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CuHTEe3 U CTpPOeHNe CMEIIAHHOJIUTAHAHBIX KoMILIekcoB meau(11)
¢ TUTHOJIPEHOJIAMH U TeTePOIUKINYECKUMH THAMUHAMM

Cunmesuposanvi komniexcol Humpama meou(Il) ¢ oumuonghenonamu (2,6-oumuon-
4-memungperon u 2,6-0oumuon-4-smuigheron) 6 nPUCYmMCmeuy 2emepoyurIudeckux ou-
amunos. B kauecmee eemepoyuxiuueckux OUAMUHO8 UCHONBIOBAHLL (HEHAHMPONUH
(Den), bamopenanmponun (b@en) u 2,2 -ounupuoun ([qun) 1:2. Cnekmpogpomomem-
PUYECKUMU MEMOOAMU U3VYEHbl PeaKyuu Komniekcoobpazosanus. CmpyKmypa Kom-
nnexca Cu=/JTM®P—Den uccnedosana memooamu HK-cnexmpockonuu, mepmocpasu-
MEmPUYecKo2o u peHmeeHOCMPYKMYPHO20 AHAU3A.

KioueBble clioBa: medb,  IKCMPAKYUOHHO-(POMOMEmMPUYecKuti  Memoo,
OUMUONPEHOTB, 2eMEPOYUKTULECKUE AMUHDL.

BBenenne

CoBpeMeHHOE Pa3BUTHE AHAIMTUYECKOM XUMHUHM XapaKTEepU3yeTcsl WHTEH-
CHUBHBIM HCITOJIb30BAHUEM KOMIUIEKCHBIX COCAMHEHWH WOHOB METalla ¢ opra-
HAYECKHMH pearcHTaMHu UTsl paslelicHHs, KOHIICHTPUPOBAHUSA U KOJIMYESCTBCH-
HOTO OIpENCICHHs PAa3IMYHBIX DJIEMEHTOB. YCIENIHOE PEIICHHE XHUMHKO-
AQHAIMTHYCCKUX 3aJlad BO3MOXKHO IPH JIOCTATOYHO TOJTHOW HHQPOpPMAIUU 00
ONTHMAJIBHBIX YCIOBHSIX OOpa30BaHHs KOMILJICKCOB W MX (DH3MKO-XHMHUYECKHAX
CBOMCTBaX M COCTaBax.

Menb OTHOCUTCSI K YHCIY METalIOB, OOJaaroNIuX XpOMO(GOpPHBIMH CBOM-
ctBamu. [ToaTOMy cpear MHOTOYHCICHHBIX (POTOMETPUUYECKHX METOJIOB OIpe-
JICTICHUS] MEITA UMEFOTCS METOIbl, OCHOBAHHBIC Ha UCIIONB30BAHWN OKPAIICHHBIX
peareHToB ¢ XpOoMO(OPHBIMH TPYIIIaMH, U METOABI, B KOTOPBIX MPUMEHSIOT
OecrBeTHbIC peareHTHI [1]. Menb TIPOSIBIIIET CHIIBHOE CPOICTBO K OOBIYHBIM
noHopHBIM aTomaMm (O, N, S). Kpome aMHHOB, (PEHONBHBIX WM CIIUPTOBBIX OK-
CHUCOCIMHECHUH TTPUMEHSIOTCSI MEPKATaHbl, THOKKCIIOTHI U IPYTHE COCAMHEHUSI.
S-aHaJOrH KHCIOPOICOJEPKAIINX COCAMHEHUH HanOoiee peakIMmOHHOCIIOCO0-
HBI IT0 OTHOMICHUIO K Meu [2].

JIMTH30HOBBIH, TUTHOKAPOOMATHBIN, KYITPOMHOBBIN M KYIIPH30HOBBIA METO-
JIbI, 2 TAK)KE METOJl C IPUMEHEHHEM OHC(ITMKIIOreKCaHOH JOKCAIMIIIUTa3oHa 00-
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Cunme3s u cmpoenue cCMeuanHoAUuZaHOHBIX Komnaekcoe meou (1)

JAJaF0T BBICOKOW M30MPaTeIbHOCTHIO; HAUOOJBIICH YyBCTBUTEILHOCTHIO 00JIa-
JaeT TUTH30HOBEIN MeTox [3].

JUts  3KCTpaKIMOHHO-CIeKTpodoToMeTprudeckoro onpeneneHus Meau(Il)
MPEUIOKEH U30HHUTpO3onpornuopeHoH [4]. Paspaborana 4yBCTBUTENbHAS U Ce-
JIEKTUBHAS METOJHMKa CcreKTpodoTomMerprdeckoro onpeaencaus meau(ll) B
cIuIaBax u Boge [5].

B HewonHO-MHULIEIISAPHOH cpene (HOTOMETPHIECCKIM METOIOM OIpPEIeIIsUTH
cnenoBbie komugecTBa Cu(ll) ¢ 1-(2-mupuanna3zo)-2-HadToIOM B MPUCYTCTBHH
HEUTPAIILHOTO TTOBEPXHOCTHO-aKTUBHOTO BemecTBa, Tputon X-100 [6].

[IpennoxeHBI CIIEKTPOPOTOMETPHUECKNE METOAWKH ONpPEHeleHUs MEAd B
HEKOTOPBIX HSKOJOTMYECKUX M OHONOTHYECKHX OOBEKTaxX € HCIIOIB30BAHUEM
CAMIIUIANBACTUIOCH30MITHApPa3oHa [7], amm3apuHa sxeiaroro P u  Tpu-
n3o0yTHidochara [8] u nerikokprcTaia GuoeToBoro [9].

CornacHo THIIOTE3€ aHAIOTHH, peakuu ¢ peareHTamu Tuma R—SH Bo3Mox-
HBI IJIS1 HOHOB AJIEMEHTOB, 00Pa3yIONINX MaJOPACTBOPUMEIE B BOIE CYIB(HIBI
[10]. Pa3paboTaHbl METOMUKH OIPENCIICHUS DJIEMEHTOB B BHUJE Pa3HOJMTAH]I-
HBIX KOMILIEKCOB C 2-THIPOKCH-5-TajoreHTuodeHonaMu u 2,6-TTHOI-4-aJ K-
THO(EHOIIAMHU B TIPUCYTCTBHH THAPOGOOHBIX aMuHOB [11-13].

enp uccnenoBanus — u3yunth B3aumogeiicreue Meau(Il) ¢ mutrondenona-
Mu  (2,6-gutnon-4-mermwipernonoMm(ATM®) u  2,6-nutnon-4-3tusideHonom
(ITD®)) B NpUCYTCTBHH T'eTEPOIUKIHYECKUX THaMUHOB (AM). U3 rereponmk-
JIUYECKAX JTHMAaMHHOB HCIONbh30BaHbl (eHaHnTponuH (den), GatodeHaHTpOIHMH
(b®en) u 2,2'-mumupuaun ([urr).

MeToauka IKCepUMEeHTa

Peazenmut u pacmeopwi. [ mpUTOTOBICHUS NCXOIHOTO pacTBopa (1Mr/mi)
memu 3,9296 r cBexenepekpucramumi3oBanHoro CuSQO4-5H,O pactBopsiim B
BOJIC, MPHOABIISUIM 2 KaIUTd KOHIICHTPUPOBAHHON CEpHOM KHUCIIOTHI M pa30aBisi-
JI1 B MEpHOM Koioe Bomoit 1o 1 i1 [14]. PactBopsl ¢ koHneHTparuei 0,1 mMr/mi
ToJTy4JaJid pa30aBlieHHEM HCXOIHOro pactBopa. B padore ncnons3oBanu 0,01 M
pactBopbl 1® u Am B xmmopodopme. JIuTHOI(HEHOIB OYHINAIN ITEPEOCAKIACHU-
€M U3 ITAaHOJIBHBIX PACTBOPOB MPHOABIICHHEM BOJBI U 3aTEM IIEPET OHKOM.

B xagecTBe sKCcTpareHTa MPUMEHEHBI OYHUIICHHBIN XJI0pO(OpM U STaHOIL.

Honnyro cumy pactBopoB, paBHyio P = 0,1, mommepKvuBaid TOCTOSHHON
BBelleHHeM paccunTaHHoro konudectBa KCl. J{nst co3nanns HeoOXoauMO# Kuc-
JIOTHOCTH pacTBOpoB mpuMeHsn 1M pactBop NaOH. Bce ncmonp3oBanHbIC
peareHTH IMETH KBATH(UKAIUIO 9. 1. a. WX X. 9.

Annapamypa. ONTAYECKYIO TJIOTHOCTh OPraHWYECKOH (hasbl U3MEpsIH Ha
K®K-2 u CD-26. 3nauenne pH BoaHO# (ha3bl KOHTPOIHPOBAIN MPH TTOMOITH
npubopa 1-120.2 co CTEKISIHHBIM 3JIEKTPOIOM.

Crextper SIMP peareHTOB CHUManw Ha UMITYIECHOM Dypbe-CHEKTPOMETPE
¢upmbr Bruker (I'epmanmst) npu paboueii wactore 300,18 MI'm, B pactBopax
JCUTEpUPOBAHHOTO OCH30JIa MPH KOMHATHOW Temreparype. OTHOCHTEIEHOE
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coJepyKaHNe MPOTOHOB PA3NMYHBIX CTPYKTYPHBIX TPYII OMPENENsUIA WHTETPH-
POBaHUEM COOTBETCTBYIOIMINX ITOJIOC PE30HAHCHOTO TTOTIIOMICHIISL.

HK-cniexTpsl cHUMaJM Ha criekTpodoToMeTpe pupMbl Bruker.

[Ipomecc TepMmonm3a coeAWHEHHWH W3ydann Ha IepuBarorpade CHCTEMBI
«Shimadzu TGA-50H» Ha Bo3nyxe B mHTepBane 20—1 000°C, ckopocTh Harpe-
BaHus 10 rpan./muH. MccaemyeMoe BEIECTBO M TAJIOH HATPEBAIM B TUIATHHO-
BBIX TUTJISIX.

PCA mnposeneHo Ha aBToMaTHdeckoM mudpakromerpe Bruker SMART
APEX II CCD (MoK,-u3nydenue, I = 0,71073 A, rpaduTOBBIII MOHOXPOMATOP,
(- ¥ (O-CKaHUPOBAHUE).

Memoouka. B TpajgynpoBaHHbIE TPOOUPKHU € IPUTEPTHIMUA MPOOKAMH BBOIH-
ma 0,1-0,8 mMn (¢ maTepBasmom 0,1 Mi1) HCXOAHOTO pacTBopa Meaw, 2,0 M
0,01 M pactBopa AP u 2,5 mu 0,01 M pactBopa AM. HeoOXoaumoe 3HaueHHE
pH ycranaBmmBamm no6aeneHreM 1 M pactBopa NaOH. O6beM opraHu4ecKon
(hasbl JOBOIMIIN IO 5 MIT XJI0pOhOpMOM, a BOAHOM (a3bl — 10 20 MIT TUCTHILIH-
poBanHOM Bomoi. CrycTst S MUH OpraHWYEeCKUH CIION OTIEISUTH ¥ U3MEPSUTH €r0
ONTHYECKYIO IIOTHOCTH MpH KoMHATHOU TemiiepaType Ha KDOK-2 mpu 590 awm.

Pe3yabTarhl 1 ux 00Cy:KaeHHnEe

JT® u ero npousBOIHBIE ¢ MBI 00pa3ylOT OKpalleHHbIC KOMIUIEKCHI, He-
PacTBOPUMEIE B HEMOJSIPHBIX OPraHUUECKUX PACTBOPHUTEISX. 3apsi KOMILIEKCOB
YCTaHOBIICH METOIOM SIICKTPOMHUTPAIIIA MOHOB W METOIOM SIIEKTpodope3a Ha
Oymare. [Ipr WM3ydeHHH SIIEKTPOMHUTpAIMU JaHHOTO KoMiuiekca B U-o0pa3Hoi
TpyOKe ¢ IByMs KpaHaMH HAOIIOAaJIOCh IBHKEHHE OKPALMICHHBIX B OPaHKEBEII
IIBET MOHOB K ITOJIOKUTEINEHOMY TIONOCY. Ha 3TOM OCHOBaHMH cenaH BEIBOI O
TOM, YTO OKpAIICHHbIC KOMIUICKCH SBILIOTCSA aHWOHAaMH. lIpy BBEIeHWUW B CH-
CTEMy aMHUHOB HaOIIIOAAeTCs MEePEeX0l aHUOHHBIX KOMILICKCOB B OPraHUIeCKYIO
¢azy B Buge pasHonurangHoro komruiekca (PJIK). Tpu snekrponnse pactBopos
PJIK xoMIIieKcOB HEe HAOIIOJAI WX TEPEABIKESHUS HH K aHOMY, HU K KaTOIy
IaKe TIOCNIE JUIMTENFHOTO TMPOIMYCKaHWS TOKa, T.6. OHH DICKTPHYCCKH
HelTpanbHbl. OIBITE BEJTH 00BIYHBIM CIToco00M, B U-00pa3Hoii TpyOKe ¢ qByMs
kpanamu Tipu HampspkeHnn 180-200 B u cume toka 0,5-0,8 MA. Dnextponu3
MIPOBOAVIIM HA MPOTSDKEHUH 3 .

KommrekcooOpasyromue peareHTH (ITM® u JITO®) npencrapistor codoit
TPEXOCHOBHYIO C1a0yi0 KHCIOTY W B 3aBHCHMOCTH OT pH cpenmsr MoryT cyie-
CTBOBAaTh B MOJICKYJLSIPHOH U JBYX aHHOHHBIX opMmax. PeareHTsI cuHTE3MpOBa-
HBI 110 u3BecTHOU MeToauke [15]. CHHTE3MpOBaHHEBIE COCTMHEHUS OXaAPAKTEPH-
30BaHbI (pHU3HKO-XUMUIecKkUMHU MeTonaMu: K- u SIMP-cnekTpockonus (puc. 1)
[16-18].

JITM®-UK (KBr, cm '): — 3460 v (OH), 2570 v (SH), 2962 1 2872 v (-CH3),
1555 8 (CeHs), 1450 8,5 (CH3).

'HIMP (300,18 MI't, C¢Dg): & 5,24 (s, 1H— OH), & 3,38 (s, 2H — 2SH),
57,11 (s,2H Ar-H), 6 2,38 (s, 3H —CH3).
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JOTD®-UK (KBr, em ') — 3460 v (OH), 2575 v (SH), 2965 u 2874 v (~CHj),
1555 & (CgHs), 1460 8, (—-CH,~CHs).

"HSIMP (300,18 MI'u, CeDe): & 5,19 (s, 1H-OH), & 3,32 (s, 2H- 2SH), 5
7,11 (s, 2H Ar-H), § 2,59 (s, 2H ~CHy-), § 1,22 (s, 3H ~CHs).
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Puc. 1. 1H AMP-cnextp ATM®D

Buibop sxcmpacenma. Jys skcrpakuuu PJIK Obutd McnbITaHBI HEBOIHBIC
pactBoputenu: xyopodopm, 1,2-TUXIIOPITaH, YETHIPEXXIJIOPHUCTBIA YTIEPO/,
OeH30J1, XJIOPOSH30J1, TOIYOJI, KCHIION, H-OyTaHOJ, N30MEHTAHOI U TUATHIIOBBIN
s¢up. HammydmMu skcTpareHTaMu 0Ka3ainch XJIopoQOopM, JUXIOPITAH U Ue-
TBIPEXXJIOPUCTHIN yriiepos. [Ipu OAHOKPAaTHOW 3KCTPAKIUU XJIOPOHOPMOM H3-
Biekaetcs 98,2-98,8% memu(Il) B Bune PJIK. JlanpHelmme necnenoBaHus mpo-
BomIH ¢ xyopopopmom. ComepkaHre MEIH B OpraHUIecKoi (asze ompenensum
(hOTOMETPHUYECKH — IUATIIIANTHOKAPOAMUHATOM IIOCIIE PEIKCTPAKIIH, & B BOA-
HOM — IO Pa3HOCTH.

Brusnue pH 600noii ¢hasvl. VIzydeHrne 3aBUCHMOCTH KOMILIICKCOOOpa30BaHUS
or pH mokazano, 9TO ONTUMANBHBI HHTEPBANl KHCIOTHOCTH, IPH KOTOPOM
ONTHUYECKasl JIOTHOCTh MaKCUMaJjbHa M IOCTOsIHHA, HaxoxuTes npu pH = 5,8—
8,5. Ilpu pH pactBopa =10 skcrpakius PJIK mpaktnueckn He HaOmromaercs,
9TO, BUANMO, CBSI3aHO C YBEIMYCHHEM KOHIIEHTPALMH B BOAHOM PacTBOpE He-
AKCTPArupyOIMErocs KOMILIEKCa [CuRz]Aﬁ, Tak Kak guccoruanusa HsR mo BTo-
poli cylbOTrUAPHIIEHON TPYIIIE MPOIOIKACT BO3PACTaTh. 3aBUCHMOCTh ONTHYC-
cko# TiotHocTH oT pH mpexacraBineHa Ha puc. 2. Hanmnume omHOrO Makcumyma
OIITHYECKOHN IUIOTHOCTH B YKa3aHHBIX mpenenax pH moATBepkIaeT mpemnrmolo-
KEeHHE 00 00pa30BaHUH OJHOTO KOMIUICKCHOT'O COCTMHCHHMSL.

Brusnue xonyenmpayuu aueanoos u epemenu evioepocusanus. PJIIK menn
00pa3yroTcs B IMPUCYTCTBUH OOJIBIIOrO M30BITKA KOMILIEKCOOOPa3yIOIINX pea-
reHToB. ONTHMAaNBEHBIM yCIOBHEM OOpa30BaHUS M AKCTPAKIMU ITHX COSAWHE-
HUHN SIBISETCS 0,8-1073 u 1,0-1073 MoJTb/n KoHTeHTparuu J1® u AM cooTBert-
CTBEHHO.

PJIK memun ¢ JI® u AM yCTOWYMBEI B BOJHBIX U OPTraHUYECKAX PACTBOPUTE-
JSX W HE Pas3NiaraloTcs B TCUCHHE TPEX CYTOK, a MOCIE SKCTPAKIHAU — OOIbIIIe
Mecana. MakcuManpHas ONTHYECKast IVIOTHOCTH JOCTUTAETCS B TCUCHUE 5 MUH.
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AbcopOrmst
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Puc. 2. 3aBucumocts ontudeckoit miorHocty PJIK meau(Il) ot pH BoaHo# dasbr.
C,,= 1.875 x10”° M; Cpnvio = 0,8%107° M; Cay = 1,0¢107° M; L =490 1v; 1= 0,5 cm
P |
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Puc. 3. Cnexrpsl nornomienus komiekcoB meau (1) ¢ ATOD u Am:
I — Cu— ITA®-Den; 2 — Cu — ATID-Bden; 3 — Cu — ATID—[Tum;
Cq, = 1875 X10™° M; Cproo = 0,8%10 > M; Cap=1,0x10° M; CD-26;1=1 cm
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Cnexmpwl noenowjenusi. MakCUMalbHBIA aHATUTUYECKANA CUTHAN TIPA KOM-
MJIEKCOO0Pa3oBaHUU Meau ¢ auTuodeHomamMu U AM HabOmromaercs mpu 629—
640 aM (puc. 3). JutHondeHoms MaKCHMAIBHO MOTJIOMIAOT MpH 274-276 HM.
KoHTpacTHOCTE peakunii BHICOKA: MCXOAHBIC PEAreHTHI IOYTH OCCIIBETHEI, a
KOMIDIEKCHI — 3eleHoro ImBera. OKpalleHHBIE XJIOpO(OpPMHEBIE SKCTPAKTHI
JTUTHON(PEHOIATHO-aMIUHHBIX (0€3MeTaUIbHBIX) KOMITJICKCOB MaKCHMaJIbHO I10-
romraroT pu 320-330 M.

MousipHble  K03((QHLHEHTB! [OIMIOMEHHsT cocTaBisor (3,28-4,82) x10°.
C yBenmnueHHEM MOJISIPHOM MacChl MOJSIpHBIE KOA((UIHUEHTH ITOTIOMICHUS
KOMITJIEKCOB MTOBBIIIAIOTCS.

Cocmas u cmpoenue xomniexcog. CTEXHOMETPUIO UCCIETYEMBIX KOMILICK-
COB YCTaHABIMBAJIN METOJAMH CIBUTA PABHOBECHS W OTHOCHTEIHFHOTO BBIXOMA
[19]. Coornomenne komnoneHToB B PJIK Cu : JI® : Am =1 : 1 : 1. IIpm axc-
tpakiuu komiuiekcoB Memu(Il) ¢ JI® u Am Moiekyiel xtopodopMa He BXOJIAT B
COCTaB AKCTPAarHPYIOMINXCS KOMIUIEKCOB; COJIBBATHOE UHUCIIO, XapPaKTEPHU3YIO-
mIeecst 3HaYeHNEeM TaHTCHCA yIia HAKIIOHA, B JAaHHOM CITydae paBHO HYIIO.

Metonom HazapeHko ObLIO YCTaHOBJIGHO, YTO KOMILIEKCOOOpa3yromei
(dhopmoii Menn SBIAETCS cu* [20, 21]. TIpu 5TOM YUCHO MPOTOHOB, BHITECHSIE-
mbix Cu® U3 oaHOIt MOJIEKYJIBI TUTHOJI(EHOIIA, OKa3aJI0Ch PaBHBIM 1.

B MK-criexrpax xomrwiekca Cu(JTM®)Den B oGnacti 950-960 oM ' mosBis-
€TCSI HHTEHCHBHAS TT0JI0CA TIOTIIOIICHHUS, KOTOpasi OTCYTCTBYET B CIIEKTpax pearcHTa
(puc. 4). Ota monoca 00yCIIOBIICHA BAJICHTHBIM KOJICOAHHUEM CBSI3H METAJI—JIUTaH]I.
UcaesnoBenue spko BIpaKeHHON monock! mpu 2 580 cM ', HaBIoIaeMoe B CIIeK-
mpe ITM®, u mosienenne B MK-criekTpax xoMrIuiekca JByX MOJIOC TOTJIOMICHUS,
OIlHA M3 KOTOPBIX CMEMIEHa B CTOPOHY MEHBIINX YaCcTOT, TOBOPST O TOM, YTO OIHA
n3 —SH rpynm ygacTByeT B 00pa3oBaHUM KOMIUIEKca. Vcue3HOBEHHE TIOIOCHI T10-
ruowenus B obmacti 3 200-3 600 M ' ¢ MakcumymoM tipu 3 460 CM ' IIOKa3bIBaeT,
9TO THAPOKCHIIBHAS TPYIIA IPUHUMAET yIacTre B 00pa30BAHUH CBSI3H C METAILIOM.
OO6Hapy>keHHre 1moJoc mororieHus mpy 1 370 oM YKa3bIBaeT HA HAJIMYME KOOP/IH-
HUpOBaHHOTO (heHaHTpONHHA [16, 18].

100 T T T T T T T T T T
— A
< WYY f’w :
g \
2
g 50 —
S
2 I ]
c
0 L 1 i A 1 I | i L s A
3500 3000 2500 2000 1600 1200 800

Yacmoma, cm™'
Puc. 4. UK-cnextps! komiuiekca meau(1l) ¢ JTMD u den

[IpousBencHuble pacueThl mokasanu, uro PJIK B opranudeckoii ¢aze He 1o-
JUMEPHU3YIOTCS U HaxomsaTcst B MOHOMepHOi hopme (Y = 1,05-1,08) [22].
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Tepmoepasumempuueckoe ucciedosanue komiuiekca Cu(JITM®)den noka-
3aJI0, YTO €r0 TEPMUUECKOE Pa3NIOKECHUE MPOTEKAaeT B TpW cTagud: mpu 60—
120°C ymeryanBaetcs Boga (mmorepst maccsl — 4,16%) , mpu 340-390°C pasnara-
ercst @en (morepst maccrl 41,7%), a mpu 490-510°C — ATM® (mmorepst Macce
39,35%). Koneunsrit mpoxykT Tepmonm3a kominiekca — CuO (puc. 5).

i

200 40 60 80 1. MHH

Puc. 5. Tepmorpamma kommiekca menu(Il) ¢ ATM® u den

pH monHoro ocaxaenus Cu(OH), paBHo 810, omHako pH Hawana ocaxze-
Hus Cu(OH), cocraBmnser 5,5. [Tpu xomrekcoobpazoanun Cu(ll) ¢ JId u Am
He mporekaeT ruaponu3 noHoB meau (II), Tak kak cBs3m Cu2+—I[d) 1 Cu”'—Am
MpOYHEE, YeM Cu>—OH.

OnementHbd aHamu3 JJTM® u Cu(ITM®)Den npuBeneH B tadu. 1.

Tab6numna 1
nementHblii anamm3 ITM® u Cu—ITMP-Den

DMOupuvecKast Haiineno (Beruncneno), %

Jlurang (kommnekc) | Mr bopmysia C 0 S
TM® 172,28 C;H08 B 2,30 37.2
A ’ T 48,92 9,35 37,13
52,82 7,41 14,84
CU*I[TMCD*CDCH 432,06 C19H16CUN20282 53,02 7,48 14,73

B Tabn. 2. mpuBeneHB! OCHOBHBIE CIEKTPO(OTOMETPHUECKHE XapaKTepH-
cruku PJIK memu(II).

Hccaenoanne xkommiexkca meau(Ill) ¢ JTM® u deH peHTreHOCTPYK-
TYPHBIM MeT0a0M. VccrenoBanie MOHOKPHUCTAIIA TIPOBEICHO Ha aBTOMATHYE-
ckom jgudpaktomerpe Bruker SMART APEX II CCD (MoK,-u3nyuenue,
1=0,71073 A, rpaduTOBBIIi MOHOXPOMATOP, (- U ®-CKaHUPOBaHKE). MeTomoM
PCA ycranoBnena MonekysipHasi CTpyKTypa 3Toro coenuaenus. ccnenoBanme
coequHenust [Cu(H,O)(ATd)(den)|meroqom PCA mokaszano, 94to ero Kpucrai-
JIIYeCKast CTPYKTYpa COCTOUT M3 AUCKPETHBIX OTHOSIEPHBIX KOMITJICKCOB.
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Tabnuua 2
Xapakrepuctuka PJIK menu ¢ I® u Am
pH
obpa3oBa- A
CoenvHeHne HUS U ontu- | A, HM HM’ g 107 1gp 1gK, | 18K,
9KCTpaK- | MajbHas

13051
Cu—ITMD-Den 3,3-8,5 | 6,7-7,9 | 630 | 356 3,45 11,62 (6,70 |10,25
Cu—/ITM®-bden 3,5-8,8 | 6,6-8,1 | 635 | 361 4,37 11,94 (6,79 10,32
Cu—ITM®D—/Tun 3,4-8,5 | 6,5-7,9 | 629 | 355 3,28 11,47 16,64 |10,21

Cu-ITODO-Den 3,583 | 6,3-7,5| 635 | 359 | 3,70 10,82 16,71 10,33
Cu-ITOO-bden 3,4-8,1 | 6,4-7,7 | 640 | 364 | 4,82 10,96 16,81 10,47
Cu-ITOO-/Tun 3,2-79 | 6,2-74 | 634 | 360 | 3,61 10,52 16,73 10,29

Kpucrannnaeckue CTpyKTYpsl OBUIM pEHOICHBI MPSAMBIMA METOJaMH C
ucrionb3oBanneM SHELXS-2013 [23], yrouHeHa momHasi MaTpulia IpoIeayphl
HauMeHbUX kBanpatoB ¢ SHELXL-2014 [24]. Kpucramiorpaduieckue naH-
HBIE 1 TApaMeTphl AU(QPAKINOHHOTO SKCIICPAMEHTA MTPUBEICHEI B Ta0. 3.

Tabnuna 3
Kpucrannorpaguyeckue qaHHbie, NapaMeTpbl IKCIIEPUMEHTA H YTOYHEHHUsI
cTpyKTypsl Komiuiekca [Cu(H,O)(ATM @) (Pen)|

prTTO (bopMyna C19H16CUN20282
MonekynsipHas Macca 432,06
Temmneparypa, K 298
Usnyuenue (A, A) 0,71073
CHHTOHUS MOHOKJIMHHAS
IpocTpaHCcTBEHHAs rpymma C2/c
[Mapamerpsl staeiiku, A° a=7,2526(2); b=11,1425(4); c = 13,4661(7)
Pa3mepsb! kpucraia, MM 0,3182 x 0,2188% 0,965
Yrisl, rpaj. a=86,4° f=104,5°%y=90°
V, A’ 961,36(5)
Z 4
Do, T/CM 1,324
U, MM | 1,290
S 1,030
F(000) 1910
Ob6nactp cOopa aHHbIX 10 0, rpaj. 3,04-27,35
R1 (o F mnst orpaskenuii ¢ 1> 26(1)) 0,0370; wR2 =0,1086
wR2 (mo F2 nns1 Bcex oTpaxeHHii) 0,0805; wR2 =0,1279
H3mepeHo orpaxeHuit 8500
Uwncno He3aBUCHMBIX OTPayKCHUH 3462
Uwucno yrouHsieMbIX TapaMeTpoB 237
Range of 4, k, | h=-8—>11; k=-2527,1=-11-10
Tinin> Timax 0,688; 0,761
GOOF 1,060
OcraroyHas 3JeKTPOHHAS IIOTHOCTD, e/A3 0,551

Mownoruzapata arerata meau(Il) (0,100 r; 0,5 MMOJIB) PacTBOPSUTH B ATAHOJIE
(20 mu1) m mpubarisuTk pactBop penantponunHa (0,09 r; 0,5 MMOIB) B 3TaHOJE
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(20 mur) ipu HenpepbIBHOM TepeMemrBanny U HarpeBannu (60°C). K momyuen-
HOMY CHHEMY pacTBOpy no0aBwiIHM Tpo3padynblii pactBop JTM® (0,086 r;
0,5 mmoie) B 3tanone (20 mu). Yepes 15 MuH mepeMerMBaHus J00aBIISIIHA
10 M1 Bome1. PacTtBop mepememuBanu B Teuenune 20 muH npu 60°C. Cmech BbI-
JepKUBAJIM Ha BOJSHON OaHe B TedyeHWe 6 4. BeImaBiime mpu OXJIaXICHUHU 10
KOMHATHOH TeMItepaTypbl (depe3 24 4) MOHOKPHCTaUIbl OT(UIBTPOBBIBAIIH,
MIPOMBIBAII TAHOJIOM M BBICYIINBAIN B BaKyyM-3KCHKATOpE IO IOCTOSHHON
Macchl. Macca mponykra cocrasmia 0,025 r (16,5%).

[TonmyuenHoe coenuHeHWEe (MOHOKPHCTAJLI, OKpAIICHHBIA B 3€JICHBIN IIBET)
HEpacTBOPHMO B BOJE M MHOTHX OPraHHYECKHX PAaCTBOPUTEIX. B MuHepaib-
HBIX KHCJIOTaX KOMIDIEKC PACTBOPSETCS C Pa3pyLHICHUEM.

Komrnekc MOHOMEpHBINH, W TEHTPATFHBIA aTOM KOOPIUHHUPYETCS TISITHIO aTo-
MaM# JTOHOPOB. [IOHOpHOE OKpY>KEHHE MEIH B HUCCIIEIyeMOM KOMILIEKCE COCTOUT
13 2 aTOMOB a30Ta, 2 aTOMOB Kucitopoza 1 atoma cepbl (CuN,0,S). MonekyispHas
CTPYKTypa MOHOSIIEPHOIO TPOHHOIO KOMILIEKCa M300paXkeHa Ha puc. 6, a OCHOB-
HBIC JUTHHBI CBSI3¢H 1 BaJICHTHBIE YIJIBI CBS3¢H IPHBEICHBI B Ta0. 4.

Puc. 6. Mbnexynﬂpﬂaﬂ crpykrypa kommekca Cu(H,O)(ATMD)(Den)

Tabnuna 4
Jiuna cBsazeil (A°) u yrusl (°) mexay Humu B komiiekce Cu(H,O)(ATM®)(Pen)
CBs13b A Vron 0,°
Cul-N1 2,023(2) 01-Cul-S1 93,47(7) 93,34(7)
Cul-N2 2,286(2) 01-Cul-02 88,16(9) 88,19(2)
Cul-O1 1,923(3) S1-Cul-N1 89,57(6) 88,45(3)
Cul-Sl1 2,383(2) NI-Cul-N2 76,95(8) 77,57(5)
Cul-02 1,975(2) 02-Cul-N2 88,25(6) 78,85(4)
0O1-Cul-N1 173,24(9) 168,41(3)
02-Cul-S1 168,45(8)  163,88(3)
02-Cul-N1 86,33(5) 86,97(4)
01-Cul-N2 92,23(7) 101,48(2)
S1-Cul-N2 97,32(6) 99,51(1)

Tpumeuanue. Kox cummerpun: (i) — X, y, 1/2-z.
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[To marapiM PCA, xoOpAMHAIIMOHHBIN TOMUAAP HMEHTPATFHOTO aTOMa MEIu
nMeeT PopMy HCKaKESHHON KBaJpaTHOW MApaMubl. bazucHas miockocTh (3KBa-
TOpUAJIbHAS IIOCKOCTh) (opmupyercs atomoMm azora ®en [Cul-N1 2,023 (2)
A°], dbenonpHBIM aToMoM Kuciopoma [Cul-O1 1,923 (3) A°], atoMoM cepbl
(Cul-S1 2,383 (2) A®°) muranma (ITM®) u aToMOM KHCIIOpOJa MOJIEKYJIbI BO-
el (Cul-02 1,973 (2) A°). B aknuayibHOW TO3HMIIMKA — BTOPOW aToM a3oTa N2
®deH, KOTOPBIH HaxomuTcs B akcHabHOM montoxkeHHH (Cul-N2 2,286 (2) A°).
Cameie oonpmue yriasl — B = 173,24 (8)° mist O1-Cul-N1 u a = 168,45 (9)° mis
02-Cul-S1. Takum obpa3zom, mapameTp T paseH (173,24-168,45)/60 = 0,079, uro
yKa3bIBaeT Ha 93%-Hyro TETparoHaJIbHYI0 MUPaMUJAIIBHYIO TeoMeTputo [25].

Mexanusm obpaszoBanus PJIK MOXHO TIpeACTaBUThH CIEAYIOIIAM O0pa3oM.
Wousr Menu mipy B3aMMOAEHCTBHHN C ABYMSI MOJICKYJIaMU AUTHOI()EHOIOB 00pa-
3yIOT NIBYX3apsAHBIC aHWOHHBIE KOMIUICKCHL. JloOaBneHnmeM Awm oOpasyercs
PJIK, xoTOpBIC AKCTPAarkpyrOTCSI OPraHMUYECKHUMH PACTBOPHTEISIMH. Y UUTHIBAS
COOTHOIICHUE PEarnpyIOMINX KOMIIOHCHTOB, HOHHYIO ()OPMY MEIH, COCTOSIHUS
00pa3yroImuXxcsl KOMIUIEKCOB B OPraHUYecKor (pasze, Unciio BEITECHSAEMBIX aTo-
MOB Bozopoza, MK-crekTpockonnaeckux, TepMOTrpaBIMETPHICCKAX U PEHTTCH-
CTPYKTYPHBIX HCCIICIOBAaHUH, a TakKe JUTepaTypHBIC JaHHBIE, COCTAaB YKCTpa-
THPYEMBIX KOMIUIEKCOB MOXKHO MPEICTaBUTH (hOPMYIIOi

MOKHO TIPEeIIONOKUTH, YTO P KOMILIEKCOOOpa30BaHUH IPOUCXOIST TIPO-

ECCHI
Cu™ + H)R™ + Am < Cu(HR)AM + H*

Bemnuunsr K, Beraucnenssie no gopmyne 1gK, = 1gD-1g [AM], npuBenens! B
Tabm. 3.

Ha ocHOBaHWM ypaBHEHHIl IrpayHpPOBOYHEIX TPa(h)UKOB PACCUUTHIBAIH IIpe-
nen goroMerpuyeckoro ooHapyxernus (I10) u peaen KoMHYEeCTBEHHOTO OIpe-
nenenus (ITIKO) menu B BUIe CMEITAaHHOIUTAHTHBIX KOMILIEKCOB.

Tabnuua 5

AHaJUTHYeCKHe XapaKTePUCTUKHU TPOHHBIX KomiiekcoB Meau(1l)
¢ IMTUHOI(peHoIaMu U AM

JIvHelHbIN qua- VpaBHCHHE 1Da-
Kommnexchoe Ma30H Ipanry- P P [0, [IKO, |YyscTBUTEH-
JyMPOBOYHBIX 3 3 2
COCIMHCHUE HUPOBOYHBIX Ipa- Hr/cM’ | HI/CM™ | HOCTB, HI/CM
rpaduKoB
(UKOB, MKI/MIT
Cu—ATMD—Den 0,05-3,2 0,019+0,312x 8,8 29,0 1,86
Cu-ATMD-bden 0,05-3,8 0,042+0,382x 8,6 28,4 1,46
Cu-ATM®—Tun 0,05-3,2 0,046+0,293x 8,7 28,7 1,95
Cu-ATOP-Den 0,06-3,4 0,011+0,345x 8,7 28,7 1,73
Cu-ATOP-bden 0,05-3,8 0,021+0,438x 8,5 28,0 1,33
Cu-ATOP—/Tun 0,05-3,4 0,049+0,312x 8,6 28,4 1,77
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B Tabn. 5 mpuBencHb aHANUTHYECKHE XapaKTEPHUCTUKH HEKOTOPBIX KOM-
mekcoB Menu(1l) ¢ nutnondeHonamu u Am.

B 1abn. 6 mpuBeneHB! TaHHEIE, TO3BOIIIIONINE CPABHUTH AHATNTHICCKAE Xa-
PAaKTEPUCTHKH METONUK ONPEACICHUS MEON C HEKOTOPHIMU YK€ M3BECTHBIMHU
[3] MmeTommKkamm.

Tabnuna 6

CpaBHHUTe/IbHbIE XapaKTePHCTUKU METOIMK ONpe/ieIeHUus1 Meu

Pearent | pH(pactBopuTenn) | A, HM | e107
Hszeecmubie memoouxu
JvdTunaurinokapbaMuHaT 4—11 (4eThIpexXJIOpUCTHIH yraepon) | 436 1,40
Kynpoun 4—7 (130aMUJIOBBI CIIUPT) 546 0,64
Heokymnpoun 3—-10 ( 130aMUIIOBBIN CITUPT) 454 0,79
IIpeonazaemvie memoouxu

ATM®+bden 6,6-8,1 (xnopoopm) 635 4,37
ATM®+Tun 6,5-7.,9 (xnopopopm) 629 3,28
ATOD+den 6,9-8,2 (x1opoopm) 635 3,70
ATOD+/Tun 6,8-8,1 (xnopoopm) 634 3,61

Bansinue mocTOpoOHHUX MOHOB. J[J151 OIIEHKH MPUMEHUMOCTH HOHHBIX acCco-
[UATOB UL PaslelIcHUs M OIpENeNICHUsS MEIU H3YUeHO MENIaroliee BIIHSIHHE
MTOCTOPOHHUX MOHOB. V30MpaTenbHOCTh CIIEKTPOPOTOMETPHIECKOTO OIpeerie-
HUS MEIH B BHJE N3yUCHHBIX KOMIUICKCOB IIPEACTaBiIeHa B Ta0I. 7.

YcraHOBJIEHO, YTO OONBIINAE KOJUYECTBA MICIOYHBIX, MIEIOYHO-3€METbHBIX
snementos, P33, F, CI, Br, SO5™, SO,”, NO,, NO; n C,04 He Memaror
onpenenennio Meau. EMy memaror mutpatel w taprpatel, J, CN, $,0;57,
tHoMoueBrHA. Mematoniee Bimsaue Fe(Ill) ycrpaHsun maBeeBoi KUCIIOTOM;
Ti(IV) — dropumom Hatpus wimu Taiiponom; Hg(Il)-cynbpdur monom; Nb(V) u
Ta(V) — maBeneBoit kucioroir, a Mo(VI) u W(VI) — ¢dropumom HaTpus u
mraBeneBoid kucnmoroi. [Ipn mcnonb3oBanmu 1%-HOro pacTBOpa acKOpOWHOBOMA
KUcIoThl onpeneneHuto He Memaror Mn(VII), V(IV), Nb(V), Cr(VI), Mo(VI) u
Fe(III). IMpun ncronp3oBarnu 0,01M pacTBOpa MABENCBOH KUCIOTHI OMPEICTICHHIIO
He Memarot V(IV), Nb(V), Ta(V), Cr(1Il), Mo(VI), W(VI) u Fe(IlI).

Pa3paboTaHbl BEICOKOUYBCTBUTENBHBIE, N30UPATEIFHBIC METOIUKH dKCTpaK-
UOHHO-(OTOMETPHUIECKOTO OMpEACIEeHUS MEAW. METOIUKH MPUMEHEHBI IS
OIIpENETICHUS] MEIN B MUIIEBBIX MPOAYKTAX: (hacoiu, MIIEHUIHBIX OTPYOsIX, JKe-
JATHHE, a TAaKKE B CTAILIX Pa3IHIHON MapKH.

BriBoabI

1. CiekTpopOoTOMETPUIECKUMH METOAAMHU U3yUCHBI PEaKIINU KOMITIEKCO00-
pasoBanust Memu(ll) ¢ mutwondenomamu (2,6-mutHON-4-MeTHIIheHON U 2,6-
IATHON-4-3THi(EHOT) B IPUCYTCTBUH T€TEPOILIMKINISCKIX THAMUHOB.

2. YCTaHOBJNEHBI YCIOBHSI OOpa3OBaHHS M JKCTPAKIUH, COCTaB, (U3HKO-
XAUMIYECKHIE U aHATNTHICCKHAE CBOMCTBA KOMILJICKCOB.

3. Meromamu UK-cniekrpockonmmn, Tepmudeckoro u PC ananmza ycraHoBie-
Ho ctpoenne komrekca Cu—/[TMD—-Den.
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Ta6bnuna 7

BJiusiHre NOCTOPOHHUX HOHOB Ha onpeaesienue Meau ¢ JITOD u Dewn,
n =6, P =0,95 (B3siro 30 mxr Cu(Il))

Hown mlgfﬁlc];:];gﬂa Mackupyroumit pearent | HalineHo, Mxr S
Co(ID) 50 30,5 0,05
Ni(II) 50 Huanuza kamus 29,8 0,02
Fe(I) 45 29,8 0,04
Cd(I) 200 29,6 0,05
Al(III) 180 29,7 0,02
Fe(I1I) 50 dTopua HaTpUL 30,2 0,05
Zr(IV) 50 29,8 0,03
W(V]) 25 29,6 0,05
Hg(ID) 38 Na,S,0; 30,2 0,05
Ti(IV) 30 dropua HaTpUL 29,6 0,03
V(Iv) 20 29,8 0,06
Mo(VI) 10 30,4 0,04
Cr(1ID) 120 29,8 0,04
Nb(V) 50 dropu Harpust 30,3 0,05
Ta(V) 50 dropun HaTpust 30,2 0,05
Pb (1) 25 30,3 0,04
Pd (I) 5 29,2 0,05
Pt(ID) 8 30,3 0,05
Ag (D 10 Womun kanus 30,2 0,05
uo;? 50 29,2 0,04
Bi(IID) 40 30,5 0,05
Ag(]) Womun xanust 30,3 0,05
Auerar 100 30,2 0,05

Taptpat 120 30,3 0,05
Cynbar 125 29,8 0,02
TuomoueBrHa 24 29,8 0,04
dropun 100 30,2 0,05
Tuocynbhar 40 30,4 0,04

4. Pa3paboTaHbl BBICOKOUYBCTBUTEIBHBIC, M30MpATEIHHBIE METOAWKH JKC-
TPaKINOHHO-(OTOMETPHIECCKOTO OIpeneNeHrsT Mean. METOIUKN IpHIMEHEHEI
IUTSL OTIPENEeTICHASI MEIN B MUIIEBBIX IIPOAYKTAX: (hacol, MIICHUIHBIX OTPYOsX,
KeJlaTHHE, a TAKXKE B CTAISIX pa3IMuHON MapKH.
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Synthesis and structure of mixed-ligand complexes of copper (II)
with ditiolfenols and heterocyclic diamines

The present work is devoted to the investigation of the interaction of copper (II)
with  dithiolphenols  (2,6-dithiol-4-methylphenol (DTMP) and 2,6-dithiol-4-
ethylphenol (DTEP)) in the presence of heterocyclic diamines (AM). Among the het-
erocyclic diamines, phenanthroline (Phen), batofenantroline (bphen) and 2,2'-
dipyridyl (Dip) were used.

DTMP and DTEP with copper form colored complexes insoluble in nonpolar organic
solvents. The charge of the complexes is established by the method of electromigration of
ions and by the method of electrophoresis on paper. When studying the electromigration of
this complex in a U-shaped tube with two cranes, the motion of the orange-colored ions to
the positive pole was observed. On this basis, we concluded that the colored complexes are
anions. When an amine system is introduced into the system, the transition of anionic com-
plexes to the organic phase is observed in the form of a mixediligand complex (MLC). In
the electrolysis of solutions of complex MLC complexes, their movement neither to the an-
ode nor to the cathode was observed even after a long current transmission, i.e., they are
electrically neutral. The experiments were carried out in the usual way, in a u-shaped tube
with two cranes at a voltage of 180-200 V and in a current of 0.5-0.8 ma. Electrolysis was
carried out for 3 hours.

Complexing reagents (DTMP and DTEP) are a tribasic weak acid and, depending
on the Ph of the medium, can exist in molecular and two anionic forms. The reagents
were synthesized according to a known method. Synthesized compounds are charac-
terized by physicochemical methods: IR and NMR spectroscopy.

DTMP-IR (KBr, sm'): — 3460 v (OH), 2570 v(SH), 2962 u 2872 v(~CH;), 1555
O0(CsHs), 145006, (CH;).

1H NMR (300.18 MHZ, CsDg): 65.24 (s, 1H- OH), § 3.38 (s,2H — 2SH), 6 7.11
(s,2H Ar-H), 6 2.38 (5,3H —CH3).

DTEP-IR (KBr, sm') — 3460 v (OH), 2575 v(SH), 2965 u 2874 v(—~CH;), 1555
0(CsHs), 1460 6,5 (-CH,-CH3).

1H NMR (300.18 MHZ, CsDg): 6 5.19 (s, IH- OH), 6 3.32(s, 2H— 2SH), 6 7.11
(s, 2H Ar-H), 6 2.59 (s, 2H—CH,>-), 6 1.22 (s, 3H —CH}).

Non-aqueous solvents were tested for the extraction of MLC: chloroform, 1,2-
dichloroethane, carbon tetrachloride, benzene, chlorobenzene, toluene, xylene, n-butanol,
isopentanol and diethyl ether. The best extractants were chloroform, dichloroethane and
carbon tetrachloride. With a single extraction with chloroform, 98.2-98.8% of copper (1I)
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is recovered in the form of MLC. Further studies were carried out with chloroform. The
copper content in the organic phase was determined by photometric-
diethyldithiocarbaminate after stripping, and in the aqueous phase by the difference.

A study of the dependence of complexation on Ph showed that the optimum acidity in-
terval at which the optical density is maximal and constant is at Ph = 5.8-8.5. At the Ph of
solution 10, the extraction of MLC is practically not observed, which is apparently due to
an increase in the concentration in the aqueous solution of the non-extracting complex
[CuR,]*, since the dissociation of H;R on the second sulfhydryl group continues to in-
crease. The presence of a single maximum of the optical density in the indicated Ph range
confirms the assumption of the formation of one complex compound.

MLC of copper is formed in the presence of a large excess of complexing rea-
gents. The optimum condition for the formation and extraction of these compounds is
0.8x107 mol/l and 1.0x107° mol/l concentration of DF and am, respectively. MLC
copper with DP and Am are stable in aqueous and organic solvents and do not de-
compose for three days, and after extraction - more than a month. The maximum opti-
cal density is reached within 5 minutes.

The maximum analytical signal for the complex formation of copper with dithio-
phenols and am is observed at 629—640 nm. Dithiolphenols are maximal absorbed at
274-276 nm. The contrast of the reactions is high: the initial reagents are almost col-
orless, and the complexes are green. Painted chloroform extracts of dithiol-
phenolate-amine (nonmetallic) complexes absorb maximum at 320-330 nm. The mo-
lar absorption coefficients are (3.28-4.82) x 10°. With increasing molar mass, the
molar absorption coefficients of the complexes increase.

The stoichiometry of the comlexes studied was established by the methods of shift-
ing the equilibrium and the relative yield. The ratio of components in the MLC
Cu:DF:Am = 1:1:1. By Nazarenko's method, it was established that the complexing
form of copper is Cu’". The number of protons displaced by Cu’* from one molecule
of dithiolphenol turned out to be 1.

The IR spectra of the complex Cu (DTMP) Phen in the region of 950-960 sm™, an
intense absorption band appears, which is absent in the spectra of the reagent. This
band is due to the valence vibration of the metal-ligand bond. The disappearance of a
pronounced band at 2580 sm™, observed in the DTMF spectrum and the appearance
in the IR spectra of a complex of two absorption bands, one of which is shifted toward
smaller frequencies, indicates that one of the —SH groups participates in the for-
mation of the complex. The disappearance of the absorption band in the 3200-
3600 sm™ region with a maximum at 3460 sm™ shows that the hydroxyl group takes
part in the formation of a bond with a metal. The detection of absorption bands at
1370 sm™ indicates the presence of coordinated phenanthroline.

The calculations showed that the MLC in the organic phase does not polymerize
and is in monomeric form (! = 1.05-1.08).

The thermogravimetric study of the complex Cu(DTMP)Phen has shown that its ther-
mal decomposition proceeds in three stages: at 60-120 °C water evaporates (mass loss is
4.16%), at 340-390°C, Phen decomposes (weight loss 41.7%), and at 490-510°C — DTMP
(weight loss 39.35%). The final product of thermolysis of the complex is CuO.

A single crystal of the complex with DTMP and Phen was studied by a X-ray diffrac-
tion method. The molecular structure of this compound was established by the X-ray dif-

fraction method. Investigation of the compound [Cu(H,O)(DTMP)(Phen)] by the X-ray
diffraction method has shown that its crystal structure consists of discrete single-nuclear
complexes. The resulting compound (green-colored single crystal) is insoluble in water
and many organic solvents. In mineral acids, the complex dissolves with destruction.
The complex monomeric and central atom is coordinated by 5 donor atoms. The donor
environment of copper in the complex under study is made up of 2 nitrogen atoms, 2 ox-
ygen atoms and a sulfur atom (CuN,O,S). The mechanism of MLC formation can be
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represented as follows. Copper ions interacting with two molecules of dithiolphenols
form double-charged anionic complexes. The addition of am forms MLC, which is
extracted with organic solvents. Based on the equations of the calibration graphs, the
limit of photometric detection (LOD) and the limit of quantitative determination (LOG)
of copper in the form of mixed ligand complexes were calculated.

To assess the applicability of ionic associates for the separation and determination of
copper, the interfering effect of foreign ions has been studied. The citrates and tartrates
interfere with the determination, J, CN", S;05", thiourea. The interfering effect of Fe (III)
was eliminated with oxalic acid; Ti (IV) — sodium fluoride or a tyrone; Hg (1) -sulfite by
ion; Nb (V) and Ta (V) -oxalic acid, and Mo (VI) and W (VI) sodium fluoride and oxalic
acid. When using a 1% solution of ascorbic acid, Mn (VII), V (IV), Nb (V), Cr (VI), Mo
(VI) and Fe (IIl) do not interfere with determination. When using a 0.01 M solution of
oxalic acid, V (IV), Nb (V), Ta (V), Cr (III), Mo (VI), W (VI) and Fe (IIl) do not interfere
with the determination. Highly sensitive, selective methods for extrac tion-photometric
determination of copper. The methods are used to determine copper in food products:
beans, wheat bran, gelatin, and also in steels of different brands.

Keywords: copper; extraction-photometric method; dithiolphenols; heterocyclic
amines.
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