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N-(2-ruapoxkcuden3omn)-N'-(n-To3WJI)ruApa3suH — peareHt
1Jis1 KoHHeHTpupoBanus uoHoB Co(1I)

KOnus bopucosna Eabuumena, Hatanbs Cepreesna Jlaxtuna, Ilerp Tumodeesuu Ilasiios
ITepMckuii rocyaapCTBEHHBIN HALIMOHANBHBIN UCCIIEN0BaTeNbCKIN yHUBEpCUTET, Ilepmb, Poccus

AnHoTanus. VccnenoBaHsl 3aKOHOMEPHOCTH KoMIulekcooOpazoBanus N-(2-ruapokcuden3on)-N'-(1I-To3uiI)ruipasuta
(TBCT') ¢ nonamu Co(Il) B aMMHauHO# Cpejie METOJIOM SKCTPAKIIMOHHOH CHEKTPO(OTOMETPUH U B IIEIOYHOM Cpesie B Bapu-
aHTE «OKCTPAKIUS — PEIKCTPAKIHUSD». 3aperHCTPUPOBAHBI CIICKTPhI MOTJIOIIEHHUS IKCTPAKTOB KoMIuiekcoB HoHOB Co(Il) u
npyrux netHelx MetayuioB (LIM) ¢ I'BCI' B ammuavHO# cpezie ¢ Heiblo ONpe/iesIeH!s] MEIIAOIIero BINUSHHUS [TOCTOPOHHUX
KOMITIOHEHTOB. Onpe/ieieHbl ONTUMANIbHBIE YCIOBUS peakuu koMiuiekcoodpazoBanus HoHOB Co(Il) ¢ I'BCI™ B ammua4Hoit u
LIETOYHOM cpelax — ONTHUMAIBHBIN nuana3oH pH koMIuiekcooOpa3oBaHus, BpeMsl SKCTPAKLUH, KOJIMUECTBO peareHTa, Heoo-
xoauMoe Juis ostHoro cBsasbiBaHus noHoB Co(II). Onpenenena ycioBHast KOHCTaHTa yCTOWYNBOCTH KoMIulekca noHoB Co(II)
¢ I'BCT mo merony baOko. B onTUMaibHBIX yCIOBHAX KOMILIEKCOOOpPA30BaHMUS ITOCTPOEHBI TPaJyHpPOBOYHBIE IpapUKU IS
onpeneneHus noHoB Co(Il) ¢ TBCI' B aMMuauHOH U 1ENIOYHON CpeAax; pacCuMTaH MOJISPHBIN KO GHUIIMEHT CBETOIOTIIONIE-
Hust. OmnpezerneHsl MPaBUIBHOCTh M CXOJUMOCTh CHEKTPO(POTOMETPHUECKON peakIMi METOAOM «BBeAEHO-HaiineHo». Mero-
noM no6aBok mzyueHo BinusiHue nonoB Cu(Il), Ni(IT), Ag(Il), Zn(I), Cd(Il) na peakumto xomruiekcoodpazoBanust I'BCT ¢
nonamu Co(Il) B ammuauHoi#t cpene. MeTonuka SKCTPaKIHOHHO-CIIEKTpodoToMeTprueckoro omnpenenenus noHoB Co(Il) ¢
I'BCT" B ammua4HOI#i cpejie arpoOupoBaHa Ha Cyb(UAHON METHO-HUKENEBOH pyae MypmaHckoi obnactu. J{is onpeneneHus
BO3MOKHOCTH TPAKTUIECKOTO HCIOJIB30BaHUS peakiuu koMiuiekcooOpazoBanus noHoB Co(Il) ¢ I'BCT B menouno#t cpene
rpoBesieHa HoHHas (otauus. OnpeneneHsl onTuMalbHble ycinoBus u3Binedenus: oo Co(Il) — Bpems ¢uioranuu, nHTEpBa
pH, ontrmansHOe KommuectBo ['BCI.

KurroueBble cjioBa: crieKTpo(OTOMETpHUs, BETHBIE METAILIbI, AlMIICYJIb(OOHUITHIPA3HHBI, SKCTPAKLIUA, HOHHAs (iio-
Taus.

Jsa murupoBanus: Enpunmena 0.b., Jlaxtuna H.C., ITaBnoB I1.T.N-(2-runpoxcubenzomn)-N'-(II-TO3MI)THAPa3HH —
pearent s koHueHtpupoBanus noHoB Co(Il) // Bectuuk Ilepmckoro yHusepcurera. Cepust «Xumusi». 2025. T. 15, Ne 1.
C. 5-16. http://doi.org/10.17072/2223-1838-2025-1-5-16
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N-(2-hydroxybenzoyl)-N'-(p-tosyl)hydrazine — reagent for concentrating
non-ferrous metal ions

Yulia B. Elchishcheva, Natalya S. Lakhtina, Petr T. Pavlov
Perm State University, Perm, Russia

Abstract.The patterns of complex formation of N-(2-hydroxybenzoyl)-N'-(p-tosyl)hydrazine (HBSH) with Co(II) ions in
an ammonia environment using the method of extraction spectrophotometry and in an alkaline environment in the “extraction-
reextraction” variant were studied. The absorption spectra of extracts of complexes of Co(Il) ions and other non-ferrous met-
als (NM) with HBSH in an ammonia environment were recorded in order to determine the interfering influence of foreign
components. The optimal conditions for the reaction of complexation of Co(II) ions with HBSH in ammonia and alkaline me-
dia were determined - the optimal pH range of complexation, extraction time, and the amount of reagent required for complete
binding of Co(Il) ions. The conditional stability constant of the complex of Co(II) ions with HBSH was determined using the
Babko method. Under optimal complexation conditions, calibration graphs were constructed for the determination of Co(II)
ions with HBSH; the molar light absorption coefficient was calculated. The accuracy and convergence of the spectrophoto-
metric reaction were determined by the “input-found” method. The effect of Cu(Il), Ni(Il), Ag(Il), Zn(II), Cd(II) ions on the
complexation reaction of HBSH with Co(Il) ions was studied using the additive method. The method of extraction-
spectrophotometric determination of Co(II) ions with HBSH in an ammonia environment was tested on sulfide copper-nickel
ore of the Murmansk region. To determine the possibility of practical use of reactions of complexation of Co(Il) ions with
HBSH in an alkaline medium, ion flotation was performed. The optimal conditions for the extraction of Co(II) ions were de-
termined: flotation time, pH range, optimal amount of HBSH.

Keywords: spectrophotometry, non-ferrous metals, acylsulfonylhydrazines, extraction, ion flotation.

For citation: Elchishcheva, Yu.B., Lakhtina, N.S. and Pavlov, P.T. (2025) N-(2-hydroxybenzoyl)-N'-(p-tosyl)hydrazine —
reagent for concentrating non-ferrous metal ions, Bulletin of Perm University. Chemistry, vol. 15, no. 1, pp. 5-16. (In Russ.).
http://doi.org/10.17072/2223-1838-2025-1-5-16.
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N-(2-euopokcubenzoun)-N'-(n-mo3un)euopasum...

B Hacrosiiee BpeMs MOMCK OPraHUYECKHX Xe-
7aT000pa3yIOUINX PeareHTOB aKTyaJleH JUIS H3BJIe-
YeHHs] MOHOB METAJIJIOB B Ipolieccax KOHLEHTPU-
poBaHus (3KcTpakuusi, (uortamus, copOums, oca-
xkaenue). s 3ToW 1enu MpOBOIUTCS IeJeHa-
MIpaBJIEHHBI OpraHudeckuil cuHre3 [1], Hampas-
JICHHBIA Ha TOJIyY€HHE COEIMHEHUH, KOTOPhIE CO-
nepxatr (QyHKIIMOHAIHHO-aHATTUTHYECKUE TPYIIIIHL,
crocoOHbIE OOpPa30BBIBAaTh MPOYHBIE CBS3U C
MOHAMH METAJUIOB, U aHAJTUTHKO-aKTUBHBIE TPYTI-
IbI, KOTOPBIE XapaKTePU3YIOT PU3UKO-XUMHIUECKIE
CBOICTBa peareHTa (PacTBOPUMOCTb, TOBEPXHOCT-
HO-aKTHBHBIE, OINTHYECKHE CBOWCTBA W T.JI.), a
TaK)K€ UIPAIOT HEMAIOBAKHYIO POJIb B YIyUIICHUH
CTapbIX U IPOSBICHUU HOBBIX CBOMCTB NMPOAYKTOB
peakiuu (KOMIUIEKCHBIX coenauHeHuit) [2]. Cunres
HOBBIX OPraHUYECKUX COCIUHEHUI B psiy pearcH-
TOB OIPENEICHHOTO CTPOEHUSI CBOJUTCS K IOJY-
YEHUIO KOPPEJSALHMOHHBIX 3aBUCUMOCTEH (CBOM-
CTBa peareHTa WM KOMIUIEKCHOTO COEIWHEHHUS ~
¢yHKIUs (CTpOoeHKE)) M BBISABICHUIO BIUSHUS 3a-
MeCTUTENICH B JTaHHOM psiay [3].

Anmncynsponmmrunpasuasl (ACI) sBasroTCst
OWIIEeHTaTHBIMH JINTAaHAaMH, COJACP)KAINMH TH/I-
pa3sHIHYIO0 TPYIIy, CIIOCOOHYI0 K 0OOpa30BaHHIO
MPOYHBIX XEJIATOB C HOHAMH LBETHBIX METAJIOB U
Cynb(OOHUIBHYIO TPYIITY, YBEIMYUBAIOIIYIO IIO-
BEPXHOCTHO-aKTUBHBIE U KHCIOTHBIE CBOWMCTBa
pearentoB [4]. K HacTosmemMy BpeMEHU HCCIENO0-
BaHBl (DPM3UKO-XMMHUYECKHE M KOMIUIEKCOOOpasy-
rome  cBoiictBa  N-arui-N'-(TO3WI)TUIPa3HHOB
obmeir  dopmynoit  RC(O)NHNHSO,CsH4(CH3)
rac R = H, Csz, C3H7, C4H9, C6H13,
C4HoCH(C:Hs), CgHis, CioHai, Ci2Has B ammuau-
HBIX U IIEJTOYHBIX CpeJax ¢ MOHAMH I[BETHBIX Me-
tawioB (LIM) [5-7].

[ns nononHeHus] mapa-TONYOJIBHOIO psAlla aB-

TOpaMH B paboTax HM3y4YeHBl (PH3UKO-XHMMHUCCKHC

U KOMITIeKcooOpa3yromue cBoiicTBa N-(OeH30m)-
N'-(penuncynsponum)runpasuna (BOCI)  [8].
Uzyuena crnexkTpopoTOMeTpUUEcKas peakiust s
onpeaenenus noHos Cu(Il) ¢ BOCI" B ammuayHbIX
CpeAax ¢ IeJbI0 pa3paboTKH METOAUKHU AJIS Ompe-
nenenust meau(1l) B mpomykrax mocie (iaoraiuon-
HOTO OOOTaleHns B KadecTBE aIbTEPHATHBHOM K
aTOMHO-IMHCCHOHHOMY aHanu3y. PaspaboraHHas
METOJIMKa ObljIa YCTIEITHO anpoOupoBaHa Ha CyIIb-
(dbumHOM MeTHO-HUKEIEBOH pyae [9].

Jns  yBenmWuYeHHsS TOBEPXHOCTHO-aKTHBHBIX
cBoiictB ACI' mapa-ToryonpHOTO psfa U Moryde-
HUS BOJOPACTBOPHMOTO KOMIIJIEKCHOTO COEIHE-
HHS C TETbI0 Pa3paboTKH CHEeKTpodOoTOMEeTpHdIe-
CKOM1 METOIUKH CHUHTE3UPOBaH N-(2-
ruapokcuden3own)-N'-(n-to3un)ruapasud (I'bCI).
Uzyuensl QU3NKO-XMMHUYECKHE CBOWCTBA pearcHTa
[10], peakuus xomrmekcoobpaszoBanust ['BCI ¢
nonamu Cu(Il) B ammmaunoii cpene. C mensio go-
Ka3aTeIbCTBA CTPOEHHUS KOMILIEKCHOTO COeIuHe-
aus woHoB Cu(Il) ¢ I'BCI" m oOBscHEHUS Mexa-
HU3Ma PEaKINU MPETapaTHBHO BhIJIEIIEH KOMIUIEKC
u3 amMmuayHelx cpen. Ha ocHoBanmm UK-
CIIEKTPOB, 3JIEMEHTHOTO, TEPMHUYECKOTO M XHMH-
YECKOTO aHaJIM30B MPENJIOKEHO CTPOEHHE KOM-
TUIEKCHOTO COEMHEHHNS, a TaK)Ke yKa3aHa PeaKIys
koMmrImiekcoobpazoBanus noHos Cu(ll) ¢ I'bCT, na
OCHOBaHHMH KOTOPOH BBIBEZCHA M pacCUMTaHa KOH-
cTaHTa paBHOBecusl peakuuu [11].

ABTopamu pa3paboTaHa u anpoOUpOBaHa CIIEK-
TpodoTOMETpUYECKas METOJHKAa  ONpeIeIeHHs
nonoB Co(Il) ¢ 'BCI" B ammuaunoii cpene [12]. B
pabote [13] mpemapaTWBHO BBHIACICH KOMILICKC,
YCTaHOBJIEHO CTPOCHHE KOMILJIEKCHOTO COEIMHE-
aus monoB Co(Il) ¢ I'BCI" B ammmauHo# cpene,
MPEUIOKeH MEXaHW3M peaklud M pPacCcUuTaHa

KOHCTAaHTa paBHOBECHA.
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B mensx moBbIIIEHUsT YyBCTBUTENBHOCTH U Ce-
JCKTUBHOCTH CHEKTPOPOTOMETPUUECKON peaKiuu
B HacTosimedl paboTe H3y4eHO SKCTPaKIHOHHO-
CHEeKTPO(OTOMETPUYECKOE OMNpeAeieHue HOHOB
Co(ll) ¢ I'bCI' B ammuaunoit cpeme [14]. Hus
ofpesiesieHnss BO3MOYKHOCTH HCIIOJIb30BAaHUS H3Y-
YEHHOW PEakIiy B IMpoIleccax MOHHOM (roTammm
[15] mpoBemeHo wucciIenOBaHUE B3aUMOJICHCTBUS
nouoB Co(Il) ¢ I'bCI" B meno4Ho# cpene B Bapu-
aHTE «IKCTPAKLHUA-PEIKCTPAKIIHD.

OO0beKThHI M METOABbI HCCIeJ0BAHUS

B pabore wWcmonp30BamM  CTaHIAPTHBIN
1,0-10? momns/n sTaHoNbHEIA pacTBop I'BCT, TOY-
HyI0 KOHIIGHTPAIIMI0O KOTOPOTO YyCTaHABIMBAIU
KOHIYKTOMETpHIecKUM TuTpoBaHueM 0,1 Moib/i
pactBopom KOH; crampapraeii 1,0-107 Mons/m
pacTBop cyabdara kobdanbTa (1), TouHyrO KOHIICH-
TpaLKI0 KOTOPOTO OMpEIeNsi KOMIUIEKCOHOMET-
PUYECKUM THTPOBAaHMEM; CTaHAapTHeIH 2,5 107
Monb/n pactBop OMATA; aneraTHbelii OydQepHbIit
pactBop (pH~ 5); pactBopsr ammmaka 2,0; 1,0; 0,1
Monb/it:; 0,1 MOJB/T pacTBOp THUAPOKCHIA KA,
0,1 % BOIHBIA PAacTBOp KCHIEHOJOBOTO OpaHKe-
BOTO; PacTBOPUTENN — JTHJIOBBIH CIHUPT, XJIOPO-
thopm.

C nenpro W3ydeHHs peaKkuu KOMILIEKCOoOpa-
3oBaHust  N-(2-ruppokcuben3onn)-N'-(7-To3ui)-
ruzapasuHa ¢ nonamu Co(ll) mpoBomunm criekTpo-
(doToMeTprUecKkoe HccIeOBaHUE Ha CHEKTpodo-

tomerpax C®-2000 (OKB-Cnexrp,
[etepOypr) u KDK-3-01 (OAO «3aropckuii on-

Cankr-

TUKO-MEXaHUYeCKUil 3aBomay»). 3Hauenus pH pac-
TBOpoB m3Mepsnu Ha pH-merpe AHMOH 4100
(Mudpacnax-Ananut, HoBocubupck) ¢ koMOUHU-
poBanHbIM 3tekTpogoM DCK-10603/7. [qns ompe-
neneHust MoJisipHbIX cooTHomeHui [Co(ID)]

[[BCI'] 1 TOYHOW KOHIICHTPAIIMH pearcHTa BHI-

TIOJIHAJIM KOHAYKTOMETPUYCCKOE THUTPOBAHHUE Ha

koHaykromerpe  SEVENMULTIS70-K  (Met-
tlerToledo, IIBeitapus).
MeToauka 3KcrniepuMeHTa

Hnst IKCTPAKIHOHHO-CIIEKTPOPOTOMETPH-
yeckoro omnpenenenus noHos Co(Il) ¢ I'bCI" B am-
MHAYHOM cpezie B MepHylo Konly Ha 25,0 mi mo-
MeIam nepeMenHoe kommdectso (ot 0,25 mo 0,45
mi) 1,0-10% moms/n pactBopa cymsdara Co(Il),
3areM go6asmsamu 10,0 2,0 momns/ pacTBOpa aMMu-
aka 0 00pa3oBaHUS BOAOPACTBOPHMOTO aMMHAY-
Horo komruiekca, BHocuan 0,50 mut 1,0-107 Mo/
criuproBoro pacteopa I'BCI’, noBoawin 10 MeTKU
JUCTUIITMPOBAHHON BOJIOM M TIIATENHHO Mepeme-
muBaK. B pe3ynbpTare peakium oOpazyeTcss KOM-
IJIeKC OOJOTHO-3eJIeHOTo 1BeTa. Jlanee KoMIuIeKce-
Hoe coemuHenne MoHOB Co(Il) ¢ I'BCI' xomuue-
CTBEHHO TIEPEHOCWIH B JIENUTEIEHYI0 BOPOHKY U
sKcTparupoBand B 5,0 ma xjopodopma. Bpems
9KCTPAKIMOHHOTO PaBHOBECHSI COCTaBIUIOS MHU-
HyT. ONTHYECKYI0 TUIOTHOCTh IMOJIy4€HHOTO JKC-
TpakTa 3aMepsuid Ha cnektpodoromerpe CD-2000
B KBapIlEBbIX KIOBETAaX C TOJIIMHON MOTJIOMIAI0IIe-
ro cinost 1,0 cM Ha done xopodopma.

VYCIIOBHYI0 KOHCTaHTYy YCTOHYMBOCTH KOM-
iekcHoro coeanHenust noHoB Co(Il) ¢ I'BCTI
ompenesui Mo MmeroAay babko [16]: B MepHyIO
koinby Ha 25,0 mum BBOommim 0,25 My pacTBOpa
cymspara Co(Il) ¢ xommenrtpammeir 1,0'107
Mo/, 10,0 M1 pacTBOpa aMMuaka ¢ KOHIIEHTpa-
et 2,0 monws/nm 1 0,50 M1 criupTOBOrO pacTBOpa
I'bCT" ¢ KoHUEHTpanuei 1,0‘10’2 MOJIB/J, TOBOJH-
U 10 METKH IUCTHUTMPOBAHHON BOJOW W Tiepe-
MENIMBaIN. 3aTeM pacTBOp IIONyYEHHOTO KOM-
IieKca JKcTparupoBainn B 5,0 mi xmopodopma;
BpeMsl SKCTPAKLIMOHHOT'O PaBHOBECHS — 5 MUHYT.
Hanee pacTBOpbl KOMIUIEKCHOTO COCIHHEHHS U
XOJIOCTOT'O OTBITA Pa30aBIIsLIN XJIOPOGOPMOM B 3 U

5 pa3. OnTHYecKyro IUNIOTHOCTh 3KCTPAKTOB H3Me-
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psnmu Ha criektpodoTomerpe CD-2000 npu mymrHE
BosiHBL 570 HM Ha (oHe x7I0podopMa B KBApLEBBIX
KIOBETax C TONIMHOHN ciost 0,5 ¢M A7 MCXOIHBIX
pactBopoB u 2,0 cM; 3,0 cM aist pa30aBICHHBIX B 3
1 5 pa3 pacTBOPOB COOTBETCTBEHHO.

VYcinoBHas KOHCTaHTa yCTOMUMBOCTH KOMILIEK-

ca paccumrana mo Gpopmyie:
1 n+l
g -1
A/100

p=r

C, -n"

rae q — pazdasnenue; A = (A—Aq)/A — OTKIOHEHHUE
OT OCHOBHOTO 3aKOHA CBETOMOTIIOIEHUS; A U Ag —
OINITHYECKHE TUIOTHOCTH MCXOAHOTO U pa3z0aBiieH-
HOro pacTBopoB, Cy — KOHIIEHTpalus MOHOB Me-
TaJUIOB TOCJe pa30aBJICHUsI PacTBOPA; N — KOJINYe-
CTBO KOODJMHUPOBAHHBIX JIMTAHAOB, HalJCHHBIX
METOJIOM MOJIIPHBIX OTHOIIEHHUH.

Bmusaue monor Cu(Il), Ni(II), Ag(Il), Zn(I),
Cd(II) na xommiexcoobpazoanue ' BCI' ¢ monamu
Co(Il) B amMMHmauHBIX cpelax H3y4dald METOJIOM
nob6aBok (dhopmyner 2, 3). B mepHyio konby Ha
25,0 ma BBoamim 0,25 mu 1,0-1072 mons/n pacTBo-
pa cymedpara Co(ll), mobaBmsmm 10,0 mm 2,0
MOJIB/JT pacTBOpa aMMHaKa JI0 TMOIydYeHHsS BOO-
pactBopuMmoro ammuakara, 0,50 M 1,0-102
Monb/n cnupToBoro pactBopa I'BCIT m mepemen-
Hoe KommuecTBo (M) 1,0:10 Mons/1 pacTBOpoB
Cyib(}aToB IBETHBIX METAJUIOB, CO3AaBas COOTHO-
menus [M(I)]:[Co(I1)], paBubie 1:1; 1:2; 1:4; 1:6;
1:8; 1:10 u T.1. [Tony4eHHbIe pacTBOPHI JOBOAMIU
JI0 METKU JUCTUJUIMPOBAHHOM BOJOM, TIIATEJIBHO
MepeMenInBaii. ODKCTPAKIMIO IOJTYYEHHBIX pac-
TBOPOB MPOBOAMIIH TIO BBIIIEU3JIOKEHHOW METOAU-
ke. ONTHYECKYIO TUIOTHOCTh IKCTPAKTOB U3MEPSITH
Ha criekTpodoTomerpe CD-2000 B KBapIEBBIX KIO-

Berax ¢ tommuHOM cios 1,0 cM Ha (oHEe XJopo-

dhopma.

OtHocutenbHyr0 ommoOKy ompenenenus Co(1l)
paccuyuThIBaIM Mo HhopMyIaM:

A

Me CMe :>C _AMe+X
- Me+X — Me

AMe‘-O—X CMe+X AMe

EomH _ |CMe - CMe+X| 100
Me

s ampoGaruu  3KCTPAKIMOHHO-CIIEKTPO-

(hboTOMETpUYECKOH  METOAMKH  HCIIOJIb30BaHa
cynehuAHAS MEeIHO-HUKEeIeBas pyaa MypMaHCKOH
obmactu ¢ coxepxkanmemM Cu — 0,197% 1; Ni —
0,535% r; Co — 0,022% r. Jlnst 3TOTO B TeIIOHO-
Bl cTtakaH oO0bemoM 100,0 M momermaiM TOY-
HYI0 HaBECKy KOHIIEHTpaTa OCHOBHOW (hioTaruu
(1,0005 1), nobaBmsam 10,0 MuI mMapckod BOIKH
(2,50 M1 HNOs + 7,50 mn HCI) u pactBopsuin B
MHKPOBOJTHOBOH cucTeMe mpobomoaroroBku CEM
Mars 5 B TedueHue oaHoro yaca. Ilocne ugero co-
JIEPKUMOE CTakaHa (QUIbTpOBAIN Yepe3 QUiIbTp C
CHHEH JIeHTOl B MepHyto ko0ji0y Ha 100,0 mu, mo-
BOJIWJIM COACPKUMOE KOJIOBI IO METKH JIHCTUILIHU-
POBaHHON BOJIOW W TINATEIBHO IIEPEMEINBAIIH.
OKCTpaKIMOHHO-(POTOMETPHUUECKOE OIpeiesieHHE
Co(Il) B xoHILIEHTpaTe OCHOBHOW (proTamuu mpo-
BOJIMJIM TI0 BBIIIEU3TIOKEHHON MeTouKe. Jist aTo-
ro 2,50 M1 pacTBOpa MoOCe KUCIOTHOTO pa3ioxKe-
HUs HelTpanuzoBanu 15 % pacrsopom KOH. Pac-
TBOp (MIBTPOBaNIM B MepHYyI0 KonOy Ha 25,0 mi
gepe3 (GUIBTP C KpPacHOM JIEHTOW, TaK KaK TPH
HeHTpanm3anuu 00pa3oBalicsi 0CaZOK THAPOKCHIIA
xkene3a(lll). Jlanee moGammsum 10,0 M pactBopa
aMMuaka ¢ KoHmeHtparuedt 2,0 Monbs/n (mis co-
3manus pH 11,4) u 0,50 mi cimpToBOTO pacTBOpa
I'bCT" ¢ koHUEHTpanuei 1,0'10'2 MOJIb/J, TOBOIH-
JTU 70 METKH AWCTULTUPOBAHHOW BOJOW M TIIa-
TENBHO TepeMelnnBain. Bo BTOpy0 MEpHYIO KOJI-
Oy Ha 25,0 MJI aHAJIOTWYHO JO0ABJISIIN TIEPEUUC-

JICHHBIC HWHI'PCAWCHTHI, 4 TAKXE BHOCHUIIU 1,0 M
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crarmaptHoro pacteopa cyinbdara Co(Il) ¢ kon-
uentparueit (Tc, = 20 mkr/mi). [lonyueHnsie pac-
TBOPBI EPEHOCHIN M3 MEPHBIX KOJIO B JENUTEINb-
Hbl€ BOPOHKH U 3KCTparupoBayid B 5,0 Mi Xjopo-
¢dbopma; U3MepsUIM ONTHYECKYIO IJIOTHOCTH 3KC-
TPaKTOB TPH AJIMHE BOJHBI 570 HM Ha crieKTpodo-
tomeTpe CD-2000 B KBapIeBBIX KIOBETax C TOJ-
IHOM morommaromiero ciost 1,0 cM Ha doHe XITo-
podopma.

3aBHCHMOCTh KOMIUIEKCOOOPa30BaHUSI HOHOB
Co(Il) ¢ I'bCT B memounoii cpene ot pH pacTBopa
H3y4Yald METOJOM «IKCTPAKLMSA — PEIKCTPAKLISY.
[Tonyuennsie aBropamm B pabdote [10] 3HAUYCHMS
KOHCTAHT KHCJIOTHOH JAWCCOLMALUM peareHTa
(pKa; = 7,93 + 0,34; pKa, = 10,48 + 0,15) noka3si-
BatoT, yTo I'BCT sBnsieTcsa cnaboii 1ByXOCHOBHOM
KHCJIOTOM M KOMILJIEKCHI 00pa3yloTcsl B LIETIOYHOM
cpexe. IloaTromy mist mpoBeneHHs CHEKTPO(OTO-
MeTpHUYeCcKON peakiuu uHTepBas pH co3naBanu ot
8,0 mo 12,0 c menpio MOTy4YeHMsS] aHUOHOAKTUBHOM
¢dopmbl peareHta. st 5TOro B MEpHYIO KOJIOy Ha
25,0 ma BBoumu 2,50 mi 1,010 Mons/ pacTBo-
pa cyabdara Co(Il), 3arem m00aBisIM pa3iruHbIC
KOJIMYECTBA pacTBOpa THUAPOKCHAA Kalusi C KOH-
nenTpamueii 0,1 Mons/n, BHOCHIM 5,00 Mt 1,0-107
MOJIB/) cipToBOTO pacTBopa I'BCI, moBoammu 1m0
METKHA JUCTHJUIMPOBAHHOW BOJIOW M TIIATEJIHHO
MepeMEeNINBAIIN. 3aTeM IKCTPArHpOBAIA KOMITJIEKC
5,0 M1 xmopodopwma. Ilocie paccianBanus MpoBo-
T peskcTpakiuio 1 Mons/m pactBopom HrSOs.
Copnepxxanne nono Co(Il) B BomHO# (daze ompe-
JEJSUI  KOMIUIEKCOHOMETPUYECKUM THUTPOBAHUEM
B IPUCYTCTBHHU auneTaTHOro Oy¢epHOro pactBopa
(pH~5) n nHAMKaTOpa KCHUIICHONOBBIH OpaH)KEBBIN
[17]. Tlo momy4YeHHBIM pe3yiabTaTaM THUTPOBAHUS
paccunThiBaiM cTeneHs u3Biedenus nonos Co(Il)
U ONpEeneNsiid ONTUMAalbHBIM uHTepBan pH kom-

IJICKCO00pa30BaHMs.

OmnpeneneHue BpeMEHN SKCTPAKIIMOHHOTO paB-
HOBECHsI TPOBOAMIN AHAJIOTMYHO BBIILE IpUBE-
JICHHOM METOJIMKE MpPU ONTHUMAJIBLHOM 3HA4YE€HUHU
pH pactBopa (ontumansHOe KommyectBo 0,1
moss/n KOH — 5,0 mu). Bpemst skcrpakiuu co-
craBisuo 1, 2 u 5 munyT. HanbGonpliee 3HaueHue
crenienn m3Binederns uoHoB Co(Il) coorercTBO-
BaJIO ONITUMAIEHOMY BPEMEHH 3KCTPAKIUH.

MonspHble  COOTHOWIEHHSI B KOMILIEKCE
[Co(ID]:[I'BCI'] nmoxa3piBaii KOHIYKTOMETpPUYE-
CKAM METONOM. B XMMWYeCKHMH CTakaH BBOIMIH
5,00 mm 1,010 wmoms/m pacTBOpa Cyibdara
Co(II), 10,0 M 0,1 Momp/m pacTBOpa THIPOKCHIA
kammms (pH = 12,05), 35,0 M1 aTHIIOBOTO ciMpTa U
20,0 My OUCTHMIUIMPOBAHHOM BOJIBI, CO3/1aBasi CO-
ornouienue [EtOH]:[H.O] = 1:1. Hccnemyemsiii
pactBop TutpoBamu 1,00-10 Momb/1 pacTBOpoM
I'BCT" B stanone. Ilo nepernbam Ha KpUBOH KOH-
TYKTOMETPUYECKOTO  TUTPOBAHHUS  ONpEAEIsIN
BO3MO>KHBIE MOJISIPHBIE COOTHOIIICHMS.

Jng m3ydeHus 3aKOHOMEPHOCTEN MPOBENEHUS
MOHHOHW (IIoTalMy Ha TIEPBOM 3Tare MCcCiIeJOBaln
3aBucuMocTh ctenenr uspnedenuss Co(Il) I'BCI B
LIEJIOYHOM cpede OoT BpemeHu. g 3Toro B Mep-
HyI0 K00y BMecTHMOCTBIO 50,0 My momemnianm
5,00 mm 1,0:10? wmoms/m pacTBOpa Cyibdara
Co(Il), 3aTtem mo6asmsum 10,0 mur 0,1 Moibe/T pac-
TBOpa TuApokcuaa kKamus, BHocwan 10,00 wmm
1,0-10" momb/n cnmprosoro pacteopa I'BCT, mo-
BOAWIM 70 METKH AWCTWUTUPOBAHHOW BOJOU H
TIIATEIBHO TIepeMelInBain. MalopacTBOPUMBIi
KOMILUIEKC KOJMYECTBEHHO TIEPEHOCUIIN B KOJIOHHY
s daortarun. Bpemst gnoramuu cocraBusuio — 1,
2, 5 wmuHytr. OcTaToyHOE COJEepXkaHHE HOHOB
Co(Il) B BogHOM (haze ompenesisiin KOMILIEKCOHO-
METPUYECKUM TUTPOBAaHMEM B IMPHUCYTCTBHUHU alle-

TaTHOro OydepHoro pactsopa (pH ~ 5) u unnuka-

TOpa KCHJICHOJIOBBIH OpaHkeBblii. Haubomnbimee
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3HaueHHe crereHn u3BiedeHus wmoHoB Co(Il) co-
OTBETCTBOBAJIO ONTHUMAJILHOMY BpeMeHHU (hioTa-
LIMOHHOTO PaBHOBECHS.

OnTtumaneHbll AuanazoH pH pacTBopoB s
¢notaumonHoro u3Bneuenus: nonos Co(Il) T'BCT
M3YYWJIM aHAJIOTUYHO Pa3pa00TaHHONH METOJHKE
MIPOBEJICHHS PEAKINH B IIETIOYHON Cpee.

st m3ydeHus BIUSHUS KOJTUIECTBA pearcHTa B
kon0y BMmectuMocThio 50,0 Mi BHOCHIIM 5,00 Mt
1,0-10? mons/n pacTtBopa cymshara Co(Il), 3atem
10,0 M 0,1 mMoaB/1 pacTBOpa THAPOKCHIA KaTHS,
N0GAaBISIM  TepeMeHHoe KonmdectBo  1,0-107
Monb/n crimpToBoro pactBopa I'BCIT, cosmaBas
mossipabie cootHommeHust [Co(11)]:[I’BCI'], paBHbIe
1:0,5; 1:1; 1:1,5; 1:2; 1:2,5, moBOgWuINA OO0 METKHU
JTUCTHJUIMPOBAHHOW BOJON M TINATENHLHO IIepeMe-
muBad. ManopacTBOPUMBIA KOMILIEKC KOJIU4Ye-
CTBEHHO IEPEHOCHIIM B KOJOHHY JUIA (PIIOTAIINU.
Conepxxanue nono Co(Il) B BomHO# (aze ompe-
JIEJISUTA TI0 BBIIICU3IIOKEHHON METOTUKE.

Pe3yabTaThl 1 UX 00CYy:KIEeHUE
Hns

(hOTOMETPUUECKONH METOAMKH ONPE/CICHUS HOHOB

pa3paboTKi  AKCTPAKIIMOHHO-CIIEKTPO-
kobaneta (II) c I'BCI" B amMmmua4HO# cpene 3aperu-
CTPUPOBAH CIIEKTP TIOTJIOMICHHS IOJYICHHOTO
JKCTpaKTa KOMILIeKca. B kadecTBe ONTHMAalIbHOU
JUTMHBI BOJIHBI OblTa BEIOpaHa 570 HM, Tak Kak B
ATOW CIEKTPaTLHOW 00JIACTH OTCYTCTBYET IIOTJIO-
[IeHNe peareHTa U HabJrogaeTcss BRICOKasi BOCIIPO-
WU3BOJMMOCTh 3HAUYEHHUW ONTUYECKON IIOTHOCTH
(puc. 1).

Ilo BBIIEU3T0KEHHON METOIMKE HAUAEHBI OIl-
TUMAJIBHBIC YCJIOBUSI KOMILIEKCOOOpa3oBaHUsl —
pH=11,4, Bpems pazButus okpacku 60 MUHYT, OII-
TAMaJabHOE KonmdecTBO pearenra — 0,50 mi [12],
BpEMS 3KCTPAKLMH — 5 MUHYT.

B onTuManbHBIX YCIOBUSIX NOCTPOEH Ipagyu-

poBouHbIH Tpaduk. 3akoH byrepa-JlamGepra-bepa

10

BbINOJNIHsIETCA B uHTEpBajie ot 0,1473 no 0,2947 mr
Co(Il) B 5,0 mn pactBopa (puc. 2). Kaxymmiics
MOJIAPHBIH KO3()(DUIIMEHT CBETOIOTIOUICHHUS CO-

crtasisger 1315.

0,0 1 1 1 1 1
400 500 600 700 800

A, HM
Puc. 1. CriekTp NOTJIONIEHNUS] KOMITJIEKCHOTO COSAMHEHHUS
I'bCT ¢ Co(Il) B aMMuadHo# cpefie (IKCTPaKT):
1,0-10** mons/n Co(II); 2,0-10"* mons/n TBCT; /= 1,0 cm

A
0,25 -

0,20

0,15 |

0’10 1 I I I
0,25 0,30

Co(II), mr/5 mi

Puc. 2. I'pagynpoBOoYHEIH rpaduK AJIs SKCTPAKIIHOHHO-
cnekTpodoToMeTpraeckoro onpeaencaus Co(1l)
¢ I'BCI" B aMmmMuadHo#i cpene:
A =570 am; pH =11,4; 1= 60 mun; /= 1,0 cm
(A =0,9072-Ccoa—0,0179, R*= 0,9819)
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IIpaBUNBHOCTE U CXOIUMOCTH PE3YJIBTATOB
CHEKTPO(POTOMETPUICCKUX U3MEPECHUN Ompeene-
HBl METOJIOM «BBEACHO—HANAECHO» U NpEACTaBIIe-
HBI B Ta01.1.

Tabmuma 1

O1ieHKa PaBUIBHOCTH U CXOJAUMOCTHU PE3yIbTATOB

n3Mepenuit (n=5, P=0,95)

Bseneno Haiineno E
Co(1D), Co(ID), S (;"’
Mr/5 mut MI/5 MII 0
0,2180 | 0,2186 +£0,0061 | 0,004891 | 0,28
Y I0BIETBOPUTEAbHBIE  CHCTEMaTHYeCKas U

CIy4aiiHasi OIIMOKH CIIEKTPO(POTOMETPHUECKOTO
OTIpEe/IeTICHUS TOBOPSAT O BO3MOXKHOCTH IMpaKTHUe-
CKOTO WCIIOJIb30BaHUSl pa3pabOTaHHON METOJHKH
st onpeneneHus woHoB Co(Il) B mpomykrax mo-
cie (pIoTaIMoOHHOTO 000TaIEeHHS.

VYcioBHAsT KOHCTaHTa YCTOWYHBOCTH HCCIEIY-

€MOro KOMIUICKCHOT'O COCAMHCHUS pacCYHUTaHa I10

dopmyne 1 u cocraBnseT Purs. = 1,163-10°. Kon-

CTaHTa yCTOfI‘lPIBOCTI/I aMMHUAYHOT'O KOMIIJIICKCa
uonoB Co(Il) Breonmy), 2" = 1,17:10° [19]. Do sB-

JSIETCSl J10Ka3aTeIbCTBOM JOCTATOYHOM YCTOHYH-
Boctu komriuiekca 'BCI™ ¢ nonamu Co(1l) mo cpas-
HEHUIO C KCXOJHBIM aMMHAYHBIM KOMILIEKCOM
Co(Il) n monTBepkAaeT MPUOPUTETHOCTH IPOTeE-
KaHus peakiuu komruiekcoobpazoBanust Co(Il) ¢
UCCIIelyeMBbIM pearcHTOM.

BnusHuE MOHOB LBETHBIX METAIOB HAa KOM-
wiekcoobpazoBanue ['BCIT ¢ nonamu Co(Il) B am-
MHaYHBIX Cpe/iaX MPOBOJWIIH I10 BBINIE YKA3aHHOM
metoguke (Ttabn. 2). Hambomnpinee BiusHUE Ha
komiutekcoobpazoBanue I'bCI ¢ nonamu Co(Il) B
aMMHauYHBIX cpefax okaspBaroT woHbBl  Cu(ll),
Zn(Il) m Cd(Il), B MeHbpIIEH CTETICHH BIIUSIOT
Ni(Il) u Ag(Il) (tabm. 2). CrekTpsl MOTJIOMIECHUS

komiuiekcoB [IM ¢ I'BCT nipeacraBneHbl Ha puc. 3.

Ta6muma 2
Brusiaure nonos Ni(Il) u Cu(Il) na kommiexcoo6pazosanneCo(1l) ¢ I'BCI™:
CHexy e = CI*per = 1,0'10"2 MOJIB/J; Vo = 2,0 Mt
Bmmsaue nonos Ni(Il) (A = 570 am; Aco= 0,1700)
VNi(n), M Acomi CCo+Ni, MOJIB/TI Eom, % [CO(H)]:[Ni(H)]
2,0 0,1641 0,00077 3,75 1:1
1,0 0,1505 0,00071 11,25 2:1
Bmusane nonoB Cu(Il) (A = 570 am; Aco= 0,1700)
VCu(n), MJI Acorcu CCo+Cu, MOJIB/JT Eom, % [CO(H)]Z[CU(H)]
2,0 0,2944 0,0014 75 1:1
1,0 0,3193 0,0015 87,5 2:1
0,5 0,2865 0,0013 32,5 4:1
0,35 0,2895 0,0014 75 6:1
0,25 0,3112 0,0015 87,5 8:1
0,2 0,2954 0,0012 50 10:1
PazpaboTanHass MeTOaWMKa OKCTPAKIIMOHHO- OTIpEJICIICHISI CTIONB30BaJICs MeTo I 100aBok [16]

CHEKTPO(GOTOMETPHUECKOTO OIPEACIICHUSI HOHOB
Co(Il) ampoOupoBana Ha CyIbGOUIHOW MEITHO-
HUKeJeBor pyae Mypmanckoit obmactu. [Ipomykr
(hroTarronHOTO OOOTaNIeHUs! (KOHIICHTPAT OCHOB-
HOHM (proTanmum) CONMEPKUT OCTATOYHO HEOOIb-

myro koHreHtpanuto noHoB Co(Il), moatomy mms
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(Tabm. 3).
Tabauua 3

Conepxanue Co(Il) B MeHO-HUKENEBOM pyIe

Hnuna
BOJIHBL, Caeop, Copar, Eom., %
MKT/MJI MKI/MII
HM
A =570 4,00 3,56 11,0




N-(2-euopokcubenzoun)-N'-(n-mo3un)euopasum...

[Ipencrasmsiio UHTEPEC UCCIEAOBATH PEAKIHIO
komruiekcooOpazoBanus noHoB Co(ll) ¢ I'BCI B
IISJIOYHBIX CpellaX, TaKk Kak B 3TOM ciy4ae oOpa-
3YIOTCS TPYJHO PacTBOPHMBIE KOMIIJIEKCHBIE CO-
eIMHEeHNUs, KOTOpble d(P(PEKTHBHO HCIIOIB30BATh B
nporeccax MOHHOHN (nortanuu. [IpomykTom peak-
nmu B3anmogeicteus noHo Co(Il) ¢ I'BCIT B mre-
JIOYHOW cpefe sABNseTcsl THUAPO(OOHBIN ocamok
CBETJI0-3€JIEHOTO 1IBETA.

Ilo ommcaHHOM BBINIE METOJWKE HalIIEeHBI OII-
TUMAJIbHBIE YCIOBUS KOMIUIEKCOOOPAa30BaHUS: TIPU
mossipaoM cooTtHomenun [Co(I)]:[I'BCT] = 1:2,
pH = 12,05 u BpeMeHU SKCTPAKIMKU 5 MUHYT CTe-
resb w3BnedeHns norHoB Co(Il) I'BCIT cocramis-
et 94%.

E,%

100 o
90
80

70 o

60

50 1 1 1
0,5 1,0 1,5
Co(II), Mr/25 mn
Puc. 3. I'panyupoBouHbIi rpaduk Jyis ONpeesieH s
Co(Il) ¢ T'BCT" B menounoii cpene: pH = 12,05;

BpeMsl SKCTPAKLUN — 5 MUH

(E= 34,244Ccoqmy + 46,109, R?= 0,9741)

B onTuManbHBIX YCIOBHSIX KOMILIEKCOOOpa3o-
Baamsi ' BCI' ¢ monamu Co(Il) B menouynoit cpene
MTOCTPOEH TpaayrupoBoUHBIA Tpaduk (puc. 3). I'pa-
(uk muaeen B uaTepBase ot 0,2947 no 1,4733 mr
Co(II) B 25 Ma pacTBOpA.

\Tak kak mpoaykrom peakiuu noHoB Co(Il) c

I'BCT" B mieno4HoO# cpene siBiseTcss THAPOPOOHBIH
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0CaI0K, IPEACTAaBIISIIO HHTEPEC MIPOBECTH HOHHYIO
¢noTanuio B Bapuante «¢uoTtauus ocagkos» [20].
OnTuManeHbe YCIOBHSA JJI NPOBEACHUS MOHHOU
¢oTauMM M3y4and MO BBINICU3JIOKECHHOW METO-
muke (puc. 4). Ilpy MOISIpPHOM COOTHOIIEHUH
[Co(ID]:[TBCI] = 1:2,5, pH = 12,05 u BpemeHu
(ioTamu 5 MHHYT CTENEeHb HM3BJICUEHHUS HOHOB
Co(II) I'BCT" mocturaet 98%.

E,%
100 -

95

90

85 -

1:0,5 1:1 1:1,5 1:2 1:2,5
Co(1l) : TBCT

Puc. 4. 3aBucumocts crenenu nzpiedenust Co(Il)

ot cootHomenust Co(Il) : 'BCI” mpu pH=12,05

3akiouenne

1. Pa3paborana 3KCTpaKIMOHHO-CIIEKTPOHOTO-
MeTpHYecKass METOJMKa ONpEeAe]CHUS HOHOB
Co(Il) ¢ IT'BCI' B ammuauHOii cpene U anpoOupo-
BaHa Ha MPOAYKTEe (KOHLEHTpPAT OCHOBHOM (pioTa-
UM) Tocie (IIOTAMOHHOTO oboramieHus (pyna
MypmaHcKoii 00nacTn).

2. Pa3paboTrana MeTonuKa OmpezeNeHIs] HOHOB
Co(Il) ¢ I'bCI' B mienouHoil cpexe B BapHaHTe
«OKCTPAKIUSA—PEIKCTPAKIIUY.

3. OmpeneneHsbl onTUMalbHBIE yCIOBUS (roTa-
nuouHOTo M3BieueHuss noHoB Co(Il) I'BCI™ B mre-
JIOYHOH cpene M MOKa3aHa BO3MOKHOCTH HCIIOJb-
30BaHUS pEareHTa B Ka4eCcTBE cOOMpaTesns B MOH-

HOH (IoTanuu.
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Tungsten (VI) Complexes with 2-Hydroxy-5-chlorthiophenol
in the Presence of Aminophenols and Their Application

Ali Z. Zalov', Elman G. Shirinov?, Parvana S. Safarova?
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2Mingachevir State University, Mingachevir, Azerbaijan

Abstract. In the present paper, we report results from liquid-liquid extraction-spectrophotometric experiments on
two different systems, each of which containing tungsten (VI), a 2-hydroxy-5-chlorothiophenol (H,L), and 2-(N,N-
dimethylaminomethyl)-4-chlorphenol (AP;) or 2-(N,N-dimethylaminomethyl)-4-bromphenol (AP>). In the complex
formation with HoL, tungsten (V1) is reduced to tungsten (V) by the reagent itself. This fact was also confirmed by ESR
spectrometry. Extraction of mixed ligand complexes is maximal at pH 4,1-5,2. The absorption maxima of the mixed-
ligand complex (MLC) W(V)-L-AP!? lie in the range of 476-480 nm. Molar coefficients of absorption make (2,0—
2,8)-10* The optimum amount of AP for the maximum binding of the anionic hydroxyl thiophenolate complex of tung-
sten [W(V)-L] into an ionic associate was determined by varying the quantity of AP added. For the formation of MLC
W(V)-L-AP!2, the concentration of 1,2-10- mol/l of HbL and 2,0-1073 mol/l of AP'? in the solution is required. MLC
of W(V)-L-AP!? were stable in aqueous and organic solvents and did not decompose for three days, and after extrac-
tion, more than a month. The maximum absorbance is reached within 5-8 minutes. Beer’s law is obeyed over the con-
centration range 0,10-18 pg W(V)/ml. The method is free from common interferences. The proposed method were ap-
plied to the determination of tungsten in steel and samples of soil.

Keywords: tungsten, 2-hydroxy-5-chlorothiophenol, aminophenols, ligand, chloroform
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Kommuiekcest Bosbgpama (VI) ¢ 2-rugpokcu-5-x10pTuogheHo10M
B IPUCYTCTBMU AMUHO(EHOJI0B U UX IPUMEHEHHUE

Aun 3a41 orabl 3aa0s !, Dabman Tusic orubl Iupunos 2, llapsana Cusxnap kei3bl Cadaposa
! AzepGaiimkanckuii roCyIapCTBEHHBIN EIarOrMYeCKUi YHUBEPCHTET, baky, Asepbaiiukan
MUHTSYEBUPCKUI TOCYTAPCTBEHHBIN YHUBEPCUTET, MUHTSUeBUp, AsepOaiiKan

AnHOTanus. B craTee cooOmaercs o pe3ynpraTax 3KCIEPUMEHTOB IO AKCTPAKIITHOHHO-CIIEKTPO(QOTOMETPHIECKOMY
aHaNM3y IBYX CHCTEM CHCTeMax, conepxkamux Bombppam (VI), 2-rumpokcu-5-xmopruodenon (H.L) m 2-(N,N-
IuMeTIIaMAHOMeTH)-4-xtopderon (AP') wim 2-(N,N-numetunamuaomeTrn)-4-6pompenon (AP?). Ilpu KoMILIEKco-
obpazoBanun ¢ HoL Bompdpam (VI) BoccranaBnmmBaeTcs 1o Boibdpama (V) caMuM peareHToM. JTOT (aKT MMOITBEp-
*zaeH merogoM DIIP-ciekTpomMeTpuun. DKCTpakLus CMEIaHHO-IMTaHAHBIX KOMIUIEKCOB MakcuMainbsHa nipu pH 4,1-5,2.
MaxkcuMyMBbI TIOTJIOMICHUsT CMeTTaHHO-THraHIHOro Komimiekca W(V)-L-AP1,2 nexar B nuana3one 476—480 am. Mo-
IpHBIE KO3 (PUIHEHTHI MOrTIOMEeH s cocTapsaoT (2,0-2,8)-10%. OnrumansHoe KomuaecTBo AP 1718 MaKCHMalbHOTO
CBSI3bIBAHMS aHWOHHOTO THAPOKCHUIBHOTO THO(PEHOJIATHOrO KoMiuiekca Bosibhpama [W(V)-L] B uOHHBIH accoruar
OTPEJIENSIIOCh IIyTEM BapbHPOBAaHMA KOIMUYeCTBa mo0aBineHHOro AP. Jlns obpasoanus komiuiexca W(V)-L-AIT!?
Tpebyercs konuenTpauus 1,2-107 mons/n HoL u 2,0-107* mons/n AP'2 B pactBope. KommiekcHble coenunenus W(V)—
L—AP!? cTaGuibHEI B BOJHBIX M OPTAHMYECKUX PACTBOPHUTENAX W HE PA3NIAraloTCs B TEUECHUE TPEX CYTOK, a TOCIE IKC-
Tpakuuu — 6osee Mecsna. MakcuManbHOE TIOTJIONICHNE TOCTHTAeTCs B TeueHne 5S—8 muH. 3akoH bepa cobmromaercs B
nmuanazoHe koHueHTtparwi 0,10—18 mxr W(V)/mMn. Merton cBobogeH oT oOmmx moMeX. [IpeanoxeHHbIi MeTox ObLT
IIPUMEHEH IS OTIpe/ieIeHns] BoJIb()pama B CTAJIM U 00pa3iax MOYBEI.

KaioueBbie ci1oBa: Bosib(hpam, 2-THAPOKCH-S5-XIOPTHOPEHOI, aMUHO(PEHOIIBI, IUTaHd, XJI0podopm

[ mutupoBanus: 3anoB A.3., Hlupunos D.I'., Cadapona I1.C. Kommiekcsl Boibdpama (VI) ¢ 2-ruppokcu-5-
XJIOPTHO(EHOJIOM B NMPUCYTCTBUHM aMHHO(EHONOoB W uX npumeHenue // Bectuuk Ilepmckoro yHuBepcutera. Cepust
«Xumusi». 2025. T. 15, Ne 1. C. 17-32. http://doi.org/10.17072/2223-1838-2025-1-17-32
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Determination of trace metal ions is very im-
portant in the context of environmental protection,
food and agricultural chemistry and high purity
materials, and also for monitoring environmental
pollution. Several sensitive methods have been
developed for the determination of metal ions.
Flame atomic absorption spectrometry (FAAS) has
been widely used for the determination of trace
metal ions because of the relatively simple and
inexpensive equipment required. However, direct
determination of metal ions at trace levels by
FAAS is limited due to their low concentrations
and matrix interferences [1]. Preconcentration and
separation methods have been routinely used to
eliminate matrix effects and cope with low metal
levels [2].

Currently, the widely used techniques for pre-
concentration and separation of trace metals in-
clude liquid-liquid extraction [3, 4], ion-exchange
[5, 6], coprecipitation [7—8], solid-phase extraction
[10-15], flotation [16], electrochemical deposition
[17], and cloud point extraction [18].

Spectrophotometric  methods [19-23] are
among the most precise instrumental methods of
analysis for the determination of elements in trace
amounts. These methods are remarkable for their
versatility, sensitivity and precision. In these meth-
ods, a very extensive range of concentrations may
be covered for the trace analysis of the elements.

The direct determination of tungsten in various
matrices such as geological samples, steels, natural
waters, etc. has presented some problems, due to
the low tungsten content and large concentration of
accompanying elements. Many preconcentration
and separation methods have been used for the de-
termination of tungsten at low concentrations, such
as liquid-liquid extraction [19, 20], adsorption [21]
and ion exchange [22, 23].
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There are various spectrophotometric methods
which suffer from low sensitivity, non-selectivity
and complexity in the procedures for the determi-
nation of tungsten in trace amounts using thiocya-
nate, vanadophosphoric acid as ligands [24]. Many
organic reagents have been used as analytical rea-
gents for spectrophotometric determination of
tungsten but most of these are not suitable for rou-
tine analysis of the metal ion due to one or more of
the above drawbacks [19, 21, 24].

This prompted us to search for new and more
advanced methods and accordingly we synthesized
a very effective reagent 2-hydroxy-5-
chlorothiophenol (H,L), which was used as a com-
plexing agent for spectrophotometric determination
of metal ions in order to meet the above require-
ments [25-35].

In the present paper, we report results from liq-
uid-liquid extraction-spectrophotometric experi-
ments on 2 different systems, each of which con-
taining W(VI), a H,L and an aminophenols (AP!?)
(as aminophenole 2-(N,N-dimethyl-aminomethyl)-
4-chlorphenol  (AP') and  2-(N,N-dimethyl-
aminomethyl)-4-bromphenol (AP?) were used).

The procedure has been applied satisfactorily to
the determination of tungsten in soils and plants
samples.

Experimental

Reagents and solutions. A standard stock solu-
tion (100 mL) of tungsten (VI) containing 1 mg ml
! of the metal ion is prepared by dissolving an ac-
curately weighed amount (0,179 g) of sodium
tungstate in distilled water. The concentration of
the tungsten solution was adjusted gravimetrically
by sedimenting tungsten in the form of Ho WO, and
weighing WO; [21, 24]. Lower concentrations at

ug/ml (10, 20, 50 and 100) level are prepared by

suitable dilution there from.
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Chloroform was purified by washing with conc.
H,SO4 and shaking with distilled water followed
by washing with a 5% solution of NaOH. Chloro-
form is used for extraction of W(VI)-L-AP!?
complex. HoL is prepared by reported methods
[36] as follows.

An optimum acidity was created by means of
0,01 mol/l HCI or an ammonium acetate buffer
solution.

Instrumentation. The optical density of the ex-
tract was measured on a KFK-2 and SF-26 with a
cuvette thickness of 0,5 and 1,0 cm, respectively.
The pH of the solution was measured on an [-120.2
device. IR spectra were recorded on a Bruker spec-
trophotometer. L was analyzed on a Shimadzu LC-
10AD liquid chromatograph and a PE SCIEX API
150EX mass spectrometer. The purity of the com-
pounds obtained was controlled by TLC.

Procedure. Portions of a working tungsten so-
lution, 0,1 to 0,8 ml with an increment of 0,1 ml,
1,0-2,0 ml of 0,01 mol/l HCI, and 0,3-0,5 ml of a
0,01 mol/l H,L solution were placed in calibrated
test tubes with ground stoppers. The mixture was
stirred thoroughly for 5 min to reduce tungsten,
and 2,0-3,0 ml of a 0,01 mol/l solution of AP!?
was added. The volume of the organic phase was
adjusted to 5 ml with chloroform, and the volume
of the aqueous phase was brought to 20 ml with
distilled water. After the formation of the hydroxy-
thiophenolate complex of tungsten, it was extract-
ed, and the absorbance of extracts was measured
by a KFK-2 photoelectrocolorimeter at 490 nm.

2-hydroxy-5-chlorothiophenol [36]. Yield 89
%. IR spectrum, v, cm™:1580 (CeHs), 2570 (SH),
3460 (OH). 'H NMR spectrum (CDCls), 8, ppm:
5,70 (s, 1Hon), 3,40 (s, 1Hsn), d.d. 7,05 (s, Har),
6,25 m (s, 2Har). Found, %: C 43,79; H 3,64; O
9,17; S 19,15; C122,08. CsHsOSCI. Calculated, %o:
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C 44,85; H 3,11; O 9,97; S 19,94; Cl 22,12. UV
spectrum (CHCI3), Amax, nm: 283.

General procedure for the synthesis of com-
plexes 1 and 2. W(V) complexes were obtained by
the exchange reaction between tungsten (V) salt L
and AP'“, For this purpose, the prepared solution
of L and Am'? in ethanol was added to 10 ml of an
salt NaxWO4 -2H,0
(0,145 g, 672 mmol). The solution was stirred at
60°C for 25 min. After 1 day, dark red crystals be-

ethanol solution of the

gan to precipitate. The crystals were filtered,
washed with ethanol and dried in a desiccator un-
der vacuum to constant weight. The yields were
0,029 g for 1 and 0,034 g for 2.

Extractant selection. For the extraction of
complexes, we used CHCl3, C;H4Cl,, CCly, C¢He,
CeHs-CHs, CsHsCl, iso-C4sHoOH, iso-CsH11OH, n-
C4HoOH and their mixes. Extractability of com-
plexes was estimated in coefficient of distribution

(D) and extent of extraction (R%) [20, 21]:

[W]org
e — (1)
1,
R- 100x D 2
Va
D+

org

Chloroform, dichloroethane and chlorobenzene
appeared to be the best extractants. Fast division of
layers and the maximum value of molar coefficient
of absorption were received at extraction of com-
plexes by chloroform. After a single extraction
with chloroform about 97,8-98,4% of tungsten was
extracted as an ion associate. Further researches
were conducted with chloroform. The concentra-
tion of tungsten in the organic phase was deter-
mined with dithiol [19] by photometric measure-
ments after back extraction, while in the aqueous

phase it was determined by the difference.
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Results and discussion
The synthesis of 2-hydroxy-5-chlorothiophenol
is based on the decomposition of phenol disulfide

by reduction:

OH
) + SCly, ——
+ 2HCI
Cl
—
Zn + HCl

L
2-Hydroxy-5-chlorothiophenol as a dibasic (H,L)
weak acid, depending on the pH of the environ-
ment, can be in molecular (H:L) and anionic forms
(HL, L*): pK; = 5,10; pK> = 10,6 and the pH of
the existence of the neutral form is 0,4-3,5 (A= 283
nm).

Studies on the oxidation state of tungsten. In
acidic medium, H,L exhibit reducing properties
[29, 37, 38]. Hence, in the complex formation with
H,L, W (VI) is reduced to W (V) by the reagent
itself. This fact was confirmed by ESR spectrome-
try [37].

Determination of the charge sign of the com-
plexes. The present study is concerned with the
investigation of W (V) interaction with H,L, result-
ing in the formation of colored complexes insolu-
ble in nonpolar solvents. To determine the sign of
the complex charge, ion exchange chromatography
was used: AV-17 anion exchanger in chloroform
absorbs a part of solution; the chromatographic
column is colored in orange, and tungsten is not
detected in the filtrate. The anion complex is ex-
tracted in the presence of a hydrophobic amine,
wherein the complex stability increases, and the

color becomes more saturated. To neutralize the
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charge of the anion complex, aminophenol is used
as a hydrophobic amine, which transforms into a
aminophenol ion in acidic medium that is:

OH OH

N(CHy; N(CHj),

H ——
CI(Br) CI(Br)
(AP'?) (AP'2H")
Influence of aqueous phase pH. The study of
the dependence of complexation on pH showed
that the yield of W(V)- L -AP"? is maximum at pH
4.1-5.2. The optimum acidity range for the W(V)-
L-AP; (1) and W(V)-L-AP;, (2) complexes is at
PHopt. 4.3-5.2 (pHform. 2.2-6.9) and pHop. 4.1-5.0

(pHporm. 2.0-6.8), respectively (Fig. 1, Table 1).

0.3

L]

021

Fig. 1. Influence of aqueous phase pH= 1 (7), 2 (2):
Cwvy = 1,09-107° mol/l, C1=1,2-1073 mol/l,
Cap=2.0-10"3 mol/l, KFK-2,1=0,5 cm

Absorption spectra. Tungsten complexes 1
and 2 have maximum absorption at 480 nm and
476 nm, respectively (Fig. 2). While ligand L has
maximum absorption at 283 nm. Bathochromic
shifts are calculated by the formula A = Awv)L — AL
and are 197 nm for 1 and 193 nm for 2. Contrast of
reactions was high i.e. initial reagents are colour-
less while complexes are intensively painted. The
molar absorption coefficients are €450 = 2,0-10* for

1 and &476 = 2,8-10* for 2.
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Fig. 2. Electronic spectra of the ligand and W(V)-L-AP!2complexes: (/) L, (2) 1, (3) 2.
Cw) = 1.09x107M, C1=1.2x1073M, Cap = 2.0x1073M, SF-26.

Reagent concentration and holding time. The
effect of L concentration on the completeness of
complexation was studied at an optimal pH value
and a constant concentration of tungsten and AP!-2,
The optimal amount of AP"* for maximum binding
of the anionic hydroxyl thiophenolate complex of
tungsten [W(V)-L] in the mixed ligand complex
(MLC) was determined by varying the amount of
added AP!?. The formation of MLC W(V)-L-AP'?
requires a concentration of 1,2:10 mol/l H,L and
2,0-10° mol/l AP'? in solution. MLC W(V)-L-
AP'? were stable in aqueous and organic solvents
and did not decompose for three days, and after
extraction — for more than a month. Maximum ab-
sorption was achieved within 5-8 minutes. Phase
volume ratios of 5:5 — 115:5 did not affect the re-
covery. This allows for simultaneous concentration
and extraction-spectrophotometric determination
of W(V).

Compliance with the fundamental law of light
absorption is achieved at Cwwv)= 0,10-18 pg/ml
(Fig. 3). The equations of calibration graphs were
calculated: y = 0,273x + 0,041 (for the complex 1)
and y = 0,291x + 0,048 (for the complex 2), re-
of

spectively. Some analytical characteristics

W(V)-L-AP"? complexes are given in Table 1.
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Fig.3. Calibration graph: (/) 1, (2) 2.

Stoichiometry of the complexes and the
mechanism of complexation. The stoichiometry
(W3 :L:AP'? = 1:2:2) of the complexes was de-
termined using the equilibrium shift and Asmus
straight line methods [39].

When forming complexes, the coordinating ion
is the W>*. The number of protons displaced from
one HoL molecule is 1. [WOCIL,](AP!*H),does
not polymerize in chloroform (y = 0,95-1,09).

The stability constant determined by crossed
lines method. The stability constant of the com-
plexes at room temperature was calculated: it
turned out to be equal to lgBf = 11,97 (for com-
plex 1) and IgPf = 11.25 (for complex 2).The IR
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spectra of the complexes [WOCIL:](APH)., in the
field of 780-810 c¢cm’!, there is an intensive strip of
absorption caused by valent vibration of group
[O=W-CI]*" [29]. The disappearance of a distinct
strip at 2580 sm’, observed in ranges H,L and
shows that sulfhydryl groups participates in for-
mation of a complex. Observed reduction of inten-
sity of a strip of absorption in area of 3200-3600
sm’!, with a maximum at 3455 sm™!, emergence of
a wide strip in area 3050-3150 sm! shows that the
hydroxyl group takes part in formation of coordi-

nation communication in the ionized state. Detec-

tion of strips of absorption at 2385 cm™! indicates
availability of the protonated AP' [40].

In a highly acidic medium, there are various
cationic forms of W (V) in the solution, with dom-
inating WO®* ion. In hydrochloric acid solutions,
this ion can react with CI” to form complexes and
WOCI?*, similarly to molybdenum [37]. The num-
ber of protons replaced by tungsten in one HL
molecule appeared to be two. Given the found
component ratio in the complex and an ionic state
of tungsten, it was assumed that upon complexa-

tion, the following reactions proceed:

HO s. 0 o
cl
wocPkt  +2 j@\—> \\|x|¢/ (1
HS cl y .4 |\
O ¢ S Cl

9

OH
s 0 o
Y + 2
o a s Cl (Br)
2 OH
al s. 0 o ;
—_—
O «a s CI(Br) 5
Table 1.
Analytical characteristics of [WOCIL,](AP"?H), complexes
Parameter 1 2
u Formation 2,2-6,9 2,0-6,8
P Optim. 4352 4,1-5,0
R, % 98,4 97,8
A, nm 480 476
e10* 2,4 2,3
Y 1,05 1,06
1gKeq 9,82 10,17
1gKex 13,78 14,12
1gB 11,97 11,25
Beer's law execution interval, pug/5 ml 0,5-90 0,5-85
y=ax+b 0,273x + 0,041 0,291x + 0,048
Sandell’s sensitivity, ug cm™ 0,0033 0,0034
Limit of detection, ng ml’! 11 12
Limit of quantificat ion, ng ml"! 36 40
Correlation coefficient 0,9987 0,9974
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From Egs (1) and (2), one can judge the reac-
tion mechanism: W (VI) is reduced by H,L in a
HCl medium to W (V), and the latter in the form of
a chloride complex cation interacts with excess
H,L. The resulting anionic complex [WOCIL,]* is
reacted with AP, which the acidic solution is in the
protonated state (APH"). The composition of the
complexes can be represented by the formula

[WOCIL,](AP'2H),:

OH

o
CIC[S\VHV’D @”N*(CHQQ
4
0" s Al a )
1
0 OH
i &
O/ |\S cl
Cl Br 5
2
Thermogravimetric  study of [WOCIL;]

(AP'?H), complexes showed that thermal decom-
position of the complex occurs in three stages: at
60-120°C water evaporates (weight loss 3,75%
for 1, 3,16 for 2), at 340-390°C Am decomposes
(weight loss 38,66% for 2, 39,43), and at 490—
510°C — L (weight loss 33,04% for 1, 39,03 for 2).
The final product of thermolysis of the complex is
WOs.

Extraction and equilibrium constants. The
complexation reaction can be predicted as follows:
W5*+ 2H,L + 2APH' & [WL](APH)+ 2H"  (3)
Equilibrium constant (K.q) of the reaction:

{IWL,](APH),[H*]*}org

= W g (AL g (APH By P

eq
_ {[WLZ](APH)Z[H+]2}org _
WS g {[HL]?Ygq

D
€4 [APH*]?’

Ay
~8A, — A,

K (6)

, (5)
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where, A, — is the optical density for a given exper-
iment; A, — is the optical density for complete
binding of the cobalt ion into a complex.
Taking the logarithm of equation (6), we obtain
1gKeq = 1gD — 21g[APH] (7)
The value of the extraction constant (Kex) can be

calculated from equation (8):

K - {{IWL](APH)2}org _
X AW Y org {[HL] o0 g {[APH* 12} 5
= D )
 {[HL]?}org {[APH*]?}4rg
D
Kex = €©)

{[HL]?}org {[APH*]?}0rg

Taking the logarithm of expression (9), we obtain
1gKex =1gD —2Ig[HL] —2Ig[APH] (10)
The values of K¢ and K., calculated using
formulas (7) and (10), respectively, are given in

Table 1.

Influence of foreign ions. It is determined that
large amounts of alkali, alkaline earths, and rare
earth metals and fluorides, chlorides, and sulfates
do not interfere with the determination of tungsten.
The interfering effect of Fe (III) was eliminated by
introducing a 20% solution of SnCl, before the
addition of the reagent; the effect of Ti (IV) was
removed by adding ascorbic acid, and Cu (II), by
thiourea. Mo (VI) is acidic medium is reduced with
H,L to Mo (V), which is masked by the addition of
EDTA. Because tungsten forms a complex in a
more acidic medium than vanadium, tungsten can
be determined the presence of large amounts (50
ug) of vanadium.

The proposed method compares favourably
with the existing ones (Table 2) and offers the ad-
vantages of better simplicity, rapidity, sensitivity

and selectivity [19-24].
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Table 2.
Comparative characteristics of tungsten determination methods
Reagents pH A, nm g, 10+ Reference
Toluene-3,4-dithiol 1,5-2,0 640 1,92 19,24
8-Mercaptoquinoline 0,5-3,0 412 0,367 19,24
8-Hydroxyquinoline 4.4 363 0,64 19,24
KSCN 10 mol/1 HC1 405 1,51 19,24
CHPB* 0,49-1,39 420 3,125 23
HPMPPB* 1,0 430 2,2 20
H,L -AP, 43-52 480 2,8 This work
H,L -AP» 4,1-5,0 476 2.4 This work

*CHPB — 6-chloro-3-hydroxy-2-phenyl-4-ox0-4H-1-benzopyran, HPMPPB — 3-hydroxy-2-[1'-phenyl-3'-(p-methyl-

phenyl)-4'-pyrazolyl]-4-oxo-4H-1-benzopyran.
Analytical applications
Determination of tungsten in steels. 0,1 g
weighed sample of steel [composition steel EU-
45, %: 0,24 C, 0,60 Mn, 0,03 Si, 3,30 Cr, 0,50 Ni,
0,50 W, 0,50 Mo, 0,30 V, and the rest of Fe] was
dissolved under heating in 4 ml of freshly prepared
mixture of HCl and HNOs (3: 1) in the presence of
a few drops of HF. After dissolution, 0,5 ml of
HCOOH is added, and the mixture is heated until
the decomposition of HNO; occurs. After cooling,
the mixture is transferred to a 50 ml volumetric
flask and diluted up to the mark with water. An
aliquot portion of the resulting solution is trans-

ferred to a separatory funnel; 3,0 mL of 0,01 mol/l

HCI and 0,3-0,5 ml of a 0,01 mol/l H,L solution
were added, and, after thorough mixing, 2,0-3,0 ml
of a 0,01 mol/1 AP'? solution was added. The vol-
ume of the organic phase was adjusted to 5 ml with
chloroform, and the volume of the aqueous phase
was brought to 20 ml with distilled water. The
mixture is shaken for 5-8 min. After layering of
the phases, the absorbance of extracts is measured
using a KFK-2 photocolorimeter at 490 nm in cu-
vettes of 0,5 cm in thickness. The tungsten concen-
tration is found from the calibration curve. The
results of the determination of tungsten in steel
demonstrate the reliability of the proposed proce-

dure (Table 3).

Table 3.
Tungsten content in steel and samples soil determined by different methods (n=5, P=95%)
Analyzed object Method Found in X+ tr 5 Se
sample, % Jn
Toluene-3,4-dithiol 0,50 0,50 +0,138 0,022
Tungsten content in steel 8—Mercaptoqu.inol‘ine 0,52 0,52 +0,119 0,025
(EU-45: 0,50 % W) 8-Hydroxyquinoline 0,49 0,49+0,210 0,017
’ H,L-AP, 0,51 0,51+0,112 0,019
H,L-AP; 0,48 0,48+0,110 0,012
Toluene-3,4-dithiol 4,65 (4,65-10% £ 0,064 0,039
Tungsten content in soil 8-Mercaptoquinoline 4,53 (4,53-10%) £ 0,057 0,033
(X-10* o ) 8-Hydroxyquinoline 4,92 (4,92-10% +£ 0,038 0,024
’ H,L-AP, 4,85 (4,85-10% £ 0,026 0,026
H,L-AP; 4,49 (4,49-10%) £ 0,037 0,019

Determination of tungsten in soils. The pro-
posed procedures for the determination of tungsten
were applied to its determination in light-chestnut

soil from the Caspian zone. A 0,5 g weight was

24

finely ground in an agate mortar and calcined in
muffle furnace for 3 h. After cooling, the sample
was treated and dissolved in a graphite cup in a

mixture of 16 ml of HF (conc.), 5 ml of HNO3
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(conc.), and 15 ml of HCI (conc.) at 50-60°C to
remove excess hydrogen fluoride. A further 8 ml
portion of HNOs3 (conc.) was added triply to the
solution that was each time evaporated to 5-6 ml.
After that, the solution was transferred into a
100 ml volumetric flask and its volume was
brought to the mark with distilled water. Tungsten
was determined in aliquot portions of the solution
using the proposed procedures. The accuracy of the
results was checked by three independent methods.
The results are listed in (Table 3).
Conclusion

MLC of W (V) with H,L and AP!? have been
studied by spectrophotometry. Extraction of MLC
is maximal at pH 4,1-5,2. The optimal conditions
for the formation and extraction of MLC have been
found. The molar ratio of the reacting W(V), H,L
and AP'? species is 1:2:2. The general formula of

the MLC is [WOCIL,](AP!?H),. They can be re-

garded as ion-associates between doubly charged
anionic chelates [WOCIL,]* and protonated AP'?2
species. The developed method retains specific
interaction of W (V) with HoL and AP'? to form a
colored complex and has good sensitivity. The
proposed method has significant advantage over
the other spectrophotometric methods in terms of
simplicity and sensitivity. Hence, in the complex
formation with HoL, W (VI) is reduced to W (V)
by the reagent itself. This fact was also confirmed
by ESR spectrometry. CHCl;, CCls, C;H>Cl,,
Ce¢Hs, Ce¢Hs-CHs, iso-CsHoOH, iso-CsH1OH, n-
C4HoOH and their mixtures were tested as extract-
ants. CHCI; demonstrated the best result; it was
used in further experiments. Beer’s law is obeyed
over the concentration range 0,10-18 pg ml’!
W(V). The proposed method were applied to the
determination of tungsten in steel and samples of

soil.
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Cunre3 2-umuHo-1-THA-3,6-1ua3acnupo[4,4|HoH-8-eH-4,7-1UOHOB
U 2-THOKCO0-1,3,6-Tpuasacnupo[4,4]|HoH-8-eH-4,7-1HOHOB B3auUMOAeCTBHEM
nuppoJio|2,1-c][1,4]okca3zun-1,6,7-TpOHOB ¢ THOMOYEBUHOM

Huxura AnexceeBud TperbsikoB, Anapeii Hukosnaesuuy Macausen
ITepMckuii rocyaapcTBEHHBIN HALIMOHANBHBIN UCCIIEN0BaTeNbCKIN yHUBEpcUTET, Ilepmb, Poccus

AHHOTANMA. YCOBEpIICHCTBOBAH CHHTE3 THOTHAAHTOMHOB U ICEBIOTHOTMJAHTOMHOB, CIHUPO-aHHEIHUPOBAHHBIX
MTUPPOJI-2-OHOBBIM (pParMEHTOM, UMEIOMIMM (hapMaKOIOTHUECKYI0 3Ha4MMOCTh. [laHHble 9-apowmn-8-ruppoxcu-6-(2-
THIPOKCHAIIKIN)-2-UMHIHO- | -THa-3,6-mna3zactupo[4,4 |HoH-8-eH-4,7-mHOHBIl U 9-apomiI-8-THAPOKCH-6-(2-THIPOKCH-
ankwi)-2-Tuokco-1,3,6-tpuazacmupo[4,4 |HoH-8-eH-4,7-IHOHBI TTOIYYEHBI peakuueit 8-apowi-3,4-muruapomnuppoio[2,1-
c][1,4]okca3un-1,6,7-TproHOB ¢ THOMOYeBHHaMHU. OOHAPYKEHO, YTO MOIyYCHHBIE CIIHPO-TIPOU3BOJHbIE IICEBIOTHOTH-
JAHTOWHA TIOABEPTAIOTCS MIEPETPYMITUPOBKE IICEBIOTHOTHIAHTONH — THOTHIAHTOHH.
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Cunmes 2-umuno-1-mua-3,6-ouazacnupo[4,4]non-8-en-4, 7-ouonos...

[IponsBogHble THIAHTOWHA (MMHIA30IUIMH-
2,4-110Ha) TIPOSBISIIOT IIUPOKHH CIEKTp Onojo-
rudyeckoil aktuBHocTd [1]. MHOrHE U3 HUX SBIS-
I0TCS KOMMEpPYECKH JOCTYIHBIMU IIpernaparamu,
HaTnpuMep, MPOTUBOCYAOPOXKHEBIE IpenapaTsl (de-

HUTOUH [2] u ans0yTOUH [3]

H H
OYN S N
HN N
\ /\/
(dheHuTouH aNIBO0yTONH o

MHOPENIAKCaHT JaHTPOJEH [4]

NO;

WM HECTEPOUJIHBIA aHTHUAHJPOTEHHBIA areHT 3H-

CN
CF
S A Q\ 3
>\\ N

N

3airyTamun [S]

O

__NH

F,

H3BecTHO, UTO HEKOTOPHIE MCEBAOTUOTUIAHTO-
WHBI (2-MMUHOTHUA30JIHIUH-4-0HBI) TOJIBEPTatOTCs
MeperpynnupoBKe MICEBAOTHOT M IAHTOMH—
tuorunantonn (IITII, cxema 1) [6-9], koropas
SIBJISICTCSI YAaCTHBIM CIIy9aeM MaJjlOM3y4eHHOM Iie-
pPerpyNIUPOBKA HUMHUHOTHOJAKTOH — THOJIAKTaM
[10-15]. Dta peakiusi OTKPHIBACT IIMPOKHE BO3-

MOXHOCTH XHWMHUKAM-CUHTCTHKaAM JJIsI 1ICJIICHA-
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I[IPAaBJICHHOI'0 IOJYYCHHUSA PEruOU30MCPHBIX CO-

H
S N
o

Cxema 1. HCeB)IOTI/IOFI/I)IaHTOI/IHfTI/IOFI/IZ[aHTOI/IHOBaH

CI[I/IHGHI/II\/'I Ha OCHOBC I'MJaHTOMHA.

—_—
HN
o

HeperpynmupoBKa

Lenpro maHHOW paboOTHI SBHUIIOCH PACIIUPEHUE
OMOIMOTEKN CIIUPO-COSAMHEHHUM psia TICEBIOTHO-
rugadaTonHa (2-umuHO-1-tHa-3,6-1razacupo[4.4]
HOH-8-¢H-4,7-TNOHA) U THOTHAAHTONHA (2-UMUHO-
1-tna-3,6-nuazactupo[4.4 JHoH-8-eH-4,7-110HAa),
obmagaronix (HapMaKkoIOTHICCKON aKTHBHOCTBIO.

PesynbTathl u 00cyKI1eHHe

[Ipu BBIAEpKUBAHUU PACTBOPOB &-apomi-3,4-
nuruaponupposol2,1-c][1,4]okcasun-1,6,7-tpu-
OHOB 1a-H ¢ THOMOUYEBUHOM, B3ATHIX B COOTHOILIE-
HuM 1:1, mpu KOMHATHOW TeMIieparype B 0€3BOI-
HOM J3TUjIalieTaTe B TeueHue 14 4 momydeHsl 9-
apouII-8-THIPOKCH-6-(2-THAPOKCUAIIKII )-2-UMHUHO
-1-tna-3,6-nuazacuupo[4.4]HoH-8-eH-4,7-TUOHBI
2a-H (cxema 2, Tabnuna 1).

Ilpu xunsueHnn pacTBOpoB §-apoun-3,4-
muruaponuppono[2,1-c][1,4]okcazun-1,6,7-tpu-
OHOB la-H ¢ THOMOUYEBHHOM, B3ATHIX B COOTHOILIE-
Hun 1:1, wim npu KAMSYEHWH COeNWHEHWH 2 B
0e3BOTHOM TOIyOJIE B TE€UEHHE 2-5 U MOTy9eHBI 9-
apoOMIT-8-THIPOKCH-6-(2-THIPOKCHAIKIII)-2-TH-
okco-1,3,6-tpuazacimpo[4.4 JHOH-8-eH-4,7- THOHBI
3a-H (cxema 2, Tabmuma 1).

CoennHeHus 2a-H — OeClIBETHBIE KpHCTAIIIHYe-
CKHE BelllecTBa, JerkopactBopumble B IMCO u
AM®A, TpyaHOpacTBOPUMBIE B MEHEE MOJSPHBIX
OpPraHUYECKNX PACTBOPUTEINSAX, HEPACTBOPHMEIEC B

BOAC 1 aJIKaHaXx. COC,E[I/IHGHI/IH 2a-H JaroT IIOJIOXKH-

TENBbHYI0 TpoOy (BUIIIHEBOE OKpalllMBaHWE) Ha



Tpemvarxose H.A., Macnusey A.H.

HaJIMYU€ €HOJBHOTO THIPOKCHIA CO CIHHPTOBBIM
pactBopoM xjopuna xenesa (I1I).

B UK cnekrpax coenuHeHHU 2a-H, 3aITUCAHHOM
B BHJE MAacThl B Ba3eJIMHOBOM Maclile, MpPUCYT-
CTBYIOT IOJIOCHI BAaJICHTHBIX KoJeOaHUIl aMHHO- U
pvuaorpymn NH B obmactm  3443-3573 em™,
cnuproBoit rpynnsl OH B Buzae y3koro nuka B 00-
nacta 3288-3343 cm!, enombHO# rpymmer OH B
BHJIC IITMPOKOH ToJIockl B obmactu 3047-3163 cMm
!, nByx makramupix C*=0 n C’=0 kapOGOHMIBHBIX

rpynmn B obmactn 1759-1770 cm' u B obmactu

Rl

STUJIaneTar

1683-1720 cm', m apounbHON KapOOHMIBHOMN
rpynnsl B o6nactu 16131637 em™.

B cnektpax IMP 'H pactBopoB coenuneHwuit
2a-1 B IMCO-ds5, KpoMe CUTHAJIOB ITPOTOHOB ABYX
METHJIEHOBBIX TpPYyMI, MPOTOHOB apOMaTHYECKUX
KOJIELl ¥ CBSI3aHHBIX C HUMH T'PYII, NPUCYTCTBYET
YUIMPEHHBII CUHIVIET IPOTOHA CIUPTOBOM IPYIIIIbI
OHB ob6nactn4,24-4,89 M.n., CHHTJIET IPOTOHA
C’=NH ¢parmenra B obmactu 8,86-9.20 m.x., a
TaKKe YIIUPEeHHbIH cuHraeT npotona N H-rpymnms

B oOsactu 9,15-9,42 m. 1.

H,N
0 (
N

S o

O%N H

20-25°C |R? N
R! 0 0 jJ\ I R? / Ar
}81 ? H,N NH, L 0 OH _

R? N \ TOJLyOJI
Ar 110°C

2-54

0 la-u 0
B H,N 7 S
S R2
R! o\“ < O HO R2 /“\
NH o HN NH
TOJIYON ) a1
10°c  [R N R N
2
254 R / - o P 0 5
(6]
- OH - HO Ar
3a-n
Cxema 2. B3anmopeiictsue muppoino[2,1-c][1,4]okcaszun-1,6,7-TpuoHoB 1a-H ¢ THOMOYEBHUHON
Tabnuma.
3HaveHus 3aMECTUTEIECH M BBIXOIbI COSINHEHUH 2a-H U 3a-H
BeuiecTBo R! R? Ar Beixox 2 (%) | Beixox 3 (%)

a H H Ph 61 89

] H H 4-CIlCg¢Hy 97 77

B H H 4-BrC¢Hy 88 99

r H H 4-CH5C¢Hy4 82 98

i H H 2-Napht 77 94

e CH3 H Ph 74 97

XK CH; H 4-CIC¢H4 77 84

3 CH3 H 4-B1‘C6H4 69 92

)7 CH; H 4-CH3Cg¢Hy 90 92

K H CH3 Ph 41 90

b | H CH3; 4-CIC¢H4 36 92

M H CH3 4—B1‘C6H4 44 91

H H CH; 4-CH;CsHy 44 85

35



Cunmes 2-umuno-1-mua-3,6-ouazacnupo[4,4]non-8-en-4, 7-ouonos...

CoenvHenns 3a-H — CBETJIO-XKEJIThIE KPHUCTaJIU-
YyecKHe BeIEeCTBa, Jerkopactsopumsie B JJMCO u
JAM®A, TpyaHOpacTBOpPUMBIE B MEHEE MOJSAPHBIX
OpPraHUYECKHX PACTBOPUTEINIAX, HEPACTBOPUMBIE B
Boje u ankaHax. CoequHeHNs 3a-H [at0T MOJI0KHU-
TeNbHYI0 MpoOy (BUIIHEBOE OKpallMBaHHWE) Ha
HaJIMYUe €HOJBHOTO THAPOKCHIA CO CIHPTOBBIM
pactBopoM xyopuaa xxenesa (II1). B UK cmexrpax
COeIMHEHNHM 3a-H, 3alMCaHHBLIX B BHJE NAaCThl B
Ba3eMHOBOM Macje, MPHUCYTCTBYIOT TOJOCHI Ba-
JEHTHBIX KoJieOaHui crnmproBoi rpymmel OH B
BHjIe Y3KOTO THKa B obmactd 3340-3594 cm™,
amurorpymmn N’H n N°H B 3248-3286 cm’,
eHonbpHOM rpynnel OH B BHjie IMPOKOM MOJIOCH B
obmactu 3101-3226 CM'l, JIBYX JaKTaMHBIX Cc*=0
1 C’=0 kapOOHWJIBHBIX Ipynn B obmactu 1740
1785 em™ u 1700-1732 cm™', THokcorpymmsr C?=S
B obmactu 1653-1710 cm™ u apounsHOM Kap6o-
HIJIBHOM IpyTIBI B o6mactu 1612-1644 em™.

B cnekrpax IMP 'H pacTBopoB coeauHeHuit
3a-u B IMCO-ds, KpoMe CUTHAJIOB TPOTOHOB ABYX
METWJICHOBBIX TPYMI, MPOTOHOB apOMAaTHYECKHUX
KOJIEIl ¥ CBSI3aHHBIX C HUMH T'PYII, PHUCYTCTBYET
YIIMPEHHBII CUHIIIET IPOTOHA CIUPTOBOM IPYIIIBI
OH B obmactu 4,24-4,86 M.1., CHHTJIET IPOTOHA
N'H ¢parmenra B obmactu 10,16-10,26 m.1., a
Taxoke cuHTIET TpoToHa N H-rpymme! B o6mactu
12,18-12,26 wm.n.Coemunenuss 2 obpasyrorcs
BCJIECTBUE TNPHCOEIUHEHUSI Oojee HyKIeo(pHib-
HOW MEpKalTOrpymHmbl TayTOMEpHOHW (OpMBbI THO-
MOUeBHHBI K aToMy C* IHpposI00KCa3HHTPU-OHOB
1 u mocienyromeld BHYTPUMOJIEKYJIIPHOU LUKIIU-
3allMM C y4acTHEM aMHHOTPYIIIBl peareHTa U aTo-
ma C’ ¢ paspeiBoM cBaszu C/-O°. TIpu HarpeBaHuu
coequHeHus 2 neperpynmnupo-seiBatores (IITII) c

paspeiBom cBsizu CP7°

-S, u mpHucoenMHEHHEM K
3TOMY CIHPO-aTOMy BTOPOH aMHHOTPYHIEBI ¢ 00-

pa3oBaHHEM COCAMHCHMI 3.
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JKCIepuMeHTATbHAS YACTh

UK cnexTpsl 3aMChIBAIM Ha CIIEKTPOPOTOMET-
pe Perkin Elmer Spectrum Two (CIIA) B Bazenu-
HOBOM Maciie, criekTpsl IMP'H — Ha criekTpomer-
pe Bruker Avance III HD 400 (Llseiinapus),
BHyTpeHHMH cTaHnapt — TMC. DneMeHTHBIN aHa-
U3 BREIONMHSIM Ha aHamusarope vario MICRO
cube (I'epmanmus).

IlonHOTY mnpoTEKaHUs pPEAKUUH ONpeaeIsIn
metogoM yaeTpaBOXKX-MC, xomonka Acquity
UPLC BEH C18 1,7 mxm, mogsmxkHas (asza — are-
TOHMTPWI — BOJa, CKOPOCTh motoka 0,6 Mi/MuH,
nerexktop ESI MS Xevo TQD. UuauBuayansHOCTh
CUHTE3MPOBAHHBIX COCJAMHEHUH TOATBEPKAAITU
meronoM TCX (ruractunsl Merck Silica gel 60 Fasa
(Fepmanus), 3:1F0eHTHI — TOMyoI—3THIanerat (5:1),
3TUNALETAT, IPOSIBUTEND — Mapskl Hona u Y ® usiy-
yeHue 254 HM.

Ucxonmusie mmppoino[2,1-c][1,4]okca3un-1,6,7-
TpUOHBI la-H CHHTE3UPOBaHBI B3aMMOCHCTBHEM
COOTBETCTBYIOIINX TeTEPOIMKINIECKIX CHAMUHOB
C OKCAWIIXJIOPHUJIOM IO paHee OMHCAHHON MEeTo-
muke [16]. OcTanpHBIE PEaKTHBBI M PACTBOPUTEIH
MOJTydeHbl M3 KOMMEpPYECKHMX HCTOYHMKOB (Alfa
Aesar, Merck Life Science LLC).

9-beH3ona-8-ruIpoKcu-6-(2-ruApOKCUITIII)-
2-umnHoO-1-TNa-3,6-1ua3zacnupo|4,4|HoH-8-eH-
4,7-nuon(2a). K 0,9 mmonb coenunenus la mo-
Oaism 0,9 MMOJP THOMOYEBHHBI, J00ABIISIH
pacTBOpHUTENb: 15 M CyXoro sTujanerara, mnepe-
MEIIMBAJIN NpU KOMHATHOH Temmepatrype 4 4 10
M3MEHEHUS] OKpAacKd, OOpa30BaBLIMICS OCaIOK
or¢unbTpoBsBand. Beixon 61%, .. 194-196°C
(>tunanerar). MK crmextp, v, cm™': 3537 (NH),
3343 (OH), 3160 (C*OH), 1763, 1714, (C*=O,
C’=0), 1627 (COAr).Cuextp SMP'H, §, m.n.:
3.09-3.16 m (1H, CH), 3.31-3.38 m (1H, CH»),
3.47-3.62 M(2H, CH>), 4.56 ym.c (1H, OH), 7.46 1
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(2H, Hapou, J 7.8 T), 7.57 T (1H, Hapow, J 7.6 '),
7.70 1 (2H, Hapow, J 7.1 Tm), 9.12 ¢ (1H, N°H), 9.37
yur.c (1H, =NH). CneKTp}IMP13C, 0, M.o.: 42.8,
57.5, 84.1(C*"™), 116.1, 128.0, 128.7, 132.4,
137.9, 153.3(C°0H), 165.6(C*=0), 179.3(C’=0),
183.2(COAr), 187.6 (C=N).Haiigeno, %: C 52.15;
H 3.51; N 11.87. C15H13N305S. Beruucaeno, %: C
51.87; H3.77; N 12.10.
CoenuHenns 20-H CHHTE3UPOBAIH aHAJIOTUIHO 2a.
8-T'uapoxcu-6-(2-rugApoKCUITHI)-2-UMHUHO-
9-(4-xs10pOen3on)-1-Tna-3,6-1uazacnupo[4,4]-
HOH-8-eH-4,7-1M0H (20). Bexon 97%, T.am1. 196-
198°C (otmmauerat). UK cmextp, v, em': 3573
(NH), 3155 (C*0OH), 1761, 1712, (C*=0, C’=0),
1614 (COAr). Cnextp SIMP'H, §, m.x.: 3.09-3.16
M (1H, CH), 3.29-3.36 m (1H, CH,), 3.46-3.61 m
(2H, CHy), 4.52 yu.c (1H, OH), 7.53 1 (2H, Hapows
J8.61Tn), 7.72 n (2H, Hapow, J 8.3 I'mx), 9.12 ¢ (1H,
N°H), 9.36 ym.c (1H, =NH). Cnektp SIMP'C, §,
M 42.8, 57.5, 84.1(C%™), 115.4, 128.1, 130.5,
136.7, 137.0, 154.5(C°OH), 165.6(C*=0),
179.3(C’=0), 183.3(COAr), 186.1(C=N).Haiineno,
%: C 47.48; H 2.95; N 10.74. C15H12CIN30:sS. Boi-
gucieno, %: C47.19; H3.17; N 11.01.
9-(4-bpomOen3on)-8-ruapoxcu-6-(2-rua-
POKCHITHI)-2-UMHUHO-1-THa-3,6-1Ma3acupo-
[4,4]H0H-8-eH-4,7-1uon (2B). Brixon 88%, T.mui.
198-200°C (3tunauerar). UK crektp, v, cm™': 3559
(NH), 3157 (C*0OH), 1763, 1706, (C*=0O, C’=0),
1613 (COAr). Cnextp SAMP'H, §, m.1.: 3.08-3.18
M (1H, CH), 3.30-3.37 m (1H, CH,), 3.46-3.61 m
(2H, CH»), 4.24 ym.c (1H, OH), 7.64 1 (2H, Hapows
J 8.8 Tm), 7.68 1 (2H, Hapow, J 8.6 I'mm), 9.14 ¢ (1H,
N°H), 9.38 ym.c (1H, =NH). Cnektp SIMP"C, §,
M. 42.8, 57.4, 83.9(C*"), 115.9, 126.3, 130.6,
131.1, 1369, 153.8(C’°OH), 165.4(C*=0),
179.3(C’=0), 183.1(COAr), 186.5(C=N).Haiineno,
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%: C 42.64; H 2.59; N 9.53. Ci5sH12BrN;OsS. Bri-
yucneno, %: C 42.27; H 2.84; N 9.86.
8-I'mapoxcu-6-(2-rugpoKcuITHII)-2-HMHUHO-
9-(4-meTuaoen3ons)-1-rua-3,6-q1uazacnupo-
[4,4|n0H-8-en-4,7-quon (2r). Beixon 82%, T.mn.
196-198°C (3tunanerar). UK crextp, v, cm™': 3573
(NH), 3502 (OH), 3139 (C°OH), 1759, 1709,
(C*=0, C’=0), 1614 (COAr). Cnextp SIMP'H, §,
m.a.: 2.37 ¢ (1H, CH3), 3.07-3.15 M (1H, CH,),
3.31-3.38 m (1H, CH»), 3.47-3.62 m (2H, CH»),
3.89 ymr.c (1H, OH), 7.28 n (2H, Hapow, J 8.1 T'm),
7.62 1 (2H, Hapow, J 8.1 T'm), 9.14 ¢ (1H, N’H), 9.37
yur.c (1H, =NH). Cnekrp SIMP "*C, §, m.1.: 21.1,
42.8, 57.5, 84.0 (C?"), 116.7, 128.6, 128.9, 135.1,
1429, 1522 (C°OH), 165.5 (C*=0), 179.2
(C’=0),183.1 (COAr), 187.4 (C=N).Haiineno, %:
C 53.56; H 3.84; N 11.31. CiHisN3OsS. Bprunc-
neHo, %: C 53.18; H4.18; N 11.63.
9-(2-Ha¢promi)-8-ruapokcu-6-(2-rugpoxcu-
3TWJI)-2-UMHUHO-1-THa-3,6-1ua3zacnupo[4.4|HoH-
8-en-4,7-quon (21). Beixox 77%, .. 181-183°C
(>runmanerar). UK cmektp, v, cm': 3571 (NH),
3311 (OH), 3163 (C°OH), 1760, 1709, (C*=O,
C’=0), 1620 (COAr). Cuexrp SIMP 'H, §, m.x.:
3.12-3.19 m (1H, CH»), 3.35-3.42 m (1H, CH»),
3.51-3.65 m (2H, CH>»), 4.31 ym.c (1H, OH), 7.55—
7.78 M (3H, Hapon), 7.94-8.07 m (3H, Hapom), 8.37 ¢
(1H, Hapow), 9.20 ¢ (1H, N°H), 9.42 ym.c (IH,
=NH). Cnektp AMP BC, 8, m.a.: 42.9, 57.5, 84.0
(C¥"), 116.7, 124.4, 126.6, 127.6, 127.6, 128.2,
129.2, 130.5, 131.9, 134.8, 135.0, 152.9 (C*OH),
165.5 (C*=0), 179.3 (C’=0), 183.1 (COAr), 187.7
(C=N). Haiigeno, %: C 57.46; H 3.77; N 10.58.
C19H15N30sS. Beruncneno, %: C 57.42; H 3.80; N
10.57.
9-ben30u1-8-ruApoKcu-6-(2-ruApoKCUNnpo-
N1J1)-2-uMHuHO-1-THa-3,6-1na3acnupo|4,4|HoH-

8-en-4,7-quon (2¢). Beixon 74%, T.mm. 239-241°C
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(otunanerar). UK cnmextp, v, cm': 3544 (OH),
3155 (C*0OH), 1763, 1712, (C*=0, C’=0), 1615
(COAr). Cnextp SIMP 'H, §, m.1.: 1.05 1 (3H,
CHs, J 6.1 I'n), 2.86 nn (1H, CHa, J 13.8 'y, 7.2
I'm), 3.23 nn (1H, CHy, J 13.7 I', 6.1 I'm), 4.07-
4.15m (1H, CH), 4.47 ym.c (1H, OH), 7.47 T (2H,
Hapow, J 7.8 T'm), 7.58 T (1H, Hapow, J 7.1 T'my), 7.71
1 (2H, Hapow, J 7.1 Tm), 9.09 ¢ (1H, N°H), 9.33
ym.c (1H, =NH). Cnextp IMP °C, §, m.1.: 21.2,
48.8, 63.3, 84.5 (C*"), 116.3, 128.0, 128.7, 132.4,
137.9, 153.0 (C®OH), 166.0 (C*=0), 179.5
(C’=0),183.2 (COAr), 187.7 (C=N).Haiineno, %:
C 53.50; H 3.89; N 11.37. Ci6HisN30sS. Bprauc-
neno, %: C 53.18; H4.18; N 11.63.
8-I'mapokcu-6-(2-rugpoKkcunponuI)-2-uMu-
HO0-9-(4-x10pOeH30M1)-1-THa-3,6-1Ma3acupPo-
[4,4]n0oH-8-en-4,7-quon (2:x). Beixon 77%, T.m.
227-229°C (3runanerar). UK crextp, v, cm™': 3583
(NH), 3541 (OH), 3155 (C°OH), 1760, 1707,
(C*=0, C’=0), 1616 (COAr). Cnextp SIMP 'H, 8,
m.a.: 1.05 1 (3H, CHs, J 6.1 '), 2.86 o (1H, CHa,
J 13.7 I'n, 7.1 Tw), 3.23 an (1H, CHy, J 13.9 T,
6.1 T'u), 4.06-4.14 m (1H, CH), 4.46 ym.c (1H,
OH), 7.54 n (2H, Hapow, J 8.6 T'm), 7.73 n (2H,
Hapow, J 8.6 T'm), 9.11 ¢ (1H, N°H), 9.36 ymr.c (1H,
=NH). Cnextp SIMP °C, §, m.x1.: 20.9, 48.8, 63.3,
84.4 (C*™), 116.0, 128.2, 130.6, 136.6, 137.3,
153.7 (C*OH), 165.9 (C*=0), 179.5 (C’=0),183.1
(COAr), 186.4 (C=N). Haiineno, %: C 48.92; H
3.21; N 10.35. C16H14CIN3OsS. Brramcieno, %: C
48.55; H3.57; N 10.62.
9-(4-bpomOen3zon)-8-ruapoxcu-6-(2-ruapo-
KCHITHJI)-2-UMUHO-1-THA-3,6-1Ma3acnupo[4,4]-
HOH-8-eH-4,7-1uoH (23). Beixox 69%, T.u. 234-
235°C (orunanerar). UK cmektp, v, cm': 3576
(NH), 3541 (OH), 3229 (C°OH), 1757, 1706,
(C*=0, C’=0), 1617 (COAr). Cnextp SIMP 'H, §,
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m.a.: 1.05 x1 (3H, CH3, J 6.1 '), 2.86 oo (1H, CHa,
J 137 I'n, 7.1 Tw), 3.23 an (1H, CHy, J 13.9 T'n,
6.1 I'm), 4.06-4.14 m (1H, CH), 4.46 ym.c (1H,
OH), 7.54 n (2H, Hapow, J 8.6 T'm), 7.73 1 (2H,
Hapows J 8.6 Tn), 9.11 ¢ (1H, N°H), 9.36 ymr.c (1H,
=NH). Cnextp IMP °C, §, m.x.: 20.9, 48.8, 63.3,
84.3(C*™), 116.0, 126.5, 130.8, 131.2, 136.9,
153.7 (C*0OH), 165.9 (C*=0), 179.6 (C’=0), 183.2
(COAr), 186.7 (C=N). Haiigeno, %: C 43.91; H
2.92; N 9.23. C16H14BrN3;0OsS. Brruucaeno, %: C
43.65; H3.21; N 9.54.
8-I'mapoxcu-6-(2-rugpoKCcunponuI)-2-uMHu-
HO-9-(4-MeTHI0€eH30M.1)-1-THA-3,6-ANa3acnUPo-
[4,4]H0H-8-eH-4,7-quon (2u). Breixox 90%, T.1mi.
185-187°C (srunanerar). UK crextp, v, cm™': 3543
(NH), 3480 (OH), 3238 (C°OH), 1725, 1707,
(C*=0, C’=0), 1636 (COAr). Cnextp SIMP 'H, §,
m.a.: 1.05 n (3H, CHs, J 6.1 I'n), 2.37 ¢ (3H, CH3),
2.84 nn (1H, CH», J 13.7 ', 7.3 '), 3.23 nn (1H,
CH,, J 13.9 I'i, 5.9 T'm), 4.07-4.14 m (1H, CH»),
4.63 ymr.c (1H, OH), 7.27 1 (2H, Hapow, J 7.6 T'mD),
7.63 1 (2H, Hapow, J 6.6 I'mr), 9.07 ¢ (1H, N*H), 9.32
yur.c (1H, =NH). Cnextp SIMP “C, §, m.1.: 20.9,
21.1, 48.8, 63.3, 84.6(C*"), 116.5, 128.6, 128.9,
135.2, 142.8, 152.6 (C*OH), 166.2 (C*=0), 179.5
(C’=0), 183.3 (COAr), 187.3 (C=N). Haiizneno, %:
C 54.74; H 4.21; N 10.82. Cy7H17N305S. Bprumc-
seno, %: C 54.39; H4.56; N 11.19.
9-ben3zona-8-ruapoxcu-6-(1-rugpoxcu-2-

MeTHJINPONAaH-2-1i1)-2-UMUHO-1-THa-3,6-1ua3a-
cnupo[4.4]|HoH-8-en-4,7-11moH (2x). Brixon 41%,
1.171. 180-181°C (3tmnarnerar). UK crektp, v, cm™':
3552 (NH), 3332 (OH), 3158 (C*OH), 1770, 1683,
(C*=0, C’=0), 1637 (COAr). Cnextp SIMP 'H, §,
m.a.: 1.43 ¢ (3H, CHas), 1.57 ¢ (3H, CHz3), 437 1
(1H, CH», J 12.2 Tm), 4.54 n (1H, CH,, J 12.2 T'),
4.61 c (1H, OH), 7.52 T (2H, Hapom, J 8.3 I'm), 7.67
T (1H, Hapow, J 8.3 Tm), 7.99 o (2H, Hapow, J 7.3
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I'm), 9.40 ¢ (1H, N°H), 10.17 ¢ (1H, =NH). Cniextp
SAMP BC, §, m.a.: 21.6,21.9, 52.1, 55.3, 70.9, 74.2,
85.5(C"™), 128.4, 128.8, 133.7, 136.9, 163.8,
166.7, 177.3, 195.1. Hatineno, %: C 54.41; H 4.55;
N 11.18. C17H17N305S. Brrauciaeno, %: C 54.39; H
4.56; N 11.19.
8-T'uapoxcu-6-(1-rugpoxcu-2-MeTUJINPONAH-
2-ni1)-2-umuHo-1-tua-9-(4-xa0poen3ons)-3,6-
auazacnupo|4.4|HoH-8-en-4,7-1uon (2a). Berxon
36%, 1.1 165-167°C (atmmanerat). UK crexrp,
v, cM: 3443 (NH), 3292 (OH), 3067 (C°OH),
1763, 1718, (C*=0, C’=0), 1636 (COAr). Criektp
SAMP 'H, §, m.x.: 1.39 ¢ (3H, CH3), 1.45 ¢ (3H,
CHs), 3.33 a1 (1H, CH,, J 10.8 T'm), 4.11 n (1H,
CH,, J 10.8 T'm), 4.71 ym.c (1H, OH), 7.54 1 (2H,
Hapow, J 8.8 T'mr), 7.68 1 (2H, Hapow, J 3.9 '), 8.90
yurc (1H, N°H), 9.18 ym.c (1H, =NH). Cnekrp
SIMP  C, §, m.a: 209, 21.8, 629, 65.2,
84.4(C*"), 117.1, 128.2, 130.5, 136.8, 137.4,
153.4 (C*0OH), 166.4 (C*=0), 170.2, 175.7, 179.4
(C’=0), 184.0 (COAr), 186.8 (C=N). Haiineno, %:
C 49.85; H 3.92; N 10.51. Cy7H16CIN3OsS. Broi-
yucieno, %: C 49.82; H 3.94; N 10.25.
9-(4-bpomo6en3oni)-8-ruapoxcu-6-(1-ruap-
OKCH-2-MeTWINPONAH-2-1J1)-2-UMHHO-1-THa-
3,6-nua3acnupo[4.4|non-8-en-4,7-1uoH (2m).
Brxon 44%, t.aun. 169-172°C (stumanerar). UK
crekTp, v, cM: 3446 (NH), 3293 (OH), 3060
(C°0H), 1762, 1720, (C*=0, C’=0), 1634 (COAr).
Crextp SIMP 'H, 5, m..: 1.39 ¢ (3H, CH3), 1.45 ¢
(3H, CHs3), 3.33 n (1H, CHa, J 10.8 I'm), 4.11 1
(1H, CH», J 10.8 T'm), 4.74 yur.c (1H, OH), 7.59 1
(2H, Hapowm, J 8.8 I'y), 7.69 1 (2H, Hapow, J 9.8 I'1),
8.90 ym.c (IH, N°H), 9.17 ym.c (1H, =NH).
Crnektp SAMP B¢, 8, m.o.: 20.6, 21.8, 59.6, 62.9,
65.1, 84.4(C*™), 117.1, 1264, 130.5, 131.2,
137.2, 151.4 (C*0OH), 166.4 (C*=0), 170.2, 179.4
(C’=0), 184.0 (COAr), 187.0 (C=N). Haiineno, %:
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C 4498; H 3.51; N 9.24. C7H6BrN3OsS. Berunc-
seno, %: C 44.95; H 3.55; N 9.25.

8-I'mapoxcu-6-(1-rugpokcu-2-MeTHINPONAaH-
2-11)-2-uMuH0-9-(4-MmeTH6en30m)-1-THA-3,6-
nuazacnupo|4.4|Hon-8-en-4,7-quon (2H). Beixon
44%, 1. 158-160°C (stunanerar). UK crnextp,
v, et 3446 (NH), 3288 (OH), 3047 (C°OH),
1762, 1718, (C*=0, C’=0), 1630 (COAr). Cniextp
SMP 'H, §, m.x.: 1.39 ¢ (3H, CH3), 1.45 ¢ (3H,
CHs), 2.37 ¢ (3H, CHs), 3.32 1 (1H, CH,, J 10.8
I'm), 4.13 1 (1H, CHy, J 10.8 I'm), 4.64 ym.c (1H,
OH), 7.25-7.29 m (2H, Hapon), 7.58 1 (2H, Hapou, J
6.8 I'm), 8.86 ym.c (1H, N°H), 9.15 ym.c (1H,
=NH), 11.62 ym.c (1H, C*OH). Cnextp IMP °C,
209, 21.1, 21.8, 59.6, 62.8, 65.2,
84.6(C¥"), 117.8, 128.6, 128.9, 135.4, 142.9,
150.0(C*0OH), 166.6 (C*=0), 170.2, 179.3 (C’=0),
184.2 (COAr), 187.7 (C=N). Haiineno, %: C
55.51; H4.94; N 10.81. C;sH9N3OsS. Beruncneno,
%: C 55.52; H4.92; N 10.79.

o, M.A.

9-beH3onI-8-ruApoKcu-6-(2-ruApOKCUITII)-
2-tuokco-1,3,6-rpuasacnupo[4,4|Hon-8-en-4,7-
auoH (3a). K 0,9 mMons coeaunenns 1a qo0aBiis-
mu 0,9 MMOJIb THOMOYEBHHBI, paCTBOPSUIH B 15 mi
CYXOro TOJNyoJla, KUISITWIH | 4 1O W3MEHEHHS
OKpPacKH, OXJaXJaid, 0Opa30BaBIIMICS 0CaJOK
orunsTpoBsBany. Bexox 89%, t.mm. 205-207°C
(tomyon). UK cnektp, v, em™': 3421 m (OH), 3286
m (NH), 3185m (C*OH), 1755, 1715, 1672 (C*=S,
C’=0, C’=0), 1616 (COAr).Cnextp SIMP 'H, 8,
m.1.: 3.05-3.16 m (1H, CH,), 3.28-3.37 m (1H,
CH>), 3.40-3.62 m (2H, CH), 4.42 ym.c (1H, OH),
7.47 T (2H, Hapow, J 7.1 T), 7.57 T (1H, Hapom, J
5.6 T), 7.71 n (2H, Hapow, J 4.9 T'm), 10.16 ¢ (1H,
N’H), 12.20 ¢ (1H, N°H). Cnextp SMP "°C, §,
M. 42.1, 57.9, 79.2(C*™), 112.4, 121.5, 127.9,
128.0, 128.7, 132.2, 137.8, 153.1 (C*OH), 165.4,
169.9, 172.2 (C*=0), 179.3 (C’=0), 183.2 (C=S),
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187.1 (COAr). Haiimeno, %: C 52.07; H 3.54; N
11.76. CisH13N30sS. Beruncneno, %: C 51.87; H
3.77; N 12.10.
Coenunenus 30-H CHHTE3UPOBAIM aHATIOTUYHO3a.
8-I'mapoxcu-6-(2-rugpoKcMITIII)-2-THOKCO-
9-(4-xs10poen3omnn)-1,3,6-rpuazacnupo|4,4|HoH-
8-en-4,7-quon (30). Beixox 77%, T.u1. 192-194°C
(tomyom). UK criextp, v, cm™': 3340 m (OH), 3117
m (C°OH), 3066, 3036 (NH), 1749, 1732, 1710
(C’=S, C*=0, C’=0), 1644 (COAr). Cniextp IMP
'H, 8, m.1.: 3.06-3.13 m (1H, CH»), 3.28-3.35 m
(1H, CH»), 3.40-3.53 m (2H, CH>), 4.24 ym.c (1H,
OH), 7.55 a1 (2H, Hapow, J 9.0 T'm), 7.71 1 (2H,
Hapows J 8.8 T'1r), 10.16 ¢ (1H, N'H), 12.25 ¢ (1H,
N°H). Cnextp SIMP “C, §, m.1.: 42.0, 57.9, 79.0
(C?™), 112.6, 128.1, 130.5, 136.3, 137.2, 155.7
(C°OH), 164.9 (C*=0), 171.9 (C’=0), 183.7
(C=S), 186.1 (COAr). Haiineno, %: C 47.51; H
2.90; N 10.68. Ci5H12CIN3OsS. Beraucneno, %: C
47.19; H3.17; N 11.01.
9-(4-bpomOen3on)-8-ruapoxcu-6-(2-ruapo-
KCHITHJI)-2-THOKC0-1,3,6-Tpua3acnupo|4,4|HoH-
8-en-4,7-quon (3B). Beixox 99%, 1., 192-194°C
(tonyom). MK cmektp, v, cM™: 3440 (OH), 3226
(C°0H), 1740, 1714, 1682 (C’=S, C*=0, C’=0),
1634 (COAr). Cnektp SIMP 'H, 8, m.n.: 3.06-3.12
M (1H, CH), 3.28-3.35 m (1H, CH,), 3.40-3.53 m
(2H, CHb»), 4.40 yur.c (1H, OH), 7.62 n (2H, Hapow,
J 8.6 I'm), 7.70 n (2H, Hapow, J 8.3 T'm), 10.16 ¢
(1H, N'H), 12.25 ¢ (1H, N°H). Cnektp SIMP "°C,
5, m.o.: 42.0, 57.9, 79.0 (C*¥™), 112.5, 126.2,
130.6, 131.0, 131.1, 136.7, 155.9 (C*OH), 164.9
(C*=0), 1719 (C’=0), 183.7 (C=S), 186.2
(COAr). Haiineno, %: C 42.63; H 2.51; N 9.49.
C15sH12BrNsOsS. Breruucieno, %: C 42.27; H 2.84;
N 9.86.
8-I'mapokcu-6-(2-rugpoxrcu3aTuin)-9-(4-met-

Wi10eH30uW1)-2-Tuokco-1,3,6-rpuazacnupo|4,4]
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HOH-8-eH-4,7-n1uon (3r). Brixog 98%, t.min. 197—
199°C (tomyom). UK cmextp, v, cm': 3418 m
(OH), 3270 m (NH), 3167 m (C*OH), 1754, 1717,
1672 (C*=S, C*=0, C’=0), 1620 (COAr). CriekTp
SAMP 'H, 8, m.x.: 2.38 ¢ (1H, CHs), 3.05-3.12 m
(1H, CH»), 3.29-3.36 m (1H, CH»), 3.40-3.54 m
(2H, CH), 4.41 ym.c (1H, OH), 7.30 x (2H, Hapom,
J 8.1 I'm), 7.62 n (2H, Hapow, J 8.1 T'm), 10.20 ¢
(1H, N'H), 12.26 ¢ (1H, N°H). Cnextp SIMP °C,
5, mu: 21.1, 42.1, 57.9, 79.1 (C°), 113.7, 128.6,
128.9, 134.8, 143.0, 164.9 (C*=0), 171.8 (C’=0),
183.8 (C=S), 187.2 (COAr). Haiineno, %: C 53.52;
H 3.87; N 11.37. Ci6Hi5N30sS. Beruucaeno, %: C
53.18; H4.18; N 11.63.
9-(2-Ha¢Tou)-8-ruapokcu-6-(2-rugpoxkcu-
3THI)-2-THOKCO-1,3,6-Tpuasacnupo[4,4|HoH-8-
en-4,7-nmon (3x). Beixog 94%, t.mn. 168-170°C
(tomyon). UK cnektp, v, cm™': 3268 m (NH), 3168
m (C*OH), 1757, 1705, 1653 (C’=S, C*=0, C’=0),
1612 (COAr). Criextp IMP 'H, §, m.1.: 3.07-3.14
M (1H, CH>), 3.32-3.39 m (1H, CH>), 3.43-3.57 m
(2H, CH»), 4.47 ym.c (1H, OH), 7.56-7.68 m (2H,
Hapon), 7.73-7.78 m (1H, Hapon), 7.94-8.06 m (3H,
Hapoun), 8.35 1 (1H, Hapow, J 1.0 T'my), 10.24 ¢ (1H,
N’H), 12.24 ¢ (1H, N°’H). Cnexrp SAMP "C, §,
M. 42.0, 57.9, 79.3 (C*¥"), 111.8, 124.7, 125.2,
126.6, 127.4, 127.6, 128.1, 128.8, 129.1, 130.2,
131.8, 134.7, 135.1, 165.4 (C*=0), 172.2 (C’=0),
183.7 (C=S), 187.0 (COAr). Haiineno, %: C 57.41;
H 3.83; N 10.55. C19H5sN30sS. Brerancaeno, %: C
57.42; H 3.80; N 10.57.
9-Ben3ona-8-ruapoxcu-6-(2-ruApoKcunpo-
nuj)-2-Tuokco-1,3,6-rpuazacnupo|4,4|Hon-8-
en-4,7-nmon (3e).Beixox 97%, 1. 235-237°C
(tomyom). UK cmiextp, v, cm™': 3463 m (OH), 3276
m (NH), 3189 m (C°OH), 1743, 1716, 1683 (C*=S,
C*=0, C’=0), 1633 (COAr). Cnextp SIMP 'H, §,
m.a.: 1.03 o (3H, CHs, J 5.9 I'm), 2.88-2.99 M (1H,
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CH), 3.19-3.29 m (1H, CH»), 3.73-3.88 M (1H,
CH), 4.87 ym.c (1H, OH), 7.49 T (2H, Hapow, J 6.8
I'm), 7.60 T (1H, Hapow, J 7.3 Tmw), 7.70 o (2H, Hapow,
J 7.1 Tn), 10.25 ¢ (1H, N’H), 12.29 ¢ (1H, N°H).
Crnextp AMP C, §, m.1.: 20.9, 48.6, 63.9, 79.1
(C¥), 128.1, 128.8, 132.6, 137.5, 154.5 (C*OH),
165.3 (C*=0), 171.8 (C’=0), 183.7 (C=S), 187.7
(COAr). Haiineno, %: C 53.56; H 3.81; N 11.33.
C16H15N30sS. Beruncneno, %: C 53.18; H 4.18; N
11.63.
8-I'mapokcn-6-(2-rugpoKkcunponuI)-2-THo-
KC0-9-(4-x710p6en3onn)-1,3,6-tpuazacnupo|4,4]
HOH-8-eH-4,7-1uon (3x). Boixon 84%, T.mi. 230—
232°C (tomyon). UK cnektp, v, cm': 3460 m
(OH), 3355, 3235 m (NH), 3110 m (C*OH), 1761,
1716, 1668 (C’=S, C*=0, C’=0), 1638 (COAr).
Cnextp SIMP 'H, §, m.1.: 1.03 1 (3H, CHs, J 6.4
I'm), 2.95 nn (1H, CH,, J 13.8 T', 7.7 '), 3.20 nn
(1H, CH, J 13.7 T'n, 5.9 I'm), 3.74-3.89 m (1H,
CH), 4.35 ym.c (1H, OH), 7.52 o (2H, Hapou, J 7.3
I'm), 7.73 n (2H, Hapow, J 7.6 T'm), 10.09 ¢ (1H,
N’H), 12.11 ¢ (1H, N°H). Haiineno, %: C 48.97; H
3.24; N 10.25. C16H14CIN3OsS. Brrumcieno, %: C
48.55; H3.57; N 10.62.
9-(4-bpomoOen3omir)-8-rugpokcu-6-(2-ruapo-
KCHIIPONWJI)-2-THOKCO-1,3,6-Tpna3acnupo(4,4]-
HOH-8-eH-4,7-1uon (33). Beixon 92%, T.mu. 233-
235°C (tomyon). UK cmextp, v, cM': 3454 m
(OH), 3224 w (C°OH), 1741, 1714, 1680 (C’=S,
C*=0, C’=0), 1635 (COAr). Cnektp SIMP 'H, §,
m.a.: 1.03 1 (3H, CHs, J 6.1 I'mm), 2.96 nn (1H, CHa,
J 147 I'n, 8.1 I'm), 3.25 nn (1H, CH», J 14.2 T,
7.6 T'm), 3.74-3.88 m (1H, CH), 5.03 ym.c (1H,
OH), 7.63 o (2H, Hapow, J 8.6 T'm), 7.71 1 (2H,
Hapow, J 8.3 T'r), 10.17 ¢ (1H, N'H), 12.24 ¢ (1H,
N°H). Cnextp AMP °C, §, m.x1.: 20.8, 48.5, 63.9,
79.0 (C¥™), 112.9, 126.3, 130.6, 131.1, 136.6,
155.2 (C*0OH), 165.1 (C*=0), 171.9 (C’=0), 183.6
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(C=S), 186.5 (COAr). Hatizeno, %: C 43.95; H
2.91; N 9.32. Ci¢H14BrN3OsS. Brerancneno, %: C
43.65; H3.21; N 9.54.

8-I'mapoxcu-6-(2-rugpoxcunponui)-9-(4-
MeTHI0eH301)-2-THoKCco-1,3,6-Tpuazacnupo-
[4,4|n0n-8-en-4,7-quon (3m). Beixox 92%, t.mm.
210-212°C (tomyomn). UK crmektp, v, cM™': 3454 m
(OH), 3269 m, 3222 m (NH), 3182 m (C*OH),
1742, 1717, 1683 (C’=S, C*=0, C’=0), 1628
(COAr). Cnexrp SAMP 'H, &, ma.: 1.04 1 (3H,
CH3, J 4.6 I'n), 2.38 ¢ (1H, CH3), 2.88-2.98 m (1H,
CH,), 3.23-3.28 m (1H, CH>), 3.74-3.88 m (1H,
CH), 4.61 ym.c (1H, OH), 7.29 n (2H, Hapou, J 6.6
I'm), 7.62 n (2H, Hapow, J 6.8 T'm), 10.19 ¢ (1H,
N’H), 12.22 ¢ (1H, N°H). Cnektp SIMP "C, §,
m.a.: 20.8, 21.1, 48.5, 63.9, 79.5 (C*"), 113.6,
128.5, 128.9, 134.8, 143.0, 153.8 (C*OH), 165.3
(C*=0), 171.7 (C’=0), 183.6 (C=S), 187.2
(COAr). Hatineno, %: C 54.79; H 4.25; N 10.87.
C17H17N30sS. Breruncneno, %: C 54.39; H 4.56; N
11.19.

9-ben3zoni-8-ruapoxcu-6-(1-rugpoxrcu-2-
MeTHJIPONAaH-2-11)-2-THOKCo-1,3,6-Tpuasza-
cnupo[4,4|HoH-8-en-4,7-nmon  (3k).Brixon 90%,
T 178-180°C (tomyom). UK cmektp, v, cM™:
3412 (OH), 3264 (NH), 3190 (C*OH), 1785, 1700,
1686 (C*=S, C*=0, C’=0), 1623 (COAr). Criektp
SMP 'H, §, m.1.: 1.35 ym.c (3H, CHs), 1.36 ¢ (3H,
CHs), 3.56 n (1H, CH,, J 10.8 T'm), 3.81 n (1H,
CH,, J 10.3 T'n), 4.83 ymr.c (1H, OH), 7.49 t (2H,
Hapow, J 7.3 Tr), 7.60 T (1H, Hapow, J 7.3 I'nx), 7.67
1 (2H, Hapow, J 6.8 T'r), 10.26 ¢ (1H, N'H), 12.20 ¢
(1H, N’H). Cnektp AIMP “C, §, m.n.: 21.2, 21.5,
61.7, 64.9, 79.8(C*™), 114.0, 128.0, 128.7, 132.6,
137.7, 152.7 (C°0OH), 165.7 (C*=0), 172.8 (C’=0),
183.3 (C=S), 188.1 (COAr). Haiineno, %: C 54.42;
H 4.54; N 11.17. C17H7N30sS. Beraucneno, %: C
54.39; H4.56; N 11.19.
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9-(4-Xnopo6en3omwi)-8-ruapoxcu-6-(1-rua-
POKCH-2-MeTWJINPONaH-2-uia)-2-Tuokco-1,3,6-
Tpuazacnupo|4,4|HoH-8-en-4,7-1uon (3a). Brl-
xon 92%, t.mn. 184—186°C (tomyoxn). UK cmektp,
v, em': 3588 (OH), 3101 (C°OH), 3248 (NH),
1753, 1712, 1686 (C’=S, C*=0, C’=0), 1638
(COAr). Cnextp SIMP 'H, §, m.o.: 1.34 ¢ (3H,
CH3), 1.35 ¢ (3H, CH3), 3.55 a1 (1H, CH,, J 10.3
I'm), 3.80 x (1H, CH, J 10.3 I'm), 4.80 ym.c (1H,
OH), 7.55 a1 (2H, Hapow, J 8.8 I'm), 7.66 1 (2H,
Hapow, J 8.8 T'1), 10.22 ¢ (1H, N'H), 12.18 ¢ (1H,
N°H). Cnektp IMP °C, §, m.1.: 21.1, 21.5, 61.7,
64.9, 79.7(C*¥"™), 113.3, 125.2, 128.1, 128.1,
128.8, 130.5, 136.6, 137.2, 165.8(C*=0), 172.8
(C’=0), 183.2 (C=S), 186.6 (COAr). Haiineno, %:
C 49.84; H 3.95; N 10.28. Ci7H16CIN3OsS. Bwi-
yucieno, %: C 49.82; H 3.94; N 10.25.

9-(4-bpomoOen3oni)-8-rugpoxcu-6-(1-ruap-
OKCH-2-MeTWINpPonaH-2-ui)-2-ruokco-1,3,6-
Tpuazacnupo|4,4|HoH-8-en-4,7-1uon (3m). Bri-
xon 91%, t.mn. 188-191°C (tomyomxn). UK cmextp,
v, em': 3586 (OH), 3117 (C°OH), 3248 (NH),
1753, 1712, 1687 (C’=S, C*=0, C’=0), 1640
(COAr). Cnextp SIMP 'H, §, m.o.: 1.34 ¢ (3H,
CH3), 1.35 ¢ (3H, CHs), 3.54 n (1H, CH,, J 10.8
I'm), 3.80 x (1H, CH,, J 10.3 I'm), 4.86 ym.c (1H,
OH), 7.58 a1 (2H, Hapow, J 8.8 T'm), 7.71 1 (2H,
Hapow, J 8.8 T'1), 10.23 ¢ (1H, N'H), 12.20 ¢ (1H,
N°H). Cnexrp AMP °C, §, m.x.: 21.1, 21.5, 61.7,
64.9, 79.6(C*"™), 113.5, 125.2, 126.4, 128.8,
130.6, 131.1, 136.8, 153.6(C°OH), 165.6 (C*=0),
172.7 (C’=0), 183.2 (C=S), 186.9 (COAI).
Haiimeno, %: C 4498; H 3.52; N, 9.53.
C17H16BrN3OsS. Brerancaeno, %: C 44.95; H 3.55;
N, 9.25.
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8-ruapoxcu-6-(1-rugpokcu-2-MeTHJNPOTIAH-
2-171)-9-(4-MmeTHN6€eH3011)-2-THOKCO0-1,3,6-TpU-
azacnupo|4.4|non-8-en-4,7-nuon  (3n). Brixon
85%, 1.11. 182-184°C (Tomyomn). UK cnextp, v, cM”
': 3594 (OH), 3259 (NH), 3115 (C°OH), 1752,
1709, 1687 (C’=S, C*=0, C’=0), 1634 (COAr).
Cnextp SIMP 'H, §, m.1.: 1.34 ¢ (3H, CH3), 1.35 ¢
(3H, CHs), 2.38 ¢ (3H, CH3), 3.55 n (1H, CH,, J
10.8 I'm), 3.81 x (1H, CHy, J 10.3 T'm), 4.75 ymr.c
(1H, OH), 7.29 o (2H, Hapow, J 7.8 T'mm), 7.58 o (2H,
Hapows J 7.8 T1), 10.26 ¢ (1H, N'H), 12.19 ¢ (1H,
N°H). Cnextp IMP °C, §, m.x.: 21.1, 21.1, 21.5,
61.7, 64.9, 79.8(C*™), 114.4, 125.2, 128.6, 128.8,
128.9, 135.0, 143.1, 152.0, 165.7 (C*=0), 172.7
(C’=0), 183.2 (C=S), 187.7 (COAr). Haiineno, %:
C 55.57; H 4.90; N 10.77. CisH19N3OsS. Bprauc-
neHo, %: C 55.52; H4.92; N 10.79.

3akia0uenne

Pa3zpabotan ymoOHBIH TpenapaTHBHBIA METOA
CHHTE3a 3aMEeIIeHHBIX CITUPO-COEANHEHUH MCEeB0-
THOTHAHTOMHOBOTO psiia, a UMEHHO 9-apomin-§-
TUAPOKCU-6-(2-TUAPOKCHATKI )-2-UMUHO- | -THa-
3,6-muazactiupo[4.4|HoH-8-eH-4,7-11-0HOB 2 B3a-
umoieiicteueM -apou-3,4-auruaponuppoio[2,1-
c][1,4]okcazun-1,6,7-Tpu-0HOB ¢ THOMOYCBHUHHOM
B TOJSIPHOM pacTBOpHUTENe (dTWiIanerare) Ipu
KOMHATHOH TeMIlepaType, a TakKe METOJ CHHTe3a
3aMEUIEHHBIX  CIMPO-COCAMHEHWH THOTHIAHTO-
WHOBOTO Psiia C XOPOIIMMHU BBIXO/IaMH, & IMEHHO
9-aponin-8-ruipoKcH-6-(2-ruIpOKCHATKIII)-2-THO-
kco-1,3,6-Tpuazacnupo[4.4 |HoH-8-eH-4,7-11MOHOB
3 KUISTYEHHEM PacTBOPOB 9-apomi-8-ruapoKcu-6-
(2-ruppoxcuankuin)-2-uMuHO- 1 -THa-3,6-1Ha3a-
crupo[4.4]HoH-8-eH-4,7-1TMOHOB 2 B  BBICOKO-

KUIIALLIEM pacTBOpHTENE (TOIyoIe).
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Hayunas crates
YK 669.017:620.197
http://doi.org/10.17072/2223-1838-2025-1-46-55

I[HoTeHuMOCTATHYECKOE HUCCJIEIOBAHNE ATIOMUHUEBOT0 MPOBOIHUKOBOI0 CILJIaBa
AlV0.1, 1erupoBaHHOI0 JIAHTAHOM B Cpe/le PACTBOPA XJIOPHIA HATPUS

Hsaryano Haspysosuu Fanmes ', Tunagpys Kupomugaunoena Asmzosa?, lllaxpom Ilykyp6oesnu Oxuiio's,
Xaiipysuio Maxmyaxonoen4 XoaKanazapos!
"Mncturyt xumuu uM. B.A. Hukuruna HAH Tamxukucrana, Jlyman6e, Peciybnvka TaoxkuKucTan
2 dusuko-Texuuueckuii MHCTUTYT uM. C.Y. Ymaposa HAH Tamxukucrana, Jlyman6e, PecryGnuka TakukucTan
AHHoOTanus. B cratbe npuBeneHs! pe3yabTaThl HOTEHIIMOCTATHUECKOTO UCCIIEA0BaHNS aIIOMUHHEBOIO NMPOBOIHU-
koBoro cmiasa AIV0.1 ¢ maHTaHOM B Cpejie BOJHOTO pacTBOpa Xjopuaa Hatpus ¢ korneHTparnueit 0,03; 0,3 u 3,0 mac.
%, Tpu CKOpPOCTH pa3BEPTKH HoTeHImana 2 MB/c. JloOaBka naHTaHa K amoMuHHeBOMY cmiiaBy AlVO0.l coctaBmisiia
0,01-1,0 mac. %. ITokazaHo, 4TO JIETUPOBAHNUE JJAHTAHOM YKa3aHHOTO CIIaBa CHIDKAET CKOPOCTh €ro Koppo3uu Ha 10—
16 %, 94TO CONMPOBOXKIACTCSI CABUTOM BJICKTPOXUMHUYECKHX MOTEHIMAJIOB B 00JIACTh IOJIOKUTENBHBIX 3HaYeHUH. PocT
KOHLCHTPAIMH XJIOPUAA HATPHS B BOOHOM PAaCTBOPE CIIOCOOCTBYET YBEINUYEHHIO CKOPOCTH KOPPO3HH CILIABOB HE 3aBH-
CHMO OT MX COCTaBa U CMEILEHUIO MIEKTPOXUMUYECKUX ITOTCHIIMAIOB B OTPULIATEIbHOM HAIPaBICHUU OCU OPAUHAT.
KiroueBble ci10Ba: MOTCHIIMOCTATHYCCKUI METO/I, aJFOMHUHUCBBIA MPOBOAHUKOBBIN ciutaBa AIVO.1, nanTaH, 37ek-
TPOXUMHUYECKOE TToBe/IeHne, BoIHbIH pacTBop NaCl, ckopocTh KOppO3HH, MOTEHIINAN CBOOOIHOI KOPPO3HH
Jast uurupoBanusi: ['anues U.H., Asuzosa JI.K., Oxunos IILII., XomkanazapoB X.M. [loTeHnimocratndeckoe uc-
ClIe/IOBaHUE JTIOMHUHHEBOIO MPOBOAHHMKOBOrO ciiaBa AlV0.1, nerupoBaHHOTO JIaHTaHOM B Cpeie PacTBOpa XJopuaa
Harpus // Becthuk I[lepmckoro ynuBepcutera. Cepust «Xumusi». 2025. T. 15, Ne 1. C. 46-55. http://doi.org/10.17072/
2223-1838-2025-1-46-55

Original Article
http://doi.org/10.17072/2223-1838-2025-1-46-55

Potentiostatic study of aluminum conductor alloy AIV0.1
doped with lanthanum in sodium chloride solution

Izzatullo Ganiev!, Dilafruz AzizovaZ, Shahrom Okilov', Khayrullo Khodzhanazarov!
'V I. Nikitin Institute of the National Academy of Sciences of Tajikistan, Dushanbe, Tajikistan
2S.U. Umarov Physical-Technical Institute of the National Academy of Sciences of Tajikistan, Dushanbe, Tajikistan

Abstract. The article presents the results of a potentiostatic study of the aluminum conductive alloy AIV0.1 with
lanthanum in an aqueous sodium chloride solution with a concentration of 0,03; 0,3 and 3,0 wt. %, at a potential scan
rate of 2 mV/s. The addition of lanthanum to the aluminum alloy AIV0.1 was 0,01-1,0 wt. %. It is shown that alloying
this alloy with lanthanum reduces its corrosion rate by 10—-16%, which is accompanied by a shift in electrochemical
potentials toward positive values. An increase in the concentration of sodium chloride in an aqueous solution contrib-
utes to an increase in the corrosion rate of alloys regardless of their composition and a shift in electrochemical potentials
in the negative direction of the ordinate axis.
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Haunbonee BaxHble 001aCcTH MPUMEHEHHUS aJTIO-
MUHHUEBBIX CIUIaBOB B HACTOALIEE BpeMs aBHAallM-
OHHasl ¥ paKeTHasl TEXHUKA. ATIOMUHUHN — OJUH U3
cambIX pacrpocTpan€HHbIX (8,8% B 3eMHOI KOpe),
a MOTOMY U JIOCTYIHBIX 3JeMeHTOB. OH sBIseTCA
MEPBBIM METAJUIOM, KOTOPBIH OBbLT MCIONB30BaH B
aBUAIMM B Ka4e€CTBE KOHCTPYKIIMOHHOTO MaTepua-
na. B HacTosdiee BpeMs aJlOMHUHHUEBBIE CIUIABHI B
KOHCTPYKLMH CaMOJIETOB 3aHHUMArOT okono 60%.
[Ipon3BoACTBO @IIOMUHMSA U KOJIHYECTBO NpPHMe-
HSEMBIX CIUIABOB POCIO BMECTE C Pa3BUTHEM
aBranuu [1].

OnHuM H3 MyTed yBEIUUYECHUS MPOYHOCTH aJIk0-
MUHHEBBIX IIPOBOJOB SBJISIETCS MX JIETUPOBAHMUE.
Jlerupyrome 31€MEHTBl JOKHBL  00ECIICUHUTh
POCT MPOYHOCTH MPU JOCTATOYHO BBICOKOH 3IIeK-
TponpoBogHocTu. Kak mpaBuio, mpuMecH MOBBI-
HIaI0T MPOYHOCTH ATIOMHMHUS U B TO )K€ BpeMs I0-
HUKAIOT €ro 3JeKTPOIPOBOJHOCTh. MOXHO, KO-
HEYHO, BBIOpaTh MpPHUMECH, KOTOPBIE, MOBBIMIAS
MEXaHWYeCKHe CBOICTBAa aJlOMMHHS, MajoO CHH-
KAIOT €ro MPOBOJUMOCTb, M BBOJUTH UX C LIEJTBIO
YBEJIWYEHHSI IPOYHOCTH ATTFOMUHUS [2].

AJIOMUHHI U CIJIaBbI HA €r0 OCHOBE SIBJISIOTCS
KOHCTPYKIIMOHHBIMH W NTPOBOJHUKOBBIMU MaTepH-
alaMy, U HAIUIM MIMPOKOE NMPUMEHEHHE B 3JIeK-
TpoTexHuKe. s amoMUHNS, KaK TPOBOAHUKOBO-
ro Marepuaia, XapakTepHbl TaKue XapaKTepUCTHU-
KM, KaK TeIIo- U 3JIEKTPOIPOBOJAHOCTh, TAK KaK OH
SIBIISIETCS. BTOPHIM HanOoJee MIMPOKO TEXHUYECKU
NPUMEHSIEMBIM MeETaUIOM (Ha TIIEPBOM MeCTe
HaxonuTcs Menp). Kpome Toro, m3BecTHO, 4TO Y
IIOMUHHS HHU3KAas MJIOTHOCTb, BBICOKAs KOPPO3U-
OHHOCTOHWKOCTH B aTMOC()EPHBIX YCIIOBHSX, a TaK-
XKe eMy XapaKTepHa BbICOKasi CTOMKOCTh K BO3/EH-
CTBUIO arpeCCHUBHBIX XHMHUECKUX BEmeCcTB [3,4].

B Hacrosimee Bpemsl MpUMEHEHHE ATIOMHHHE-

BBIX CIUIABOB CTaHOBHUTCS BCE Ooiiee pazHoOOpas-
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HbIM. HeykJoHHO pacmmpsieTcss HCIOJIb30BaHUE
KOHCTPYKLUMOHHBIX CIJIABOB B MAIIMHOCTPOCHHUH,
CYJIOCTPOEHHUH, Ha TPAHCIOPTE, B CTPOUTENILCTBE,
U APYTHX OoTpaciax. UUCTHI alfOMUHUI U Mayo-
JIETUPOBaHHBIC CIJIaBBl HAXOAAT Bc€ Oombluee
MPUMEHEHUE B DIIEKTPOTEXHUKE, OBITY, MUIICBOU
MPOMBIIUIEHHOCTH [5].

Banaauii BBOAAT B CIUIaBBl QIOMHUHHS C TIO-
MOIIBIO JINTAaTyp, KOTOPBIE TONYYalOT IBYMsI OC-
HOBHBIMHU CTHIOCOOAMU: CIUIABICHHEM YHCTBIX KOM-
[IOHEHTOB W BOCCTAaHOBJICHHEM JIETHPYIOIIETO Me-
TaJuIa U3 €ro COSAMHCHHH [6].

Hebonpmme mo6aBku BaHAgus K aTOMUHHUIO
(0,1 mac. %) cIBHUTAIOT CTAIIMOHAPHBINA MTOTEHIIHAT
ATFOMUHHSA B TIOJIOKUATENBHYO 00macTs Ha 250 MB.
[Horennmans permacuBauu (Epen) U MATTHHT000-
pazoBanue (E,,). He MEHSIOTCS TIPH JICTHPOBAHUH
anmoMuHueBas BaHaaueM. [lpu nobaske 1o 3% Ba-
HaJusl HECKOJBKO CHIYKAeTCs 3HaYeHHe TOKa KOp-
pO3MM W JHIIb MPU MakCHUMajibHOU mobaBke 5%
BaHaJMs TOK KOPPO3UM YBEIMUMBAETCS J0 3Haue-
nus 0,007 A/m? [7].

B nutepatype mmeeTcst cBeIAeHHS O BIMSHUHU
n00aBKM BaHAIWS HA Pa3IMYHBIE CBOWCTBA aIro-
muHus. B cnpaBounuke [8] coolraercs, 00 yBe-
JUYEHUH YNIEIBHOTO JJIEKTPOCONPOTHUBIEHUS B
mpenenax oOJIaCTH PAacTBOPUMOCTH BaHAIWSA B
ATIOMUHUKA [pudeM npupocT coctaBiser 0,4—
0,5-100M'M ot kaxnoro Beoaumoro 0,1% BaHa-
musi. OricaHa TeMIiepatypHasi 3aBUCUMOCTD JIIEK-
TPOCOTIPOTUBIEHUsI. MarHuTHas BOCHPUAMYH-
BOCTh IpH J00aBke B cruiaBe amomunus 1,0% Ba-
Hagus ymeHbmaetrcs Ha 15%. JlobGaBka BaHanmus
CYLIECTBEHHO HE IOBBIIIAET MEXaHHYECKasi CBOM-
cTBa, HabIrOaeTcs HEOOMBIION MPUPOCT MPOYHO-
CTH OT MaJbIX MPHCAJOK BaHAAWS, BEPOSTHO,

BCJICACTBUC U3MCIIBUCHHUA 3€PHA. IloBpImeHHE XKa-

pPOTIPOYHOCTH OOBSICHAETCS, MO-BHINMOMY, IIPH-
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CYTCTBHUEM TOHKOJUCHEpPCHOM okucu. Kaxnprit
BBOJIUMEIN 1% BaHagusl YBEIWYUBAET MOMAYJb
ynpyroctu Ha 2250 Mu/n?. Banaauii ciocoGCTBy-
€T MOBBIIICHUIO TEMIICPATYPhl PEKPHCTAILTU3AIUN
QTIOMUHHA. YTIPOUHSIONICE CTapCHUE TEePECHI-
IICHHBIX CIUIaBOB Al-V (IIOJYy4YeHHBIX METOIOM
3aKaJIKU W3 JKHUJKOTO COCTOSHHS) TPOUCXOJUT
TOJIBKO TIPY TIOBBINICHHBIX TeMIieparypax [7].

PacTtBoprMOCTh TaHTaHA B TBEPJOM aTFOMUHUHT
coctasiseT 0,05 mac. % mpu 642°C, cHIKaeTcs 10
0,03% mpu 627°C u menee gwem mo 0,01% mpu
527°C. Coenunenne LaAl4 nmeer nBe momumopd-
HbIE (OPMBI, JJIST KOTOPBIX MPETI0KEHO HECKOIb-
KO KPHCTAITMYECKHUX CTpyKTyp. [lapamerp pemer-
KH, JIEKTPOCONPOTHBIIEHUE TBEPAOCTh, IPOYHOCTH
W OTHOCHUTENBbHOE VAJIMHEHHWE AFOMHUHUS CYyIIe-
CTBEHHO HE W3MEHSIOTCS TPU BBEJCHUH 00aBOK
JJaHTaHa, a TepMooOpaboTKa HE OKa3bIBACTCS
0O0JIBIIIOrO BIUSHUS HA CBOWCTBA [7].

JlanTaH, KaKk W Apyrue penKo3eMENbHBIC dJie-
MEHTBI, MOXKET OKa3bIBaTh 3HAUYUTEIIHHOE BIIMSHUC
Ha CBOWCTBA aJFOMUHHMEBBIX CILIaBOB. JlaHTaH cIio-
COOCTBYET CHW)KCHUIO CKOPOCTH KOPPO3UH allto-
MHUHUEBBIX CILJIABOB, OCOOCHHO B Cpelax C BBICO-
KOM KOHIIEHTpalued XJIOpHI0B. DTO CBS3aHO C
CJIBUTOM 3JICKTPOXMMHYECKUX MOTEHIIHAIOB B I10-
JIOKUTENBHYIO 00nacTh. JloOaBKa JTaHTaHA MOXKET
YIIYYIIUTh TPOYHOCTh U YAAPHYIO BSI3KOCTH CILIa-
BOB. JTO CBsI3aHO ¢ ()OPMUPOBAHUEM HOBBIX (a3 u
YIIy4IIEHHEM MUKPOCTPYKTYphl. JlaHTaH croco6-
CTByeT (POPMHUPOBAHHUIO MEIKO3EPHUCTON CTPYK-
Typbl M YJIYYIICHHIO OJHOPOJHOCTH CIUIaBa. DTO
MOXKET YIyUYIINTh IIACTHYECKUE CBOWCTBA U 00-
pabateiBaeMOCTh MaTepuana. JIaHTaH MOXKET CHH-
JKaTh TEMIIEPATypy, P KOTOPOH MPOUCXOTUT Jie-
(dopMarus crjiaBa, 4TO MOXKET OBITh IOJIC3HO MPHU
TEpPMHUYECKO 00paboTke u 00paboTKe JaBICHUEM.

OTH CBOWCTBA JENAIOT JAHTAH IIEHHBIM JICTHPYIO-
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OIMM DJIEMEHTOM JUIsI Pa3iMYHBIX MPUMEHEHUH
IIOMUHHUEBBIX CIUIABOB, OCOOCHHO B aBUACTpoOe-
HUU U JJIEKTPOTEXHUKE [8, 9].

Lenpto TaHHOTO COOOIIEHHS SIBISICTCS HCCIIe-
JIOBaHHE aHOIHOTO IMOBEACHUS CIUIaBa aTFOMHHUS
¢ 0,1 mac. % Banaguem (AlV0.1), nerupoBaHHOTO
JIAHTAHOM B CpEZIe PacTBOpa XJOpUIa HaTpHA paz-
JUYHON KOHLIEHTPAIKH.

MaTepuajibl 1 METOAbI HCCIEI0BAHUS

[ns momydeHus] TPOWHBIX CIUIABOB HCIIOJIB30-
BaH amroMUHHEBbIH ciuiaB AlV0.1, momydeHHbIN U3
amromuang Mapku A6 ('OCT 21631-2019) u me-
Tajsimdeckoro BaHaaus wMapku BHM-1  99,9%
(I'OCT TY 48-4-272-73), KOTOpBIH IIETHPOBAIA
mapku  JlaM-1
(I'OCT 48-4-218-72) B mIaxTHO# J1aOOPaTOPHOM

METAJUINYECKUM  JIAHTAaHOM
nmeun tuna CILIOJI mpu temneparype 800-850°C.
ConepxaHue JIJaHTaHa B MCXOJHOM CIUIABE Bapbu-
poBasiock B mepenax 0,01-1,0 mac. %. Xumunde-
CKMM aHajiM3a KOMIIOHEHTOB CIUIABOB BBITIOJIHS-
nock B lleHTpanbHO#l 3aBojackoil nabopatopumn
OAO «TAnKoy» (r. Typcynszone, Peciyonuka Ta-
JDKAKUCTaH). M3 mOTy4eHHBIX CIIJIaBOB ISl HCCITe-
AO0BaHHUA OJJICKTPOXUMUUYCCKUX CBOMCTB OTJIHBa-
JIUCh B TPA(UTOBYIO U3JIOKHUILY [HJIUHIPHICCKUC

oOpasiel  nuamMeTpoM 8 MM, umHOH 140 MM

(puc. 1)

Puc. 1. O6pa3iusl n3 aTFOMUHHEBOTO MPOBOJIHUKOBOTO

crmaBa AlV0.1, rernpoBaHHOTO JJAHTAHOM
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JAnst u3ydeHHst SJEKTPOXUMHUYECKUX CBOWCTB
CIJIAaBOB MPUMEHSUTH MOTEHIIMOCTATHUECKUI METOA
HCCIIeIOBaHus, OAPOOHO OMHUCAHHBIA B padoTax
[10—-15]. DneKTpOXUMUYECKHE HCIBITAHUS 00pa3-
OB MTPOBOJUIIN MTOTEHIIOCTATHYECKUM METOJOM B
MMOTEHLUMOIUHAMUYECKOM pPEKUME Ha IOTEH-
nuocrate [IM-50-1.1 co ckopocThio pa3BEPTKU
noteHmana 2 MB/c, B cpeme pacTtBopa Xjopuua
HaTpUA. DJIEKTPOIOM CPaBHEHHSI CIYXKHI XIJIOPHU/-
cepeOpsIHBIN, BCTIOMOTaTeILHBIM — IIJIATHHOBBIH.

YunuthiBas TO, YTO HA BENMYUHY MOTEHIIMAa
CYIIECTBEHHO BIHSIET TOATOTOBKAa pabodeil Tmo-
BEPXHOCTH 00pa3IoB (3IEKTpoJa), U3MEPEHUs T10-
TEHI[HaJIa BO BPEMEHH Ha O00BEKTax MPOBOIMIHCH
TIPH JBYX Pa3UYHBIX BUIaX OOPaOOTKH.

IIpn mMexaHn4yeckod MOATOTOBKE MOBEPXHOCTH
3ayuIiaiach HaKIadHOW Oymaroif, mocienoBa-
TEJIBHO Tepexos oT KpynHoi K Menkoi (Ne2-00),
a 3aTeM MPOMBIBATIACHh NUCTUILUIMPOBAHHOW BOJOW,
MOJIMpOBajIach Ha BIKHON (QUIBTPOBAIBHOHN Oy-
Mare U cymwioch Ha Bo3ayxe. Ilo apyroit meto-
JIMKe TIOClie MeXaHH4YeCKOH 00pabOTKH TpPOBOMU-
Jach XUMHUYeckass o0paboTKa 3JIEKTpo/a, BKIOYa-
tomfas B cebst obezxupuBanue B 10 %-Hoii cepHOit
KHCIIOTE B TeueHue 1 MHH., a 3aTeM KaTojaHas Io-
nspuzanus B TedeHrne 20 MUH. IpU TUIOTHOCTH TIO-
JIIPU3YIOIIETO TOKA 2 MA/CM?, C LEJIBIO yIaIeHuUs
OKCHJIOB C ITIOBEPXHOCTH 3JIEKTPO/IA.

[Ipu 3TOM OBLTO MOKa3aHO, YTO YEpe3 OTmpee-
NEHHBIA TTPOMEXYTOK BPEMEHH MOTEHIHMAlT CBO-
O0omHOW KOppo3uu (OECTOKOBBIM TOTEHIIHAAN)
MPUHAMAET MOCTOSHHOE 3HAYeHNE HE3aBUCHMO OT
XapakTepa MpeIBapUTEIbHON MOATOTOBKH 3JIEK-
TpoJa.

Otcroga HaMU TIOATOTOBKA MTOBEPXHOCTH 3JIEK-
TpoJa MPOBOAWIIACH TIEPBBIM METOAOM, T.€. MeXa-
HUYECKOW 00pabOTKOM, MPH CHATHH MOTEHIHO/IH-

HaAaMHWYCCKHUX KPUBBIX, TAKXKC IMPOBOANIIOCH KaTOA-
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Has TOJSIpU3alMsl I[MOBEPXHOCTH D3JICKTpoAa s
yIaneHusl OKCUAOB C TOBEpXHOCTU. Huke mpuBo-
OUTCS TTOJPOOHAsT METOAWKA CHSTHS MOJISIPHU3aLHU-
OHHBIX KPHBBIX CIIJIABOB B CPEZe pacTBOpa XJIOpH-
Ja HaTpusi Ha MpHUMEpe aIOMHUHHEBOTO CILIa-
BaAlVO0.1 B 3 %-HOM pacTBOpe XJOpuAa HATpUs
(puc. 2).

[Ipu 3MEKTPOXUMHUECKUX HCIBITAHUSIX 00pa3-
bl MTOTCHIMOAWHAMUYECKH TIOJISIPU30BAIN B TIO-
JOKATETHHOM  HANpaBJICHUH OT IIOTEHIHAlIa,
YCTaHOBHBUIETOCS TIPH TIOTPYXEHUH, O PE3KOTo
BO3pacTaHMsl TOKa B pe3ylbTaTe IMHUTHHI000pa3o-

BaHUs (puc. 2, kpusasi [).

-E, B (x.c.3.)

1.1

1.0
EcB.KOp.

0.9

0.8

0.7

Igi, A/m’

Puc. 2. ITonnast nonspusanuonnas (2mMB/c) kpuBas
AFOMIHUEBOTO TIPOBOIHHUKOBOTO cruaBa AIVO0.1

B cpene pactBopa 3,0%-noro NaCl

3arem o00pa3upl MNONIAPU30BATH B 0OpaTHOM
HanpasineHuu (puc. 2, kpussie Il u IIl) 1o moren-
muana (—1,2 B), B pe3ynbrate 4ero mpoucxoausio
pacTBOpeHHe IIEHKH OKCHA.

Haxonen, oOpa3upl noasipu3oBaii CHOBa B MO-
JIOKUTEIBHOM HANPABJICHUH, MOJYYMB aHOIHBIE

MIOJIIPU3AIIOHHBIE KPUBBIE CIIaBOB (pHUC. 2, KpPH-
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Bas V). Ilo xomy mpoxokaeHus! MOJTHOMW MOJISPH-
3allMOHHOM KPHUBOW OMpEAENsIM  Cleayrolne
INEKTPOXUMHUYECKHE TapaMeTPhI:

— Ecr. Witk Ecpxop. — CTAIIMOHAPHBIN MOTEHITHAI
WJIM MTOTEHIIMAT CBOOOHON KOPPO3HUY;

—E, n. —TIOoTeHIMan penaccuBalny;

— Eno. —IOTEHIIMANT TUTTHHT000Pa30BAITHUS;

— Exop. —TIOTEHIIMAN KOPPO3UH;

— 1xop. “TOK KOPPO3HUH.

VYuuTbeiBas, 4TO B HEWUTpPaIbHBIX Cpenax Mpo-
IIeCC KOPPO3UH ATIOMHUHHS U €T0 CIIABOB KOHTPO-
JMpyeTcs KaTOAHOU peaklHed MOHU3alUuU KUCIO-
pona, pacu€T TOKa KOPPO3WH TMPOBOAWIN H3 Ka-
TOJHOI BETBU MOTSHIIMOAMHAMUYECKUX KPUBBIX, C
yaérom TadheroBCKON KOHCTAaHTHI paBHOI 0,12 B.

CkopocTs Koppo3un K ompenensiii mo TOKy
KOPPO3UH (ixop.) IO hOpMyIIE

K = ivop. 'k,
rae k = 0,335 r/A'94 — 3NIEeKTPOXUMHUECKHIA IKBU-
BaJICHT aJTFOMHUHMSL.
Pe3yabTaThl M X 00cy:KaeHHE

UccnenoBanne  KOPPO3HOHHO-3JIEKTPOXUMHU-
YeCKUX CBOWCTB CIIJIABOB IIPOBOJMJIM COTJIACHO
pexkomenmarusm ['OCT 9.017-74 B cpeae pactBo-
pa 3,0%-noro NaCl (3amMeHHTEIIsI MOPCKOH BOJIBI) C
LEeNbI0 ONpEAeTeHNs] BIMAHUS XJIOPHUI-MOHA Ha
KOPPO3UOHHO-JIEKTPOXUMHUIECKOE TTOBE/ICHUE
ATFOMIHHEBOTO MPOBOJHUKOBOTO crutaBa AlVO.1,
JIETUPOBAHHOTO JIAHTAHOM.

PesynpraThl WccrenoBaHWs TMOTEHIMANA CBO-
00HON KOPPO3UHU ATIOMUHHEBOTO TPOBOTHUKOBO-
ro cmiaBa AlV(0.l, jJerupoBaHHOTO JIAHTAHOM, B
Tpéx cpenax snekrponura NaCl nmpeacraBieHsl Ha
puc. 3. MuKpoJernpoBaHue allOMHHHAEBOTO ITIPO-
BOAHUKOBOro ciuiaBa AlV0.1 paHtaHoM crocoO-
CTBYET CMEIIIEHHIO MMOTEHIMaa CBOOOTHON KOppo-
3uM B 00JaCTh MOJOKHUTEIHHBIX 3HAYEHUH BO BCEX

TPEX U3YyUEHHBIX CPEAAX ICKTPOIIUTA.

50

“Eiusops B (x.09.)

0,76 |

0,81

0,99

0,94

0,89

t, MHH

Puc. 3. BpemeHnHast 3aBUCUMOCTb IOTEHLIMAIA
cBoOoHON KOpp0o3uH (—Ecs xop., B), anoMuHneBoro
npoBoaHuKoBoro crasa AIV0.1 (1), comepkarniero

nanTaH, mMac. %: 0,01(2); 0,05(3); 0,1(4); 1,0(5),
B cpexe pactBopa 0,03% (a), 0,3% (6) n 3,0 % (8) NaCl
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Oco0eHHO YCKOpEHHO TOTEHIMAn CBOOOMHOM
KOPPO3UHU CMEINACTCH B TOJIOKUTEIBLHYIO 00J1acTh
y JICTUPOBAaHHBIX JAHTAHOM CIUIABOB IO CpPaBHE-

HUIO C UCXOJHBIM AJIIOMUHUCBLIM IIPOBOAHHUKOBO-

ro craBa AlVO.1 (puc. 3). Iloterunan cBo60gHOM
KOpPpPO3UHU AITIOMHHHEBBIM MPOBOJHUKOBBIM CILIA-
BoM AlVO0.1 or comepxaHusi JaHTaHa TaKXKe CMe-
[IaeTCs B MOJIOKUTENBHYIO 00JIacTb.

Tabiuua.

Koppo3noHHO-31IEKTPOXUMHYECKHE XapaKTEPUCTHKH (X.C.3.) ATIOMHHUEBOTO MPOBOIHUKOBOTO crutaBa AlVO0.1,

JICTUPOBAHHOTO JIAHTAHOM, B cpene pactBopa NaCl

DNEKTPOXUMHUYECKUE TOTSHIINAIEI,
Cpena Conepxanue CKOpOCTBH KOppO3UHU
B (x.c.3.)
NaCl, | naHTaHa B cILIaBe
Mac. % - Ecmcop. - EKOp. —Ero. *Ep.n. imp'loz, A/M2 K- 103, F/Mz"l
A6 0,701 1,132 0,623 0,671 6,0 20,10
- 0,629 1,150 0,650 0,760 6,1 20,43
0.03 0,01 0,609 1,136 0,617 0,727 5,7 19,09
’ 0,1 0,596 1,127 0,608 0,718 55 18,42
0,5 0,585 1,118 0,599 0,709 53 17,75
1,0 0,579 1,109 0,590 0,700 5,1 17,08
A6 0,756 1,163 0,661 0,701 8,0 26,80
- 0,791 1,186 0,740 0,810 8,1 27,13
0.3 0,01 0,750 1,149 0,692 0,787 7,7 25,79
’ 0,1 0,738 1,140 0,683 0,778 7,5 25,12
0,5 0,726 1,131 0,674 0,769 7,3 24,45
1,0 0,710 1,122 0,665 0,760 7,1 23,78
A6 0,909 1,200 0,713 0,765 9,7 32,80
- 0,980 1,210 0,850 0,940 9,8 32,83
3.0 0,01 0,948 1,168 0,817 0,903 9,4 31,49
’ 0,1 0,934 1,159 0,808 0,895 9,2 30,82
0,5 0,916 1,150 0,799 0,887 9,0 30,15
1,0 0,905 1,141 0,790 0,879 8,8 29,48
Pe3ynbrarhl  KOPPO3MOHHO-3JICKTPO-XUMHUYEC- 3aBUCHMOCTh CKOPOCTH KOPPO3UH aJIFOMHHUC-

KOTO WCCJIeOBaHUS BIWSHHS J100aBOK JIaHTaHa
Kak MoJu(uKaTopa CTPYKTYpbl Ha aHOJHOE IOBE-
JICHUE AITIOMUHUEBOTO IPOBOJHUKOBOTO CIUIaBa
AlVO0.1, B cpene anextponuta NaCl oGorieHsl B
tabmuie. Bo Bcex TpEX WCCIIeIOBaHHBIX Cpefax
pactBopa NaCl no6aBku nantana B cruiaB AlVO0.1
1o 1,0 mac. % crmocoOCTBYeT CHIIKEHHIO €r0 CKO-
poctu xopposun Ha 10-16 %. 13 Tabnumpr Takxke
CJIEyeT, YTO C POCTOM KOHIIGHTpAIlU{ JIAHTaHa B
WCXOJHOM CIUIaBE M YMEHBIICHHH KOHIICHTPAIUU
XJIOPUJ-UOHA B AJIEKTPOIUTE, TOTEHIIUAIIBI KOPPO-
3UM, TUTTHHIOOOpa30BaHHWS H  PENacCHBAIAU

CMelIalTcs B 00JacTh 00J€ee IOJIOKUTEIbHBIX

3HA4YCHUH.
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BOTO NMPOBOAHKMKOBOTO ciiaBa AlIV(.1 merupopan-
HOTO JaHTaHoM, B cpeae pactsopa 0,03, 0,3 u 3,0
%-noro NaCl npencrasieHsl Ha puc. 4.
HccnenoBanns mokas3pIBalOT, YTO BO BCEX H3Y-
YeHHBIX cpefax pactBopa NaCl mobaBka nmaHTaHa
YMEHBIIIAET CKOPOCTh KOPPO3UU MCXOAHOTO CILIa-
Ba AIVO0.1. [Ipu 3TOM poCT KOHIIEHTPAIH PACTBO-
pa NaCl (xyiopua-noHa) crocoOCTBYET yBelUde-
HUIO CKOPOCTU KOPPO3HH CILIaBOB (pHC. 5).
CKOpoCTh KOPPO3UH U TUIOTHOCTH TOKa KOPpPO-
3UM  ATIOMHHHEBOIO IPOBOJHUKOBOIO  CIUIABA

AlIV0.1 uMmeroT MUHIMAaTbHOE 3HaYEHUE TPU KOH-

nentparuu 1,0 mac. % maaTaHoM.
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Puc. 4. Bimsiaue no6aBku TaHTaHa Ha CKOPOCTH
KOPPO3HHU ATFOMHHHUEBOTO ITPOBOIHUKOBOTO
crutaBa A1VO0.1 B cpene pacTBopa

0,03 (1); 0,3 (2) u 3,0 (3) % NaCl

Ha puc. 5 npencraBiiensl aHOJHBIE BETBU I1O-
TEHIMOIUHAMMYECKUX KpHUBBIX crutaBa AlVO0.1,
COJIEpIKaIllero  pa3iMyHOe KOJUYECTBO JIaHTa-
Ha.BuaHO, 9TO aHOJHBIE KpUBbIE, OTHOCALIUECS K
JIETUPOBAHHBIM JIAHTAHOM CIUIaBaM, PacIoyIararoT-
csl JieBee, T.C. IOJIOKUTEIbHEE aHOIHOW KPHUBOH
HCXOJIHOTO CIUIaBa, YTO CBUJETENBCTBYIOT O CHU-
XKEHUU CKOPOCTH AaHOIAHOTO PACTBOPEHHS AIIOMU-
HUEBOTO TpOBOJMHUKOBOro crmaBa AlVO0.1, mpu
JIETUPOBaHMU ero jJaHTaHoM. IIpu 3Tom pocT cko-
POCTH KOPPO3HHU CILIAaBOB KOPPELTUPYET CO CHIBU-
T'OM aHOJHBIX KPUBBIX, B 00J1aCTh MOJIOKHUTEIBHBIX
3Ha4YeHui, B cpeae snexrpoaura NaCl.

Uro kacaercsi aJJIOMHHHEBOTO MPOBOJHUKOBOTO
crmaBa AlVO0.1, 1erupoBaHHOTO JTaHTAHOM B TBEp-

JIOM PacTBOpE alIOMHUHUM C BaHaJIueM, KOPpO3U-

OHHasl YCTOMYMBOCTb MCXOIHOTO CIIaBa MpH JA0-
6aBkax nanTtana ot 0.01 mo 1.0 mac. % mpogomka-
€T CHHIKATbCs, B HEUTPAILHON CpeJie AJIEKTPOIuTa
NaCl
3akia04eHue

[loTeHIMOCTAaTHUECKMM METOJOM B TOTECHLUO-
JUHAMHYECKOM PEXHME CO CKOPOCTBHIO Pa3BEPTKH
noteHnuanta 2 MB/c uccnenoBaHo aHOAHOE MOBE-
JeHHEe aJIOMMHHEBOIO IPOBOJHHKOBOIO CIUIaBa
AlVO0.1, merupoBaHHOTO JAaHTAHOM. Y CTAaHOBJICHO,
YTO JIETMPOBAaHHE IIOBBILIACT KOPPO3HOHHYIO
cTorkocTh cruraBa Ha 10-16% cpene 0,03 %; 0,3
% u 3,0 %-noro NaCl. Ilpu sToM yBennueHuem
coJep)KaHusl JaHTaHa HaONIOJaeTcsi pOCT IMOTEH-
[UATOB CBOOOMHOW KOPPO3WH, MUTTHHT000pa3o-

BaHUA U pe€riaCCUBAIIHU.

. 2
iop, 10°A/Mm2
10 -}

/1NN

-
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Puc. 5. 3aBUCHUMOCTB IJIOTHOCTH TOKa KOPPO3UU
ATIOMHUHHEBOT0 MPOBOAHMKOBOTO crutaBa AlVO0.1(1)
¢ mantaHom, mac.%: 0,01 (2); 0,05 (3); 0,1 (4); 1,0 (5)

OT KoHIIeHTpanuu pactBopa NaCl
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