3TOMY

COOTBCTCTBYIOIIHUC SKCIICPUMCHTLI BBIIIOJHAJIMUCHL B TCUCHHWC OI'PAHHYCHHOI'O OTPE3Ka

BPEMEHHU.

6.3 BzaumopaeicTBre ¢ 3JIEKTPOJMTAMM: KOATrYyJISLUs U Nepe3apsaKa

JloGaBKa 3JIEKTPOJMTOB MPUBOAUT K Koaryisiiuu. Hampumep, B mpuUCYTCTBUU
NaClO,4 nabmromgaercst pocT pa3Mepa 4acTHIl BO BPEMEHHU, M CTAHOBUTCS 3HAYUTEIBHBIM
npu koHueHtpauuu coiu 0.1 MM. CooTBETCTBYIOIIKME JAHHbBIE, MPEICTABICHHBIE Ha
pucyHke 6.2, ucnosap3oBassl 11t oueHku [1BK.

Kputepuem mopora koaryisiuuu ObUIO YBEIHUEHHE pa3Mepa YacTUIl, Ospg,
ompeaeneHHoro Ha mnpubope Brookhaven. J[Ipyrue 9SieKTpOSWTHI, Takue, Kak
(C4Ho)sNCIO4 (puc. 6.3), Ca(ClO,), (puc. 6.4), u HCIO, (puc. 6.5) ObutM H3y4YeHBI

NOJOOHBIM e 00pa3oM Ul OLEHKM BIMSHUS Ha anko3oib ¢yimepeHa Ceo.
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t, MuH
Pucynok 6.2 3aBucumoctb pazmepa yactull (ymiepeHa Cegy C KOHIEHTpaIMei
4x10° M ot Bpemenu 1 — Cgo B MeTanoie, 2 — ¢ no6askamu NaClO,4 0.035 MM, 3 — 0.05
MM, 4 —-0.1 MM, 5-0.12 MM, 6 — 0.13 MM, 7 - 0.15 MM, 8 — 0.18 MM, 9 — 0.25 MM, 10
—03MM, 11 -0.5MM, 12—-1MM, 13 -2 MM, 14 -4 MM, 15 -5 MM, 16 — 10 MM.

600
550 -
500 -

450 -
=
- 400 -

g350-
T |
300 4
250 -

200

t, MuH

Pucynok 6.3 3aBucumocth paszmepa yactull ¢ymiepeHa Cgp ¢ KOHIICHTpAIMEH
4x107° M ot Bpemenn 1 — Cqy B MeTaHOINE, 2 — ¢ fo6aBkamu (C4Hg)sNCIO4 0.05 MM, 3
—0.06 MM, 4 — 0.07 MM, 5 — 0.08 MM, 6 — 0.085 MM, 7 — 0.09 MM, 8 — 0.10 MM, 9 —
0.20 MM, 10 - 0.50 MM, 11 — 1.0 MM, 12 — 5.0 MM.
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Pucynok 6.4 3aBucumocth pazmepa yactull dymnepeHa Cep ¢ KOHIEHTpAIHEH
4x10°° M ot Bpemenu 1 — Cgo B MeTanone, 2 — ¢ gob6askamu Ca(ClOy); 0.005 MM, 3 —
0.008 MM, 4 — 0.015 MM, 5 — 0.03 MM, 6 — 0.04 MM, 7 — 0.05 MM, 8 — 0.10 MM, 9 —
0.20 MM, 10 - 0.50 MM, 11 — 1.0 MM, 12 — 2.0 MM.

500
450 -
400 4

350 4

d,s » HM

300
250 -

200 x . - — : .
0 2 4 6 8 10 12 14 16

Pucynok 6.5 3aBucumocTth pazmepa yactul yinepeHa Cg ¢ KOHIECHTpaIMe
4x10° M or Bpemenn 1 — Cqy B Meranone, 2 — ¢ podaskamu HCIO, 0.005 MM, 3 —
0.008 MM, 4 — 0.01 MM, 5 — 0.04 MM, 6 — 0.05 MM, 7 — 0.08 MM, 8 — 0.10 MM, 9 — 0.50
MM, 10 - 1.0 MM, 11 - 2.0 MM, 12 — 5.0 MM.
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Crnemyer OTMETUThH, YTO B OTJIMYHE OT KOATYJSAIHWH B alleTOHUTPHUIIEC COJSMHU
NaClOs u Ca(ClOs)2, cnekrpodoromerpuueckne manHbie o IIBK Hocat MeHee
OTIpEJICICHHBIA XapaKTep MO CPABHEHMIO C pe3yjIbTaTaMU JMHAMHYECKOTO PaCCESHHUS
CBETAa.

VYBenuueHne MYTHOCTH B YJIbTPa(puOJIIETOBOM JMala3oHe HaOIomaeTcs MpH
Oonee BbICOKMX KoOHIEeHTpanusx B ciaydae J[PC. Takum oOpasom, nanee Njisi OLICHKH
[1BK Obu1n ucnonb3oBanbl pe3yabTatsl JIPC.

Hannusie Obun 0Opabotanbl ¢ momormibio (Gyakmuu dykca (Paszmen 4). Takas
oOpaboTka npenmnonaraet coorBercTBue 3HaueHus [IBK nauany mmato (puc. 6.6). Hdns
AKCTPANOJISAIMM HAaKJIOHAa Or /Ot Ha HYyJIEBOE BpeMs HCIOJIb30BAIM HadyalbHBIC
JWHEHHBIE yYaCTKNA COOTBETCTBYIOIINX 3aBUCUMOCTEH U, OT BPEMEHH.

Opnako MopdoJioruss KpPHUBBIX HECKOJIBKO pasnuyaercs. Jms  mydinero
NMOHUMAHUSl TOBEICHUS] KOJUIOMIHOM CHUCTEMBI HCCJENOBalM BapbUpoBaHue (—
NOTEHIMAJIa B 3aBUCUMOCTH OT J00ABOK COJIEd pAa3IMYHOM KOHUEHTpaluu. OTH
W3MEPCHUSI, HECKOJIbKO HCKaKEHHBIC IMPOIIECCOM KOAryJIsSIUH, IO3BOJMIA TPOJIUTH
CBET Ha MPUPOY MPOIIECCOB.

Torma kak B pactBopax NaClOs u (C4Hg)4sNCIO,4 (—moteniman oOycioBicH, B
OCHOBHOM, dKpPaHMPOBAHUEM MMOBEPXHOCTHOTO 3apsia, kuciora HCIO4, mo-Buaumomy,
He#Tpanusyet noBepxHocth. B 0.1 MM pactBope HCIO,, 3HaueHue U. yMeHbIIaeTCs B
TeueHne nepsbix 24 MunyT ¢ +0.643%108 10 —0.108% 108 M¥(Bxc), Takum 06pazom
3HaueHue { ymenblaercs ¢ +15 1o —2 mMB.

B nanpuetitem, B 0.50 MM pactBope HCIO, 3nauenue Ue B miepBbie 10 MUHYT
cocrassier (0.985-1.33)x 108 M?/(Bxc), u ciiycrs cnexyromue 10 MUHYT yMEHBLIAETCS
10 0.304x108 M*(Bxc). D10 03Ha4aeT, 4TO 3HA4YEHHE (~TIOTEHIMAIA YMEHBIIAETCS C
+(21-28) MB pmo +6 wmB. Takoe moBeleHHE HAXOAWTCI B COOTBETCTBHH C
MPEANnoIaraéMbpIM TPOUCXOXKIECHUEM OTPHUIATEIBHOTO 3apsi/ia, KOTOPBIM BO3HHKAET
BeaenctBue aacopoumu nonoB CHs;O . Tlpu atom npoucxoaut peakius H + CH;O~ —
CH3OH. Takas mocteneHHas HeEWTpalM3alus 3apsja 4YacTUIl W JaXe Iepe3apsaka

BBI3BIBAET YIIMPEHUE KPUBOM 2 HA PUCYHKE 6.6.
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0.0 v T —iy v T v T v T v T v T
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0

logc
Pucynok 6.6 3aBucumMocTh 3(P(HEKTUBHOCTH B3aUMOJEUCTBUS KOJUIOUIHBIX

qacTHuIl Wfl B MCTAHOJIC OT JIOI“apI/I(l)Ma KOHIOCHTPAIHUH 3JICKTPOJINTOB, BBIpEl)KGHHOﬁ B

MM: 1 — NaCIO4, 2 — HC|O4, 3- (C4Hg)4NC|O4, 4 — Ca(CIO4)2, npu 25°C
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Pucynox 6.7 ITlepesapsnka yactury ¢ymiepena Cg B METaHOJE MO JECHCTBUEM

JJICKTPOJIUTOB: NaCIO4, (C4H9)4NC|O4, Ca(CIO4)2, Ba(CIO4)2, La(CIO4)3, npu 25°C
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B ciydyae MHOTrO3apsiiHBIX KATHOHOB Mepe3apsika eie 0osee BbIpakeHa.
Pe3ynpTaThl 0HOM U3 cepuil U3MEPEHUI MTPEACTaBIEHbI B TA0OIMLIE 6.2, a Ha PUCYHKE
6.7 IpOMJUTIOCTPUPOBAHBI 0000IIEHHBIE PE3YIbTaThl HECKOJIBKUX CEpUH.

Pesynbpratel  Bcex  uW3MepeHHMH ~ OBUTM  TOATBEPXKIEHBI U TIIATEIHHO
BOCITPOU3BEICHBI HECKOJIBKO pa3. XOTs paz0dpoc 3HAUCHHH Ue B CIIydae MHOTO3aPsTHBIX
KaTHOHOB BbIIIe 1Mo cpaBHeHUIO ¢ noHaMu Na* u (C4Ho)sN™, cam dakr mepesapsiaku He
BBI3bIBACT COMHEHHI. DTH pe3yNbTaThl ObUIM MOATBEP)KIEHBI JOMOIHUTEIBHO MyTeM
HKCIIEPUMEHTOB C XOJOCTBIMU pacTBopaMu 0e3 3iexTposuToB u ¢ymiepeHa Cgo, BO
n30€eKaHue BIMSHUS HEYYTEHHBIX OIIMOOK U apTe(haKTOB, KOTOPBIE MOTIIA Obl UICKA3HUTh
OCHOBHOM 3 (eKT.

BeposiTHO, 31€ch MEXaHMU3M KOaryJysiui HOCUT cMelIaHHbIN xapakTtep. C oqHOU
CTOPOHBI, TIepe3apsAaKa CIOCOOCTBYET MPOIECCY MPUTSHKEHUS KOJUIOMIHBIX YacTHIl, B
YACTHOCTH IIPU 3apsje MOBEpPXHOCTU BOIM3H HyJsA. C Ipyroil CTOPOHBI, BOZHUKAIOIINE
B pe3yibTaTe Mepe3apsakyd IOJOKUTEIBHO 3apsyKEHHbIE KOJJIOWIHBIE YaCTHUIIBI
CTaHOBATCA OoJiee YCTOMYMBBHIMH U KOAryJupyIOT JUIIb TOCJIe JajJbHEeHIIero
yBEJIMYEHUS! MOHHOM cuibl. Takum 00pa3oM, BO3HUKAIOT TaK Ha3bIBA€MbIE «30HBI
KOATYJISIIIAI.

B aneronutpuie (¢ conepxkanuem 1 06. % OeHzoma), TaHHbIE, MOTYyYEHHBIE IS
Ca(ClOs)2, TO3BOJMMIM BBIACIUTH JBa IOPOTa KOATYJSIMH, TMPU 3TOM, BTOPOM
COOTBETCTBYET TOJOKUTENBHO 3apsbKeHHBIM arperatam Mosekyn Ceo (pasmen 4). B
JTAaHHOM CJy4ae 30H YCTOMUMBOCTH HE HAOII0AA0Ch, U MOKHO TOJILKO KOHCTATUPOBATh
BeimonHenne npasuna lyneue-Tapau: 3navenne IIBK mna katmoma Ca?t B 10 pas
HIDKE, yeM 1 Katrnona Na™.

Cnenyer OTMETUTh, 4YTO HE3HAYUTENIbHbIE OTKJIOHEHHS OT MOHOTOHHOTO
U3MCHEHHUsS 3€Ta-TMOTCHIMada KOJUIOMAHBIX arperatoB B  pactBopax NaClOy,
(C4Ho)sNCIO, wu Ca(ClO4); Bocmpoumssomstcs. [l  MOCIEIHErO  DIEKTPOJIATA
HaOmoganach Qpakius MEIKUX KOJUIOWTHBIX YacTHUIl NMPHU YCIOBUHU CYIIECTBEHHOM

niepe3apsiiKH.
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Tabnuya 6.2

3HayeHus {—MOTEeHIMAIA KOJJIOUAHBIX YacTull dyiiiepena Cq B MeTaHOJIE €

Pa3HBIMHM JIEKTPOJIUTAMHA

JloGaBasieMblid SJIEKTPOTUT Kr f ¢, MB
Ca(ClO4)2, MM

0.02 5.92 1.18 |-14.7+1.5
0.05 9.36 1.25 |-12.2+0.8
0.08 11.85 1.28 |-3.7£0.6
0.09 12.56 1.29 |-1.7+£21
0.10 13.24 1.30 |+3.71£1.6
0.20 18.73 1.34 | +21.3+14
0.25 20.94 1.36 |+24.8£1.6
0.50 29.61 1.39 |+25.8£0.8
0.80 37.46 141 |+23.4£1.2
1.0 41.88 1.42 |+8.8+1.0
2.0 59.23 1.44 |+11.2£3.0
2.5 66.22 1.45 |+26.1£1.3
Ba(ClOy),, MM

0.01 4.19 1.13 |-23.6+2.2
0.03 7.25 1.21 |+18.2£0.5
0.05 9.36 1.25 |+17.7£1.7
0.10 13.24 1.30 |+23.4%1.38
1.00 41.88 142 | +242£15
La(ClO4);, MM

0.30 32.41 1.40 |+33.6£2.1
1.00 59.231 |1.44 |+37.2+3.2

1 Pacuersl mpoBeieHBI B peanonoxkenu noiaaoi quccormanuu La(ClOy)s.
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VYuuThiBas J0BOJIBLHO HU3KYIO KOHIIEHTpaluio Qysuiepena Cgo, O0BII0N pa3zMep
KOJUIOMHBIX YAaCTHII, U HU3KUE 3HAUCHUS (s, TOJBKO HEOOJIbIIIast 10151 KATHOHOB
METaJUIOB aJIcCOpPOMpPYyeTCs HAa YaCTUIAX.

CrnenoBaTenbHO, B CIy4a€ MHOTO3apsAHBIX KaTHOHOB NEPE3apsaKy CileayeT
YUUTHIBATh HAPANY CO CKaTtheM IUu(@y3HON YacTu TBOWHOTO 3IEKTPUYECKOTO CIIOS.
[Ipomecc mepe3apsnku IS JIPYTUX JUCIEPCHBIX CHCTEM SIBIBUICS TMPEIMETOM
MHOTOYHCJICHHBIX 00CyXIeHni B uteparype [173-175].

[IpuunHOW TaKOro SIBJICHUS MOXKET OBITh B3aWMOJCHCTBHE MHOT03apsIHBIX
KaTHOHOB C AHWOHHBIMHM IICHTPaMHU IIOBEPXHOCTH, TIO AHAJIOTHH C «OOpaIIeHHON
KOOpJIMHAIIMEH» KAaTHOHOB META/UIOB B HEKOJUIOUIHBIX pacTBopax [176].

Becbma BeposiTHOM JBIKYIICH CHIION Tepe3apsiKd SBISIETCS OTHOCUTEIBHO
cimabasi, Kak ¥ B alleTOHUTPHWIBHBIX PAacTBOpax, COJbBATAIMS KaTHOHOB B METAHOJE.
JloGaBka kpumnrtanna [2.2.2] cnocoOCTBYET BO3BPAILEHUIO OTPHUIATEIBLHOTO 3apsija
KOJUTOMIHBIX YaCTHII, KOTOPhIE OBLIH Tepe3apskeHsl nonamu Ca?* u Ba?*. Hampumep, B
npucyrctBur 0.05 MM Ba(ClO,), 3era-moTeHIMan CTaHOBUTCS ITOJIOKHTCIbHBIM |
paBHbM +18 MB, Torga kak mpu omHoBpeMeHHOM mnpucytcTBuu 0.20 MM kpunrania
[2.2.2] B pacTBOpe HabOmogacmoe 3HaueHue ( = —(13-15) MB He3aBucuMO OT mopsaka
cMelnBaHus KOoMIoHeHTOB. [logoOHbie 3ddexTh HaOMIOgaAMNCh U B AlETOHUTPUIIE.
Bonee BeIpakeHa nepesapsijika B cilydae noHa Ba®" mo cpaBHenuro ¢ xarmonom Ca?*,
DTO MOXHO OOBACHUTH TE€M, YTO paauyc HMoHa Oapus Ha 35% Oosiblle, YeM KaJbIusl.
OTO MPUBOIUT K MEHBIICH JOKAIM3allMy 3apsija W, TaKUM 00pa3oM, K Oojee ciiaboii
COJIbBATALIMM MOJIEKYJIAMH METAHOJIA.

B cnyuae ruapo3soneit 3eTa-moTeHran KOJUIOUIHBIX YacTHUIl CTAHOBUTCS MEHEE
OTpHIATENLHEIM B IIPUCYTCTBMM KaTnoHoB MQ?*, Ca?*, u Ba?* [24, 26, 37]. Omnako
nepe3apsaka HaOJojganach TOJAbKO B OaHOM pabGore [37] M TOabKO MpH OJHOMN
xoHnentpanuu CaCly, pasuoit 0.1 MM, nipu 3ToMm { =+20 MB, a nipu 6ojiee HU3KHUX U

OoJiee BBICOKMX KOHIIeHTparusx comu ( < 0 [37].
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Takoe paznuuue BO BIMSHUM KAaTHOHOB Ha KoyutomjaHbie pacTBOpel Cgo B
METaHOJIC ¥ B BOJIE MOKHO OOBSICHUTH C TOUKU 3PCHHS JYUIIIe cobBaTauu B Boje. B
caMoM jene, 3HadeHus sHepruu ['ndoca nmepenoca AGy (Boga—MeTaHOJI) JJIsI HOHOB
Ca** u Ba®* pasmel +11.2 u 7.1 xJx/monb, cootBercTBeHHO [156]. s Na* u H*
COOTBeTCTBYIOIMKE 3HaueHUs paBHbl +7.0 m 8.7 x/[x/Monb. OnHaKO KaTHOH HATpHUS
OJTHO3APSIHBIA W, CIIEAOBaTEIbHO, HE TaK JIETKO aJcopOupyercsi, B TO BpeMs Kak B
cllydae TIPOTOHA, BBINMICYKAa3aHHAS KHUCJIOTHO-OCHOBHAS PEAKIUs C aHUOHHBIMHU
TpyNIIaMH Ha TPaHUIE pa3jelia SBISICTCS, OYEBHIHO, OMPEICIIAIOMNUM IpolieccoMm. B
OTJMYHE OT opraHuveckoro karmoHa, (H-CsHg)sN*, Bemmumna AGy(Boma—MeTaHO)

CYIIICCTBEHHO OTpHIlaTelbHas U cocTaBisier —23.1 kJx/Moib [156].

Pesynbrathl paboThl onyonrkoBansl B [A2, A4, Al0]

6.4 BoiBoabI K pa3jaeny 6

1. ®ymnepen Cep JIeTKO 00pa3yeT KOUIOUIHBIE pacTBOPHI B MeTaHoje ¢ 1 00.
% Tomnyona.

2. Jlo6aBKM AIEKTPOJIMTOB K 30JIF0 B METaHOJIE CIIOCOOCTBYIOT Koaryssiuu. K
TOMY €, MPU TEPexoje OT alK0o30Js B UYHUCTOM METaHOJE K MHUUIMMOJSPHBIM
pacTBOpaM IEpPXJIOPATOB KaublHs, Oapus, W JIaHTaHA, TaK e, KaK W K pacTBOpaM
XJIOPHOM KHUCJIOTHI HAOIIOJIAeTCsl TIpoliece mepe3apsaaku. B HEKOTOphIX ciiydasix oOiiiee
U3MEHEHHUE |{| OT OTPUIIATETBLHOIO 10 MOJOXUTEIHHOTO 3HAYEHUS IOCTUTAET MPUMEPHO
60 mB.

3.  Ancop6uus nonos Ba?*, Ca?*, u La®* ma arperarax (QymiepeHa B MeTaHOIE
0ojiee BBIpaKEHA 1O CPABHCHHIO C aJCOPOIME B THUAPO30JAX. DTO COTIIACYETCS C
CYIIIECTBCHHBIMU TOJIOKUTEIHHBIMHA 3HAYCHUSIMU dHeprun [ mbbca mepeHoca JaHHBIX

KaTHOHOB M3 BOJbI B MCTAaHOJI.
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PA3JIE] 7

INPUMEHEHME TEOPUU NEPATUHA-JIAHJAY-®EPBEA-OBEPBEKA K
VMHTEPIPETAIIMA YCTOMUYHUBOCTH JUCHEPCHUM Cso B TOJISIPHBIX
PACTBOPUTEJIAX

3HaueHus moporoB ObicTpoil koarymsauuu, [IBK, Halinennsie B pa3menax 4 u 6,
JIOCTATOYHO HAJEKHO XapaKTepU3YyIOT B OOIIMUX YepTax arperaTUBHYIO YCTOWYUBOCTH
opranosonieid gysmiepeHoB. OAHAKO MONy4YEHHbIE JaHHbIE HECYT B cebe U JIPYrylo,
oosiee oOuryr0 nHGOpPMAIIUIO. A UMEHHO, C UX MOMOIIBI0O MOXKHO OIIEHUTh KOHCTaHTY
["amakepa /i B3auMoJieHCcTBUS (yiuiepeH—(yuiepeH B BAKyyMe U CPAaBHUTH C ABYMs
MMEIOIMUMHUCS OILIEHKaMM 3TOW BenuuuHbl. Kak yxe ynoMuHanoce B paszgene 1.3,
nepBas M3 HUX OCHOBaHAa Ha MCCIEJOBAaHUM THUAPO30J€i, BTOpas Oa3zupyercsa Ha
IPENOJIOKEHNN O CXOJCTBE CBOWCTB (DYJIJIEPEHOB U YITIEPOIHBIX HAHOTPYOOK.

Anamm3 3HaueHud IIBK B Tepmmuax teopum [epsaruna—Jlangay—®eppes—
OBepOeka (JJIPO) mo3BosisieT OLIEHUTHh BHAauaje CIOXKHYIO KOHCTaHTy [ amakepa, a

3aTeM U MCKOMYIO BeInunHy A.. Pedb uaeT o mombope 3HaYCHHS CI0KHON KOHCTAHTHI

['amakepa, corjacyromiencsi ¢ 3KCIEPUMEHTAIbHO HalaeHHbIMU 3HadeHussMU [IBK,
3eTa-NOTEHIMala U pa3Mepa KOJUIOMAHBIX YacTull. Jlanee noy4eHHOE 3HAYEHNE BaXKHO
CPaBHUTH C COOTBETCTBYIOIIMMM 3HAYCHUSIMU ISl IPYTMX HAHOYIJIEPOAHBIX CHUCTEM.

Kpome ToOro, comocraBieHHE CO 3HAYEHHUEM A, HAWJIEHHBIM C MOMOIUBIO TEOPHUU

JUIPO n3 maHHBIX MO KOAryJIALUU THIPO30JIEH, ITO3BOJIUT CAEIATH BHIBOJBI O HAIMYNAH
WIM OTCYTCTBUM KaKUX-JIMOO crienu(pUyYecKuX B3aWMOJECHCTBUN B BOIHBIX PacTBOpaXx,
MPEJICKA3bIBAEMbIX MMEIOLIMMUCS B JIMTEPATYPE KBAHTOBO-XUMHUUYECKHMMHU PACUETAMH,
MOCKOJIbKY B METaHOJe M TeM 0oJiee B alleTOHUTPWIIE MOJ0OHbIE B3aUMOCHCTBUS

MEHEE BEPOSITHBI.
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7.1. Ilpumenenue Teopuu JJIDO K 30,110 B MeTaHOJI€ U OIIEHKA KOHCTAHTHI

I'amakepa dyJiepen-Qyiiepen

B pamkax kmaccuueckoit Teopun JJIDO [177-179] yuuThiBaloTCS TOJBKO J1Ba
BKJIaJla B SHEPTHIO B3auMoJieicTBuUs, U, IBYX KOJUIOMIHBIX YacTHUI] (WM 3apsDKCHHBIX
IIOBEPXHOCTEH), a UMEHHO, JJIEKTPOCTATHUECKOE OTTaNKUBaHKUEe, Ug, 1 MOJICKYISIPHOE
nputsokeHne, Uaw. KOHIEHTpamust 3ieKTposmTa 00ecIeYrBacT COMPUKOCHOBEHHE
YJacTHIl BO Bcex HampabiieHusx. [lopor Obictpoit koarymsuuu (IIBK) coorBercTByeT
HyjeBoMy 3HadeHuro sHeprum U, a cucrembr ¢ U~ (1-2)kgT, rme ks — koHcranTa
bonpiMana, paccmaTpuBaroTcs Kak HecTtaOwibHbIe. [[ns mocTpoeHus AuarpaMMbl
amakepa, T.e. 3aBucumMoctd U OT paccTOSHUST MEXIy UEHTpaMu Yactul, N,

UCTIONB3YeTCs ypaBHEHUE, peiokenHoe Jyxunbim u ap. [180] (yp. (7.1)).

2 *
U =U, + Uy, = 64re,¢, (ﬂ) tghz(\PdFjreXp(_Kh) —AESF{ 22 +£2+In 52:4} (7.1)
F ART S 6 |s°-4 s S

B nanHoMm ypaBHenuu S = 2 + h/r,

Y4 COOTBETCTBYET OJICKTPUYECKOMY TMOTEHIMATY BHEIIHEH MMOBEPXHOCTU
['enbmromnblia (ocTanbHble 0003HaYEHUsT paciudpoBaHbl B MPUMEYAHUHN K YPABHEHHIO
3.1).

[TapameTpsl H3ydyaeMOW CHCTEMBI COOTBETCTBYIOT YCIOBUSM, TPHU KOTOPBIX
ypaBHenue (7.1) BeiBeaeHo. M3Mmepsemoe 3HaueHue ( ucnosb3yercss BMecto Yy B
COOTBETCTBHHU C OOLICNPHHATOH TouKo# 3penus [173, 180, 181]. ITapamerp A — 3TO
KOHCTaHTa ['amakepa B3auMoneWcTBHs QywiepeH—(QyUIepeH B PaCTBOPHUTENES, €ro
MOXKHO BBIPa3UTh 4epe3 KOHCTAHThI B3aWMMOJCHCTBUN  QyiiepeH—pywiepeH u

PacTBOPUTENIb—PACTBOPUTEND B BAKyyMe 10 ypaBHEHHIO (7.2).
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AI:SF = ( l/FZ - 1/52 )2 (7.2)

Bruta mpoBejieHa OleHKa 3HA4YCHUsT A . B METAHOJIBHOM OpPraHosoie, T.e. A,
U3 3HAUUTEIIBHOIO KOJMYECTBa KOMOMHALMK HanOojiee MOAXOMANINX M PEaTUCTHUHBIX
3HadeHuit mapametpos: I = 100, 150, u 200 am, { = -8, —10, u —13 mB (Pa3gen 6, Tatun.
6.1) w 1=0.1 u 03 MM. Ilocnennee 3Hauenwe coorBercTByeT I[IBK mma 1:1
snekTpoiauTa. IlpuMepsl AuarpaMm IpHBeAeHbI Ha pucyHke 7.1. Jls KpUTHYECKOIO
3HaueHus1 dHepruu B3ammoneiicTBusi, U =0, 3HaueHne A’ . HAXOAUTCS B JUANA30HE
(0.8-6.8)x10% Ik, a mnst U =kgT, cooTBeTCTBYyIONIEE 3HAYEHHE A, BapbUPYET B
ananaszone ot 0.25x1072° JIx mo 3.5%1072° JIx. 3nauenne U = 2ksT nocruraercs npu
AL = (0.04-1.35)x10%° JT:k. [ToaBOas MTOT U MPUHUMAs 3HAYEHHE A, JUI METAHONA
pasubiM 3.1x1072° Ik [179], monydyaem koHcTauty A.. B auanasose (3.8-19)x1072° JTx.
Jlaxxe ecnu 3HayeHue A,,,,, TOCTYITHOE B JIUTEpAType, 3aHWKEHO, H €CII BMECTO 3TOTO

HCIIONb30BaTh COOTBETCTBYIOIlEE 3HaueHWe g »taHona 4.2x107%° JIx [182], To

OLICHEHHOE TAKMM 00pa3oM 3Hauenue A, He Hamuoro Boimie: (5.1-21.7)x1072° k.

Ecnu paccmarpuBaTh TOJIBKO Hanbosee BeposTHbIE 3HaueHus = 150 um u { = —

10 MB, ¥ OpUHATH, YTO KOATYJSIIUK COOTBETCTBYET ofHO 3Hauenue U =0, To A,

Haxoqutes B auanasone (1.4-3.1)x107%° [k, a A = (8.7-12.4)x10%° JTxk.
7.2 llpumenenue Teopun JJIPO k 30110 Ceo B alleTOHUTPHITE

3HaueHne A, AJA ALETOHUTPUIA OTCYTCTBYET B JIUTEPAType, ONHAKO ObLIO

ucnonb3oBaHo 3Hadenume 4.1x1072° Jx s anetoHa — JPYroro  armpoTOHHOTO

pacTBOpUTES ¢ TOJOOHBIMU CBOMcTBamu [182].
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Pucynok 7.1 Iuarpammel ['amakepa s anko3ounst gyiepeHa Cep B METaHOIE,
pu 25 °C, a: aus monHo# cwitel | = 0.10 MM u crosxHOM KoHCTanThl ['amakepa A x10%
Jx:1-09,2-11,3-13,4-16,5-20,6-24,7—-2.8,8 —3.1; 6: 111 nOHHOU
cunsl | =030 MM u A"x10%° JIx: 1 —0.46,2 -0.52,3-0.6,4-0.7,5-0.8,6 -1.0,7
-12,8-14.

3HaueHue A, B alCTOHUTPWIE OleHWIH, ocHOBBIBasick Ha [IBK =0.20 MM

(NaClO4) mytem mepebopa pa3HbIX KOMOMHAIIUI BO3MOXHBIX MapameTpoB: I = 75, 100,

u 125 am; ¢ = -8.4 u +3.6 MB (tabn. 4.1). Ilonyunnu cnenyromme pe3yabTaThl. J[ms
kputuueckoro 3Hauenus U = 0, 3Hauenne A, BapeupyeT B npenenax (6.6-11.6)x10%
Jox; mis U=1ksT, A, wmsmensercs ot 7.0x10%° mo 8.0x1072° JIx, a U=2ksT
nocturaerca nmpu A, = (4.8-6.4)x107%° JIx.

s TIBK = 0.50 MM TBACIO4 u r = 114 uM, ¢ = —15 MB nmonyuniu takue
pesynbrarbl. J{st kputuueckoro 3HaueHus U =0 u U = 1kgT, 3HaueHus A, paBHBI

13.7x10% 1 12.1x1072° ]I, COOTBETCTBEHHO.
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1.0

-0.54
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Pucynox 7.2 Iumarpammsel ["amakepa nist 3oms ¢yiepera Ceo B alleTOHUTPUIIE,

npu 25°C. KpuBble COOTBETCTBYIOT Pa3HbIM 3HAYEHHSIM Acge. a: Ul MOHHOM CHUIIBI
| =0.23 MM (TBACIO,), r=114 um, {=-15 MB u cinoxHoit koHCTaHThI ['amakepa
A" x10% JIx: 1 -3.5,2-3.9,3-4.3,4-49;6: qna | =0.50 mM (TBACIOy), r = 114
oM, (=—15MBu A"x10%° JIx: 1 -2.1,2-23,3-2.6,4 —2.85; B: n1a 1 =0.20 MM
(NaClO,), r =100 um, { =-8.4 MBu A" x10%° JIx: 1 -0.55,2-0.8,3-1.2,4—-1.9; r:
ana 1 =0.20 MM (NaClOg), r =100 am, { =+3.6 MB u A" x10% JIx: 1 —0.01, 2 — 0.05,
3-0.15,4-0.32.
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Haxe nmns [IBK = 0.23 MM, moiay4eHHOro CHEKTPOPOTOMETPUUYECKUM METOIOM
sHauenne A, coorserctByeT 18.0x10%° m 15.2x10%° k. Ilpumepsl auarpamm

["amakepa s pa3HbIX TapaMETPOB IIPUBEICHBI HA pUCYHKE 7.2.

B wurore, cpennee 3HaueHue A, = (4.8-18)x10% JIx. Ecom xoarynsnus
npoxoauT npu U = 0, To Haubonee BeposITHOE 3HAUCHHWE A, BapbUPYET B Mpeaenax

(6.6-13.7)x102° JIx. HaiineHHoe BbIlIE M3 JAHHBIX A8 METAaHOJIA 3HAUYEHUE

A, = (8.7-12.4)x10 % ]I momaaer BHYTph 3TOTO JAUANA30Ha.

JIist yriiepoaHbIX HAaHOTPYOOK MOJ0OHBIE 3HAYEHWS 3HAYMTENIHHO BhIEe (23—
60)x10%° [Ix [24]. CooTBeTCTByIOMMUE 3HAYEHUS KOHCTAHT [UIS JPYTUX YTJIEPOTHBIX
COEIMHEHMI, anMa3oB Takke Bblcokue (28.4-29.6)x1072° JIx [182, 183]. Tombko
KOHCTaHTa laMakepa NoOmMCTHpona B Bakyyme (6.2-7.9)x1072° Jx [179, 182]

HpI/I6JII/I)Ka€TC5I K COOTBCTCTBYIOIICMY 3HAYCHHIO IJIA Ceo.

7.3 Oprano3o.iu ¢gyJuiepeHa B CPaBHEHUH € THAPO30JISIMH

3nauenus [IBK B opranmdeckux pacTBOpUTENSX, HaiiIcHHbIE HaMu, Ha 2-3
IOPSZIKa HWXKE I10 CPABHEHHUIO C I'MAPO30JsaMU. 1Io3TOMY InpencraBiseTcs IMOJIE3HbIM
KpPaTKO pacCMOTPETh U CPAaBHUTh CTAOMJIBHOCTh M KOAryJslMIO OPraHo30JIed U
ruapo3onei  ¢yiuepeHa, B TOM 4Hucie C ucnoib3zoBaHueM teopun JJIDO.
MHorouucieHHple M B HEKOTOPBIX CIIy4asX IPOTUBOPEYMBBIE  PE3YJIbTATHI
SKCIepUMeHTalbHBIX [5, 9, 23-31, 37, 108-114] m Tteopermueckux [105, 184-189]
UCCJENOBAHUM TpeOYIOT TaKOro COMNOCTABJICHMS. ['HMIPO30JM XapaKTEpHU3YHOTCS
3HaunTebHO 00mbinMu ITBK. PaccMoTpum 3T0 Bompoc HUKe.

3nauenust [IBK ansa 1:1 snekTponuToB (32 HMCKIOYEHUEM MHUHEPATBbHBIX
KHCJIOT), TOJY4YEHHbIE pa3HbIMM aBTOpamMu Uil  pasHbix ruuapososied  Cey,

NPUTOTOBICHHBIX pPa3HbIMH MeTofamu, st 1 : 1 asjekTposuTos, Takux kak NaCl,

NH,Cl, KCl u T.1. B Bozie, BappupytoT B nipezenax 40-260 mM [9, 24, 25, 95, 101, 110].
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B Tabnune 7.1 cobpansl kak 3Hauenus [IBK u 3era-morennumana B ycioBHsAX
KOaryJisiMM, TaK W HaljeHHble Ha ocHOBaHuM Teopuu JJJIDO 3Hauenus A, B BOZE,
METaHOJIC U aleTOHUTpHiIe. 10 OlleHKaM JUTepaTypHbIX maHHbIXx A [9, 24, 27],
XapaKTepU3YyIOIUX B3aUMOJCHCTBUS B THAPO30JAX, KOHCTaHTa ['amakepa A, paBHa

(7.5-10)x10% JIxx. B oTmenbHBIX paboTax OMyOIMKOBAHBI M HECKOJIBKO 00Jiee HU3KUE
sHaueHus [9]. Takum o6pazom, Teopuss JAJIPO B mpumeHeHmn K aiko3oimio Cgy B

MCTAHOJIC B PC3YJIbTATC IIPUBOJAUT K 3HAYCHNIO KOHCTAHTHI AFF OIM3KOH K TOI?I, KOTOpasd

noJiydeHa o jo0HbIM ImyTeM B Boje [9, 24, 27].

Tabnuua 7.1
Hror onenku koHcTaHThl ['amakepa Ceo—Ceo
PactBOoputens [1BK, MM C,MB &r A, dx
Bona 83-260 —(25-30) 78.4 (7.5-10)x102°
MeTtanon 0.30 —(8-13) 327 |(8.7-12.5)x102%°
ALIETOHUTPH 0.20 —8 1o +4 36.0 |(6.6-13.7)x10%

3nauenus (-moteHuumana, coorsercrpyromue [IBK B aneronuTpune u meraHole
BapbUPYIOT B JuanazoHe oT —15 mo +3.6 mMB, Torma kak B BOJE€ ATH 3HAYCHUS
orpunarenbhbl: { =—(25-30) MB [9, 24-26].

[TpuHuMas BO BHUMaHHME CXOJCTBO 3HAYEHU A.. BBIBEICHHBIX M3 JAHHBIX O
KOaryJisiiud Aucnepcuil (yiiepeHa B alleTOHUTPUIIE, METAaHOJIE W BOJE, OOJbIIOE
pasnuuue 3HaueHuM [IBK B HEBOAHBIX pPacTBOPUTENSX UM B BOJE CIEAYET OTHECTH K
pasHulle B 3HaueHUsX 3era-nmoreHnuana BOau3um I[IBK u  audnekTpuyeckux
npoHunaeMoctet Boabl (78.4) U JaHHBIX OopraHuueckux pactBopurenen (36.0 u 32.7,
COOTBETCTBEHHO).

CXO}ICTBO 3HAUYCHUU AFF’ IMOJYYCHHBIX B BOJAC M B HCBOJAHBIX IIOJIAPHBIX

paCcTBOPUTCIIAX, UMCCT U Oosee HHTCPCCHBIC CIICACTBUAI. A HMCHHO, 3TOT PC3YyJIbTAT
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MMO3BOJBICT CACIATH BBLIBOJA, YTO WM B BOAC, KaK WM B OPraHUYCCKUX PACTBOPHUTCIIIX,
CymeCTBOBAaHUC KaKoro-janoo CymeCTBCHHOIO BKJIaZa B OJSHCPIHIO BBaHMOﬂeﬁCTBHH
IIOMHUMO  MOJICKYJEIPHOTO IIPUTAKCHHUA MW JJICKTPOCTATHYCCKOI'O  OTTAJIKMBAHUA

MaJIOBEPOATHO. B To ke Bpems, 3nauenne A, = 50x10%° ]Ik [23] mpeamonaraer

HAJIMYUE KOKOTO-TO MOIIHOTO CTaOMIU3UPYIOMIEro (akTopa B TUAPO30IIAX.

JIeHCTBUTENBHO, TEOPETUYECKUE PaCUEThl YacTO NPOTHOZUPYIOT CHIIBHOE
B3anMoeiicTBre Mexy Ceo M Bogol (Hampumep, padota Yom u ap. [184]), uTto MmoxkeT
OBITh TOHSTHIM KaK pPa3sHOBUJHOCTb BBIPAXXEHHOW THUApATAllUd, B TO BpEMs Kak
KOaryJsiius yKa3bplBaeT Ha TuApo(OOHBIN XapakTep ruapo3oiiei (yiepeHoB.

Takum oOpazom, cwibHOe B3aumojeiicTBue Cgy C BOJOW, BKIIOYAs IMEPEHOC
3apsiia, TMPOTHO3MPOBaHHOE HenmaBHO [184], MokeT QakTHUeCKH NPUBOIUTH K
YCUJICHUIO JUCCOIMALMKM BOJBI U CO3/IaHUIO OTPHUIIATEIILHOTO 3HAYECHUS ( MOTEHIHMAlIa
KOJUIOMIHBIX YaCTHUIl. JTO COTJIACYETCs C AKCIEPUMEHTAIbHO JOKa3aHHOM ajcopOuuei
anuonoB HO™ u «iokanu3zoBaHHbIM Tujpoiuzom» (cMm. Pasmen 1.3). Crnepyer
MOAYEPKHYTh, UYTO MOJIApU3AlMSI MOJEKYJI BOJABI caMa IO ceO0e HE MOXKET ObITh
npuauHON dnekTpodopernueckoro sddekra. pyrumu cioBaMu, crnemupuyecKoe
B3aUMOJICHiCTBUE (PyJuiepeHa ¢ BOJIOM MPUBOIUT K MOSBICHUIO 3apsijia KOJUIOUIHBIX
YacTHL.

Uro kacaercsa 3¢ dexra nepeszapsaku B Boje, To. Kak yke yKka3blBaJIOCh BBIIIIE,
3HaueHue =+ 20 MB Obuto onmyOnHMKOBaHO B JHUTEpAType TOJIBKO JIMIIb JJI OJHOU
koHneHTparuu CaCly, a umMeHHO, 10* M, B TO BpEMsI, KaK JUIsI MEHBIINX, TaK U IS
OONBIINX KOHIEHTPAIMK ATOM coiid, a Takke B ciaydae pactBopoB BaCl, u MgCly,
3HaueHue ( ocTaBajioch oOTpUIATeNbHBIM [23, 37]. Dnumenex ¢ COTPYIHUKAMHU
OIMyOJIMKOBAJIM OTpHUIlaTeIbHbIe 3HaueHusi ( ruaposoneil Cg B pacTBOpax XJopujia
KaJIBITUSI, XOTS M MEHEE OTpHUIaTeIbHbIE 0 CPABHEHUIO C TaKOBBIMU B pacTtBopax NaCl
u KCl, HO mepe3apsaku mpu 3TOM He mpoucxomwno [24-26]. Takoe oTauume OT
MOBEICHUSI OPTaHO30JIeH (PYJIIIEPEHOB CIIEAyeT OTHECTH 3a CUeT Jy4Ileill CoJIbBaTaIliu

KaTUOHOB B BOJIE (T. €. THIpATaIliy).
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Pesynbrarel paboThl onmyOnrkoBaHbl B [A2, A6, All].

7.4 BbiBoabl K pa3aeiy 7

1. Hannpie o moporax koarynsiun ¢ymnepeHa Cgo B meraHosne s 1:1
anekTponutoB, NaClOs u (#-C4Hg)sN™ , B MeTaHONEC M alleTOHUTPUIIE PACCMOTPEHBI B
npuMeHernd K teopuu JJIDO. DTo mo3BONMIO OLEHUTH KOHCTAaHTYy ['amakepa

B3aumoselictus ymiepen—dymepen A = (6.6-13.7)x10%° Jx, koTopas 10 CuX MOp

eIIe HEe pacCYNTaHa TCOPCTHICCKH.

2. DOT0 3HavYeHWe OJM3KO K 3HAYCHMIO, IOJYUYCHHOMY paHee ApYyruMu
aBTOpAaMH Ha OCHOBAHWH JAHHBIX O KOATYJISIINH THIPO30JICH.

3. Takum oOpa3oM, MOXHO cJellaTb BBIBOJ, O TOM, 4YTO Jro0as
JOTIOJIHUTENIbHASL CTaOMIM3alMsd 3a CcuYeT THApaTaluu MajloBeposTHa. CuiibHOE
B3aMMOJICCTBHE BOJBI C MOJICKYJIOH (QyliepeHa BIUIOTh JO TIepeHoca 3apsfa,
MPEJACKa3aHHOTO0 KBAaHTOBO-XMMHUYCCKHMMHU pacueTaMu You W Jp., TPUBOIUT K
YCUJICHUIO JUCCOITMAIIMA BOJHBIX MOJICKYJ M K CYIIECTBEHHOMY OTPHIIATCIBHOMY

3apsiny KoJumonaHbix yacTull Ceo B BOJIE.
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BbIBO/1bI

Ha ocHoBaHuu ucciaegoBaHus JUHAMUYECKOTO PACCESIHUS CBETa M 3JIEKTPOHHBIX
CIEKTpOB morjoimeHus: pactBopoB ¢ysiepeHa Cgy B MOJSPHBIX PACTBOPUTEIISIX
BBISIBJICHBI HOBbIE OCOOCHHOCTH M 3aKOHOMEPHOCTH (POPMHUPOBAHUS HAHOATPETaTOB U
UX COCTOSIHUSI B MPHUCYTCTBUHU BJIEKTPOJUTOB, JOKazaHa MHPUPOJA OTPUIATEIHLHOTO
3apsiia arperatoB U OOHapYXEHO SIBJICHUE TEpe3apsiiK, a TaKKe OLleHEeHa KOHCTaHTa
['amakepa.

1. [Ipn wucnonp3oBaHUM MeTOJa (U3MUECKOW KOHJEHCAIMM MOJICKYJIbI
¢ymnepena Cgp B allETOHUTPHUIIE, METAHOJIE, AllETOHE M HMX CMECSAX C OEH30JI0M H
TOJIYOJIOM OOpa3yloT OTPUIIATEIBLHO 3apsKEHHbIC arperatsl pasmepamu nopsaka 100—
600 HM, O YeM CBHJIETEIBbCTBYIOT [aHHbIE JAUHAMHUYECKOTO pACCESHUSI CBETA,
MIPOCBEUUBAIOIIEH AJIEKTPOHHON MUKPOCKOMNHNH, JIEKTPOHHBIX CIIEKTPOB MOTJIOMICHUS U
anekTpodopesa.

2. ®dopmupoBanue arperatoB QysuiepeHa Cgo B cMecsax O€H30J1a WM TOIyoja
C ALETOHUTPHUJIOM IPU COU3MEPUMBIX KOHUEHTPALHUSIX COPACTBOPUTENEH MPOTEKAET B
TEUEHUE JIECITKOB MUHYT U 3aBUCHUT OT MOPSAKAa CMEIICHUS KOMIOHEHTOB. CTapeHue
CUCTEM OT HECKOJIBKUX JTHEW JO HECKOJIbKUX MECSIEB MPUBOIUT K YKPYITHEHHUIO YaCTHI]
Y U3MEHEHHIO X 3JIEKTPOKMHETHYECKOTO MOTEHIIHAIIA.

3. V3kas kpuTuyeckas 00JacTh COCTaBOB CMEIIAHHBIX PACTBOPUTENICH, B
KOTOPOM MPOUCXOJIUT MPAKTUUECKU TOJHOE MCUE3HOBEHHE OTACIBHBIX MOJICKYJ U
JOMUHUPYIOT arperaTtbl, PErucTpupyemasl Kak ¢ MOMOIIbIO B3JEKTPOHHBIX CIEKTPOB
MOTJIONIEHUS, TaK W MO JaHHBIM JIMHAMUYECKOTO pacCesHUsl CBETa, 3aBUCUT OT
KOHLIEHTpauu QymiepeHos (B oonactu oT 4x10~ 1o 4x107° M).

4, OTpuuarenbHblid  3apsii arperatoB B  allETOHUTPWIE UMMEET HOH-
paIuKAIbHYI0 TPUPOAY, O YEM CBHUICTEIbCTBYIOT JAHHbIE CIIEKTPOCKOIUH
AIIEKTPOCIIpEst U pe3yJIbTaThl MPUMEHEHUS JIOBYIIKUA pajvKaioB. B ciydae arperatoB B
MeTaHoyie Oojiee BEPOSTHOW NPUUYMHOM, MO aHAJOTUU C TUIAPO30JAMH (YIIEPEHOB,

ABJIACTCA a,ucop6u1/m HOHOB MCTHJIAaTa HAa ITIOBCPXHOCTH YaCTHII.
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S. BBeneHne B KOJUIOMIHYIO CUCTEMY 3JIEKTPOJIUTOB MPUBOAUT K KOATYJISALIMH
opraHo3oJieii ()yJUIEpeHOB; B METAHOJIC, ALUETOHUTPUIIE M €ro CMecsiX ¢ OEH30J0M
JNEUCTBUE TMEPXJIOPATOB METAUIOB M OPraHUYECKUX KATUOHOB TIPOUCXOJHUT B
coOoTBETCTBHHM C npasuioM lynsre—I apau.

6. Hapsigy c¢ koarynsiuueid B MOJISIPHBIX HEBOJHBIX PAcCTBOPUTENSAX HMEET
MECTO CHJIBHO BBIp@&KEHHAs Iepe3apsika: B MPUCYTCTBHM KAaTHOHOB, OCOOEHHO
MHOT03apsaHbIX HOHOB Ba?*, Ca?* u La*, 3apan yacTui u3MeHseTcs ¢ OTPULATEIEHOTO
HAa IOJIOKUTEIbHBIN, MPUYEM 3HAUEHUS 3€Ta-NOTEHIHANa U3MEHAIOTCS Ha 74-96 MB: ot
—37 no +37 mB B meranone u ot —47 no +49 MB B aneronutpune. [IpununHon sBisercs
ciabas  cojbBaTalMsl ~ KaTMOHOB,  YTO  MOJATBEP)KIAETCS  BOCCTAHOBJICHHEM
OTpUIIATEIBLHOTO 3apsifa TMociie BBeIEHUS KpayH-adupa u Kpunrtanga [2.2.2],
CBS3BIBAIOLIETO KATHOHBI METAJIJIOB B YCTOMYMBBIE KOMILIEKCHI.

7. [lepe3apsiaka 4acTUIl MPUBOJUT B HEKOTOPBIX CIIydasX K IOSIBICHHUIO
BTOPOTO MOpPOra KOAryasiuuu (T.H. «30H KOAryJllUW»), MPUYEM KOAryJUpyloT YiKe
nepe3apsbKeHHBIE, T.€. TOJIOKUTENBHO 3apsikeHHble yacTullbl. Biusuue kucnot HCIO4 u
CF3SO3H Takke cBoauTCs K Tepe3apsake YacTHI] U KOAryJsIMd U HOCUT XapakTep
KHCJIOTHO-OCHOBHOI'O B3auMojaeucTBus. CXOIHBIA XapakTep HOCUT BIIMSHHME BOJABI Ha
30J1b Cgp B alICTOHUTPUJIE.

8. TpakToBKa TaHHBIX 00 YCTOMYMBOCTH Oprano3oiei Cgo C TOMOIIBIO TEOPUU
JIJI®O mno3Bonuia OIEHUTh 3HAYCHUE KOHCTaHTHI ['amakepa Ji1 B3aUMOJCHCTBUS

(ymnepen—dymiepen B Bakyyme: A, = (6.6-13.7)x10%° JIx. ComocrasieHue c

JaHHBIMU JJi1 Tunpo3oieit Cgo MO3BOMSET CAeNaTh BBIBOA OO0 OTCYTCTBUM CHIIBHBIX
crenuPpUYecKrX B3aUMOJCUCTBUM (yJiyiepeHa ¢ MOJIEKYJIaMH BOJIbI, 32 UCKIIOUCHHUEM
TE€X M3 HHUX, KOTOPHIC MPUBOJIAT K 00Opa30BaHUIO OTPHIATEILHOTO 3apsaa KOJUIOHIHBIX
JaCTHII.

9. 3omu Cgo B allCTOHUTPUJIIC, TOJIYUYECHHBIE AUCIEPrallMOHHBIM METOI0M,
MPOSIBIIAIOT CBOMCTBA, B OOMIMX 4YepTaX CXOJHBIE CO CBOMCTBAMHM OPraHO30JIs,

MOJIYYCHHOT'O KOHACHCAIIMOHHBIM MCTO/IOM, HO BOCITPOU3BOJAUMOCTD PC3YyJIbTATOB HUXKC.
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IIpuioxenune B

IHpumepst APC nis pactBopoB ¢yuiepeHa Ceo B CMEIIAHHBIX PACTBOPUTEJIAX

Size Distribution by Intensity

Intensity (Percent)
-

Size (d.nm)

Size Distribution by Volume

Volume (Percent)

10 100 1000 10000
Size (d.nm)

Size Distribution by Number

40 .................. .................. . ................. . .................
'%'30 ................. .................. . ................. , .................
2 : : : : :
& i : : : : :
:/ 20, ................. .................. ................. .................
[} . . . . .
o] . .
E : : : : :
2 10, ................. .................. ................. .................

0 T —r—r—r—+} T u —r— } T Tt —— I

0.1 1 10 100 1000 10000

Size (d.nm)

Pucynok Bl Pacnpenenenue yactui no pasmepy, noiydeHHoe merogom JIPC B
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