®UO couckarens JIsumn bopuc BacunbeBuy

Ha3zBanue guccepraumu  «OJIEKTPOOKUCIUTENbHBIA  CHHTE3  IPAKTUYECKU
MOJIE3HBIX BELIECTB M X MPEKYPCOPOB B YCIOBUAX «IIAPHOTOY» JIEKTPOIU3A»
Mudp cnennansHocTH — 1.4.3. — Opranuveckast XuMus

XUMUYECKHE HAYKU

[Iudp aucceprammonnoro coseta 24.1.092.01

denepanbHOE TOCYJApPCTBEHHOE OIOKETHOE yudpexaeHue Hayku HWHCTUTYT
oprannueckoit xumuu uM. H. /1. 3enmunckoro Poccuiickoi akageMun HayK

119991, Mockga, JIenuHnckuit mpocnext, 47

Ten.:(499) 137-13-79

E-mail: sci-secr@ioc.ac.ru

Jlata pasMemieHus IOJMHOTO TEKCTa JauMccepranuum Ha cadre MHcturyTa

http://zioc.ru/

28 okTsa0ps 2021 rona

I[aTa IMpucMa K 3aliuTe

10 HOs1Ops TON1A

JlaTta pa3mernienus aBropedepara Ha caiitte BAK

http://vak.minobrnauki.gov.ru/

12 nosi6ps 2021 roga


mailto:sci-secr@ioc.ac.ru
http://vak.minobrnauki.gov.ru/
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Pabora BeimonneHa B JlabopaTopun aHajaoroB kapOEHOB U POJCTBEHHBIX HHTepMennuaToB (Ne 1)
Otnena XMMHMM HECTaOWJIBHBIX MOJEKYI M MaiblX LMKIOB (dDenepalbHOro rocyaapcTBEHHOIO
OIOPKETHOrO YyupekJeHus Hayku HMHcrutyra opranuueckod xumuum um. H.J[. 3enuHckoro
Poccutickoit Akagemun Hayk (MOX PAH)

HAYYHBIN KOHCYJIbTAHT: ‘HCTPOCHH Baaaumup AHyllIaBaHOBI/I'—I‘
JOKTOp  XHMHYECKHX HayK, mpodeccop,
TJIaBHBIM HAYYHBIM COTPYAHHMK JIAOOpaTOPUH
XUMHH aHAJIOTOB KapOEGHOB W POICTBCHHBIX
unrepmeanatoB MOX PAH

ODOUIINAJIBHBIE OIIIIOHEHTHI: MaraecueBa Tarbana BaagumuposHa
JIOKTOp  XMMHYECKHMX  HaykK, mpodeccop
Kadenpsl OPraHMYECKO XUMUM XUMHUYECKOTO
¢dakynsrera MI'Y numenu M.B. JlomoHocoBa
Ky3nenos Huxouaii FOpbreBnu
JIOKTOp XMMHUYECKUX HAYK, CTApIIMil Hay4YHBII
COTPYIHUK JlaGopaTopun CTEPEOXUMUU
METAJJIOOPTaHUYECKUX COeTUHEHHI
Nucturyra AIIEMEHTOOPTAHUYECKUX
coequuenni uM. A.1. Hecmessnosa PAH
Swrynos Hukoiaii AuapeeBuny
JOKTOp XHMHYECKHUX Hayk, mpodeccop,
3aBenyrommii  kadempoid  HaHOpPa3MEPHBIX
CHUCTEM U MOBEPXHOCTHBIX sBJeHui uMm. C.C.
Bororikoro MHCTUTYTA TOHKHMX XMMHYECKHUX
TexHojorui uMm. M.B. JlomonocoBa PTVY

MUPDA

BEAYILIAS OPITAHU3ALINA: denepanbHOE TOCYAapCTBEHHOE OHOIKETHOE
00pa3oBaTeNbHOE  YUPEXKJACHHE  BBICIIETO
o0Opa3oBaHus «AcCTpaxaHCKH
rOCyJ1IapCTBEHHBIN TEXHUYECKHI
YHUBEPCUTET»

3amuta cocroutcs «16» mapra 2022 1. B 11 4acoB Ha 3acemanuu J[MccepTallmOHHOTO COBETa
24.1.092.01 npu PenepaabHOM IOCYAapCTBEHHOM OIO/KETHOM YUpekIeHUM Hayku MHcTuTyTe
oprannyeckor xumuu uM. H.JI. 3enunckoro Poccuiickoit Akagemun Hayk 1o aapecy: 119991, r.
MockBa, JIenuHCcKnit npocnexT, 1. 47.

C muccepranueit MoxxHO o3Hakomutcs B Oubnumoreke MOX PAH u Ha oduumanbHOM caiite
NOX PAH: http://zioc.ru/ _Asropedepar pasmerieH Ha oQuIHAILHOM caiite Briciiei
aTTeCTAllMOHHON KOMHCCHM NPHM MMHUCTEPCTBE HAayKH M BbICIIEro oOpa3zoBaHus Poccuiickoit
Ddeneparuu 1o aapecy. http://vak.minobrnauki.gov.ru/

ABTOpedepaT pa3zociaH « » 2021 r

Bam oT3bIB B IBYX 9K3eMIUIApax, 3aBEPEHHBIN repOOBOM MEYaThio, MPOCUM HAMPABIATH IO
agpecy: 119991, r. MockBa, JlenHuHckuii mnpocnekT, na. 47, y4eHOMY CeKpeTaplo
Hucceprammmonnoro copeta MOX PAH

VYueHsli cekpeTapb P .
Huccepramnmonnoro Cosera 24.1.092.01 “LA ;{z{ ’ég/‘ I''A. T'a3ueBa

JOKTOP XUMHUUYCCKHUX HAYK
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OO0masi xapakTepucTuKa padoThl

Axmyanonocms mempt. OnbIT pabOT O OPraHUYECKOMY 3JIEKTPOCHHTE3Y IMOKAa3all
IIAPOKUE TIEPCIICKTUBBI TMPUMEHUTEIHHO K PA3IUYHBIM O0JacTSIM CHHTETHUUYECKON
XUMHUH. XUMHYECKUI CHHTE3, B TOM YHCJIE MPAKTUYECKU 3HAUMMBIX BEIIECTB, HEPEIKO
OCJIO)KHEH 0O0pa3oBaHUEM OOJBIIUX KOJMYECTB TPYAHO YTHIM3UPYEMBIX OTXOJOB.
OpnHako NpPUMEHEHHWE METOJIOB AJIEKTPOCHMHTE3a IO3BOJSET peliaTh TAKUE MPOOJIEMBI
MyTeM 3aMEHBl OJHOKPATHO WCIOJIb3yeMbIX, HEPEIKO TOKCHYHBIX, XHUMHUYECKUX
peareHToB Ha AJIEKTPUYECKUN TOK. B 11e5om, pa3zButue >MeKTPOXUMUYECKUX TMOIXOI0B
Uit co3iaHus 3(PQPEKTUBHBIX M DKOJOTUYECKU TMPUBJICKATEIBHBIX METOJIOB CHHTE3a
NPAaKTUYECKH TIOJIE3HBIX BEHIECTB, WJIM WX MPEKypCcOpPOB, HECOMHEHHO, SBISIETCS
aKTYyaJbHOM 3a/1a4eH.

Jlnst pemieHus TakuxX 3aqad HaMU IIMPOKO HKCIOJIB30BaH OJWH M3 Haumbosee
3(G(GEKTUBHBIX  AJIEKTPOCUHTETUYECKUX  TOJAXOJNIOB:  «mapHwlily  (napanieibHulil,
CONpSAIdICeHHbIIl) DIIEKTPONIN3. BaKHBIM JOCTOMHCTBOM JIaHHOTO TMOAXOAA SIBIISETCA
reHepanus Ha 00OUX AJIEKTPOAaX HE MPOCTO HEM30EKHBIX MIPOIYKTOB, a MHTEPMEIUATOB,
NPUBOJAIIMX K CHHTE3y IIEJIEBOrO0 TPOAYyKTa. B pamkax «mapuozo» »>nexkTpoiuza B
paboTe HCMOJIB30BaH W APYrod MOJXOJ COBPEMEHHOH 3IIEKTPOOPTaHMYECKOW XHMHH,
MO3BOJISIFOIIMIA CHU3UTh OTXOJBI PEAKIUid W OTKA3aThCsl OT NMPUMEHEHHUS TOKCHYHBIX
XUMHUYECKUX PEAreHTOB. 3TO AJIEKTPOKATAIUTUYECKUE IMPOLIECCHl C y4aCTHUEM peIOKC-
meaunatopoB. K mpeumyiiectBaM BIOPAHHBIX ANEKTPOCUHTETHUECKHX METOJOB CIEAYyeT
TaKk’K€ OTHECTH M MSTKHE YCJIOBHSI MX TPOBEJCHHUS. Bce 3TO OTKpBIBAaET XOpOIIHE
NEPCIEeKTUBbl JJIsl  peali3alii MPOLECCOB «3EJIEHOM» XWMHUH, OCOOEHHO MpuU
UCIOJIb30BAHUU BOJHBIX CPE/I.

Ilenv pabdomwer — co3naHve HOBBIX, I(PGEKTUBHBIX U IKOJIOTMYHBIX METOJ/IOB
OKHUCJIUTETILHOTO JJICKTPOCUHTE3a B YCIOBUSX «HAPHO20» DICKTPOJIN3a MPAKTUYECKU
MOJIE3HBIX COEAMHEHUI U3 uncia 4-rajloreHonupa3oios, anddaruyeckux N-xJ10paMHHOB,
HaTpueBblx coyieil N-XJI0pamMuaOB apeHCYNbPOKHUCIOT, Cyab()EeHaMHI0B, MOHO- U
JTUKapOOHOBBIX OPTraHMYECKUX KUCIIOT, apOMAaTUYECKUX a30COETUHEHUH U T.11.

Jlnist peanu3anuy MOCTAaBICHHOM 11e7T OBUTH PEIIeHBI CIIeTYIONINEe OCHOBHBIC 3a/1a4u:

1. N3yueHue 3aKOHOMEpPHOCTEW HIIEKTPOTaJIOr€HUPOBaHMs (XJIOpUpOBaHUE, OpOMU-
poBaHMe, HOJUPOBAHME) IMHpa3oia M €ro MNPOU3BOJAHBIX B BOJHBIX pacTBOpax
ramorenuioB MetayioB (NaCl, NaBr, Kl) mns pa3paboTku yaoO0HBIX, MalIOOTXOIHBIX
METOJIOB TIOJTYUCHHUS TaJIOTC€H3aMEIICHHBIX TUPA30JI0B.
2. WccnenoBaHue 3aKOHOMEPHOCTEH 3JIEKTPOXJIOPUPOBaHUS alu(aTUYECKUX aMHUHOB,
aMMHaka, CyKIIMHUMHIA U apeHcylbdamunoB B BogHoMm pactBope NaCl. Ha ochoge
MOJIYYCHHBIX PE3YJIbTaTOB Pa3padoTaTh HOBBIE, d(()EKTUBHBIC, HYKOJOTHYHBIE METOMIbI
CUHTE3a BaXXHBIX peareHToB. N-xjmopaMuHOB, N-XJIOPCYKIIMHMMHIIA, HATPUEBBIX COJIEH
N-Xx10paMu0B apeHCyIb(POKUCIOT
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3. Onwmpasice Ha HaWJeHHbIE OCOOEHHOCTH OSJIEKTPOXJIOPUPOBAHUS a30TCOACPIKALINX
COEJIMHEHUH, CO3/1aTh HOBbIE MAJIOOTXOHBIE METO/ABI MOJYYEHUS NMPAKTUYECKN BayKHBIX
coelMHeHu:  1,2-AManKuIaua3supuanMHOB, THOKapOaMaToB, O€H30THA30JCyIb(EH-
aMUJIOB, THIpa3uHa U (EeHWITUIPA3UHA.

4. HccnenoBaHue 3aKOHOMEPHOCTEH 3JIEKTPOOKHCIIEHUS CIUPTOB, KapOOHUIIBHBIX
coequHeHnid 1 apoMatudeckux aMuHOB Ha NIO(OH) snekTpose B BOIHBIX IMICITOYHBIX
cperax ¢ Lenblo pa3paboTKU yIOOHBIX, SKOJOTHYECKH TPUBIIEKATENBHBIX, JIETKO
MacHITAOUPYEeMBIX CITOCOOOB MOTYUYEHHUS! MPAKTUUECKH Ba)KHBIX MOHO- M JTUKapOOHOBBIX
KHCJIOT, apOMaTUYECKUX a30MPOU3BOIHBIX.

Hayunaa noeusna. B pabore pa3BUTBl HOBBIE NIPEACTABICHUS O MEXAHHU3ME
TraJIOTEHUPOBAHUSI NUPA30J0B U BBISBICH PsIJi 3aKOHOMEPHOCTEHW, KOTOPBIE MOYXKHO
UCMOJIb30BAaTh W MPHU peajau3alid XHMHUYECKOrO CHHTe3a 4-TajoreHONHpPa30JIOB.
[Tokazano, 4YTO0 »(QPEKTUBHOCTH JaHHBIX IIPOLIECCOB OMNpPENENIeT CKOPOCTh
BHYTPUMOJIEKYJISIPHOI'O IE€peHoca rajoreHa OT aToMa a3oTa K yIJIepoay B
npoMeXyTOUYHOM N-TaJIoreHONnporu3BOTHOM.

Peanu3oBaH KOMIUIEKC MCCIIEIOBAHUM, OTIMYAIOLINUXCS MPUHLIUINAIBHON HOBU3HOM,
mo 3ddextuBHOMYy  anekTpocuHTedy  N-xmopamuuoB.  OcyiecTBieHa — cepus
OpUTHMHAJIBHBIX Pa3pabOTOK IO KOJWYECTBEHHOMY TMOJIYYEHUIO psifa MNEPBUYHBIX U
BTOpUYHBIX N-XJIOpanKUJIaMUHOB, W3y4Y€Hbl 3aKOHOMEPHOCTH TMPOTEKAHUS ITHUX
MIPOLIECCOB.

Pa3Buta  MeTOOJIOTHSI  DJEKTPOKATAIUTUYECKOTO  OKUCJIEHHMS  CHOUPTOB U
KapOOHWJIBHBIX coequHeHMi Ha Ni aHOJE B cpeiie BOTHOW IIEIOYH C MCIIOIb30BAHUEM
NiO(OH) kak pemokc-menuaTopa, HEPEPHIBHO PErCHEPUPYEMOTO B XOJIC AJICKTPOJIU3a.
BnepBoie  pa3paGotanbl  3(¢eKTuBHBIE, JIETKO  MacIITa0upyeMble  METObI
AIIEKTPOCUHTE3A aJUIIMHOBOM, [JIyTapOBOH, (ret)apui(OKCH )aIKaHOBBIX U
NUPA30JKAPOOHOBBIX  KHUCJIOT, HCHOJB3YEMBIX TMpPU  MOJYYEHUH  MOJIUMEPOB,
IacTU(PUKATOPOB, JIGKAPCTBEHHBIX MpENapaTroB, AYIIUCTBIX BEHIECTB M B KadeCTBE
NOJIYIPOAYKTOB CHUHTE3a MHCEKTHUIIM/IOB.

BrnepBbie paspabotaH 3(QQeKTUBHBII METOA AIEKTPOKATATUTHYECKOTO CHUHTE3a
a30reTapeHOB OKHCICHHEM apuiaMuHOB ¢ wucronb3oBanueM NIO(OH) kak pemoxc-
MenuaTopa. A3zorerapeHbl BOCTpeOOBaHBI MpPHU MOJIYYCHUM JIEKAPCTBEHHBIX BEIIECTB,
OpraHMYECKHX KpacuTesled, B OPraHWYECKOM CHHTE3€ M B KayeCTBE DJHEPrOEMKHX
COEJIMHEHUHN.

[TonydyeHHble pe3yabTaThl BHOCAT CYIIECTBEHHBIM BKJIaJA B  METOJOJOTHIO
ANIEKTPOXMMHUH OPTaHWYECKHX COCAMHEHUH, 4YTO OO0YCIaBIMBAET TEOPETUUYECKYIO
3HaYUMOCTb IIPOBEJAECHHBIX HUCCIEA0BAHNM.

Ilpakmuueckas 3nauumocms padomesl. BriepBbie peaii30BaH KOMIUIEKC pa3paboTOK 1Mo
AIIEKTPOTAIOTEHUPOBAHUIO (XJIOpUPOBaHKHE, OPOMUPOBAHUE M HMOJUPOBAHKE) MUPA30JIOB
B BOJIHBIX pacTBOpax rajoreHUJ0B ILIEIOYHBIX METAUIOB. [IpeanoxkeHbl 3KOJIOTHYHBIE,
Oonee »(p¢eKkTUBHBIC, YeM HUX XUMHYECKHE aHAJIOTH, METOIbl JJIEKTpOCHHTe3a 4-
rajloreHONMPa30JI0oB, IMHUPOKO HUCIIONb3YEMbIX KaK pEareHThl B OPraHMYeCKOM CHUHTE3€ U
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KaK KJIIOYEBBIC IOJYIPOIYKTHI CHHTE3a JIEKAPCTBEHHBIX IMPENaparoB, TEePOHIIHIOB,
MHCEKTUIINIO0B.

Pa3paboTtaHbl HOBbIC, BEICOKOI(DPEKTUBHBIC METO/BI JICKTPOCHHTE3a XJIOPaMUHOB b,
T u Xb. Onupascek Ha HHGOPMAIIHIO TT0O UMEIOIIEMYCS XUMUYECKOMY TTPOU3BOJICTBY 3THX
COCIMHEHUH, HaMU pa3padO0TaHbl TEXHOJIOTHYECKas cXxema U J1abopaTopHbBI perjiaMeHT
AIIEKTPOXHUMHUYECKOTO TIONyYEHHUs XJOpaMHWHAa b, BKIOYAOMMA CTaaud SIEKTPO-
TeHepaluy XJiopa W IIeJIoud; MoJydeHHus coiau N-xmopamuaa apeHCYIb(OKUCIOTHI,
BBIJICJICHUS IICJIEBBIX MPOJYKTOB U OYHUCTKY O0TpaboTaHHBIX BOAHBIX pacTBopoB NaCl ot
OpraHmyeckux mnpumeced. lcmonp3oBaHue OUYHMIICHHBIX BOAHBIX pacTBopoB NaCl na
CTaJMM TIONYYEHUS XJopa W INEJIOYH IMO3BOJSET CHAENaTh pa3padOTaHHBIA METO.
MaJIOOTXOJHBIM, YTO SIBJSETCS CYIICCTBCHHBIM MPEUMYIICCTBOM IIEpe]l XUMHUYCCKUM
CIIocoooM.

BeImosTHeH ~ KOMIUIEKC — MCCIICIOBAaHWM 1O  HWCIOJIB30BAHHMIO  TOJYyYEHHBIX
AICKTPOXUMHUYECKHM TyTeM N-XJIOpaTKWJIaMUHOB B CHHTE3€ TPAKTHYCCKH BaXKHBIX
BEIIIECTB.

® IpeVIOKEHBl HOBBIE MOAXOJIbl K HpoueccaMm noiaydeHus 1,2-aua3supuanHoB
(mpuMeHsIeMbIX B Ka4yecTBE JICKAPCTBEHHBIX IPEMaparoB, MOJYIPOIYKTOB B CHHTE3E
NECTUINIOB U TEeTEPOILMKINYECKMX COECIUHEHUH, KOMIIOHEHTOB PAaKETHOTO TOIINBA)
ruapasuHa U (eHwaruapasuHa. IlokazaHa BO3MOXHOCTh pELHMKIA OTPabOTaHHBIX
pacTBOpOB B 3TUX Ipoleccax 0e3 3aMETHOTO CHMXKEHHS BbIXOJa IIEJIEBBIX MPOJYKTOB,
YTO 00€CIEeYNBAET UX FKOJIOTHUYECKYIO MPUBIEKATEIBHOCTD.

® pa3paboTaHbl OCHOBHBIE NMPHUHIIMIIBI OPraHU3ALMKU YIOOHOT0, MAJIOOTXOJAHOIO METOa
nojay4yeHuss OeH30THa30JCyIb(eHAMHUIOB (YCKOPUTENH BYJIKAaHU3ALUU KaydyKOB),
OCHOBaHHOTO Ha B3aMMOJECHCTBUU 3JIEKTPOreHEpUPOBaHHBIX N-XJIOpaMHHOB C 2-
MEpKanToOEH30THA30JIOM B  OpraHmyeckoM pactBopurtene. Ilpomecc Bkiouaer
clenyroue ctaauu: anekTpoxumuueckoe mnonydeHue N-ximopamuna u NaOH, cuntes
1eJIeBoro cynbheHamuaa npu B3aumoaeiicteun N-xiiopaMuHa, 2-MepKanToOeH30THa3051a
¥ aMMHa, BBIJICJIEHUE Cylib(peHaMuia, pereHepanus aMiHa.

B umenom Bce paccMOTpeHHblE HAampaBleHUsT HCCIEN0BAaHUN JUCCePTAMOHHON
paboThl XapakTepu3zyeT NpHUHLIMIHAIbHAS HOBHM3HA, a HUX pE3yJbTaThl 00JaJar0T
dbyHIIaMEeHTaIbHOM U IPUKJIAHON 3HAYMMOCTHIO.

Anpoobayusa pabomet u nyonukayuu. OCHOBHBIC pe3yabTaThl pabOTHl OBLIH
anpobupoBanbl Ha 12 Bcepoccuiickux koHpepeHuusx (11 yctabix, 9 CTeHIOBBIX
JIOKJIaJ0B aBTOpa), 3-X KOHKypcax Ha Jydimnyro HayuHyro padoty MOX PAH u konkypce
MAUK HAVYKA. Pe3synbrarel uccienoBaHuii NpuBEIEHb B 52 MyONUKaUusAX, U3
KoTopbiX 31 crares (B TOM umcie 2 0030pa) B PEIEH3UPYEMbIX HAYYHBIX KypHajax,
BKJIIOUEHHBIX B TiepeueHb BAK u cOopuukax te3ucoB nokianoB (20 Te3mcoB) Ha
Bcepoccuiickux koH(pepeHIusx, moiaydeHo | aBTopckoe CBUAETENbCTBO Ha M300pETEHHE.
JIuunwlii 6xnad0 aemopa. Bce BbIBOIBI pabOThl OCHOBAaHBI HAa JAaHHBIX, MOJTYYEHHBIX
aBTOPOM JIMYHO WJIXA IIPHU €ro HEMOCPEACTBEHHOM y4acTUHU (COBMECTHO C COTPYIHUKaMH
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A.B. CwmeranunbiM, B.UM. VYrpakom, B.JI. CuraueBoii, A.b. IllepemereBbiM, B.A.
KokopekuHbiM) 1 OMyOIIMKOBaHBI C COABTOPAaMHU B HAYYHBIX CTAThsIX, MPUBEIECHHBIX B
crucke MyOJauKaluid aBTopa Mo TeMe Juccepranuu. Bee ctathu, omyOJMKOBaHHBIE IO
MaTepuaiaM paboThl, MOATOTOBIEHBI aBTOPOM JIMYHO HIIM MPU €r0 HEMOCPEICTBEHHOM
YYaCTHH.

Cmpyxkmypa u o6vem pabomsi. Jluccepranmonnas pabora uznoxeHa Ha 366 cTpaHunax
U COCTOUT U3 BBEJCHUS, 3 TJaB 0O0CYXJACHHs PE3yJIbTaTOB, SKCIEPUMEHTAIBLHON 4acTu,
BBIBOJIOB, CIIMCKA LUTHPYEMON JUTEpaTyphbl, BKIOYaromero 398 HamMeHOBaHUW U
npunoxenus. Matepuan aucceprauuu Bkiodaet 20 Tabmm, 99 cxem.

OcHoenble nON0MHCEHUA U Pe3YTbMAMbl, 6bIHOCUMbLE HA 3AUUMY.

—ManooTXxoJHbIe METO/IbI TOTyUEHUs 4-TalIOT€HOMUPA30JI0B JIEKTPOTaIOreHUPOBAHUEM
MUPA30JI0B B BOJHBIX PACTBOPAX T'aJIOTEHUIOB MIEIOYHBIX METAIIJIOB.

—DKOJOTHYECKH Oe3omacHbIe METOIBI AIIEKTPOCHHTE3A N-x10paMHrHOB
AIIEKTPOXJIOPUPOBAHHEM aMHUHOB WJIA X TUAPOXJIOPUIOB B BogHOM pactBope NaCl
—HoBbie ¢ dexkTrBHBIE MOAXOABI K MOJYUYCHUIO MPAKTHYECKH TOJIE3HBIX COCTUHEHUN C
HCIIOJI30BAHUEM JIEKTpOreHepupoBaHHBIX N-XJI0paMHUHOB.

—Jlerko MacmTabupyeMble METOABl IOJYYEHUS BaXHBIX OPTaHUYECKHX KHCIOT U
a30TeTapeHOB, OCHOBAHHbIC Ha HUCHOJb30BaHMHM peaokc-meauaropa NIO(OH),
HEMPEPHIBHO PETEHEPUPYEMOTO B TIPOIECCE IIIEKTPOIIN3A.

Aemop evipasicaem 2nybokyr0 6aacod0aprocms ceoemy yuumenro — Hpogeccopy
Ilempocany B.A. u ceoum coasmopam k.x.n. Cueauesoti B.JI., k.x.n. Yepaxy Bb.U., 0.x.h.
Lllepememesy A.b., k.¢papm.n. Koxopexuny B.A. u k.x.n. Cmemanuny A.B. 3a
N1000MBOPHOE COMPYOHUUECMBO.

OCHOBHOE COIEPKXAHUE PABOTHBI

OcHOBHOI MaTepuajn TUCCEPTAlUU BKIIOYAET TPH TJIABBI OOCYXKICHHS PE3yJIbTaTOB,
00BeTMHEHHBIX OOIIEH 3aJaveii: NCMOIb30BaTh BO3MOXHOCTH «HAPHO20», B TOM UYHUCIIC
AIIEKTPOKATATUTUYECKOTO (C  y4acCTHEM pPEeIOKC-MEIMAaTOpPOB), AJEKTPONU3a IS
pa3paboTku >PQPEKTUBHBIX U SKOJIOTHYECKH MPHUBICKATEIBHBIX MPOILIECCOB aHOAHOTO
AIIEKTPOCUHTE3a IPAKTUIECKH TOJIE3HBIX BEIIECTB, WM UX MpeKypcopoB. [TockonbKy 3TH
IJIaBbl OTJIMYAIOTCS KaK MPUPOJOA OOBEKTOB HCCICAOBAHUS, TAaK U TUIIOM HM3yYEHHBIX

peakuuii, KXo IJ1aBe MpearnocaaH 0030p COOTBETCTBYIOIIUX JIUTEPATYPHBIX JAHHBIX.

I'naBa 1. DyeKkTporajioreHuUpoOBaHue NUPa30Ja0B

XYUMHUYECKUN CUHTE3 4-TajloreHONMMUPA30JI0B OOBIYHO PEaI3YIOT B HEBOJIHBIX Cpejax
Y B3aUMOJICUCTBHUH MUPA30JI0B C TOKCUYHBIMH TAJIOTEHAMH JIN0O C TAJIOTCHUPYIOITIMHU
arentaMu. B xoJe peakiuu oOpa3yercst 00JIbIIOe KOJTUYECTBO OTXOJOB U TEPSAETCS TIOUTH
MOJIOBMHBI Hcmoib3yemoro rajgorena B Buge HCI, HBr waun HI, uto cHmkaeT He TONBKO
ATOMHYIO DKOHOMHYHOCTh PCaKIWid, HO M WX MPHUKIAJHYI IICHHOCTb, OCOOCHHO IpHU
UCTIOJIb30BAHUHU JOPOTHX U NehUIMTHBIX Bra (12).
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Hactosmas rmaBa mocBsimeHa pa3paboTke 3(QGEKTUBHBIX M 3KOJIOTHYHBIX METOIOB
ANEeKTpocHHTe3a 4-xyiop-, OpoM- W  HOANUPA30JOB, JHUIICHHBIX HEJIOCTATKOB
XUMHUYECKOTO METO/1a MX TTOTYUCHHS.

1.1. DNeKTPOCHUHTEe3 TaJIOTEHOAPEHOB W  XHMHYeCKOe TrajiorTeHHpOBaHHe
MHPa30JI0B
[TocKONMBbKY DIEKTPOXUMHUECKUE HCCICIOBAHMS C YY4acTHEM IHPa30joB U WX 4-
TaJIOTCHONTPOU3BOHBIX paHee HE MPOBOIMINCH, HECOMHECHHBI WHTEPEC MPEACTABIISIIH
paccMOTpPEHHBIC B HACTOSAIIEM pasfielie JaHHbBIC 10 AJIEKTPOTaIOTEHUPOBAHUIO APYTUX
apeHOB, PABHO KaK CBEJICHHS [0 XUMHUYECCKOMY CHHTE3Y TaJIOTCHITMPA30JI0B.

1.2. Pa3paborka 3(QPeKTHBHBIX, IKOJOIHYECKH MNPHBJIEKATEIbHBIX METOJA0B
MOJIyYEeHHS TaJI0TeHONUPA30JI0B B YCJIOBUSAX «RAPHO20» IJIEKTPOJIU3A

Pa3paboTanbl anbTepHATUBHBIE XHUMHYECKHUM TIPOIECCHl TOJy4YeHHUs 4-TajoreHo-
MMPaA30J0B B YCIOBUSX TajJbBaHOCTATHUYECKOTO IUAaPparMeHHOro 3jeKkTposn3a Ha Pt
aHOJI€ BOJHBIX PACTBOPOB TAJIOTCHUOB IIEIOYHBIX METAIOB, COJEPKAIIUX MUPA3O0JIbI.
B psine ciiydaeB ucnonb30Banu rerepodazHylo cMeCh BOJHBIN PacTBOp / OpraHUYECKUN
pactBoputenb. OOBEKTaMH HCCIEIOBAHMS TIOCTYKUI MHUPOKUN Kpyr N-He3aMmemeHHbIX
1 N-aJKuinupazosioB ¢ AOHOPHBIMHU W aKIENTOPHBIMU 3aMECTUTENSIMU TIpu C-aTomax
reTepoIMKIIa.

[Ipexxne Bcero, METO0M HMUKINYECKON BOJIbTAMIEPOMETPHUH MOKa3aHO, YTO MPOIIECC
MpOTEKaeT corjacHo cxeme 1. ryie mepBoHaYaIbHO FeHEPUPOBAHHBIM HA aHOJIE TAJIOTEH,
XUMUYECKH B3aMOJICUCTBYET C MUPA3O0JIOM.

+ _

2 Hal

- 2e
Cxema 1.
RZI R2| Hal
Hal, + —> N + HHal
N, N/‘\Rs “N~ R3
\Rl \Rl

Hal=Cl Br,I; R'=H, Me, Et;
R2=H, Me, COOH, COOMe, NO,; R’ =H, Me, COOH

1.1.1. Snekmpoxumuueckoe xnopuposanue nupazoios

MopenbHbpIM 00BEKTOM HCCleA0BaHU Obln BeiOpaH 1H-mupaszon (1). Dmektponus
BeNM B nuadparMeHHoi suerike B BogHoM pactBope NaCl, mpomyckas 2 F Ha Mob
nupasoiia aekTpuyecTsa. [lokazano, uro anekrpoxiopuposanue (3X) nupaszona 1 exer
K 4-xnmop-1H-upazomy (la) (Beixon 34% wnHa wucxomuwsli mwmpaszon). [1oGo4yHBIM
nponyktom sisisercst 4,4'-nuxiop-1,3'(5")-6unupazon (2, Beixox 15%). Ilpemmoxken
(cxema 2) MexaHu3M 00pa30BaHUs OUMHUpPA30Ia 2, BKIIOYAIOIINN Peakiuio coeAuHeHus 1
c anomHo reHepupoBanHbiM Cl>  mpuBomsmyro k  1-xmopmmpazomy, N-C-
neperpynnupoBka kotoporo aaet nupazon la. Ilocnennuii «moxmopupyercs» g0 1,4-
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IUXJIOpIUpa3ona, B3auMOJACIHCTBHE KOTOpOro ¢ mnupazojgoM 1 u mocienyroiiee
xyiopupoBanue, naet C—N cBs3aHHBINA OUTTHPA30 2.

| Cl
+ 2l N\Nj| — Il\l\N |

Cl la H
. N 2 N
. f Ch | VNN N
SN cl SN
clp + | | | |C' H
N, N 2
7 N °N
H Cl

N

| 'HCI

Cxema 2

[MpoBeaenue siekrpoiusa B rerepodasuoii cpeme (Bomusiii pactBop NaCl / CHCIg)
YBEIIMYMBACT BBIXOJ Mupaszoia la 10 46% wm cHWXaeT BbIXoja Oumnupaszona 2 go 6% 3a
CYeT JKCTPAKIMH IIEJICBOTO MPOAYKTa OPraHMYECKUM PacTBOPHUTEIEM. B omTHManbHBIX
YCJIOBHSIX pealn3aliy 3TOro mpoiiecca (cM. Tabi. 1) Beixoa xyopnupasoia la coctaBui
46%, a BeIX0J «Ounmpasona» 2 He 6omnee 6%.

2
RS H 2Cl, -2e K 1
N —_—> N + HCI
\N R3 \N R3
Rl

Rl
1,3-11

Cxema 3

1a, 3a-11a

Ta6auna 1. DIeKTpoXxUMHYECKOe XJIOpPUPOBaHKe nupasonos 1, 3—112)

IMupazon 3arpyska R! R? R3 [Mpoaykr | Beixos nmpoaykra
nupasofa 110 BemecTBy, %°
MOITb- T
19 05 H H H 1a 46
39 0.5 H Me Me 3a 59
49 0.5 Me H Me 4a 26
4aa 6
5¢) 0.5 Me Me H Sa 15
Saa 35
6 0.5 H NO: H 6a 31
6 0.25 H NO: H 6a 41
7 0.25 H COOH H 7a 78
8 0.25 Me COOH H 8a 70
9 0.25 Me H COOH %9a 93
10 0.25 Et COOH H 10a 84
11 0.125 Me NO2 COOH 1lla 4

%) Pt anos, Cu katox, Cnacl =4 M, ja= 100 MA/cM?, Q,, = 2 F / Mons nupasona, T =15 °C.
b) Pacuer no namneM SIMP *H CIIEKTPOCKOITHUH BBIICJICHHON CMECH MPOYKTOB JIEKTPOJIN3A.
© Dnextponus Benu B reTepodasHoii cucteme Boxusiii pactBop NaCl / CHCls, ¢ cooTHOnIEHHEM
=7:3.
HccnenoBaHo BIMSHHME NMPUPOABI 3aMECTUTENEH (JOHOPHBIM WIM aKLUENTOPHBIN) B

NUPa30JIbHOM IMKIIE Ha MpoTeKaHnue npouecca X (cM. cxema 3 u tadm. 1)
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VYcranoBieHo, 4to DX THUPa30J0B MPUBOAUT K TIOTYyYEHHUIO 4-XJIOPIUPA30IOB C
BbixosiamMu 4—93%. Hanuuue B LMKiI€ JOHOPHOTO 3aMECTHUTEIISI MOBBIIIAET, & AKIENTOP-
HOTO — YMEHBIIAET BBIXOJ] IEJIEBOTO MpoayKTa. CYIIECTBEHHYIO POJIb UTPACT TOJI0XKE-
HUE 3aMecThTene B mukie (cM. cxema 4). Tak, mpu Hamuumum Me-3aMecTHTENs B
nojokeHun 5 mmpaszona 4, ero DX mporekaeT B OokoByro Imemb (cxema 4.1), a
IPUCYTCTBUE Me-rpynbl B MOJOKEHUU 3 MHUpa3oja S BEAET K 00pa30BaHUIO MPOAYKTA,
CoJIeprKalllero JBa aToMa XJiopa B IUKIIe — Irpa3oi Saa (cxema 4.11).

| | 2CL, 2 | cl | a
HCa | + |
Me N, N~ Me N, N~ CHCI

4 4 4aa
Cxema 4 a
+
- HCl N 1 N 1
N N Cl
Me
5 S5a Saa

1.1.2. Dnekmpoxumuueckoe dpomuposanue nupazoios

DnextpodbpomupoBanue (Ob) nmupazonoB npoBoAwI B rerepoda3Hoil cpesie: BOIHbBIN
pactBop NaBr / CHCIs B ycmoBusix mono6ubix ux 29X. HaiineHo, uto Ob nupasoma 1
BeJIeT K monydeHuio 4-opom-1H-nmpaszona 1b ¢ Beixogom 70%, mpudem, B OTIUYHME OT
DX »9TOoro mnmpaszojia, COOTBETCTBYIONIMU Oumupazoil He oOpazyercs. OdeBUIHOM
NPUYMHON SBISIETCST BBICOKass CkopocTh N—C meperpynmupoBKH B TPOMEKYTOYHO
obpazyromemcs N-6pommupasone (cm. pazaen 1.1.4).

W3ydyeno BnusHHuE paznuyHbIX (hakTopoB Ha dddektuBHOCTh Ob. B ontuManbHbIX
yenosusix Db nupazona 1 (cM. Tab:1. 2) Beixoa mpoaykra 1b pasen 70%.

BrusiHue MOHOPHBIX W aKIENTOPHBIX 3aMECTUTEICH B IUPA30JIbBHOM IMKJIC Ha
npoTeKkaHue mporecca (cM. cxema 5 u Tabn. 2) mokaszano, uyto B neinom Ob mupaszonos
OPUBOJIUT K 0Opa3oBaHuio 4-OpoMmupas3oiioB ¢ Bbixogamu 55-94%. IlpucyrctBue
JIOHOPHBIX 3aMECTHTENIC B MHUPA30JbHOM IHKIIC OJIATONPHUATCTBYET pealn3alliu peak-
nuu Db, a HanM4Ke aKIEeNTOPHBIX 3aMECTUTENIEH 3aMETHO HE BIMSIET Ha 3TOT MPOIIECC.

Crnenyer oOpaTuTh BHUMAHUE Ha pa3inyHoe ToBeaeHue B peakuusx Ob u DX 1,5-
mumetwi-1H-nupasona 4, cogepxamero Me-rpynny B nonoxenuu 5 nukia. Ilpu Ob
o0Opa3yloTcsi MpOAYKTHI, COJAep)Kalllue OJUH WM JBa aroma OpoMa B IHUKIE
(coorBercTBeHHO mupason 4b u mmpaszon 4bb, cm. cxema 6), Torma kak, mpu DX
oOpa3zyeTcsi MPOIYKT XJIOPUPOBAHUS MHUPa30iIa B OOKOBYIO 1emb (cM. cxema 4). [Ipuunna
aTOro OyneT oOcyxaeHa Hike (cM. pazaen 1.1.4).

R2 H - R2 Br
2 Br, -2¢
Cxema 5 1|\I ” 3 > 1|\1| ” 5 T HBr
~ R N R
N1 N
1

1, 3-10, 12 1b, 3b-10b, 12b
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Tabauua 2 DjeKTpoXuMHUuecKoe GpomMupoBanue nupasonos 1, 3—10 u 129,

[Mupason | 3arpyska nupaszona | R! R? R3 [poxykt | Bsixon mpomykra
Momp- T 1o BemecTny, %
19 0.5 H H H 1b 70
39 0.5 H Me Me 3b 94
4°) 0.5 Me H Me 4b 66
4bb 7
50) 0.5 Me Me H 5b 55
5bb 26
6 0.25 H NO2 H 6b 90
7 0.25 H COOH H 7b 72
8 0.25 Me COOH H 8b 79
9 0.25 Me H COOH 9b 84
10 0.25 Et COCH H 10b 89
12 0.125 Me COOH | COCOH 12b 84

%) Pt agos, Cu karoxa, Cnasr = 1 M, ja =30 MA/cM?, Qi = 2 F / Moms tmpasona, T = 30 °C.
b) Pacyer no nanaeiM IMP H CIIEKTPOCKOIIMU BBIJCIICHHONW CMECH MPOJYKTOB 3JIEKTPOJIN3A.
©) Dnextponns Beau B rerepodasHoii cucreme BoaubIA pacteop NaBr / CHCls, ¢ cootHomennem

=7:3.

- Br Br, Br
Cxema 6 ll\l |M 2_34};]’3:% ll\l | + 1'\1 |
~ N € ~ N Me N N Me
Me Me Me
4 4b 4bb

B memoMm, 1npu TraJOreHUpPOBAaHMM B  PACCMOTPEHHBIX  BBIIIE  YCJIOBHSX
nuadparMeHHOTO 3JEKTpoin3a, 3pdeKTHBHOCTh TporeccoB DX u Db mnupazonoB B
BOJIHOM cpejie ObLIa BBILIE WIM HA TOM K€ YPOBHE, 4TO M 3((EKTUBHOCTh aHAIOTUYHBIX
XUMHYECKUX TpoieccoB. K Hemoctarkam mOCHEAHUX OTHOCATCA. HEOOXOAMMOCTH
UCIIOJIb30BAHMSI TOKCHUYHBIX TaJIOT€HOB, 0oJjiee BBICOKHMX TEMIIEpaTyp M, Kak MpaBuio,
HEBOJHBIX Cpel.

3ameTHO OONBINKE MPEUMYIIECTBA B CHHTE3¢ 4-XJI0p- U 4-OpoMmupa3osioB (cxema 7)
JTaJI0 MCIOJIb30BaHME MPUHLHUINA TUA(QPArMEHHOTO «HAPHO20» DIEKTPOJIM3a, KOrja B
AQHOJTHOM OT/ICJICHUH TMPOUCXOIUT rajOreHHpPOBaHUE MUPa30joB ¢ obOpazoBanuem HCI
nwin HBr, B katonHoM — reHepupyercs 2 MOJsA ILIeIo4d M3 pacuera Ha 1 monb
raJIor€HBOJI0pO/1a.

Omun  monb  obOpasyromerocst B katoaute NaOH  Obin ucnonb3oBan — uis
HEUTpanu3allud aHOJINTA, IIOCIe Yero M3 pPEaKIUOHHONW cMecu Bblaensau 4-
ramoreHonupaszon. OcraBuimiics B KaTOAHOM  OTACNIEHUM  HM30BITOK  IIEJIOYU
HelTpamm3oBamn gob6askamu HCI (HBr). [Toxy4yeHHbIE coieBbIe pacTBOPHI HCIIOIB30BAIH
B MOCJEIYIONIEM 3JIEKTPOCHHTE3€. DJTO TMO3BOJIJIO KOMIIEHCHPOBATh PAacXoJ HOHOB
rajjoreHa (Hal"), Ha monyuenue 4-ranorennupasona. Takas opranu3zaiys npoieccos DX
(Ob) peanmzoBana Ha puMepax noyydeHus 4-xyuop-1l-metun-1H-nupason-5-kapooHoBON
KUCIOTHI U 4-Opom-3,5-aumeTun-1H-nupasona ©3 COOTBETCTBYIOIIUX MMHUPA30JIOB.
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HaiineHo, 4TO0 TOBTOpPHOE WHCIIONB30BAaHUE OTPAOOTAHHBIX PACTBOPOB HE CHIDKAET
BbIxoJzia (~87-92%). Takum oOpa3om, pa3paOOTaHHBIN HAa MOJEIbHBIX MPUMEPAX METOJ
TIOJTy4YCHHSI 4-TaJOTCHITMPA30JI0B OTKPHIBAET BO3MOXKHOCTh OpPraHU3aIlMi Ha 3TOW OCHOBE
MaJIOOTXOJTHOTO TIpoIiecca.

OPTA . ., -
@ Hal ©
2 \/’ N N - 2H>
\pl
Cxema 7 -2e R +2e
R2 Hal
2Hal N T ] l+HHal 20H
A ~N R
i R HHal

R =H, Me; R?=H, Me; R3= Me, COOH ; Hal =Cl, Br
1.1.3. Dnekmpoxumuueckoe uoouposanue nupazoos

Onexktpoxumudeckoe uonuponanue (OM) mupazonoB MpoBOAWIM B reTepodasHon
cpene (Bomubeiii pactBop Kl / CHCI3) B ycnoBusx anamormynbix ux Ob. Beibop
rerepodazHoi cpebl 00yCIOBIEH reHepaluell Ha aHOE TI0X0 pacTBOPUMOIO B BOJAHOU
cpene noga. OQHOBpPEMEHHO, ¢ y4eToM BbICOKOM crommoctu Kl, pemanach 3amada ero
MaKCUMAaJIbHOTO MCTIOJIb30BaHUS B CHHTE3E.

[Tokazana Bo3moxkHOCTh DU mupaszona 1 ¢ HeBbicokuM (28%) Bwixomom 4-uon-1H-
nupaszoina le. B npoaykrax peakuuu Hapsiay ¢ moanupasonom le, oOHapykeHo OoJblIoe
KOJINYECTBO CBOOOIHOTO MOa (BbIX0a 47% 10 TOKY), YTO YKa3bIBAJIO Ha HEBBICOKYIO €r0
PEaKIMOHHYI0 CcIocOoOHOCTh (cM cxemy 1). Ilpu wusydenunm 3axkoHOMepHoOcTei DU
YCTAaHOBJIEHO, YTO TMOBBICUTH BBIXOJ TMpPOAYKTa HoaupoBaHus 10 57% ynaercs
MPOBEACHUEM DJIEKTPOJU3a B TMPUCYTCTBUU OCHOBaHUS (MOJIbHOE COOTHOIIEHUE
NaHCOs/mupaszon = 1.5 : 1), kotopoe cBs3bIBaeT oOpasyromuiicss B mporecce HI (cm
cxema 1). M3menenue 3arpy3ku Kl u mmpasona, MIOTHOCTH TOKA Ja, U TEMIEPATyphI
JIUIIb HE3HAYUTENBHO BIMSUTH Ha BeIxoa 1c. B pe3ynbrare, B HalIGHHBIX ONMTHUMAaJIbHBIX
yCIOBHSX 2JekTpoiu3a (cMm. Tadu. 3) OU nupasona 1, maer noanupaszon 1¢ ¢ BBIXOJAOM
57—60% B pacueTe Ha UCXOIHBIN MTUPA3OI.

Hamu Takke WHCCIENOBAHO BIMSHUE TMPUPOABI JIOHOPHBIX H  aKUENTOPHBIX
3aMECTHTEJICH B MUPA30JLHOM ITUKJIC HA TIPOTeKaHue mporiecca (cM. cxema 8 u tadi. 3).

Haiineno, yto Hanuuue y C-aTOMOB MUPA30JbHOTO ITUKJIA JTOHOPHBIX 3aMECTUTEIeH
CIoCcOOCTBYET, a aKIENTOPHBIX — CHJIBHO 3ameisieT DU atux coeaumHeHuid. BaxHyro
POJIb UTPAET MOJIOKEHUE ATKUIIBHBIX 3aMECTUTENEH B LIUKIE, IPUYEM UX MPUCYTCTBUE Y
aToMa a30Ta 3HAYUTEIbHO CHIKAeT CKOpocTh peakumu JU. CrienyeT moauepKkHyTh, UTO B
ycIoBUSX mpsimMoro DM  mupa3onoB W3-3a HU3BKOM PEAKIMOHHOW CIIOCOOHOCTH

AIIEKTPOTEHEPUPOBAHHOTO |2 KOHBEPCHS UCXOTHBIX BEIIECTB ObLIa HEBBICOKA.
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R? H - R2 I
Cxema 8 | | 21 -2e | + HI
N\ R3 N\ R3
N N
R! R!

1, 3,5-9,13-16 1c, 3¢, 5¢-9¢, 13c-16¢

Tabauna 3. DIeKTpPOXUMUYECKOE HOAUPOBaHUE upasonos 1, 3, 5-9, 13—-169.

[Mupazon | R? R? R3 IMpoaykT BBIX0J IPOTYKTOB, %°)
MOJIMPOBAHUS | HOAUPOBAHUS nosa 1o

10 BEIECTBY TOKY
1 H H H 1c 57 13
3 H Me Me 3c 86 14
5 Me Me H 5c 35 64
6 H NO- H 6C 2 95
7 H COOH H 7c 30 51
8 Me | COOH H 8c 0 91
9 Me H COOH 9c 0 96
13 H | COOMe H 13c 46 55
14 Me H H 1l4c 5 90
15 Me Me Me 15c 71 28
16 Me NO2 H 16¢ 0 98

9 Pt amom, Cu xarox, rerepodasHas cucrtema BomHblii pactBop Kl / CHCls o6bemuoe
cooTHoueHue paBHo 7 @ 3, 3arpy3ku mnupazona : Kl u NaHCOsz 0.1, 0.1 u 0.15 mons/n
COOTBETCTBEHHO, 2neKTporuT pona 0.3 M NaNOs, ja = 7.5 MA/em?, Q,, = 2 F / Mons upasona, T
=30°C.

b Brxom Mom3aMeIIEHHBIX ITHPA30JIOB paccyuTaH mo jgaHEBIM SIMP 'H cmexrpockomuu
BBIJICTICHHOW CMECH TMPOAYKTOB JJIEKTPONW3a. BbIXOA Hoga ONpeaeisuid  METOIOM
MOIOMETPHYECKOTO aHAJTH3A.

Henocratku npsimoro DU mupaszosioB CTUMYIUPOBAIN MOUCK Oosiee 3P (HEKTHBHOTO
MeTona. B pesynpTaTe OBLT pa3paboTaH HOBBIA JBYXCTAIUWHBIN CHOCOO TOTy4YEHUs
[[EJIEBBIX TMPOAYKTOB B BOJHON Cpele, OCHOBAaHHBIM Ha WCIOJIb30BaHUU OoJiee
PEaKIMOHHOCTIOCOOHOH, 0 cpaBHEHUIO ¢ |2, nogHoBatuctoi kucinotel HOI. Ha mepBoii
craauu dnekrTpokatanutudeckuM okucieHueM Kl momyganmu KlO3z B ycnoBusix
0e3nuadparMeHHOTO TajJbBAaHOCTATHUYECKOTO ANEKTpoiu3a, ¢ ucrnoibszoBanueMm NiO(OH)
B KauecTBe Meauaropa (cM. cxema 9). HalimeHbl onTHMalbHBIE YCIOBUS MPOBEIACHUS
cunre3a, (Ni anmox m karoxa, xonmentpanuu Kl, KOH u K;Cr,07 = 0.1+1.0, 1.0 u
0.003+0.01 M cooTBeTCTBEHHO, ja = 200 MA/cM?, Q = 6.0-6.6 F / mons Kl, T'= 70 °C)
MO3BOJIMBIIINE MOTYYaTh 1IeJIEBON MPOAYKT € BbIXoA0M 95—99% 1o BemecTBy.

N3BecTHO, YTO B NPOMBINUICHHOCTH CHayajga BBIACISIIOT |2 W3  TPUPOTHBIX
UCTOYHUKOB U JIMIIb, 3aT€M IMOJYYalOT HOIUABl METAIOB. DJTO TOOYAWUIO Hac
pa3pabotaTh BTOpOii MeTon AnekTpocuHTe3a KlO3 ¢ ucnons3oBanuem |2 kak MCXOAHOTO
BemecTBa. [Iporecc Benu B ycmoBUAX OMU3KUX OMMCAHHBIM BBIIIEC TIPU KOHIICHTpaIuu |2

0.15M, u Q =10 F / mons |2, mony4as nieneBoit KIO3 Beixogom >99%.
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Ni kaTox o
~ @ Ni anon
18 OH 6 Ni™
-12e
+18e 5 = 9 H2
Cxema 9 18 H,O

_A|6 Ni(OH),

{

-6¢e,+6OH,-6H,0

KI|

| 6 NiO(OH)

KIO3
> 98%

DnektpocunrtesupoBanbiii KIO3 manee mpuMeHsM Ui MOAMPOBAHUS MHPA30JIOB,
ucnioni3yst cuctemy Kl / KlO3 B BogHOoM kmcinom (mo6aBkm H2SOs) pactBope. Ota
peakius BIIEPBBIC OCYIIECTBIEHA HAMH B BOJHO-OpPTaHMYECKOU cpene. [leso B TOM, 4TO
NPOMEXYTOYHO oOpasyromiuiicss |2 TpyaHO pacTBOpUM B BOjE, IO3TOMY MBI
ucnosb3oBanu rerepodasnyio cucremy H20 / CHCI3 (cm. cxema 10A).

2 KIO; + H,S0, — 2 HIO; + K,S0,
A HIO; + 5KI + 2.5 H,SO; 31, + 2.5K,804 +3 H,0
21, + HIO; + 2 H,0 —=—> 5 HIO

H

B. | H, | i ot | “LOH | O | ! Nacos |
"N + | Nt ! H N+ -CO,, 1O N
— N B P
~ N e N\ N H/ ~ N H OZ 2
H ‘H

H
“H

O — KOMILIJIEKC

+ 1
\N: H--- HOI” Ny \N:[
H N H

O — KOMILIJIEKC

Cxema 10

3aKOHOMEPHOCTH HOIMPOBAHMS M3Y4YCHBI Ha mpumepe mupasona 1 (cm. cxema 10).
Onektporenepupyemass HIO BpicTymaer kak KIIOYEBOW HMOJUPYIOUIUNA areHT 0
OTHONIICHHIO K Mupaszony. MoaupoBaHuio mojBepraercs NpOTOHHpOBaHHas Qopma
nupasona 1, nmpouecc karamusupyeT H2SO4, comeiictBys otmerienuto OH-rpymnmsr ot
HIO. Ompenenensl onTHManbHBIE YCIOBHS pealu3aluu mporecca (cMm. Tadm. 4)
MO3BOJIMBIIINE MOTy4YaTh NPOAYKT 1C Beixogaom 80%.

[Mpouecc DU 3aBUCUT OT CTPOEHUST UCXOMHOTrO mupaszona (cxema 11, tadn. 4).). Io
CPaBHEHUIO C HE3aMEIIECHHBIM MHPA30JIoM 1 ero amKuiImpous3BOJHBIE 00JanarT Oonee
BBICOKO OCHOBHOCTBIO I MEXaHHU3M UX HOAMPOBAHMS TAKXKE MOXKHO onucaTh cxemon 10,
yactu A, B. HampotuB HuTpompousBojHbie nupaszoibl 6, 11 u 16 ManoocHOBHBI
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(marmpumep, ans nupaszona 11 pKeu+ = -4.66) m B ycClIOBUSIX JKCIEpUMEHTAa OHH B
OCHOBHOM CYIIIECTBYIOT B HENPOTOHUPOBAHHOW ¢dopme. MexaHU3M HOJAUPOBAHUS
COEJMHEHUI TaKoro TUIa MOXKHO npeacTaBuTh cxeMoit 10 wactu A, C.

(cxema 9)

Rl2 H R2| I
Cxema 11 5 N |R3 +KIO3 +2KI + 1.5H,SO4 —> 3 | 3+ 1.5K;804 +3 H0
\N \N R
R' R'
1,3,6-9u 14 1c, 3¢, 6¢-9c u 14c¢

YcraHoBieHo, uTO HMoaupoBaHue mupasoioB 1, 3, 14 (cxema 11) ¢ moOHOpHBIMHU
3aMECTUTEISIMU B THPA30JIbHOM IMKIE ycremHo mnpotekaer mpu 50 °C ¢ BeIXogoM
HEJEeBBIX MPOAYKTOB 79—91%. B cinyuae ske ManopeakiiMOHHOCIIOCOOHBIX MHPa30JI0B 6—9
C AaKIEeNTOPHBIMU 3aMECTUTEISIMU B IMKJE TMPOIECC BeIu TMpU Oojiee BHICOKOH
temrepatype, T = 66 °C (Beixoasr 60—78%).

Tab6auna 4. Breixoasl 4-uoa3aMeimieHHbIX mupaszoioB le, 3¢, 6¢—9¢ m 14c mpu
MOAMPOBaHUK upa3onos 1, 3, 6—-9 u 14 cucremoii Kl/anexrporenepupopanusiii K103 2,

[Mupason | R? R? R3 T °C | Opranuueckas [TpoaykT Beixon
daza WOJAMPOBAHMS | MPOAYKTA, %
1 H H H 50 CHCI3 1c 80
3 H Me Me 50 CHCI3 3C 91
6 H NO2 H 66 CCls 6C 60
7 H COOH H 66 CCls 7c 75
8 Me | COOH H 66 CCly 8c 72
9 Me H COOH 66 CCly 9c 78
14 Me H H 50 CHCI3 14c 79

?) Vcnosus skcnepumentos: | M KOH, rerepodasnas cucrema H20 / CHCIls (CCls) (5 : 1 mo
o0bemy), 3arpyska nupasoia 0.9 Monb/i, MoabHOE cooTHomeHne nmupason : KlOs: Kl : HaSO4 =
3:1:2:4, T=50°C, BpeMs peakiuu 3 .

b) Brixon paccuuran no gasasiM SAMP H.

Beltie 66110 OTMEYEHO, YTO MOJUPOBAHUE MUPA30JIOB MPU HUCTIOIH30BAaHUU CHCTEMBbI
K1/ KlO3 / H2SO4 potekaet yepe3 npomexxyTouHoe oopazoBanue l2 (cm. cxema 10A). B
ATOM CBSI3M HAMH TAaK)KE€ MCCIEA0BAHO NMPUMEHEHUE B KauyeCTBE HOJAMPYIOLIETO arcHTa
cucrembl ekTporeHepupoBannbiii KIO3 / 12 / H2SO4 st momyuenust 4-uoanupasoios
(cM. Tabu. 5, cxema 12).

(cxema 9)

R|2 H RZ| I
Cxema 12 5 N |R3 +KIO; +21, + 0.5 H,SOy4 —>» 5 N | 3 + 0.5 K,;S04 +3 H,O
~ ~ R
N N
R! R'

1,3,6-9u17 1c, 3¢, 6¢-9cu 17¢

W3 anammza Ttabmuir 4 u S SICHO, YTO TPH HUCHOJB30BAHMM IS HOJUPOBAHUS

nupa3onoB KlOs, MOTy4eHHOT0 3JIEKTPOXUMHUYECKUM ITyTeM, BbIXO/a IEJIEBbIX MPOAYK-
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TOB B OonbpmIMHCTBE ciydaeB pocturator 72—93%. Ha mnpumepe wmanopeaxiimos-
HOCIOCOOHOTO nupasona 17 mokazaHo, YTO BBIXOJ COOTBETCTBYIOIIMX HOJIPOU3BOIHBIX
MOKHO TOBBICUTh 3a CUET YBEJIMYEHHUS MPOJOJDKUTEIBHOCTH peakiuu. Tak BBIXOJ
npoaykTa 17¢ pe3ko Bo3pacrtaeT (¢ 32 mo 83%) npu yBeIMUEHUU BPEMEHU MPOBEICHUS
peakuuu ¢ 3 10 14 4. J{na cpaBHEeHUs1 MOTYEPKHEM, XUMUUYECKOE HOJIUPOBAHUE (BBIXOJ
80%) mmpaszoma 17 Bemyr B Oonee xectkux ycnoBusx (MeCN, mommpyronmii areHTt
I2/(NH4)2Ce(NO3)s, T =80 °C, 72 u).

Tab6aunma 5. Beixoasl 4-uoa3amemeHHbIX mupaszoioB le, 3¢, 6¢—9¢c u 17¢ mpu
noauposanuyu nupaszonos 1, 3, 6—9 u 17 cucremoii: lo/>nexrporenepuposannbiii KIOs 2,

[Mupaszon | R! R? R3 T °C | Opranuueckas [Tpoaykr Beixon )
daza MOJAMPOBAHMS | IPOAYKTA, %
1 H H H 50 CHCIl3 1c 93
3 H Me Me 50 CHCl3 3c 93
6 H NO H 66 CCly 6c 82
7 H | COOH H 66 CCly 7c 86
8 Me | COOH H 66 CCly 8c 74
9 Me H COOH | 66 CCly 9c 78
179 H NO; COOH 66 CCly 17¢c 32
17 &9 H NO; COOH 66 CCly 17¢c 83

9 1 M KOH, rerepodasnas cucrema H20O / CHCIz (CCls) (5 : 1 mo 06beMy), 3arpyska mupasoiia
1.5 Mo/, MmonbHOE cootHomenue mupazon: KIOz: I2: HoSOs=5:1:2:7, T=50 °C, Bpems
peakmuu 3 4.

b) Beixon paccuuran o nanaeiM AMP H CIEKTPOB BbIJICJIICHHON CMECH ITPOIYKTOB.

© Jns mpoaykTa 17¢ HeT XapaKTepHBIX curHanoB B crekrpe SIMP H. Jlna ompenenenus ero
BBIXO/Ia TMOJIYUEHHYIO CMeCh KUCIOT 17—17¢ mpeBpamajii B METUIIOBBIC Y UPHI.

%) Bpemst peakuyn 14 u.

N3 cpaBHeHUs JBYX pa3pabOTaHHBIX CIOCOOOB HOAMPOBAHHUS CJEAYET YTO, IPHU
3amene |2 va HOI, BbIXOI MNPOAYKTOB HOAUPOBAHUS ISl MUPA30JIOB C JOHOPHBIMU
3amectutensiMu ynydmaercss Ha 15—20% wu Gonee uem Ha 50% — 11 MHMpas3osoB ¢
aKIENnTOPHBIMH 3aMecTuTessiMu. [Ipu sTom ynaercs u3zbexarb noteps l2 u B 10—15 pa3
YBEJIUYUTh TMPOU3BOJUTEIBHOCTh MpOIEcca. 3aMEeTUM TakKe, YTO B 3TOM cliydae (B
ornuyre OT oxaHoctaauitHoro OW) mnpucyrcrBue 3amectutenss npu  N-atome
MUPA30JIbHOTO IUKJIA HE 3aTPYJIHAET NPOTEKAHUE PEAKIIUU UOJUPOBAHHS.

Ha npumepe aHu3oma, 2-MeTWIMMHAA30la W THO(EeHa IMOKa3aHO, 4YTO
anekTporenepupoBannyo HOIl MoxHO ncnons3oBath s 3gdextuBHOro DU HE TOIBKO
HOMUPA30JIOB, HO U B CUHTE3€ MOAMPOU3BOIHBIX JIPYTUX apeHOB. Tak, 4-momaHu3oi, 2-
MeTHI-4,5- 1o umMuaa3o u 2-uoatuoder ObU moaydeHsl ¢ Beixonamu 88, 54 u 60%

COOTBETCTBEHHO.
1.1.4. Ob6wue 3akonomeprnocmu INEKMpPoO2ano2eHUpPoOBaAHUs RUPA3OTLO08

Ocoboe BHMMaHKE B IVIaBe | yAENeHO 3aKOHOMEPHOCTSIM JIEKTPOraJlor€HUpPOBAHUS
NUPA30JI0B U BIMSHUIO CTPOCHUSI MCXOJHBIX IMUPA30JI0B HA 3TOT Ipouecc. OTnpaBHOU

TOYKOM 3THX HCCIEHOBAaHUU CTajo IpeanosioxkeHue IleB3Hepa, 4To Ha NEPBOM CTaIUU
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raJIOreHUPOBAHUS [TMPA30JI0B IPOMCXOIUT aTaka rajoreHa no uMuHHomy N-atomy azosia
C TeHepalueld NPOMEKYTOYHOTO G-KOMIUIEKCa, KOTOphIi 3aTem mperepmeBaer N-C-
NIEPErpymnImupoBKy ¢ oOpa3oBaHueM 4-rajorenmnupasoia (cxema 13). O6pasyromuecs u3
o-KomIuiekca N-rajoreHnupaszoibl HEYCTOMYMBBI U OBICTPO TpaHCPOPMUPYIOTCS B
cooTBeTcTBYIOUIME C-TalOr€HIIPOU3BOIHBIE. DTO HE AA€T BO3MOXKHOCTH 3a()MKCHUPOBATh
N-C neperpynmnupoBKy.

- Hal

H H :- Hal Ha
Cxema 13 [l\] | - ,|\|® | T HHa | ,|\| |
Hal H HaI ) H

Hal = CL, Br, 1

Takyro TUIIOTE3y YJaJlI0Ch MOATBEPAUTDH, TOI00pAB JOCTATOYHO CTabuiIbHBIE 1-XJ0p-
u 1-Opom-4-HUTpONMpPA30Jbl W Ha HJTUX MpUMEpax TMoKa3aTh, 4To B ciydae N-
opommupazona ckopoctb N-C meperpynmupoBKH Topas3no BbImie, yeM B ciaydae N-
xyopnupazona (cxema 14). Ilocnemnee o0bBscHsAeT, mnoueMy OpomupoBanue N-
HE3aMEIIEHHBIX MUPA30JI0B XOPOIIO MPOTEKAET JIJIsl MUPA30JIOB KaK C JOHOPHBIMU, TaK U
C aKUENTOPHBIMH 3aMeCTUTENSIMH (cM. pazzgen 1.1.2).

“leOZ Kq I |N02
N, > N JC (45%)
H

N H20, 4y
Cl

I | k2 I |N02
0,
] H,0, 449 N~NjBf (140 %)
H

Cxema 14 Ko> ky

Hamu oOHapykeHO M OOBSCHEHO pa3iuuue B 3aKOHOMEPHOCTSIX TaJOr€HUPOBAHUS
NH- u N-ankunnupaszosioB. YCTaHOBJIEHO, YTO 3aKOHOMEPHOCTH rajoreHupoBanusi N-
JIKWINHAPA30JI0B TUIUYHBI IS 3JEKTPO(PUIBHOTO apoMaTHYeCKOro 3aMelleHus, T.e.
XJIOpUpOBaHUE MpoTekaeT Oosee 3(PPexkTuBHO, yeM OpPOMHUpPOBAaHME U HOJUPOBAHME.
Opnako mist NH nupa3onoB peakuus MPOXOAUT aHOMAJIBHO: MPOIECChl OPOMUPOBAHUS
peanuzyroTcs 6onee 3h(PeKTUBHO, YeM XJIOpUpPOBaHUA. DTO 00yciIoBiIeHO TeM, uyTo y NH
npa3oiioB o-koMiuieke 19b, oOpasyrommiics npu atake rajoreHa Mo UMHHHOMY aTOMY
a30Ta OBICTPO cTabmmusupyercs ¢ BeiOpocom H™ u oOpazoBanuem N-rajoreHomupasosna
U ero mocienyoiiel neperpynmnupoBkoi B C-ranorenonupason 20b. B cioyuae xe N-
ANIKUJIIIMPA30JIOB  MIPOMCXOANUT B3aMMOJACWCTBHE o-KomIuiekca 19a ¢ Mojexymoi
rajoreHa, NpUYEeM €ro JajdbHeWmas crabwiusanus ¢ oTimeriennem HHal u

obpazoBanueM C-rajJoreHNUpa3oJia NpoTeKaeT MeajieHHee (CM. cxema 15).
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H- L
Hal = ClI, Br, | I | M I . |
N N * HHal N
Hal” Ha]/ \N +8 A} _8 a ~N
Hal , 2 N ALK Mgk Hal--Hal 20a S A1k

+
Cxema 15 ‘k_Ze

2 Hal

) < s
N, ~— Hal +
~
N

R

I
Tl N\N:"

Hal Hal--Hal —

Hal

200 “H

YcraHoBIIeHa NpHYMHA pas3audus B 3akoHOMepHocTsX DX u Db 1,5-mumernn-1H-
nupaszoia (cM. Beimie pasaen 1.1.2). Mel ucxoaumnu u3 runote3sl [IeB3Hepa 0 HATHYUH
IBYX IyTe packpeiTus cBsizu N-ranored B peakuusix N-raaoreHoas3osioB (MHTepMeaua-
Thl TPOLIECCOB TaJOT€HUPOBAHMS a30JI0B): TETEPOJIUTUYECKOTO (Cc 0Opa3zoBaHUEM
MOJIOKUTEIBHO 3apsDKEHHOTO TalloTéHa W a30JaT-uOHa) U TOMOJMTUYECKOIO C

o0pa3oBaHUEM JBYX paauKayioB (cxema 16).

Cxema 16 [A3041] + Hal * <— N-T'anorenoazonr—> B?‘OEI + Hal

JI71s1 mpOBEPKHU 3TOM THUIOTE3bI U3YyUEHO B3aUMOJCHCTBUE TOCTATOYHO CTAOMIBbHBIX N-
xjop- u N-OpommupasonoB ¢ toiayonom. Hailineno, uto B ciydae 1-xmop-4-uutpo-1H-
nupa3ojia dTa peakius TMPOTeKaeT MO paauKaIbHOMY MEXaHU3My, MPHUBOIS K
obpazoBanuto xjopuctoro 6ensuina. IIpu B3auMoaeHcTBHH ke C TOTyojoM l1-OGpom-4-
HUTpo-1H-nupa3ona  peanusyercss mpolecc

ANEKTPOPUIBHOTO  apOMATUYECKOTO

3aMellleHus, TPUBOIALIUH K n- U o-OpoMToiryosiaM (cxema 17).
CH,C|

— S SLSL S

Takum 00pa3om, ObUIO TOKa3aHO, YTO B peakuusix ¢ ydactueM N-XJIopmnupaszosioB
peanusyercs paAMKaibHBIA Tmpouecc, a B ciaydae N-OpoMmMpaszojoB MpPOTEKaeT
rerepouTUdYeckuii paspbiB N-rajmoreH cBs3u B mnupaszoie. [lostomy peakumu, mpo-
tekaromue npu OX win Ob 1,5-gumermn-1H-nupasona 4 (cM BbIIIE) MOXKHO ONKCATH
cxemoii 18.

Ha mepBoii cTamuu mporecca o0pa3yroTcst 4-rajoreH3aMelleHHbIe Mupa3osioB 4a,b,
B3auMojielicTBue Kotopbix ¢ rajmoreHoM (Clz, Br2) mpuBomutr k 00pa3oBaHHIO
4de B

MPOMEKYTOUHBIX

COOTBCTCTBYIOIIHUX N -TaJIOTCHIIPONU3BOJHBIX KauCeCTBC HHTCPMCANATOB.

lIaHBHeI;'IHIPle MMpCBpaAIICHUA 9THUX IMPOAYKTOB IMPpUBOIAT K

obpazoBanuto 1-metun-4-xiop-(5-xmopmerun)-1H-nupazona 4aa (nmpu OX) u 1,5-1u-
metmi-3,4-mubpom-1H-mupazona 4bb (mpu OB).
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2 Hal

+
Hal
Hal Hal -
Cxemal18 || -22 , I . ©) > 1|\1 — N@ Hal
N\N e HalN\ Me Hal Me Hal SN Me
Hal, \Me

N SN ~
\Me “Me 4d Me
4 4a,b 5€
Hal=Cl Hal = Br
Hal = Cl, Br / \
N
~N~ “CH,CI NoN- Me
‘Me ‘Me
4aa 4bb

Takum 00pa3oM, HUTOTOM TPUBEJEHHBIX B pasaene 1.2 wucciaegoBaHUN CTaIH
pa3zpaboTaHHble HaMH 3(PPEKTUBHBIE, M peaJu3yeMble B BOJHBIX Cpedax METOMbI
AIIEKTPOCUHTE3a  4-TaJlOr€HONUPA30JIOB B YCIOBHMSX  «HAPHO20»  DIEKTPOIIU3A.
Cunre3upoBanbl > 50 rajaoreHonupaszojaoB Pa3IudHOrO CTPOEHHUSI, BBIXOJ KOTOPBIX Ha
20-30% mnpeBblIall BBIXOJ TEX K€ MPOJYKTOB, MOJYYCHHBIX XUMHUYECKUM METOJIOM.
Pa3BuThl mpeacTaBiIeHUS O MEXaHHW3ME TaJOr€HUPOBAaHUS MUPA30JOB U BBISBIEH PNl
paHee HEHM3BECTHBIX 3aKOHOMEPHOCTEW, MPUMEHUMBIX M K XUMHUYECKOMY CHUHTE3y 4-
raJloreH3aMellleHHbIX MUPa3oJioB. B dacTHOCTH, ycTaHOBIEHO, YTO 3(PPEKTUBHOCTH
raJIOTEHUPOBAHUS THMPA30JI0OB 3aBHCUT OT CKOPOCTH BHYyTpuMosekyisipHoir N-C
NeperpyninupoBKy rajiorea B N-rajoreHnpou3BoIHOM UHTEpMEIUATE.

I'maBa 2. JieKTpoXxuMu4ecKoe XJJ0pMpOBaAaHUE AMUHOB

JlaHHBI pa3fes TOCBAIIEH JJIEKTPOXMMHUYECKOMY XJIOPDUPOBAHUIO aMHHOB. B
ornuuyre oT C-rajmoreH, N-rajaoreHnpou3BOJHbIE AMHHOB paHee 3JIEKTPOXUMHUYECKU
IIPAKTUYECKU HE U3YYAJIUCh U MPOBEIACHHBIC HAMM MCCIICIOBAHMUSA B OTOM HaIpPaBJICHUU
OTJMYaeT  MpUHUMIHUANbHAg  HoBM3HA.  OObryHO  N-XJOpamMHHBI — MONYyYaroOT
B3aMMOJIeiicTBIEM aMHHOB ¢ TOKCHYHBIM Cl2 1100 ¢ rajnoreHupyromumM areHTaMu. JTH
IPOLIECCHl  COIPOBOXKIAKOTCS  O0pa30BaHUEM 3HAUUTENIBHOTO KOJMYECTBA TPYIHO
YTUIU3UPYEMBIX 0TX0J10B. [ToaTOMYy, pa3paboTka 3MEeKTPOXUMUYECKUX METOJOB CHHTE3a
N-X710paMUHOB, JTUIIEHHBIX YKa3aHHBIX BbIIIE€ HEJOCTATKOB U OCHOBAHHBIX HA aHOJAHOM

okuciennn annona Cl - o Clp, sBisiiiach akTyapbHOM 3a1a4ei.

2.1. Tloayyenue N-XJIOpaMHHOB M HMX HCHOJb30BaHME B CHHTe3€ COeJIMHEHMI,
NMPEeACTABJIAIIINX NPAKTHYECKNH HHTEpeC

bnarogaps BaXHBIM MPUKIAJAHBIM XapaKTepUCTUKAM, HekoTopble N-ranores-
IIPOU3BOJHBIE MOJYYAIOT B IPOMBIIIIEHHOCTH, JPYTHE€ — IIMPOKO HCIOIb3YIOTCS B
OpPraHMYeCKOM CHHTE3€ KaK aMUHUPYIOLIHE, TaJOTCHUPYIOIIHE AarcHTbl WIM Kak
UCTOYHUKH HUTPEHOB. B mpeamOyrne Kk JaHHOMY pas3fiely pacCMOTPEHa MMEIOIIAscs B
JUTepaType HEMHOrouucieHHas HHQopMaius, MNOCBsIIeHHas, 3nekTpocunte3y N,N-

JuxJiopapuicynbpamMugoB U N-X10paMu0B OpraHu4ecKuX KUCIOT.
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2.2. Pa3pabGoTka ya00HBIX, IKOJOrHYeCKH 0€30MacHbIX MeToA0B cuHTe3a N-XJop-
AMHUHOB B YCJIOBHUSAX «HAPHO20» JIEKTPOJIN3a

2.2.1. dnexmpoxumuyeckoe Xa0puposanue aiKuiaMuHo8

HccnenoBanbl 3aKOHOMEPHOCTH DX TMEPBUYHBIX M BTOPUYHBIX alH(paTHUYECKUX
aMUHOB JI0 COOTBETCTBYIOMIMX N-XJIOPIPOU3BOJHBIX HA OKCHIAHOPYTEHUEBO-TUTAHOBOM
anoge (OPTA) B yCJOBHSAX TajlbBaHOCTATHYECKOTO auadparMEHHOrO 3JICKTPOJIN3a
BoaHoro pactBopa NaCl. 13-3a orpanudenHoi cradbuinbHOCTH N-XJIOPAaMHHOB B BOJHBIX
pacTBopax mpoliecc MPOBOAMIN MPU HEeBBICOKUX Temmeparypax (10 °C).

DONEeKTpOXJIOPUPOBAHNME TNEPBUYHBIX aMUHOB H3ydeHOo Ha mnpumepe t-BuNH;,
okucistronierocs: tpyauee, yem annon Cl. Oxkasanock, 9ro npu npomyckannu Q = 1 F /
Monb amuHa ojekrpuuectBa (konmentpamuu t-BuNH, u NaCl 045 uw 4 M
COOTBETCTBEHHO, ja = 100-200 MA'cM?) BMECTO OKHMIAEMOTO0 MOHOXJIOPAMHHA C
BbIXOZIOM 1O TOKy ~ 80% (B mepecyere Ha «aKTUBHBIN XJIOp») oOpasyercs cmech t-
BuNHCI u t-BuNCl,. TIIpeobnaganvie B cMecH IOCIEIHETO  OOYCIIOBJICHO
JTUCTIPOTIOPIIMOHUPOBAHUEM TepBOHAuaabHO oOpa3syromierocs t-BUNHCI, mnockosibky
paBHOBECHE CMEIICHO B CTOPOHY xyxe pacTBopumoro t-BUNCI2 (cm. cxemy 19).

+-BuNH,, Cl
t-BuNH, + Cl + HZO—> t-BuNHCI +H3O ——r5 t-BuNH;'HCl

Cxema 19
0.5 +~BuNCl; + 0.5 +-BulNH;

[Tokazana BO3MOKHOCTH cenektuBHOro nonydenus t-BuNCl,. Vceranosneno, uro B
YCIOBHSIX OJKCIIEPUMEHTa, HE MEHee IIOJIOBUHBI B3SITOTO aMUHA MEPEXOIUT B
COOTBETCTBYIOIIMNA THapoxyiopua. YToObl u30exaTh 3TOro, MpoIecC NPOBOIWIA B
npucytctBue ocHoBanus (NaHCO3), cesssiBatomiero H3"O. Tlpu aToM, ais peanu3zamnuu
DX amuHa HeoOXoauMo mpomnyckanue yxe Q = 4 F / Monb aMuHa 3JCKTpUYECTBA U
IpoIecC MOKHO OMKCATh YPAaBHEHHEM:

- -4
-BuNH, +2 NaHCO; +2 Cl ——  £BuNCl,+2 Na +2 H,0 + 2 CO,

N3ydyeHa 3aBUCUMOCTb BBIXOJa LIEJIEBOTO MpoAykTa oT KoHueHTpauuid t-BuNH:z u
NaCl, anonmnoit mmorHoctn Toka, cootHomenus t-BuNHz / NaHCOs. VYcranosieHb
ONTUMANIbHBIE YCIOBUA Ui 3P PeKTUBHOTO (BBIXOA MO TOKy > 90%) momyuenus t-
BUNCl,: xonmentpammst ammaa u NaCl 0.45 u 4 M coorBercTBeHHO, Ja = 200—900
MA/cM?, monbHOe cooTHommeHne t-BuNHz / NaHCOs = 1 : 3, Q = 4 F / monb amuHa
anektpuuectBa, I'= 10 °C.

Ha npumepe Et:NH nccnenoBano X BTOPUYHBIX aMHUHOB, OKUCIISIOUIMXCS JIETYE
annona Cl . Kak u mpu DX t-BuNH:, npomuecc Benu B npucyrcreuu NaHCOs, oxHako
nponyckaan Q = 2 F / mons snekrpudectsa. Beixoq Et2NCI okasascst MeHbIie, yem s
t-BUNCl> u ¢ pocrom konmenrpamuu EtNH (ot 0.48 mo 0.90 M), ymeHblIeHHEM
xonueHtpanuu NaCl (nac. BoxHblli — 2 M pacTBOp) M IUIOTHOCTH TOKa ja (0T 1670 10
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100 MA/cm?) camxancs no 20%. BepositHee Bcero DX BTOPUYHOTO aMHHa OCJIOXKHSLIA
JIETKOCTh €r0 3JEKTPOOKUCICHUS. YCTaHOBIEHO, YTO 3TOT MPOIECC MOXKHO TIOJABUTh,
ucroyib3yst Oonee Bbicokne KoHmeHTparmu NaCl u ontumusupys apyrue ycioBus
snekTpoim3a. Tak, mnpu konmentpamusx EtrNH u NaCl 0.25-048 u 4 M
COOTBETCTBEHHO; ja = 900—1400 MA/cM?; MombHOM cooTHomenun EtoNH / NaHCOs3 =
1:1.5; Q = 2 F / monw snektpuyectBa u 7=10° C, Beixox EtzNCI cocraBun 73—75%.
Kpome Ttoro, npu 3amene EtoNH na EtzNH-HCI Beixox memeBoro mpoaykra ymaaoch
noBBICUTH emie Ha 13—15%. DTo 00ycloBIIeHO HAIMYKEM B 3JIEKTPOIH3YEMOM PAacTBOpPE
CJIEITYIOIIETO PABHOBECHSI:

H,0
Et;NH'HCl +NaHCO3; 7= NaCl+ [Et,NH- H,COs] ,—2_‘ Et:NH + HyCO;

VYrnekucnas coilb aMuHa, OoOpasyroliascs B KauecTBE MHTEpMEAMaTa, 3aTeM YaCTHYHO
THIPOJIM3yeTCsl, oOecreunBasi HEBHICOKHE KOHIICHTpAIIMH aMHHA, OJarompHsATHBIC IS
nporekanus OX.

Haiinennsle 3aKOHOMEpPHOCTH OBUIM HCIIOJIB30BaHBl JUIsl 3JEKTpocuHTe3a psga N-
ximopamMuHoB: MeNCl,, EtNCI,, PrNCl2, BUNCI2, Me2NCI ¢ Beixogamu 91, 93, 91, 92 u
74% COOTBETCTBEHHO, UYTO MO3BOJIIET pacCMaTpUBaTh ONMUCAHHBIA MpoOIecC KaK OOLIui
MeTo moydeHus: N-XJ1opaMiuHOB.

Beiieonucanupiii MeTo]] cuHTe3a N-XJI0paMUHOB, ObUT BHOBb YCOBEpPILICHCTBOBAH 3a
CUET ero peaju3aliu B YCJIOBUAX Oe3auadparMEHHOTO «HAPHO20» SIIEKTPOIN3a. IJTO
TIO3BOJIIIO 3aMEHHUTH JTOOABKM OCHOBAHHS (HEOOXOIMMBI IJIs MPEBPAIICHUS HCXOTHOTO
aMHHAa B IIEJICBOM MPOJIYKT) Ha IIEJN0Yb, TCHEPHPYEMYyI0 Ha Karoae B TpoIiecce
anekTpoinsa (cxema 20). McXomHbIMH BelIecTBaMH B CHHTE3€ OBUIM THIPOXJIOPHJIBI
aMHMHOB, a, 4TOObI M30eKaTh BOCCTAHOBJIEHHUS LeneBoro N-xjopaMuHa Ha Karoje,
anekTpoin3 Beiau B rerepodasHoit cucteme HoO / CCls, ¢ menbio 3KCTpakiuu
MIOJTy4aeMOro XJIOpaMIHAa U3 BOAHOH (a3bl.

Ocobennoct DX THIPOXJIOPHUAOB AIKWIAMUHOB B YCIOBUAX Oe3nuadparMeHHOro
rajJbBaHOCTATHYECKOTO 3JeKkTposin3a BoaHoro pactBopa NaCl (amom OPTA, xatom Ti)
Obutn m3yuensl Ha npumepe MeNH2-HCI. Okasanocsk, uto Bmecto oxunaemoro MeNHCI
anektponu3 npused k cMecu MeNCl2 u MeNH2 — npoykToB 1uciponopiHOHHPOBaHUS
nepBOHavYaIbHO TeHepupyeMoro npu 3nektposmze MeNHCI (cxema 20).

Haiinensl ontumanbhbie 15 dpdpextuBroro cunreza MeNCl, yenosus (cm. tadi. 6),
KOTOpbIe oOecneumwsid MmouTH KojuuecTBeHHbI Bbixox MeNCl; mo BemiectBy mpu
xouBepcun MeNH2-HCI > 80%. BrimeonuncanHble 3aKOHOMEPHOCTH OBUIM HCIOJB30-
BaHbBI U dJieKkTpocuHTe3a cepun N-xmopankmnamuHoB (cM. Tabm. 6). Okazanock, 4To
npu nepexogae ot EtNH2'HCI k n-BuNH2-HCI Bbixox cOOTBETCTBYIOIIMX MOHOXJIOPAMU-
HOB pacTeT oT 5 10 32%, a BbIXO AuXJIOpaMuHOB CHIKaeTcst ¢ 80 10 50% (cMm tadi. 6).
Heno B ToM, yTO mpu mepexoae K N-XJIOpHmpou3BOAHBIM C OOJBIIMM MOJIEKYISIPHBIM
BECOM, pa3iIuuus B PACTBOPUMOCTH MOHO- M JAMXJIOPAMHUHOB YMEHBIIAIOTCS U
paBHOBECHE MEXIy HUMHU CMEIIACTCS B CTOPOHY MOHOXJIOPAMHUHOB.
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- e Ti
OPTA® cl, ~ »OH
"2 +2e
2?1— Cl + Z)CT 2H,0
Cxema 20 H0 + Cl+RNHCI RNH;CI
CClyg«—— 0.5RNCl, + 0.5RNH,

Ta6aunma 6. Beixoapr N-xmopamuHoB npu DX THUAPOXJIOPUIOB aMHUHOB B YCIIOBHUSX
6e3auadparMEHHOro dIeKTpou3a .

I'unpoxnopun Kousepcnus Beixon ?) mpoaykTos, %

amMuHa TUAPOXJIOPHIA JUXJIOpPAaMUHA | MOHOXJIOAMHUHA aMuHa

aMuHa, %

EtNH2"HCI 89 80 5 81
n-PrNH2HCI 91 74 15 81
n-BuNH2'HCI 90 50 32 60
t-BuNHz'HCI 90 72 (40%) 12 83

EtoNH-HCI 90 88
MezNH-HCI 89 90

9 Anon OPTA, xaron Ti, rerepodasnas cucrema Boambiii pactsop NaCl / CCls = 3 : 1 no
06beMy, KOHIIeHTpanuu ruapoxitopuaa amuaa 1M u NaCl 4 M, ja = 170 mA/em?, Q = 2 F / Mo
THIPOXJIOPU/IA aMHHA.

b) BI)IXO[[ MOHO- U AUXJIOPAMUHOB OIPECACIIAIN M0 JAHHBIM HOJOMCTPHUYCCKOIO aHajlin3a H
MOJILHOTO COOTHOILEHHs 00pa3yIoIMXcs MOHO- M JUXJOpaMUHOB. naHHble IMP 'H cnekrpos
IIPOJTYKTOB PEAKIIHH.

9B ckobKax yKa3aH BHIXOJI Ha BBLICJICHHBINA M 0XapaKTepPH30BAHHbIH POIYKT.

[TosmydeHHbBIE pe3yIbTaThl MTO3BOJISIIOT pacCMaTpUBaTh X THAPOXJIOPUIOB aMUHOB B
YCIOBUAX Oe31naparMeHHOr0 rajbBaHOCTATHUECKOTO 3JIEKTPOJIM3a KaK OO METO.
MOJTYYCHUST OPTAaHHYECKUX PACTBOPOB, COOTBETCTBYIOMINX N-XJIOPIIPOU3BOTHBIX.

B oTiinume ot cBOOOIHBIX ANKWIIIUXJIOPAMHUHOB 3TH PACTBOPHI 00JIee CTAOMIIBHBI M HE
B3pPBIBOOIACHBI, a, MpU HeoO0xoauMocTH, N-XJIoprnpous3BOAHBIE MOTYT OBITH JETKO

BBIACJICHBI B BUAC MHANBUAYAJIBbHBIX BCIICCTB.

2.2.2. Henpamoii 31eKmpocunme3 MOHOXA0PpAMUHA

BrleonucanHubie METOIBI SJIEKTPOCHHTE3a aNnu(aTHUECKUX XJIOPAaMHUHOB OKa3aluCh
HCTIPUTOAHBI JUIS TIOJAYYEHHS MOHOXJIOpPaMHHA, MOCKOJAbKY reHepupyembiii NH2Cl
ObIcTpo B3aumojeicTByeT ¢ ucxoaubiM NHs, ¢ oopazoBanuem NH4Cl u wHTEHCHBHBIM
BeIenneHueM N2 coriacHo cxeme 21:

O e\ NHs
NH3 —NH,ci | A SENITNG | 2| 4
Cxema 21. ¢

N, + NH,CI
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B cuny stux mpuumH Hamu OB pa3paboTaH ABYCTaJAWWHBIA CIIOCOO HEMPSIMOTO
cuareza NH:Cl. Ha mepBoit cramum OesmuadparmensbiM smektposmzom NH4Cl B
rerepodasnoii cucreme Boaubiii pactBop NaCl / CCls moxygamu NClz (cxema 22).

®
Ti © OPTA

6 NH
T\, 36

+ 6e - 6e

i | eNH,Cl
Cxema 22 6 NH,Ci / 4C

2 NH;
3 NH,C

2 HCI Y
NCl;
H,0: CCly

HpOI_ICCC pealin30BaH B YCIOBUAX «RAPHOZ20) 3JIICKTPOJIMU3a, B XOAC KOTOPOro,

Heooxoaumeie st cuaTe3a NCls, pearentsl renepupoBanu: Cl, — Ha anoge u NHz — Ha
katone. OOpasyrommiics u30biTok NH3 HeiitpanusoBanu mo6askoir HCI. Haiimens
oNnTHMaJibHbIC yciaoBHs mpoBeacHus mporecca (konmentparuu NH4Cl, NaCl u HCI =
0.8, 4.0 u 0.1 M, coorBercTBeHHO, ja = 200 MA/cM?, Q = 6 F / mons NH4CI
anektpudectBa, I = 10 °C, pH BomHO# (a3er = 1, 00bEMHOE COOTHOIIICHHWE BOJHON U
opranmueckoit ¢a3 = 3 : 1), obecreunBaromme noiaydenue NCls ¢ BIxogoM 1o BemecTBy
80%. CnenmyeTr ocobo momuepkHyTh, 4To B omimuue ot unuctoro NCl3 ero pacrBop,
renepupoBannblii B CCls, He B3phIBOOMacCEH.

Ha BroOpo#i cramum, opranmdeckuii pactBop, conepxammii NClz, wHTEHCHBHO
nepemenuBaiy ¢ BogHbIM pactBopom NHsz u momyuanu NH2Cl o peakiuu:

NCO;5 (BCCly) + 2NH3 (83 HbO) = 3 NH,(CI

—
Nzyueno B3aumomericteue NClz ¢ NH3 u Haiinens! ycinoBust (MOJIbHOE COOTHOIIICHUE
NCIs/NHz = 1: 20, 7= 0 °C, npoao/bKUTEIILHOCTD peakiiu 2 MuH), odecnieunmme 50%
(B pacuere Ha NCl3) Beixonq NH2Cl B Buge BomHoro pactBopa npu koHBepcuu NClz =
95%. B 1eaoM npeutokeH yI1o0HbIH U 9KOJOTHYHbIH MeTo 1 snekTpocuHTe3a NH2Cl.

2.2.3. dnekmpoxumuueckuii cunmes N-xnopcykuyunumuoa

N-Xnopcykumaumua (NCS) mpuMEHSIOT B OpraHMYECKOM CHHTE3¢ B KayeCTBE
pPaIMKAIBHOTO XJIOPUPYIOIIET0 areHTa. Hamu w3ydeHbl 3aKOHOMEPHOCTH TOTy4YeHUS
NCS mpu DX Boanoro pactBopa NaCl, comepkaiero CyKIUHHMHI B YCIOBHSIX
oesnuadpparmerroro saekTponusa (anox OPTA, karox Ti). [Tokazano, uro oOpa3oBaHue
II€JIEBOTO MPOIYKTa COMPOBOXKIAETCS TeHEpaIlel JIETKO OKUCIsSeMbIXx annoHoB OH |, u
karogHbiM BoccTaHoBieHneM NCS (cm cxema 23). BrnusHue 3THX HeXenaTeIbHBIX
NPOIIECCOB YMEHBIIMIN 03UpoBaHHEM B 3iekTpoiut aobaBok HCl (B komuuectse
HKBUMOJILHOM 0Opasyroieiics menoun) u CaClz (0.1-0.2%).
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Ti OPTA
(¢} 0]
20H- Cl
~
+2e,- Hy -2
Cxema 23 2H0 201
A
_ - \
Ci + O «——OH ocl + ¢l

Ti
e _o J l
;" O°°N
+2¢,-CI = | |
\
S e im——— OiNl 0 >N Y0

o)
Cl H

HccrnenoBaHo BIMSHHE TapaMETPOB  JJICKTPOJM3a  (3arpy3Kd  CYKIMHUMHUIA,
konnentpanun NaCl, anogHo# miotHocTH Toka (o), T °C anexrponusa) Ha Beixoq NCS.
Haiinenst ycnoBust sddextuBHoro snektpocunTe3a NCS (Boixonm 80%): 3arpyska
cykimaumuaa. 0.5—1.0 monw/n, HaceimenHbiid pactBop NaCl, ¢ HeOonpmMu 100aBKaMu
CaCl; u nosuposanuem HCI B mpouecce snekrponusa, ja = 100-360 mA/cm?, Q =2 F /
MOJIb CyKIIMHAMM A dJiekTpuuectBa, ' = 10 °C. [IokazaHa BO3MOXHOCTb 2JIEKTPOCUHTE3A
NCS c pernukinoMm oTpaboTaHHBIX (TOCIE BBIJACICHHS IIEJIEBOIO0 MPOJYKTa) PacTBOPOB
NaCl. YcraHoBneHO, 4TO IPpH MIECTHKPATHOM PEIUKIIC OTPAOOTaHHBIX PACTBOPOB BBIXOJ
NCS camxkaercs (Ha ~ 10%), 9to BeposTHO OOYCIOBJICHO HAKOIUICHHEM NpuUMeced B
ANIEKTPOJIUTE. BaXHO OTMETHUTh, YTO YHCTOTA BBIACISEMOTO IMPOIYKTAa IMPH 3TOM HE
MeHsutach (mpoaykT coaepkain 93% NCS).

Takum oOpa3zom, Hamu BrepBbie pa3zpadboran meton noiydeHuss NCS B ycmoBusx
oe3anadparmeHHoro snekTpoiansa ¢ 75—80% BBIXOIOM LIETIEBOr0 MPOIYKTA U PELUKIOM
orpaborannoro NacCl.

2.2.4. Onekmpoxumuueckoe noayuenue Hampuegvlx coneii  N-xaopamuooe
apencyavgpoxucaom (xnopamunwvt b, T u Xb) uz apencynvghamuoos

Hatpuessie conn N-xnopamunos apencynbdokucnor (xjmopamussl b, T u XBb) no
JaHHBIM MuHXuMnpoma Bxoauinu B cnucok 70 BaxHenmux npousBoaumbix B CCCP
MIPOMBIIIJIEHHBIX NMPOAYKTOB. Peanu3yembie B MPOMBIIIJIEHHOCTH XUMUYECKHE METObI
CHHTE3a JTHUX MPOJYKTOB OCHOBaHbI Ha XjopupoBaHuu apeHcyinbdamuno Clo u
COMPOBOXKJAIOTCA 00pa3oBaHUEM OOJBUIOTO0 KOJIMYECTBAa OTX0J0B. Hamu BmepBbie
pa3paboTaHbl JBa MAJIOOTXOJIHBIX JJICKTPOXMMHYECKHMX METO/Ia TOJNYYCHUS OTHUX
XJIOPAMUHOB.

[lepBrii Merom ocHoBaH Ha DX apeHCylb(pamMHIOB B YCIOBUAX TajbBaHO-
cTatnyeckoro 6e3auadparmennoro annekrpoausa (anog OPTA, karox Ti, Q = 2 F / monb
apeHcynbdamuaa AIEKTPUYECTBA). DneKkTpoau3y MO/IBEpTraIn CYCIIEH3HIO0
apeHcyiabpamunoB B BomgHoMm pactBope NaCl, (cxema 24). Msl momaraem, uro DX
apeHcynb(GaMUIOB MPOTEKaeT Ha TpaHUlEe pasjaena (a3 MU  BKIIOYAET PEaAKIHUI0
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anektporeHepupyemoro pacrBopa NaOCl ¢ apencynbdamumom. TIpoaykTel peakiuu
(matpueBbie conm N-xmopapuicyiabpaMuaoB) clabopacTBOPHMBI B BOIHOM PacTBOpPE
NaCl 1 mo Mepe HaKOIJICHUS BBICAIMBAIOTCS, BBINAasi B OCAJIOK.

Ti OPTA

\

k

1 + -
X B 2NadCl

+2e, -H, -2e

Cxema 24 Cl

sKkuaKas gasa

TBepaas ¢asa

Al‘SOzNHz

ArSO,N(CI)Na

3akoHoMepHOCcTH DX apwicyinbhaMUI0B ObLTU M3Y4YEHBI HA MPUMEpE MPEBpAIICHUS
n-TonyoJscyib(amMuia B HaTpueByr0 coib N-xjopamuaa #-TOJyOJCYIb()POKUCIOTHI
(xopamue T). HaiinmeHo, 4To B ONTHMAaNBHBIX YCIOBHUSX (3arpy3ka MCXOJHOTO apeH-
cynbhamuna 0.5 MoONB/TI; SNEKTPONAM3 BETU B BOJAHOW cpejie, MOAJEpKHUBas ee
naceimennoi o NaCl; ja =300 mA/cm?; Q = 2 F / monb apuncynsdamuna, T'= 10-20°C)
BbIXOJ XJiopaMuHa T > 97% npu coliep:>kaHMU OCHOBHOT'O BEIIECTBA B MPOAYKTE > 98%.

Ha Tom xe mpumepe uccienoBaHo BiusHue npupoasl aHojga (OPTA, rpadurt) u
katona (Ti, Ni, Cranmp X18H10T) Ha BbIXOHX ILEIEBOrO MPOIYKTA. Y CTAHOBIEHO, YTO
BbIXOJl xjopaMuHa T He3HauutenbHO (<5%) cHumxaercs npu mnepexoae or OPTA k
rpauToBOMY aHOAY, BIUSHUE K€ MaTepHalla KaToJa OTCYTCTBYET.

B HalifeHHBIX ONTUMAaNbHBIX ISl AJIEKTPOCUHTE3a XJopaMHuHa T yCIIOBUSIX M3YyYEHbI
nporieccel DX OenHzoncynbdamuna U n-xJopOeH3o0icynbpamMuaa. € BBIXOJOM K
HaTpueBbIM cofisiM  N-xjopamunoB  OeH30ICyIbPOKUCTOTH  (XmopamuH b) u  n-
XJ0pOeH301CyIbPOKUCTOTH (XJopamMuH Xb). YCTaHOBIEHO, YTO BBIXOJABI IIEIEBBIX
xsiopamuHoB b u Xb npu stom coctaBunu > 98%, npu coaepKaHUM B MPOJYKTaX
OCHOBHOTO BemecTBa 97-98%.

HccnenoBano BIMSHHME pelUKIa OTpaOOTaHHBIX B XOJE DJIEKTPOCHHTE3a PacTBOPOB
NaCl na Beixox xsnopamunaoB b, T u Xb. YcraHOBICHO, YTO 6-TH KpaTHBIN PEIMKII TAKUX
pPacTBOPOB HE CHIDKAET BBIXOJ LIEJIEBBIX MPOAYKTOB. OJHAKO MENKOIHCIEepCcHas Gopma
TUX TPOIYKTOB BBHI3BIBACT ONpEACNCHHbIE TPYAHOCTH TPU MacCIITaOMPOBAHUU
AIIEKTPOCUHTE3A.

[ToaTromy Hamu ObLT peanu3oBaH 2-M1 coco® OpraHu3alu mpolecca MOJy4eHUS
xnopamuHoB b, T u Xb («xyopamuasi»). OH BKIIOYAN JOMOJHUTEIBHYIO CTaIUI0
XMMUYECKOW OYUCTKH OTPaOOTaHHBIX BOJHBIX pacTBOpoB, coxepxkaBmmx NaCl (cxema
25), ot mpumeceit ucxoaHbIX apeHcynbdamuaoB, NaOH u meneBbIX IpoIyKTOB MyTEM UX
Oosee  MIyOOKOTO  XJIOpUPOBaHUS  dJeKTpoxumuuecku monydenHoiMm  Clo 1o
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HEPACTBOPUMBIX  JIUXJIOPAMHJIOB apeHCYIb(POKUCITIOT («IUXJIOpPaMHUIIOBY ). B
ONITUMAJILHBIX YCIIOBUSAX UX BBIXOJ ObLT > 92%.

ArSO,NH, +2 NaOH + Cl, — 25 ArSO,N(CI)Na +2 H,0 + NaCl  (25a)
T=25°C
Cxema 25 ArSO,N(CDNa + Cl,—> ArSO;NCl; + NaCl (25b)

Ar = C6H5, p-MeC6H4, p-ClC6H4

OTU yCIOBUS BKJIIOYAIHM CTYIEHUYATOE MPOBEJACHHE OKOHUYaHHUs mporecca. Ha srtame
25a (cxema 25) apencyiabbhamua noasepranu X 1o «xiaopamuaay npu Tomm = 70 °C,
3aTeM BEJU JOXJOPHPOBAHHME «XJIOpAMHUIa» J0 «Auxjopamuia» Ha dtane 250 (Toum =
25°C). O6sruno copepxxanne ArSO2NH., ArSO;N(CI)Na u NaOH B BomHBIX CTOKax
cocrapnsier 4.0-4.5%; 1-3% u 1.5-1.7% coorBerctBenHo. [losTomy Ha 3Tame 25a
npomyckamu komudectBo Clz, mosBosstomiee monmHocThio TpeBpatuTh ArSO2NH2 B
ArSO2N(CI)Na, a na stame 25b npoBoaunu nanmpueimee xmopupoanue ArSO2N(CIl)Na
(Kak MPUCYTCTBYIOIIETO B CTOKAaX, TaK M MOJIy4eHHOro Ha ctaauu 25a) 1o ArSO2NCl..

Ha ocHoBe HaWIEHHBIX pE3yJbTATOB HAMH TMPEIJI0KEHb HOBbIE MPUHIUIIBI
OpraHM3alMy MPOMBIIUIEHHOTO ITpouecca moiaydenus "xaopamuaos". HoBelil mpouecc
BKIIIOYAJl HE TOJBKO YyXe omnucaHHbie craaumu djiekrtpocurre3a Clo u NaOH,
MOCJIEAYIONIETO XJIOPUPOBAHUS BOJHOTO PAacTBOPA, COJEpKAIIEro apuicyinbdamMua u
NaOH, u BBIIEIEHHS TIEIEBOTO «XJIOPAMHUIay, HO U TPEIIOKEHHBIE BBIIIEC CTAIUN (CM.
cxeMma 25). Ilocne ux peanusanuu orpadoranubii Boaubi pactBop NaCl co cramguu
(25b) mHampapisyim Ha WCXOIHYIO CTaaHIO 3eKTpoxumuueckoro mosyueHus Clo u
NaOH, a BemaBmmii B ocagok Ha craguu (25b) «auxmopamum» mom aelicTBHEM
CTeXHOMETpUYECKUX KoaudecTB apwicyinbPamuaa u NaOH mpeBpamanu B 1eneBoit
«XJIOpAMUI» € BBIXOAOM > 93%:

ArSO,NH, + ArSO,NCI 5+ 2 NaOH—> 2 ArSO,N(Na)Cl + 2 H,0O

CrnenyromuM 1iaroM crajga MojieibHas JjabopaTtopHas ycTaHOBKa (cxema 26)
OMMCAHHOI'O BBILIE MpoOlecca MOIYUYEHHUS «XJIOPaAaMHUJIOB», BKJIIOYABIIAS CHEIUAIBHO
CKOHCTPYUPOBAHHYIO J1a0OPaTOPHYIO MOJEIb HPOMBIIUIEHHOTO JAuadparMeHHOro
anexTpoausepa moxyueHus Clo.

B cooTBeTcTBUU ¢ 3TOM CXEMOM MpOBeIeHa ONITHMH3AIIHS CTaIUi OOIIEro MUKIIa ¢ TEM,
yToOBl WX XapakTePUCTUKU ObUIM ONM3KUM NPUHATHIM B PErJJAMEHTHOM IPOM3BOJICTBE
«xyopamMuioB». OTpabOTaH ONTUMANBHBIM PEKUM W YCIOBHS YCTOMYMBOM pPabOTHI
JTa00paTOpHON MOJIeNn XJIOpHOTO 31ekTponu3epa. [Ipu srom >90% Brixoaa mo Toky Clz u
NaOH Obutn aneKkBaTHBI CYIIECTBYIONIMM B TMPOMBIIIICHHOM CIIOCOOE TOMYYCHHS 3THUX
npoaykroB. [Tocie anekrponusa karomut npeacrasisii pactBop NaCl, conepxxanmii ~30 1/
NaOH, xotopelii 3arem ymapuBaiu (cM. cxema 26, peaktop 2) 10 JOCTHKECHHUS
koHueHTpau NaOH ~ 20%. HaiineHns! onTuMalibHbIe YCIOBUS IIPOBEICHNS XJIOPUPOBAHUS
(cM. cxema 26, peaktop 3) apeHcyabhaMuI0B (KOHIIEHTpaIus apeHcyabhamuaos 0.625-1.0
MOJIB/JI, KOJMYECTBO Tpomyckaemoro xiuopa (0.8 Moib Ha Mosb apeHCyibpamuia)

MO3BOJISIOIINE MTOTYYaTh HENEBbIE MPOIYKTHI ¢ Bbixogamu 92-96%.
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NaCLH0 () H Cl,

ArSO,N(CDNa,,,

.~ ” NaOH ArSO,NH,
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ArSO,N(CI)Na,,

Cxema 26. Cxema yKpYITHEHHOH JJaOOPAaTOPHON YCTAaHOBKH JIEKTPOCHHTE3a «XJIOPAMHUIOBY.
1 — snekTponusep; 2 — BBIIAPHOM armapar; 3,7 — peakTopbl cuHTe3a "xiopamuma'; 4, 6, 8,
10 — ¢unbTpe;; 5 — peaKkTop CHHTE3a «IUXJIOPaMHUIa»; 9 — pPeakTop MPHUTOTOBICHUS
HachIenHoro pacteopa NaCl.

Ortpaborana cragus ouucTku BoaHoro pactBopa NaCl (cm. cxema 26, peaktop 4).
[IpucyrcTBytoIME B pacTBOpe MpUMECH apeHcyab(paMuia U «XJIOPaMUIa» KOJMYECTBEHHO
TIEPEBOIMITN B HEPACTBOPUMBIE «IUXJIOPAMUIBD ¢ BBIXOOM 85-94% (cm. cxema 26, peakTop
5). Tlocne OTGUIBTPOBBIBAHUS «IUXJIOPAMHUIOB» (CM. cxema 26, peaktop 6) momydanu
gyucthie pacTBopbl NaCl, xotopeie 3arem Bo3Bpamanu Ha ctamuio moiydeHuss Clo u
NaOH (cxema 26, peaktop 1). OTguIbTpOBaHHBIC «IUXIOPAMHIBD HATIPABIISIIA B peaktop 7
JUIL  TIONMYYEHHs JIOTIONTHUTENBHBIX  KOIMYECTB  «XJIOPAMHUJIOB» TOJA  JICHCTBHEM
apeHcynbdamuaa u NaOH, oroupaemoro co cramum yrnapuanus (cM. cxema 26, peaktop 2).
[Mocne ¢uipTpaimu U cymku (cM. cxema 26, peaktop 8) MpOoayKThl BBIICISUIA B TBEPIOM
BUJIE C coeprkanreM «xiopamuaa» 97-99%. IIponykTt, octaBaBmuiics B pactBope (2—5% ot
TIOJTYYCHHOTO «XJIOPAMHUJIA»), U3BJICKATM HA CTaJUH OYHCTKH (CM. cxema 26, peaktop 5).
[Tpon3BoaUTETHHOCTD TA0OPATOPHOH ycTaHOBKH cocTaBmia 50 T "ximopamunia" B ICHb.

M3yyeHo BIMSHHE pELUUKIA OUYHMINEHHBIX OTpaboraHHbix pactBopoB NaCl Ha
pPEKTUBHOCTh TOMYUYECHHs «XJopamuHa b». YCTaHOBIEHO, YTO TATHKPATHBIA PEIMKII
0TpabOTaHHBIX PACTBOPOB HE TMPHBEI K 3aMETHOMY CHIDKEHHIO BbIxoaa (>94%) u
Ka4ecTBa LIEJIEBOT0 MPOAYKTa (YHCTOTA «xJiopamuHa by cocrapmsiia >96%).

Paccuntanbl 3aTpaThl ChIPbS U AJIEKTPOIHEPIUU Ha 1 KT MOIy4eHHOro «XjopaMuHa by:

oemszoncynbdamun — 0.73 kr, NaCl — 0.28 «xr, smektposnepruss — 1.31 kBT'uac.
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OOpaTtuM BHUMAaHUE, YTO 3aTPaThl CHIPhS MO MpeaIaraeMOMy HaMU METOIY JIHIIb
HEHAMHOTO BbIIIE TeopeTHueckux 3arpar (Ha 8—10%).

Pa3paboTanHble HaMH TPUHIUIBI OPraHU3aAIMY TPOIECCa MTO3BOJISIIOT MOTYy4YaTh LEJICBbIE
NpOAYKTHI ¢ BbrxoaaMu Ha 20—30% BelllIe, YeM IO ONMMUCAHHON TEXHOJIOTHH, KOTOPast K TOMY
e TMPUBOJMT K OOJBIIOMY KOJHYECTBY OTX0I0B — BoaHBIM pactBopam NacCl
3arpsi3HEHHBIM OPTaHUYECKUMH MTPUMECSIMHU.

[lo naHHBIM TIPOBEJCHHOTO MCCIEAOBAaHMSI CO3[AH TEXHOJIOTMUECKHHA pEerjlaMeHT
noiy4yeHus xinopamuHoB b, T u Xb.

2.3. IlpuMepbl UCHOJIb30BAHUS IJIEKTPOreHEPUPOBAHHBIX N-XJIOPNPOU3BOAHBIX B
CHHTe3e COeIMHEeHUIl, MPeACTABJSIIOIINX MPAKTHYECKUI HHTEpec

N-XnopaMHHBI UTPAIOT BaXKHYIO POJb B CHHTE3€ IIUPOKOT0 psijia MpoAyKToB. OqHAKO
TaKHE€ MPOLECChl OOBIYHO  OCIOXHEHBI 00pa3oBaHMEM  OONBIINX  KOJIUYECTB
TPYAHOYTWIM3UPYEMBIX ~ OTXOAOB. MUHUMHU3UPOBATH OTH  OTXOIBI  TO3BOJISIET
UCIIOJIb30BaHKE DJIEKTporeHeprupoBaHHbIX N-xiopamuHOB. B HacTosmed pabore ObuH
HPEIOKEHBI MTPSIMOM U HETIPSIMOI METOBI pean3alliy MPOIECCOB ¢ MPUMEHEHUEM ITHX
coenuHeHuil. B cnyudae mpsmoro (one pot) mpomecca 35eKTporeHepupoBaHHbIA N-
XJIOpaMUH B3aUMOJICHCTBYET C MPHUCYTCTBYIOIIUM B PEAKIMOHHONW CMECH CyOCTpaToM,
OpUBOIS K LENeBOMY HpoayKTy. llpm HempsmMoM mpolecce Ha TIEpBOM JTarme
HNMEKTPOXUMHYECKHM IyTeM Toxydanu N-xJiopaMHH, a €ro B3auMOJCHCTBHE C
OpPraHHYECKUM CyOCTPaTOM OCYIIECTBIISUIM B OTACIHHOM armnapare.

2.3.1. Hcnonv3zosanue N-xnopankunamunoe ¢ cunmese 1,2-ouankunouazupuounos

Juaszupuannael 0071a1aI0T HEUPOTPOMHONW aKTHBHOCTHIO. VX TakyKe HCHONB3YIOT B
KayecTBE NOJYNPOAYKTOB B CHHTE3€ NECTHIHUAOB U IOJIE3HBIX I'€TEPOLMKIMYECKHX
coenuHeHui. HekoTopble 1Ma3upUIMHBI COUYETAIOT BBICOKYIO SHTANBIINIO 00pa30BaHUs C
HU3KOW TOKCMYHOCTBIO M MOTOMY MOTYT OBITh MCIOJb30BaHbl B KAYECTBE KOMIIOHEHTOB
PaKeTHOr0 TOIUIMBA B3aMEH BBICOKOTOKCHYHOTO 1,1-nuMernnrunpasuHa.

OObIuHbIE XMMHUYECKHE METOAbl IMOJYUYEHUS JTHX COCIMHEHHH OCHOBAaHBI Ha
B3aumozeiicteun Cl, wimu NaOCl ¢ BogHbIM pacTBOpOM, COACpKallUM aMUH |
KapOOHHMIIbHOE coequHeHue (cxema 27). B mporiecce moaydaroTcst OOJbIINe KOJINYSCTBA
BoiHBIX pacTBopoB NaCl, 3arpsi3HEHHBIX OpPraHUYECKUMU TIPUMECSIMHU.

DTOro  HeAOCTaTKa  JIMIIEHbl  MpejjaraeMble  HaMU  TpU  HENPSIMBIX
AIIEKTPOXUMHUYECKHUX criocoba nmoiayyeHus 1,2-auankunanazupuanHoB.

_NHR! NR
Cxema27  RCHO +2RINH, 290 | prcH ——> < |
/ “NaCl .

I
Cl
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MojensHbIM  COSAMHEHWEM JUIsl  pa3pa0OTKM TaKMX METONOB Tocihyxun 1,2-
mumetwinuasupuand - (JIMIA). TlepBbiii  cmoco0 OCHOBaH Ha B3aUMOJICHCTBHUH
snektporenepupoBadHoro MeNHCI ¢ BogusiM pactBopom, coaepxkamum MeNHz u
CH2O:

MeNHCI NHMe | N, .~ N-Me
CH,0 + MeNH,~—— [ Cle'NHMa HZC\ - MeNH;Cl HZC\
OH | HMe N-Me
Cl

Cunte3 MeNHCI ocymecTsisiiu B aBe ctaauu. Ha nepBoit U3 HUX MOJTydaid pacTBOP
MeNCl, B CCls (ranpBanocTatHueckuii  Oe3muadparMEHHBIA — DJICKTPOIH3 B
rerepodaznoii cucrteme Boaubiii pactBop MeNHz'HCl / CCls). Ha Bropoit cragum
nepememmBanneM pactBopa MeNCl2 8 CCls ¢ BomasiM pactBopom MeNH: momyvanu
MeNHCI. Haiinenbl >QQeKTuBHbIC YCIOBHS TPOBEICHHS JTOW CTaIWH: MOJIBHOE
cootHomienne MeNCl2/ MeNH, =1 : 5, T'= 0 °C, Bpems npoBeaicHus peakiuu 4 4 (mpu
stoM BbIxoJ L MENHCI cocraBuit 91% na MeNCl,). lanee ocymectsiasin cuate3 AMJA
kak omnucaHo Beimie (B3ammoneiicteue MeNHCI ¢ MeNH: u CH20). U3yyensl
3aKOHOMEPHOCTH €ro TMPOTEKaHHs W ompeaeneHbl dPPEeKTHBHBIE YCIOBUS TOTYUCHHS
nesieBoro npoxaykra (Beixon 77% Ha CH20): monbHOe cooTHotmenne CH2O / MeNH> /
MeNHCI=1:4:1, T=10 °C, Bpems peakiuu 4 u.

Bropoit cnoco6 mnonyuenus JAMIA wuckirodganm HEOOXOAMMOCTh paboOThl ¢
masioctrabminbabiMu - pactBopaMu  MeNHCI. CunTe3 mnpoBoawin B3auMOJCHCTBHEM
anektporenepupoBaHHoro pacrsopa MeNCl, B CCls ¢ BogHBIM pacTBOpOM, COZIEpIKAIIIMM
MeNH: u CH20. B ontuMainbHbIX ycinoBusx (MonbHoe cooTHomenue MeNCl, / MeNHz /
CHO=1:10:2, T=10 °C, Bpems peaxiuu 4 1) BbIXO/] 1I€JIEBOT0 MPOTYKTa COCTaBUII
70% B pacuere nHa MeNCl..

Tperuii cioco6 cunre3a JIMJ/IA ocHOBaH Ha HMCIONB30BAHUU IJIEKTPOTEHEPUPOBAH-
HOro xJyiopamMuHa b kak xusopupyromero aresHra. HalaeHo, 4To LeJIeBOM NPOIYKT
MoJTy4aeTcst mpu o0paboTKe BOJHOTO pacTBopa, coaepxkamero MeNH: u CH20, tBepabim
xsopamuHoM b. B onrtumaneHbix ycnoBusix (MosibpHOe cootHomenne CH20 / MeNH: /
xjopamud b =1 :5:1, T =10 °C, Bpems peakuuu 4 4, cMm. cxemy 28) Boixoa AMIA
coctaBui 85% B pacuetre Ha xjmopamMuH b. Ha ocHoBe cunTeza AMA Hamu npeasioxkeH
pSAA TOAXOMOB K TOJNYYEHHIO TaKOTO poja MPOAYKTOB. Bce OHM OCHOBaHBI Ha
NPUMCHCHHUH AJIEKTPOTCHEPUPOBAHHBIX N-XJ10pIIPOU3BOTHBIX B KauyeCcTBe
MHTEPMEINATOB U MOTYT OBITh OMUCAHBI 00IIEH cxeMoit 28.

[Ipouieccrl, npuBeAeHHbIE HA 3TOM cxeMme, natoT Bbixon JAM/IA B 1.8 pasa Bbiie, ueM
COOTBETCTBYIOUIMI XxuMU4eckuil Meron (cMm. cxemy 27). Kpome Toro, B 3Tux criocobax
pearm3oBaHa BO3MOXKHOCTh pEIHMKIA OTPAa0OTaHHBIX pAcTBOPOB (cM. cxema 28).
VYcTaHOBJIGHa TPHUHIMIHAAIBGHAS ~BO3MOXXHOCTh  DJIEKTPOXMMHUYECKON  pereHepanuu
MeNCly, a Taxxe xnopamuHa b ¥ MX MOBTOPHOTO HUCIOb30BaHus B cuHTe3e JIMIA 6e3
3aMETHOT'O CHUKCHHS €TO BBIXO/IA.
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\/ E
CH3NH, -HCl =2£> CH;NCI, + CHNH, = CH;NHA |
. ~ ] |
(-H) - |
NHCH 3
— 3 CH;NH,-HCl
Cxema 28 CH,O + 2CH;NH, —> HyC < . 3NH-HC
“SNHCH N wm
3 CH3  phSO,NH, + NaCl
-

NaCl + PhSOaNH, 2% PhSO,N(Cl)Na 5

Hamu Takke wW3ydeHa BO3MOXHOCTh TIpsMoro (ONe pot) 3IeKTPpOCHUHTE3a
TUA3UPUIMHOB aHOIHBIM OKHCIICHHEM CMECH alKHiiaMuHa U anbaeruaa B Bogaom NaCl.
B YCJOBUSX AuadparMEHHOTO rajibBaHOCTaTUYECKOro aekTposusa (anom OPTA, katon
rpadpur). Cunres JMJIA Obl1 BbIOpaH B KadyecTBE MOJCIBHONO M TOKa3aHa
MPUHITAITHATIEHAS BO3MOXKHOCTE ero peanusanuu ucxons u3 MeNH; u CH20. N3ydensl
3aKOHOMEPHOCTH TMpOLIECCa M HaWIECHbI yCJIOBUA, No3BosmBmMe noixydatb JAMIA ¢
BbIX0JI0M 41% mo Toky: koHnentpanuu MeNH; u CH20 = 2 u 0.5 M, cOOTBETCTBEHHO,
Q = 0.5 F / moms MeNHz, T = 10 °C, ja = 400 mA/cm? , Bpems peakuuu — 4 u.
Heswicokuii Beixon JAMJA, BeposTHO, BbI3BaH 3aMETHBIM BKJIAJIOM AJIEKTPOOKHUCIICHUS
MeNH2, cornacHo cxeme:

e, -H H
CHNH, % CH,= NH, %» CH,O + NHg

B pa3BurtHe ONMCaHHBIX BBILIE HCCIECNOBAHUNM OCYIIECTBICH TAaKXKe NPSAMOU
AIIEKTPOCUHTE3 OWIMKINYECKUX AHA3UPUIAMHOB U3 anu(paTUYECKUX JTUAMUHOB U
KapOOHWJIBHBIX COCIWHECHHUH. BUIIMKIWYecKHe AUMa3UpPUIMHBI HAXOMSIT NMPUMEHEHHE B
KAaueCTBE MOJYNPOJAYKTOB CHHTE3a MUPA30J0B, MUPA3OJIMHOB a TAKKE TUIEPrOJIbHBIX
(caMOBOCIUIAMEHSIIOIIMXCS TIPU KOHTAKTE€ C OKUCIUTENIEM) MaJIOTOKCUYHBIX PaKETHBIX
TOIIMB. BO3MOXHOCTh peanu3aluy TaKoro Mmpolecca HaMud M3ydeHa Ha npumepe 1,5-
nuazabunukio[3,1,0]rekcana  (22) npM  aHOAHBIM  XJIOpUpOBaHU  cmecu  1,3-
nuamuHomnpornana (JJAIT) u CH20 B Bogrom pactope NaCl (cxema 29).

CH,NH,
P - - .\
CxeMa 29 Cﬁz HN NH +2Cl, - 2e Cl—N=—:NH _HQ NQ N

N + CH0 — — > — >
CH,NH, k)
22

21

[Ipu mpoBeneHUU DIIEKTPOCHHTE3a B YCJIOBHUSX, AHAJIOTUYHBIX HCTIOIB3YEMBIM IS
1,2-numeTnnuasupuanHa, Bexo mpoaykra 22 nesenuk (10%). BepositHo, uMeeT MecTo
MOJIKMCIICHUE DJICKTPOJIUTA B TMPOIECCe JJICKTPOJIM3a W TPEBpAICHHE TeKCaruJIpo-
nupumuarHa (21) B ManopeakinoHocrnocoOHy o coib. [Ipu mpoBeneHN JIeKTPOCUHTE3a
muaszupuanaa 22 ¢ no6aBkamu NaHCOs Beixon 1eneBoro npoaykra Bo3poc 10 30%. B
JnajabHedIeM ObUTM HaWICHBI yCIOBUS, oOecreunBaronue ero moiaydeHue ¢ /0%
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BbIX0,10M (KoHmeHTpanuu amuaa, CH20O u NaCl pasubi 0.1, 0.1 1 4 M COOTBETCTBEHHO,
ja= 400 mA/cM?, cootnomenue amun / NaHCO3 pasro 1 : 4, Q = 2 F / monb amuna, T =
10 °C, Bpems peakmuu 12 9).

2.3.2. Ilpumenenue N-x10pankunamunos 011 noayueHus muokapoamamaos

TuokapbamMaThl UCMOJNB3YIOT B KaueCTBE TepOUIMIOB, a TAKXKE MPU OOOTalleHUH
MEIHBIX M LIHUHKOBBIX pyd. M3BecTeH XxuMHYecKHil MEeTOH WX mojydeHus. Ha mepBou
CTaaud B3aUMOJCHCcTBMEM aMuHOB ¢ BoaHbiM pactBopoM NaOC| momydaror
amudatndeckne N-XJT0paMHHBI, KOTOpPhIE Ha BTOPOM CTaaud BBOASAT B PEAKIUIO C
kcanToreHarom kanus (cxema 30). HemocTaTkoM JaHHOTO METO/Ia SBJSETCS 00pa3oBaHHe
B KayecTBe 0TX0/10B BOAHBIX pacTBopoB NaCl, 3arps3HeHHbBIX TIPUMECIMHU aMUHA.

RIR2NH +NaOCl —> R'R2NCI + NaOH (30a)

R'RINCI + EtOC(S)SK —> EtOC(S)NR'R? + KCl + S  (30b)

R!=Me, i-Bu; R*= H, Me; RL,RNH = { H

N
H

Cxema 30

Pa3paboTanHblii HaMM METOJl MOJYy4YEHHUs THOKapOaMaTOB SIBISIETCS HEMPSIMBIM
NBYXCTaJIUIHBIM TPOILIECCOM C ydacTHEM 3JIeKTporeHepupoBaHHbIX N-xiopamuHoB. B
KauyecTBE MOJEIBHOTO TpuMepa Obul BbIOpaH cuHTE3a (O-3TWIOBOTO 3(dupa
METUITHOKapOaMUHOBOM KuCIOTHI, ucxons u3 MeNH: u kcantorenara kamms. Ha
nepBoil ctaauu auadparMeHHBIM 3JIeKTpou3oM BoaHoro pactBopa NaCl, comeprkariero
MeNH2, nonyuanmu MeNHCI B ycinoBusx obecneunBaronmx ero 66% BBIXOJ:
xoHuenTpauu MeNH;z u NaCl 2 u 4 M cooTBeTcTBEHHO, ja = 200—-300 MA/cM?, Q=1 F/
mMoib MeNHz, 7 = 10 °C. Ha BTopod cTaauu OCYIIECTBISJIA B3aMMOJICHCTBUE
noxydeHHoro BojxHoro pactBopa MeNHCI ¢ kcanrorenmatom kamust (cMm. cxemy 30,
peakimst 30b). B onTUMaNbHBIX YCIOBHSX MPOBEACHHUS OSTOW cTaaud (MOJIBHOE
cootHomenne MeNHCI / kcanrorenar xamus / MeNH; = 1:1.1:2, T = 5-8 °C) BbIxon
tHokapbamara coctaBuwi 69% na ucxomusii MeNHCI. HaiinenHble 3aKOHOMEpHOCTH
OBUIH UCTIONB30BAHBI [Tl JIEKTPOXUMUYECKOTO MOTyUEHHUs psijia THOKapOaMaToB.

OcymectBineH cuHTe3 (O-3TUJIOBBIX 3(PHPOB H300YTUITHOKAPOAMUHOBOW M THUIIE-
puInH-1-THOKapOOHOBOM KHCJIOT C HCIOJB30BAHUEM JJICKTPOTCHEPUPOBAHHBIX  I-
BUNHCI u N-xnoprnunepuarnaa coorBercTBeHHO (cM. cxema 30). C 3Toil 1enbio U3y4eHbl
3aKOHOMEPHOCTH 3jiekTpoxioprpoBanus I-BUNH2 u nmunepuanHa. YCTaHOBICHO, YTO
BbIx0J1 N-xsiopamuuoB, B HailaeHHBIX Aiig DX MeNH: ycioBusix, 3aMeTHO yMEHbIIAETCS
B psny MeNH: > i-BuNH: > nunepunua. Tem He MeHee, B KaXKJIOM cllydae ONpeaesICHbI
yclioBUsA, obecrieunBaromue xopomme Bbixoaa N-xmoprpousBoanbix. Tak, 3nekTpo-
xnopupoBanue I-BUNH2 mpoBoamiau mnpu mnojmepkaHUM €ro HEBBICOKOW TEKyIen
koHueHTpauuu (0.17 M) nmytemM HenpepbIBHON NMOANUTKH 3JIEKTPOJIUTA aMHUHOM B XOJ€
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anektponu3a (Beixox I-BUNHCI 81%). N-Xnoprunepunun ¢ BerxoxoMm 57% monydainu
OX rugpoxiopuaa nunepuaraa B npucyrcreue ocHoBanus (NaHCO3).

[Tpu B3ammozeiicTBUN MONTydeHHBIX N-XJIOpaMHHOB ¢ KCAHTOTCHATOM KaJlusl HalJICHBI
ycioBuss  3¢pdextuBHoro  cunresa  (Beixox  83%)  O->tunoBoro  3dupa
U300yTHITHOKApOAMUHOBOM  KUCIOTHI  (Boambiii  pactBop  I-BUNHCI, monbHOE
cooTHormenne kcantorenar kamus / i-BUNHCI / i-BuNH2 =1:1:3, T = 5-8 °C). O-
O1uinoBbld 3dup nunepuaAnH-1-THOKApOOHOBON KHUCIOTHI (BBIXOJ 76%) CHHTE3MpOBaH
1o peakuuu 3pupHoro pacrBopa N-xmoprnunepuauna (monydeH skcTpakmnuei agpupom N-
XJIOpaMUHA, TIOCJIE €ro JJIEKTPOTeHEepaIi, W3 BOJHOTO PAcCTBOpPA JJIEKTPOIUTA) C
BOJTHBIM PAacCTBOPOM KCAHTOTEHATa KaJIUsl (MOJIbHOE COOTHOIICHHE KCAHTOTEHAT Kamws /
N-xnoprunepuaus / nunepuaud =1:1:4, T=5-8 °C).

[TomBoMS MITOT 3TOM YacTH MCCIIEIOBAHMS, 3aMETHM, YTO HaMHU pa3paboTaH yIOOHbIH,
DKOJIOTHYHBIM METOJ] TIOJMydeHUs THOKapOaMaToB, OCHOBAaHHBIM Ha B3aWMOJICHCTBUHU

SJICKTPOTCHCPHUPOBAHHBIX N-XJ'IOpaMI/IHOB C KCAaHTOI'CHATOM KaJIusi.

2.3.3. Hcnonwvzosanue N-xnopankunamunos é cunmese 0eH30mMua3oncyib@eHamuoos

benzortuasoncynsheHnamMu bl TPOU3BOAAT B MPOMBIIUICHHOM MacliTade, UCTONb3ys B
Ka4ecTBE YCKOpHUTENEW BYJIKAaHU3AIMM KAaydyKOB. OTH COCAMHEHHUS IIOJy4aloT
B3aUMOJICCTBUEM aln(aTUIECKUX aMHHOB, 2-MepkanToben3oTuasona (MBT) ¢ BonHbIM
pactBopom NaOCI nnu npeasaputenbHO moaydeHHbIM N-XJI0paMUHOM:

N N
NaOCl
N\ 1.2 N\
H + _— 1R2
| > RRNH — | )-SNRIR
S S
Cxema 31
N O, N
R!=H, Et, i-Pr, C¢Hy;; R2=Et, i-Pr, -Bu, C¢H;;; RIR2= )
\_/

Hamu paspaboTaH MajgoOTXOJHBIA HEMPSMOW JBYXCTAJAMNHBIM METOJ MOJYy4YCHUs
O0eH30THAa30JCyb(DEHaMHIOB Ha OCHOBE AJIEKTPOreHEpUPOBAHHBIX N-XJIOpaJIKIMIIaMUHOB.
Cunte3 N-usonponmi-2-0enzotnazoncyibpeHamuna (23), ucxoms wu3 I-PrNHz u
HaTpueBoi conmu MBT Obu1 BbIOpaH B KadecTBe MOJENbHOro mpoiecca. Ha mepsoit
craquu nyreM DX i-PrNH2 B ycioBusix nuadparMeHHOTO SJCKTPOJIHM3a BOIHOTO
pactBopa NaCl momyuamu cmech I-PrNHCI u i-PrNCl, (monpHOE cootHomieHue 1 : 4).
Hanuume B cMmecu auxiiopaMuHa, BEPOSITHO, CBSI3aHO C AUCHPONOPIUOHUPOBAHUEM,
MOHOXJIOpaMHHA, IEPBOHAYATILHO 00pa3yIOIIErocs B X0/1€ AIEKTPOIU3a:

+ClL -2
i-PINH, 2% i PrNHCI === 0.5 i-PrINCl,+ 0.5 i-PrNH,

B ontumanbubix ycnoBusix (konuentpanuu I-PrNH2 u NaCl pauer 0.45 M wu
HACBIIIEHHBIA BOJHBII PacTBOP COOTBETCTBEHHO, ja = 300 MA/cm?, Q = 1 F / mons i-
PrNHz, 7' = 10°C) cymmapHbIil BbIX0A XJopaMUHOB cocTaBui 67%. Ha Bropoii craguu
(cxema 32), peakumeii N-xjopamMuHa ¢ BOJHBIM pacTBopoM HatpueBoit comu MBT,
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nosydanu 1eneBoit mpoaykt 23. llokazano, 4yTo Hapsay ¢ cyibpeHamugom 23
obpasyercs Tarke ouc(2-6eH30Trazonun)aucyabhun (24).

OO6pazoBanne nucyiabduma 24, BeposTHO, 00yciIoBIeHO okuciaeHueM annoHa MBT
nop aericteueM HOCI, renepupyemoii npu ruaponuse i-PrNHCI. VBennuenuto Bbixoma
cynbpeHamuna 23 O6IaronpusATCTBYET BBEACHUE B PEAKIIMOHHYIO CMECh alKWJIaMUHA U
IpoBeJieHue peakiuu npu Huszkod temneparype (-10 °C). Haiinensl onTumanbHbIE
YCIIOBWSI, TIO3BOJISIFOIIME TIOTYYaTh IEJICBOW MPOIYKT C MPAKTHYCCKA KOJUYCCTBEHHBIM
(99% na B3saTeiii MBT) BBIXOZOM: HCIIOJB30BAaHUE CMECH XJIOpAMHH / HaTpuUeBas COJb
MBT / i-PrNH2 ¢ MmonbHbIM cooTHOMIeHHeM 1 : 1 : 5, coorBercTBeHHO, T = -10 °C, BpeMms
peakmmu 2 9. YCTaHOBJCHHBIE 3aKOHOMEPHOCTH OBUIM  HCIONB30BAaHBI  JUIS
AIIEKTPOCUHTE3A psifla OCH30THA30JICYTb(ECHAMHIOB.

N N
i-PINHCI + | »sNa —> | >\—SNH— i-Pr + NaCl
S S

H0 23
N N
i-PINH, + HOCI | } S-S —/< D
S S
24

Paspabotan cunTe3 2-(munepuanHOTHO)OeH30THa30Ma U N-#-OyTmin-2-6eH30Tnason-

Cxema 32

cynb(eHaMHla C HCIOJIb30BAHHEM DJIEKTPOT€HEepPUPOBaHHBIX N-XJoprumnepuanHa u
cootBeTcTBeHHO N-BUNHCI. Bhixon mocneanero mocturan 71% B NpUBEICHHBIX BBIIIC
st 1-PrNH2 onTiMasibHBIX YCITOBHSIX.

[Tpu peanuzanum BTOPOH CTaauK MPOIecca U3YYCHBI PEaKIMK YKa3aHHbIX BbImre N-
xJ0paMuHOB ¢ HaTtpueBoil cosibto MBT. Ilpu npoBeneHnn cuHTE3a B ONTUMAJIBHBIX IS
cynbpenamuna 23 ycnoBusix, B chaydae N-XJopnunepuadHa IeJeBOH MPOJIYKT
obpaszyercst ¢ BeixogoM 80% (Ha MBT). B3aumopeiicTBue ke B 3THX YCIOBHSX N-
BuNHCI ¢ mnarpuesoit compto MBT mnpuBomutr k  N-u-OyTwii-2-0eH30THA307I-
cynb(eHamua ¢ HU3KUM BbIXOJoM (15%) u oOpa3oBaHUIO OOJIBIIOTO KOJIUYECTBA
mucynbhuna 24 (Beixon 70%). OmHako Mbl HAILIM, YTO YBEIWYEHHUE MOJBHOTO
cootHomenust N-xmopamus / amus (o1 1 : 5 10 1 : 10) moBsIaet BeIXo/ CyinbdeHamuna
10 50% u ymensInaet Boixo aucyibbuna 24 no 35%.

[TockonbKy peanu3anuio mporecca B BOAHOM Cpeae COMPOBOXIAeT Truaponn3 N-
XJIOPAaMMHOB U oOpa3zoBaHue aucyibbuaa 24, Hamu pa3zpaboTaH BTOpPOMl BapuUaHT
MOJy4YeHHsI CyJTb(EHAMHUIOB, OCHOBAHHBIM HAa TPOBEICHUH PEAKIMH B OPTaHUYECKOM
pactBopurene (CCls). Cuntes npombiuierHoro npoaykra N-mpem-0yTundenzoTnazorn-
2-cynbpenamuna (CAM), ucxons u3 t-BuNHCI, MBT u t-BuNH> (cxema 33), Obut
BHIOpaH B Ka4eCTBE MOJICTLHOTO TIpoIiecca.
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N N
R1R2NCI + C[ >\‘SH + RIRZNH — C[ >\‘SNR1R2 + RlRZNHQCI
S S

R!'=tBu, CH;;; R?>=H; R'R°N =N

Cxema 33

N 0]
TN/
N-Xnop-mpem-6ytunamu (Bbixoq 70%) monydanu SIEKTPOXJIOpUpOBaHUEM t-
BuNH2 B ycnoBusx mnpuseaeHubix Bbimie i i-PrNHCI. [Ipu stom B aHomHOM
OTJICJICHUH DJICKTPOJIM3epa TreHepHUpOBaIN HEOOXOuMBbIN Tl moydeHus N-xiopamuHa
Clo, a B xaromuom otmenennn — NaOH (cxema 34), ucmoiab3yeMmblii 3aTeM st
pereHepany aMuHa U3 TUIPOXJIOpUJIa aMUHA (CM. HIXKE).

- -2
Anox: 2C1—> Cl,
Cxema 34 Karom: 2 H,0 + 2 Na —=» NaOH + Hj,

Apomur: 2 t-BuNH, + Cl, —+BuNHCl + #BuNH,-HCI

N-Xnopamun skcTparupoBanu u3 BoaHoro pactBopa CCls m mpoBogwim cuHTE3
cynb(heHamMuia B opraHudeckoM pactBopureie. [Ipu stom, B OTIUYHE OT BOTHOUW Cpeibl
(cM BBIIIE), BBIXOJ IEJICBOTO TPOAYKTa HE 3aBUCHUT OT TEMIICPATyphl TPOBEICHUS
cunTe3a. HaiineHbl ontuMaibHbie yeinoBus (MoibHOe cooTHornenue t-BUNHCI / MBT /
t-BuNH2 =1 :1: 3, T=25°C, Bpems peakuuu 3 4) no3poisomue nonydat CAM c
BBICOKUM BBIX0JI0M (93%).

[To oxoHuUaHWM CHHTE3a W3 OPraHWYECKOTO PACTBOPA BBIACISUIH LEIEBOM MPOAYKT,
3ateM ocymiectBiasuin Bo3Bpar CCls m B3sTOro B M30bITKE (CM. BBIINE) amMuHa. Hamwm
TaKkK€ YCTAHOBJIEHA MpPUHIMIHUAIbHAS BO3MOXHOCTH pereHepauun t-BuNHz wu3
obpasyromerocst B cuatese CAM t-BuNH2-HCI (craguu nonyuenus t-BuNHCI u CAM,
cM. cxeMbl 33 1 34) ¢ UCIOJIb30BAHUEM AJIEKTpOreHeprupoBaHHbIX pacTBOpoB NaOH.

PerenepupoBannsie CCls m t-BuNH2, a takke orpaboranusie pactBopsl NaCl
UCIIONIb30BaNIM B TocnenyronieM ukie mnoiaydeHuss CAM (cramuu snektpocunresa t-
BUNHCI u ero B3ammopeiictBus ¢ MBT). IIpu ux HCMONB30BaHUU BBIXOJ IICJIEBOTO
NPOJYyKTa MPAaKTUYECKU He cHU3UICA (= 92%).

[ToguepkHeM, 4TO paccMOTpPEHHBIN Bbilie Meto noiaydeHuss CAM ocyliecTBIsIIN B
YCIIOBUSX «HAPHO20» DIEKTPOIIN3a, TMOCKOJIbKY B CHHTE3€ HCIOJB30BaIM IMPOJYKTHI,
obpasyromiuecs: Ha 000UX IEKTPOIaX.

VYcranoBneHnole Ha mnpumepe nonydeHuss CAM 3aKOHOMEPHOCTH, OBLIM HaMH
UCTIOJIb30BAHBl  JIJII  CHHTE3a  JIPYTUX  MPOU3BOJAUMBIX  MPOMBIIUICHHOCTHIO
cynbeHamuioB. B3anMopeicTBHEM AJIEKTPOTCHEPUPOBAHHBIX N-XJIOPIPON3BOIHBIX
nunepuinaa, MopdoirHa, u ukiorekcwiamMmuaa ¢ MBT U COOTBETCTBYIONTUM aMHHOM,
NIPY WCTIOJIb30BaHUU B CHHTE3€¢ SKBUMOIIEHOTO COOTHOIICHHUS peareHToB (cM. cxema 33),
ObLTH TIOJTyYCHBI c BBICOKHMH BBIXOJaMH COOTBETCTBEHHO 2-
(munepuaHOTHO)0eH30THa301 (BbIxoa 92%), 2-(MopdoauHOTHO)OEH30THAa30 (BBIXOT
86%) u N-nuxnorekcmnOeH3oTuazon-2-cynbhpenamua (Beixon 82%). Ilomyuenue N-
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XJIOpaMHHOB  (BbIX0A 65-92%.) ocCymecTBIsUim B YCIOBUSX Oe3nuadparMeHHOTO
AJIEKTPOJIM3a TUAPOXJIOPHIOB aMHHOB B reTepodasHoii cpene BoaHblid pactBop / CCls
(cm pazgen 2.2.1).

[IpoBenenHble HccneAOBaHMS TMOKa3ald, 4YTO B3auMmojercTBue N-XJIOpaMUHOB C
amuHaMu U1 MBT B opraHnueckomM pacTBOpPHUTENE, B OTIMYME OT BOIJHOW CpEXBI,
oOecrieunBaeT OoJjiee BBICOKHE BBIXOABI cyibpeHamuaoB (Ha 12-14%), a Taxxke He
MPUBOAUT K 00pa3oBaHuIo IuCyinbpuaa 24 B KauecTBe MOOOYHOTO MPOIYKTA.

[TogBons UTOT, OTMETHM, YTO HAMH Pa3padOTaHbl OCHOBHBIC MPUHIIUITEI BO3MOXHOMN
OpraHm3anuy  ynoOHOTO, SKOJOTMYECKHM NPUBICKATEIEHOTO METOAA  IONYYCHHUs
0eH30THAa30JCyb(PEeHaMHIOB, OCHOBAHHOTO HA PEAKIMH AIIEKTPOreHEpUpOBaHHBIX N-
xnopamuHoB ¢ MBT B oprannueckom pacTBOpHUTEIIE.

2.3.4. Ucnonv3osanue MOHOXI0PAMUHA 8 CUHME3AX 2UOPA3UHA U (heHuIcUudpasuna

['unpasun W QEHWITHAPA3WH WCIOJIB3YIOTCS B CHHTE3E (apMIpenaparoB M
HHCEKTHUIIUIOB, KPOME TOTO THJPA3WH IPUMEHSIOT B Ka4eCTBE KOMIIOHCHTA PaKETHBIX
toruuB. CuHTe3 N2Hs 00buHO Beayr myrem B3ammojeiictBus NH2Cl ¢ BogHbIM
pactBopoM NH3 u anudarudeckoro keroHa (aneToH, METHIITHIKETOH). [lomydeHHyr0
IIPH 3TOM cMech a3uHa 25 u 3,3-auankwiauazupuanaa 26 3areM o0padaThIBaIOT BOTHBIM
pactBopoMm H2SO4 (cxema 35).

2NH3 + Cl,—>» NH,Cl + NHCI

R! _NH
1R2 —» P2 |+ RIR2ZC=NN=CRIR2
Cxema 35 NH,Cl+R'RCO +NH; % RO Ly + RIRIC NN=CR'R
R'= Me; R*=Me, Et ¢sto4, H,0

N,H4 H,SO4 + R'R2ZCO

N3eectapiM MeTogoMm monydenus PhNHNH: sasercs Bzammopeiicteue NaOCI ¢
PhNH2 u NHs B BomHOM pactBope B npucyrctBue no6aBok NaOH. [porecc nporekaer
yepes npomeskyTouHoe oopasoBanne NH2Cl (cMm. cxema 36).

NH; + NaOCl — NH)Cl + NaOH
NH,Cl + PhNH; + NH; —>» PhNHNH, + NH4CI

Cxema 36

[TpoBepky BO3MOKHOCTH dJekTpocuHTe3a N2Hs MBI Hauanw ¢ MOMBITOK peann3anuu
npsiMoro mpotiecca auadparmeHHbIM dekTponu3oM BogHoro NaCl, comepskariero NHa.
OnHako BBIXOJI 1I€JIEBOTO MpoAykTa Obul kpaitHe He3HauuTeneH (< 0.07%), mockomabKy
obpazyrommuiicst N2Ha4 6picTpo pearuposan ¢ NH2Cl renepupyembIM B X071 3JEKTpOIH3a
(cm. cxema 21). Tlostomy paspaboran Hempsimoit meTton cuHTe3a NoHa, koTopbIit
onupascs Ha JBYXCTaIuiHbIN crioco0 momydenus Boguoro pactBopa NH2Cl (cm cxemy
35). Tlocnenmyromass peakuus NH2Cl ¢ NHs wu ameronom pgaBama  3,3-
TUMETWITUAUpUANH, obpaboTka kortoporo 50% BomubiM pacTtBopoM H2SOs Bema k
obpazoBanuto ero comu (cM. cxemy 35). B onrtumanbHBIX YCIOBHSX (MOJBHOE
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cootnomenue NH2Cl / NHz / Me,CO = 1 : 20 : 2, 35 °C, 2 49) Beixog NoHs -H2SO4
cocraBui 75% B pacuete Ha NH2Cl.

BTtopoii cnoco6 mo3BoJMII COKpPaTUTh YUCIO CTaauid »Toro mpouecca. OH BKIHOYAI
snekTpoxumudeckoe moayderue pactBopa NCls B CCls (cm pasgen 2.2.2) u ero
B3auMmozeiicteue co cMmecbto NH3z u amerona B Boge. I[lomyudenssiii mpu sTtom 3,3-
TUMETWITU3UPUINH 3aTeM MPEBpaIiaid B COJIb THApPa3uHA. B ONTHMAaTbHBIX YCIOBHSX
(monbHOE cooTHOmeHHe NCl3 : NH3 : MexCO =1 : 75 : 12, Tevemenus = 5 °C, Topneprxn =
30 °C, Bpems Boiepxku 3 1) Beixox NoHs -H2SO4 coctasun 35% B pacuete Ha NCls.

Kpome Toro, nHamm pazpaboran wmeron mnonyudenus N2Hs, ocHoBaHHBI Ha
WCIIOJIb30BAaHUM DJIEKTPOreHEepupoBaHHOrO xiyopamuHa b. Ero B3aumoneiictBue ¢
BOJHBIM pacTBopoM, coaepxkarmmm NHz u Me,CO npugeno k 3,3-1uMeTHIIHA3UPUIUHY,
npu rugponnse Koroporo kucnoroi monydeH N2Ha-H2SO4 ¢ Beixomom 70% B pacuere Ha
xyopamuH b (cM. cxema 37).

M NH
Cxema 37 2 NH; + Me,C=0 + PhSON(C)Na—> MZ>< Il\IH + PhSO,NH, + NaCl + H,O

\Hzo, HzSO4

NyH4 H,SO4 + Mey,CO

DJICKTPOTEHEPUPOBAHBIN  BBINICONMCAHHBIM  JABYXCTAIUHHBIM METOJOM  BOJHBIN
pactBop NH2Cl 0bu1 ucnions3oBan Hamu u B cunte3e PANHNH: (cxema 38). Hatinensr
s¢pdextuBubie ycmoBus cuntesa PNNHNH2 ¢ Beixomom 70% B pacuere na NHCI:
(mombHOE cootnomenre NH2Cl / PhANH2 / NHz / NaOH =1 : 16 : 8 : 2, cCOOTBETCTBEHHO,
Temnepatypa cMenienus -5°C, BpeMs Bbiiepxkku 40 mun mpu 25 °C).

NH PhNH,, NH3, NaOH
Cxema38 NHCl 22 NCl; —> NHCl — o> PhNHNH,

PhNH,, NH;, NaOH

| Z

Ocraromuecss mocjiae BbiAeneHUs 3,3-mumeTrinanasupuaraa (dmekrpocunTe3 NaHa)
win m3Binedernns PANHNH2 (¢ mocienyromeii Hefitpanuzanueir modasineaHoro NaOH
pactBopom HCI) Bogubie pactBopbl NaCl Obuti MOBTOPHO HCIOJB30BaHBI Ha CTAJIHU
anektpocuHTe3a NCls 6e3 ymeHbleHus: ero Bbixoaa. TakuMm o0pa3oM, MpeI0KEHHBIC
HAMHU  DJICKTPOXMMHYECKHE METOJbI  IMOJYYEHUS THAPA3HMHOB OTJIMYAIOTCS  OT
COOTBETCTBYIOIIMX XHUMHYECCKHMX aQHAJIOTOB 3aMCTHBIM COKpAICHUEM KOJIMYECTBA

OTXOJIOB 3a CYET BO3MOXKHOCTH PELMKIIA OTPA0OTaHHBIX PACTBOPOB.

I'maBa 3. JJ1eKTPOKATAJIUTHYCCKHI CHHTE3 KAPOOHOBBIX KMCJIOT U
azorerapenoB Ha NiO(OH) anone

ﬂaHHafI IjlaBa IIOCBJAIIICHA 3(1)(1)€KTI/IBHI)IM QJICKTPOKATAIUTHUYCCKUM  MCTOAaM
MOJIYUYCHUA Kap6OHOBbIX KHCJIOT H a30r¢TapC€HoOB, MPCACTABIIAIOIINX HpHKHa}IHOﬁ
HHTCPCC. OOBIYHO XHWMHYECKHH CHHTE3 TaKHX COCI[I/IHCHI/Iﬁ BCAYT OKHUCIICHUCM

COOTBCTCTBYIOIIHUX CITUPTOB, Kap6OHI/I.]'IBHBIX COCI[I/IHCHI/II\/’I HJIM apOMATHYCCKUX aMHWHOB
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neicTBuEM M30BITKA OKUCIUTENEH, ¢ 00pa3oBaHreM OOJIBIIOTO KOJTMYECTBA TOKCHYHBIX
OTXOJIOB.

Hamu BrnepBbie pa3paOoTaHbl albTEPHATUBHBIC METOBI JJICKTPOKATATHUTHYECKOTO
CHHTE3a JaHHBIX COCIUHCHMI B BOIHOM cpene ¢ ucnoias3zoBanrneM NiO(OH) B xadectBe
pelIoKC-MeuaTopa, HEMPEPHIBHO PETEHEPHPYEMOTO0 B Mporiecce 3IeKTpoiu3a. beiio
peaIM30BaHO TpEBpalICHUE. NUKINYECKUX KETOHOB JI0 JUKApOOHOBBIX KHCIIOT,
apuIIaIKaHoJIOB (C AByMs W 0ojiee METHJICHOBBIMH TPyIIIaMH B OOKOBOH Iemu) 10
COOTBETCTBYIOIIUX AapHIYKCYCHBIX KHCJIOT, 4-(hOpMHINUPA30JIOB JIO0 TUpa3oi-4-
KapOOHOBBIX KHCJIOT, aMHHOapeHOB 10 a3oapeHoB. IIpumenenne NIO(OH) xkak
OKHUCJIMTETIS-TICPEHOCUYNKA TOBBIMIAET CEJICKTUBHOCTh Ipollecca W JICTAeT  €ro
MaJIOOTXO/IHBIM.

3.1. Pa3padorka 3¢ (PeKTHBHBIX, IKOJOTHYECKH MPHUBJIEKATEIbHBIX METO10B
CHHTEe3a KapOOHOBBIX KHCJIOT U a3orerapenoB ¢ ucnojb3oBanueMm NiO(OH) anona B
YCIOBHSIX «RAPHO20» ITEKTPOJIH3A

M3ydeHO AJIEKTPOKATAIUTHUECKOC OKUCICHHE AapWIAIKaHOJIOB, IUKIUYCCKUX
KETOHOB, (HhOPMUIMHUPA30JI0OB 1O KapOOHOBBIX KHCIOT, a TAaKKE€ aMHHOTETapeHOB 0
azorerapeHoB Ha NIO(OH) osnmextpone B BomHoMm pactBope NaOH B ycnoBusix
0e3nmuadparMeHHOTO «napHOZO» IJIeKTpoiu3a. B kadectBe mpumepa Ha cxeme 39
TIPUBEJICH MPOIECC ICKTPOKATATUTHIESCKOTO OKHUCICHHUS CITUPTOB, B KOTOPOM Ha aHOJE
reaepupyercs NiIO(OH) kak pemokc-mMemuaTop, a Ha KaTojae — HEOOXOIUMOM IS
peanmu3aruu nporecca NaOH.

Ni
120H " *‘\
+12e,- 6H2 Y
12H,0 4N1(OH)2
Cxema 39 :
R(CHyy- OH | 4NiOOHanc.
R(CH,),.{ COOH
n=23
3.2.1. Inekmpocunmes  (cem)apui(0OKcu)anKkanosvlx - Kuciom OKucCleHuem

apuiajikanonoe

ApWITaTKaHOBBIC KHCJOTHI HCIOJIB3YIOT B CHHTE3€ JICKAPCTBEHHBIX IPENapaToB H
JMYIIUCTBIX BemecTB. Hamu pa3paboTaH HOBBIM MaJOOTXOJHBIA CIIOCOO CHHTE3a
ApUIIAIKAHOBBIX KHCJIOT OKHUCIEHHUEM COOTBETCTBYIOIIUX CIIUPTOB OOIIECH (HOpMYIIbI
RCH,CH>OH (rme R = Ph, CsHsN, PhCH, PhO) na NiO(OH) snekrpone B BoIHOM
pactBope meioun (cxema 39). B kauecTBe MOAEIBLHOrO OOBEKTa HCCICIOBAHHI OBLT
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BeIOpaH 2-peHmwmTanon (27). Ero sieKkTpokaTamTuTHYeCKOe OKHUCICHHE B BOIHOM
pactBope NaOH maer cmech hermnmykcycHo (28) u 6en3oiiHoi (29) Kucmor:

NiO(OH
PhCHLCH,0H ——a PhCH,COOH + PhCOOH
- NI(OH)2 28 29

OOpa3oBanne OCH30WHOW KHUCIOTBI 29, BepOSATHO, OOYCIOBJICHO JaTbHEHIITUM
OKHCIICHHEM aHHOHAa KHCJIOThI 28 B COOTBETCTBMM C MEXaHHM3MOM IIpollecca,
npencraBieHHBIM Ha cxeMe 40. OH OCHOBaH Ha MPEINOI0KEHIH, YTO B IIEIIOYHON cpeie
NPUCYTCTBYET JWAHUOH 28a, JIETKO OKUCIAIOIIUICS O COOTBETCTBYIOIIEIO pajanKalia
28b, nanpHelilee npeBpaiieHue KOTOPOTO U MPUBOIAT K MOJYUYCHHIO aHHOHA OEH30MHOM
KUCTIOTHI 29

OH _oooH - NiO(OH) _ » - -

PhCH,COOH — PhCH,COO <;> PhCHCOO —» PhCHCOO

28 28a 28b
NiO(OH) -
Cxema 40 OH
- N - NiO(OH -
Phcoo” NOOH | phccoo <2 prcHCOO

29 0
28d 28¢

B mpuHnmne mpormecc 3aBUCUT OT JIETKOCTH peanu3anuu craguu 28—28a, 4ro B
CBOIO O4Yepeb OIpENeIsIeTCS aKIeNTOPHBIMUA CBOMCTBAMHM apeHa. bBbIIM HM3ydeHbI
3(pPEKTUBHOCTh U 3aKOHOMEPHOCTH OKUCJICHHS CEPHH aJKWIAPOMATHYCCKUX CITHPTOB,
obmeit popmynsr RCH2CH2OH, otnuvarommxcst TOHOPHO-aKIIENTOPHBIME CBOHCTBAMU
R, a wumenno: 2-penwmranon, 2,4,6-tpuMerundeHmIITaHON, 2-(peHOKcuITaHOI, 3-
¢denwnnponan-1-om u 2-(2-ruppokcudTIir) TUpuAnH (cM. Tadum. 7). Tak, ¢ poctom
aKIENTOPHBIX CBOMCTB 3aMeCTUTENSI R B alkaHOIaX YMEHbBIIIAETCS BBIXOJ apUITYKCYCHBIX
U PacTeT BBIXOJ apHIKapOOHOBBIX KUCIIOT.

[Tosry4eHHBIE 3aKOHOMEPHOCTH WCIOJB30BaHbBI MPU pa3padOTKe Crocoda MOTyICHHS
1-TeTpazommIyKCyCHOM KUCIOTHI (MOJYMPOAYKT B CHHTE3€ aHTUOMOTHKA Ieda3orHa)
okucieHueM 1-(2-rugpokcudTiii) Terpazosia B BogHoMm pactBope NaOH wa NiO(OH)

aAHO/IC:
N N 4 NiO(OH)
1 I W lﬁ lﬁ
HC_ N 2 HC_ N
171 N
CH,CH,0H ¢H,COOH

[Ipn onTuMHU3aLUK 3TOTO MPOLECCAa HAWIEHBI YCIOBUS JAIOINUE BO3MOKHOCTD I0JIy4aTh
L[EJIEBOM MPOAYKT C BBICOKUM > 87% BBIXOJIOM Ha UCXOJHBIM COUPT (KOHUEHTpALUU
crupta 1 NaOH paBubl 0.5-0.75 1 1 M COOTBETCTBEHHO, aHOIHAS IUIOTHOCTh TOKA ja =

16 mA/cm?, Q = Q, = 4 F / Monb ucxomnoro criupra, T = 25°C).
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Tabauua 7. Beixos! (ret)apui(okcn)aikanoBbix (AAK) u 6enzoitnbix kuciot (bK) npu
OKHCJIEHHH ankunapomaTuueckux cnupros Ha NiO(OH) anoze 2.

Ucxonubrit Konsepcust OO6pa3yromascs Brixon MonsHoe
CIupT cnupra, % KHCIIOTa KHUCIIOTHI, % COOTHOLIEHHE
AAK /BK

PhCH2CH20H ? 64 PhCH,COOH 34 1:0.6
PhCOOH 19

PhCH2CH:OH 55 PhCH.COOH 29 1:05
PhCOOH 14

MesCH2CH.OH 16 MesCH2COOH 10 1:01
MesCOOH 1

PhOCH2CH,OH 58 PhOCH2COOH 54

PhCH.CH2CH2OH | 45 PhCH2CH2COOH | 26 1:01
PhCOOH 3

PyCH,CH,OH 76 PyCH,COOH 12 1:5
PyCOOH 60

3 Vcnosus skcnepumentos: 0.3 M pactBop KOH B 50% -HoM BogHOM t-BUOH, Cempra = 0.05
M, ja=2.4 MAlcMm?, T=50°C, Q = Q, = 4 F / MOJIb HICXOJHOTO CIIUPTA.
b) Jnexrpomnus nposomumm B 1 M BogsOM pactBope NaOH, ja = 6 MA/cM?

3.2.2. Janekmpoxumuyeckoe nojiydeHue KapOOHOBLIX KUCIAO0mM U3 KAPOOHUNbHBIX
coeouHenuil

AUTITHOBAS ¥ TITyTapoBasi KUCIOTHI MPOU3BOISTCS MPOMBIIUICHHOCTHIO U HAXOISAT
MPUMEHEHHE KaK TOJYIPOAYKTHI JUISI MOJYYCHHS MOJUMEPOB, MOJUYPETaHOB, HU3KO-
TEMITEPATYPHBIX CHHTETHYECKHX CMa30K, TUIACTH(UKATOPOB W T. M. TpaauIiuOHHBIA
XUMHUYECKUI METOJI TOJIYYCHHsI QJUITMHOBON KHCJIOTHI BKIIIOYACT OKHCIICHHE ITHKJIIO-
rekcaHojsla wiM uukiorekcaHona mnoxa JnedctBueM HNOsz. I'myrapoByro KHCIOTY
MOJIYYalOT  PACKPBITUEM Kojblla Yy-OyruponakroHa mox geiictBuem NaCN ¢
MOCJICYIOMUM THJIPOJIM30M OOpa3yIoIIecss 1THaHOMaclIsIHOW KHCIOTH. HemoctaTkom
MIEPBOTO0 METO/Ia sBIIsAeTCS oOpazoBanue OobImx KoymdecTB N2O kak 0TX0/1a, BTOPOTO
— UCIIOJIb30BAHKME BHICOKOTOKCUYHOT'O I[HAHU/IA.

Hammu paspaboTan crioco0 mpernapaTiBHOTO MOJTYyYSHHS aIUITMHOBOW KHCIIOTHI ITyTEeM
okucnenus mukiorekcanosna Ha NiO(OH) snektpose B cpesie BoaHo 1ienoun. [Tokasana
BO3MOXXHOCTh TMOCTaAUIHONW peaju3aluy 3TOro Ipolecca M HahjeHbl 3(PQPEeKTUBHbIE
YCIIOBHSI TIPOBEICHUS Kaxkmou craamu (cxema 41): OKHUCICHHE IUKIOTCKCAHOIA [0
rukiorekcanona (konmentpanuu cnupra 1 NaOH 0.15 u 1 M COOTBETCTBEHHO, ja = 6
MA/em?, Q = Q, = 2 F / monsb ucxomsoro crupra, 7 = 10-30 °C) ¥ HUKIOreKCaHOHA JI0
aIUNMHOBOM KucCiIoThl (koHHeHTparuu ketoHa u NaOH 0.15-030 u 1 M
COOTBETCTBEHHO, ja = 6 MA/cM?, Q = 4 Q,, = 24 F / Monb ucxoauoro kerona, 7=10 °C).




39

2 N|O(OH)
-2 N|(OH)2

76%
Cxema 41

6 NiO(OH)

I :ﬁﬁ&%;’ HOOC-(CH,),-COOH

37%

[Ipemmoxken  cmoco0  MOAYyYEeHHS  TJIYyTapOBOM  KHCJIOTHI  OKHCJICHHUEM
muknoneHranona Ha NiIO(OH) anome B Bognom pactBope NaOH. Breixox mesneBoro
MPOJYKTa B ONTUMAIBHBIX yCIOBUSAX (KoHIeHTpanuu ketoHa u NaOH 0.15-02 u 1 M
COOTBETCTBEHHO, ja = 6 MA/cM?, Q = 3 Q,, = 18 F / monb ketona, 7= 10 °C) 65611 51%:

6 NiO(OH)

“enior, HOOC-(CHz)y-COOH

DJEKTPOOKUCICHUE IMKIOT€KCaHOHA COIMPOBOXKIAIOCh O0pa3oBaHUEM HEOONBIINX
KOJIMYECTB KHUCJIOT C MEHBIIMM MOJIEKYJISAPHBIM BECOM: TJIyTapoOBOM M SHTApPHOM
(cymmapsbiid BeIxoa 10 12%), a OKHCIIEHHE IUKIONEHTAaHOHA — YMEPEHHBIX KOJIMYECTB
sHTapHOU KUCIOTHI (14%).

Ha mpumepe UMKIOreKCaHOHA PAaCCMOTPEH MEXaHW3M OKHUCICHUS IHKIUYECKUX
KeTOHOB (cM. cxema 42). DIEKTpOXMMHUYECKH aKTUBHas €HOJbHas (dopma
nukiorekcanona 30 B 1 M pactBope 1mienouyu npucyTcTByeT B Bujae eHonat aHuona 30,
OKHCJICHHE KoToporo gnaetr O-neHtpupoBaHHbli panukan 30a. Ilocnmemyromue
npeBpanieHusi 30a BkiroyaroT oOpasoBaHue C-TIeHTpUpOBaHHOrO panukana 30aa wu,
yepe3 MPOMEXYyTOUHOE 00pa3oBaHUE THUIIPOKCUIIMKIOorekcaHoHa 3la, mpuBomar k 1,2-
nukiIorekcanauony 32a. Ero okucnenme mnporekaer ¢ pacuierienuem C—C cBsizu,
npuBOAsS K aaunuHOBOM kucimote 33a. Kak okazanoch, uepeqoBaHUE CTaguid
TUAPOKCWIMPOBAHUS M OKUCIeHus ¢ pacmerienueM cBased C-C  gBusercs
NPUHIMITHAIEHO BAaXXHBIM M JIJISl TIPOIlecca OKUCIEHUS, MPUBOJISAIIETO K 00pa3oBaHUIO
rinyrapoBoii 36b m sHrapHoit 37¢ kucinoT. B 3TOM ciyyac Ha HayalbHBIX CTaIMSIX
peanusyercs obpazosanue pamukaia no C3 u coorsercTBenno uetsepromy C4 M3 cxemsl
BUJIHO, YTO IMOJyYCHHUE ATUMHUHOBON KHUCIOTHI MPOTEKaeT 4epe3 4 CTaauu, IIyTapoBOi
yepe3 6 cragui, a ssHTapHOU uepe3 7 craauil. [loaToMy HE yAMBUTENBHO, YTO UMEHHO B
ATOM MOCIEOBATEILHOCTH YMEHBIIAETCS BBIXO/T YKa3aHHBIX KUCIOT.

[Tupazon-4-kapOOHOBBIE KHCJIOTHI HCMOJB3YIOT KaK TOJYINPOAYKTHl B CHHTE3€
JICKapCTBEHHBIX  BEMIECTB,  OOJANAIOIIUX  MPOTHUBOTPHOKOBOW,  AHTUBHPYCHOU
aKTUBHOCTBIO, JUIsl JICUCHUS JETIPECCUH, a Takxke OosiesHel Anblrelimepa u [TapkuHcoHa.
Hamu pa3zpaboTaH HOBBI METOJ MOJYYEHUS OSTUX KHUCIOT DJIEKTPOOKHCIECHUEM 4-

dopmunmupasosoB Ha NiO(OH) anoe B BOJHOM pacTBOpE IIET0YH.
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B kadecTBe MoOAETBHOIO Tmpolecca BbIOpaHO OkuciaeHue  1,3,5-Tpumerni-4-
dbopmmmupazoina 1o 1,3,5-rpumerni-1H-nupa3on-4-kapOOHOBOM KHUCIOTHI:

M
e CHO 5 N100H COOH
N A Me 2 2 Ni(OH), Me
\Me \ Me

Hatinensr a¢dextuBHble ycnoBus (koHmeHTparuu anpaeruga 1 NaOH 0.05-0.20 u
1.0 , cOOTBETCTBEHHO, ja = 6 MA/cM?, Q = Q, = 2 F / Monb anpaeruza, T = 70 °C) ans
MIOJIyYEHUS LIETIEBOTO NMPOAYKTA C BBIXOAOM 77% B pacuere Ha 3arpy>KE€HHBIN aJIbICTU].
N3ydeHo BiMsiHME JOHOPHBIX (AKLENTOPHBIX) 3aMectuteneit B 4-popmuii-1H-nupazonax
Ha TIPOTEKaHue mpolecca okucieHus (cxema 43, tadim. 8).

B otmimmuue ot 4-gopmun-1H-nupazonos ¢ Me- unu Et- rpynmamu npu atome asora,
(beHnnbHBIN aHaor 38€ TI0X0 PACTBOPUM B BOJE, IOATOMY €TI0 OKHCJIEHHE TPOBOUIH B
50% Bomnom pactBope t-BUOH. B Ttex ke ycnoBusix u3ydeHo okucienue 1,3,5-
tpuMeTmi-4-popmuin-1H-upazona (38d). Okaszanock, uro nepexon k 50% BomHOMYy t-
BUOH 3ameTHO CHMXaeT KOHBEPCHIO albJeruiia M BBIXOJ IIEJIEBOTO MPOJIYKTa, YTO
BO3MOJKHO CBSI3aHO C YMEHBIIICHHEM KOHIICHTPAIIMH [IEJI0YH, PAaBHO KaK U C H3MECHEHHUEM
YCIIOBUH aJIcOpOIIMM UCXOJHOTO TTpa3zoa. [Ipu 7 TOM OCHOBHOE KOJIMYECTBO MPOITYIICH-
HOT'0 DJIEKTpUYECTBA pacxoayercs Ha paspsan OH™ wonos: 40H — 4e— 2 H20 + Oo.

YcraHoBIeHO, 4TO 3aMeHa JoHopHOTo (Me, Et) Ha akuentopusiii (Ph) 3amecturens B
NUPA30JbHOM IHUKJIE YMEHBIIAET BBIXOJ MUPA30JKAPOOHOBON KHCIOTHI, a MOJOXKEHUE
anpAeruaHoN rpynmbl  (4-popmun-  win  S-popmun-1H-mupaszon) HE OKa3bIBaeT
3aMETHOTO BIMSHUA Ha dS()PEKTUBHOCTh 3IEKTPOOKHCICHHS (POPMUIIHPA30JIOB
(cyOcTpat 41, cm. cxema 44).
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RZ 2
T‘—” CHO 2 NiO(OH Rﬂ_ﬂ COOH
\R! \R!
38 a-e 39 a-e

Tab6auuma 8. Bbeixoasl mupa3oikapOOHOBBIX KHUCIOT TpH OKuciaeHuu 4-hopmun-1H-
nupaszonos (PI1) na NiO(OH) snextpose 2.

dI1 R! R? R3 Konsepcus Kucmora Borxon
dII, % KHUCIIOTHI, %
38a Me Me H 97 39a 66
38b Me H Me 99 39b 98
38¢c Et Me Me 74 39c 60
38d 9 Me Me Me 27 39d 22
38e D Ph Me Me 14 39 14

3 Ycnosus sxcriepumentos: 1 M Boausrii pactBop NaOH, Coumernia= 0.2 M, ja =6 MA/em?, Q =Q, =2 F
Ha Mok anpneruaa, T = 70 °C.
% Jnexrponns npoomuiu B 0.3 M pactBope KOH B 50% Hom BogHOM t-BUOH, ja =2.4 MA/cm?, T=50°C.

”—[ 2 NiO(OH) ]—[
Cxema 44 N_ I|\I
N N

| -2 Ni(OH |
~\CHO (Ot ~N~ \COOH
\

40\ Me 41 Me
98%
Pa3zpaboTtannbie HaMH AJIEKTPOXUMUYECKHUE CIIOCOOBI MOJTYy4YECHUS
(ret)apmii( OKCH )aJIKaHOBBIX u nupa3oi-4-kapOOHOBBIX KHUCJIOT o0nagaroT

HECOMHEHHBIMH MTPEUMYIIICCTBAMH, YEM TIPH MCIOJb30BAHUN XUMHUYECKUX OKHUCIUTEICH
tuna KMnO4 i KoCra0Or.

3.2.3. Ilonyuenue azonupa3zonos u azoQyypazanoe oKUCIumenbHoi mpanchopmayuei
COOMEEMCmEyOuWUX AMUHONRPOU3B00HBIX

ApomaTuyeckue a3O0NpPOU3BOJIHBIE HMMEIOT IIMPOKHUI CIEKTP HCIOIb30BAHUS KakK
OpraHMYecKHe KpacuTenu, (apMaKoJIOTUYECKH AKTHUBHBIE COCIMHEHHUS, COPEarcHThl B
OPraHWYECKOM CHHTE3€ M DHEPrOEMKHE COCTUHEHHS. XUMUYECKUE METOIbl MOJIYYCHUS
a30apEHOB OCHOBAHbI HA OKUCICHUM ApUIIAMHHOB CTEXHOMETPUUYECKUMHU KOJIUYECTBAMHU
TOKCUYHBIX PEareHTOB (COJIM TSKEJBIX METaJUIOB, Tasorensl, t-BuOl u T.m).

Hamu npeasioxkeHbl JUIIEHHBIE 3TUX HEJIOCTATKOB 3JIEKTPOXMMHUYECKHE METOJbI
MOJIYYEHUS a30MUpa30ioB M a30(pypa3aHOB C UCIOJb30BAHMEM KaTAIUTUYECKHUX
KOJIMYECTB pelokc-meauartopa. W3ydeHo oxucienne N-ankumupoBaHHbIX 3- U 5-
aMUHOIMPA30JIOB B a30MMPa30Jibl, a Takke aMuHO(pypa3aHOB B a3odypazaHbl Ha
NiO(OH) anone B BogHom pactBope NaOH (cm. cxema 45).
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4 NiO(OH)

2 AI‘NHz - 4 Ni(OH), Ar~ N =N~ Ar
Cxema 45 | R”—“
Ar = | N N\ _ N
N> R’ (0]
Alk

B kauecTBe MOJIENBHBIX COSAMHEHUH I M3YYCHUS PACCMATPUBAEMBIX MPOIECCOB
Obun BeIOpanbl 1-metun-3-amuHo-1H-tmpazon u 3-metun-4-amuHogypaszan. HaiineHst
s dexTuBHBIC yCIOBUS AJIeKTpocuHTe3a 1,2-6uc(1-metun-/H-nupa3on-3-mi)aua3eHa u
4,4'-mumetnnasodypasana (konmentpanus 0.03 M (ammuomupaszon) u 0.02 M
(ammaO(Yypazan), xonmneHtpanmus NaOH 0.5 M (amunommpazonm) u 02 M
(amunodypazan), Q = Q, = 2 F/ monb amunoretapena, 7 = 25 °C) ¢ Beixoaom 74—82%
HA UCXOJHBI aMUHOTETapeH. Y CTAHOBIEHO, YTO 3aKOHOMEPHOCTH JJIEKTPOXUMHUUYECKON
TpaHchopMaIlii MOJICIbHBIX aMUHONUpa3oia u amuHodypazana Ha NiIO(OH) anekrpone
UMEIOT IOCTaTOYHO OOIIHNI XapaKTep He3aBUCHMO OT MPUPOIBI aMHHOT€TapeHa.

B Ttabmume 9 cymMMupoBaHBI PE3yNbTATHl BIUSHUS TNPUPOILI 3aMECTHUTCIS H
nonoxkenuss NHz-rpynmel B mupazonsHoM mukie (3- W 5-aMUHONUPA30JbI) Ha
3¢ (HEeKTUBHOCTD AEKTPOKATaATUTHUYECKOM TpaHchopManuu N-amKuiIaMUHOTHPA30JI0B.

MakcumaneHblid  BBIXON  IenmeBoro mpoaykra 43a  (82%) momydeH mpum
AIIEKTPOOKUCICHUH 1-meTun-3-amuHo-1H-tupasomna 42a u IPONYyCKaHUU
TEOPETUYECKOTO KOJMYECTBA AJIEKTPUUECTBa, KOHBepcusi cyoctpata mocturaia 100%.
OnHako TpeBpalIeHUs] B 3THUX YCIOBHAX aMHHOMHPa3ojioB (42b—42d, cm. Tabn. 9) c
JIOHOPHBIMH 3aMECTHTEISIMH B IHKIE, OKa3zanochk MeHee 3¢ddextuBHBIM. KoHBepcus
JTAHHBIX COEJMHEHUM W BBIXOJl a30MHPa30JioB CHU3UIUCH 10 45—50%, 4TO, BEpOATHO,
CBSI3aHO C YMEHBIIIEHHEM PAaCTBOPUMOCTH a30MPOU3BOAHBIX B BOJHOM PACTBOPE U HX
aJcopOIMy Ha TOBEPXHOCTH AaHOJA, BBI3BIBAIONICH CHIDKEHHE CKOPOCTH pEaKIuu
OKHCJICHUS] aMHHOTIHPA30JIOB.

B ciydae mupasonoB ¢ akIENTOPHBIMH 3aMECTUTEIISIMU (aMHHOTIMpa3obl 42e u 42f)
BBIXOJI IIEJIEBBIX MPOAYKTOB CHIKAETCS 70 25—26% (cM. Tabi. 9), mo-BUIAUMOMY, 33 CUET
YMEHBIIICHHUSI CKOPOCTH B3ammojeicTBus amuuonupasonoB ¢ NiO(OH). Ilpomyckanue
Oonpiiero konuyectBa saektpudectBa (Q/Qn = 2—4) Mo3BONIAET JOCTUTHYTH BBIXOJIBI
71-87% mnpu HaAM4YMM B NUPA30JbHOM LHUKIE KaK JOHOPHBIX, TaK M aKIENTOPHBIX
3aMECTUTEIIEH.

B oTnuume ot 3-aMHHOTIHPA30JI0B, SJEKTPOOKUCICHUE 5S-aMIHHOITHPA30JI0B MPOTEKAIO
HEOJTHO3HAYHO M COIMPOBOXKAAJIOCH OOpa30BaHMEM CMOJOOOpA3HBIX MPOIYKTOB. B
pe3yabTare azonupas3odibl 45a u 45b nonydeHsl ¢ ymepeHHbIM BBIXOJ0M (46—50%) naxe
IpY 3HAYUTEITHHOM U30BITKE MPOIYIEHHOTO AtekTpudectBa (Q/Q, = 3—4, Tadmx. 9).

3aKOHOMEPHOCTH, ONIMCAHHBIE JIJIsI aMUHOIIUPA30JI0B, COXPAHAIOTCS U TIPU OKUCIICHUH
amuHOo(ypa3zanoB B azodypaszansl Ha NIO(OH) anoxe (cm. Tabmuma 10).
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Tabauma 9. Boeixoxsl azonmpazonoB 43a-f m 45a, b mpu smextpookucieHun
amunonupaszonos 42a-f u 44a, b na NiO(OH) snexrpone?.

2 1

2
H2N| R? RI | . R% R} | R
'H N
2 N
N R | NN RN \]'jT N¢N\‘ _JJN
R2

\R! \R! \ R!
42a-f 44a,b 43a-f 45a,b

Me— NN Nl NG N\”—/” Et—No lN/ \”j| i-Pr—N_ lN/ \”—/”
N\
N\
M 1-Pr

43a (82%) 43b (50%71%°) 43¢ (48%2 86%°)

Cl Br
N. Cl N. Br
N = —N. —
Me—N l \”j Me— I = \IUT Me™ N\ (P NT \INW
Me >N SN
“Me

c
43d (4972 86%°) 43e (26%, 87%") 43 (25%, 77%°)
I\/I[e Me | Me
| N \”—j N
— N N % N
N ” I‘|I NN N\‘
“Me Me
(]
45a (23%, 55%% 50%° 45b (28%852% ,46%)

8 Venoust skcrepumentoB: NiO(OH) axox, Ti KaTos, KOHIEHTPALMKH aMHHOIHPA30JIOB 1
NaOH 0.03 u 0.5 M cOOTBETCTBEHHO, ja = 6 MA/cM 2, Q, = 2 F/ Momb amuHOMMpasona, T = 25°C.
KonuuecTBo mpomymenHoro snekrpudectsa "Q/Q, = 1; °Q/Q, = 2; “Q/Q, = 3; °Q/Q, = 4.

HauGonbsmmit Beixoa azodypazana (74%) nomyden nns 3-metun-4-amuHodypazaHa
(46a) mpu mpomycKaHWU TeopeTHdYeckoro kommuecTBa saektpuuectBa (Q/Qn = 1),
KOHBEpCHsI aMUHOreTapeHa npu 3ToMm jaocturana 80%. VYBenudeHue KOJIUYECTBA
anekTpuyectBa 10 Q/Q, =2.5 mnoBbIIa€T BBIXOJ MEICBBIX HPOAYKTOB 10 97%.
OxuciieHHe B 3THX YCJIOBUSAX aMUHO(Ypa3aHOB C JOHOPHBIMH 3aMecTHTelsimMu (46b-e)
TaKKe TMpOTeKaeT A0CTarouyHo 3ddekruBHO (cM. Ta6n. 10). Ilpu Haauumm xe B
(bypa3aHOBOM ILMKJIEC aKIICNITOPHBIX 3aMmecTurenel (amuHodypazansl 46f u 46g) BBIXOA
COOTBETCTBYIOIIMX a30()ypa3aHOB yMEHBIIACTCS.

[IpemnoskeHHBI METO] SIEKTPOCHHTE3a a30(ypa3aHOB UCIOIB30BAH I OTYUCHHS
SHEProeMKuX coeauHenuii: 4,4'-muruapo-azodypazana (47e), 4,4'-nu(5-teTpa3onmn)
azodypazana (47h) u 4,4'-muamunodypazana (47i). Bce coenuHeHus MOMydeHBI C

XOPOIIMMH BbIxoaamu (cM. Tabi. 10).
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Tadauna 10. Beixoasl azodypazanoB 47a-1 mpu 3JIEKTPOOKUCICHHA aMHHO(ypa3aHOB
46a-i na NiO(OH) anone?.

N7 0. N
N
R: NH, R X J—ILR
) T “de T N
46a-i 47a-i

LN Oy
M No 4, B AN Na A1
S
T N i s L R e (e r
N\O/N N\O/N N\ N

47a (74%, 97%°) 47b (56%", 5% 47¢ (54%”, 1%
47d (53%", 83% ©) 47e (53%" 94% ©) 471 (5%5 1% ©)
O, N=N
N/ N ' N—H
—
Ns N§Nﬂ—“\N3 N— \N 8 H N J_U\N
N_ _N N\
0
47g (28%", 74%°) 47h (100%°) 471 (42%

Ay cnosus sxcniepumenta: NiO(OH) anox, Ti kaTox, KoHIEHTpanyuy aMuHo(ypazaHoB n NaOH
0.02 1 0.2 M COOTBETCTBEHHO, ja = 6 MA-cM 2, Q,, = 2 F / Mmons amuHODYpasana, T = 25°C.
KonuecTBO mpomymenHoro snekrpudectsa: °Q/Q, = 1; °Q/Q, = 2.5; 9Q/Q. = 3.

Takum oOpa3om, ObLTH pa3paboTaHbl YIOOHBIE, HU3KO3aTPATHBIE METObI TIOMYUCHUS
MPAKTUYCCKH 3HAYUMBIX OPTaHUYECKHX KHCIOT M a30COCJAMHCHHUHA C HCIIOJIb30BAaHUEM
anektporenepupyemoro NiO(OH) B kadectBe pemokc-meauaropa. JlaHHBIE MPOLECCHI
MPOTEKAIOT B YCIOBUSAX «HAPHO20» DNEKTPOIIN3a, IPUTOIHBI IJIsi MAaCIITAOUPOBAHUS, HE
TpeOYIOT UCTIONIb30BaHMSI OOJIBIINX KOJUYECTB TOKCHUHBIX XUMHUYECKUX OKUCITUTENEeH U
MOTOMY SIBJISIFOTCSI TEXHOJIOTHUECKH U SKOJIOTUYECKH IMPUBJICKATCILHBIMH.

Bce mocraBiieHHbIE LienM M 3aAadd pemeHbl. OTMETUM, YTO B YCIIOBUAX «HAPHO20%
ANIEKTPOJIM3a B HAIIMX IPOIEccax, MOMUMO IIeJIEBOr0 MPOAYKTa, 00pazyeTcs BOIOPOI.
OTO TakKe IMOJIE3HBIM MPOAYKT M B cllydae pealM3allud TeX WM HUHBIX HalluX
pa3paboToK He B J1a0OpaTOPHOM, a B YKPYMHEHHOM MaciiTabe, BOJOPOJ MOXKET OBITh
HampaBiieH notpedutento. Hampumep, Tak, kak 3TO yKe pealn3yercs B Ipolecce
HPOMBIIUICHHOTO TIOYYEHHsI XJIOpa U MIEIOYH dJIEKTpoau3oM BogHoro pactBopa NacCl.
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BrpiBOaLI

1. Pa3paboTaH KOMIIJIEKC HOBBIX TMOJIXOJOB K 3JEKTPOCUHTE3Y IIUPOKOro psa
MPaKTUYECKHU LIEHHBIX BEIIECTB U UX MPEKYPCOPOB B YCIOBUAX «HAPHO20» SIEKTPOIN3A.
OTH NOAXOABl, pEAJN30BAHHBIE, KAaK MPAaBWJIO, B BOJHBIX pacTBOpPax, IO3BOJIAIOT
OTKa3aTbCid OT UCIOJIb30BAHMUS HEBOJHBIX CpeA, TOKCUYHBIX OKHUCIHUTENEH (conu
Tsokenblx  MetauioB, HNOz u  1p) ¥ OTKpBIBAlOT BO3MOXKHOCTb OpraHU3allUU
TEXHOJIOTUYECKA W  DKOJIOTMYECKH I[PUBJIEKATENbHBIX IPOLIECCOB  IMPUKIATHON
HAIPABJIEHHOCTH.

2. H3ydeHbl  3aKOHOMEPHOCTH  AJIEKTPOXMMHYECKOIO  XJIOPUPOBAHUS  CEpUU
aMHUHOCOJIepXKaIuX CTpYKTyp B BogHoMm pactBope NaCl. Ha atoit ocHOBe pa3paboTaHbI
s dextuBHbIe (BBIX0A 50-90%), MaTOOTXOAHBIE METOJIBI AIEKTPOCUHTE3A Psiia IEHHBIX
peareHTOB  OpPraHUYecKOro  CHHTe3a:  XjopamuHa,  N-xjopankuinamuHoB,  N-
XJIOPCYKIIMHUMM/J1a, HATPUEBBIX cosiel N-XjopaMu0B apuicyiab()OKUCIOT.

3. BmepBple, ¢ y4acTHEM OAJIEKTPOreHEpUPOBAHHBIX N-XJIOPHIPOU3BOIHBIX, YCHEIIHO
peain30BaHbl Pa3pabOTKU HOBBIX MAJIOOTXOJHBIX METOJOB CHHTE3a TaKUX MPAKTUYECKU
3HAUMMBIX COEAMHEHMM Kak: TUApPa3uH, (QEHWITHApPa3vH, 1,2-Tuankuiina3upyuauHbl,
tTHoKapOamartsl (Bbixoa 50—70%).

4. BriepBbie OCYIIIECTBIEHO 3JIEKTPOTajJOreHUPOBAHHUE MHUPA30JI0B B BOAHOU cpene (Pt
aHox, muadparMeHHbBIN TanbBaHOCTaTHYeCKHi 3ekTpoin3 pactBopoB NaCl, NaBr wmu
KI):

a. paspaboTtanbl 3 (PEeKTUBHBIE METOIBI MONIYYeHHS 4-XJI0opnupa3oyioB (Beixon 4—93%) u
4-6pommiupazonioB (Beixon 55-94%). I[lokazaHo, 4TO TIpU XJIOPUPOBAHUHM MHUPA3OJIOB
HaJIM4Yue B IUKJIE JOHOPHOTO 3aMECTHUTEINsl MOBBIIIAET, @ aKUENTOPHOTO — YMEHbILAET
BBIXOJl IIEJIEBOTO MpOAyKTa. B ciaydae OpomupoBaHHMs NHUPA30JI0B MPUCYTCTBUE
JIOHOPHBIX 3aMecTUTeNIell ONaronpusATCTBYeT NPOTEKAaHHIO pPEaklUH, a HaJludyue
AKLIETITOPHBIX — 3aMETHO HE BJIMSET Ha 3TOT MpoIiecC.

0. npu ucnonszoanuu cucreM Kl-K103—H2SO4 u 1,-K103-H2S04 BriepBsie paspaboran
3(pPEKTUBHBIA METOJ 3JIEKTPOXUMHUYECKOIO HOIAMPOBAHMUS MHUPA30JOB C BBIXOJOM
LENEBbIX MOPOAYKTOB 74—94%, B TOM 4Wcie TpU HOJAPOBAHUU MHUPA30JOB C
aKLENTOPHBIMU 3amecTUTeNsIMU. [IpuMepbl HCMONB30BaHUS JTAHHOTO MeETojAa IS
MOJIMPOBAHMS JIPYTMX KJIACCOB ApPOMATHUYECKHUX BEUIECTB YKa3blBalOT Ha €ro
YHUBEPCAIBHOCTD.

5 Pa3paboraHbl paHee HE U3BECTHbIE METOJbl KOJMYECTBEHHOI'O DJIEKTPOCHHTE3a
HaTpueBbIX coje N-xmopamunoB apuicynbdokucior (xmopamunasl b, T u Xb) —
KPYMHOTOHHAKHBIX ~ IPOMBIIIJIEHHBIX MPOAYKTOB. Ha  yKpynmHEHHOH yCTaHOBKE
OCYIIECTBJIICHO  MOJEJIUPOBAaHME OSTUX MPOLECCOB U  CO3/JaH  J1abOpaTOPHBIN
TEXHOJIOTUYECKUM peryiamMeHT noaydenus xjaopamMuHoB b. T u Xb. [IpennoxeHsl HOBbIE
INPHUHLMIBI OPraHU3ally MMPOMBILUIEHHOIO MPOLECCa, MO3BOJISIOIUE YBEIUUUTD BBIXOJ
1esneBbix npoAykToB Ha 20—30%, 1o cpaBHEHHMIO C CYILIECTBYIONIEH TEXHOIOTHUEH.
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6. Briepsrie, ucrons3ys NiO(OH) kak pegokc-MenuaTop HEMPEphIBHO pereHepupyeMBblit
B XOJI€ AJIEKTPOJIN3a:

a. pa3BuThl ¢ dexTuBHbie (BbIxoA 70-90%) MeTOapl CHHTE3a MPAKTUYECKU 3HAYMMBIX
aJUNMHOBOM, TJYTapOBOM, apWJIaJIKaHOBBIX W  NUPa30y-4-KapOOHOBBIX  KHUCIIOT
ANIEKTPOKATATUTUYECKUM OKHCICHHEM JOCTYMHBIX CIUPTOB WJIH KapOOHWIBHBIX
COCJIMHCHMUI;

0. YCHEIIHO pealiu30BaH »dJICKTPOKATAIUTUYECKUH MeToa okuciautenbHoro N—N
COUETaHUs aMUHOMMPA30JI0B U aMUHO(DYpPa3aHOB B COOTBETCTBYIOIIME a30MUPA30JIbI U
a3odypaszanbl (BBIXOJ LIEJICBBIX MPOAYKTOB 11-95%).

7. Ha ocHOBe B3aUMOAEHMCTBHS dJEKTpOreHEpUpPOBaHHBIX N-xJIOpaMMHOB ¢ 2-
MEpKanToOeH30THA30JI0M pa3paboTaHbl OOIIMe NPUHIHUIBI OpPraHU3aluu  ya00HOTO,
MaJIOOTXOHOTO, HKOJIOTUIECKH NIPUBIIEKATEIIEHOTO MeToaa Oy YCHHS
0eH30THa30JCyIb(eHaMHUI0B (YCKOPUTEIH BYJIKAHU3AINU KayqyKOB).
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