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High-temperature processes of proposed modifier transformation during atomization and the
factors determining its effectiveness were studied on model systems.

The proposed modifier has a low own nonselective absorption, provides a low-temperature
thermal stabilization of analytes compounds during the early pyrolysis stages by step decomposition of
the complex and recovery of palladium(ll) to the metal, shifts the analytical signal of analytes to a
higher temperatures range, leads to increasing of the maximum pyrolysisn temperature for cadmium
and antimony on 600 and 350 ° C, respectively. The high efficiency of the proposed modifier while
eliminating the depressing effect of 0.1 M nitric acid and hydrochloric acid solutions, sodium chloride
and sulfate in ETAAS determination of cadmium and antimony in industrial solutions has been shown.

Keywords: electrothermal atomic absorption spectroscopy, determination of metals, chemical
modifier.
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OBPA30BAHUE CMEITAHOJIMT'AHAHBIX KOMIIJIEKCOB Cu(II) HA OCHOBE
KOMILJIEKCOHOB CPEJHEN JTEHTATHOCTH

Memodamu crnekmpoghomomempuu U UOHOMempuu uccrnedoeaHO KOMIIeKcoobpasogaHue
uoHos Cu** ¢ 1-2udpokcusmurnudeHdugocehoHosoll Kucromoli u N-(2-2udpokcusmurn)umuHoduyKcycHol
Kucriomol e npucymcmeuu 08yx OO0MOofHUMESIbHbIX HU3SKOOEHMaHMmMHbIX Ju2aHoog8 — 2-
amuHoamaHona U  amusieHOuamuHa 8 800HbIX pacmeopax. [lokazaHo  obpa3osaHue
CcMelwaHonuaaHOHbIX KOMIM/IEKCHbIX COeOUHEHUU U paccyumaHbl UX KOHCmaHmbl ycmout4yueocmu.

KnioueBble cnosa: CMeLlaHonMraHaHble KOMImeKchl, WNOHbI Meau,
rmgpokcuatunugeHamdocdoHosas kucnota, N-(2-rmgpokcrMaTun)MMMHOONYKCYCHas KMcnoTa.

KoMnnekcoHbl, Kak Knacc NnonMaeHTaTHbIX IraHgos, 06pasytoT KOMMSEKCHbIE
COeINHEHUs1 PasnNYHOro CocTaBa, B KOTOPbIX €ro OeHTAaTHOCTb MOXET U3MEHATbCS
MO OTHOLUEHWIO K KaTMOHY-Komnnekcoobpasosatento [1]. M3BeCTHbI nonusgepHble
KOMMSEKCHble COeAMHEHUs, B KOTOPbIX KOMMMEKCOH Kak nuraHg npossnseT mno
OTHOLWIEHUID K aTtoMaM MeTanna MakCumarbHyl [OeHTaTHOCTb [2,3], oaHako
KOOpAMHAUMOHHas EMKOCTb LEeHTpanbHOro WoHa-koMmmnnekcoobpasoBaTens He
AOCTUraeTca U coeAMHeHne No OTHOLUEHUIO K NiMraHgam SiBfsieTCA HeHacblWeHHbIM,
W, crnegosaTenbHO,  pPeakuuMoHOCNOCOOHbIM.  3TO  MO3BONSeT  NPOBOAMTb
uerneHanpaBfeHHbI CUMHTE3 KOMMMEKCHbIX YacTuy, C 3aJaHHbIMW NapameTpamu —
COCTaBOM KOOPAWHAUMOHHOW cdepbl, YCTOWYMBOCTbIO, COOTHOLUEHWEM pPa3HbIX
nuraHgos [4].

HekoTopble KOMMNEKCOHbl He MOryT peanu3oBaTb CBOK MaKCUMarbHYHO
JEeHTaTHOCTb " B cnyvae MOHOKOMMMJIEKCOHATOB. Tak, 1-
rmgpoknaTunuaeHgugocgoHosaa kucnota (034®P, H4hedpa), noTeHumanbHO
MOXeT 00pa3oBbiBaTb KOMMMEKChl, peanu3yss AeHTaTHOCTb 7, TOMbKO B cry4vae
nonuagepHolx komnnekcos [5]. KomnnekcoH amuHokapbokcunatHoro tuna — N-(2-
rmaopokcnaTun)MMmuHoamnykcycHas kucnorta (FOUMOA, Hgoheida), moxeT ObiTb Kak
TeTpageHTaHTHbIM, TaK U TPUOEHTaHTHbIM, Nerko BCTynad B peakumm LOMOSHEHUs
KOOpAVHAaLUMOHHON cdepbl MOHa-KoMnnekcoobpasoBaTtensa Apyrmmu nuraHgamm [6].

Ha pI/IC.1 NMOKa3aHoO CTpoeHune MOJ1EeKY IATUX KOMMJ1IEKCOHOB.
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Puc.1. CTtpykTypHble hopMyInbl MOSEKYST KOMMIIEKCOHOB 1-rMapOoKnaTUnMaeHamdocoHOBOM
1 N-(2-rmgpoKCUaTUM)MMUHOONYKCYCHOW KUCAOT

dKcnepuMeHTanbHasa 4YacTb

WccnepoBaHue npoueccoB KoMnnekcoobpasoBaHUs MpoBOAUIIOCH B BOAHbIX
pactBopax Ha crnektpogotomeTpe «CPD-46» B CTeKkNsAHHbIX KioBeTax ¢ 1=0,5cm
NOTEHUMOMETPUYECKME N3MEPEHNA NPOBOAUNUCL Ha pH-MeTpe-MunnuBonbTMeETpe
«150-MA» cO CTeKnaHHbIM KOMOMHMpPOBaHHbIM 3anekTpogoMm «3CK10601/7».
Mcnonb3yemble peakTMBbl COOTBETCTBOBaNM Mapke «4.g.a». PeareHt N-(2-
rMOPOKCUITUN)MMUHOAMNYKCYCHast KucnoTta ©Obin npurotoBneH no metoauke[7]. B
KayecTBe pacTBOpUTENs  UCMonb3oBanacb AUCTUNNUPoOBaHHas Boga. [Ans
KannbpoBKN CTEKNAHHOrO 9neKkTpoda MCNOoMb30BafICh  CBEXENPUrOTOBIIEHHbIE
BydepHble pacTtBopbl. WoHHasa cuna u pH pacTtBopos noaaep>xmeanucb
NOCTOSAHHLIMK € nomMoLwbio pacteopoB NaClO4 n NaOH.

Pe3ynbTaTbl U ux o6¢cyxaeHue

O6pasoBaHune OmsaepHbIX CcMeLLaHOoNMUraHaHbIX
oKkcnaTunaeHandgocodoHaToB  UCCrnedoBann  CNeKTPOCKONUYECKMM  MEeTO4OM
N30MONSAPHbIX cepuin. NMpucyTcTBMEe BTOPOro nuraHda oOKasbiBaeT CyLLECTBEHHOE
3HayeHWe Ha nMorfoXeHne Makcumyma norfnoweHus komnnekca wmeau(ll) c 1-

rMMOPOKCUITUNNAEHANPOCHOHOBOM KNCNOTOU pUC.2
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Puc.2. CnekTpbl NOrMoLeHUs pacTBOPOB, CoAepXallMX WOHbI Cu2+(0,0097 mone/n), O34
(hedpa) u gononHUTEnNbHBIN NUraHg 2-ammnHoaTaHon ( mea) : 1- 0,02 mone/n mea ,2 -0,01 monb/n
hedpa, 3 - 0,01monb/n hedpa 0,02 monb/n mea , pH =8,5, 1=0.2 M KNO;
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KoHCTaHTbl paBHOBECUS peaKkuni
Cuhedpa + CuX = CuzhedpaXy,

XapakTepusyLwmnx YCTONYMBOCTb BUAepHbIX CMeLllaHONMUraH4HbIX KOMMSEKCOB K
pacnagy Ha MoHOsAepHble onpeaensanucb Hamn paHee [8].

Komnnekcbl obGpasytotca npu pH ©Gonee 7,5. KOHCTaHTbl YCTOMYMBOCTU
npuBegeHbl B Tabn. 1.

Ta6bnuua 1. KoHCTaHTbl NpucoegmMHeHnst 1 obLine KOHCTaHTbl YCTOMYMBOCTU
CMeLLaHOoNMraHA4HbIX KOMMNIIEKCOB 1-ruapoKcnaTunMaeHandocqoHOBOM KNCNOTbI C
HEeKOTOPbIMM NUraHgamu

Komnnekc 19Bnpucoeauenns IgK MeTop
[Cuhedpaen]” 4,70 16,5 pH-meTpuy.
[Cuhedpa(en),]* - 19,2 pH-meTpuy.
[Cuhedpamea]” 2,42 14,2 pH-meTpuy.
[Cushedpaen,]* 1,69 33,09 Cd-meTpuuy.
[Cuhedpamea,]* 1,89 20,37 Cd-meTpuuy.
[Cuheidaen] 2.79 13.79 Co-meTpunu.
[Cuheidamea] 2.08 13.08 Co-meTpunu.
CmMmewaHonuraHgHble KOMMNJIIeKChbl cocTaBa

meab(ll) : O34 : HM3KOAEHTAHTHbLIM NuraHg 6binn onucaHbl Hamu B paboTe [9]. Ha
pnc.3 NoKka3aHO M3MEHEHME ANEKTPOHHbIX CNEKTPOB MPU YBENTMYEHUN KOHLEHTpaLnm
nraHaa STUNeHaNamMmHa No OTHOLLEHWMIO K KOHLIEHTpaLum noHoB Cu?* n aHnoHoB 1-

rmapoKkcnaTUNnaeHaAnpocoHoBoOM KMCNoThI Npu pH = 5,5.
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Puc.3. Cnektpbl NOrnoweHnss pacTBOpPOB, COAepXallMx WOHbI Cu2+(0,008 Monb/1),
O3[0d (hedpa) (0,005 Monb/n) n AONONHUTENLHBIN NUraHa, aTuneHanamuH (en). 1 —c(en) — 0,08
monb/n, 2 — c(hedpa) — 0,08 monb/n, 3 — c(hedpa) — 0,08 mons/n, c(en) — 0,025 — 0,25 monb/n

O6pa3oBaHne KOMMMEKCOB AAaHHOro coctaBa M UX KOHCTaHTbl YCTONYMBOCTU
onpegeneHbl  MeTOAOM MOTEHLMOMETPUYECKOTO TUTPOBAHWUSA C MNOCHEAYHLWNM
KOMNbIOTEPHLIM MoaenuposaHMeMm no metoamke [10]. KoHCTaHTbl YCTOMYMBOCTU
npuBegeHbl B Tab. 1.

O6pasoBaHne cmellaHonuraHaHbIX komnnekcoB coctaBa meab(ll) : TOUDA:
HW3KOAEHTaHTHbIN Nnurang 66110 nccnegoBaHo CnekTPOOTOMETPUYECKUM METOLOM.
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HakonneHne KoMMneKkcHbIX YacTuy, B BOAHbLIX pacTBOpax, cogepxallme asa nuraHga
HauyMHaeT npoucxoautb npu pH=7,0-8,0 (puc.4). KoOHCTaHTbl YCTOMYMBOCTU
KOMMSeKCOB npuBeaeHbl B Tab. 1.
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Puc.4. CnekTpbl NOTMOLEHUS PacTBOPOB, COAEPXaLUMX MOHbl Cu®*(0,0097 monb/n),
MAUOA (heida) (0,005 monb/n) n gOoNonHUTENbHLIM NUraHg dTuneHavamuH (en) (cneesa Ha puc.)
2-amuHoaTaHon (mea) (0,0097 monb/n) n (cnpasa Ha puc.) (0,0097 mons/n) npu pasnuyHblix pH
BOJHOrO pacTeopa

B peakuuax komnnekcoobpasoBaHMs B BOAHbIX  pactBopax  N-(2-
rMOPOKCUITUN)MMUHOAMYKCYCHaAst  KucnoTa MO  OTHOWEHW K  WOHY-
koMmnnekcoobpasosatento Cu?* nposiBnsieT Ty 3Ke [AEeHTATHOCTb, 4YTo U 1-
rMOpoKNaTUNMAEHANOCHOHOBaA KUCNOoTa B MOHOSLEPHbIX KOMMSeKcax. Takum
obpasom, o06a KomnnekcoHa 06pasylT  KOOpAWHALMOHHO-HEHACHILWEHHbIE
coeguHeHus ans noHos meau(ll) ¢ koopanHaunoHHbIM Yncrom 5-6. Komnnekcosl ¢
3TUNEeHaNnaMMHOM BO BCeX cny4daax obrnagatoT 60MnbMMKM 3HAYEHUSMU KOHCTaHT
YCTOMYMBOCTU, YeM aHarnornyHble KOMMMEKCbl C 2-aMWHO3TaHOMNOM. Komnrekcbl
[Cuheidameal] n [Cuhedpamea]*  obnapaloT  GIU3KUMM KOHCTaHTamu
NPUCOEOUHEHNSA, YTO MOXET roBopuUTb 06 MX MNOXOXEM CTpoeHUn. KoHCTaHTbI
NPUCOEANHEHNS! JOMOSHUTENbHLIX NWFraHAOB ANs komnnekcoB [Cuhedpaen]® w
[Cuheidaen] pasnnyatoTcsa cunbHee B BUAY TOrO YTO 3TUNEHANAMUH B OTNN4YME OT 2-
aMMHO3TaHona B NoAoOHbIX CMeLlaHONUraHOHbIX KOMMEKcax BbIMOMHSAET, ckopee
BCcero, buaeHTaHTHy0 oyHKUuio. Ha Haw B3rnsa, obpasoBaHMe cMellaHoMraHaHbIX
komnnekcos ¢ OJOP v aITUNEeHOMaMMHOM, Kak nuraHgamm C  pasfiMyHbIMK
AoHopHbIMK ueHTpamn (O, N), no3BondeT MakcumanbHO 3PPEKTUBHO peanusoBaTtb
B OHOW KOOpAMHAUMOHHOW cdepe noHa cu? ABa nuraHga pasfivMyHoOM NpUpoabl.
OTOT (PaKT XOpOLWO COOTHOCUTCA C NPUHUUNOM OBpasoBaHUA M YCTOMYMBOCTU
pasHonuraHgHbIx Komnnekcos[11].

buagepHble  komnnekcoHatbl € N-(2-ruapoKcuaTu)MMUHOONYKCYCHOW
KACIOTOM KaK romMosiuraHgHble, Tak U reTeponuraHiHble B YCIOBUSX 3KCNepuMeHTa
He Obinn obHapyxeHbl. JTO MOXeT ObiTb O0ObSACHEHO Tem, 4TO obpasoBaHue
BuagepHbIX PasHONUraHOHbIX KOMMMIEKCOHATOB C 3TUM  NUraHAOM CTEPUYECKM
HEeBO3MOXHO, a [OMOSIHEHWe KOOPAMHALMOHHON cdpepbl MoHOB Cu?*  mMoxeT
NPOUCXOAUTb NOCPeACTBOM 06pa3oBaHMA MOCTUKOBLIX LIeNOYeYHbIX KOMIMMEKCOB C
cooTHoweHnem M : L = 1:1, B KOTOPbIX PYHKLMUIO MOCTUKOBOIO NUraHga BbINONHAET
CcaM KOMIMMEKCOH.
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A.0.Kymoned, C.A.Be360po0dkKo, O.B.llImemeHko OBPA30BAHUE
CMELUAHOJIUrAHOHbLIX KOMIJIEKCOB Cu(ll HA OCHOBE KOMITJIEKCOHOB CPEOHEW
AEHTATHOCTHU

Memodamu cnekmpogomomempii ma ioHoMempii OCiOXKEHO KOMIMIIEKCOYMBOPEHHS iOHI8
cu® 1 -2idpokciemunudeHdughocghoHosorw ma N-(2-2idpokcusamun)imiHodioymosoro Kucromamu 8
npucymHocmi d8ox dodamkosux HU3bKodemamHux rnicaHoie — 2-amiHoemaHoy ma emusieHoiamiHy y
B800HUX po3yuHax. [Noka3aHO ymeopeHHs 3MiluaHorieaHOHUX KOMIMIEKCHUX COMyK ma po3paxoeaHi ix
KOHCmaHmu cmidkocmi.

Knroyoei cnoea: 3miwaHonizaHOHI Komrinekcu, ioHU Midi, 2idpokcuemunudeHoughocghoHosa
kucrioma, N-(2-2idpokciemurn)imiHodioymosa Kucroma.

D.A.Kutoley, S.A.Bezborod’ko, A,V.Shtemenko FORMATION OF COPPER(I]) MIXED-
LIGAND COMPLEXES ON THE BASIS OF MEDIUM DENTATE COMPLEXONES

The complex formation of cupric ions cu®* with 1 — hydroxyethylydene diphosphonic acid and
N-(2-hydroxyethyl) iminodiacetic acid in the presence of such additional low dentate ligands as 2 —
amino ethanol and ethylene diamine in aqueous solutions was researched by spectrophotometric and
ionometric methods. Formation of mixed ligand complex compounds was shown and their stability
constants were calculated.

There are some poly-metal complex compounds with the central metal ion which maximum
coordination capacity is not achieved and such complexes are unsaturated by ligands, so they have
high reaction ability. It makes possible to provide the purposeful synthesis of complex compounds with
specified parameters, namely coordination sphere content, stability, ratio of different ligands.
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The complex formation of cupric ions cu® with 1 — hydroxyethylydene diphosphonic acid
(HEDPH) and N-(2-hydroxyethyl) iminodiacetic acid (HEIDA) in the presence of such additional low
dentate ligands as 2 — amino ethanol and ethylene diamine in aqueous solutions was researched by
spectrophotometric and ionometric methods.

Formation of binuclear different-ligand hydroxyethylydene diphosphonates was investigated by
spectrophotometric method of ‘permanent molar series”. The location of absorption maximum of
copper(ll) complex with 1 — hydroxyethylydene diphosphonic acid essentially depends on the second
ligand presence.

The complexes containing copper(ll) : HEDPH : low-dentate ligand and their stability constants
were determined by potentiometric titration method followed by computer modelling.

Formation of mixed-ligand complexes consisting of copper(ll) : HEIDA : low-dentate ligand was
examined by spectrophotometric method. The complex particles accumulation occurs at pH 7.0-8.0 in
water solutions containing two different ligands.

The constants of ligand adjunction and general stability constants of mixed-ligand complexes
of 1 — hydroxyethylydene diphosphonic acid and N-(2-hydroxyethyl) iminodiacetic acid with additional
ligands 2 — amino ethanol and ethylene diamine were calculated.

The ethylene diamine complexes possess larger stability constants then the similar complexes
of 2 — amino ethanol both for HEDPH and HEIDA. The complex patrticles [Cuheidamea] and
[Cuhedpamea]z' have close value of adjunction constants so it could be an evidence of their similar
structure. The constants of additional ligands adjunction for [Cuhedpaen]z' and [Cuheidaen]
complexes differ considerably because of supposedly bidentate effect of ethylene diamine in such
different-ligand complexes unlike 2 — amino ethanol.

The binuclear complexonates of N-(2-hydroxyethyl) iminodiacetic acid both homo- and hetero-
ligand were not detected under experimental conditions. It could be explained by steric difficulties for
this ligand to form binuclear different - ligand complexes.

Key words: mixed ligand complex compounds, cupric ions, 1 — hydroxyethylydene
diphosphonic acid, N-(2-hydroxyethyl) iminodiacetic acid.
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PA3MEPHBIE D®®EKTHI B PTYTHO KEPAMUKE U HHOBUEBBIX CILIABAX

B pabome nipedcmasneH 0630p pe3ynbmamos, C853aHHbIX C Pa3MepHbIMU 3thghekmamu,
B0O3HUKAKOWUMU 8 C8EepXrpo8o0sUUX Criyiaeax, OMHOCSWUXCS K XECMmKUM C8epXrnpo8oOHUKaM
8mopo20 poda, 8 MEePeMeHHbIX BHEeWHUX MacHUMHbIX nossx. [lokazaHo, 4mMO aHoMarslbHbIe
HeobpamumMble S67eHUS 8 M0o2I0WEeHUU 2paHyIsapHOU pmymHOU KepaMuKu MOXHO ObBbSCHUMb
Hanu4uem suxpel Abpukocosa 8 gpaHyrnax U Ux efusHUeM Ha Kpumu4yeckul mok criabocesizaHHoOU
cpeldsl. lluk noenoweHuss 8 ceepxnposodsauwux Nbz;Al u NbTi eosHukaem rpu ornpedesieHHoM
COOMHOWEHUU MEX0y XapakKmepHbiM pa3mepom obpasua u erybuHoU MPOHUKHOBEHUST MagHUMHO20
rosisi. Modersnb pasmepHo20 aghghekma 10380si9em paccyumameb COMNpPoMuUeieHUe c8epxnpo8odHUKa
8 pexxume medeHus Ma2HUImHo20 Momoka.

Knrodeeble crioea: pa3MmepHbili 3ghghekm, XecmKull C8epXrpo8OOHUK 8mopo20 pooda,
epaHyrnsipHasi ceepxrnpoesodswas Kepamuka, HaMasHU4YeHHOCMb, paduo4yacmomHoe oaaouweHue,
mepMUYeCcKU akmueupo8aHHOe me4YeHUe MagHUMmHo20 Momoka.
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