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POJIb BOAM Y MPOLECAX XEMOCOPBIIII TA3IB
COPBUIMHO-AKTUBHUMMU MATEPIAJTIAMUA

B po0oTi y3aranbHEHO JiTepaTypHi JaHi MIONO0 Tifpararii i XeMOocopOIii TOKCHYHUX Ta3iB
MOJIMEPHUMHE COpOLIHHO-aKTUBHIMH MaTepianamu. [IpoaHanizoBaHO MeXaHi3MHU TOTIIMHAH-
Hsl TPaHyJIbOBAaHUMHU 1 BOJIOKHHCTHMH 10HOOOMIHHMMH 1 IMITIPErHOBAaHUMHU MaTepialaMu Ta
CTaH aJcopOOBaHOT BOJM i3 3aCTOCYBAHHSIM Pi3HUX METOJIB JOCITI/PKEHb (IPaBiMETPUYHOTO,
copOuiitHO-TepMoximiuHOTO, nepuBarorpadignoro, [U-cnekrpockomniunoro). [lokazaHo, 1o
3a IPUPOOIO 3B’ 513Ky 3 AKTUBHUMHM LICHTPAMH BOJA MOJIISETHCS HA «3B’A3aHy» 1 3BUUANHY —
«BinbHY». [lepia — MoHOIIap 1 HAWOMMOKYI MIITHO 3B’s13aHi 3 IOHITOM MIApH, IPyra — OCMO-
THYHA BoJa HaOyxaHHs1. IToka3aHo, 110 JUist epEeKTUBHOTO MONIHHAHHS OLIBIIOCTI TOKCHYHHX
rasie i mapis (SO,, HCI, CL, SiF,, HF, NO,, NH,, amiau, COCIl,, O,) HeoOXijiHa HasBHICTb
caMe «BIUIBHOD» BOIW, sIKa € He Juie MuQy3iifHUM CepeloBHINEM, B SIKOMY Iepedirarorsb
MacoOOMiHHI TIporiecH, a it 6e3mocepeHiM YIaCHIKOM XeMOCOPOIIii.

KurouoBi ciioBa: ajcopOitisi, rifparaitisi, Tapy BOJM, KaTiOHITH, aHIOHITH, i30TepMa, XEMO-
cOpOeHT.

Binomo, 1o rigparartist XeMoCOpPOIIHUX MaTepianiB, TAKUX SIK BOJIOKHHCTI 1 TpaHy-
JTHOBaHI 10HITH, @ TAKOXK IMIIPETHOBAHI BOJIOKHUCTI MaTepialii, € OAHIEI0 3 BU3HAYAIIb-
HUX CTaJliid MpoIlecy yJAOBIIOBaHHS IKIUIMBHX Ta3iB [1-5]. Boma € He nmuire peakiriii-
HUM CEpEJIOBHIIEM, B SKil 3TIHCHIOIOTHCS MacOOOMIHHI Ta XeMOCOPOIIiiHI MPOIeCH,
aJie 9acTo i HEOIMIHHMM YYacCHUKOM ocTaHHIX [3]. L{uM mosicHIOEThCsI BeNTuKa yBara 10
BHUBYEHHS PI3HUX aCIEKTiB B3a€MOJIii IUX COPOLIMHO-aKTUBHUX MaTepialiB 3 BOAOKO.

I'inparanisa copOuiliHo-aKTHBHUX MaTepiaJiiB

Ha mouarky XoTi1ocsi O 3yNUHHUTHCS Ha CTaHI 1 XapakTepi 3B’ 13Ky BOJIU 3 COPOLIIHHO-
aKTUBHUMH IICHTPaMH TOJIMEPHHUX MatepiaiiB. [IuTaHHAM BUIIEBKa3aHOI B3aeMOIIi
MIPUCBSYCHA JOCUTH BEJHKA KiBKICTh poOiT. s owminky rigpodiisHOCTI MaTepialiB
B OCHOBHOMY BHKOPUCTOBYIOTh KOMIUIEKCHUN COPOLiIIHO-TepMOXiMIUHUH METOJ, AKUN
JIO3BOJISIE HE JIMIIE BU3HAYUTHU 3arajbHy KiTbKICTh MOTIMHYTOI BOJH, aJIe 1 OLIHUTH i1
CTaH 1 XapakTep 3B’53Ky 3 aKTUBHUMH IIEHTpamu [6, 7].

Haii6imem TeopeTHyHO OOIPYHTOBAHHMM METOJOM KUIBKICHOT Ta SIKICHOI OIIHKH
TiApO(dITBHOCTI € METOM TEIUIOT 3MOUyBaHHS [6]. 3a BeIHMYMHAM TEIUIOT 3MOYYBAHHS
BH3HAYAIOTh KUIBKICTh 3B’S13aHOI BOJIM, YUCJIO BITLHUX TiAPO]UIBHUX IEHTPIB, YKCIia
rigparanii ¢pyHKIIOHAIBHUX TPy 1 IpoTHioHiB. CopOuiiiHi BUMIPIOBaHHS J03BOJISIOThH
BU3HAUUTH SIK 3araJIbHUM BOJOTOBMICT MarepiajiB, TaKk caMo i Taki BaXJIMBI XapakTe-
PHUCTHKH SIK EMHICTh MOHOIIAPY, BETMYUHY TUTOMOI MTOBEPXHI i CHEPTETHYHI KOHCTaH-
TH B32€MOJIIT MOJIEKYJI BOJIM 3 aKTUBHUMH IIEHTPAMH y TIEpIIOMY IIapi aicopOOBaHUX
MoueKyn [8].

6 DOI: https://doi.org/10.18524/2304-0947.2021.3(79).240717
© A. A.-A. Ennan, P.M. [Iny6oBchkuid, P. €. Xoma, 2021



Ponv 600u y npoyecax xemocopoyii 2azie copoyitino-akmueHuMU Mamepiaiamu

Tak, y poborax [9-11] nocmijpkeHa riaparaiiisi CHIIbBHOKACIOTHOTO CYIb(OKATIOHI-
Ty Mapku KU-2 reneBoi cTpykTypu Ta Horo Makporopuctoro anaiora mapku KU-23,
o Mictath cynbdorpynu (-SO3) y pisuux ionnux dopmax. I[Tokazano, o s ycix
10HHHX (OPM TepIi MOJIEKYJIH BOJIU 3B’SI3YyFOTHCS 31 3HAYHOI CHEPTri€ro, BiIIOBIJ-
HOIO CHEpril YTBOPCHHS BOTHEBOTO 3B’s3Ky. Ll BemmunHa HE 3alMCKUTH SIK Bif MpH-
POJIM MPOTHIOHA, TAK CaMo 1 BT IITLHOCTI TPOCTOPOBOI CTPYKTYpH KaTioHiTy. EHepris
MPUETHAHHS HACTYITHUX MOJICKYJI 3HAYHO MEHIIA 1 3aJIeKHO BiJI IPUPOIH KaTioHa yoy-
Ba€ 3 PI3HOIO MIBHIKICTIO. [Ticist JOCSTHEHHS MMEBHOT MEXI, Pi3HOT ISl pisHUX (DopM,
EHepris 3B’5I3Ky CTa€ He3HAYHOIO 32 BEIIMYMHOIO 1 3HOBY Malike OJHAKOBOKO JUIS yCiX
3pas3kiB. TakuM YHHOM, MO’KHA TIPHUITYCTUTH, IO MEPIIi MOJIEKYIH BOIHU 3B’SI3YIOTHCS
3 Cynb(OrpyrnaMu KaTioHiTy, TOJi SIK HACTYITHI — B)Ke 3 OOMIHHHMH KaTiOHaMH, a HaJali
Ma€ MicIle OCMOTHYHE HaOyXaHHS CTUPOJIIMBIHIIOCH30JI0BOT MaTPHIII.

[30Tepmu copOrtii mapu BOIM JUIs YCiX 3pa3KiB MarOTh XapaKTEPHY ISl CHIIBHOTI-
JIpodiTbHUX MaTepianiB S-1oai0Hy (OopMY 3 BHCOKHM ITiIHOMOM Ha TIOYATKOBIH J1JISTH-
11i 1 ToOpe OMUCYEThCs BiIOMUM cOpOLiHUM piBHSHHAM bpyHayepa-Emmera-Temnepa
(BET) [8]. PiBustHHs mominapoBoi aacopOmii ra3y (mapu) 3rigao 3 BET mae Takuit
BHTJISII:

a,-C-P/P

a= ) (1)
(1-P/P)-[1+(C-1)- P/ P]

i€ a — BENMYMHA a1copOuii (MMOJIB/T), IO BiNOBiAaE MEBHOMY 3Ha4eHHI0 P/P; a —
BEJIMYHMHA afcopOIii (MMOJIB/T), IO MPHUIAae Ha MOHOMOJICKYISIPHiH ImIap, TOOTO €M-
HicTh MOHoOMmapy; C — KOHCTaHTa, sKa XapaKTepH3y€e CHEPTii0 B3aeMojil amcopodary
3 aJICOPOCHTOM Y MEPIIOMY IIIapi Ta BU3HAYAETHCS 32 (POPMYIIOI0

C = exp[(Q,— 0 )/(RT)], (2

ne O, — Temyiora ancopOuii Mosekyn ancopbary y mepiiomy mapi; O, — TEIIOTa KOH-
JeHcarllii amcopoary.

3a BEJIMYMHOKO Ti/Iparallii, B IHTEpBaJIi MapIiiaIbHAX TUCKIB BOASHOI ITApH P/Pg Bix 0
10 1,0, ioHHI opMH Cyab(POKATIOHITY pO3TAIIOBaHi Y TaKiid OCIIJOBHOCTI:

H* > Li* > Al > Mg> > Na* > NH; > Ca* > K* > Rb" > Cs* > Ba”,

IO TOCUTH J00pe KOpENoe 3 BeIMYMHAMH 10HHUX pafiyciB [9], mpu npoMy 4um
MEHIIIe pajiiyc i0Ha, TUM OLIbIIE BiH TiparoBanuid. KiabKicTh afcopOOBaHOl BOAU IPU
P/P =1,0 3mintoroThcs Bin 468 mr/r y 6apiesoi popmu 10 1370 mr/r y BomHeBoi GpopmH.

O6uncieni 3a piBHsHHSIM BET 3HaYeHHS €MHOCTI MOHOIIApPY ancopOOBaHOi BOIU
3MIHIOIOTBCS B MeXax BiJf 62 MI/T y 1ue3ieBoi ¢popmu 10 238 Mr/r aJis1 MaruieBoi popmu
y Takomy psiai [9]:

Mg?" > AIP*> H* > Li* > Na* > Ca?* > NH; > K* > Ba** > Rb* > Cs".
I3oTepmu HaOyxanHs katioHiTiB KU-2 reneBoi cTpyKTypu Ta HOro MakpOHmOpHUCTO-

ro aHanora Mapku KU-23 sKicHO OJHOTHUIIHI 1 XapaKTepU3yIOThCs PIBHOMIPHUM 30111b-
LIEHHSM MPU HApOCTaro4iil akTUBHOCTI napu Boau. CTymiHb HaOyXaHHS 100pe Kope-
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JIO€ 3 BEIMYMHAMH TiApaTaiiii y HaBeJCHOMY BHINE psiii KaTioHHUX Gopm. HeoOximHO
Bi3Ha4MTH, O B obnacti P/P 0,01 + 0,25 BenmmunHa HaOyXaHHS MaJO 3aJIEKHMTh Bijl
MIPUPOU OOMIHHOTO KaTiOHY, IO CBLIYUTH MPO Te€, IO MPH cOpOIlii Tapu BOAH CYITb-
(hokarioHiTaMU MOYATOK YTBOPSHHSI MOHOIIAPY aJcOPOOBAaHIX MOJICKYI BOJIU Bif0yBa-
€ThCS 32 PAXYHOK Tiapararii cyib(orpyr, a mpy NoJaIbIIOMY MOTJIMHAHHI BOJIOTH CTA€
MTOMITHHAM BIUTMB IPUPOJIM TIPOTHIOHA, B MIEPIITY Yepry HOro pajiyca.

VY pobotax [7, 12] HaBeneHi pe3yJabTaTh JOCITIDKSHD Tiparaiii BOJIOKHUCTHX Iie-
mono30aHioHiTiB CM-A1 i CM-A2, BUpOOHHIITBO NIEPIIOTO — CIaOKOOCHOBHOTO aHio-
HITY (cTpyKTypa I) 3MiCHIOETHCS IIISIXOM COTONIIMepH3aIiii riipodiIbHOTO BiCKO3HOTO
BosiokHa (BB) 3 momMeTHIBIHUIITIPUAMHOM; JIPYTOTO — IIJISIXOM aJIKLTyBaHHS aHIOHITY
CM-AT1 enixJIOpriippHOM — KBaTEpHi3allis a30Ty MiPUIMHOBUX TpyII (cTpykTypa II):

OH OH
OH OH
CH,-CH- CH,-CH-
+ OHTCT,F™.)
™
Ja, Jhr, CHrCH-CH,Cl
OH
| 1I

Ha mpakTuii ofHak mpoaiKiTyBaTH yci MipHIHHIEB] TPYITH HE BAAETHCS, TOMY aHi-
oHiT CM-A2 MICTUTh SIK YCTBEPTUHHHHU, TaK 1 TPETHHHHUHA a30T Ta € CEPEAHHOOCHOB-
HuM. Monensauit psin BoiokoH BB — CM-Al — CM-A2, koXeH TPEACTaBHUK SIKOTO,
MOYMHAKOYHN 3 BUXiJHOrO BB, Bipi3HSAETHCS Bijl 1HIIOTO YHUCIOM AKTHBHHUX IICHTPIB,
OCHOBHICTIO 1 TIAPOQUIBHICTIO, BIIKPUB MOXIIUBICTb IS TOCIIHPKEHHS B3a€EMO3B’ 3Ky
TiAPOGUIBHOCTI Ta MPUPOAM AKTUBHUX TPYII, TiapodiabHOCTI 1 eeKTUBHOCTI copOIii
KHCJIUX Ta30MOoAi0HUX CITONTYK.

3a maHUMU COpOLIMHUX BUMIpIOBaHb [7], TiApodiIbHICTD 3pa3KiB 3pOCTaE y Psiji
BB < CM-A1l < CM-A2. ﬁMOBipHO, npu Monuikanii BB BiIkpuBa€eThCst 10CTyM 110
HOBHX TiIPOKCHIBHHX TPYII 32 paXyHOK PO3CYBaHHS ITOJIIMEPHUX JIAHIIOTIB, TPETHHHO-
ro a30Ty MPUAHMHOBUX K1JICIb, 1, HAPEIITI, IOHOTCHHUX IICHTPIB.

3a JaHUMH KaJOpUMETPUYHUX BUMIpiB [13], mpu Moaudikarii nemronosu (BB <
CM-AT1 < II) BinOyBa€eThCs 301IBIICHHS YUCIIa aKTUBHUX IICHTPIB 1 OCHOBHOCTI aHi-
oHiTiB. CyMapHHii eHepreTHYHUN eeKT Tigpararlii 31 30UIBIICHHSIM OCHOBHOCTI JI0-
CIiKyBaHHMX 3paskiB 30imbnryethes: BB mos’sasye nepmi 6 mmoneii H,O 3 enepri-
ero ~ 3,0 xkkan/monb; CM-A1-7 mmoneit H,O 3 enepriero 3,7-3,4 xxan/monb; CM-A2
B OH-¢opmi — 8 mmoneii H,O 3 enepriero 4,8-4,0 kxkan/monb. TemnoTn 3ModyBaHHsA
yCiX 3pa3KiB 3MIHIOIOTHCS Y 3BHYANHIN TSI BUCOKOT1IPOMIIEHUX PEUYOBHH MOCIIIIOB-
HOCTI: PI3KO 3MEHIIYIOThCS MPHU 301JBIICHHI BIIHOCHUX THCKIB BOJSHOI Mapy Micis
3aBepIueHHs (HOPMyBaHHS MOHOLIAPY | HAWOMIDKINX IO HHOTO IIAPIB MOJICKYJT BOIH.
OcTaHHE O3HAYaE, IO 1151 HAHOUTBII BIIOPSAKOBaHA YaCTHHA BOIH 32 CBOIMH TEPMOIH-
HaMIYHHMH BJIACTUBOCTSIMH BIIPI3HAETHCS Bl HACTYITHUX IIAPiB MOJICKYJ «BITBHO —
3BUYAWHOT BOJH, 0 (GOPMYIOThCs y Tiporieci copOirii. [Ipu nboMy eHepris rimparartii
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cTae OIU3BKOKO JI0 TEIJIOTH KOHJICHCAIliT BOJIOTH TIPU OCMOTHYHOMY TOTJIMHAHHI 1 Ha-
OyXaHHi 10HITY.

Takum urHOM, cOpOOBaHa MPH Pi3HHUX BiJHOCHUX THCKax BOAsHOI napu (P/P) Bo-
nokHaMu CM-A2 Bojia Mmiipo3UISE€THCS 32 IPUPOJIOKO 3B’ SI3KY 3 I0HITOM Ha «3B’S3aHY»
1 3BUYaiiHy — «BUIBHY». [lepia — MoHOIIap 1 HAHOIVOKYI, MIITHO TIOB’sI3aH1 3 10HITOM
mapy MOJICKYJ BOJIU, BEJIMYMHA CHEPTil 3B 3Ky SIKUX 3aJICKUTh BiJl HOrO OCHOBHOCTI.
Taxk, y pasi Bonokon CM-A2 Bona cranoBuTsb 4,8-3,0 kxan/mons H O, npyra — nomimnia-
PH, EHEPTis 3B’ A3Ky AKUX 3MEHIIYeThCs Bi 3,0 kkan/mons H O ax 10 Hyss.

VY poborax [14, 15] nepuarorpadiuamm [16] Ta 130MIECTUYHHM METOJAMH JIO-
CJIIJDKCHO CTaH BOJM Y MiJIHIW, [IMHKOBIHM, KOOAJIBTOBIH, HiKeNEBiH Ta KaJMieBiid (Hop-
Max 10HOOOMIHHOTO BOJIOKHUCTOTO cynb(okarionity Mapku (VION KS-3). Bussneno
HasBHICTh BOJW PI3HOTO CTYTEHsI 3B’sA3aHOCTI, BU3HAUCHI YHWCIIa Tijparailii BOJOKHA,
BIJIMOBIIHI KO)KHOMY CTYIICHIO BHJIaJeHHsI BoAM. [loka3aHO BIUIMB 10HHOT (hOpMH Ha
KUIBKICTh BOJIM y BOJIOKHI. ['iparaniiina 3aatHicTh conboBux Gopm (VION KS-3) npu
PI3HIi aKTHBHOCTI BOIH 3aJICKUTh BiJl KUTBKOCTI MOJSIPHUX IEHTPIB Ta iX JOCTYITHOC-
Ti. 3a TEepMOrpaBIMETPUYHUMH JAHHUMH PO3PAaXOBaHA CTYITIHb NIEPETBOPEHHS O (B1JIHO-
IICHHSI 3MIHH MacH Ha JJAHWI MOMEHT Yacy JI0 3arajJbHOT 3MIHU MacH Yy KiHIII ITPOIIECy)
3a5IexHO Bix Temmeparypu. Ha kpusux Igo = f(1/T) BUABICHO TpH JIHIMHUAX JUISHKH,
110 BIIMOBIJAI0Th TPHOM (OpMaM 3B’SI3yBaHHS BOAM 1 Pi3HIHM IIBHIKOCTI JeTiaparaitii.
Ha nepuriit qinsiHI KPUBUX BUAAJISIOTHCS MOJIEKYJIH BOAU 3 JIUIIOJb-HIIOJIBHOO B3a-
€EMOJII€Er0 (JlaJieka Tijparailis), Ha JpyTid JUISHIN — MOJICKYJU BOJIM, IO 3HAXOISATHCS
mo0OIM3y MPOTHIOHIB 1 PYHKIIIOHAIBHUX TPYIT BOJIOKHA, a TAKOXK 3 acolfiariB. Tpets mi-
JISIHKA KPUBHX BIZINOBI/Ia€ BUIAJICHHIO MOJICKYJT BOJIH, 3B’ SI3aHUX 3 CYJIbGOrpyIIaMu BO-
sokua (VION KS-3) ta ionamu Cu*", Co*', Zn*', Ni** ta Cd*" 3a i0H-IUTIOIBHAM THIIOM
(OmvokHs Timparaitis). 3a JAHUMH 130MIECTHYHOTO METOJY, 10HHI ()OpPMHU BOJIOKHA Y TIO-
PsLZIKY 3pOCTaHHsl BUIBHOI eHeprii rigparauii AG MOXHa PO3TallyBaTH y Takuii ps:

H'<Zn* ~ Cd* < Cu* ~ Ni** < Co?".

VY po6orti [17] i3omiectnyrumM Ta [Y-CHEKTPOCKOMYHUM METOJAAMHM JOCHIKEHI Ti-
JIpaTaIiiiiHi XapaKTepUCTHKH XeJaToyTBoprotodoro ioHiTy ANKB-35 y pi3HUX 10HHUX
(dopmax. [TokazaHo HasIBHICTh B 10HOOOMIHHUKY CHEPIeTHYHO HEPIBHOI[IHHUX MOJIC-
kya Boau. O6uucieni 3nadenns eneprii ['166ca rigpararii ionity B Na*, Cu®" ta Ni*'-
(hopMax, a TaKOXK HACHYCHOTO aMiHOKHUCIOTHUMH Komruiekcamu mii (1) 1 vikenro (II).
Sk JiraHaM BUKOPUCTOBYBAJIWCH DUIIIMH 1 TIyTaMiHOBA KHCJIOTA, IO BiJAPI3HSIOTHCS
KUIBKICTIO KapOOKCHIBHUX TPYII 1 JIOBKHUHOK BYIJICBOAHEBOro pamukany. B IU crek-
tpax ANKB-35 crioctepiraroTbcsi CMyTH, 110 Bi/IIOBIat0Th KOJIMBAHHSIM MOJIEKYJT BOJIH,
3B’sI3aHUX 3 (DYHKIIOHAJLHUMH TPyIaMH 10HITY Ta aMiHOKHCIOT. ExcriepuMeHTaIbHI
JlaHl CBiJYaTh MPO Te, IO B 00NACTI HU3BbKOT aKTMBHOCTI BOJH 10HOOOMIHHUK, HACH-
YEeHUH MOCHIIKYBAHUMH 10HAMHM, TTOTJIMHAE MOJIEKYJIH BOJM MEHII iHTCHCHBHO IO-
PIBHSHO 3 HaTpieBol (HopMoro. 30UTBIICHHS KiTBKOCTI COPOOBAaHMX aMiHOKHCIOTHHUX
KOMITJICKCHUX 10HIB 1 KaTIOHIB METaJIiB CIIPHYUHIOE T1IBUIICHHS CTYTCHS JeTiapararii
COpOCHTY, [0 PIBHOCHIIbHE €(EKTY, BUKITMKAHOMY 301IBIICHHSIM CITYACTI MOJIMEPHOT
MaTpulli. S-moioHa popmMa KpUBUX, XapaKTepHa IS 130TePM, 10 OMHUCYOTh MOJIMO-
JIEKYJSIpHY copOI11ifo, nepeadavae pi3HU XapakTep MOMTHHAHHS Mapy BOJIHM HA KOXKHIil
JUTSTHIN. Y TepIny 4epry BigOyBaeThCs Tiapartallis HAHaKTUBHIIIUX TPYIT 3 YTBOPSHHSIM
MOHOIIAPY acOPOOBAHUX MOJIEKYI BOAM. [IOTIM 3a paxyHOK 3B’sI3yBaHHS BOJHM MEHII
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AKTUBHUMHU [ICHTPAMH YTBOPIOKOTHCS KiJIbKa HACTYITHUX IapiB. [Ticist 3akiHUEHHS Mpo-
1ecy copOIrii BOJsSHOT Mapy 10HOOOMIHHMKOM OCMOTHYHE IOTIMHAHHS BOJU CIIPUYH-
HIO€ fioro HaOyXaHHs.

VY po6ori [18] HaBeIeHI pe3ylIbTaTH JIOCIIHKSHHS TipaTaliil CHIIbHOOCHOBHOTO aHi-
OHITY Mapku AV-17, 1110 MICTUTH SK aKTHBHI IEHTPU YETBEPTUHHI TPHUMETHUIAMOHIEBI
¢ynkuionansni rpynu —CH,N'(CH,), y pi3Hux ionHuX opmax. 3a BENMYMHOKO TijIpa-
tauii mpu P/P = 1,0 nocikeni ionni Gpopmu anioniTy AV-17 po3raimoByroTbes y Ta-
KOMY MOPSIZIKY 3aJI€)KHO BiJI IPUPON OTHO3APSAHUX:

F~>HSO4 > CH,COO > CI' > H PO, >HCO; >NO; >CNS > > ClOs
1 6araro3apsIHUX aHIOHIB:
Cit>S03 >POi >CO; > CrO5 > Cr,07.

Jlnst ycix BUBYEHHX 10HHUX ()OpM BHINEBKA3aHOTO aHIOHITY 130TepMH ajcopOrii
MAalOTh CTYIIHYACTUN BUIVISJI, XapaKTEPHUW JUIS OJIHI€T 3 PI3HOBUIIB 130TEpM JPYyro-
ro Tumy 3a kinacudikamiero BET 1 natoTe ysABICHHS PO MEXaHI3M MOTIMOJICKYISPHOT
copOI1i1, OCKIJIbKH B HUX YITKO BUIIUISETHCS OJMH Imap Bij iHmoro [18]. 3anmoBHeHHs
MOHOIIAPy BiJI0YBa€ThCSI B OCHOBHOMY IpH akTHUBHOCTI Boau Bijx 0,15 xo 0,3, a mo-
JIaJbIa JTIJISTHKA 130TE€PM BiJIIIOBi/Ia€ YTBOPEHHIO TOIIMOJICKYIISIPHOTO mapy. SKicHO 3a
XapaKTepoM 130TepM MOKHA CY/IUTH PO CITIBBIAHOIICHHS T1PaTHOI 1 BIJIbHOT BOJIH, SIKE
B obnacti P/P o 0,6 3minieno y 6ik rifipatHoi, a B o6iacti 6itbme 0,75 —y Oik BUIbHOI,
MPOHHUKAIOYOT B IOHIT 3a paXyHOK pO3CYyBaHHS MaKpOMOJIEKYJI MaTPHUII.

VY poborax [19, 20] HaBeneHI pe3yabTaTH AOCITIKSHHS PIBHOBaXKHOI COPOIIiT mapu
BOJIM CJTAaOKOKUCIIOTHUM KapOOKCHJIBMICHHM KaTiOHITOM Ha OCHOBI TOJIaKpHIIOHI-
tpuwibHOTO BoJlokHa (ITAH) mapku VION KN-1 y piznux ionnux ¢opmax. [TokazaHno,
10 OTPHMaHI COPOIiiHI 130TepMH JOCHTH JIOOpE OMUCYIOTHCS 3a JIOTIOMOTOIO0 BiJI0-
MOTO TPHITAPAMETPUYHOTO PIBHSHHS TOJIIMOJICKYIISIPHOI COpOIIii, 3arporoHOBaHO-
ro ITikkerrom [8]. IIpu P/P = 0,95 y psami 01HO3apsAIHUX KaTiOHIB BENMYMHA COPOIii
3MEHIITYEThCSL:

Na">Li">K">Rb*>Cs">H">Ag".
v pﬂ):[i JBOX- Ta TPU3apSIAHUX:
Sr** > Ca?* > Co*" > Zn*' > Cu** > Fe** > Cd* > AI** > Ni** > Be*" > Hg*".

Jns Bcix ioHHHUX (GOpM Ha i30TepMax CHOCTEPIraeThCsi SCKPABO BUPAKCHHIA
copO1iitHO-1ecopOLiiiHuI TicTepe3uc, KUl Yepe3 BiJCYTHICTh PO3BUHEHOI CHCTEMHU
CIIPaBXKHIX MOP HE MOXHA MOSICHUTH B PaMKaxX KJIacH4YHOI Teopii KamuiipHOi KOHAEH-
cauii. IIBuamie 3a Bce, Ha cTaii JecopOLIii BOJIOKHO Ma€ iHIILy MPOCTOPOBY CTPYKTYPY
1 171 BUJAJICHHS BOJIM IO CYIIPOBOIKYETHCS PYHHYBaHHIM aKBaKJIacTepiB, MOTPiOHA
JIOJJaTKOBA €HEeprisl.

Agrtopamu [21] mpoBeneHO MOCTi/PKeHHS Tiaparailii cT1aOKOOCHOBHUX CTIPOJIIMBI-
HiJ10€H30JIbHUX BIHUIIIPUIMHOBHUX aHIOHITIB: TeneBoro Mapku AN-25, fioro XiMigyHO-
ro makponopucroro ananory AN-251 i BojmokHucTOoro anioHity mapku VION AN-1
Ha ocHoBi [TAH Bonokon. Henoninena nmapa exeKTpoHiB y aroMa a30Ty MipUAUHOBOTO
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KUTBIISI 0OYMOBIIFOE HASIBHICTB JIOKAJILHO 30CEPE/HKEHNUX MIHYCOBHUX 3apsiJIiB Ha TOBEPX-
Hi BIHUIITIIPUIMHOBHUX aHIOHITIB, IO MOSICHIOE 1X MOMITHY MOTIMHAIBHY 371aTHICTh TIPH
azcopOIIii MOJIIPHUX PEYOBHH. [30TepMHu ajcopOIii mapu B yciMa 3pa3kaMy MarOTh
S-nonibHy hopmy 1 1oOpe crpsAMIISIFOThCs Y KoopauHaTax piBHsHHS BET, 1m0 m103Bo-
JII€ PO3paxyBaTH EMHICTb «YMOBHOTO MOHOIIAPY» 1 3HAYEHHS MIUTOMOT TIOBEPXHi S, .
3BepTac Ha cebe yBary Te, o BEIMYHHA MUTOMOI IIOBEPXHI OTPUMaHa JIIsl TOPIBHIHHS
3a METOZIOM HHM3bKOTEMIIEpaTypHoi agcop6uii azory S, [8], icroTHo Menma (10 40%)
S, 10> 10, MIBHJIII 33 BCE, TIOB’A3aHO 31 3MIHOIO MIPOCTOPOBOi CTPYKTYPH BOJIOKHA BIKE
Ha crafii popMyBaHHI MOHOILAPY.

Y po0ori [5] y cTaTMYHUX YMOBaxX JOCIHIJKEeHa TapoQiabHICT IITYYHUX 1 CUHTE-
TUYHUX BOJIOKOH, BUKOPUCTOBYBAHHX SIK HOCIi IIPH BUTOTOBJICHHI IMIIPETHOBAHHUX BO-
JIOKHUCTHUX XeMocopOuiinux MmarepianiB (IBXM) [22] msxoM mopaibiioi 00poOku
BOJIHUM po3urHOM noiietwiennoniaminy (PEPA). B pamkax Teopii moniMonekyaspHoi
copOuii BET npoanainizoBaHi i30TepMu copOuLii mapu BoAM, BU3HAUEHI BEIMUUHU €M-
HOCTI1 MOHOILIAPY 1 3HAYEHHSI TEIUIOT COPOIIiT MOJIEKYJ BOJIU Y MIEPIIOMY IIapi.

I30oTepmu copbuii mapu Boau BonokHHcTUMH HOcisimu II1 (mominpomninen), JI (naB-
can), H (mitpon) i KJI (kanpon-naBcaH) MaroTb (OopMy, XapakTepHY JUIsL CIaOKOTi-
IpodinpHUX 1 rizpodoOHUX momiMepHUX MarepiaiiB [23]: y IbOMy BHNAIKy CHEpPTis
B3a€MOJIii MOJIEKYJ BOAM 3 COPOLIHHOAKTUBHMMH IIEHTPAMHU 3a3HAYCHUX IOJIIMEpiB
HemocTaTHs i 3a0e3nedeHHs audysii copbdary B 00’eM BOJOKHA 1 HaOyXaHHS HOTO
He BiOyBaeThCA, Y mporieci copOmii 6epyTh ydacTh JHUIIE TOCTYIHI, PO3TAIIOBaHI Ha
MMOBEPXHI aKTHUBHI TPYIH, IO YTBOPIOIOTH JTUCKPETHI acoIliaTH — KJIACTEPH 3 MOJICKYII
Bonu. CBITYCHHSI IIbOMY — CIIA0KO BHUpa)KeHa METJIsl TicTepe3ucy abo MOeTHAHHS 130-
TepM copOItii-gecopOrtii, HeBeIMKI 3HAYCHHS eHepreTHYHO1 KoHcTaHTH C Ta BiIMOBIA-
HUX TeI1oT copOiii Q (piBHsHHSA 1, 2).

Ha i3oTepmax copOIrii mapu BOJM BOJIOKHAMH, 1110 MICTSITB TipodiinbHi rpynu (B —
riapokcuibHi; KH — kapOokcwibhi; AH — kapOOKCHITBHI, TIEpPBUHHI 1 BTOPUHHI ami-
HOTPYITH), MPOCTEKYETHCSA YITKO BUPAKEHUH COPOIIHHUI TicTepe3uc, 00yMOBIICHHIA,
SIK 1 IpH copOwii MOISIPHUX COpOATiB CHIIFHOIIOJSPHUMH HAOyXalOUHMH COpPOCHTaMHU
[24-26], koH(pOpMaLIHHUME TIepeOyI0BaMH MAKPOMOJIEKYJT OJIMEPHOT MaTPHIIL.

Cynsun 3 Benuuun Temwiotu cop6uii H,O [23], rinpodinbnicte BH 3miHmo€ThCS
y Takiid mociimosuocti: B > AH > KH > KJI > H > JI > [I1. Otpumani pe3yasraTu
JI00pe y3romKYIOThCS 3 JaHUMH MPO CEPeIHi TifpaTHi uncia QyHKIIOHATIBHUX TPYII
Ha3BaHUX MOJiMepiB, oTpuManuMu Ban Kpesenenowm [24].

Moaudikanisi moBepxHi BoJOKHHCTUX HOCIiB PEPA mpu3BoauTth 10 pi3koro 30ib-
mwenHs riapodineHocTi BostokoH (H, JI, ITIT) BHacHigoK nepeBaKHOTO BHECKY Y ITPOLIEC
rigparauii amiHorpyn MoaudikaTopa Ta HiBeJIIOBaHHS BIUTUBY (hi3UKO-XIMIYHHX Biac-
TUBOCTeH Matepiany Hocis [23]. V pasi KH, AH, B, KJI Bonokon y niporieci rigpararii
OepyTh yuyacTh sk HaHeceHuil PEPA, tak i momsipHi rpynu Hocist. CBiIUCHHS IIbOMY —
ricTepesuc Ha i30TepMax copOIii.

YTBOpEHHS «BUILHOT BOAW» IICIS 3aBEpIICHHS (OPMYBAHHS MOHOIIApy i Mmpuie-
DIMX YIIOPSAJIKOBAHMX WIapiB MOJIEKY Boau nipu P/P > 0,4, AMOBIpHO, CIIPUATUME T10-
JanbIii e)eKTUBHIN XeMocopOIii KHCIUX Ta3iB, 30KkpeMa oKkcuay cipku (IV).

HeoOxiHO Bi3HAYUTH, IO TTPU BUKOHAHHI IPaBIMETPUYHUX BUMIPIOBaHb 3a JIOTIO-
MOTOI0 KBapIIOBUX MPYKUHHHUX 200 €IeKTPOMArHiTHHX Bar 3a HYJbOBHU BIIarOBMICT
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10HITIB 3a3BUYall IPUUMAETHCS BEIMYMHA, BUMIpsiHA Mpu Temieparypi g0 50 °C i 3a-
JUIIKOBOMY TUCKY copOary 0,133 Ila. Onnak y poOoti [27], BUKOPUCTOBYIOUH Me-
TOJ TUTPYBaHHS peakTuBoM dimiepa, MOKa3aHo, IO PE3YJIBTATH BH3HAYCHHS BOJIOTH
B 10HITaX TPaBIMETPUYHUM METOJOM €, SIK IIPABUIIO, 3aHIKEHUMH, OCKUTLKH HE Bpa-
XOBYIOTH BMICT MpeaaicopOOBaHOl 1 HE BUAANIAEMOI B IIUX YMOBaxX BOoAW. Tak, 10HITH
Ha OCHOBI COIMOJIIMEPY CTHPOJY 3 JUBIHIIOCH30JIOM 32 IIMX YMOB MOXXYTh MICTUTH 0
1,3 MMOJIB/T BOIH.

Bukopucranus peaktuBy dimiepa At BUSHAUCHHS BOJIOTH Mae, 3BUYAiHO, iCTOTHI
TIepeBary 3a Yy TIUBICTIO MOPIBHSIHO 3 TPaBIMETPUIHAM METOJIOM, OTHAK O1IBIII ITHPOKE
HOro BUKOPHUCTAHHS JIIMITYEThCS 000B’I3KOBOKO YMOBOIO XIMIYHOI iHEPTHOCTI PEaKTH-
By IIIOJI0 MaTepiady AOCHIIIKYBaHUX 00’ €KTIB 1 JOCUTh BETUKOIO TPYIOMICTKICTIO [28].

HasBHICTP MIIHO YTPUMYBaHOI BOOW 3HAXOAUTH CBOE IINTBEPIKCHHS y poOOTI
[29], B sAKiit aBTOp HABOIUTH PE3YJBTATH JOCIIHKEHb BMICTY BOJOTH y 3pa3Kax Cylb-
¢oxkarionity mapku KU-23 B Co?*, Cu*, Ni* ta H" popmax i 3pa3kax BOJIOKHHCTHX
10HOOOMIHHUX cOpOLiitHO-(imBTpyounx MarepianiB Mapok VION KN-1, VION AN-3,
CM-A2 nepusatorpadiyaum MeTogoM. [TokazaHo, 1110 MOBHE BHJIAJICHHS BOJIOTH B pasi
cynb(OKaTiOHITY BiOyBa€eThCs Mpu Temmepatypi 6mu3bko 200°C, a B pas3i BOJIOKHUCTHX
MarepiaiiB — onuspko 150 °C.

VY po6orti [30] nepuBarorpadiuHuM Ta i30MIECTHYHUM METOJIAMU 3/IIMCHEHO OITiH-
Ky CTaHy BOJM y HikeneBii 1 muHKoBil popmax ioHooOMiHHOTO BosiokHa VION KN-1.
BusiBneHO HasSBHICTH BOAM PI3HOTO CTYIIEHS 3B’S3aHOCTI, BH3HAYEHI YHUCIa Tixpara-
1ii BOJIOKHA, BIJIMOBIIHI KOXXKHOMY CTYIICHIO BHJIQJICHHS BOJIU. Po3paxoBaHi 3Ha4YeHHS
eneprii [160ca rixparanii BosokHa B Ni** i Zn** popmax.

Agropamu [31] 11 06poOKH i30TepM copOITii Mapu BOIU 3alPOINIOHOBAHO CITiJIbHE
3aCTOCYBaHHSI METOJIB TEPMOJUHAMIKH 1 KBAHTOBOI XiMii. YIOCKOHQJICHHS BapiaHTy
«MOJIeITi TIepEeBAXKAIOUHX TiAPaTiB» BPaXOBY€ KOHKYPEHTHHUH MPOIEC YTBOPEHHS Y CMO-
JIi KIJIBKOX T1JIpartiB, 1[0 YTBOPIOIOTH iicalibHy CyMilll 3 BUTBHOIO BOjIO10. [TapaMeTpamu
MOJISJNII € YUCJIO T1IpaTiB, YUCIO MOJEKYJT BOAM Y KOXKHOMY Tizparti i eHeprii ['i60ca
yTBOpeHHs riapari. [lepmii nBa mapameTpu OTpHMaHi 3 KBAHTOBOXIMIUHOTO po3pa-
XYHKY CTPYKTYPH MOJCKYISIPHOI MOJeIi HaOPSKIOro i0HOOOMIHHHKA 1 CHEPreTUIHO-
ro cTaHy MOJIeKysl Boxu. HoBuit migxin OyB MpOUTIOCTPOBAaHUN HOTO 3aCTOCYBaHHSIM
JI0 eKCIEpPUMEHTANBbHUX JaHUX copOrii BoasHOT mapu Li" i Na* ¢popmamu cynbdocTu-
poabHOi cMouin. Po3paxoBaHa MoJIsIpHA YacTKa BOAM Y PI3HUX rijpaTax i BUIbHINM BOJII.
BusiBuiiocsi, o 0ibIire OJI0BUHU MOJICKYJT BOJM B 000X BUTIAIKaX BUIBHI 1 BXOASTH 10
(hazu cMomH 3a paxyHOK 301IBIICHHS €HTPOIIl MPU PO3MOALTI BITBHOT BOAU MIiX PO3-
YHHOM 1 CMOJIOKO.

VY poborti [32] mochimkeHa rigparaiisi MaKpOIIOPUCTOTO CYJb(OKATIOHITY MapKH
KU-23 y pi3Hux i0HHUX (hOpMax B IUIAHI BU3HAUEHHSI MOXKIIMBOCTI HOTO BUKOPUCTAHHS
AK CEJIEKTUBHOIO OCyLIyBada ra3oBux cymimeii, mo mictars H,S, SO,, CO, NO. IIi
PEUOBUHU € TIPIOPUTETHUMHU aTMOC(HEPHIUMH TTOTIOTAHTAMH, BU3HAYCHHIO SKUX 32 JI0-
MIOMOTOI0 Ta30aHAJI3aTOPiB YACTO 3aBakae mapa Boau. IlokazaHo mepeBary BOXHEBOI
(bopMH KaTiOHITY HaJ KOOAJIBTOBOIO, MiTHOIO Ta HATPIEBOIO MIPH CEIICKTHBHOMY OCYIITY-
BaHHI BUIIICBKa3aHUX T'a30BHX CyMilllel B AMHAMIYHUX yMOBaX.
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XemocopO1risi ra30- Ta NapONOAiOHUX TOKCHYHUX CHOJYK

cOpOUiiiHO-aKTUBHUMH MaTepiajamMu

[lepefizemo Tenep A0 peakuiid, Mo MepediraloTh 3a YIacTIO BOAM IIPH XeMOCOPOIIil
ra3o- Ta naporoniOHuX 3a0pyIHIOBaYiB COPOLIHHO-aKTUBHUMHE MaTepianaMu. Y poOoTi
[4] HaBeneHi pe3yabTaT JOCTIIKEHHs copOuii SF, cepeanbocHoBHUM aHioHiTOM CM-
A2 (manpukinan, puc. 1).

JA(SIF ), mmoms/r

0,6 -
0,5
Puc. 1. 3anexHicTs IUHAMIYHOT
04 axktuBHOCTI CM-A2 mono SiF, Bix
BojytorocTi () I'TIC.

03
02+

Fig. 1. Dynamic activity of CM-A2
0,1} towards SiF, on the gas-air mixture

humidity (o).

0.0 \ 1 R L . 1

0 20 40 60 80 0, %

Sk BUIHO 3 puC. 1, CyXuii aHIOHIT 13 3HEBOJHEHOT ra30MOBITPsAHOI Cymiti SiF, mpak-
TH4YHO He copOye. [Ipu 36inbmenHi Bonorocti I'TIC no ~ 30%, xonu GpopmyroThCS MO-
HOILAp 1 HAKOMMKY1 10 HHOTO 1IapU MOJICKYJT BOJAM, MILIHO MOB’s3aHi 3 T1IPOKCHUIaMU
LEOI03HO1 MaTPHUIli, IOHHOTEHHUMHU LEHTPAMU 1OHITY 1 mpoTuionamu, cop6uist SiF,
MaJIONOMIiTHA, TOOTO «3B’s3aHa» BoJA 3 11 BIOPSAIKOBAHUM PO3TAIIYBaHHSIM MOJEKYI
B Ipoliecax xemocopO1ii yuacti He Oepe. Pi3ke x 30inbmeHHs A 10HITY Bi1OyBa€eTh-
cs npu ¢ > 50%, xonu, BiANOBiAHO 10 ysaBieHb Teopii BET, BinOyBaeTbesa kamiispHa
KOHJIGHCAIlisl, OCMOTUYHE NOIVIMHAHHA BOJH 1 IHTEHCHBHE HAOyXaHHA 10HITY y «BiIbHIN
Boni». [Ipu upomy noneruryerbest AUQy3ist 10HIB 10 I0HOTEHHUX LIEHTPIB 10HITY. Takum
YUHOM, iICHYE€ T.3B. KKPUTUYHHUH BOJOTOBMICT», 10 BUSHAYAETHCS K CTAH CUCTEMH 10-
HIT — BOJIa, IKOMY BiJIIOBiIalOTh YMOBH (DOpMYBaHHS MMOJILIAPiB MOJIEKYJI BOAM, MIITHO
MOB’sI3aHUX 3 (PYHKIIOHATLHUMH TPYNaMU 10HITY 1 MPOTHIOHAMH, a IHTEHCUBHE I1O-
[JIMHAHHA Ta3y 10HITOM MOXIIMBO JIMIIIE 32 YMOBHU HAassBHOCTI «BUIBHOT» BOIM, 1110 YTBO-
PIOETHCS TPU MOJANBIIOMY 3BOJIOKEHHI. 3 OIVIsAy Ha BUILEBMKIIAJEHE, aBTOpamu [4,
39] zanpononoBanuil Takuii MexaHism normuHanHs SiF, uentonosoanionirom CM-A2,
SIKUH BKJTFOUA€ TaKi OCHOBHI CTaJlii 3a y4acTrO BOJIM:

1) pozuunenns SiF,, rizposi3 i KOMIUIEKCOYTBOPEHHS Y BOJIO31 aHIOHITY 3a PIBHSH-
HSAMU:

5SiF, + (m+6) H,0 — H,SiF, + 2H[SiF -H,0] + SiF,-2H,0+ SiO,-mH.0, 3)
H,SiFe —220 5 2H* + SiF?". “4)

2) o6minHa copbuis SiF. i SiF ,H,0" ioniToM y rifpokcuibHii Gpopmi

13
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2[RR’R”R’’N]JOH + 2H*+ SiF;” — [RR’R”R’’N],(SiF ) +2H,0, (5)

[RR’R”R’’N]JOH+ H"+ SiF -H,0 — [RR’R”R’’N](SiF,) + 2H,0, (6)

ne R — marpung anionity; R’ R” ta R’ — BymieBonHeBuit abo HIINH paguKaiy.

AHanorigyea KapTuHa BIUIHBY BimHOCHOI Boorocti I'TIC Ha guHamMiuHy akTUBHICTH
(puc. 2) cnoctepiraerhcst mpu xemocopoO1Iii okcuay cipku (IV) imnpernopanum PEPA
HETKaHUM TOJIKOIPOOUBHUM BOJIOKHUCTUM MarepiajloM Ha OCHOBI JJABCAHOBOT'O BOJIOK-
Ha (IBXC-PEPA) [33].

HA(S0,), Mmmons/r

12+
1,0
0.8 - Puc. 2. 3anexHicTh JUHAMIYHOT
axtusHOCTI IBXC-PEPA mono SO,
oG Biz Bosorocri (@) I'TIC.
04
0,2 . . ..
Fig. 2. Dynamic activity of [FCS-
0.0 PEPA towards SO, on the gas-air
| . . . : . mixture humidity ().

0 20 40 60 80 ¢, %

Beranosneno [33], mo epextuBnuii npouec xemocop6uii SO, BiOyBaeThCs JulIe
IIPY HAsIBHOCTI «BUIBHOI» BOIM, IO YTBOPIOETHCS IpH ¢ > 30-40%. [Ipn npomy B pe-
3yJIbTaTi KHCJIOTHO-OCHOBHOI B3a€MOIii YTBOPIOIOTHCS «aMOHIEBI» CYIb(ITH, TiAPO-
Cynb(iTH 1 mipocyabiTH:

SO, +nH,0 +2Am — (AmH) SO, + (n-1) H,0, (7)
(AmH),SO, + (n-1) H,0 + SO, 2 2(AmH)HSO, + (n-2) H,0, (8)
2(AmH)HSO, + (n-2) H,0 2 (AmH),S,0, + (n-1) H,0. 9)

IToziOHe Oyi10 BUABIEHO pH AoCiLKeHH] yaoBnenHs SO, inmumu IBXC y cratuy-
HUX 1 JUHAMIYHUX yMoBax [34, 35].

Panime [36-38] Oyito qociipkeHO COpOIi0 Mapu BOJU Ta XEMOCOPOII0 OKCHIY
cipku (IV) 3pazkamu IBXC-Ni-MEA, IBXC-Cu-PEPA Ta IBXC-Ni-EDA, orpumanu-
MU IIISIXOM IMIPErHyBaHHS BOJOKHUCTOTO MaTepialy Ha OCHOBI JIABCAHOBOT'O BOJIOK-
Ha BOJIHMMH po3uMHamMu KoMiuiekcHux cnoiyk NiCl, 3 monoertanonaminom (MEA),
CuSO, 3 PEPA ta NiCl, i3 erunenniaminom (EDA), Binosiano. B pesynbrari 06po6kn
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narux [37] momo xemocop6uii SO, y crarnunnx ymosax 3paskamu IBXC-Cu-PEPA (P/
P =0,91) BUABIEHO TaKuii B3a€MO3B’A30K:

(SO, H,0) = 0,20-a(H,0) - 0,38; R* = 0,9969. (10)

Bin’emHe 3HaueHHs BIILHOTO 4WieHy Yy piBHsHHI (10) sBHO BKa3ye Ha HEoOXij-
HICTh HAsIBHOCTI «BUTbHOI» Bonu. [Ipu mboMy BinOyBa€ThCsl pyHHYBaHHS TOHOPHO-
AKLENTOPHOTO 3B 53Ky Y KaTiOHHMX KOMIUIeKcax Mix ioHamu Cu*" i BHyTpIlIHbOC-
(epuum PEPA 3 mogasibiiuM yTBOPEHHSM CTIHKIIINX aMOHIEBUX CyNb(iTiB, TOMIOHO
[36, 38]:

[Cu(Am)

(H,0)_1S0O, H—Z;) [Cu(Am) . (H0) > +SO,> (11)

K/(n+1) K/(n+1)

H,O0
[Cu(Am) ., (H,0), " + (6-m)H,0 > [Cu(H,0)F + k/(nt1) Am (12)
(n+1) SO,-H,0 + 2NH,(CH,CH,NH) -H — [NH,(CH,CH,NH,) -H],(SO,) ., (13)

Am = NH,(CH,CH,NH) -H (1 = 4-6).

VY Bumnaaky 3paskiB IBXC-Ni-MEA ta IBXC-Ni-EDA [36, 38] 3B’s30k Mix
(SO, H,0) ta o(H,0) cknanuimmii, Hixk onucanui Buue [37]. Lle 3ymoBieHo nesHu-
MU BiqMiHHOCTAMH y OynoBi komruiekcHux cnionyk NiCl, i3 MEA ta NiCl, i3 EDA mipu
PI3HOMY CTeXiOMEeTpHYIHOMY criBBigHOMEHH] Ni: N.

[pu BuKOpHUCTaHHI C1a0KO- 1 cepeAHbOOCHOBHUX IBM mpu normrHaHHI OKCHTY Cip-
ku (IV) Takox peanizyroTbesi peakiii 3 yTBOPEHHIM «aMOHI€BUX» CYNIb(ITIiB, Tiapo-
cynb(dirtiB 1 mipocynsdiTis [3, 34, 39]:

(14)
RR’R”N+nH,0 _ [RR'R”NH]" + OH- + (n-1) H,0,
(n-1) H,0 + SO, - SO,-H,0 + (n-2) H,0, (15)

(n-2) H,0 + 2[RR’R”NH]" + 20H" + SO,-H,0 — [RR’R”NH],SO, + nH,0,  (16)

[RR'R"'NH],S0; + SO,-H,0 —0_5 2[RR'R"NHJHSO;, a7
(18)
2[RR’R”NH]HSO, : [RR’R”NH],S,0, + nH,0.

Sk BurunBae 3 piBHsHb (7-14), BoJa € He JUIle peakiiHAM CePEelOBUILEM, B IKOMY
3IIIACHIOIOTHCS MacOOOMIHI 1 XeMOCOPOIIiiHI MpoliecH, aje i HEOAMIHHUM YYaCHUKOM
OCTaHHIX, IO MiATBEP/UKYEThCS JaHuMu [40].

YV po0Gori [41] mocniakeHa 3aIeKHICTh MOTTUHAIBHOT 3IaTHOCTI BOJIOKHUCTHX aHio-
HITIB 3 aMIHOTPYIIaMH Pi3HOT OCHOBHOCTI Tipu Xemocopoii okcuay cipku (VI) 3 TTIC
3 pi3HOIO BITHOCHOIO BOJIOTICTIO. SIK 00’ €KTH JOCHIIKEHb BHKOPHCTOBYBAJIHCS CHIBHO-
ocHOBHI aHioHiTH Mapok FIBAN A-6 i FIBAN A-12, 1m0 MiCTSTh YeTBEpPTUHHI aMiHO-
IpyIH, a TakoX ciaabkoocHOBHI aHioHITH Mapok FIBAN A-5, FIBAN A-11 i FIBAN
AK-22, o MicTsITh IEpBHHHI, BTOPUHHI 1 TPETHHHI aMiHOTpyIH. Bci aHiOHITH OTprMa-
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Hi nusxom aminyBanHS [IAH Bomoxua Hitpon C (comomimep 92,5% axpuinoHITpHITY,
6% Metmmakpuiary i 1,5% iTakoHOBOi KHCIOTH) Pi3HUMH aMiHYIOUUMH areHTaMu. Sk
AJIKITYIOUHIA areHT NPY OTPUMaHH1 CHIIBHOOCHOBHHUX aHIOHITIB BUKOPUCTOBYBAJIH €ITiX-
noprinpu. [TokazaHo, 1110 YMM BUIIE OCHOBHICTh aHIOHITY, TUM OlJIbIIIE HOTO BOJIOTO-
emHicTh. HaliMeHtiry BenmmuuHy riaparaiii mae anionit FIBAN AK-22, o MicTuTh sIK
COpOIIITHOAKTUBHI IIEHTPU TIEPBHHHI 1 BTOPUHHI aMiHOTpynH. J[Jisl aHIOHITIB, B SKHX
e tpeturHI (FIBAN A-5 1 A-11) abo TpetunHi i 10 68% UYETBEPTHHHUX aMiHOTPYII
(FIBAN A-6 1 A-12), aOCOMOTHI BEIMYUHY TIOTJIMHAHHS BOJIM iICTOTHO BHIII 1 OJIM3BKI
MiX cOOOI0 B yChOMY Jliaria30Hi 3Ha4eHb BITHOCHOT BOJIOTOCTI TIOBITPSI.

OcHOBHMMH (paKTOpaMH, IO BIUIMBAIOTh HA BEMYHMHY copOiii okcuny cipku (VI),
€ BOJIOTOEMHICTB aHIOHITIB B yMOBax 3aianoi Bosiorocti ['TIC Ta ix ocHoBHicTh [42]. 3i
30UTBIICHHSM BMICTY TPETHHHHX 1 YETBEPTHHHUX aMIiHOTPYII, TOOTO 3 POCTOM OCHO-
BHOCTI (D)YHKIIIOHAJIBHUX TPYII, aHIOHITH 3/1aTHI TPAIOBaTH Y HU)KYOMY Jlialia30Hi BiJI-
HOCHOI BOJIOTOCTI Fa30BOT0 MTOTOKY, 10 JIOOpE KOPEIIOE 3 TX BOJIOTOEMHICTIO TIPH PiBHIN
BennuunHi @ ['TIC. Tak HeTkaHWl Marepiall, OTPUMaHUKA HA OCHOBI CIa0KOOCHOBHOTO
anionity FIBAN AK-22, noynHae e()eKTUBHO OUMIIYBaTH MOBITPS BiJl OKCHIYy CIpKH
(V1), numne mounHatouu 3 ¢ = 55% Komu modnu3y KoXHOT (PyHKITIOHATBEHOT TPYIIH 10Hi-
Ty 3HaXOASITHCS JB1 1 OiIbIIIe MOJICKYIT BOJIH.

Marepianmu FIBAN A-51 A-11 3 TpeTHHHUMH aMiHOTPYIIaMH «IIparie3/1aTHi» MpH
¢ = 36% 1 Bume, anioHitd FIBAN A-6 1 A-12, o0 MICTATh Y CBOEMY CKJIaJi pa3oM
3 TPETUHHUMH 1 YETBEPTUHHI aMiHOTPYIIH, 3/1aTHI morTHHATH okcu cipku (VI) B ymo-
Bax IIe HIKYOI Bosorocti moBiTpst (6mm3bKo 30%) [42]. OcoOnmBo BHpaKeHa I 3/1aT-
HICTh JIJIs CWIIBHOOCHOBHOTO aHioHITY FIBAN A-6, y SIKOTO JBi TPETHHUW CKJIaJIalOTh
YETBEPTUHHI aMiHOTPYIH, TOI K /st aHioHITY FIBAN A-12 BMICT TPETHHHHX 1 4eT-
BEPTUHHUX I'PYII IPUOIN3HO OTHAKOBHH.

TakuMm YHMHOM, JUTsl KOKHOTO 10HITY 1CHY€ ONTUMAIBHUAN 1HTEPBAaJl BiTHOCHOT BOJIO-
TOCTI MOBITPSI, BCEPEIMHI SKOTO MaKCHUMAaJIbHO PEali3yeThCsl MOTO JIMHAMIYHA aKTHB-
HIiCTh 3a okcuoM cipku (V).

VY po6oti [43] HaBeieH] pe3yabTaTH JIOCIIKSHb BILTUBY BiHOCHOT BostorocTi ['TIC
Ha BeIMYMHY copOIii okcry cipku (VI) B AMHaAMIYHUX YMOBaX 3pa3koM CIIa0KOOCHOB-
HOTO aHiOHITYy Ha 0CHOBI [IAH BOJIOKOH, 1110 MiCTSITh IIEPBUHHI 1 BTOPUHHI aMiHOTPYIIH
1 3pa3koM aHIOHITY 3 IEPBUHHUMH 1 TPETHHHUMH aMiHOTpyIaMu. Y MepIIoMy BUTIAJKY
aminyBaHHs 1posoamiocs etunenaiaminom (NH,-CH,-CH,-NH,) y apyromy — nnume-
tunaminonponizaminom (NH,-CH,-CH,-CH,-N-(CH,),). Bcranosneno, mo B nepimo-
My BHUIAJIKy KPUTHYHOIO BIJIHOCHOO BOJIOTICTIO (3HaYCHHS BiHOCHOI BostorocTi ['TIC,
HIDKYE SIKOT aHIOHIT MpaKTHYHO He noruHae copbar) € 30-35%, a B apyromy — 45-50%.
[Tpu noganeoMy 301IBIICHH] BITHOCHOT BOJIOTOCTI BEJIMYMHA COPOIIii 3pocTae, csiraro-
YU MaKCUMaJbHOIO 3HaueHHs npu ¢ = 70-80%.

BonmokHHCTI aHIOHITH TOTIMHAIOTH TYMaHH TaJIOT€HOBOJHEBHUX KHCIIOT 338 PaXyHOK
iX HeWTpamizamii TiIpOKCWIBHUMU ab0 KapOOHATHUMH (OpMaMU CHIIBHOOCHOBHHUX
aHioHiTiB (peakiii 19 1 20, BiaNOBiIHO) a00 IEPBUHHUMH, BTOPUHHUMH 200 TPETHH-
HUM aMiHOTpYIaMHu CIIA000CHOBHHX aHIOHITIB 3a y4acTio Bonu (peakitis 21) [44-47].
[Iporiec normMHAHHS 3HAYHOIO MIipOIO 3aJISKUTh BiJl HASBHOCTI BOJIOTH y cucteMi. [Ipn
MOTIIMHAHHI XJIOPHCTOTO BOJIHIO NIepeOiraroTh Taki peaxiiii [39]:

[RR'R"R""N]JOH + HCl —*22 5 [RR'R"R"N]CI + H,0, (19)
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[RR'R"R"N],CO; + 2HCI —222 5 2[RR'R"R"NH]CI+ H,0 + CO,, (20)
RR'R"N+ HCl —*22_; [RR'R"NH]CI. (21)

Bopna € 6e3nocepennim yyacuukom B3aemonii HCl 3 0CHOBHOIO TpyIor0 aHiOHITIB,
Xoua 1ie B SBHOMY BHUIVIAI HE Bi1oOpa)keHOo y piBHAHH:AX peakuiid (19)-(21). Y ubomy
BUNAJIKy BoHa cipuunHsie aucoriamnito HCI i mporonizaiiito ¢yHKIIOHAIBHOT TPy 10-
HITY 1 B I[ill pOJIi € areHTOM, IO TPU3BOJIUTH JI0 30UIBIICHHS 1 PUCKOPEHHSI MTPOIIECY
copbuii. Boga € Takox audy3iiHUM CEepeIOBHILEM, B IKOMY 311HCHIOETHCS TPAHCIIOPT
HCI Briu6 nomimepy.

[TorvHaHHS MOJEKYJISAPHOTO XJIOPY CHUJIbHOOCHOBHMMHU aHIOHITaMH IMepeodirae
yepe3 cTalii Horo po3dMHEHHs 1 AUCIPOIOPLIIOBaHHSA Yy BOII HaOyxaHHs [3, 39, 45,
47-501]:

Cl, + H,0 — HCl + HOCI, (22)

3HOCI — 2HCI1 + HCIO,. (23)

[Totim BimOyBa€eThCsi COpOIIiS XJIOPUCTOBOAHEBOI 1 XJIOPHYBATUCTOI KHCIOT (DYHK-
IOHAJILHUMH TpyMaMHu 10HITIB. Hanpukian, npu BUKOPUCTaHHI KapOOHATHOI (opmu
CHWJIBHOOCHOBHOTO aHIOHITY peai3yroThCs TaKi peaKilii:

[RR'R"R"N],CO; + 2HCI —29_5 2[RR'R"R"'N]CI + H,0 + CO,, (24)
[RR'R"R"N],CO; + 2HCI0; —2122 5 2[RR'R"R"N](CI03) + H,O + CO.. (25)

OKcuaM a30Ty TaKOXK MOBHICTIO MOTIMHAIOTHCS T1IPOKCHIBHO (DOPMOIO CHITBHO-
OCHOBHHX aHIOHITIB 3 BOJIOTHX Ta30MOBITPSHUX CyMIIlIel yepe3 CTaJlil0 PO3UMHEHHS
y BoJi HaOyxaHHs [3, 39, 48, 51-53]:

2NO, + H,0 — HNO, + HNO,, (26)
NO, +NO + H,0 — 2HNO,. @7)

YTBOpeHi a30THA 1 a30THCTa KUCIOTH MOTIMHAIOTHCS CHIIbHOOCHOBHUM aHIOHITOM
3a peakxilissMy HerTpai3arii:

[RR°’R”R’”’N]JOH + HNO, — [RR’R”R’”’N]NO, + H,0, (28)
[RR’R”R’”’N]JOH + HNO, — [RR’R”R’’N]NO, + H,O. (29)

Kpim cHIBHOOCHOBHHUX 1 CITAOKOOCHOBHHX aHIOHITIB JAJISI MOTJIMHAHHS KUCIIUX Ta-
31B MOXYTh BHKOPHCTOBYBATHUCSI CIA0OKMCIOTHI KaTiOHITH y comboBHM opmi [39].

Oxcuau Byrento (IV) 1 cipku (IV) y mpuCyTHOCTI BOJIOTH MOXKYTh MOTJIMHATHCS HATPI-
€BOIO 200 aMOHIIHOI0 (HOPMOIO KapOOKCHIILHOTO KaTioHITY 3a cxemami [3, 39, 53, 54]:

R-COONa + CO, + H,0 > R-COOH + NaHCO,, (30)

17



A. A.-A. Ennan, P. M. Jlnyboscvrui, P. €. Xoma

R-COONH, + SO, + H,0 2 R-COOH + NH_HSO,. 31)

MexaHi3sM copOIii (TOPUCTOTO BOTHIO CHIBHOOCHOBHHMH aHIOHITAMH 3 a30TOM
YETBEPTUHHOI aMOHIIHOT TPYITH 3 yYaCTIO BOAU MOXE OyTH OIHCAHUI 32 TAKIMH CTa-
nismu [4, 39, 55, 56].

1. Posumnenns HF y Boni y ¢as3i aHioHiTYy:

HF . “5)0 HF .. 32)

2. Mucouiarnis HF Ta yTBOpeHHS (TOPHIOKOMILIEKCY Y PO3UMHI:
HF < H+F, (33)
HF  +H +F  HF; +H". (34)

3. O6minHa copbuist nudTopua-iony anionirom y OH-dopwmi:

[RR'R”R™NJOH + HF; + H* ~ [RR'R”R™N](HF,) + HO.  (35)

4. Copbuiist nomatkoBoi KimbkocTi HF 3a paxyHOK KOMIUIEKCOYTBOPEHHS 3 a30TOM
YETBEPTUHHOI aMOHIWHOT OCHOBH 200 YTBOPEHHSI COJIbBATHUX OOOJIOHOK HABKOJIO 00-
MiHHO copboBaHoro HF; :

[RR'R”R’’N](HF))+ (-1) HF < [RR’R”R**N][F(HF) ], ie n=1-3.  (36)

MOXITUBICTh BUKOPUCTAHHS KapOOKCHIIBHUX BOJIOKHUCTHX KaTiOHITIB A copOuii
(bTOpHUAY BOAHIO IPYHTYETHCS Ha PEAKIIsIX PO3LIETNIEHHS COIbOBUX (DOPM IIMX KaTioHi-
TiB sIK COJIEH CabKuX KUCIOT (pK ~ 6) GLibII CHIILHUME KUCIIOTaMU, 1O YTBOPKOIOTh-
Csl IPU PO3YMHEHHI ra3iB y BOAl «HaOyXaHH»:

R-COONa + HF —:9 5 R-COOH + NaF (37)

Jlist mormuHaHHS amiaky 1 aMiHIB MOYKHa BUKOPHUCTOBYBATH BOJHEBY (opMmy 1 Jesi-
Ki MeTal-pOopMH CHIILHOKUCIIOTHHUX 1 CITA0KOKHCIIOTHUX KaTiOHITIB, @ TAKOX COJIbOBI
(hopmu cnabkooCHOBHUX aHIOHITIB [3, 39, 51, 57, 58]. EdexTuBHICTh MOTTHHAHHS 3a-
JISKHUTH BiJl HASBHOCTI BOJIOTH B 10HITI a00 y Tra3i. ¥ cyXoMy KaTiOHITI TIpsiMe TIPHE-
HaHHS amiaKy BOJIHEBHMH (DOpMaMU CHITBHOKHCIIOTHHX 1 CJTA0KOKUCIIOTHUX KaTiOHITIB
3a peaKIlisMU:

R-SO,H+ NH; — [R-SO,]NH, (38)
R-COOH + NH, — [R-COO]INH, (39)

HaJ3BUYANHO yckIajHeHe. Boga HeoOXiHa He JUIIe Ui NOJTINIIEHHS KIHETHUYHUX Xa-
PaKTEpUCTHUK IPOLIECY, a € OJHUM 3 KOMIIOHEHTIB, 110 OepyTh y4acThb Yy peaxiiii, sfika
nepedirae 3a iI0HHUM MexaHizmMoM [39]:
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NH, +H,0 2 NH,0H  NH* + OH, (40)
R-SO,H+NH* +OH- _” [R-SO,INH, + H,0, (41)
R-COOH+NH* + OH- . [R-COOINH, + H,0. (42)

MOXIJIMBO TaKOX TOTJIMHAHHS aMiaKy COJIbOBUMH (hOpMaMH aHIOHITIB, HAIIPHUKIIA],
B3aEMOJIisl aMiaKy 3 CylIb(paTHOK (GOPMOIO CHIIBHOOCHOBHOTO aHIOHITY 32 YYacTHO BOJIH
niepedirae 3a piBHsHHSAM [39]:

[RR’R”R™’N],SO, + 2NH, + 2H,0 — 2[RR’R"R’’N]JOH + (NH,),S0,.  (43)

Jlist 3niicHeHHsI peakilii Tako HeoOXiJIHa Bojia B 10HITI a00 ra30BOMY MOTOIII.

[Tonepenne 3BonoxenHs 3pas3kiB IBXC-Ni-MEA He npu3BoauTh 10 iCTOTHOTO
301IbLICHHS MOMIMHAHHSA aMiaKy B CTaTHYHUX yMOBax; xeMocopOuis NH, BinOysaeTbes
HaBith npu P/P = 0, na Biaminy Bix SO, [36]. Y upoMy BumajKy BifOyBa€ThCs BHTIC-
HEHHS BHYTPUC(EPHOT BOJIM 31 CKJIa)ly aKBaaMiHOKOMIUIEKCY 1 3aMiHa 11 Ha CKBIBaJICHT-
HY KUIBKICTh MOJICKYJI aMiaKy 3 YTBOPSHHSIM 3MIIIAHOJIITaHIHIX KOMIUICKCIB 3@ TAKOI0
CXEMOIO:

[Ni(Am) (H,0),, ]CL, +(6-2n)NH,— [Ni(Am) (NH,)_ |CL + (6-2n)H,0,  (44)

6-2n
ne 6 — koopauHaiiiiae yncno Ni(Il) B amiHO- Ta akBa KOMITJIEKCaX.

IIponecu B3aemoxii anmiaTHYHNX 1 ApOMATHUHUX aMiHIB 3 KaTioHiTamMu [59-61] 3a-
BJISIKM 1X XIMI4YHiH OJIOHOCTI 3 aMiakoM aHAJIOT14Hi ONMKUCAaHUM BHILE. TakK, HAIPUKIIaI,
Ha CHUJIBHOKHCJIOTHHMX KaTiOHITax XeMmocopOlis amiaTH4HuX 1 apOMaTHYHUX aMiHIB
3MIACHIOETHCS NUISIXOM X (hikcallii Ha OOMIHHHX IIeHTpax 3a peakxiiero [39]:

R-SO,H+ R’R”R”’N— [R-SO,][R’'R”R*’NH], (45)

ne R’ — ByrneBomHeBuit pajukai; R ta R’ — H abo ByrmieBomHeBuit paaukan. CopOuis
(C,H,),NH Ta (C,H,),N i3 'BC kapOOKCHILHUM BOJIOKHUCTUM KaTiOHITOM 3aJICXKHUTh
BiJI BOJIOTOCTI, 1110 3yMOBIICHO KIHETHYHUMH Ta TU(PY31HHIMH NIEPEITKOIaMU B3aEMOIIT
HEIOBHO HAOPSKIIOTO KaTIOHITY 3 aMiHAMHU.

[Ipu B3aemoii 3 T1IPOKCHITBHO (POPMOIO CHITBHOOCHOBHOTO aHIOHITY, JOCTeH Io-
TJIMHAETHCS SIK aHT1JIPH]T XJIOPUCTOBOIHEBOT 1 BYTiiIbHOI KHucaoT [39, 53]:

4[RR’R”R’’N]JOH + COCl, — 2[RR’R”R’”’N]Cl + [RR’R”R*’N],CO, +2H,0. (47)

[Ipomec nepebirae y kiibka cTajii: Tiapomi3 copoary (48); monIMHAHHS YTBOPEHUX
kucior OH-anioniTOM (49, 50), 1 po3KiIaaHHs oro kapooHaTHoi ¢popmu (51, 52):

COCI, + 2H,0 — 2HCI + H,CO,, (48)
2[RR’R”R’’N]JOH + 2HCI — 2[RR’R”R™’N]CI + 2H,0, (49)

19



A. A.-A. Ennan, P. M. Jlnyboscvrui, P. €. Xoma

2[RR’R”R’’NJOH + H,CO, — [RR'R”R"’N],CO, + 2H,0, (50)
[RR’R”R™N],CO, + HCl — [RR’R”R*’N]CI + [RR’R”R*’N]HCO,, (51
[RR’R”R™NJHCO, + HCl — [RR’R”R™N]CI + H,0 + CO,. (52)

O30H MOXKe pO3KJIAJATHCS Ha CHILHOOCHOBHHX aHiOHITaX y Qopmi 10HIB-
BiJTHOBHMKIB. AHIOHITH B HOIUIHINH (OPMI B MPUCYTHOCTI BOAU PO3KIIAIAIOThH 0, 3 Bu-
JIIJICHHAM €KBIMOJISIPHOT KUIBKOCTI BUIBHOTO MO, MIITHO YTPUMYBAHOTO (pa3010 10HITY
[39, 48, 53]:

2[RR’R”R™N]I+ O, + H,0 — ([RR'R”R™NJOH),L, + O,. (53)

Peakirist BiOyBa€eThCs JMIE y MPUCYTHOCTI BOMH, IO YCKIAIHIOE NEO30HYBAHHS
Ccyxux a0o0 cJ1abo BOJIOTUX ra30BUX MOTOKIB.

TakuM 9UHOM, 13 PO3MITHYTUX JIITEpaTypHHUX JTAaHUX BHIUIABAE, IO IS €(DeKTUBHO-
T0 3JIIMCHEHHSI MPOIIECY a/IcOpOIlii B CHCTEMI XeMOCOPOSHT — Tra30MOI0HII TOKCUKAHT
HEoOXi/1Ha IPUCYTHICTh TPETHOTO KOMIIOHEHTA — apu BoAu. [1pu iboMy 3a3Ha4eHO, 110
B Iporieci xemocopOii 6epe yuacTh JIMIIE TaK 3BaHA «BUTbHA BOJAY», KA YTBOPIOETHCS
micist popMyBaHHS MOHOMIAPY. BiAMOBIHO AT KOXKHOT Tapy XeMOCOpOEHT-copOarT ic-
HYy€ ONTHMAJIBHUH IHTEPBAJ BITHOCHOI BOJIOTOCTI OYUIIIYBAHOTO TOBITPSI, HIKYE SIKOTO
NPOLIEC Fa3004UIIEHHS € MaJIOe(EKTUBHIM.
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!DU3NKO-XUMHUIECKNI HHCTUTYT 3aIlIUTHI OKpY»XKarforieit cpeas! 1 genoeka MOH u HAH
VYkpaunsl, yi. [Tpeobpaxenckas 3, Onecca, 65082, Ykpauna; e-mail: eskvar@ukr.net
*Ojecckuii HALMOHANBHBII YHHBepcuTeT umenn V. Y. Meunnkosa,

yi. [IBopsiackasi, 2, Onecca, 65082, Ykpanna; email: rek@onu.edu.ua

POJIb BOJAbI B TIPOIECCAX XEMOCOPBIIUU I'A30B
COPBIIMOHHO-AKTUBHBIMHN MATEPNAJIAMHN

B paGote 000011eHbI UTEpaTypHBIE JaHHBIC 110 THApPATAlUK M XEMOCOPOLUH TOKCHYHBIX
ra30B MOJMMEPHBIMH COPOIIMOHHO-aKTHBHBIMU MaTepuanamu. [IpoaHamm3upoBaHbI MeXa-
HU3MBI HOIJIOIICHUS! TPAaHYJIMPOBAHHBEIMU M BOJIOKHUCTBIMH HOHOOOMCHHBIMH M HMIIpET-
HUPOBAHHBIMU MaTepHalaMH M COCTOSHHE aACOpPOMPOBAHHON BOABI C MPUMEHEHUEM pa3-
JIMYHBIX METOOB MCCIEAOBaHHH (IPaBUMETPUYECKOr0, COPOIMOHHO-TEPMOXUMUYECKOTO,
nepuBarorpaduyeckoro, MK-crnekrpockonnieckoro). PaccMoTpeHbl 3aKOHOMEPHOCTH TIPO-
LIECCOB I'MpaTaliy IPaHyIMPOBAHHBIX CHIBHOKUCIOTHBIX CyiIb(okaTnonntoB Mapok KU-2
n KU-23 (MakpomopucThIii aHANOT), BOJIOKHHCTOTO CHIIBHOKUCIIOTHOTO CYIb(OKaTHOHUTA
Mapku VION KS-3, BOIOKHHCTOTO CIa0OKHCIOTHOTO KapOOKCHIBHOTO KaTHOHHUTA MapKH
VION KN-1 B paznuyHbIX HOHHBIX (opMmax. B psay aHHOHHUTOB paccMOTpeHa THAPATAISL
IPaHyJIMPOBAHHOTO CHJIBHOOCHOBHOTO aHMOHHWTA Mapku AV-17, rpaHyIMpoBaHHBIX ci1abo-
OCHOBHBIX aHHMOHHTOB Mapok AN-25 (AN-251 makponopuctsrii ananor) 1 ANKB-35, Bo-
JIOKHUCTBIX CUJIBHOOCHOBHBIX aHHOHUTOB Mapok FIBAN A-6 u FIBAN A-12 BonokHucro-
r0 CpeqHEOCHOBHOTO aHHMOHHTAa CM-A2, BOJIOKHUCTHIX CIA000CHOBHBIX aHHOHHTOB MapoK
CM-A1, VION AN-1, VION AN-3, FIBAN A-5, FIBAN A-11u FIBAN AK-22. YcraHoBe-
HO, 4TO IO MPUPOAE CBSI3U C aKTHBHBIMHU I[EHTPAMHU BOZA MOPA3AEIAETCS Ha «CBI3AHHYIO»
1 00BIYHYIO — «CcBOOOHYO». [lepBast — MOHOCIOH 1 OnvKaiIne IPOYHO CBSI3aHHBIC C HO-
HUTOM CIJIOH, BTOpas — OCMOTHYeCKast Boga HaOyxaHus. [lokazaHo, 9To 11 3P PEKTUBHOTO
MOIJIONIEHHs GOMBIIMHCTBA TOKCHYHBIX ra3os u napos (SO,, HCI, Cl,, SiF,, HF, NO,, NH,,
amunbl, COCl,, O,) He0OX0MMO HAaTMYUE UIMEHHO «CBOOOIHOM» BOJIBI, KOTOPAst ABJISAETCS HE
TONBbKO MU HY3HOHHOM CpeIoii, B KOTOPOU MPOTEKAIOT MACCOOOMEHHBIC MIPOIIECCHI, HO U HE-
MOCPEICTBEHHBIM yYaCTHUKOM XEMOCOPOIHH.

KiroueBble ci10Ba: ancopOLus, THAPATALHSI, TAPbl BOJBI, KATHOHUTHI, aHHOHUTHI, H30TepMa,
XEMOCOPOCHTHI.

A. A.-A. Ennan', R.M. Dlubovskiy', R. E. Khoma'”’
"Physico-Chemical Institute of Environment and Human Protection,
Preobrazhenskaya str., 3, Odessa, 65082, Ukraine; eksvar@ukr.net
?Odessa I.I. Mechnikov National University, Dvoryankaya str., 2,
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WATER ROLE IN THE GASES CHEMOSORPORATION
PROCESSES BY SORPTION-ACTIVE MATERIALS

The work summarizes the literature data on the hydration and chemisorption of toxic gases by
polymeric sorption-active materials.

The mechanisms of absorption by granular and fibrous ion-exchange and impregnated
materials and the state of adsorbed water have been studied using various research methods
(gravimetric, sorption-thermochemical, derivatographic, IR spectroscopic).

The regularities of the hydration processes of granular strongly acidic sulfonic cation-
exchangers of the brands KU-2 and KU-23 (macroporous analogue), fibrous strongly acidic
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sulfonic cation- exchanger VION KS-3, fibrous weakly acid carboxylic cation exchanger
VION KN-1 in various ionic forms are considered. Among the anion exchangers, the hydration
of granular strongly basic anion- exchangers of the brand AV-17, granular weakly basic anion-
exchangers of the brands AN-25 (AN-251 macroporous analogue) and ANKB-35, fibrous
strongly basic anion- exchangers of the brands FIBAN A-6 and FIBAN A-12, fibrous medium
basic anion- exchangers of the brands CM-2, fibrous weakly basic anion- exchangers of the
brands CM-A1, VION AN-1, VION AN-3, FIBAN A-5, FIBAN A-11 and FIBAN AK-22 are
considered.

It has been established that, by nature, the bond with the active centers of water is derided into
a «bound» and a ordiner — «free». The first one is a monolayer and the nearest bonded with the
ion of the ball; the other is the osmotic swelling water. It has been shown that for the effective
absorption of most toxic gases and vapors (SO,, HCI, Cl,, SiF,, HF, NO,, NH,, amines, COCl,,
0,), it is necessary to have «free» water, which is not only a diffusion medium in which mass
transfer proceeds, but also is a direct participant in chemisorption.

Key words: adsorption, hydration, water vapor, cation-exchangers, anion- exchangers,
isotherm, chemisorbents.
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LANTHANIDE COMPLEXES WITH REGIOISOMERS
OF CHLORO-SUBSTITUTED TETRAPHENYLPORPHYRIN

Several isomeric complexes of Yb (III) and Lu(IlI) with H,tpp and its tetrachloro-substituted
derivatives were synthesized. Symmetrical ortho-, meta- and para-positioning of four heavy
atoms allows to study their effect on emission features of complexes. Obtained results show
the rise of 4f~luminescence effectiveness in the row ortho-meta-para isomers.

Keywords: lanthanides; porphyrins; isomers; 4/-luminescence; sensitization.

Macrocyclic tetrapyrroles were the first among macrocyclic compounds, which re-
veal 4f-luminescence sensitization in the early 1970s [1-2]. Lanthanide complexes with
macrocyclic tetrapyrroles are promising as agents for luminescent diagnostics (LD),[3]
photodynamic therapy (PDT) [4] and magnetic resonance imaging (MRI) [5] due to their
specific luminescent and magnetic properties. Note that 4f/~luminescence in these com-
plexes is possible in near-infrared (NIR) region only. Lower triplet state (T,), which is
responsible for the sensitization mechanism, can serve as energy donor for lanthanide
ions Yb**, Nd*" and Er’** that have low-lying resonant energy levels. Sensitized 4f-lumi-
nescence is a quite important phenomenon, which is already used in medicine (drugs,
markers, assay) [6], technology (fiber-optics, OLED), etc. NIR4f-luminescence is highly
demanded due to several important reasons: light of NIR region can penetrate biological
tissues much more effectively in comparison to UV/VIS ranges (UV — ultraviolet, VIS —
visual) due to very poor overlapping with absorption of bioobjects; NIR light is safe for
human in comparison to UV/VIS ranges whose action can generate dangerous radical
species; NIR photons undergo much less scattering in comparison to UV/VIS light [7].

Initially, only free bases of porphyrins were used as markers for fluorescence diag-
nostics and agents for photodynamic therapy [8]. Mainly, these were substances of natu-
ral origin, in particular, natural hematoporphyrin. These substances tend to accumulate
in tumor tissues and are capable of luminescence [9]. However, the practical use of such
markers is associated with two main drawbacks: 1. The luminescence of porphyrins is
observed in the visible range (600-750 nm) and the luminescent contrast of the image of
tumors and other objects obtained with their help is reduced due to the masking effect
of the background luminescence of substances, which present in biological tissues. 2.
An inevitable drawback of natural and closely related porphyrins is the phototoxicity of
these drugs, which makes it necessary to protect patients from exposure to bright light
on the skin for several weeks [10].

So, the present work is devoted to study of emission properties of Yb*" with ortho-,
meta- and para-isomers of tetrachlorosubstituted meso-tetraphenylporphyrin (H,tpp).
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DISCUSSION OF THE RESULTS

There are three methods for the synthesis of lanthanide porphyrinates (Scheme 1):
using 1,4-dichlorobenzene (DCB) [11], 1,2,4-trichlorobenzene (TCB) [3], or imidazole
(Im) [12] as a solvent. It should be emphasized that the use of the imidazole method led
to a rapid resinification of some porphyrins even in an inert medium in the very first min-
utes of the synthesis. Thus, the complexes were prepared using TCB and DCB.

LnAcac,
_—

TCB, reflux

Scheme 1

Synthesis of tetraphenylporphyrinates of lanthanides (Ln=Yb, Lu; R=H, CI).
1-Ln=Yb, R=H. 2 — Ln=Yb, R=0-Cl. 3 — Ln=Yb, R=m-Cl. 4 — Ln=Yb, R=p-Cl.

Acetylacetonate was used as the starting lanthanide compound. This choice is based
on the fact that, as was shown earlier, in the case of -diketones as extra ligands, the
efficiency of 4f~luminescence is higher than in the case of halides [3]. In this case, the
use of acetylacetonate as an extra ligand in the series of lanthanide porphyrins of the
same type with various pB-diketones leads to higher values of the quantum yields of 4f-
luminescence.

A diagram of the dependence of the yield on the temperature and synthesis time was
obtained (Fig. 1). Obtained graph shows that the long synthesis time is accompanied by
the pyrolysis of the starting lanthanide acetylacetonates (gray zone: yield < 50%); there-
fore, long-term syntheses are not preferable. It should be noted that although TCB is an
optimal synthesis medium, there are nevertheless certain limitations for its use. Firstly,
inorganic salts of lanthanides are insoluble in either TCB or DCB; therefore, imidazole is
used in this case. Secondly, some porphyrinates cannot be obtained in TCB due to their
low thermal stability, such as modified porphyrins. An attempt to use DMF as a synthesis
medium did not lead to satisfactory results, since during 48 hours of synthesis, no com-
plex appeared in the system, and after this time, it was not possible to detect the starting
acetylacetonate, which completely underwent pyrolysis.

Thus, we used the procedure for preparing complexes in TCB, since the yield in this
case is highest. The synthesis was carried out using lanthanide acetylacetonate as salt
according to the scheme (Scheme 1) with the formation of complexes with the ratio lan-
thanide: porphyrin: extra-ligand = 1:1:1. In the FAB mass spectra of all complexes, the
molecular ion peak is absent. The most intense peak belongs to the fragment Ln-Porph™.
NMR spectra recorded for Lu-complexes only (other lanthanide ions act as strong shift
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Time, h.
24 -
127 Yield < 50%
12
Yield > 50%
6 4
174 214 256
(DCB) (T(;B) Solvent (Imy—
1 1

Temperature, °C

Fig. 1. Diagram: yield of the complexes — temperature — synthesis time

agents and NMR spectra became quite hard for the interpretation). Phosphorescence
spectra of Lu-complexes were recorded to determine the T, (lower triplet) levels.

meso-Tetraarylporphyrins are characterized by the etio-type of the absorption spec-
trum — the increase in the intensities of the O-bands occurs in the following order: I <II
<III <IV. Data on the absorption spectra of the studied ligands and their complexes are
presented in Table 1. The introduction of phenyl substituents (1) leads to a bathochromic
shift of all four O-bands, as well as the Soret band, in comparison with porphine (Por).
The electron-withdrawing substituent -Cl in para-position (compound 4) has practically
no effect on the position of the bands in the absorption spectra of ligands in comparison
with H,tpp.

The study of regioisomers 2, 3 and 4 with different spatial arrangements of substitu-
ents in the structure of porphyrins and their complexes allows finding dependence of
both absorption spectra and luminescence properties on its location in the structure.

The introduction of the Cl-substituent into the phenyl rings changes the absorption
spectra of the ligands: the greatest changes are observed for ortho-derivatives — the
bathochromic shift of the first band is 38 nm compared to porphine and 5 nm compared
to H,tpp. The substituents in the meta- and para-positions change the absorption spectra
lesser.

The results confirmed that ortho-substitution has the most significant effect on the
absorption spectra due to a change in the conformation of the C-C bond of the meso-
carbon atom and the carbon atom in the first position of the phenyl group. In this case,
the phenyl rings are almost at a right interplanar angle to the macroring.

Molecular fluorescence of tetraarylporphyrins is realized due to the radiative tran-
sition S,—S. The luminescence parameters of all H,tpp derivatives have comparable
values (Table 1). Substitution in the para-position of phenyl has practically no effect on
the quantum yield and the luminescence lifetime of the porphyrins. A decrease in these
values for halogen derivatives is associated with the internal effect of a heavy atom,
which leads to an increase in the probability of intramolecular intercombination transi-
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tions (IIT). This results in quenching of fluorescence and a reduction in the lifetime of
the T -state. Despite the fact that, due to the non-coplanarity of phenyl rings with por-
phyrin, chlorine atoms are largely isolated from the conjugated chromophore system,
in the studied systems the phosphorescence quantum yield (¢,) sharply increases as the
halogen atom moves from para- to ortho-position from 9.4-103 to 6.6-10*. This means
that the singlet states are mixed with the T, state under the influence of heavy atoms.
Thus, a decrease in the fluorescence quantum yield (¢,) and an increase in the quantum
yield of intercombination conversion (¢, ) are in good agreement with an increase in the
phosphorescence efficiency (¢, —phosphorescence quantum yield) in the series of para-,
meta-, and ortho-chloro-substituted H,tpp derivatives.

The lifetime of molecular fluorescence (t,) decreases like the quantum yield in the se-
ries of para-, meta-, and ortho-chloro-substituted H,tpp derivatives and does not change
in the series of various substituted para-H,tpp derivatives (Table 1).

The shift of the phosphorescence band maximum is observed in the case of a change
in the position (Table 1). Thus, upon going from the para- to meta-position, the hypso-
chromic shift is 6 nm, and from the meta- to ortho-position, 9 nm. This is a consequence
of the close location of the chlorine substituent to the porphyrin chromophore, which
causes a redistribution of the electron density and consequently affects the position of
the triplet emitting level.

Luminescence of Yb*" ions is observed in all studied complexes (Fig.2) in the re-
gion of 980 nm upon excitation in a wide spectral range (300-600 nm); however, it is
most efficiently realized upon excitation at the maximum of the Soret band. The almost
complete similarity of the 4f/~luminescence excitation spectra of Yb*" in porphyrinates
with their absorption spectra indicates that Yb* ions serve as acceptors of the excitation
energy from the organic part of the complex.

I, a.u.
300000

250000

200000

150000

100000

50000

850 900 950 1000 1050 1100 1150 1200
A, nm

Fig. 2. Non-smoothed (original) 4/~luminescence spectra of Yb-complexes 2, 3 and 4
(ortho-, meta- and para-isomers of tetrachloro-substituted Yb-tpp)
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Difference between the values of the triplet and singlet levels of the complex, as well
as the triplet and resonance levels of the ytterbium ion °F, ,, does not undergo significant
changes in the series of complexes with para-substituted H,tpp derivatives. For com-
plexes with meta- and para-isomers of meso-tetrachlorophenylporophyrin, the values of
4f-luminescence quantum yields also hardly differ, in contrast to the complex with the
ortho-isomer (@, = 3.4 is the minimum value in the presented series). It is obvious that
the effect of the heavy atom is most pronounced in this isomer, since the distance from
the chlorine atom to the emitting ion in this case is minimal. Recently, it was shown
that such ortho-positioning of substituent in macrocyclic tetrapyrroles even can lead to
formation of prototropic isomers due to electronic redistribution [13]. It should also be
noted that the difference between the lower triplet state of the complex and the resonance
level °F,  in this case is maximum, which suggests the presence of additional ways of
deactivation of the excitation energy.

It should be emphasized that the values of the quantum yield for all the studied Yb-
tetraarylporphyrinates are significantly higher than for all Yb-tetraalkylporphyrinates,
which were studied earlier [14]. This effect is associated with the presence of partial
conjugation of the phenyl rings at the meso-positions, and, as a consequence, a higher
population of all energy levels, including the T, level, from which the energy is trans-
ferred to the resonance level of the Yb** ion. Another possible explanation is that the first
carbon atom of the meso-substituent does not contain C-H bonds, the vibrational absorp-
tion bands of which are close to the value of the T,—°F, | transition. In meso-tetraalkyl-
porphyrins, on the contrary, the first carbon atom contains two such bonds, which, appar-
ently, is reflected in a sharp decrease in the 4f/~luminescence intensity.

To conclude, we synthesized several regioisomeric complexes of Yb(IIT) and Lu(III)
on the base of chloro-substituted H, tpp. It was found out, that values of the quantum
yield of arylporphyrinates of ytterbium are significantly higher than for alkylporphyri-
nates. Position of the heavy atoms in four phenyl rings of Yb-tpp affects its photophysi-
cal features drastically, thus in the row ortho-meta-para isomers IIT slows down, which
leads to increase of @, ¢, T, and, on the other hand to decrease of ¢, and ¢,

EXPERIMENTAL PART

Spectra of molecular fluorescence, 4f-luminescence and excitation spectra were re-
corded on a spectrofluorimeter “Fluorolog FL 3-22” (“Horiba Jobin Yvon”) using 450 W
Xe-lamp. Spectra of molecular fluorescence of porphyrins, corroles and phthalocyanines
were registered at 550-800 nm (S-S, transitions). Integral intensity of luminescence was
measured using software of the device. The relative quantum yield of molecular fluo-
rescence (¢,) was determined using solution of Zn-tpp in ethanol as a primary standard
(0.022). Determination of the @, (accuracy is £10%) was made using formula:

o= ¢, L Apn /(1A n?),
where @, and ¢_— luminescence quantum yield of the standard and of the sample respec-
tively,

A, and A — absorption at the wavelength of Soret band of the standard and of the
sample respectively,
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I and I — integral luminescence intensity of the standard and of the sample respec-
tively,

n,and n_- refractive index of the standard solvent and of the sample solvent respec-
tively.

Fluorescence lifetime (t) was measured under excitation at the Soret band.

Purity of the obtained compounds was checked by TLC Sorbfil plates (grain 5-17 pm,
UV-254, thickness 0.1 mm) by Imid Ltd. "H NMR-spectra were recorded using Bruker
Avance 600 or 400 MHz in CD,OD. Mass spectra FAB were recorded on a Varian MAT
CH-112 spectrometer (Varian BV, Middelburg) using m-nitrobenzylalcohol as the ma-
trix. Elemental analysis was performed on CHNS analyzer Flash 2000 Thermo Scientific.

Synthesis of starting porphyrins and complexes was performed accordingly to known
procedures for these compounds [15-18].
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KOMIIVIEKCHU JTAHTAHIAIB 3 PEI'TOI3BOMEPAMMUA
XJIOPO3ZAMIIIEHOTI'O TETPA®OEHIJIIIOP®IPIHY

B po6orti Oyio cuHTE30BaHO AEKiIbKa Perioi3oMepHUX KoMIUTeKciB itep6ito (I11) Ta mroreriro
(IIT) 3 me3o-rerpadeHinnopdipuHOM Ta HOTro TETPaxJIOp-3aMillleHUMH MOXiAHUMH. Bus-
YEHO OCOONMBOCTI TPOTIKAHHS CHHTE3y KOMIUIGKCIB JIAHTAHIAIB 3 MOXIAHHUMH ME30-
terpadeninnopdipuny. [TokasaHo, mo cepes ICHYIOUYNX OJHOCTAaIiHHUX MPOLECIB CUHTE3Y
1,4-muxmo6enson Ta 1,2,4-TpuxiopOeH3071 € ONTUMATBHUME CEPEIOBUIAMH IS IPOBEICH-
Hsl cHHTe3y. [0OJIOBHUM YHHOM L€ MOB’S3aHO 3 AECTPYKIIEIO/MIPOIII30M K IEIKUX BUXITHHX
nopQipuHiB, Tak i 0araTboX BHUXIIHUX CIIONYK JaHTAHIAIB Y pa3i BUKOPUCTAHHS 1Miga30iy
B SIKOCTi cepenoBuiia. BiracHa ¢uyopecieHiis XJI0pHoXiHUX OpQipHHIB CrIoCTepiracThes
B 3BHYaitHOMY fmianaszoni 600-750 M, ane 11 eeKTHBHICTH ITOMITHO 3HIKYETHCS Y PSLY Tapa-
MeTa-opTo-i3oMepiB. Ha BinMiHy Bia KOMIUIEKCIB iTepOito 3 Me30-TeTpaankiinopdipuHamu,
BCI TpEICTaBIeHI KOMIUIEKCH HA OCHOBI MOXiTHHX Me30-TeTpadeHITnopdipuHy MalTh
JIOBOJIi BUCOKY €(DeKTHBHICTb 4/-M0OMiHecIeHIiT ioHy iTepOito. CuMeTpuuHe OpTo-, METa- Ta
napa-rno3uLiOHyBaHHS YOTHPHOX «BKKHUX» aTOMIB XJIOPY JO3BOJISE BUBYMTHU iX BIUIUB Ha
eMiCiifHi 0COONMBOCTI KOMIUIEKCIB B 3aJISKHOCTI Bijl BijicTaHi 10 xpomodopy nopdipuHy Ta
ioHy-BHNIpOMiHIOBadYy. OCHOBHHH (DaKTOp, SKUIl YHHUTDH «BAXKKUI» aTOM eMICIHHIN chucTeMi
KOMILJIEKCY 1€ TIPUCKOPEHHsS BHYTPIIIHBOMOJEKYISPHOI iHTEpKOMOIHALiNHOI KOHBepCil.
IIpo 1e, 30kpema, CBITYATH ITiJBUIICHHS KBAHTOBOTO BUXOY 1HTEPKOMOIHAIIHOT KOHBEPCiT
3 0.88 1m0 0.98 sika, BHACHiOK Jii «BaXKKMX» aTOMIB MOXKE Kpalle KOHKYypPYyBaTH 3 iHIIMMH
¢doTodiznuHIMHI TIporiecaMH y MOJeKyni. 3 IHIIOro OOKy HACHiIKOM TaKOTO SBHUINA €
MiIBUIIEHHS KBAaHTOBOTO BHXOAy (ocdopecueHuii mopdipuHy Ha mopsaok (3 6.7-10° no
6.6-10). OTpumMaHi pe3ynbraTi IeMOHCTPYIOTh 3pOCTaHHs e()eKTHBHOCTI 4f-IIFOMiHECLICHIII]
ioHy iTepbiro mpH mepexodi 3 opTo- A0 MeTa- Ta mapa-i3omepiB kommuiekciB 3 3.4-10° no
4.3-10°.

KuarouoBi ciioBa: nantaniam; nopdipuHU; i30MepH; 4f-TIOMiHECIICHIIIST; CCHCUO1Ti3alis.
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KOMIIJIEKCBHI IAHTAHU OB C PETUOU30MEPAMU
XJIOPO3AMEIIEHHOI'O TETPAOEHNUJIIOP®UPUHA

B pabote OblIM CHHTE3UPOBAaHBI HECKONBKO PErHOM30MEPHUX KoMIuiekcoB urtepous (III)
n morenus (III) ¢ me3o-TerpadeHHIIOPGUPHHOM 1 €ro TeTpaxiIopo-3aMeIeHHBIMH IIPO-
U3BOJHBIMHU. V3ydeHbl 0COOCHHOCTH MPOTEKAHUS CHHTE3a KOMIUICKCOB JAHTAHUJIOB C IIPO-
N3BOIHBIMU Me3o-TeTpadenmmopdupuna. [Toka3aHo, 9TO Cpean CyIIECTBYIOIIUX OJHO-
CTaIUIHBIX MPOLECCOB CHHTe3a, 1,4-muxmnobenson u 1,2,4-TpuxaopOeH301 SBISIOTCS
ONTHMAJILHBIMH CPElaMH JJIsL IIPOBEICHMS CHHTe3a. [J1aBHBIM 00pa3oM 1TO CBSI3aHO C Jie-
CTPYKLHEIl/MUPOIN30M KaK HEKOTOPBIX MCXOAHBIX MOP(PUPHHOB, TaK M MHOI'MX HCXOJHBIX
COEIMHEHHH JIAHTAHNUIOB TIPH UCIIOIb30BAaHUN MMHKIa30i1a B KadecTBe cpenbl. CoOCTBeHHas
(ryopecueHIMs XJIOPIPOM3BOAHBIX NOpGUPHUHOB HaOmomaeTcs B OOBIYHOM JAWAla3oHe
600-750 HM, HO €€ 2(PEKTHBHOCTH 3aMETHO CHIIKACTCS B PSAY Iapa-MeTa-OpTO-H30MEPOB.
B ommnyne OT KOMIUIEKCOB UTTEPOUsS ¢ Me30-TeTPAAIKHIIOpGUPUHAMH, BCE MPECTABICH-
HBIe KOMIUTEKCHI Ha OCHOBE IIPON3BOAHBIX Me30-TeTpadeHIIIoppUPHUHY HMEIOT JOCTATOYHO
BBICOKYIO 3 ()eKTHBHOCTb 4/~TIOMUHECLICHIIMI HOHA UTTepOusi. CHMMETPUYHOE OPTO-, METa-
U TIapa-Mo3UIIMOHNPOBAHNE YETHIPEX «TSDKEIBIX) aTOMOB XJIOPA ITO3BOJISIET H3yYHUTh UX BIIU-
SIHME Ha YMHCCHOHHBIC 0COOEHHOCTH KOMIUIEKCOB B 3aBUCHMOCTH OT PACCTOSHUS 110 XPOMO-
¢hopa nopdupuna 1 noHa-m3Iydarens. OCHOBHON (haKTOp, KOTOPHII OKa3bIBACT «TKEIBIN
aTOM SMHCCHOHHOW CHCTEME KOMIUIEKCA, 3TO YCKOPEHHE BHY TPUMOJIEKY/IAPHOH HHTEPKOMOHU-
HaIMOHHOH KoHBepcHH. OO 3TOM, B YaCTHOCTH, CBUJICTEIHCTBYET ITOBBINICHHE KBAaHTOBOTO
BbIXOJIa HHTEepKOMOUHaMOoHHON koHBepcun ¢ 0.88 mo 0.98, koTopas, BCIenCTBUE ASHCTBUSL
«TSDKEIIBIX» aTOMOB, MOXKET JIydIlle KOHKYpPHPOBATh C IPYTHUMH (OTO(GU3MIECKUMH MTPOLEC-
camu B MoJiekys1e. C Ipyroif CTOpOHBI, KaK CJIEACTBHE 3TOTO SBICHHSI, HAOMOAAETCS MOBBILIe-
HHE KBaHTOBOTO BbIX0/a (hocdopecieHnnn nophupuna Ha mopsaok (¢ 6.7-10° no 6.6:104).
ITonmyueHHbIE Pe3yabTaThl AEMOHCTPUPYIOT POCT 3P (HEKTHBHOCTH 4/~TIOMUHECLICHIIMN HOHA
UTTEpOUS PH MEPEXoJie C OPTO- K MeTa- U Mapa-u3oMepam KOMIUIEKCoB ¢ 3.4-107 1o 4.3-1073.

KoroueBnle coBa: JaHTaHUBI, TTOPOHUPHUHBI, H30MEPHI; 4f-TIOMUHECIIEHINS; CEHCHOMIHN-
3aIus.
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65082, Ykpaina

3MIIIAHOJITAHJIHO-TETEPOMETAJITYHI KOMILIEKCH
Ge(IV)-M?* (Mn, Fe, Co, Ni, Zn) 3 1,3-TIAMIHO-2-
T'JIPOKCHMPONAH-N, N, N°, N>>-TETPAOIITOBOIO
KHCJOTOIO

CHHTE30BaHO Psi/i HOBHUX 3MillIaHOIraHHO-reTepomeranianux kommuiekcie Ge(IV)-M?* (Mn,
Fe, Co, Ni, Zn) 3 1,3-giamino-2-rigpokcunpomnan-N, N, N’, N’-TeTpaoiToBor KHCIOTO
(H;hpdta). Crionykn oxapakTepu30BaHO CYKYIHICTIO METOMIB JOCHIPKEHHSA: €IEMEHTHOTO
aHajizy, tepmorpaBimeTpii, [Y-crekrpockomii, crekTpiB auQy3HOro BiXOWTTS, MarHiTHOL
cnpuitHATINBOCTI. BeTaHoBNEHO ckiax Ta OymoBY JOCTIDKYBaHUX CIONYK. 2,2-Binmupuaua
OisieHTaTHO 3B’s3y€Thes 3 d-MeTanoMm, HOro KOOpAMHAIWHE YHCIIO JOTOBHIOETHCS 1O 6
3B’s13kamu 3 O, N aromamu sirauay hpdta®. Ocranniit Bukonye mictkoBy (yHkiio mix Ge —
d-merau, nposiBiisie cede sIK AUTOITHUH, CYyMapHO OKTaJCHTAaTHUH.

Kuarwuosi ciioBa: repmaniid, 1,3-mgiamino-2-rigpokcunponad-N, N, N’, N’-teTpaorroBa Kuc-
nora, d-mertai, 2,2-0imupuanH.

[HdopMartis o0 METOIIB OJiepXKaHHS, OyJT0OBH, BIACTUBOCTEH FOMO- Ta TeTepMeTa-
JIIYHUX KOMIUIEKCOHaTiB repManiro(IV) B 3HauHil Mipi Oyia oTpuMaHa BIiepile HayKOB-
siMu OJIECHKOTO HaIllOHAIBHOTO YHiBepcuTeTy iMeHi 1. I. MeunnkoBa, pakynbreTy Ximii
Ta (papmarlii, cucTeMaTH30BaHa 1 y3arajibHeHa B MoHOTpadii, oryonikoBaniii B 2011 pori
[1]. ABTOpH CYTTEBO JOMIOBHMIIM ICHYIOUI HA TOH TIEpioj] YSBU PO 0COOIMBOCTI CTpyK-
Typ KOMILIEKCOHATIB BHCOKO3apsaIHOro repmanio(IV) — HemepexiaHoro p-eneMenTy. Ix
OyJI0 PO3MISIHYTO B PaMKax TEOpii YTBOPEHHSI TPHOXIEHTPOBUX JIBOXEICKTPOHHHUX Ti-
MePBAJICHTHUX 3B’ A3KIB 32 y4acTo Np-opOiTayiell KOMITIEKCOyTBOproBada. B MoHOrpadii
IIMPOKO MPECTABIICHI JIaH1 00 YTBOPECHHS, BIACTUBOCTEH OlsCpHUX reTepoMeTalid-
Hux komiuiekciB Ge(IV) 3 1,3-miamino-2-rigpokcunponan-N, N, N’, N’-TeTpaonroBoro
kuciororo (H hpdta) i #onamu meranis s-, d-, f-6mokis: Mg, Ca, Sr, Ba, Co*", Ni*’,
Zn, Cu?**, Cr*, La*, Pr*", Nd*, Sm*-Lu*". Busnaueni moiekyispHi i KpHCTalidHi
crpykrypu komtekconaris: [(H,0)(OH)Ge(u-Hpdta)Cu(H,0)]-3H,0, [(OH),Ge (u-
Hpdta),Zn (H,0),]-12H,0, [Ge(OH)(u-Hpdta)(u-OH)La(H,0),]-:2H,0, [Ge(OH)(u-
Hpdta)(u-OH)Nd(OH)(H,0),]-H,0, [Ge(OH)(u-Hpdta)(u-OH)Tb(H,0),]-2H,0.

B Oaratpox myOmikamisix MpOBIAHUX HAYKOBHX MDKHAPOTHHX J>KypHATIB, SK Ha-
npukiiag, Polyhedron, ChemistrySelect, Journal of Molecular Structure, Inorganic
Chemistry, rerepoMeTraiiuHi KOMITIEKCH d-MeTaiB 3 TeTepoapoOMaTHYHHUMH aMiHa-
My — 1,10-peHanTpostiHOM, 2,2-0IMUPUINHOM PO3NISAIAIOTHCS SK TEPCICKTHBHI Ma-
Tepiali HOBOI TEXHIKM 3 YHIKAJIbHUMH MArHITHUMH, €JICKTPOHHHUMH, ONTHYHHUMH
BiIacTUBOCTSIMHU [4-7]. 1le cTajgo MomTOBXOM JI0 MOYaTKy HOBOTO €TaIy JOCHiKCHHS
3MIMIaHOIraHTHO-TETEPOMETATIIYHNX KOMIUTeKcOoHaTiB repmaniro(IV). B skocti BTO-
pUHHOTO Jiranay Oyyino BUKOpHcTaHo 2,2-0imupuanH. lepenbadanock, mo BiH 3MOXKe
3aMIiCTHTH MOJICKYJIH BOJH KOOpAHHOBaHI 10 d-merany B rerepomeraniunomy (Ge-Cu)
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xommekei 3 Hohpdta [2]. [lificHo, Branoch CMHTE3yBaTH Ta BCTAHOBUTH MOJIEKYJISP-
Hy 1 KpUCTQJIi4YHY CTPYKTYpPY 3MilIaHOJIraHIHO-T€TePOMETAIIYHOTO KOMILIEKCOHATY
{[Ge,(OH),(u-hpdta),Cu,(bipy),]},-2nH, O [3].

B mpomoskeHHsI bOTO AOCIIDKEHHS B AaHii myomikarii 3amicts Cu*" 6yiio obpano
psin #ionis d-metainis: Mn?*, Fe**, Co*', Ni**, Zn**. CdopmMybpoBaHa MeTa 10CITiIKSHHS:
JIOBECTH MOXKITUBICTh OJIEP’KaHHs, BU3HAYNTH ONTHMaJIbHI YMOBU CHHTE3Y BiJIIOBIIHUX
3MIMIAHOMITaHHO-TETEPOMETAIIIYHUX KOMIUIEKCOHATIB, BCEOIUHO 1X OXapaKTepu3yBaTH
METO/IaMH eJIeMEeHTHOro aHamizy, [U-criekrpockorii, C/IB, TepMorpaBiMeTpii, BUMIpIO-
BaHHS MarHiTHOI CHpUHHATAMBOCTI. Ha mincTaBi OTpUMaHHMX JAHUX OKPECIUTH Iep-
CTIICKTHBHI 001aCTi 1X TPAKTUYHOTO 3aCTOCYBAHHS.

MATEPIAJIN TA METOJAHN JOCJIAXKEHHSA

BuxigHuMu peareHTaMM JIsI CHHTE3y KOMIUIEKCY CIYTYBaJld PEAKTUBH (DipMu
Sigma-Aldrich: GeO, (99,99%), Mn(CH,COO0),-4H,0 (99,9%), FeSO,7H,0 (99,9%),
Co(CH,CO0),-4H,0 (99,9%), Ni(CH,CO0),4H,0 (99,9%), Zn(CH,COO0),2H,0
(99,9%), 1,3-giamino-2-rigpokcinponan-N,N,N’,N’-teTpaourosa xucinora (99%,
CAS3148-72-9).

Jlnist cuHTE3y KOMIUIEKCIiB OyB po3po0aeHnil MoCTagiiHUN METO] CHHTE3Y.

I cmadia: cymim wnaBaxok GeO, (12 mmoms, 1.255 r) i Hhpdta (12 mmons,
3,864 1) po3unHAIM NUIIXOM KUIT ATiHHS B 500 M1 Boau. OTpUMaHUii TPO30pHi pO3INH
ynaptoBaiu npu t = 80 °C Ha mpoTs3i 3 ronuH 10 60 MII 1 OXOJIOKYBAIH O KIMHATHOT
TEeMIIepaTypu.

1l cmaoisa: no 10 mn (2 MMOIB) JAHOTO MPO30POTO PO3YMHY aofaBaid 10 i
(2 mmonb) BoaHOTO po3umnHy coni 3d-metany (Mn(CH,COO),4H,0 (1) FeSO,-7H,0
(2), Co(CH,CO0),4H,0 (3), Ni(CH,COO0),"4H,0 (4), Zn(CH,COO0), 2H,0 (5)).

11l cmaodis: orpumani po3uunu (1-5) 3mimyBanu 3 5 M etanony (95%), o MiCTHB
2 mmons 2,2 -6inipuauny. [lotimM 10 onepikaHuX po3dnHiB Ha mpoTs3i 10 1i6 mocTymoBo
JofiaBany eTanos ~ 10 M1 10 BUAUIEHHS 0CaiB, SIKi MajH BiAMOBIAHUN KOJIp: KOBTHMA
(1), uepBonuii (2), xoBTO-uepBOHMii (3), hioneToBuii (4), poskesuit (5). Ix Bigninsiu na
¢inpTpi lloTTa, MpOMHUBAIM €TAHOJIOM 1 CYUIMIM IIPU KIMHATHIH TeMIeparypi 10 Imo-
CTiHHOI MacH.

EnemenTruii ananiz Bukonano Ha C, N, H-anamnizatropi Elemental Analyzer CE-440,
BMicT I'epmanito Ta d-MeTanmy BH3HA4YadM METOJOM aTOMHO-EMiCIHHOI CIIEKTpPOCKOMii
(Optima 2000 DV, PerkinElmer).

3naiineno,%: C —19.30; Ge — 10.59; H — 3.65; N — 4.08; Tm — 24.68.

Hns 1 - C, H, GeMnO N, 3naiineno,%: C —36.50; Ge — 9.50; H - 4.40; N - 8.50;
Mn — 7.00.

Hns 2 — C, H, .FeGeO N, 3uaiineno,%: C — 37.50; Ge — 10.00; H - 4.10; N — 8.40;
Fe —8.10.

Hna 3 — C, H, CoGeO, N, 3naiineno,%: C — 35.40; Ge — 10.10; H — 4.50; N — 8.00;
Co —8.10.

Hns 4 — C, H, GeNiO N, 3naiineno,%: C — 35.40; Ge — 10.10; H - 4.50; N — 8.00;
Co —8.20.

Hns § — C, H, GeZnO N, 3uaiineno,%: C — 36.00; Ge — 11.00; H — 4.50; N — 8.30;
Co —9.00.
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Bmiwanonicanono-eemepomemaniuni komnnexcu Ge(IV)-M?*(Mn, Fe, Co, Ni, Zn)

9 cniexrp mormuaauHs komruiekey (400-4000 cv!) y Bursiai Tabmerok 3 KBr 3amnu-
cyBaiu Ha criekrpodotomerpi Frontier gpipmu Perkin Elmer.

[Y-cnexktp (v, em'): 1— v(OH)_,,, 3087, 3062 v(C _-H), 2980 v(C-H), 1663,
1594 v_(COO), 1425, 1381 v (COO), 1639 8(H,0), 1579, 1557 v(C=N, C=C),
1518 v(C-C), s 1075 W(C-0) 1051, 973, 913 &(C-H),, ... 892 v (Ge-O-M),
843 5(Ge-OH), 690 v(Ge-0), 645 v(Ge N), 653, 619 (CCC), 500 v (Ge O- M)

2-3386 v(OH),,,, 3087, 3062 v(C _-H), 2985 v(C-H), 1648, 1590 v _(COO),
1426, 1393 v (COO), 1635 8(H,0), 1579, 1557 v(C=N, C=C), 1518 v(C C)ammam,
1070 v(C-0) . 1049, 971, 915 &(C-H) , ... 900 v (Ge-O-M), 848 &(Ge-OH),
690 v(Ge-0), 640 v(Ge-N), 653 619 3(CCC), 490 v (Ge- O- M).

3-3390 v(OH),,,,» 3087, 3062 v(C_-H), 2970 v(C H), 1656, 1600 v _(COO), 1443,
1362 v (COO), 1638 6(H,0), 1579, 1557 v(C=N, C=C), 1518 v(C-C) ., 1080
v(C-0),,. 1050, 970,915 8(C-H), , ... 895 v, (Ge-O-M), 840 5(Ge-OH), 694 v(Ge-0O),
643 v(Ge—N) 653, 619 §(CCC), 485 v (Ge O- M)

4-3395 v(OH) 3087, 3062 v(C —H), 2975 v(C-H), 1647, 1590 v_(COO),
1440, 1391 v(COO‘), 1637 8(H,0), 1579, 1557 v(C=N, C=0), 1519 w(C-C) .,
1075 v(C-0),,. 1048, 971, 914 &(C-H)_ .. 902 v (Ge-O-M), 849 &(Ge-OH),
687 v(Ge-0), 6455 v(Ge-N), 653 619 3(CCC), 505 v (Ge- O- M).

5-3398 v(OH),,,, 3087, 3062 v(C_-H), 2975 v(C-H), 1677, 1599 v _(COO),
1443, 1362 v (COO), 1639 8(H,0), 1579, 1557 v(C=N, C=0), 1518 w(C-C) .,
1076 v(C-O) . 1059, 971, 914 &(C-H)_ ... 900 v (Ge-O-M), 840 3(Ge-OH),
693 v(Ge-0), 643 v(Ge-N), 653 619 3(CCC), 492 v (Ge- O- M).

Tepmorpasimerpuunmii ananiz (TTA) BukonyBanu Ha nepuBarorpadi Q-1500/1
(noBiTpsiHa atMocdepa, iHTepBai temreparyp 20-1000 °C, mBHIKICTh HAarpiBaHHS
10 rpan/xB).

MarHiTHy CIpUHHSTIMBICTh BU3HAYEHO MeTOIOM ['yi (ITpy HaIpy3i MarHiTHOTO TTOJIS
1-10%, 2:10%, 3-10%, 410%, 5-10° E), edhexTBHUI MarHiTHHH MOMEHT PO3pPaxoOBaHO 3 ypa-
XyBaHHSM JliaMarHiTHUX TONPaBOK. BakeHHsS MPOBENCHO Ha HaIiBMIKpoBarax THITY
BJIP-20 3 TO4YHICTIO 10 IT’SITOTO 3HAKY. B SKOCTI cTaHmapTy /Ui KamiOpyBaHHS BUKOPHUC-
tano HgCo(NCS),.

Crextpu mudyssoro Bigoutts (5000-27000 cm!) 3ammcano Ha crekTpodoToMeTpi
UV VIS NIR Lambda 9 ¢ipmu ”Perkin Elmer”, B sikocTi cranmapty Bukopuctano MgO.

PE3VJIBTATH TA iX OBTOBOPEHHSA

3riHO MaHMUX CIEMEHTHOTO aHali3y MpoaykTaM 1-5 BiAmoBigae MOJIbHE CHIiBBiIHO-
wenns Ge: M: H,hpdta: bipy= 1:1:1:1, ne M=Mn (1), Fe(2), Co(3), Ni(4), Zn(5).

Amnaniz [Y-cnexTpiB mormuHaHHS CHOIyK 1-5 Oyn0 MpoBeAeHO MIISXOM MOPIBHSH-
us 3 1Y cnexrpamu Buxiguux sirangis (H,hpdta, bipy) Ta xommiekcy {[Ge,(OH),(u-
hpdta),Cu,(bipy),]},-2nH,O, sxuii 6yB CHHTE30BaHUI Ta CTPYKTYPHO OXapaKkTEpU30Ba-
HU# aBropamu B poOoTi [3].

3 mitepaTypHUX JaHuX [8] BiJIOMO, IO 3MIIICHHS CMYTH BaJICHTHUX KOJUBaHb
3B’s13ky C-H B kucnoraux 3ammmkax 3 3000 mo ~ 2970 cm™! Bkasye Ha y4acTb B KOOp-
JMHAIT aToMiB HiTporeny Jiranmy hpdta®. Lle mosSCHIOETHCS THM, IO TIPH KOOPAMHALIIT
Jiraamy B pe3ynsrari innykmaidHoro epekry R-C-N—N BigOyBaetbcs 3umimenns v(C-H)
B HHM3BKOYACTOTHY 0OJAacTh B MOPIBHSIHHI 3 0eTaiHOBOIO (OPMOIO BUXIAHOTO JIraHIy
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(3000 cm!). TTostBa cMyr mODIMHAHHS B 00macTi ~ 645 cM™! TakoXk MiATBEPIKYE YTBO-
PEHHSI MIIIHOTO KoopauHaliitHoro 38’sa3ky Ge—N. IIpo genpoToHyBaHHS BCiX KapOOK-
cunbHuX Tpyn siranny (H,hpdta) Ta ix 38’130k 3 repmaniem(IV) i d-meTanom Bkasye
BiacyTHicTh B [Y-cmekrpax 1-5 cMyru mommHaHHS XapakTepHOI Ui BUIBHOI Ipynu
COOH H,hpdta (1716 cm™) Ta mosiBa cmyr v, (COO") i v (COO). IIpo micTkoBy (pyHK-
uito OH rpynu miranay Hhpdta ta ii nenporonyBaHHs, CBiIYHUTL 3HUKHEHHS CMYyTH
v(C-OH)-1210 cm' Ta mosia cmyru BaneHTHuX konmusanb V(C-O) ., v (Ge-O-M),
v(Ge-O-M). Hassnicte cmyr v(OH),,,, ~ 3390 B [Y-cnekrpax 1-5 Bkasye Ha IpHCyT-
HICTB B X CKJIaJli MOJICKYJ BOIH, IO MiATBEPIKYETHCS TAaHUMHU TEPMOTPaBIMETPUIHOTO
nocnimkenns. [Ipo peamizarito B 1-5 rigpomnizoBanoi Gpopmu GeOH?', cBiquuTh HasB-
HICTb CMYyTHU MOTIUHAHHS AedopmaniiHux konusanb 6(Ge-OH). Ha npucyTHicTh MoJe-
KyJl KOOp/IMHOBAHOT BO1M BKasye cMyra koiusanb 6(H,0) ~ 1639 cm™.

[Tosiea B [Y-criekTpax JOCIIIKYBaHUX CIIOJNYK CMYT BaJIeHTHHX KoymBaHb V(Car—H)
B o6macti 3100-3000 cm™!, v(C=N, C=C) ~ 1300-1600 cm™!, rurommaaux (1000-1500 cm!)
i HerutonmHauX (700-1200 cm') medopmaniitnux komusadb 38°s13ky C—H ta 6(CCC)
(653, 619 cm™!), miaTBEepIKY€E HASBHICTD B 1X CKIIaAi MOyeKyi 2,2 -0inupununy [8-11].

Jlnst BU3HAUCHHS MOJIiepiB KOOANbTy Ta HIKENI0 B KomIiekcax 3, 4 Oyno Bu3Haue-
HO MarHiTHY CIPUHHSATINBICTD, PO3PaX0BaHO ¢(pEeKTUBHUI MarHiTHUN MOMeHT. OKkpeMo
OyJ10 3HATO CHEKTPHU AU(Y3HOTO BIIOUTTS Ta MPOBEACHO 1X aHAai3.

Binmomo, 110 MarHiTHHA MOMEHT okTaeapuyHux KomiuiekciB Ni(Il) (ocHOBHMIA TepM
*A,,) Ha ~10% mepeBHIIy€e YUCTO CIIIHOBY BEIMYHMHY s IBOX HECIIAPEHHX ENEKTPOHIB
(2,83 mb) 1 He 3aneXuUTH BiJ TeMIepaTypu Ta MajluX BUKPHUBIEHb BiJ okTaeapy [12].
OTpuMaHa BeIUYMHA MarHiTHOTO MOMeHTy kKomiuiekcy 4 (3.00 mb) Bka3ye Ha peaniza-
IiF0 OKTAEAPUIHOTO TOJiepy Hikemro. Lle miaTBeprKye Takok HasiBHICTIO B HOTO CIIeK-
Tpi AndysHoro Bindutrs Tpeox emyr (em): 8740 em! CA, —°T, |, 15150 e CA, —
3Tlg) 123910 cm! (3A2g—> 3Tlg(P)).

OxTaenpuyHa reoMeTpist KOOPAHHAIIMHOTO TOJTieIpy KOOAIBTY B KOMILICKCI 3, TAKOXK
MiATBEPIKYETHCS JAHUMHU CIEKTPY AUPQPY3HOro BiAOUTTA: 4T1g(F)_’ 4T2g (7900 cm)
i 4Tlg(F)—> 4T1g(P) (18630 cm ') [13] i 3HAaUCHHSAM PO3PAXOBAHOTO €(PEKTUBHOTO MArHiT-
HOTO MOMEHTY, 110 opiBHIOE 5.00 Mb.

Tepmoutiz koMIiekciB 1-5 mporikae cTymAYacTo, moAaioHo (tadm. 1).

XapakTep TEpMOpPO3KIALy CXOKHH 3  OXapaKTepPH30BAHUM  KOMILICKCOM
{[Ge,(OH),(u-hpdta),Cu,(bipy),]} -2nH,O [3].

Ha temorpaBirpamax 1-5 crmocTepiraetbCsi B INUPOKOMY IHTEpBaNi TEMIIEPATyp
80-250 °C enpmorepMiuHUi €(eKT, 0 CYNPOBOKYETHCS 3HAYHUM yOyTKOM MacH Ha
kpuBiit TI' (Tabm. 1), sikuil BiNMOBiNa€e BUIAICHHIO Pi3HOI KITBKOCTI MOJIGKYJ BOJIH.
Takuii xapakTep TEPMOPO3KIAy CBIIYUTH MPO HASBHICTH MOJIEKYJ KpHCTai3aIliiiHOl
Ta KOOPIUHOBAHOI BOIH, CIIOYYEHHUX MiXK COO0I0 pO3TaTyKCHOIO CHCTEMOIO BOTHEBUX
3B s3KiB. [lojanple HarpiBaHHs 3pa3KiB CYNPOBODKYEThCA JIBOMa ek3oedekramu, npu
SIKUX BiI0YBa€ThCsl OKUCHA TEPMOIECTPYKIIisl OPraHiYHOT YACTHHH 1X MOJISKYI Ta YTBO-
PEHHS KIHIEBUX NPOMYKTIB, IO € cymimmo okcuaiB GeO, i MO.

Ha ocHoBi nanux, siki Oyiu OTpuMaHi B pe3y/IbTaTi eIeMEHTHOTO aHali3y, TepMOorpa-
BiMeTpii, [Y-criekTpocKomii, MarHiTHOI CIPUHHATIMBOCTI 1 CIIEKTPiB AU(Y3HOTO BIIOUT-
T4 (3, 4) U1 OCIIKYBaHUX CIONYK 3aIIPOIIOHOBAHO BIAMOBITHY MOJEKYISIPHY (HhopMy-
iy Ta cxemy Oynosu (puc. 1): [(H,0)(OH)Ge(u-hpdta)M(bipy)]-nH,O (M=Mn n=3 (1),
Fen=2 (2), Co n=4 (3), Ni n=4 (4), Zn n=3 (5).
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Tabmms 1
Pe3ynbraTu nocaiaxeHHs TepmivHoi criiikocti kommiekcis 1-5
Table 1
The results of the study of thermal stability of complexes 1-5
Xapakrep i TeMnepaTypHi iHTepBaJiu npoTikal4ux npouecis
Ne -nH,0 TepmonecTpykuist
tF Am Am to Am 3ammumox, %
(ITA),°C L% | P*% (ATA),°C T, %
230-450
1| 902301004 | 100 | 1044 (380) 63.50 Mnés fgeo
450-680 (520) 2
250-470
2 | so-250100dy | 200 | g3 410) 6230 oo
470-700 (600) 2
240-480
3| 90240 (100d) | B0 | 126 (410) 64.00 oS
480-690 (540) 2
250-490
4 | 100-250 (1104) 13;%0 12.65 (390) 61.70 Ni()zis((‘;)eo
490-710 (550) 2
240-460
5 | so-240(110d) | 1928|1200 (400) 62.00 o
460-700 (530) 2

BynoBa rerepomeraniyHux OisaepHUX KomiuiekciB 1-5 onnorunHa. Jlirana hpdta™
MposIBIsie ceOe K OKTaJCHTATHUH TUTONHHH, BCI KapOOKCHMIIATHI TPYMH MPHHMAIOTh
y4JacTb B KOOPAMHALIT 3 METaJlaMl MOHOZICHTATHO, aTOM OKCHI'CHY ACTIPOTOHOBAHOI Tif-
POKCOTPYITH BUKOHY€ MICTKOBY (DyHKIIIIO.

'nH20

M=Mn(1) n=3, Fe(2) n=2, Co(3) n=4, Ni(4) n=4, Zn(5) n=3

Puc. 1. Cxema GyznoBu crionyk 1-5

Fig. 1. Scheme of the of compounds 1-5

BcranosneHo, 1o OymoBa crionyk 1-5 momiOHa cTpyKTypam aHaJOTi9HUX reTepoMe-
TaJiYHUX KOMITJIEKCIB CHHTE30BaHUX 1 oxapakTepu3oBaHux PCA, B SIKHX pOJIb BTOPHH-
HUX JIiraH/iB BUKOHYOTh MOJIEKYJIU Boaw abo 2,2-6inupuauny, Hanpuknan [(H,0)(OH)
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Ge(p-hpdta)Cu(H,0)], {[Ge,(OH),(u-hpdta),Cu,(bipy),]} -2nH,O [2, 3]. VHikanbHicTh
OJICPXKAHMX CITONIYK TIOJIATAE B CKIIQJII iX MOJICKYJI, & came, YOTUPhOX O10JIOTIYHO aKTHUB-
HUX CKIIQJIOBUX: ecceHIlianbHoro repmaniro(1V), nBox OioniranaiB pi3HOI MPUPOIH, IO
T JICHITFOOTh J1FO OJIH OHOTO. L[e CBITYNTH PO MEPCIIEKTHBY X 3aCTOCYBaHHS HE TiJIb-
KH B TaKUX O0JIACTAX SIK KaTalli3, MarHeTH3M, OIITHKA, CIIEKTPOHIKA, & 1 B MEIMIIUHI 151
CTBOPEHHSI HU3bKOTOKCHYHHX IMyHOMOJIEIOIOUNX, aHTHOKCHIaHTHNX, aHTUMIKPOOHUX
Ta THIIUX Mpenaparis.
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Bmiwanonicanono-eemepomemaniuni komnnexcu Ge(IV)-M?*(Mn, Fe, Co, Ni, Zn)

E.A. Yebdanenko, U. U. Ceiidpynnuna, E. 3. Mapuunko
Opecckuit HaMOHANBHEIN yHUBepcuTeT nMenu WM. 1. Meunukosa, yi. J[BopstaHCKast 2,
Opneca, 65082, Ykpauna

CMEINAHHOJJIUTAHJIHO-TETEPOMETAJJIMYECKHUE
KOMILIEKCBI Ge(IV)-M?* (Mn, Fe, Co, Ni, Zn)

C 1,3-JUAMHHO-2-TUJIPOKCUIIPOIIAH-N, N, N, N’-
TETPAYKCYCHOM KUCJIOTOH

CHHTE3HpOBaH P/ HOBBIX CMEIIAHHOJIHUTaHTHO-TeTepOMETAIUINIecKUX KomiriekcoB Ge(IV)-
M?*(Mn,Fe,Co,Ni,Zn) ¢ 1,3-muamuno-2-ruapokcunponan-N, N, N’, N’-reTpaykcyCHOM Krc-
noroii (H hpdta). Coenvnenus oxapakTepu30BaHbl COBOKYITHOCTBIO METOIOB UCCIIE/IOBAHMS:
9JIEMEHTHOTO aHallu3a, TepMorpaBuMmeTprn, MK-crnekrpockomnuu, cnekTpoB Auy3HOro OT-
pakeHHsI, MATHUTHOW BOCIIPUUMYMBOCTH. YCTaHOBJICH COCTAB U CTPOCHUS HCCIIETYEMBIX CO-
enuHeHni. 2,2-Bunupuany OUCHTATHO CBSI3BIBACTCS ¢ d-METaIoM, €ro KOOPIHHAIIMOHHOS
qucIo gonoiusercs 10 6 cszsmu ¢ O, N aromamu nuranaa hpdta®. Tlocinenauii BBITIOTHSIET
MOCTHKOBYIO (pyHKIHMIO Mexny Ge — d-meraiun, nposiBisieT cebst KaK AUTOIHBIN, CyMMapHO
OKTa/ICHTATHBIH.

Kurouosi cioBa: repmannii, 1,3-mnamuHo-2-ruapokcunponan-N, N, N°, N’-terpaykcycHast
kucnora, d-metasm, 2,2-0UnupuanH.

E.A. Chebanenko, I.1. Seifullina, E. E. Martsinko
Odessa Mechnikov National University, Dvoryanskaya St., 2, Odessa, 65082, Ukraine

MIXED-LIGAND HETEROMETALLIC COMPLEXES
OF Ge(IV)-M?* (Mn, Fe, Co, Ni, Zn) WITH 1,3-DIAMINO-2-
HYDROXYPROPANE N, N, N, N>>TETRAACETIC ACID

There have been developed a novel synthetic method that allowed to obtain raw of mixed-ligand
heterometallic binuclear complexes of Ge(IV)-M?* (Mn, Fe, Co, Ni, Zn) with 1,3-diamino-2-
hydroxypropane N, N, N’, N’-tetraacetic acid (H,hpdta). Compounds have been characterized
by the set of methods: elemental analysis, thermogravimetry, IR-spectroscopy, spectrum of
diffuse reflection, magnetic suspensibility.

According to the elemental analysis, the molar ratio Ge: M: Hihpdta: bipy= 1:1:1:1 in the
obtained compounds 1-5 corresponds to the formula [(H,0)(OH)Ge(u-hpdta)M(bipy)]-nH,O
(M=Mn n=3 (1), Fe n=2 (2), Co n=4 (3), Ni n=4 (4), Zn n=3 (5). Complexes have yellow
(1), red (2), orange (3), violet (4) and pink (5) colors and are stable on air. Compounds 1-5
exist in the form of crystal hydrates, that contain certain amount of water molecules, that are
eliminated into the gas phase while heating in the wide range of temperatures (t=80-250 °C),
which is accompanied with the low-temperature endothermic effect. This indicates the
presence of a system of stable hydrogen bonds in their crystal structure.

Analysis of the IR-spectra 1-5 revealed that form and coordination of ligands is similar.
Deprotonation of all carboxylic groups in the ligands (H,hpdta) and their bonding to germanium
and d-metal is confirmed with the absence in the IR-spectra 1-5 absorption bands characteristic
for the free COOH H,hpdta (1716 cm™) and v_(COO") i v (COO") bands. Disappearance of
the v(C-OH)-1210 cm™ and appearance of the v(C-O) , , v, (Ge-O-M), v (Ge-O-M) absorption
band indicates that OH-group of H hpdta is deprotonated and performs bridging function.
2,2 -bipyridine bidentatly coordinates to the d-metal, binds to the O, N-atoms of hpdta®ligand
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and reaches coordination number 6. The last ligand plays the bringing role between Ge-d-
metal, shows itself as ditopic, octadentate in total.

According to the magnetic moments of 3, 4 and their diffuse reflection spectra, polyhedrons
of Co (II), Ni (II) are octahedrons, which are realized due to the bidentate coordination of
bipyridine and four bonds with nitrogen and oxygen of hpdta’-.

Structure of heterometallic binuclear complexes 1-5 is similar. Ligand hpdta® shows itself as
octadentate ditopic, all carboxylate groups monodentatly coordinate to metals, oxygen atom
of the deprotonated OH-group performs the bridging function.

Keywords: germanium, complexon, crystal structure.
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SYNTHESIS AND CHARACTERIZATION
OF COORDINATION COMPOUNDS OF 3d-METAL
MALEATES WITH THIOSEMICARBAZIDE

Complexes of copper(I]), nickel(II), cobalt(IlI), and zinc(IT) maleates with thiosemicarbazide
were synthesized. The resulting compounds were characterized by the elemental analysis
data, infrared spectroscopy, diffuse reflectance spectroscopy, and thermogravimetry.

Keywords: coordination compounds, 3d-metals, thiosemicarbazide

Thiosemicarbazide is an interesting ambidentate ligand able to form five-membered
chelate rings or monodentately coordinate by sulfur. It is interesting to trace the mutual
effect and competition for the inner-sphere sites in coordination compounds with dif-
ferent inorganic and organic anions. We have previously obtained thiosemicarbazide
(HL) complexes with inorganic salts [1], carboxylates [2-4], naphthalenesulfonates [5].
Depending on the central atom and salt anion, compounds with different metal:HL ra-
tios are realized, and the ligand can act in a molecular or deprotonated form.

Thiosemicarbazide coordination compounds where anions of unsaturated carboxylic
acids, in particular maleic (H,Mal), act as counterions, have been studied relatively little.
The structure was described only for the complex [Ni(HL),(H,0),](HMal),2H,O [6].

The aim of this work was studying the products of reaction of copper(Il), nickel(II),
cobalt(II), and zinc(Il) maleates with thiosemicarbazide.

EXPERIMENTAL SECTION

Copper(II), nickel(II), cobalt(Il), and zinc(II) nitrates, maleic acid and thiosemicar-
bazide were of analytical grade.

The metal content in the isolated compounds was determined by atomic absorption
spectrometry on a Shimadzu 7000A A instrument, the nitrogen content, according to the
Dumas method [7], the sulfur content, by the Schoeniger method [7].

The IR spectra were taken on a Perkin-Elmer SPECTRUM BX II FT-IR SYSTEM
instrument, samples were prepared in the form of tablets with KBr. The diffuse re-
flection spectra were recorded on a Lambda-9 (Perkin-Elmer) spectrophotometer with
MgO (100BMgO) as the standard. Thermogravigrams were taken in air on a Paulic—
Paulic—Erdei derivatograph at the heating rate of 10 deg/min.

The synthesis was carried out according to the methods developed earlier [2-4].

Synthesis of [Cu(HL)L](HMal). 0.01 mol of Cu(NO,),-3H,O was dissolved in wa-
ter, to the resulting solution was added 8 g of NaOH. The precipitated hydroxide was
filtered through a paper filter on a Buchner funnel and washed with water, transferred
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to a beaker with a portion of 2.38 g of maleic acid. The mixture of hydroxide with acid
was thoroughly mixed adding drops of water. When the precipitate was completely dis-
solved, the solution was added in small portions to a solution of 1.82 g (0.02 mol) of
thiosemicarbazide in 100 ml of water. The precipitate formed was separated, washed
with water and air dried to constant weight.

Synthesis of [Ni(HL),(H,0),](HMal),2H,0. 0.01 mol of Ni(NO,),-6H,O was dis-
solved in water, to the resulting solution was added 8 g of NaOH. The precipitated hy-
droxide was filtered through a paper filter on a Buchner funnel and washed with water,
transferred to a beaker with a portion of 2.38 g of maleic acid. The mixture of hydroxide
with acid was thoroughly mixed adding drops of water. When the precipitate was com-
pletely dissolved, the solution was added in small portions to a solution of 1.82 g (0.02
mol) of thiosemicarbazide in 100 ml of water. The precipitate formed was separated,
washed with water and air dried to constant weight.

Synthesis of [Ni(HL),|(HMal),. 0.005 mol of Ni(NO,),-6H,0 was dissolved in wa-
ter, to the resulting solution was added 4 g of NaOH. The precipitated hydroxide was
filtered through a paper filter on a Buchner funnel and washed with water, transferred
to a beaker with a portion of 1.18 g of maleic acid. The mixture of hydroxide with acid
was thoroughly mixed adding drops of water. When the precipitate was completely dis-
solved, the solution was added in small portions to a solution of 1.82 g (0.02 mol) of
thiosemicarbazide in 100 ml of water. The precipitate formed was separated, washed
with water and air dried to constant weight.

Synthesis of [Co(HL),L|(HMal),. 0.01 mol of Co(NO,),"6H,0 was dissolved in
water, to the resulting solution was added 8 g of NaOH. The precipitated hydroxide was
filtered through a paper filter on a Buchner funnel and washed with water, transferred
to a beaker with a portion of 2.38 g of maleic acid. The mixture of hydroxide with acid
was thoroughly mixed adding drops of water. When the precipitate was completely dis-
solved, the solution was added in small portions to a solution of 2.73 g (0.03 mol) of
thiosemicarbazide in 150 ml of water. The mixture was allowed to stand until complete
homogeneity of the precipitate, which was separated, washed with water and air dried
to constant weight.

Synthesis of [Zn(HL),J(HMal),. 0.005 mol of Zn(NO,),"6H,0 was dissolved in
water, to the resulting solution was added 4 g of NaOH. The precipitated hydroxide was
filtered through a paper filter on a Buchner funnel and washed with water, transferred
to a beaker with a portion of 1.18 g of maleic acid. The mixture of hydroxide with acid
was thoroughly mixed adding drops of water. When the precipitate was completely dis-
solved, the solution was added in small portions to a solution of 1.82 g (0.02 mol) of
thiosemicarbazide in 100 ml of water. The precipitate formed was separated, washed
with water and air dried to constant weight.

RESULTS AND DISCUSSION

As can be seen from the results of chemical analysis (Table 1), for copper (II) is real-
ized a complex with a ratio of metal: thiosemicarbazide 1:2, for zinc — 1:4, for cobalt
(III) — 1:3, with cobalt (II ) is oxidized by air oxygen to cobalt (IIT). For nickel (II), de-
pending on the ratio of reagents, two compounds are formed — 1:2, which was described
by the authors [6] and not described in the literature a compound 1:4. The ratio of metal:
maleate in all complexes corresponds to a single-charged anion.
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Table 1

The elemental analysis data and colors of complexes

M,% N,% S,%
Compound Color
Found | Calculated | Found | Calculated | Found | Calculated

NNo

I | [Cu(HL)L](HMal) | 18.0 17.8 | 232 233 18.1 17.8 Brown
[Ni(HL),(H,0),]

| imal, 2610 10.5 10.9 15.8 15.5 114 11.8 Blue
I | [Ni(HL),J(HMal), | 9.2 9.0 25.4 25.7 19.2 19.6 Green
IV | [Co(HL),L](HMal), | 10.2 10.5 229 22.5 17.3 17.1 D‘i‘ri'
pin
V | [Zn(HL),J(HMal), | 10.3 9.9 25.1 255 19.8 19.4 White

Analysis of the IR spectra of thiosemicarbazide, 3d-metal maleates, and complexes
(Table 2) shows that for complexes with a composition of 1: 4 they are practically iden-
tical regardless of the central atom (green Ni(HL),(HMal), and Zn(HL),(HMal),).

At the same time, some common features are observed in the spectra of cobalt (I1I)
and copper (II) complexes.

The thioamide I band behaves similarly for each group of complexes with similar
stoichiometry. For complexes with a composition of 1: 4, the band frequency increases
by about 40 cm!. For the rest of the complexes, it splits into a doublet, while for the
complexes of cobalt (IIT) and copper (II) the difference in the frequencies of the bands
of the doublet is much larger (68 and 82 cm' !, respectively) than for the nickel complex
with the composition Ni(HL),(HMal),(H,0), (25 cm™). The thioamide II band shifts to-
wards higher frequencies and splits into a doublet for all complexes except the last one.
Wherein the frequency differences of the doublet bands for the 1: 4 complexes slightly
exceed those for the cobalt (I1I) and copper (II) complexes. In all cases, the thioamide
III band does not undergo noticeable changes, while the thioamide IV band decreases.

For complexes of cobalt (III) and copper (1), very intense absorption bands appear
in the IR spectra in the region of about 2000-2100 cm. For copper (II), the frequencies
of the bands of the doublet (2173, 2102 cm™) for the complex of maleate with thiosemi-
carbazide [Cu(HL)L](HMal) obtained in this work practically coincide with the bands
in the spectra of previously obtained thiosemicarbazide complexes with similar stoichi-
ometry: glycinate with the composition Cu(L)(Gly) (2174 and 2100 cm™) and glycyl-
glycinate with the composition Cu(HL)L(HGG) (2174 and 2082 cm™) [2]. Previously,
the interaction of a number of aliphatic copper (II) carboxylates Cu(C H, . COO), with
thiosemicarbazide was studied and it was found that at n>4 the carboxylate anion is not
included in the reaction products, while thiosemicarbazide appears in a deprotonated
form and forms the compound CuL, [1]. In the spectrum of this compound, absorp-
tion bands in the region of about 2100 cm™ were also found. The region 2200-1900
cm ! is characteristic of stretching vibrations of cumulated double bonds [8], in par-
ticular, for thiocyanate ions. The NCS group, similar to the thiocyanate group, in our
case can arise only when the metal is bonded to the nitrogen atom adjacent to the car-
bon atom. Consequently, for deprotonated thiosemicarbazide, it is necessary to sug-
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gest the formation of a four-membered ring, where the metal is covalently bonded to
nitrogen and coordinated to sulfur. Thus, for the obtained compounds of cobalt (III)
and copper (II), taking into account the analysis data, it should be supposed the com-
plex contains two forms of thiosemicarbazide: molecular and deprotonated. For the
complex [Ni(HL),(H,0),](HMal),2H.,O, the formation of a chelate also occurs, but the
cycle is five-membered with the participation of sulfur and nitrogen of the amino group,
which coincides with the X-ray diffraction data of [6]. In coordination compounds with
a composition of 1: 4, thiosemicarbazide is obviously monodentate with coordination
only through sulfur. It is necessary to pay attention to the presence of a much larger
number of absorption bands in the region of about 3000 cm™! in the spectrum of the
[Ni(HL),(H,0),](HMal),2H,0 complex in comparison with the spectra of all other
complexes. This can be explained by the presence of bound water in the composition of
this compound; separate identification of the N-H and O-H bands is not possible due to
the presence of numerous hydrogen bonds.

The values of AA v(COO") for all synthesized complexes are small, and for
[Ni(HL),(H,0),](HMal),2H,0 and [Co(HL),L](HMal), are negative at all, that allows
to suppose in all cases the outer-sphere character of maleate ions.

In the IR spectra of all synthesized complexes of maleates with thiosemicarbazide,
except for the cobalt (III) complex, there is a shoulder at about 1700 cm™!. There are
no such bands in the spectra of nickel (II) maleate complexes with phenylacethydrazide
and cobalt (II) maleate with benzhydrazide, for which the presence of the Mal* anion in
the compounds was established by X-ray diffraction analysis [9]. The presence of bands
around 1700 cm™ is related with the presence in the composition of thiosemicarbazide
complexes of one COOH group from monodeprotonated maleic acid, for which absorp-
tion bands of COOH appear at 1707 cm™ [10].

Diffuse reflection spectra (Table 3) indicate the octahedral structure of the nickel
complex of composition 1: 2 and the cobalt (III) complex, the tetrahedral structure of
the nickel (II) complex of composition 1: 4 and the pseudotetrahedral structure of the
copper (II) complex.

Table 3
The diffusion reflectance spectroscopy data of complexes
Compound v, cm! Assignment
18230
[Cu(HL)L](HMal) 15060
4830
17210 ’T,— T (P)
[Ni(HL),(H,0),](HMal),2H,0 13110 T, —>'E
4450 T, = A,
[Ni(HL),](HMal), 17180 3Azg - 3Tlg
[Co(HL),L](HMal), 18150 ‘AL, 'T,
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Thermal analysis data (Table 4) show that the highest thermal stability has the com-
plex [Ni(HL),(H,0),](HMal),2H,0O, the other complexes decompose at fairly close
temperatures. For all synthesized compounds on thermogravigrams the first few effects
are endothermic, exoeffects are observed above 500 °C, and about 700 °C there are ef-
fects (exothermic for Co(IIl) and endothermic for other complexes), accompanied by
a small increase in mass. Similar increases were also in thiosemicarbazide complexes
with malonates, glutarates [3], p-hydroxybenzoates and p-aminobenzoates [4].

Table 4
The TG analysis data of complexes
Endo-effects Exo-effects
Compound Total mass loss,%
t,°C Am,% t,°C Am,%

90-110(100) 4.4 500-700(620) 23.0 67.5

170-190(180) 7.8
[Cu(HL)L](HMal)

260-330(270) 14.2

700-820(750) +2.5

170-220 (180) 6.4 570-660 (620) | 23.7 80.0
[Ni(HL),(H,0),]
(HMal)2~22HzO 2 220-260 (230) 20.7

660-800(690) +1.0

100-130 (110) 14.3 | 500-630 (560) | 24.0 85.0
[Ni(HL),]J(HMal), 200-240(220) 19.7

630-800(750) +3.0

100-120 (110) 7.2 550-670(580) 23.6 82.5
[Co(HL),L](HMal),

180-280(240) 28.7 | 670-830 (690) | +2.6

90-110(100) 10.7 600-730(700) 17.8 81.3
[Zn(HL),](HMal), 150-200(180) 6.1

730-880(770) +3.1

The studies carried out suggest the following structures of the synthesized com-
pounds:

S S
//// \ / \ L
—& Cu C NH,
\\ / \ /
N N—NH
| Ha
NH,

HoN
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H,0
HO P

Thus, coordination compounds of copper(Il), nickel(II), cobalt(II), and zinc(IT) ma-
leates with thiosemicarbazide were synthesized. Their structure was studied by the IR
and diffuse reflection spectroscopy methods. In coordination compounds with a compo-
sition of 1: 4, thiosemicarbazide is monodentate with coordination only through sulfur.
There is five-membered cycle with the participation of sulfur and nitrogen of the amino
group for the complex [Ni(HL),(H,0),](HMal),2H,O. For the obtained compounds of
cobalt (IIT) and copper (I1), it should be supposed the complex contains two forms of
thiosemicarbazide: molecular and deprotonated.
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CUHTE3 I XAPAKTEPUCTHUKA KOOPIUHAIIHNHUX
CITIOJIYK MAJIEATIB 3d-METAJIIB 3 TIOCEMIKAPBA3IJIOM

Peaxitiero BOIHOTO po3urHy HiTpary aBoBaieHTHOro metaiy (Cu, Ni, Co, Zn) 3 riipokcuaioMm
HaTpito 100yBau rixpokcuy 3d-mMerary, 10 HbOTO T0JaBall MaleiHOBY KHCIO0TY. CyMminr pe-
TEIBHO MePeMilllyBaH, IOAAI0YH KPAIUIMHAMH BOAY /10 MTOBHOTO PO3YMHEHHS BiAMOBIIHOTO
Majeary MeTayy. YTBOPEHHH PO3YMH J0/aBajd MaJMMH IOPLISMH 10 BOJHOTO PO3YUHY
TioceMikap6azuay. Ocaj, 1110 BUMaIaB, BUAUISIIN, TPOMUBAIIH BOIOKO Ta CYIIIH HA MOBITPI.
byno cunresopano 5 xoopammaniinux crnonyk: [Cu(HL)L](HMal) (I), [Ni(HL),(H,0),]
(HMal),2H,0 (II), [Ni(HL),](HMal), (IIT), [Co(HL),L](HMal), (IV), [Zn(HL),](HMal), (V).
[ Ko0anbTy peakiis KOMITIEKCOYTBOPEHHS cympoBomKyeThes mepexonom Co(1l) y Co(I1D).
Jns Cu, Co, Zn ckjaj yTBOPEHHUX KOMILJICKCIB CTAlMii HE3aJEKHO BiJ CIiBBIIHOIICHHS
BHXIJTHIX peareHTiB, [yt Ni IIpH CIIiBBiAHOMICHH] MeTal: TioMeMikap6a3uy 1: 2 yTBOPIOETHCS
onaxuthuii [Ni(HL),(H,0),](HMal),2H,0, a ipu 1: 4 — 3enenuii [Ni(HL),](HMal),.

Hna nobytnx cnomyk [Co(HL),L](HMal), i [Cu(HL)L](HMal), 3 ypaxyBanuam na-
HUX aHanmizy i [Y crmekTpockomil ciiJy HPUITYCTHTH TNPUCYTHICTH y CKJIaJl KOMIUIEKCY
IBOX (GopM TioceMikapOa3uay: MOJEKYISIPHOI i JENMpOTOHOBaHOI. J[sl JempOoTOHOBAaHOTO
Tiocemikap6a3uIy NMPUIYCKAEThCS YTBOPEHHS YOTHPUWICHHOTO IUKITY, 71 MeTaJl 3B sI3aHUM
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KOBaJICHTHUM 3B’SI3KOM 3 a30TOM 1 KOOPIMHAIIIHAM 3B’3KOM i3 cipkoro. Tiocemikapbaszua
y MoJekyspHii ¢opmi B kommiuekcax ckmamy 1:2 1 1:3 KOOpOAMHOBAaHUI 3 yTBOPEHHSAM
I’ STHYJICHHOTO LIUKJTY 33 YYacTIO CIPKH i a30Ty aMiHOTpynu. Y KOOpIMHALIHHHUX CHOIyKax
ckiany 1:4 TiocemikapOa3ua MOHOIEHTATHUH 3 KOOPIMHALIEIO JIMIIE yepe3 cipky. Manear-
i0HH y BCiX BHHIajKax € 30BHimHbochepHnmHu. [Ipn npomy B IU criekrpax mpucyTHI cMyrn
6mm3pko 1700 eM!, 110 miATBEepIKYE HASBHICTD OHIET MPOTOHOBAHOI KapOOKCHIBHOI IPyIIH
1 y3rO/KY€ETBCS 3 THM, 110 MajieaT-i0H OJJHO3APSIHUH.

Crnextpu audysHoro BiIOMTTA BKasyroTh Ha oOkTaeapuuHy crpykrypy [Ni(HL),(H,0),]
(HMal),2H,0 i [Co(HL),L](HMal),, Terpaeapuuny ctpykrypy [Ni(HL),](HMal), i ncesmo-
TeTpaenpudny ctpykrypy [Cu(HL)L](HMal).

JlaHi TEpMIYHOTO aHaIi3y TOKa3yITh, 10 HANHOLIBIIY TEPMIYHY CTAOUTBHICTH MAa€ KOM-
niexc [Ni(HL),(H,0),](HMal),2H,0O, iHmmi KOMIIIEKCH PO3KIaIaroThCs TIPH JOCUTh OJM3b-
KHX Temneparypax. Ilepmri eekty Ha TepMorpaBirpamMax € eHIOTePMIYHHMHU, eK30e(peKTH
cnocrepiratotees Buie 500°C, a 6mmspko 700°C mpucyTHI €eKTH, II0 CyNmpPOBOIKYIOTHCS
HEBEJIMKUM 301JIbIICHHSIM MacH.

KirouoBi ciioBa: koopauHalliiHi crionyku, 3d-meranu, TioceMikapoasu
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CUHTE3 U XAPAKTEPUCTUKA KOOPANHAINUOHHBIX
COEAUMHEHUU MAJIEATOB 3d-METAJIJIOB
C TUOCEMUKAPBA3ZHNIOM

Cunre3upoBans! KoMiuiekcs! ManearoB Meau(1l), aukerns(1l), kobamsra(1ll) i muaka(Il) ¢ tu-
ocemukap6azugoM. TlonmydeHHble COeUHEHHsI 0XapaKTEePH30BaHbl METOAAMU 3IEMEHTHOTO
aHaM3a, HHPPaKPacHOH CIIEKTPOCKOINH, CIIEKTPOCKOINHU AN (y3HOTO OTPasKeHUSI H TEPMO-
IPaBUMETPHH.

KuroueBble ciioBa: KOOPIMHAIMOHHBIE COSAMHEHUsI, 3d-MeTaIbI, THOCEMHKApOa3uI.
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OKHNCHO-BITHOBHI ITPOLECHU B PEAKIIAX
N-APHJICYJIB®OHIJI-1,4-HA®TOXIHOHIMIHIB
3 AEAKUMHU HYKJTEO®IJIAMHA

Peaxuist N-apuncynbpoHin-1,4-HadTOXIHOHIMIHIB 3 apOMaTHYHAMH aMiHaMH Ta aIlyirigpa-
3uHaMH niepedirae 3a cxemoro 1,4-npueaHaHHA, POTE B SKOCTI MPOMYKTIB peakii BUIIIs-
IOTBCSI OKHCHEHI MPOIYKTH TpueaHaHHs. OKUCHUKOM MOXKe OyTH BUXiTHHUN Ha()TOXIHOHIMIH
Ta KUCEHb MOBITPs. B X0/i 10CTiPKeHb BCTAHOBJICHO, 10 KMCEHb MOBITPSI B YMOBaX IpOBe-
neHHs peakiii 1,4-HadTOXIHOHIMIHOB 3 apOiNriipasuHAMHE € €JMHUM OKHCHUKOM, SIKUI OKHC-
HIOE TPOAYKT 1,4-IIpUeHAHHS, IO JOBEJCHO BUBYCHHSM OKHCHO-BITHOBHUX ITOTCHIIIaliB.
Bu3HaueHHS OKMCHO-BITHOBHUX ITIOTEHITIAJIIB MIPOBOIMIIOCH METOIOM MPSIMOT TIOTEHITIOMETPil
(BapiaHT CepeJMHHOTO MMOTCHIIIANY).

Kurwuogi ciioBa: HahTOXiHOHIMIH, aMiHOHA]TON, OKUCHO-BITHOBHUI MOTEHITIA), METOI TIPS~
MoO{ OTEHIIIOMETPii.

N-3amimmeHi 7-XiHOHIMIHM 3yCTpiYaroThCsl B IPUPOAI 1 € 610JI0TUHO-aKTHBHUMH pe-
YOBHHAMH, BOHH 3HAMIIIIM BUKOPUCTAHHS B Oararbox obmactsax [1]. Illupokwuit ciekTp
oOnacreil BUKOPUCTAHHS 1-XIHOHIMIHIB OOYMOBIIIOE€ BEJIMKY YBary, IO NPUIUIAETHCS
ximii N-3aMimieHnx #-XiHoHIMIHIB. baratbma noCHigHUKAMH BHBYAJIACh 1 BUBYAETHLCS
B TEMEPIITHIN Yac peakiliifHa 37aTHICTh N-3aMileHnuX n-XiHOHIMIHIB [2, 3].

HaiiGinpina yBara npuaiiasieTbes peakilisM HYKJICO(PITBHOTO MPUETHAHHS.

VY peakuisix Hykjaeo(diTpHOTO TpHeAHAHHS N-3aMillleHUX #-XiHOHIMIHIB Yac-
TO CIOCTEpIraloThCsl MapajielibHi OKHCHO-BIAHOBHI IPOIECH, NPUYOMY, UMM BHIIE
OKUCHO-BiJHOBHMU TmoTeHIian (OBII) xiHoHiIMiHA, THM OiJibIlla WMOBIPHICTH Ta-
KHX TporeciB. Y 0arathbOX peakiisXx pa3oM 3 MPOAYKTaMU TIPHEIHAHHS BHUII-
JSIOTbCA  BIHOBIEGHI (OPMH BUXITHMX XIHOHIMIHOB, HANpPUKIAA, B PEAKIIAX
N-apuncynbdonin-1,4-6en30xiHoHaiiMiHIB 3 miankindocditamu [4]. B okpemux Bu-
MajiKax CIOCTepIraeThCsl TUTbKA OKHCHO-BIHOBHUH MpOIIEC, HAPUKIIAA B peakiii N,
N’-piapuncynbdonin-2,3,5,6-rerpaxiop-1,4-0eH30X1HOHA1IMIHIB, 1110 MAaIOTh Iy>KE€ BU-
cokuit OBII, 3 Tpuankindocdiramu [5].

B pobGorti [6] moka3aHo, mo peakiis N-denincynbdonin-1,4-madroxinoHimMiny 1
3 apOMAaTHYHUMH aMiHaMH Tepedirae 3a cxeMor 1,4-npueaHaHHs, MpoTe Oyau BUII-
JIeH1 OKHMCHEH1 NpoaykTH — N-(deHincynbhonin-2-apunamino- 1,4-nadroxinoHiMiau 2
(cxema 1):

Y 3B’S13Ky 3 THM, IO pa30M 3 HaQTOXIHOHIMIHAMH 2 3 peaKIifHOT Macu OyJo BUIiJIC-
HO 4-denincynbponinamino-1-madron 3, nepexbaganocs, Mo B X0l peakiii yTBOPIO-
I0ThCSI TPORYKTHU 1,4-nipuenHanHs — 4-¢peHincynpponinamino-2-apunamino- 1-nadronu
4, SIKi OKUCHIOIOTECS APYTOI0 MoJeKynoro N-¢peHincynshonin-1,4-mapToxinoHimMiny 1.
[Ipu pomy nependavanocs, mo xiHoHiMiH 1 Mae Oinbir Bucokuii OBIT B mopiBHSHHI
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NH
{2
X g \ X
2-PhSO,N 6 0+ QNHZ» PhSO,N 6 0 +PhSOzNHOH
1 O 2 O 3 O

X =2-Cl, 3-NO, 4-CH; 4-CH;0

Cxema 1

3 OBII xiHonimina 2.Toit dakr, 1o Buxij XiHOHIMIHIB 2 OyB Buie 50% (Big 61% m0
75%) cTaBUTH MijJ CYMHIB BUCHOBOK, 3pOOJICHHI aBTOpaMu podoTH [6].

Hamu BUCITOBJIEHO MPUIYIICHHS, 10 TTAPAJICIbHO 3 MPOIIECOM OKHCHEHHS YTBOPIO-
BaHHUX IIiJ] Yac peakilii aMmiHOHA(TOIIB 4 BUXITHUMHU HadTOXiHOHIMIHAMHU 1, BijOyBa-
€THCSI OKHCHEHHS aMiHOHA(TOMIB 4 KUCHEM MOBITPs (cxeMa 2):

NH NH
\_ \_ 2y
0
PhSO,NH OH :.2 PhSO,N 0
[H]
4 2

Cxema 2

3 MEeTOI0 MiJTBEPKEHHS BUCIOBICHOTO MIPUITYIIICHHSI HaMU 3po0JieHa cripoba Bij-
HOBJICHHSI HA()TOXIHOHIMIHIB 2 710 aMiHOHA(TOMIB 4.

BinHoBIIeHHS X{HOHIMIHIB 2 MIPOBOJMIM IIMHKOBUM MUJIOM a00 AUTIOHITOM HATpito
B €TaHOBIN KHUCIOTi. UepBOHI PO3YMHU XiHOHIMIHIB 2 3HEOAPBIIIOBAINCH, OHAK Yepe3
KiJIbKa CEKYHJ IIPU CTOSHHI Ha MOBITPi 3HOBY YEPBOHLIH, 1110 € HE3aMEPEUHUM J0Ka30M
y4acTi KMCHIO TIOBITpPs B peakiii HaQToXiHOHIMIHY 1 3 apOMaTHYHUMU aMiHaMH, Tapa-
JIENIBHO 3 Y4acTIO BUXIHOTO XiHOHIMIHY 1, B pe3yJbTaTi 4oro B peaklifHOMY pO3uHHi
BUSIBIISIETHCS BiTHOBNIEHA popMma 3 XiHOHIMIHY 1.

[TonibHe sBUIE crIOCTepiraeTbes Takok B peakiii N-apuicynbdonin-1,4-nadro-
X1HOHIMIHIB 3 apoinrigpasunamu [7]. HezamimeHi B xiHoinHOMY si1pi HAPTOXIHOHIMIHU
5 3 anunrigpasuHaMU pearyroTh 3a cXeMoo 1,4-pueaHaHHs, IPOTE 3 peakuiiHoi Macu
Oyno BUIIICHO POIYKTH OKUCHEHHS 7 (cxeMma 3):

VY 3B’43Ky 3 THM, 1[0 B IAaHOMY BHUIIAJKY, HA BIAMIHY BiJ peakuii 3 apoMaTHUYHUMU
amMiHaMu, B peaKIiifHii CyMillll He BUSIBICHO NIPOAYKTIB BiJHOBJICHHSI BUX1THUX X1HOHI-
MiHIB — 4-apuicynab(oHinamino-1-HahToniB, €MHUM MOSICHEHHSM YTBOPEHHS XiHOHI-
MiHy 7 Oynia y4acTh B Ipolieci KUCHIO MOBITPsl, MPOTE JI0Ka3iB LbOTO HE OyJI0 HaBEIEHO

[7].
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i i
NHNHC-Ar' NHNHC—ATr'

0
I 0
ArSO,N —O+H2NNHC—Ar'—> ArSO,NH Q OH  |=—==AISO,N 6 0
[H]
5 6

a-1 Ta-1

Ar=CH, (a—f), 4-CH,CH, (g-1); Ar' = C,H, (a, g), 2-HOC H, (b, h), 3-CIC H, (c, i), 4-CIC H, (d, ),
4-NO,C H, (e, k), 4-CH,0C H, (£, 1)

Cxema 3

XiHOHIMIHM 7 BiIHOBIIOBAJIA JTUTIOHITOM HATPil0 Y BOAHO-aMIaYHOMY CEpPEIOBHIII
JIO BIATIOBITHUX aMiHO(EHOIIB 6, SIKi IIIBUKO OKMCHIOBAIMCH HA TIOBITPI 10 BUX1THOTO
xiHoHiMiHy 7. IIpu crpo6i iX nmepekpucTamizariiii 3 1-0yTaHoNy HE3MIHHO BHJIIJISUTHCH
xiHoHiMiHH 7 [7]. Lle € moka3oM y4acTi KHCHIO B peakilii Ha)TOXIHOHIMIHIB 5 3 aruiri-
npasuHaMu. O4eBHIIHO, 1ie OB’ s13aH0 3 Nyke Hu3bkuM OBII XiHOHIMIHIB 7.

3 METOI0 MiATBEPAKCHHS I[bOT0 NpUIyIIeHHs Hamu BuMipsiHi OBII xiHOHIMIHIB 7.
Hawm Branocst BUAITUTH B iHEPTHOMY cepeIoBUIII aMiHOHA(TOIH 6.

Hna Busznauenns OBII meTomom mpsiMoi MOTEHIIOMETpPii BUKOPUCTOBYETHCS SIK
OKHCHEHa, TaK 1 BiTHOBJICHA (popMa CHONYK, TOOTO HAPTOXIHOHIMIH 1 BIIOBITHHI aMi-
HOHadTOIN [8].

VY 3B’s3KY 3 HECTIHKICTIO BiJTHOBIIEHOT hopMu y pasi mapu 6/7 (cxema 4): HEeMOXKITH-
BO MIPHUTOTYBATH PO3YUHH 31 CTPOTO BU3HAYCHOIO KOHIICHTPAIII€IO.

(0]
Il Il
NHNHC —Ar' NHNHC—ATr'

-2e, -2H"
ArSO,NH OH =——= ArSON 0
+2e, +2H"
6 O 7 O

Cxema 4

Hamu BuKopHcTaHa TiTbKH BiIHOBICHA ()OpMa, SIKA OKHUCHIOETHCS B OCEPEAKY
KHCHEM TIOBITpS IPOTATroM Onmu3pko 1,5 romuam. [Ipm mpoMmy peecTpyBaBCsl OKHCHO-
BIJIHOBHHH IMOTEHIIIAJ IO MOMEHTY HOro cTabiizaiii, o CBiYHUIIO0 PO TTOBHHM ITepe-
X111 BiAHOBIIEHOI (hopMH 6 B OKHCHEHY 7.

OBII OB-enexrpona O, + 4H" + 4e == 2H,0 npu pH = 7 ckmanae +0,815 B, mo
3HauHo Bume OBII xiHowiminiB 5 (manpuxiang OBII N-4-tonincynsdonin-1,4-
Ha(TOXiHOHMOHOIMIHY HopiBHIOE +0,660 B [9]), 0Tke KHCEeHb MOBITPSl B yMOBaX Mpo-
BEJICHHSI peakilii mux Ha(TOXIHOHIMIHIB 3 apoiNriipa3uHaMH € €JIMHUM OKHCHHKOM,
SIKFH OKHCHIOE TIPOAYKT 1,4-TpreaHanHs 6, 0 YTBOPIOETHCSI.
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MeToro 1aHoi poOOTH € BUBYCHHSI OKUCHO-BITHOBHHUX ITPOIIECIB B peakilisx N-apui-
cynb(oHiI-1,4-HaPTOXIHOHIMIHIB 3 apOMAaTHYHUMH aMiHAMU Ta apoiNriipa3uHaMH Ta
BHU3HAYCHHS OKUCHO-BITHOBHUX IOTEHINAJIIB TPOIYKTIB IPUETHAHHS.

MATEPIAJIN I METOAN JOCJIAKEHHS

N-Apuiacyiabdonin-2-apoinamino-1,4-nagroxiHoHiMiHu 7 CHHTE30BaHO 3a Me-
Toaukor0 [7]. XapakTepUCTHUKH CUHTE30BAaHUX CIONYK BiANOBiAIOTH JIiTEpaTypHHM
naHuM [7]. [4 cniekTpu CHHTE30BaHUX CHONYK 3amucyBanud Ha crekTpomerpi UR-20
B TabneTkax KBr. AHamii3 4MCTOTH JOCTIKYBaHUX CHOTYK MpoBoauin MetoxoM TIIX
Ha maactuHax Silufol UV-254. B sikocTi po3UYMHHHKA BUKOPUCTOBYBAJIN XJIOPOGOPM,
CIIIOEHT — CUCTEMa PO3UMHHMKIB OeH3eH-TekcaH, 10:1. IIposB YD-cBiTiom.

BinnoByieHHs1 HAQTOXiHOHIMIHY 2.

Jo cycnensii 10 monb HadroxiHOHIMIHY 2 y 10 MJI KpryKaHOi €TaHOBOI KHCJIOTH
nonasanu 1,2-10° Mok TUTIOHITY HaTpilo, peakiiiiHy cyminn HarpiBaiu. Peakitito rmpo-
BOJWIHN y atMocgepi a30Ty. Po3unH mocTynoBo 3HeOapBIIOBABCS ajne Maibke oapasy
IpuitMaB MepBiCHUI KOJip, TP OXOJIO/DKEHHI YTBOPIOBABCS BUX1THUH HA(TOXIHOHIMIH.

AHaNOTiYHO MPOBOAWIN BiAHOBICHHSA HA(QTOXIHOHIMIHY 2 Zn-TIUJIOM y KpHXKaHil
eTaHOBIil KUCIOTI.

Binnosyienns HaTOXiHOHIMIHIB 7a, g, j.

Jo cycnensii 10 monb HadroxiHOHIMIHY 7 y 10 M KpHyKaHOI €TaHOBOI KHCIOTH
nonaBanu 1,2-107 Mosp auTioHITA HaTpito, peakiiiHy cyMimn HarpiBamu. Peakiito ta
MOJIAJNbIIII oreparlii mpoBoMIIK Y atMocdepi a3oTy. Po3unH moctynoBo 3He0apBIIOBaB-
Csl Ta MIPH OXOJIOKEHH1 YTBOPIOBABCS 0cajl 0EKEBOTO KOJIbOPY, SIKUH BiA(iIBTPOBYBa-
JIM Ta IPOMUBAJIHM KPUKAHOIO €TAHOBOIO KUCIIOTOIO Ta BOJOI0. 3 (pibTpaTy J0AaTKOBO
BHCA/KCHHSIM BOJIOI0 OTPUMAHO 0caj 0exeBoro konsopy. [IpoayKT BinHOBICHHS epe-
KPHCTATI30BYBaIM 3 KPUKAHOT €TAHOBOI KUCIIOTH 3 J0JaBAHHSAM HEBEJIMKOI KUIBKOCTI
JUTIOHITY HaTPil0, HAIJIMIIOK SKOTO BiIMUBAJIH BOJIOI KIMHATHOI TeMIIEpaTypH.

XapakTepUCTUKU ~ CUHTE30BaHUX —cmonmyk: 6a: t =197-198 °C  (poski.);
6g:t =183-184 °C (po3ki.); 6j: t_=206-207 °C (poski.).

JU1s cCUHTE30BaHMX BiAHOBICHUX (GOpM 6a, g, j BUMIPIOBABCS OKHCHO-BiTHOBHUI
MOTEHITia] B POIIECi X TOBIJIbHOTO OKUCHEHHS KUCHEM IMOBITPS METOAOM MPSMOI T0-
TEHI[IOMeTpil (BapiaHT cepelMHHOrO MOTEHITiaNY).

B sixoCTi pO3UMHHNKA BUKOPUCTOBYBAJIN KPHUKAHY €TaHOBY KHCIIOTY, a B SIKOCTI (po-
HOBOT'O €JIEKTPOJIITY — anerar Harpito. O0uaBa — kBasiikaiii He HUKYE «X.4.» Ta Oynn
JIOJaTKOBO 3HEBOIHEHI.

BumiproBanns OBII npoBogunn B kprxkaHiii eTaHoBii kucioTi Ha ¢oni 0,5 M 6e3-
BOJIHOTO allerara Harpilo, 3 KOHIEHTpaLi€lo cuoiyk 6 ~2,5%10° Moib/1 HACTYIHUM
YMHOM: JI0 HABaXKKU JOCHIKyBaHOI pEUOBUHHU 64, g, j Y CKIOBYITICIIEBOMY CTaKaHIH-
Ky 06’emom 50 mu (Mapxu C-2000 BupoOHHITBa HOBOUEpKACHKOTO BYIIEIIEBOTO 3a-
BOJY), SIKHH CITy>)KUB 1HIUKAaTOPHUM (BUMIpPIOBAILHUM) €IEKTPOIOM, Aoaasaiu 10 mi
0,5 M po3unHy 0€3BOHOrO alieTara HaTpilo B KpHUKaHil €TaHOBIM KHUCIOTI 1 Bipasy x
nounHanu BuMiptoBarHst OBII npu nepeminryBanHi 3a Temneparypu 25°C, peecTpyto-
gy 3Ha4eHHs1 OBII 3 inTepBanom 15 ¢ Ha moOYaTKy €KCHEPUMEHTY 1 10 5—7 XB. HAIpH-
KIHII 0 BCTAHOBJICHHS MPAKTHYHO MOCTIHHOTO HOro 3Ha4eHHS (B IIOMY Maibke 10
1,5 rogunm).
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Perictpamiito OBII mpoomgmmu 3a gomomororo pH-merpa AD1000 (ADWA
Romania). EnexTpomom mopiBHSHHS CIY)KUB MPOTOYHUN HACHYCHUH XJIOPUICPIOHHIA
enekrpon OBJI-1M3. 1llo6 yHukHYTH TIoTparuisiHHs BojgHOro po3unHy KCl B cucre-
MY, IO JIOCIIKYBaJIaCh, €ICKTPOJ TOPIBHSHHS MOMIIIAIU B €ICKTPOJITHIHHHA KITFOY
MTHUC 5.130.008 (I'omenbckuii 3aBOJT BUMIPIOBAIIbHUX TPWIIaIiB, bemapycs), 3aroBHe-
Hui 0,5 M po34rHOM arierarta HaTpiro B KPHKaHIH eTaHOBIH KHUCIIOTI.

PE3VJIBTATH JOCJIAXKEHHS TA IX AHAJI3

[IpoBeneHO BH3HAYEHHS OKUCHO-BITHOBHHMX IIOTEHINIANiB TaJIbBaHIYHUX TMap:
N-apuicyns¢onin-2-apoinamino-1,4-nadroxinonimin —N-apuicynbdonin-2-apoin-
amizno-1,4-aminonadroin (cxema 5):

i i
NHNHC —Ar' NHNHC—ATr'

6 7

Cxema 5

s Busnadenns OBII BuxopucToByBanach TiNBKH BiTHOBIEHA (GopMa, SKa OKHC-
HIOETBCS B OCEPEIKY KHCHEM MOBITPSI MTPOTATOM ONHU3BKO 1,5 TOAMHM (PHCYHOK).

430 . E,mB
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Pucynok. OKHCHO-BIIHOBHUI MMOTEHIIIAJ TPOIIECY OKHMCHEHHS aMiHOHA(TOMNA 6]
110 HaTOX1HOHIMIHY 7j

Figure. Redox potential of the oxidation process of aminonaphthol 6j
to naphthoquinoneimine 7j
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MaremaTtiuHy 00poOKy pe3ysibTaTiB BUMIPIOBaHb MPOBOJMIM 32 JOITOMOTOK TPO-
rpamu Excel makety Microsoft Office.

OBII raneBaniyHOi mapu HadTOXiHOHIMIH (6)—amiHOHadTON (7) BU3HAYAH, SIK
CepeaHE 3HAYECHHS MK MmoTeHuianom E ., AKkuii BCTAaHOBIIOBABCSA B CHCTEMI TIPH T10-
BHOMY OKHCHEHHI BHXIJJHOI pEYOBHHH, TOOTO KOJIM B CUCTEMI 3aITUIIAETHCS JIUIIE Ha-
¢roxinonimin 7, i norenmianom E ., o peecTpyBaBcs Ha MOYATKy NPOLECY B CUCTEMI
3 BiJTHOBJICHOIO ()OPMOFO — BIJIMOBIAHUM aMiHOHA(PTOIOM 6, B IIbOMY 1 TOJISITAE METOJ
MPSIMOT TOTEHITIOMETPIT y BapiaHTI CEPEAMHHOTO IMOTCHIIIATY.

B tabmuni npeacrapneHi pe3yabTaTH BUMIPIOBAHHS, SIKi HABEJCHI BIJIHOCHO CTaH-
JAPTHOTO BOJHEBOTO €JICKTPOJa. 3BEpTalOTh Ha cebe yBary ayKe HHU3bKi 3HAuCHHS
BennunH OBII, 3aBAsIKM 9OMY CTa€ MOKJIMBHM IPOIIEC OKUCHEHHS aMiHOHA(TONIB 6
KHCHEM TIOBITpSI.

Taouus
OkucHO-BiIHOBHI noTeH1iaJu nap amiHoHadTo1-HAdTOXIHOHIMIH: 6a/7a, 62/7g, 6j/7]
Table
Redox potentials of aminonaphthol-naphthoquinone pairs: 6a/7a, 6g/7g, 6j/7j
TlaabBaniuna napa: nagroxinoniMin/aminonagTon E',, mV
7a/6a 371
Tg/6g 347
7i/6j 346
BUCHOBKH

Bu3HaueHO OKMCHO-BITHOBHI ITOTEHITIAIM MPOAYKTIB peakilii N-apuicynbhoni-1,4-
Ha(TOXIHOHIMIHIB 3 apoiiriapa3uHamMu. BcTaHOBIIEHO, 10 KUCEHB TOBITPS B YMOBax
MIPOBEJICHHS PeaKIlii UX Ha(QTOXIHOHIMIHIB 3 apOUITiApa3sHHAMH € €JUHUM OKHCHH-
KOM, SIKHI OKHCHIOE MPOAYKT |, 4-nipueHaHHS, B PE3y/IbTaTi YO0r0 YTBOPIOETHCS HOTO
MPOAYKT OKMCHEHHS— BIIIMOBIAHUNA HAPTOXIHOHIMIH. BU3HAUCHHS OKHCHO-BITHOBHHMX
MOTEHITIATIB MPOBEICHO METOOM MPSMOT MOTCHIIIOMETPIi y BapiaHTi CepeIMHHOTO T10-
TEHITIaTy.

CIIUCOK JIITEPATYPH

1. Asoeenko A.11., Konosanosa C. O. XiHOHIMIHH: BiJl IPOTUPAKOBHUX MPENAPATiB 10 MOJICKYIISIPHUX KOMIT FOTEpIB.
Moworpadis, Kpamaropesk, 2018.— 516 ¢. ISBN978-617-7415-40-3.

2. Jlucenxo O.M. CuHTE3 NOJIi- Ta FeTePOLUKIIYHNX CIOTYK Ha 0CHOBI N-3amimienux 1,4-0eH30XiHOHMOHOIMIHIB.
Agroped. auc. kaHj. XiM. Hayk, J{Hinpo, 2020.— 27 c.

3. Asoeenko A.11. AkTHBOBaHMI CTepHYHO HanpyxeHuii 38’130k C=N B N-3aMmillleHNX N-XiHOHIMiHaX. ABTOped.
JIC. JIOKT. XiM. Hayk, J{Hinpo, 2020.— 52 c.

4. Tumos E.A., Asédeenko A.11. Bzaumoneiicteue N, N’-6ucapui(ankun)cyabhoHmi- | ,4-XHHOHIMUMIHOB C AUaj-
kuindocduramu // Kyph. opran. xumun.— 1973.—T. 43, Ne 8.— C. 1686—-1691.

5. Aeoeenxo A.IL, Tumos E. A. Peaxuus N-apeH(ankaH)cyabHOHHI-I-XHHOHMOHO- U -JTHUMHHOB ¢ TPHAIKHI(OC-
¢uramu // Kypn. opran. xumun.— 1974.— T. 44, Ne 5.— C. 1032-1038.

6. Tumos E.A., bypmucmpos C. H., ITodo6yes I A. BzanmoneiictBre N-apeHCyib()OHMIXMHOHUMHUHOB C TIEPBUY-
HbIMM amMuHamHu // KypH. opran. xumun.— 1972.—T. 8, Ne 4.— C. 821-825.

7. Aeoeenxo A.Il., Eeepagosa H.H. Peaxuns N-apuicyabhoHUI--HAQTOXHHOHUMHHOB C alHITHAPa3HHAMEI
// XKypH. opran. xumun.— 1987.— T. 23, Bpi.5.— C. 1060—1063.

60



Okucno-6ionosni npoyecu 6 peaxkyisax N-apuncynvghonin-1,4-nagpmoxinoniminis 3 nykneogpinamu

8. Asoeenro A.Il, Xonmosou I0.11., Konosanosa C.QO., HOcina I'JI. Crioci6 BUMIpIOBaHHS OKHCHO-BIJHOBHUX
noteHnianis N-3aMilenux n-xinouiminis // [larent Yipainu Ne 142060, 3assn. 21.11.19, omy6m. 12.05.2020.
Brom. Ne 9.

9. FBenos A.B., Huusonooa B.M., Konoosocuviii M.B., Bypmucmpos K.C., Bymwvipuna T E., Mypawe-
6uy B.B. OKHCITHTENBHO-BOCCTAHOBUTENIBHBIC TOTCHIMAIBI XHHOMIHBIX CHCTEM XWHOJIMHOBOTO psja // Bo-
MPOCHI XMMUH U XuM. TexHoi.—2017.—T. 1.— C. 4-10.

Crartsa Hagiiuoia qo penakmii 29.06.2021

A.II. ABneenxo, 1O.I1. Xoamooii, A.JI. FOcuna

JlonOacckast rocyapCcTBeHHAsI MAIIMHOCTPOUTENbHAS akajeMust, kKadenapa XuMuu
W OXpaHBI TPy, yi. Akanemudeckas, 72, Kpamaropck, 84313, Vkpanna,

e-mail: chimist@dgma.donetsk.ua

OKHNCJIUTEJBHO-BOCCTAHOBUTEJIBHBIE
INPOLNECCHI B PEAKIIUAX N-APUJICYJIb®OHNJI-1,4-
HA®PTOXUHOHUMHUHOB C HEKOTOPBIMHA
HYKIIEO®HUJIIAMMU

Peaxnust N-apuicynbdonm-1,4-Had TOXHHOHIMHHOB ¢ apOMaTHYECKUMH aMHHAMH U apOHII-
TUApa3suHaMH [IPOTEKaeT Mo cxeme |,4-mpucoeinHeHus], OHaKO B KaueCTBE MPOAYKTOB pe-
AKIMU BUJICIISIOTCS] OKHUCIICHHBIE TIPOTYKTHI IpHcoeanHeHws. OKHCINTENIeM MOXKET OBITh KaK
MCXOJHBIIT HAQTOXMHOHUMHH, TaK U KUCIIOPOJ BO3yXa. B xoz1e MccienoBaHuii ycTaHOBIEHO,
9TO KHCIIOPOJ BO3AyXa B YCIOBHAX MPOBEACHUS peaknud 1,4-Ha TOXHHOHUMHHOB C apOHII-
TUApa3suHAMU SIBISIETCS €MHCTBEHHBIM OKUCIIUTEIEM, KOTOPBIN OKUCIAET MPOAYKT 1,4-mpu-
coeMHEHHs. DTOT (PAaKT JO0KA3aH N3YyIEHHEM OKHCINTEIEHO-BOCCTAHOBUTENBHBIX TOTEHIN-
anoB. 3MepeHne OKUCITUTENbHO-BOCCTAHOBHTENBHBIX MOTEHIINAIOB IPOBOIUIOCH METOIOM
TIPSIMOM TOTEHIIMOMETPHH (BapHAHT CEPEANHHOTO MOTEHIINAIA).

KiaroueBble ciaoBa: Haq)TOXI/IHOHI/IMI/IH, aMI/IHOHa(i)TOH, OKHCJIUTEIILHO-BOCCTAHOBUTEIILHBIA
MOTEHIHAJl, METO/] HpﬂMOﬁ MOTCHIIMOMETPUHU B BAPHUAHTE CEPEANHHOIO IMOTCHIIMAJIA.

A.P. Avdeenko, Yu. P. Kholmovoi, A. L. Yusina
Donbas State Engineering Academy, Department of Chemistry and Labor Protection,
Akademichna str., 72, Kramatorsk-13, 84313, Ukraine; chimist@dgma.donetsk.ua

REDOX PROCESSES IN THE REACTIONS
OF N-ARYLSULFONYL-1,4-NAPHTHOQUINONEIMINES
WITH CERTAIN NUCLEOPHILES

Quinone-hydroquinone pairs are prototypes of organic redox systems, and studies of the
electrochemical behavior of these compounds are of great interest for research. Electrochemical
behavior associated with the equilibrium of electron-proton transfer provides information
about the molecular structure and environment of the process. Apart from chemical aspects,
quinones play an important role in the biochemistry of living cells. Quinone derivatives, used
as drugs for several types of human cancers, have been found to have their biological activity
related to their redox behavior. Quinoneimines-aminophenols form similar pairs.
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In nucleophilic addition reactions of N-substituted p-quinoneimines, parallel redox
processes are often observed, and the higher the redox potential of quinoneimine, the
greater the likelihood of such processes. Naphthoquinoneimines with aromatic amines and
acylhydrazines follow the scheme of 1,4-addition, but as reaction products are oxidized
products -4-arylsulfonylamido-2-arylamino(2-aroylamino)-1,4-naphthoquinoneimines. The
oxidant may be the original naphthoquinoneimine and oxygen. Studies have shown that
oxygen in the reaction of 1,4-naphthoquinoneimines with acylhydrazines is the only oxidant
that oxidizes the product of 1,4-addition, as evidenced by the study of redox potentials. Both
oxidized and reduced form of the compounds, as naphthoquinoneimine and the corresponding
aminonaphthol, are used to determine the redox potential by direct potentiometry. Due to the
instability of the reduced form in the case of the pair naphthoquinoneimine-aminonaphthol,
we used only the reduced form, which is oxidized in the cell by oxygen. The redox potential of
the naphthoquinoneimine-aminonaphthol galvanic pair was determined as the average value
between the potential E__, which was established in the system upon complete oxidation of
the starting substance, that is, when only naphthoquinone imine remains in the system, and
the potential E__ , which was registered at the beginning of the process in the system with the
reduced form — the corresponding aminonaphthol. This is the method of direct potentiometry
in the variant of the middle potential.

Key words: naphthoquinonimine, aminonaphthol, redox potential, direct potentiometry
method in the middle potential version.
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NOTEHUHIOMETPUYHE BUBUEHHS KIHETUKU TA
MEXAHIZMY ®OPMYBAHHSA HAHOYACTUHOK CPIBJIA,
CTABUII3OBAHUX CUHTETHUYHHUMU ®YJIbBATAMHU

CHHTE30BaHO HAHOYACTHHKH Cpidia y peakiii BiTHOBICHHS Ag' 10HIB CHHTETHIHUMH (YITb-
BOKHCIIOTaMH, OJIep)KaHNMH 3 KBepueTHHy. CriekTpaibHi Ta MOP(OJIOTiYHI XapaKTepPUCTHKH
oJiepy)KaHNX HAHOYACTHHOK JIOCIIIPKEHO METOIOM CIIEKTPOCKOMIT y BUIUMIN 00JacTi Ta Me-
TOZIOM peHTreHiBchKol andpaxuii. Kinerrka ta MexaHi3M (opMyBaHHS HAHOYACTHHOK cpibiia
OyJ7I0 TOCTIIKEHO METOAOM MOTEHIIOMETpil, KU NO3BOJSE 3IMCHIOBATH Oe3rocepenHii
i HemepepBHHMH KOHTPOJb BHTpaTH HOHIB cpibma B mporeci cuHTe3y. BcraHoBieHo, 1o
MEXaHi3M Mpolecy 3ajJeXuTh BiZl pH cepenoBuina. 30kpema, MpH BUCOKUX 3HAYEHHSIX pH
peakILiifHOro cepeIoBHIIa Ma€ MiCIle TeTepOreHHUIT MeXaHi3M, B TOH Yac sIK pyu HU3bkux pH —
roMoreHHuii. ['ereporeHHni MexaHizmM (pOpMyBaHHS HAHOYACTHHOK CPibia XapaKTepU3y€eThCs
HasBHICTIO TPHOX CTajlil, 30kpema: 1) popmyBanHs MikpodacTuHOK Ag O miciis 3MilTryBaHHs
peareHTiB, 2) BiTHOBICHHS Ag' i0HIB CHHTETHYHHMH (YIbBOKHCIOTAMH 3 KBEPLUETHHY Ha
TIOBEPXHi yTBOPEHUX MikpodacTHHOK Ag O, sIKi € TeTepOreHHUMHU LICHTPaMHU HyKJIealii (1ana
CTaJlisl ONHCY€EThCS KIHETUKOIO HYJIBOBOTO MOPSIIIKY), 3) BiIHOBICHHS Ag" 10HIB 3 pO3YHHY Ha
TOBEPXHI HAHOYACTUHOK CPibyia Mic/s MOBHOTO PO3YMHEHHs MikpodacTHHOK Ag,O (1aHuit
MIPOIIEC ONMUCYETHCS KIHETHKOIO MEPIIOTo MOpsIKy Mo Ag'). Po3paxoBaHo akTUBallifHI mapa-
METPH JUIs Pi3HUX cTaliil JopMyBaHHS HAHOYACTHHOK cpibia. [IpoBeneHo noTeHioMeTpuaHe
JIOCITI/DKeHHS BIUIMBY CTYIEHS aepalii cepejoBHINa Ha rpoiec (opMyBaHHS HAaHOYACTHHOK
cpibia.

KorouoBi cioBa: moreHmiomerpis, HaHOYaCTHHKH cpibiia, CHHTETHYHI (YJIbBOKHCIIOTH,
MeXaHi3M, KIHETHKa

BCTYII

HanovyactuHkM cpibna € OHUMU 3 HAWOLIBII BUKOPUCTOBYBAaHUX HaHOMATEpialiB
3aBJISIKU X aHTUMIKPOOHUM BIIACTHBOCTSIM, BUCOKIH €JIEKTPONPOBIHOCTI Ta ONTUIHHM
XapaKTepUCTHKAM. B IiJioMy, HAHOYaCTHHKH METaJliB MOXKYTh OyTH OTPHUMaHIi sIK (i3nd-
HUMH, TaK 1 XIMIYHIMH METOJIaMH, OJTHAK HaHOUIBIIOTO MONMIMPESHHS HAOYB XIMIYHHMA
X1, SIKAH TI0JISATae y BITHOBJICHHI 10HIB METaJIiB PI3HOMAHITHUMH BiTHOBHUKaMH 5K
OPraHiYHOTO0, TaK 1 HEOPTaHIYHOTO TOXOKeHHs [ 1, 2]. st cTabini3alii HAHOYACTHHOK
BHKOPHCTOBYIOTH TIOJIIMEPH, JIITaH I, TBEP/IY MATPHIIO Ta TOBEPXHEBO-aKTUBHI PEYOBH-
HU [3]. [lepcIeKTUBHUMU B1THOBITIOIOYMMH Ta CTAO01TI3yFOUMMHU areHTaM1 € CHHTETUYHI
TYMIHOBI PEYOBHHU (TYMIHOBI Ta (DyJTBBOKHCIOTH), SIKI BOJIOMIFOTh IIJTUM KOMIUIEKCOM
[IHHUX TEPaNeBTUYHHUX BIACTHBOCTEH 1, B MOEIHAHHI 3 YHIKAJILHUMH BIACTUBOCTSIMH
METaJIYHOTO SI/IPa, 03BOJSITh OTPUMATH MPOAYKT 3 MOCUICHUMH OITHYHUMH Ta Tepa-
MEBTUYHUMHU BIACTUBOCTSAMU [4, 5]. UuCIeHH] OCTIKeHHS MOKa3ajd, o Ha po3Mip,
MOpP(hOJIOTit0, CTIMKICTD 1 BIIACTUBOCTI METAIYHUX HAHOYACTHHOK 3HAYHO BILIMBAIOThH
YMOBH €KCIIEPUMEHTY, KIHETHKa B3aEMOJIIi 10HIB METAJIiB 3 BIIHOBHHKAMH Ta TPOIIECH
aIcopOIIil cTabiIi3you0r0 areHTa Ha HaHOYACTHHKAX METaliB. Y 3B’S3KY 3 IIMM, BH-
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BUEHHSI 3aKOHOMIpHOCTEM YTBOPEHHS HAHOYACTHHOK Cpi0ja B pO3YMHAX CHHTETHYHUX
TYMIHOBHX PEYOBHMH IIPH 3MiHI YMOB CHHTE3Y, JOCKOHAJIE 3HAHHS KiHETHKH Ta MeXa-
HI3My SIK CaMOTO €JIEMEHTAPHOIO aKTy MPOIECY BiIHOBJIEHHs, TaK 1 HACTYIIHUX CTaIil
POCTy, arperyBaHHs Ta KOAryJsilii YaCTHHOK, Oy/ie CIIPUATH CTBOPESHHIO TEXHOJIOTIT Ha-
MPABJICHOTO OJICP)KAaHHS HaHOMATEpialiB i3 3aJIaHUMK KaTATITUHYHUMHU, ONTHYHUMH Ta
TEPaNEeBTHYHUMH BJIACTUBOCTSIMH.

B nmaniii po6OTI POJEMOHCTPOBAHO MOYJIMBICTh BUKOPUCTAHHS 10H CEJIEKTHBHUX
CNIEKTPOIB TS TOCII/DKCHHS KIHETHKH Ta MEXaHi3My peakilii BiTHOBICHHS Ag" HOHIB
CHHTETHYHUMH (DyJIbBATAMH.

MATEPIAJIN I METOAU JOCJIAKEHHSA

Jliis ipoBeieHHsI TOCITIKSHHS OyJIM BUKOPUCTaH1 HacTymHi peaktuBu: NaOH (x.4.),
HCI (x.4.), HNO, (x.4.), AgNO, (x.4.), KBepueTnH (X.4.), Kationit KY-2-8, mosnexynsp-
Huii kucenb O, (omepxysanu enekrponizom 20% posunny H, SO, 3 matnHOBEM aHo-
1oM), OiguctiiboBana Boaa (~2:10° Cm/cm).

CuHTeTHYHI (yIHBOKUCIOTH OACPKYBAIN IUISTXOM OKHCHEHHS KBEPIUTHHY MOJICKY-
JISIPHAM KUCHEM Yy JIY)KHOMY CEPEOBHIII 32 METOUKOK OTIMCAHOI0 B [6].

HanowacTuHkM cpibna ofepKyBalld IIISXOM 3MIITyBaHHS aJliKBOTH PO3YHHY, IO
MIiCTUTh 30 MI' CHHTETHYHHX (DYJTBBOKHCIIOT 3 KBepueTuHy, 1,5 Ma 1 M po3unny NaOH
Ta IMCTUIILOBAHY BOJY JI0 3arajbHOT0 00’ eMy 66,5 Mil. PeakiiitHy mocyiuHy moMimmaim
y HarpiTHii 10 3aJ]aH01 TeMIeparypy BOIsHUI TepMocTart. [Ipu iHTEHCUBHOMY TIepeMi-
myBanHi fonasanu 3,5 mi 0,2 M posunny AgNO.,.

CriekTpy TOTJIMHAHHS 3HIMaIM Ha criekTpodoromeTpi CD-26, B mianazoni 300-600
HM B KIOBETaX 3 TOBKHHOIO ONITHYHOTO MULIXY /= 1 cM.

PentreniBebki  audpakTorpaMu CHHTE30BaHMX HAHOYACTHHOK Cpi0jia 3HIMa-
JM 32 METOAOM IIOPOIIKY Ha peHTreHiBchbkomy audpakromerpi JIPOH-2 3 Fe, -
BunpomintoBanHaM (A, = 0,19360 um) B mianasoni kytis 20 = 20-120°. {uppakrorpamn
3HIMAIIUCh TI0 TOYKax 3 KpokoM A20 = 0,1° mpu yacoBi HAKONIMYCHHS Yy KOXKHIA TOY-
i 8 cekyHa. Po3paxyHOk cepeHiX po3MipiB HAHOYACTHHOK MPOBOIWIN 32 (DOPMYITOI0
[eppepa [7]:

0,89-A

D= =, ()
cos(0)-y A7,

ne D — cepenniil aiameTp 4acTHHOK (HM), A — TOBXKHMHA XBUJI1 3CTOCOBAHOTO PEHTI€HIB-
CHKOTO BHIIPOMIHIOBAaHHA (HM), c0s(0) — KocHHYC KyTa, f§ — HamiBIIMpHUHA qudpaxmiiHoi
JiHIT IOCITIKYBAaHOTO 3paska (pajn), ff, — HamiBIMpPUHA AM(PAKUIHHOT JTiHii cTaHaapTy
(pan).

EnexTpoHHO-MIKpOCKOMIYHI JOCHIPKEHHS MPOBOIMINCS HA MPOCBITYIOUOMY EJICK-
TpoHHOMY Mikpockori JEM-200A ¢ipmu “JEOL” (SInmonist) mpu npuCKOpIOBaNIBHIN Ha-
npy3i 200 xB. IIpu npoGomiaAroToBui AOCHiAXKYBaHUN PO3YHH AUCTIEPTYBAIN HA BYTiIb-
HY MIJUIOKKY 3a JOTIOMOTOIO YIBTpa3ByKoBoro aucnepraropa “Ultrasonic Disintegrator”
UD-20.

IToTeHiiomeTpryHe TOCTIIKEHHS Mpouecy (OpMyBaHHS HAHOYACTHHOK Cpibia mpo-
BOIWIM Ha ioHOMepi EB-74 3 enexTpoIHOI CHCTEMORO, IO CKJIananacs 3i CKISHOTO
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pH-MeTpuuHOTrO enekTpoay, cpiOHOTO 1HIUKATOPHOTO Ta apreHTYM-OKCHIHOTO EJICK-
TpOay MopiBHAHHSA. HeoOXiqHICTh BUKOPUCTAHHS apTeHTYM-OKCHJIHOTO €JIEKTPOJTY I10-
PIBHSIHHSI BUKJIMKaHa THUM, 11O CTaHIapTHI exektpoan tuny OBJI € mxepenom xmopua-
10HIB, IPUCYTHICTH SIKUX Y PEAKIIIHHINA CYMIIII HE JIOMYCTHMA.

PE3VYJIBTATH TA iX OBTOBOPEHHSA

Hanowactunku cpibna ogepikaHO XiMiYHMM METONIOM, IIJISXOM BiJHOBJIECHHS Ag'
HOHIB CHHTETHUHHMHU (DyTbBOKHCIOTAMH, OTPUMAHUMH OKHCHEHHSAM KBEPLETHHY.
ArperatuBHa CTIMKICTh TAKMX HAHOYACTHHOK B PO3YMHI MOSICHIOETHCS HAsIBHICTIO HA iX
MOBEPXHI XeMOCOPOOBAHUX MOJIEKYJl CHUHTETHUHHX (YIbBOKUCIOT, SIKi 3a0€3MeUyIOTh
CTepUYHE BiJIITOBXYBaHHS MK YaCTMHKaMHu. KpiM TOTO, OCKIJIbKM CUHTE3 HAHOYACTH-
HOK TIPOBOJUTHCSA B JIY’)KHOMY CEPEIOBHIII, TO arperaTiBHa CTiHKICTh 0OYMOBIIOETH-
Csl TAKOXK EJICKTPOCTAaTUYHUM BiIIITOBXYBaHHS MK YAaCTMHKAMH 3a PAaXyHOK 10Hi3awii
B JIy’)KHOMY CEepeIOBHUINI KapOOKCHIBHUX Ta (PEHOIBHUX TPYI, IPUCYTHIX Y CTPYKTypax
CHUHTETUYHUX (DYIBBOKHUCIOT. TaKUM YMHOM CHHTETHYHI (DyIbBOKUCIOTH Y CUHTE31 Ha-
HOYACTHHOK Cpibna BUKOHYIOTH JBOSKY (DYHKIIiIO: SIK BiTHOBHHMKA Ag” HOHIB, Tak i cTa-
0inmizaTopa yTBOPEHUX YaCTUHOK.

Hasricts cmyru normuaanHs npu 400 HM CBITYUTH PO HASIBHICTH y PO3UUHI Ha-
HOYacTUHOK cpibna (puc. 1, a) [3]. HasBHICTh 1€l cMyTru MOSICHIOETHCS SIBUIIEM I10-
BEPXHEBOTO IJIA3MOHHOTO pe3oHaHcy. KpiM Toro, 3a KiJbKiCTIO MAKCUMYMIB Ha CIIEKTP1
MOXHa 3pOOUTH BHCHOBOK PO (hopMy yTBOPEHHUX HAHOUACTHHOK. 30KpeMa, B HAIIOMY
BUIAJIKY, YTBOPEHI HAHOUACTHHKHU MAIOTh C(epHuHy (hOpPMY, OCKIIIBKH CIIOCTEPIraeThest
HasBHICTbH JIUIIIE OHOTO MakcCUMymy [3].
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Puc. 1. Cnexrp nmormmHaHHA (a) Ta eNeKTPOHHO-MIKPOCKOIIIYHI 3HIMOK (0) HAHOYACTHHOK Cpidia,
OZICP)KaHUX 3 BUKOPHCTAHHSIM CHHTETHYHHX (yJIbBOKUCIIOT 3 KBEPLETHHY

Fig. 1. Absorption spectrum (a) and electron microscopic image (b) of silver nanoparticles obtained
using synthetic fulvic acids from quercetin
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Mopdorsorist Ta po3MmoIis 32 po3MipaMyi HAHOYACTHHOK CPidiia, OJCPKAHNUX 3 BHKO-
PHCTaHHSIM CHHTETHYHUX (YJIBBOKHCIOT 3 KBEPLETHHY, Oy/in OXapaKTepU30BaHi 3a J10-
MTOMOTOI0 €JIEKTPOHHOI MIKpOCKOTIii. BcTaHOBJICHO, 1110 B YMOBaX BiJIHOBHOTO ITPOIECY
Ag" 10HIB CHHTETHYHUMH (PYJIHBOKHCIOTAMH 3 KBEPIIUTHHY yYTBOPIOKOTHCS 130JIbOBaHI
YaCTHHKH cPepudHOi (OPMHU 3 IOCHTh By3bKHM PO3IOJIJIOM 3a po3Mmipamu (puc. 1, 0),
1110 100pe y3roKy€eThCs 3 BACHOBKAMHU, OTPUMAHMMHU 31 CIIEKTPIB MONIMHAHHS OTpUMa-
HUX HAaHOYACTHHOK cpiOia.

JIy1s BCTaHOBIIGHHSI HAsIBHOCTI KPUCTAIIYHOT (Da3u B OJCpKAHOMY TPOIYKTi, THITY
KPUCTAIIIYHOT IPaTKH, ii MapaMmeTpiB Ta CEpeTHLOTO PO3MIpy KPUCTAIITIB, OyJI0 3HATO Ta
MIpOaHaIi30BaHO PEHTTEHIBCHKY JAudpakTorpamy (puc. 2).

800 -
c 111
N 600
5
=
.U
£ 400 -
:
E 200 - 200 311
'5 220

222
U T T T 1
40 60 80 100 120
20, rpag.

Puc. 2 ludpakrorpama HaHOYACTHHOK cpibia

Fig. 2. Diffraction pattern of silver nanoparticles

BuxopuctoBytoun 6a3y nanux JCPDS (daitn Ne 89-3722), Oyno BCTaHOBJICHO, IO
MakcuMyMH mipu 48,6°, 56,8°, 84,5°, 104,1° 1 110,9° Binnosinatots turomuHam (111),
(200), (220), (311) i (222). Taka cTpyKTypa € XapaKTEpPHOIO JUIsl TPAHEIIEHTPOBAHOT KY-
019HOT PeIiTKA MEeTaIiYHOTO cpidia.

3a po3mMpeHHSIM MaKCUMYMIiB, 3 BUKOpUCTaHHAM (popmysu [lleppepa Oyno po3paxo-
BaHO CEPE/IHIN JiaMeTp HAHOYACTHHOK Cpi0iia, SKHii CTAaHOBUTH 28 HM. Po3paxoBaHi ma-
paMeTpH KpHCTAIIYHOT TPaTKH, 30KpeMa cTana rpatku (a = 4,070 A) Ta mixmiommuna
BigacTanb (d = 0,2352 HM), 100pe y3ro/KyroThes 3 qaHuMu Juist ctanaapty (PDF Homep
87-0719).

[ToreH1ioMeTpUYHI 10H-CEIEKTHBHI €JIEKTPOAH € 3PYYHUM IHCTPYMEHTOM JIs 0e3-
MIOCEPEIHBOTO Ta Oe3MepepBHOTO KOHTPOIIO POCTY HaHOUACTHHOK. [lepeBaru moreHti-
OMETPHYHOTO METOY JOCIIDKSHHS 3MiHM KOHIIeHTpalii Ag" iioHiB B miporieci hopmy-
BaHHS HAHOYACTHHOK cpiOiia 0OyMOBIICH] MIBHJIKOK PEaKIi€r0, HU3BKOK BaPTICTIO Ta
HE3aJISKHICTIO BiJl 320apBIICHHS JIOCIIPKYBAHOTO PO3YrHY. OCKIJIBKU BUX1THAN CHTHAI
CpiOHOTO 10H-CENIEKTUBHOTO EIEKTPOy BiIOBIIAE JorapudmMy akTUBHOCTI Ag™ 10HIB,
Takuii Oe3nocepenHiii MOTEHIIIOMETPUYHNAN KOHTPONb 3HIKEHHI 10HIB METaly B IIPO-
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I[eCi CHHTE3Yy HaJa€ AOAATKOBY iH(OPMAII0 MPO PEakIil0 yTBOPEHHS HAHOUYACTUHOK
cpibna. CpiOHI 10H-CENEKTHBHI €JIEKTPOAU 0COOIMBO KOPUCHI /ISt OTpUMaHHA iH(opma-
i1 Ipo KiHEeTHKY IPOIECiB HA Mi3HIX CTaAisfX POCTy HAHOYACTHHOK, KOJIU KOHILCHTPA-
st Ag" 10HIB cTa€ Iyxe HU3BKOIO 1 3MiHY IX KOHIIEHTpAIlii Habararo Jeriie BU3HAuYUTU
B MOPIBHSHHI 3 iHIIMMU MeTozamH [8, 9]. Tomy owuinky piBHS Ag” Ta H' i0HIB B po3unHi
IPOTATOM Ipoliecy (OPMyBAHHS HAHOUACTUHOK cpi0iia KOHTPOJIOBAIHN 32 JOTIOMOTOI0
MOTECHI[IOMETPHUYHOTO METOTY.

Ha puc. 3 nmpeacrasneHo noreHnioMmerpuyHi kpusi pH 1 pAg six ¢yHkuii uacy B mpo-
neci opMyBaHHS HAHOYACTHHOK CPibia 3 BUKOPUCTAHHSIM CUHTETHYHHX (DyIbBOKHUC-
JIOT 3 KBEPLETHHY B PO BiTHOBHHUKA 1 cTabinizaTopa. AHAJi3 OTPUMAHUX 3aJIEKHOCTEH
CBIJJYUTH MPO CTAAIWHICTH MPOLECY.

pH
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Puc. 3. Ilorenniomerpuyni kpusi 3Minu pH Ta pAg B nipoueci BitHOBIeHHS AZ' 10HIB
CHHTETUYHUMH (YJIbBOKHCIOTAMH 3 KBEPLIETHHY

Fig. 3. Potentiometric curves of pH and pAg changes in the process of reduction of Ag* ions by
synthetic fulvic acids from quercetin

[Tpu 3mimyBanHi Ag” ioHiB 3 OH i0HaMU y IPUCYTHOCTI CHHTETUYHUX (DyJIHBATIB
crioctepiranacs TosiBa omaliecleHiii po3ynHy. Taki 3MiHH MOXYTh OyTH TOB’si3aHi
3 (hopMyBaHHSAM 3a BKa3aHUX yMOB MiKpO4acTUHOK Ag O, sIKi BUKOHYIOTh POJIb T€TEPO-
TeHHUX LEHTPIB HyKieanii. ¥ BoxHoMy po3uuHi Ag,O BCTaHOBIIFOETHCS PIBHOBAra Mix
mikpodaszoro Ag,O Tta ionamu Ag" i OH:

1/2Ag,0+H,0 <> AgOH < Ag" + OH" @)

BpaxoByrouu 3HaueHHs 100yTKY po3urHHOCTI Ag,O JIETKO PO3paxyBarH, O B CUIIb-
HO JIy’KHOMY CEpe/IOBUIII KOHI[EHTpallisl BUIbHUX Ag” 10HIB Y PO3UMHI 3HAXOAUTHCA B Ai-
anasoni Bizt 1,95-10* monw/11 10 1,95-107 monb/n1. Takum unHOM, MikpodacTuHku Ag,0
€ OCHOBHMM JiKeperoM Ag" i0HIB, sIKi YTBOPIOIOTECSI B PE3yJbTaTi X YaCTKOBOTO PO3-
YUHEHHS. B mpomeci BiAHOBIECHHS Ag" 10HIB CHHTETHYHUMH (DyJIbBaTaMHU, JIyT BUTPa-
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9a€ThCS HA OKICHCHHS apOMATHYHUX P QyITbBOKUCIIOT, IO TPUBOIHUTE 10 3MIIICHHS
piBHoBaru (1) BignosigHO 10 npuHIuy Jle [llarense B Gik 301IbIICHHS KOHIICHTPAITT
Ag" ioHiB B po3uunHi. BillTOBIHO 11€ IPUBOIUTH A0 Crafy pAg Ha IIISHI aO MOTESHITI-
oMeTpuyHOi KpuBoi (puc. 3). Takum 4MHOM, KOHILIEHTpallisi Ag" 10HIB y pO34KHI Ha MO-
YaTKy Ipolecy (popMyBaHHSI HAHOYACTHHOK CpiOia BU3HAYAETHCS PIBHOBATOIO MPOLIECY
(1) 1, oTKe, 3aJICKUTH BiJ KOHIICHTpAIIil T1IpOKCHI-HOHIB y po3uuHi. Ha naHomy erari
BiJTHOBJICHHS Ag' 10HIB CHHTCTHYHMMH (DYJIHBOKHCIOTAMH BiJIOYBAEThCS HA MOBEPXHI
MiKkpo4acTHHOK Ag,O, AKi MOCTYNOBO PO3YUHAIOTECA. BisyanbHo Ha maHii crazii cmo-
CTepiraeThCsi MOCTYNOBE 3HUKHEHHSM OMajecleHllii po3uuHy. Bapro BiazHauuTH, 110
4uM OiIble LEHTPIB HyKeanii Mikpokpucranis Ag,O, THM MeHIMH po3mip OymyTh
MaTH KiHIIeBI HAHOYACTHHKH cpioia.

ITepexin Big Ag,0 10 MeTasnivHOro cpibia 3MiHIOE BHYTPIillIHE «HABKOIMILIHE CEPEJI-
oBuIEe» BUXinHUX arperariB Ag,O i Oiibiie MONEKyI (PyIbBOKKCIOT MAKOTh TEH/IEHII0
MOKPUBATH MIOWHO c(hOpMOBaHI HAHOYACTUHKH Cpibiia 3a PaxyHOK B3aEMOJIii MAaKpOMO-
JIEKYJI CHHTETUYHHUX (PysIpBaTiB 3 moBepxHeto HaHodacTHHOK [10]. Taka Tpanchopmarris
Moske OyTH OfIHi€I0 3 MPHYMH po3naty arperatiB Ag,O. B npoueci peakuii Bee Oibiie
i 0inbie Ag,O BiTHOBIIOETHCA 110 €pibia, i, B KiHIIEBOMY BUIAJIKy, arperati Ag O Oib-
1€ He iICHYIOTh B CUCTeMi. Touka MiHIMyMy Ha MOTEHIIOMETPUYHHUX KPUBUX PAE (TOuKa
0, puc. 3) BiANOBi/1a€ TIOBHOMY PO3YMHEHHIO MikpoyacTHHOK Ag 0. JIo 1boro MomeHty
99,8% Ag" i0HIB BXKE BiJIHOBIICHO.

B nepioz Bijl 3MilllyBaHHs PEareHTiB 0 NOBHOI BUTPATH MikpodacTHHOK Ag O Bij-
HOBIICHHS i0HIB Ag" BinOyBacTbcss Ha moBepxHi Ag,0O (reTeporeHHui mporec), Tomy
IIBUJIKICTh peakiii He 3aleXUTh BiJ KOHLEHTpauii apreHTyMm(I) okcuay B po34MHI.
Takum urHOM, 1St CTais ONMUCYETHCS KIHETUKOK HYIBbOBOrO mopsiaky 3a Ag,0. Tomy
KOHCTaHTy HIBHAKOCTI (POPMyBaHHs HAHOYACTUHOK Cpibia Ha mepiuoMy erari (K ) Mok-
Ha PO3paxyBaTH 3a (GOPMYIIOI0:

dn(Ag,0) _
dt

ko, 3)

ne n(Ag,0) — e KinbKicTh pedoBunu Ag,O (MOIb), ¢ — 9ac iCHYBaHHs MiKPOYAaCTHHOK
Ag,0 B cucreMi (c), k, — KOHCTaHTa MIBUAKOCTI Peakilii HYJbOBOIO HOPSIKY (MOIb-C™).
[Ticst Toro six mMikpoyacTuHku Ag,O MOBHICTIO PO3YUHUIIMCS HA MOTEHIIOMETPHY-
Hill KpHUBiH crocTepiraeTbes NiHIMHMEI picT pAg (minsHKA 66, pHc. 3), IO BiAMOBigaE
3MEHIIICHHIO KOHIIeHTpallii Ag" i0HiB B cuctemi. Ha 1ibomy etarti BiiHOBIIEHHS Ag' 10HIB
MPOJOBKYETHCS HAa MMOBEPXHI BXKE ICHYFOUHX HAHOYACTHHOK Cpioia.
[ToreHioMETPUYHUNA METOJT TOCHIIKEHHS KIHETHKH XIMIYHUX peaKiiil IpyHTY€ETbCA
Ha OJICp>KaHHI Ta IHTepIIpeTallii 4acoBoi 3aJeKHOCTI BEIMUNHHU OKHCHO-BiTHOBHOTO I0-
TEHIiaTy IHANKATOPHOTO eJICKTPOa, 00OPOTHOTO JI0 YACTHHOK, Ki OEpyTh y4acThb B J0-
cmipkyBaHii peakiii [8, 9, 11]. BukopuctanHs 1i€l 3aJIe)KHOCTI B KIHSTHYHHX JIOCITi-
JUKCHHSIX MOJKJIMBE JIHIIE TOM1, KOJY MIBUAKICTH BCTAHOBJICHHS €JICKTPOIHOI PIBHOBATH
€ HabaraTo OiJIbILIOI0 32 IIBUAKICTh BCTAHOBJICHHS BCIX 1HUIMX PIBHOBAr y CHUCTEMI 3a
y4acTIO TOTEHI[ia-BU3HAYAI0UNX YacTHHOK. Cuctema Ag'/Ag, K BiIOMO, HAJISKHUTH J10
HANOIIBII MIBUJIKUX OKUCHO-BITHOBHUX CHUCTEM, IO 1 0OYMOBHIJIO BUKOPHCTAHHS B Ha-
MIAX TOCTIHKEHHSIX TOTEHI[IOMETPHYHOTO METOIY. 32 YMOBH, III0 piBHOBara eleKTpOa-
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PO3UHH BCTAHOBIIOETHCSI MIBUJIKO, SICKTPOAHUIN TIOTCHIIIAT B CUCTEMI, SIKa MICTHTh Ag’
10HH, BU3HAYAETHCS 3a PIBHAHHAM HepHcra:

E=EO+%-ln[Ag+], 4)

ne E — piBHOBaXHMH MOTEHIIan CpiOHOro enekTpona; E,— CTaHIapTHHH OKHMCHO-

BiZHOBHUII moTeHmian cucremu Ag/Ag’; F— crama ®apanes (9,65-10* Ku/monb);

R — yuiBepcanbHa razosa crana (8,314 [x-K'momnp '), T'— temneparypa (K).
BusnaumBmm 3 piBHsHHS (3) J0rapudm piBHOBaXHOI KOHIIEHTpaIlii Ag" 10HiB:

_(E-E))-F
RT

In[Ag"] (5)

1 npoau(epeHIIiIOBaBIIN OJICP:KAaHE PIBHAHHS 3a YacOM, BBA)KAKOUM CTAIUMH KOHIICH-
Tpaii 1BoX iHmMX yyacHukiB peakuii (OH™ Ta Ag °), onepxumo:

din[Ag') _ F [OF : (6)
dt RT ot T, OH*,[Agﬁ]
Ockinbkn na finsuii 66 (puc. 3) excnepumentainbie suasenns (0£/00) - [,0]=
const, TO MOKHA 3aIUCaTH:
din[Ag'] 1 d[Ag’]

dt [Ag"] dt

OTxe, NiHIHHA 3aJICKHICTh TIOTCHIIATY BiJl 4aCcy MaTUMe MiCIIe JIUIIE TO1, KOJIH pe-
aKIis IPOXOAUThH 3a MEPIIUM KIHETUYHHUM MOPSAKOM 32 Ag" 10HOM:

d[Ag’]

=k1 [Ag+]a (8)

e k, — KOHCTaHTa MBUIKOCTI PEaKIii epuIoro nopsaky 3a Ag' ioHoOM.

KoncranTa mBHIKOCTI peakiii BiZHOBIEHHS Ag’ 10HIB Ha OCTaHHIW cTafii poc-
Ty HaHOKIIACTEPiB MOXHA PO3paxyBaTH 3a (OpMYJIow (6), Y Ky MiJICTABISIETHCS 3HA-
YeHHs noxignoi (0E/0f), on[ae BI/I3HaI.ICHO'1' rp.aq)itmo 32 KYyTOBHM KOCQIIli€HTOM
HaXWITy MpsAMOi 66 Ha Tpadiky 3alexHOCTI pAg Bix uwacy (puc. 3), mpuiimMarouu, o
E=2303-(RT/F)-ApAg.

Po3paxoBaHe 3HadyeHHS KOHCTAHTH IIBHJKOCTI pPeakiii HyJIbOBOTO MOPSAKY 3a
Ag,0 (k,) Ha moyaTkoBiii crajii mpouecy GopMyBaHHs HAHOYACTHHOK (10 MOBHOTO PO3-
YMHEHHS MiKpO4acTUHOK Ag,0) 1 KOHCTaHTH MIBUAKOCTI PEAKIIi MEPIIOTO MOPSIAKY 32
Ag"ionom (k) Ha GibII Mi3HIX €Tanmax POCTY HAHOYACTHHOK (TTiCIISt TOBHOTO PO3YMHEH-
Hs MIKpO4acTUHOK Ag,O) pH pi3HUX TEMIEpaTypax HaBeaeHi B Ta0i. 1.

AHai3 OTpUMaHMUX 3HAYCHb KOHCTAHT IIBHJKOCTI IOKa3aB, IO MIBUAKICTh peaKIlii
3pocTac 3 MiABUIICHHSIM TEMIIEPaTyPH, IIPOTE HISKOTO TOAATKOBOTO BHXOIY HE CIIOCTE-
piranocs npu OinbII BUCOKiH Temmepatypi. Lli naHi cBiggaTh mpo Te, M0 MpOoIec MOoXKe
OyTH JIETKO TIPOMOTOBAHU TEITOBUM MEXaHI3MOM.
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Tabmung 1
KoncranTn mBuakocTi 111 pisHUX cTajiil gopMyBaHHA HAHOYACTHHOK cpidia
3 BUKOPUCTAHHAM CHHTETHYHHX (pyJIbBOKHCIOT 3 KBEePIeTHHY 3aJIe3KHO BiJ TeMmepaTypu

Table 1
Speed constants for different stages of silver nanoparticles formation using synthetic fulvic
acids from quercetin depending on temperature

ITouaTkoBa cTaxist KinneBa craaisn
KoHcTanTa mBHAKOCTI HYJIbOBOIO MOPSIAKY KoHcTanTa IIBUAKOCTI NepIIOro NOpsaKy
k,107 (mon-c™) k,10% (¢)
303 K 313K 323 K 303 K 313K 323 K
1,8+0,2 4,3+0,2 12,4+0,3 3,7+0,2 6,4+0,3 8,9+0,2

BignoBnenns Ag™ ioHIB 3 po3uMHY 1 PICT HAHOYACTHHOK Cpi0ia, KOMIUIEKCHO
3B’s13aHMX 3 CHHTCTUYHHMHU I'YMIHOBHMHU PEUOBHUHAMHU, ITOB’sI3aHI 3 TOMOJIAHHIM CHEp-
reTUIHOro Oap’epy, BUCOTY SIKOTO MOXKHA PO3paxyBaTH 3a PIBHSHHAM AppeHiyca (k =
AeFYRT), 3HaueHHs eHTabIIii Ta SHTPOIT aKTHBAIll peakiii Oyl po3paxoBaHi BUKO-
pUCTOBYIOUM piBHAHHS Eiipinra:

k= kBT e—AH*—TAS*/RT’ (9)

Jie k — KOHCTaHTa IBUIKOCTI peaKIlii, ka crana boigprmana (kE= 1,38-10% Ix/K), T —
temmeparypa peakiii (K), 4 — crama [lnanka (h = 6,63-10* JIx-¢c), R — ra3oBa craia
(R = 28,314 I/K-momnb), H*— enTanpiist akTuBaiiii, S* — eHTpoIIis akTHUBAIIii.
Po3paxoBaHi akTHBAaIliiHI MapaMeTpH I Pi3HUX CTadii GopMyBaHHS HAHOYACTH-
HOK cpi0Oia 3 BAKOPHUCTAHHSIM B POJII BIIIHOBHHKA 1 CTA01Ii3aTOpa CHHTETUIHUX T'YMIHO-
BUX PEUOBMH MPEJCTaBICHI B Ta0MI. 2.
Tabnurs 2
AkTHBaNiiiHi napamMeTpu 1A pi3HUX cTaaiil GopMyBaHHSA HAHOYACTHHOK cpidia
3 BUKOPUCTAHHAM CUHTETUYHHUX d)yJILBOKPICJIOT 3 KBEPUETUHY

Table 2
Activation parameters for different stages of formation of silver nanoparticles
using synthetic fulvic acids from quercetin
IMouarkoBa cragis Kinuesa cragis
AH?, AS?, AH?, AS?,
£, wlla/moas, K J[K/Moub Jx/K-Moab £, wlla/mon Kk /Jx/MoJ1b Jx/K-Moab
87,2+2,6 83,5+1,6 -96,6+3,1 44,2423 40,3£1,6 -155,9+£2.,6

B kinui cunTe3y 30110 cpibia Maiike BCs KiNbKiCTh BBeZieHUX Ag' 10HIB Oyna y ¢op-
Mi HAHOYACTHHOK, IO BiJJOOpa)kae 3HAYHY BIJJHOBHY 3JIaTHICTh CHHTCTHYHHX (PYIbBO-
KHCJIOT 3 KBEPICTHHY.

AHani3 BIUTUBY TeMIEpaTypu Ha JUHAMIKy 3MiHM PAg B CHCTEMI B MpoLECi CHH-
Te3y HAHOYACTHHOK cpibiia ToKa3as, 1110 MPOIeC BiTHOBJICHHS Ag" 10HIB CHHTCTUYHH-
MH (yTbBaTaMH, HE3AJEKHO BiJl TEMIIEPAaTypH, BKIIOUAE BCi, OMHCAHI BHIIE, CTaAii.
Temneparypa BIUIMBA€ JIHIIEC HA MBUIKICTh PEaKilii, MIPUCKOPIOIOUN Mepedir mporecy

(puc. 4).
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Puc. 4. [TloTeHniomeTpraHe TOCTIKEHHS JUHAMIKI 3MiHH pAgE B IIPOIeCi CHHTE3Y
HAHOYACTUHOK Cpi0ia IpH pi3HUX TEMIEepaTypax

Fig. 4. Potentiometric study of the dynamics change of pAg in the synthesis of silver
nanoparticles at different temperatures

Hesnaune 3HMXKEHHsS pAg, IO BiANOBiJAe 30UIBIICHHIO KOHIEHTpamii Ag" 10HiB
B PO3YHHI, CIIOCTEPIraeThCs HA KIHIEBIM cTaail CHHTE3y HAHOYACTHHOK (AUISHKA 62,
puc. 3), IpUYIOMY II€ 3HIKCHHS BUPAXKAETHCS CHIIBHIIIE TP ITiIBUIICHHI TEMIIEPaTypH
cunre3y (puc. 4). [IpuurHOI0 JaHOTO SIBUIA MOXE OyTH OKMCHEHHS HAHOYACTHHOK CPi0-
J1a MOJICKYJISIPHUM KUCHEM. J[0Ka30M peallbHOCTI JaHOTO IPHUITYIIECHHS MOXYTh OyTH pe-
3yJIBTaTH €KCIEPHMEHTY MPOBEICHOTO 32 JOIOMOTOI0 BIAIIEHTPOBOI YABTpaIbTpaii
Ta aTOMHO-a0COPOIIIHOT CIIEKTPOCKOIIIT, MpeacTaBieHi B podoTi [12]. ABTOopH podoTH
[12] moka3amy TEOPETUYHO 1 CKCIICPUMEHTAIBHO MiATBEPAMIIH, IO TPH PIBHOBAKHIM
3 MOBIiTPAM KoHIEeHTpauii O, y BOJHOMY PO34HMHi, OKHCHEHHS HAHOYACTHHOK CIIOCTE-
piraeTbcst B ychoMy Jiama3oHi 3HaueHb pH. 3aranbpHe piBHSHHS MPOLECY OKUCHEHHS
BKIfouae H* ioHm:

4Ag’+ 0, + 4H" — 4Ag" + 2H 0. (10)

UyTnuBiCTh HAHOYACTHHOK cpibia 10 aTMochepHOro KUCHIO Oyiia TakoXk BiAMiueHa
B po0oTi [12] Ha OCHOBI CIIEKTPO(HOTOMETPUYHOTO JOCIIIKEHH (POPMYBAHHS 30JI10 CPi-
0712 3 BUKOPUCTAHHSIM IOJieTUICHIMIHY.

[ToTeHnioMeTpuyuHe JOCTIHKEHHS BIUIUBY KHCHIO HA KIHETHUKY 3MiHU PAE B CUCTEMI
nposoauwnu npu 30 °C B yCcTaHOBLI, KOHCTPYKIIiS SIKOT JaBajia MOXJIUBICTb MPOITYyCKaTH
ra3 yepes peakuiiiHy nocynuny. Ha puc. 5 npencraBieHi KiHeTUYHI KpUBI CHHTE3y Ha-
HOYACTHHOK cpi0na B aTMocdepi a30Ty Ta B atMocdepi MOBITpA.

AHai3 OTPUMaHUX KIHETMYHMX KPUBUX (OpPMYBaHHS HAaHOYACTHHOK cpilia B ar-
Mocdepi a30Ty Ta y MPUCYTHOCTI KUCHIO TIOBITPSI HE MAarOTh MPUHIMITOBUX BIJIMIHHOC-
Tel. Pi3HUIA criocTepiraeThes JIMIIE HA KIHIEBIH 9YacTHHI KPUBOT, 30KpeMa, Ha KPUBIii
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Puc. 5. [TorenuiomerpuyHi Kpusi 3MiHK pAg Ta pH B nporeci CHHTe3y HAaHOYAaCTUHOK cpibia:
B arMocdepi MoBiTps (CyLiIbHA JiHis) 1 B aTMocdepi a30Ty (IlyHKTHPHA JIiHis)

Fig. 5. Potentiometric curves of changes of pAg and pH in the process of synthesis of silver
nanoparticles: in air atmosphere (solid line) and in nitrogen atmosphere (dotted line)

OTpHUMaHii B aTMocdepi a30Ty, 3HaUCHHS pAg 3aJIMINAETHCS HE3MIHHUM, B TOH 4ac SIK
Ha KpUBiil OTpUMaHiil B IPUCYTHOCTI KUCHIO MOBITPSI CHOCTEPIraeThesl HOCTYIOBE 3HU-
skeHHs pAg. s nepeBipky BIUIMBY KHCHIO Ha TaHUW eTan (GOpMYBaHHS HAHOYACTHHOK
cpibia OyIio BBEJICHO B CUCTEMY KHCEHb, IO IIPUBEIIO JI0 Pi3KOTO 3HIDKEHHS pAg. Jlanuii
e(heKT 3yMOBJICHUI B3aEMOJII€I0 HAHOYACTUHOK Cpi0ia 3 KHCHEM, 1[0 TPU3BOIUTH JIO 1X
YaCTKOBOTO PO3UMHEHHS 1, OTKe, 301IbIIICHHS KOHIICHTpallii Ag" 10HIB B po34nHi.

[ToTeHiioMeTpYHIM METOAOM OyIO TOCIiIKEHO TaKOX BIUIMB KOHIICHTPALT JIyTy
B pCaKIifHOMY CEepeJOBUILI HAa MEXaHi3M peakii. SIKIo KiNbKicTh BBEICHOTO B PEAK-
LiHE CEepEeIOBUIIE YTy JOPIBHIOBAJIA KUTLKOCTI HEOOXIAHIN Jumie Jyuist i0Hi3amii Kuc-
JOTHUX TPYI CHHTETHIHUX (PYIBBOKUCIOT (0€3 HaIUUINKY), TO 3HaueHHs pH cucremu
ckianano ~7. B Takux HedrpanbHux ymoBax Ag,0O He yTBOPIOETHCS B CHUCTEMI 1 (op-
MYBaHHSI HAHOYACTHHOK cpi0iia BiZI0yBa€ThCs 32 TOMOICHHUM MexaHi3MoM. Ha kopucth
TAKOT0 MEXaHi3My CBiTUUTH 1 XapakTep MOTCHIIOMETPUYHOI KPUBOI BHTpadaHHI Ag”
10HIB B XOZ1 MpoIleCcy BiHOBIEHHs (puC. 6), Ha sIKiil BiICYTHS TOYKa MiHIMYMY Xapak-
TEpHa JJIsl TeTepOreHHoro npouecy GopmyBanns sapa. [IeBHy ocoOnauBiCTh Ma€ i1 3Mi-
Ha pH po3umHy B mporeci CHHTE3yY, SIKHI [IBHIKO 3MEHITYETHCS Maike Ha 3 OJMHUIII.
l'omorenHM#t MexaHi3M (OPMYBaHHS SIIEP XapaKTEPU3YETHCS BUCOKAM E€HEPTeTHUYHHM
Oap’epoM, TIPO IO CBITYHTH JIyXKe TOBUIbHE MiIBHINCHHS pAg B mporeci GopMyBaHHs
HAHOYACTHUHOK cpibia.

ITpu mocTaTHii KiTBKOCTI JIyTy (OpMYyBaHHS HAaHOUACTHHOK Cpibia BiOyBaeThCs 3a
TETEPOrEHHUM MEXAHI3MOM Ha MOBEPXHI in-sifu chopmoBanux HaHOKpucTanis Ag,0,
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K OyJ0 mokazaHo Ha puc. 3. [IopiBHSHO 3 TOMOT€HHMM MEXaHi3MOM yYTBOPEHHS sIIipa,
CHEePreTHYHUl 6ap’ep YTBOPECHHS [TOYATKOBHUX CPIOHMX sITEp JETKO OTAETHCS B TETEPO-
TEeHHOMY TPOLECi.

pH pAg
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- 2.6
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r 22

20
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Puc. 6. Ilorenniomerpuyni kpusi 3minu pH 1 s at low pAg B mpomeci CHHTe3y HAHOYACTHHOK cpibia
MIPH HU3BKHX KOHILEHTpawisx ayry (pH < 7)

Fig. 6. Potentiometric curves of pH and pAg in the process of synthesis of silver nanoparticlealkali
concentrations (pH <7)

BUCHOBKH

CHHTE30BaHO HAHOYACTHHKM CpiOja XIMIYHHM METOJOM 3 BHKOPHUCTAHHSM CHHTE-
TUYHUX (DYTBBOKHCIOT 3 KBEPUUTHHY y pOJi BigHOBHMKA Ag' HoHIB Ta cTabinmizaTo-
pa YTBOPEHUX HAHOYACTHHOK. HasBHICTH B pO3YMHI HAHOYACTHHOK cpiOna miaTBep-
JUKCHO HAsIBHICTIO y CIEKTpi MOMIMHAHHA MakcuMymy mpu 400 HM, 10 0O0yMOBIEHO
SIBUIIIEM TIOBEPXHEBOTO IUIA3MOHHOTO pe3oHaHcy. llapaMeTpu KpHCTaIiuHOi TpaTKH
(a, = 4,070 A, d = 0,2352 um) 6yn0 po3paxoBaHO 3 BUKOPUCTAHHSAM METOIY PEHTTe-
HiBchkoi nudpakiii. CepeaHiii po3mip HAHOYACTHHOK, PO3paxoBaHWi 3a (opMysioro
[leppepa, cranoButh 28 HM. [TokazaHO e(heKTUBHICTH BUKOPUCTAHHS MPAMO MOTEHIII-
OMeTpii y JOCIIKCHHI KIHETUKH Ta BCTAHOBJICHHS MEXaHI3My Iporecy (hopMyBaHHS
HAHOYATUCHOK cpibna. BeraHoBNEHO, 10 MeXaHi3M mpoliecy 3alexuTh Bia pH cepen-
oBHIIa. 30KpeMa, IIPH BUCOKUX 3HAYCHHIX pH peakIiifHOro cepenoBuIa Mae MicIie re-
TEpOTCHHUM MeXaHi3M, B TOH 4ac Ak mpu Hu3bkux pH — romorennuii. I'ereporenHuii
MeXaHi3M (OpMyBaHHS HAHOYACTHHOK Cpi0iia XapaKTepU3yeThCs HASBHICTIO TPHhOX
crafiiif, 30kpema: 1) popmysanHs MikpoyacTUHOK Ag,O Ticis 3MillyBaHHS PEAreHTiB,
2) BiIHOBJICHHSI A" 10HIB CHHTCTHYHUMH (PYJIbBOKHCIOTAMH 3 KBEPIIETHHY Ha MOBEPXHI
YTBOPEHHX MiKpO4acTHHOK Ag O, IKi € FETepOreHHUMH LIEHTPAMU HyKJI€allii (1aHa cTa-
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Jlisl OTIMCY€ETHCSI KIHETUKOIO HYJIBOBOTO MOPSIKY), 3) BiIHOBICHHS Ag" 10HIB 3 pO3UUHY
Ha MOBEPXHI HAHOYACTMHOK CPi0ia Miciisk TIOBHOTO PO3YMHEHHS MIKPOYacTUHOK Ag O
(maHui mporec ONMUCYETHCsI KIHETUKOIO TIEPIIOTO MOPSIKY M0 Ag™).
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NOTEHUHNOMETPUYECKOE U3YUEHUSA KUHETUKU

N MEXAHU3MA ®OPMHUPOBAHUSA HAHOYACTHUILL
CEPEBPA, CTABUJIN3UPOBAHHBIX CUHTETUYECKNUMHA
OYJIBBATAMMU

CHHTE3UpOBaHBI HAHOYACTHUIEI cepedpa B peakIMy BOCCTAHOBICHUS Ag’ MOHOB CHHTETH-
4eCKMMH (DYJIbBOKHCIOTAMH, HOJMyYSHHBIMH 13 KBepLeTHHa. CrekTpasibHble 1 Mopdonoru-
YECKHE XapaKTePUCTUKU MOJYYEHHBIX HAHOYACTHILL UCCIECJOBAaHbl METOIOM CIEKTPOCKOIUU
B BUIUMON 00JacCTH M METOAOM PEHTTCHOBCKOH mudppakiuu. Kunetnka u mexanmsm Qop-
MHPOBaHHs HAHOYACTHUI] cepebpa OblIN UCCIEN0BaHbI METOJOM MOTEHIHOMETPHHU, KOTOPbIH



Kinemuxa i mexanizm popmysans HaHOYACUHOK cpibna, cmabinizosanux gynveamamu

TI03BOJISIET OCYIIECTBIATh HETIOCPEACTBEHHBIN M HENpPEephIBHBII KOHTPOJb PAacXoia MOHOB
cepebpa B IIporiecce CHHTE3a. YCTAaHOBJIEHO, YTO MEXaHU3M Hporiecca 3aBUcUT oT pH cpenbl.
B yactHOCTH, npy BBICOKMX 3HaYeHUAX pH peakmoHHON Cpebl UMEET MECTO I'eTEPOTreHHbIN
MEXaHH3M, B TO BpeMs Kak Ipu HH3KHX pH — romorennsril. ['ereporennsiii Mexanusm ¢op-
MHPOBaHUsI HAHOYACTHI] cepedpa XapaKTepHu3yeTcs HAIMYHEM TPEX CTaJuii, B YaCTHOCTH:
1) popmuposanue MukpoyacTui Ag,O MOCIe CMEMUBAHKA PEAreHTOB; 2) BOCCTAHOBIIEHUE
Ag" NOHOB CHHTETHYECKNMH (YIHBOKHCIIOTAMH C KBEPIETHHA HAa MOBEPXHOCTH 00pa30BaH-
HBIX MHKpoYacTHl Ag,O, KOTOpbIE SBJIAIOTCS TETEPOTEHHBIMH LICHTPAMU HyKJICaluH (I1aH-
Hasl CTAJMs OIUCHIBACTCS KHHETHKOW HYJIEBOTO MOPsAKa); 3) BOCCTaHOBIECHHE AZ" HOHOB U3
pacTBOpa Ha MOBEPXHOCTU HAHOYACTHUII cepedpa 1ocIIe MOIHOTO PACTBOPEHUS MUKPOYACTHI]
Ag,O (maHHBIH NPOUECC ONUCHIBAETCA KUHETUKOH MEpBOro mopsjika mo Ag'). Paccuurans
AKTUBAIIMOHHBIC NAPaMETPBI UL Pa3IM4HbIX CTaAUKH (OpMHUPOBaHUS HAHOYACTHI] cepedpa.
[IpoBeneHO MOTEHIIMOMETPHIECKOE HCCIISIOBAHUS BIMSHHS CTEIICHU adpaliiy CpeJIbl Ha Ipo-
recc popMHUPOBAHHS HAHOYACTHI] cepedpa.

KiroueBble cjioBa: IMOTCHIUUOMETPHSA, HAHOYACTUIIbI cepe6pa, CHHTCTHUYCCKHC beJ'[LBOKI/IC-
JIOThI, MCXAaHU3M, KHHCTHKA

V.A. Litvin, Y.S. Smetenko, 1. O. Ozivska
Bohdan Khmelnitsky National University, Department of Chemistry and Nanomaterials
Science, blvd. Shevchenka 81, Cherkasy, 18000, Ukraine, e-mail: litvin_valentina@ukr.net

POTENTIOMETRIC STUDY OF KINETICS AND MECHANISM
FORMATION OF SILVER NANOPARTICLES STABILIZED BY
SYNTHETIC FULVATES

Silver nanoparticles are actively studied due to their unique properties and wide use in vari-
ous fields. In this study, silver nanoparticles were obtained by reacting Ag" ions with synthetic
fulvic acids derived from quercetin. Synthetic fulvic acids perform a dual function: a reducer
of'silver ions and a stabilizer of the formed nanoparticles The presence of silver nanoparticles
in the solution is confirmed by the presence of a maximum in the absorption spectrum at 400
nm, which is due to the phenomenon of surface plasmon resonance. The parameters of the
crystal lattice were established using the X-ray diffraction method. The average nanoparticle
size calculated by the Scherrer formula is 28 nm. The kinetics and mechanism formation of
silver nanoparticles were studied by potentiometry, which allows direct and continuous con-
trol of the consumption of silver ions in the synthesis process. It is established that the mecha-
nism of the process depends on the pH of the medium. In particular, at high pH values of
the reaction medium there is a heterogeneous mechanism, while at low — homogeneous. The
heterogeneous mechanism of formation of silver nanoparticles is characterized by the pres-
ence of three stages, in particular: 1) formation of Ag,O microparticles after mixing reagents,
2) reduction of Ag* ions by synthetic fulvic acids from quercetin on the surface of formed
Ag,0 microparticles, which are heterogeneous nucleation centers. 3) reduction of Ag" ions
from solution on the surface of silver nanoparticles after complete dissolution of Ag,0 mic-
roparticles (this process is described by first-order kinetics by Ag"). Activation parameters for
different stages of silver nanoparticle formation using quercetin fulvic acids were calculated.
A potentiometric study of the influence of the degree of aeration of the medium on the kinetics
of changes in the pAg system was performed.

Keywords: potentiometry, silver nanoparticles, synthetic fulvic acids, mechanism, kinetics

75



B. A. Jlumeun, FO. C. Cmemenxo, 1. O. Osiécvra

10.

11.

12.

76

REFERENCES

Song K.C., Lee S.M., Park T.S., Lee B.S. Preparation of colloidal silver nanoparticles by chemical reduction
method. Korean J. Chem. Eng., 2009, vol. 26, no 1, pp. 153-155. https://doi.org/10.1007/s11814-009-0024-y
Yaqoob A.A., Umar K., Ibrahim M.N.M. Silver nanoparticles: various methods of synthesis, size affecting
factors and their potential applications — a review. Appl. Nanosci, 2020, no 10, pp. 1369-1378. https://doi.
org/10.1007/s13204-020-01318-w

Krutyakov Yu.A., Kudrinskiy A.A., Olenin A. Yu., Lisichkin G. V. Synthesis and properties of silver nanopar-
ticles: advances and prospects. Russ. Chem. Rev., 2008, vol. 77, no 3, pp. 233-257. https://doi.org/10.1070/
RC2008v077n03ABEH003751

Sal’nikov D.S., Pogorelova A.S., Makarov S.V., Vashurina 1. Yu. Silver ion reduction with peat fulvic acids.
Russ. J. Appl. Chem., 2009, vol. 82, no 4, pp. 545-548. https://doi.org/10.1134/S107042720904003X

Litvin V.A., Minaev B.F. Spectroscopy study of silver nanoparticles fabrication using synthetic humic sub-
stances and their antimicrobial activity. Spectrochim. Acta, Part A., 2013, no 108, pp. 115-122. https://doi.
org/10.1016/j.52a2.2013.01.049

Litvin V.A., Njoh R.A. Quercetin as a precursor in the synthesis of analogues of fulvicacids and their antibacte-
rial properties. Voprosy Khimii i Khim. Tekhnol., 2021, no. 2, pp. 56-64. http://dx.doi.org/10.32434/0321-409
5-2021-135-2-56-64

Bharani M., Karpagam T., Badrinarayanan V., Gayathiri G., Lakshmi Priya K. Synthesis and characterization of
silver nano particles from wrightia tinctoria. Int. J. Appl. Biol. Pharm. Technol., 2012, vol. 3, no 1, pp. 58-63.
Oxredmetry. Ed. B.P. Nikolsky, Leningrad, Khimiya, 1975, pp. 291-299. (in Russian)

Chumbimuni-Torres K.Y., Bakker E., Wang J. Real-time probing of the growth dynamics of nanoparticles
using potentiometric ion-selective electrodes. Electrochem. Commun., 2009, vol. 11, no 10, pp. 1964-1967.
https://doi.org/10.1016/j.elecom.2009.08.029

Yang J., Yin H., Jia J., Wei Y. Facile synthesis of high-concentration, stable aqueous dispersions of uniform sil-
ver nanoparticles using aniline as a reductant. Langmuir, 2011, vol. 27, pp. 5047-5053. https://doi.org/10.1021/
1a200013z

Liu J., Hurt R.H. Jon release kinetics and particle persistence in aqueous nano-silver colloids. Environ. Sci.
Technol., 2010, vol. 44, pp. 2169-2175. https://doi.org/10.1021/es9035557

Henglein A. Colloidal silver nanoparticles: photochemical preparation and interaction with O,, CCI,, and some
metal ions. Chem. Mater., 1998, vol. 10, pp. 444-450. https://doi.org/10.1021/cm970613;



Bicnux OHY. Ximis. 2021. Tom 26, eun. 3(79) ISSN 2304-0947

VIK: 544.7:543.5:543.64

0.M. I'yzenko, O. M. KykoBeuska, /. M. Mykienko, B. B. IllanoBanenko,
0.M. YeboTapbos, /1. B. CHiryp

Opnecbkuii HalioHaIbHUM yHiBepceuTeT iMeHi 1. I. Meunukosa,
ByiL. JIBopsiHCbKa, 2, Oneca, Ykpaina, 65082; e-mail: 270892denis@gmail.com

COPBLISA EPUTPO3UHY CUJIIKAT'EJIEM,
MOJUP®IKOBAHUM BPOMIJIOM HETHUJIIIIPUANHIIO

Otpumano copbeHTn Ha ocHoBi cumikaremo L 40/100, moamdikoBaHoro Opomizom
LHETHIMIPUINHI0. BUBYEHO i ONTUMI30BaHO YMOBH COpPOIIil epUTPO3HHY 3 PO30aBICHUX BO-
JTHUX PO3YMHIB 3aPONIOHOBaHIM copOeHTOM. [TokazaHo, 1110 BUKOPHUCTAHHS MOAU(IKOBAHOTO
CHJIIKAreIo J103BoJIst€ e(peKTUBHO (>95%) BHITydaTH epuTPO3HH 3 BOAHUX PO3UMHIB. B onru-
MaJIbHIX YMOBax copOrii BU3Ha4eHa copOLiiiHa eMHICTh MOTU(IKOBaHUX COPOCHTIB 32 epu-
Tpo3uHOM. J{0CHi/PKeHO 1ecopOLilo epUTPO3NHY 3 HOBEPXHI CHIIIKArelto, Moau(ikoBaHOTO
Opominom netwamipuauHil. [TokazaHo, Mo Mpyu BUKOPUCTAHHI PO3UUHIB CyTb()aTHOI KHCIO-
TH, HaTPii TiAPOKCHAY Ta AUCTUIILOBAHOI BOJH, 1€COPOLis HE BiOyBa€THCSL.

KirwouoBi ciioBa: MonudikoBaHi cuitikaresi, OpoMij eTUIPUARHII0, SPUTPO3UH, COPOIIis.

XapuoBi OapBHUKH — 1€ CHOJYKH, SIKI BUKOPUCTOBYIOTHCS JUIsl IPUJAHHS, MiACH-
JIeHHsI 200 BITHOBJICHHS 3a0apBICHHS XapuOBUX NPOAYKTiB. OJIHAK, B 3aI€KHOCTI Bif
KOHIIEHTpAIlil CHHTETUYHI OapBHUKU MOXXYTb BUSBJISITU KaHIICPOT€HHI, MyTareHHi abo
ajiepreHHi BnacTuBocTi [1-4]. Ha cboronHinHii AeHb sl BA3HAUCHHS XapUYOBUX CHH-
TETUYHUX OAPBHUKIB IIUPOKO 3aCTOCOBYIOTH CIIEKTPO(POTOMETPUYHI, XpoMaTorpadiuHi,
enekrpodopernyni Ta inmi metoau [5-10]. YV cBoto yepry, OCHOBHOIO MPOOIEMOIO MPU
BHU3HAUEHHI Xap4yoBUX OAPBHUKIB € CKJIAJHICTh IX BIUIyUYEHHS 3 aHAJI30BAHUX 3Pa3KiB.
J1s1 1bOTO 3aMpONOHOBaHI Pi3HI eKCTPAaKLIiHHI METOIU, HATPUKIIA]] PIANHHA eKCTPAKILis
13 BUCOJIOBAHHSAM Ta MillensapHa ekctpakuis [11, 12]. Ha nam nomisa, He MEHII 3pyYHUM
METOJIOM BH/IIJIEHHS IIJTbOBOTO KOMIIOHEHTY MOXKe OyTH COpOIIis, siKa J03BOJISIE MOETHATH
BUCOKY €()EKTHBHICTb MPOIECY KOHIIEHTPYBAHHS 3 IIUPOKUM BUOOPOM COPOEHTIB, iX 10-
CTYITHICTIO Ta MOXKJIMBICTIO MOETHAHHS 3 METOaMH ACTEKTYBAHHS aHATITHYHOTO CHTHAIY,
HaIMpHKIAJ i3 CIEKTPOCKomi€eto audy3Horo BigoutTa [13-16].

B mponoBxKeHHS HAIMX MOMEPeHIX AOCTIPKEHb, MPUCBIYEHUX COPOIiIfHOMY KOH-
LEHTPYBaHHIO a300apBHUKIB (KapMOa3uHy, TapTpa3uHy Ta iHmux) [17], a Takox Tpude-
HinMeTaHoBUX OapBHHKIB (iamanToBro cuaboro FCF Ta marentoBaHoro cuaboro V) [18]
B MIPEACTABJICHIM pOOOTI PO3MIIHYTO 0COOIMBOCTI COpOIIil KCAHTEHOBOTO OapBHUKA
eputpo3uny cuiikarenem (CI'), moaugikoBanum Opomigom netunnipuausio (LI1Br).

PEAKTHUBU TA AITAPATYPA

Y po0oTi BUKOPUCTOBYBAIU BUXITHI PO3YUHH EPUTPO3UHY 3 KOHIICHTPAIi€I0
1-107 MoJIB/11, SIKi OTPUMYBAJH IIISIXOM PO3YUHEHHSI TOUHOT HABAXKKH PUTPO3UHY
y IACTHIIbOBaHIM BoMi. POOOY1 pO3UMHH 3 MCHIIUMH KOHIICHTPALIISIMK TOTYBAJIH BiJIITO-
BIZIHUM PO3BEJICHHSIM BHXiJHUX OE3MI0CEPENHBO Mepe/] 3aCTOCYBaHHIM. J[Jist OTpHUMaHHS
MOIIM(IKOBAHOTO COPOEHTY BUKOpUCTOBYBanu cuitikarenb L 40/100. B skocTi moaudi-
KaTopy — pO34YMH LETH/IITPHINHINA OpoMimy 3 KoHuneHTpaiero 1-10- moss/i. EnexrponHi
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CIIEKTPH MOrTTMHAHHS B o6nacTti 380+780 HM peecTpyBalid Ha ClieKTpodoToMeTpax
Specord UV VIS ta CD-56 B KroBeTax 3 TOBIIWHOI MOTIMHAKYOTO0 mapy 1,213 cm.
Crekrpu qugy3HOro BIIOUTTS Y iHPpadepBOHii 001acTi peecTpyBaH 3a JJOIMOMOTOI0
cnekrpodortomeTpy Perkin-Elmer Frontier FT-IR Spectrometer. KucnotHicts cepenopuiia
KOHTPOITIOBAJIN 32 JI0NIOMOT00 cKIsiHOTO entektpona ECJI-63-07 B mapi 3 XyopuacpioHuM
enekrpoaom nopiBHsHHES EBJI-1M3 Ha ioHOMIpi [-160, BinrpamyitoBaHoMy 3a cTaHAApT-
HuUMH pH-OypepHUME pO3YMHAMHY.

Mertoauka ancopouiiinoi moaudikarnii CI' L 40/100 6pomigom nerwmmipuauHito. Ha
AHAMITUYHKX Barax 3BaxytoTh 10 T cOpOCHTY 1 MOMIIIAIOTh B KOHIYHY KoJI0y. JlomatoTh
100 M1 po3unHy HETHIMIpUANHIE Opominy 3 KoHIeHTpariero 1-107 M, 3akopKoByIOTh Ta
MOMIIIAIOTh B anapat Juis crpymyBanas ABY-6¢ Ha 60 xBunuH. [licns 1iporo copOeHT
(ITBTPYIOTH, IPOMUBAIOTH TUCTHIIHOBAHOIO BOIOKO IO HEHTPAIBHOT peaKilii, KOHTPOIIO-
109 1HIUKATOPHUM MarepoM Ta BUCYIIYIOTb.

MeToMka JOCIIKEHHS COPOIIMHOTO BHUTYYEHHS epUTPO3HHY. Ha aHamiTHIHUX
Barax 3BaxkytoTh 0,1 T MOIHM(IKOBAHOTO CHIIIKATEITIO 1 TIOMIIIAI0Th HABKKH B KOHIUHI
koJIOW. B psix MipHUX KOJO MicTKicTIO 50 MJT BHOCATH 110 1,8 MJT po34nHy OapBHUKA
3 koHueHTpamieo 1-107 Monb/a, qogaTh ~10 MII AMCTHILOBAHOI BOJM Ta BCTAHOBIIIO-
10Th 3Ha4eHHs pH po3unHy B aianazoni Bix 2 10 9 (ApH = 1) Ta po36aBIIsitOTh 10 MITKH.
Po3umHM KiTBKICHO TIEPEHOCSATH B KOHIYHI KOJIOU, 3aKOPKOBYIOTh Ta CTPYIIYIOTh Pi3Hi
4yacoBi TpoMiKKH (15-60 XBUIHH).

[Ticns 3akiHYeHHS cOpOIiT COPOSHT BIIUISIOTH BiJl PIBHOBKHOTO PO3UUHY (iiTh-
TpyBaHHsM. [leprri nopiii GiaeTpatiB (~2 MIT) BIIKHIAIOTH. PIBHOBaYXHY KOHIICHTPAIIIIO
CPUTPO3MHY BU3HAYAIOTH CTIEKTPO(POTOMETPHUIHO.

Bincotok copOiiii po3paxoByroTh 3a (HOpMYIIOHO:

5 = Sm=Cen . 1000, (1)
oux
nec, — KOH.LICHTpaHiSI GapBHHKa B COPOLIHHOMY PO3YHHI, MONIB/JT; € — PIBHOBaXXHA
KOHIICHTpaI1s.

HecopOmito epuTpo3uHy 3 TOBEpXHI MOAU(PIKOBAHOTO COPOCHTY MPOBOIUIH
1-50 MIT pO3YMHIB XJIOPOBOIHEBOI, Cyb(arHoi, HiTparHOi 1 orroBoi kucioT (0,1-1,0 Momw/i),
rigpoxcuay Harpiro i amosiro (0,1-1,0 MomIB/1T), @ TAKOXK BOAHMM 1 aMiauHUM PO3UMHAMU
noxenmicynbdara Harpio (0,001-0,01 mons/). Po3unn necopbara (GinsTpyrOTh Kpi3h
Te(IoHOBUH (DiIBTP 1 BU3HAYAIOTH ONTHYHY TYCTHHY Ta KOHIEHTPAIIO CPUTPO3HHY.
Crymins aecopOrii 00YHCIIOI0TH aHAJIOTIYHO CTYIEHIO COpOITii.

PE3YJIBTATHU TA iX OBTOBOPEHHS

3 MeTor miATBepIKeHHS MoAudikanii moBepxHi BuxigHoro cumikaremto L{I1Br,
orpumano [Y-cnextpu audy3Horo BiAOUTTS 3pa3kiB He MOAM]IKOBAHOTO 1 MOIU(IKO-
BaHOro COpPOEHTIB. 3apeecTpOBaHi CMYTH MOIIMHAHHS BaJCHTHUX KOJIMBaHb CHUJIOKCA-
HOBHX 3B’s13KiB =Si-O-Si= mpu 1050 cm! ta emyru npu 3750 cM!, siki MOXKHA BiHECTH
JI0 BaJICHTHUX KOJIMBAHb MIOBEPXHEBUX CHMIIAHOJIBHUX IpyM. JloIaTKOBUM MiATBEPAKEH-
HAM 1000 MOAUdiKallii CHIIIKarelt0 MOXYTh CIY)KUTH CMYTd MODIMHaHHA mpu 750
i 850 em!, siki BimnoBigaroTh nedopmaniinum konuBaHHsM CH 3B’sI3KiB mipuInHOBOTO
KUThIsL, @ cmyra pu 1600 ecm™! — BanenTHrM KonmBaHHAM C = N 3B’s13KiB.
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Copbyis epumposuny mooughixosanum cunikazenem

Jlst onTuMizariii yMOB COpOIIHOTO BUITYUEHHS! €PUTPO3UHY JIOCIIJKCHO BILTUB
4acy, BUTPaTH COPOCHTY Ta KUCIOTHOCTI CepeIOBHIIA Ha BIITydeHHs OapBHUKA (puc. 1).
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Puc. 1. 3anexHicTh CTYNeHIO COpOLii epuTpo3nHa cuiikarenaeM, moaudikosanum LIIIBr Bix: gacy

KOHTaKTy (a3 (T, XB.) — @; Macu HaBaKKHM COpOeHTy (m , T) — 0; KMCIOTHOCTI cepenosuma pH —6.

Fig. 1. Dependence of the erythrosine degree of sorption by silica gel modified with CPBr on: phase
contact time (1, min.) — @; mass of the sorbent sample (m,, g) — 6; pH—-s.

3 puc. 1 BHIHO, IO KUTBKICHOTO BHIIYYCHHS €pUTPO3UHY (ToHaT 95%) MoXHA 110-
CATTH TIPH MPOBEJICHHI copOIlii B cTaTHuHOMY pekumi npu pH 7, HaBaxii copOeHTY
0,1 r BupomoBx 15 xB.
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Jlist mocImiuKeHHST MeXaHi3My COpOIIMHOTO BHJIyUEHHS! €pPUTPO3HHY CHIIIKareseMm,
moudikopanuM LII1Br, mpu onTHMi30BaHUX YMOBaX, OTPUMAHO 130TepMH COpOIIii B JTi-
ana3oHi temneparyp 20-65 °C (puc. 2).

25

("8

1.0

0!5 Il 1 il 1 il 1
0,0 1,0 2,0 3,0 4,0 5,0 6,0
C,+108, Momn/1

Puc. 2. [3otepmu copbuii epurposzuny CI, mogudixosanum LIITIBr
npu pi3HuX Temmeparypax: 1-20°C; 2-45°C; 3-65°C.

Fig. 2. Sorption isotherms of erythrosine on silica gel modified by CPBr
at different temperatures: 1-20°C; 2-45°C; 3-65°C.

Sx BumHO 3 puc. 2, i30TepMy copOuii, orpumany npu 20 °C MOXXHa BiJIHECTH O
H-tumy 3a xiracugikamiero Jlxainsa [19], o CBIAYNTH MPO BHUCOKY CHOPIAHEHICTH
copbary 110 MOBepxHi COpOEHTY. 3 MIiABUIICHHSAM TeMIepaTypH i3oTepMa HalyBae
L-tumy. lle MO)XHA TOSICHATH YTBOPEHHSM arperatiB epUTPO3WHY IPH IiABHIICHHI
TEMIIEPATYPH, IO € JOCTATHLO THIIOBUM IIPOIIECOM JUISI KCAHTCHOBUX OapBHHKIB [20].
OcTaHHE MOXE CYIPOBOJIKYBATUCSI YaCTKOBHM OJIOKYBaHHSM aJICOPOIIHHUX IEHTPIB
Ha IMOBEPXHI MOJIN(DIKOBAHOTO CHITIKATEITIO, III0 00YMOBIIFOE 3MEHIIICHHS YACIIOBUX 3HA-
4yeHpb BenmmuuHU agcopoiii 3 3,0-10° 1o 2,310 Mob/T IpH MiABUINEHHI TEMIIepaTypH
320 10 65 °C (tabauigs).

Jliist BU3HAYEHHS TePMOJIMHAMIYHHX [TapaMeTpiB TOCITIKYBaHOT CHCTEMH OTPUMaHi
130TepMu copOIii TiHepu30ByBaH (pHc. 3) B KOOpAWHATAX piBHAHHS JleHrMiopa [21]:
% :A;+&, )

LB A,
ae A — cop6uist, MOIIb/T; A — rpaHu4Ha copOLisl, MOJIB/T; Cpf pIBHOBa)KHA KOHIIEHTpa-
1ist copOary, MOJIb/T; [ — KOHCTaHTa aicOPOLIHHOT piIBHOBATH, T/MOJIb.
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Puc. 3. Jlineapnu3oBani B KooprHaTax piBHAHHS JIeHrMIOpa i30TepMu copOuii epuTpo3nHa
cmikareneM, moaugikosanum L{I1Br npu pizaux Temneparypax: 1-20°C; 2-45°C; 3-65°C.

Fig. 3. Linearized in the coordinates of the Langmuir equation isotherms of sorption of erythrosine by
silica gel modified with CPBr at different temperatures: 1-20°C; 2-45°C; 3-65°C.

OmnpalfoBaHHsAIM TaHUX HABEACHUX HA PHC. 3 3HAXOAWIHM YUCIOBI 3HAYCHHS KOH-
CTaHTH ancopOiiitHoi piBHOBaru (K) Ta rpaHndHO1 aacopOIil, o T03BOIMIO pO3paxy-
BaTH TCPMOAWHAMIYHI MapaMeTPH TOCIIIKYBaHOI cucTeMH (TallL.).

Taomuis
AjcopOuiiiHi Ta TepMOIMHAMIYHI XapaAKTEPUCTHKH CHCTEMHU
Table
Adsorption and thermodynamic characteristics of the system
A
T, °C K-10% MKM&’“ Ir AH, x]JI:x/Mo0Jb AG, kJI:x/Mo0J1b AS, JIx/Monn-K
20 94.82 3,0 -43,79 -29,82 -43,96
45 48.94 2,8 -43,79 -29,29 -49,53
65 34.16 23 -43,79 -26,25 -51,92

3HadeHHs TermIoBoro edexty (AH<0) BKa3yloTh Ha MOMITHHUH BIUTUB (Di3MYHHX B3a-
emMoziiit mpu (hopMyBaHHI MOHOIIAPY Ha IMOBEPXHI MOAN(DIKOBAHOTO COPOCHTY, MPOTE,
MOMipHO HU3BKi 3Ha4eHHSI AH cBimuars mpo peasizallito ioHOOOMIHHUX MPOIIECIB, SKi
Bi0yBaIOTHCSI Ha TICPBUHHOMY eTami (GopMyBaHHS afcopOmiiiHoro mapy. Bemmunan
BiTbHOT eHeprii [100ca Bka3yloTh Ha CAMOYMHHUE XapakTep copOilii, mo 00yMOBIECHO
CJIEKTPOCTATUYHUM HPUTSDKIHHSIM aHIOHHOI ()OPMH CPUTPO3UHY TO3UTHBHO 3apsiike-
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HOIO TIOBEPXHEI0 cCOpOeHTY. HerarnBHiI 3Ha4eHHS EHTPOIIT BKa3yIOTh HA BCTAHOBJICHHS
MOPSIZIKY B CUCTEMI, IO CITIBIAJIAa€ 3 HABEJCHUM BHIIE MIPKyBaHHSIM PO MEPEBAKHO
XIMIYHY TIPUPOLY COpOIIii.

Ha miagTrBepmkeHHS HaBellEHUX MIipKyBaHb, JOCIHIHKEHO NECOPOII0 SpUTPO3UHY
3 MOBEpXHI cuitikarento, MoaudikoBanoro L{I1Br. BcraHoBieHo, M0 pPO3YMHHA KHCIOT
(X710pOBOIHEBOT, CYIIb(ATHOT, HITPATHOT 1 OI[TOBOT) IPAKTUYHO HE JIECOPOYIOTH EPUTPO-
3uH 3 MoaudikoBanoi [II1Br moBepxHi cumikarento. B podorax [17, 18] 3anpornoHoBaHi
METOIMKH JiecopOirii a30- Ta TpudeHIIMETaHOBUX OapBHUKIB, 3aCHOBAHHX Ha BUKOPHC-
TaHHI aHIOHHUX ITOBEPXHEBO-aKTUBHUX PEYOBHH. Y JIaHiil pOOOTI B IKOCTI €IFOCHTY BH-
KOPUCTaHWI aMOHIauHUI PO3YHMH HATPIN Jomenuicyabdary, skuii KiTbKiCHO JecopOye
EpPUTPO3UH 3 TOBEPXHI MOU(DIKOBAHOTO critikarento. el GpakT MoxKHa MOSICHUTH THM,
o B aMoHiayHux poszurHax (pH ~ 10) momenwicyibdar HATPiO iICHYE B MPAKTUIHO
MOBHICTIO JTUCONIOBaHi (hopMi, mo crpuse jaecopOiii eputpo3uny 3 mnoepxHi CI°
BHACJIIJIOK 3aMillleHHS aHIOHIB €PUTPO3UHY JOACIMICYIIb(AaT-aHIOHAMH 1 YTBOPEHHIO
HOBHX 10HHHX acoIliaTiB Ha TOBEPXHI COPOCHTY.

TakuM 9MHOM, B pe3yNbTari JaHOT poOOTH BUBYEHI OCOOIMBOCTI IIPOIIECY COPOITiii-
HOTO BWJIYYCHHS €PUTPO3UHY CHITIKAaresieM, MOIU(piKOBAHUM OpPOMiJIOM IIETHIIITIPUIH-
Hil0. BcTanoBneHo, 10 KiIbKiCHE BIIy4YeHHs OapBHUKA (S > 95%) mocsraeTscst BIpo-
ok 15 xB mpu pH 7 Ta HaBaxkii moaudikoBanoro copoenty 0,1 r. BusHadeHi 0CHOBHi
TEPMOJMHAMIYHI Ta KUIBKICHI TIOKa3HUKH COpPOIi, SKi JO3BOJISIFOTh PEKOMEHIYBaTH
BHUKOPUCTOBYBATH MOAM(DIKOBAHUI COPOSHT JUIsl KUTBKICHOTO BHIJIYYCHHS EPUTPO3UHY
3 PO3BE/ICHUX BOJHUX PO3YHHIB.

CIIMCOK JITEPATYPH

1. Elbann K., Sarhan O. M., Khider M., Elmogy M., Abulreesh H. H., Shaaban M. R. Microbiological, histological,
and biochemical evidence for the adverse effects of food azo dyes on rats // J. Food Drug Anal.— 2017.— Vol.
25.—P. 667-680. https://doi.org/10.1016/j.jfda.2017.01.005

2. Yamjala K., Nainar M.S., Ramisetti N. R. Methods for the analysis of azo dyes employed in food industry — A
review // Food Chem.— 2016.— Vol. 192.—P. 813-824. https://doi.org/10.1016/j.foodchem.2015.07.085

3. Coman V., Copaciu F. Analysis of Dyes and Inks // Instr. Thin-Layer Chromatogr.— 2015.— P. 555-588.
https://doi.org/10.1016/B978-0-12-417223-4.00020-0

4. Amin KA., Abdel Hameid 1l H., Abd Elsttar A.H. Effect of food azo dyes tartrazine and carmoisine on
biochemical parameters related to renal, hepatic function and oxidative stress biomarkers in young male rats
// Food Chem. Toxicol.—2010.—Vol. 48, N10.—P. 2994-2999. https://doi.org/10.1016/j.fct.2010.07.039

5. Andrade FId., Guedes M.LF, Vieira G.P, Mendes F.N.P, Rodrigues P A.S., Maia C.S.C., Avila M. M.M.,
Ribeiro L.d.M. Determination of synthetic food dyes in commercial soft drinks by TLC and ion-pair HPLC
// Food Chem.—2014.—Vol. 157.—P. 193-198. https://doi.org/10.1016/j.foodchem.2014.01.100

6. Bento W., Lima B., Paim A. Simultaneous determination of synthetic colorants in yogurt by HPLC // Food
Chem.—2015.—Vol. 183.—P. 154-160. https://doi.org/10.1016/j.foodchem.2015.03.050

7. NiY, Wang Y, Kokot S. Simultaneous kinetic spectrophotometric analysis of five synthetic food colorants with the
aid of chemometrics // Talanta.— 2009.— Vol. 78, N2.—P. 432-441. https://doi.org/10.1016/j.talanta.2008.11.035

8. Soylak M., Unsal Y. E., Tuzen M. Spectrophotometric determination of trace levels of allura red in water samples
after separation and preconcentration / Food Chem. Toxicol.— 2011.— Vol. 49, N5.—P. 1183-1187. https://doi.
org/10.1016/j.fct.2011.02.013

9. Giovine L.D, Bocca A. P. Determination of synthetic dyes in ice-cream by capillary electrophoresis // Food
Control.— 2003.— Vol. 14, N3.—P. 131-135. https://doi.org/10.1016/S0956-7135(02)00055-5

10. Kartsova L.A., Alekseeva A.V., Khmelnitskii 1 K., Komissarchik S.M., Nyanikova G.G. and
Berezkin V.G. Electromigration Methods in the Determination of Synthetic Food Dyes // J. Anal. Chem.—
2009.— Vol. 64, N12.—P. 1264-1269. https://doi.org/10.1134/S1061934809120119

82



Copbyis epumposuny mooughixosanum cunikazenem

11.

20.

21.

Razmara R.S., Daneshfar A., Sahrai R. Determination of methylene blue and sunset yellow in wastewater and
food samples using salting-out assisted liquid—liquid extraction //J. Ind. Eng. Chem. Res.—2011.—Vol. 17, N3.—
P. 533-536. https://doi.org/10.1016/j.jiec.2010.10.028

. El-Shahawi M.S., Hamza A., Al-Sibaai A.A., Bashammakh A.S., Al-Saidi H.M. A new method for analysis of

sunset yellow in food samples based on cloud point extraction prior to spectrophotometric determination //
J. Ind. Eng. Chem. Res.—2013.— Vol. 19, N2.—P. 529-535. https://doi.org/10.1016/j.jiec.2012.09.008

. Dotto G.L., Pinto L.A.A., Hachicha M.A., Knani S. New physicochemical interpretations for the adsorption

of food dyes on chitosan films using statistical physics treatment / Food Chem.— 2015.— Vol. 171.— P. 1-7.
https://doi.org/10.1016/j.foodchem.2014.08.098

. Dotto G.L., Pinto L. A.4. Adsorption of food dyes onto chitosan: Optimization process and kinetic // Carbohydr.

Polym.—2011.— Vol. 84, N1.—P. 231-238. https://doi.org/10.1016/j.carbpol.2010.11.028

. Yagub M.T, Sen T. K., Afroze Sh., Ang H. M. Dye and its removal from aqueous solution by adsorption: A review

/I Adv. Colloid Interface Sci.—2014.— Vol. 209.—P. 172-184. https://doi.org/10.1016/.cis.2014.04.002

. Ramazanova G.R., Tikhomirova T.1., Apyari V. V. Adsorption of Sunset Yellow FCF Food Dye from aqueous

solutions and its determination by diffuse reflectance spectroscopy // J. Anal. Chem.— 2015.— Vol. 70, N6.—
P. 685-690. https://doi.org/10.1134/S106193481506013 1

. Bevziuk K., Chebotarev A., Koicheva A., Snigur D. Adsorption of anionic food azo dyes from aqueous solution

by silica modified with cetylpyridinium chloride // Monatsh. Chem.— 2018.— Vol. 149, N12.— P. 2153-2160.
https://doi.org/10.1007/s00706-018-2301-0

. Yebomapés A.H., bessiok E.B., Paxnuyxas E. M., Cnueyp /. B. OcOOeHHOCTH COPOLIMOHHOTO M3BJICUCHHS He-

KOTOPBIX MHILEBBIX KPACUTENIEH CHINKAreaeM MOANMHIMPOBAHHBIM XJIOPUJIOM LETHIUPUANHYS // YKp. XUM.
xKypH.— 2018.—T. 84, Ne 7. C. 60-67.

. Giles C.H., MacEwan T.H., Nakhwa S. N., Smith D. A system of classification of solution adsorption isotherms,

and its use in diagnosis of adsorption mechanisms and in measurement of specific surface areas of solids //
J. Chem. Soc.— 1960.—NO.—P. 3973-3993 p. https://doi.org/10.1039/JR9600003973

Giles C.H., Smith D., Huitson A. A General Treatment and Classification of the Solute Adsorption Isotherm //
J. Colloid Interface Sci.— 1974.—Vol. 47, N3.—P. 755-765. https://doi.org/10.1016/0021-9797(74)90252-5
Heooosckuii B. /. Aocopbyus. M.: bunom. Jlaboparopus 3uanuii, 2015.— 216 c.

Crarts Hapivna no penakuii 30.08.2021

E.M. I'yzenko, E. M. 7KykoBenkasi, /I. M. Mykunenko, B. B. [llanioBajienko,
A.H. Yeborapes, /I. B. Cuuryp

Opnecckuil HallMOHANIBHBIN yHUBepcuTeT uMeHu M. 1. MeunukoBa,
yi. JIBopsiackasi, 2, Onecca, YkpanHa, 65082; e-mail: 270892denis@gmail.com

COPBLUSA DPUTPO3ZUHA CUHJIUKATEJIEM,
MOJUOUIINPOBAHHBIM BPOMHNJI0OM
NETUWJIIINPUINHNA

[Tomy4ens! copbenTsl Ha ocHoBe cmimkarens L 40/100, moanpunupoBaHHOTO OpOMUAIOM
LETWINMHPUANHAS. V3ydeHsl M ONTUMU3UPOBAHBI YCIOBHSI COPOLIMM IPUTPO3MHA M3 pas-
GaBJICHHBIX BOJHBIX PACTBOPOB MPEUIOKEHHBIM copOenToM. [ToKa3aHo, 4TO MCIOIb30BAHHUE
MOZIM(GHUIIMPOBAHHOTO CHIIMKAreIs 103BouisieT 3G dekTuBHO (>95%) U3BIEKaTh SPUTPO3UH U3
BOJIHBIX PAaCTBOPOB. B ONTHMABbHBIX YCIOBHUIX COPOLUK OIpe/ieieHa COPOIMOHHAs eMKOCTb
MOJM(DUITMPOBAHHBIX COPOCHTOB 1O 3pUTPO3UHY. VcciemoBaHa JecOpOIMI0 3PUTPO3UHA
C TIOBEPXHOCTH CHITHKArelisi, MOAU(PHUIIMPOBAHHOTO OPOMHUIOM EeTHIMUPHANHYS. [oKka3aHo,
YTO TPH WCIOJNB30BAHUHM PACTBOPOB CEPHOIT KUCIIOTHI, THIPOKCHIA HATPHUSI U JUCTHILIMPO-
BAHHOM BOJIbI, I€COPOLIUSI HE TIPOMCXOJIHT.

KiioueBble cjioBa: MOAU(DUIMPOBAHHBIC CHIMKAreNd, OpOMHEL HETHIIHPUIHMHIS, SPUTPO-
3HH, COpOLHSI.

83



O. M. I'ysenxo, O. M. JKykoseyvka, /]. M. Mykienko, B. B. [Ilanoeanenxo ma in.

84

0.M. Guzenko, O.M. Zhukovetska, D. M. Mukienko, V. V. Shopovalenko,

A.N. Chebotarev, D. V. Snigur
Odessa I.1. Mechnikov National University,
Dvoryanska street, 2, Odessa, Ukraine, 65082; e-mail: 270892denis@gmail.com

SORPTION OF ERYTHROSINE ONTO SILICA GEL
MODIFIED BY CETYLPYRIDINIUM BROMIDE

In the current paper, adsorbent based on silica gel L 40/100 modified with cetylpyridinium
bromide was obtained. The presence of cetylpyridinium cations on the silica gel surface
was confirmed by the diffuse reflectance infrared fourier transform spectroscopy method.
The sorption conditions of erythrosine from dilute aqueous solutions with the proposed
sorbent were studied and optimized. It is shown that the use of modified silica gel allows
efficient (>95%) extraction of erythrosine from aqueous solutions. Under optimal sorption
conditions (pH 7, sorbent dosage 0.1 g and sorption time is 15 min), the sorption capacity of
modified erythrosine sorbents was determined. It is shown that, with increasing temperature,
a change in the isotherm type from the H-type to the L-type is observed. This change can
be explained by the aggregation of erythrosin in solution, which is a competitive sorption
process. It was shown that adsorption isotherms were well described by the Langmuir
equation. Thermodynamic studies have made it possible to establish the spontaneous sorption.
The desorption of erythrosine from the surface of silica gel modified with cetylpyridinium
bromide was studied. It is shown that when using solutions of sulfuric acid, sodium hydroxide
and distilled water, desorption does not occur. It was shown that the most effective eluent is
solution of sodium dodecylsulfate in alkaline medium, and desorption of erythrosine occurs
due to the destruction of ion pairs of dye anions with cetylpyridinium cations fixed on the
surface. The data obtained can then be used to develop a test system for determination of
erythrosine via corresponding colorimetric scales or for quantitative solid phase extraction
and adsorption-spectroscopic quantification of erythrosine in some real samples.

Key words: modified silica gels, cetylpyridinium bromide, erythrosine, sorption.

REFERENCES

Elbann K., Sarhan O. M., Khider M., Elmogy M., Abulreesh H. H., Shaaban M. R. Microbiological, histological,
and biochemical evidence for the adverse effects of food azo dyes on rats. J. Food Drug Anal., 2017, vol. 25, pp.
667-680. https://doi.org/10.1016/j.jfda.2017.01.005

Yamjala K., Nainar M. S., Ramisetti N.R. Methods for the analysis of azo dyes employed in food industry — A
review. Food Chem., 2016, vol. 192, pp. 813-824. https://doi.org/10.1016/j.foodchem.2015.07.085

Coman V., Copaciu F. Analysis of Dyes and Inks. Instr. Thin-Layer Chromatogr., 2015, pp. 555-588. https://doi.
org/10.1016/B978-0-12-417223-4.00020-0

Amin K.A., Abdel Hameid II H., Abd Elsttar A.H. Effect of food azo dyes tartrazine and carmoisine on
biochemical parameters related to renal, hepatic function and oxidative stress biomarkers in young male rats.
Food Chem. Toxicol., 2010, vol. 48, no 10, pp. 2994-2999. https://doi.org/10.1016/j.fct.2010.07.039

Andrade F.1.d., Guedes M.LF., Vieira G.P., Mendes F.N.P., Rodrigues P.A.S., Maia C.S.C., Avila M.M.M.,
Ribeiro L.d.M. Determination of synthetic food dyes in commercial soft drinks by TLC and ion-pair HPLC.
Food Chem., 2014, vol. 157, pp. 193-198. https://doi.org/10.1016/j.foodchem.2014.01.100

Bento W., Lima B., Paim A. Simultaneous determination of synthetic colorants in yogurt by HPLC. Food
Chem., 2015, vol. 183, pp. 154-160. https://doi.org/10.1016/j.foodchem.2015.03.050

NiY., Wang Y., Kokot S. Simultaneous kinetic spectrophotometric analysis of five synthetic food colorants with
the aid of chemometrics. Talanta., 2009, vol. 78, no 2, pp. 432-441. https://doi.org/10.1016/j.talanta.2008.11.035
Soylak M., Unsal Y.E., Tuzen M. Spectrophotometric determination of trace levels of allura red in water
samples after separation and preconcentration. Food Chem. Toxicol., 2011, vol. 49, no 5, pp. 1183-1187.
https://doi.org/10.1016/j.fct.2011.02.013



Copbyis epumposuny mooughixosanum cunikazenem

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Giovine L.D, Bocca A.P. Determination of synthetic dyes in ice-cream by capillary electrophoresis. Food
Control, 2003, vol. 14, no 3, pp. 131-135. https://doi.org/10.1016/S0956-7135(02)00055-5

Kartsova L.A., Alekseeva A.V., Khmelnitskii [.K., Komissarchik S.M., Nyanikova G.G. and
Berezkin V. G. Electromigration Methods in the Determination of Synthetic Food Dyes. J. Anal. Chem., 2009,
vol. 64, no 12, pp. 1264-1269. https://doi.org/10.1134/S1061934809120119

Razmara R.S., Daneshfar A., Sahrai R. Determination of methylene blue and sunset yellow in wastewater and
food samples using salting-out assisted liquid—liquid extraction. J. Ind. Eng. Chem. Res., 2011, vol. 17, no 3,
pp. 533-536. https://doi.org/10.1016/j.jiec.2010.10.028

El-Shahawi M.S., Hamza A., Al-Sibaai A.A., Bashammakh A.S., Al-Saidi H.M. 4 new method for analysis of
sunset yellow in food samples based on cloud point extraction prior to spectrophotometric determination. J. Ind.
Eng. Chem. Res.,2013. vol. 19, no 2, pp. 529-535. https://doi.org/10.1016/j.jiec.2012.09.008

Dotto G.L., Pinto L.A.A., Hachicha M. A., Knani S. New physicochemical interpretations for the adsorption of
food dyes on chitosan films using statistical physics treatment. Food Chem., 2015, vol. 171, pp. 1-7. https://doi.
org/10.1016/j.foodchem.2014.08.098

Dotto G.L., Pinto L. A.A. Adsorption of food dyes onto chitosan: Optimization process and kinetic. Carbohydr.
Polym, 2011, vol. 84, no 1, pp. 231-238. https://doi.org/10.1016/j.carbpol.2010.11.028

Yagub M.T., Sen T.K., Afroze Sh., Ang H.M. Dye and its removal from aqueous solution by adsorption: A
review. Adv. Colloid Interface Sci., 2014, vol. 209, pp. 172-184. https://doi.org/10.1016/j.cis.2014.04.002
Ramazanova G.R., Tikhomirova T.I., Apyari V. V. Adsorption of Sunset Yellow FCF Food Dye from aqueous
solutions and its determination by diffuse reflectance spectroscopy. J. Anal. Chem., 2015, vol. 70, no 6, pp.
685-690. https://doi.org/10.1134/S1061934815060131

Bevziuk K., Chebotarev A., Koicheva A., Snigur D. Adsorption of anionic food azo dyes from aqueous solution
by silica modified with cetylpyridinium chloride. Monatsh. Chem., 2018, vol. 149, no 12, pp. 2153-2160.
https://doi.org/10.1007/s00706-018-2301-0

Chebotarev A.N., Bevzyuk E.V., Rahlickaya E.M., Snigur D.V. Osobennosti sorbcionnogo izvlecheniya
nekotoryh pishchevyh krasitelej silikagelem modificirovannym hloridom cetilpiridiniya. Ukr. him. zhurn., 2018,
vol. 84, no 7, pp. 60-67. (in Russian)

Giles C.H., MacEwan T.H., Nakhwa S.N., Smith D. 4 system of classification of solution adsorption isotherms,
and its use in diagnosis of adsorption mechanisms and in measurement of specific surface areas of solids.
J. Chem. Soc., 1960, NO, pp. 3973-3993 p. https://doi.org/10.1039/JR9600003973

Giles C.H., Smith D., Huitson A. A4 General Treatment and Classification of the Solute Adsorption Isotherm.
J. Colloid Interface Sci., 1974, vol. 47, no 3, pp. 755-765. https://doi.org/10.1016/0021-9797(74)90252-5
Yagodovskij V.D. Adsorbciya. Moscow, Binom, Laboratoriya znanij, 2015, 216 p. (in Russian)

85



ISSN 2304-0947 Bicnux OHY. Ximis. 2021. Tom 26, éun. 3(79)

IHOOPMALIA AJA ABTOPIB

1. MPO®LJIb XKYPHAJTY

1.1. «Bicauk OechbKOro HaliOHAJIBFHOTO YHIBEpCUTETY. XiMis» 3AIHCHIOE TaKi THITH ITyOTi-
Kaliin:

1) HaykoBi crarTi,

2) KOpPOTKi TIOBiJTOMJICHHSI,

3) marepianu KOHpepeHIIii,

4) 6i6miorpadii,

5) peuensii,

6) marepianu 3 icTopii HayKH.

1.2. Y neBHOMY KOHKPETHOMY BHITYCKY OMH aBTOP Ma€ IPaBO HAJPyKyBaTH TiJIbKU OIHY ca-
MOCTIHY CTaTTIO.

1.3. MoBu BuiaHHS — YKpaiHChKa, POCiHChKa, aHTITIHChKA.

1.4. o penakmii «BicHUKa ...» MTOTAETHCS:

1. Tekct crarTi 3 aHOTAIE€O — 2 PO3APYKOBAHNX MPUMIPHUKH (PUCYHKH Ta ITiIMTUCH J0 HUX,
TaOJUII PO3MIIIYBATH IO TEKCTY ITiCIIsI IEPIIOTO TIOCHIIaHHS Ha HUX);

2. Pesrome — 2 mpUMipHHKH;

3. KononTury;

4. Pexomenpartist kagenpu abo HaAyKOBOi YyCTAaHOBH 0 JIPYKY;

5. BigomocTi po aBTopiB;

6. BinpenaroBaHuii i y3rofmKkeHH 3 peIKONETIEI0 TEKCT CTATTI, 3aMCaHUH HA AUCKY Y PEIaKTO-
pi Word (kersb 14; BincTani Mixk psinkaMu 1,5 iHTEpBaiIH; MO CTOPIHOK: JIiBe, BEPXHE Ta HUKHE —
He meHm 20 mm, pase — 10 Mm).

2. IIATOTOBKA CTATTI — OBOB’s13KOBI CKJIAJOBI

OpuriHanpHa CTaTTsS Ma€ BKITIOYATH:

2.1. Berym.

2.2. Marepiaim i METOAH JOCIIKSHHS.

2.3. PesynbraTu JOCITIHKEHHSI.

2.4. Anai3 pe3ynbTaTiB 10CHTiHKeHHS (MOXKIIUBE ITOETHAHHS TPETHOTO 1 YE€TBEPTOTO PO3IITIB).
2.5. BucHoBKH (y pa3i HEOOXiTHOCTI).

2.6. AHorarlist (MOBOIO CTaTTi) Ta pe3foMe (IBOMa iHIITMMU MOBaMH).

2.7. KimrouoBi cioBa (110 1’ sITH).

2.8. KonmonTuTyi.

3. O®POPMJIEHHS PYKOIIUCY. OBCSATI. MNOCIIAOBHICTh PO3TAIIYBAHHS
OBOB’S13KOBUX CKJIAJJOBUX CTATTI

3.1. I'panmunmii o6csr crarti — 12 cTOpiHOK, 6 prCyHKIB, 4 Tabmwi, 20 mKepen y CIUCKY JIiTe-
patypu; JICTIB B PeIaKiito — 4 cTopiHKU; orisiAiB — 20 CTOPiHOK (OINISIIOBI CTATTi 3aMOBIISFOTHCS
PEIKOIETIET0).

3.2. [TocnioBHICTE IPYKYyBaHHS OKPEMUX CKJIaJIOBHX HAYKOBOI CTAaTTI Ma€e OyTH TaKOIO:

1. YIIK — 3iiBa.

2. Inimiamu Ta npi3BHIIE aBTOPIB (3rigHO 3 MacmopToM) — Hxde YK 3imiBa.

3. Ha3Ba HaykoBOi ycTaHOBH (B TOMY YHCIII BiIITY, KaeapH, 1€ BAKOHAHO JIOCITIHKEHHS).
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4. ToBHa momToBa aapeca (3a MDXKHapoIHUM cTaHaaprom), E-mail (000B’s13k0B0), Tenedon
JUIsl CIIIBIpAlll 3 aBTOpaMU Ha OKPEMOMY apKyIIi.

5. Haspa crarti. BoHa mOBMHHA TOYHO BiJOMBATH 3MICT JOCIIPKEHHS, OyTH KOPOTKOIO, MIiCTH-
TH KITIOYOBI CJIOBA.

6. AHOTallisl MOBOIO OpUTIHAIY IPYKYETHCS Mepe]l T0YaTKOM CTaTTi Miciist inTepBaiy 20 MM BiJ
JIIBOTO TOJISL.

7. Ilin aHOTaLII€IO0 APYKYIOTHCS KIIFOUOB1 (OCHOBHI) ciI0Ba (He OLIbIIe 1T SITH, MOBOKO OpPHUTIHATY
CTarTi).

8. TekcT cTarTi i CIUCOK JIiTepaTypH.

9. AHOTawil APYKYIOThCS HAa OKPEMHUX apKylllaxX Marepy Ta BKJIIOYAIOTh: Ha3BYy CTATTi, Pi3BH-
11a Ta iHilliaNu aBTOPIiB, HA3BY Ta aJpeCcy HAyKOBOI yCTAHOBH, e-mail, TeKcT aHoTauii Ta KiIo4o-
Bi cioBa. KoxxHa myOuikarisi He aHDIiHCHKOI MOBOIO CYITPOBOUKYETHCS aHOTALIE€I0 aHITTHCHKOIO
MOBOIO 00csiroM He MeHII sik 1800 3HaKiB, BKIIFOYarOuM KiIFO4OBI cioBa. Koxk-Ha myOmikauis He
YKpPaTHCHKOIO MOBOIO CYIPOBOJDKY€ETHCS aHOTALIIEI0 YKPaiHCHKOIO MOBOIO OOCSITOM HE MEHII SIK
1800 3HaKiB, BKIIFOYAIOYH KIIFOYOBI CITOBA.

3.3. Ipyruii ex3emMIuisip cTarTi OBUHEH OyTH MiANUCaHUil aBTOpoM (200 aBTOpamu).

4. MOBHE O®OPMJIEHHS TEKCTY: TEPMIHOJIOTI'ISI, YMOBHI CKOPOUYEHH?I,

MHOCUJIAHHSA, TABJIUII, CXEMU, PUCYHKHU

4.1. ABTOpH HECyTb IOBHY BiJIIOBIANBHICTB 3a Oe310raHHE MOBHE O()OPMIICHHS TEKCTY, 0CO-
0J1MBO 3a MPABWJIbHY YKpAlHChKY HayKOBY TepMiHojorio (ii ciij 3BipsATH 32 paxoBUMHU TEPMiHO-
JIOTIYHUMH CJIOBHUKaMHM).

4.2. SIK110 yacTo MOBTOPIOBAHI Y TEKCTI CIIOBOCIIONIYYECHHS aBTOP BBaXKA€ 3a MOTPIOHE CKOPO-
TUTH, TakKi abpeBiaTypH NpH NMEPLUIOMY BXMBaHHI O0YMOBIIOIOTD Y Jy’KKaX.

4.3. TlocunaHHs Ha JiTepaTypy MOAAIOTHCA Y TEKCTI CTarTi, 000B’A3KOBO y KBaJIPaTHUX JIyXK-
Kax, apabcpkumu nudpamu. Ludpa B 1yxkax no3Hauae Homep myOsikauii y CIUcKy JIiTeparypu.

4.4. udposuii marepiai, 110 MOKJIMBOCTI, CIIi/l 3BOJUTH y TaOIHLI 1 HE TyOIIOBATH y TEKCTI.
Tabnuui nmoBuHHI OyTH KOMIAKTHUMH, MaTH MOPSAKOBUII HOMEp; rpady, KOJOHKH MarTh OyTH
TOYHO BU3HAYEHHMHU JIOT1YHO 1 rpadivHo.

4.5. PucyHku NOBUHHI OyTH IPEACTAaBIICHI B JBOX IJEHTUYHHUX €K3EMIUIIpaxX, BAKOHAHHX Ha
KoMII'10Tepi (Ha aucKy — (aitnu 3 posmmpeHHsM tif, pex, jpg, bmp). [Tianucu Ha HUX NOBUHHI OyTH
KOPOTKHMH, IX CIIiJl 10 MOXJIMBOCTI 3aMiHATH LU(ppaMu 4u OyKBaMH, KOTpi po3mH(poByIOTHCS B
MiANUCcax J10 HUX; KpPUBI HyMepyloThcs apadcbkumu 1udpamu. OJHOTHUIIHI KPUBI MOBUHHI OyTH
BHUKOHAHI B OJJHAKOBOMY MacIlTali Ha OJHOMY PUCYHKY. PeKoMeH1yeThCsl 3aCTOCOBYBATH JIEKIIbKa
MacIITa0HMX KM JUIs 00 €IHAHHS PI3HUX KPUBUX B OJMH PHCYHOK. 300pak€HHs Ha PHCYHKaX
CTPYKTYPHHUX Ta Ipyrux Gpopmyn HeOaxano. Bci inmoctpaiii moBuHHI OyTH POHYMEpPOBaHi B I10-
CIIIZIOBHOCTI, SiKa BiJIOBia€ 3rajlyBaHHIO iX y PYKOIHMCI, Ta HOMEpaMH NpPUB’s3aHi 10 MiApHUCY-
HOYHUX MIAIUCIB.

ITpu 00’ eqHAHHI AEKITBKOX PUCYHKIB 4K (oTorpadiii B OJJMH PUCYHOK PEKOMEHAYETHCS IO3Ha-
YaTH KOXKEH 3 HUX MPONUCHUMHU JliTepaMu 3Hu3y. Hanpukian:

Puc. Ilianuc pucyHky.
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4.6. Y posnini «Pe3ynbraru 0CHIKEeHb) (SKIO EH O3/l He MOETHAHNUN 3 « AHAJI3aMu pe-
3yJbTarTiBY, AUB. 2.4.) HEOOXIIHO BUKJIACTH JIUILEC BUSBJICHI e(eKTH O3 KOMEHTapiB — BCI KOMEH-
Tapi Ta NOSICHEHHS MOJAI0ThCS B «AHai31 pe3ynbrariBy. [Ipu BUKIaAi pe3ysbTariB Cllill YHUKATH
MOBTOPEHHS 3MICTy Ta0JMLb Ta PUCYHKIB, a 3BEpTaTH yBary Ha HalBaxiuBill (akTv Ta MeBHI
3aKOHOMIPHOCTI, 110 3 HUX BUILTUBAIOTh.

4.7.Y poznaini «AHaii3 pe3ynpraTiBy He0OX1IHO OKa3aTH MPUYMHHO-HACIIIKOBI 3B’ 3K MK
BCTAHOBJICHUMH e()EKTaMH, MOPIBHATH OTPUMaHy iH(POPMALil0 3 JAHUMH JIITEpaTypH 1 HaroJI0CH-
TH Ha BUSIBIICHUX HOBHX AaHuX. [Ipu aHaii31 cIiif HOCHIAaTUCS HA UTFOCTPATUBHUIL MaTepial CTarTi.
AHaJi3 Mae 3aKiH9yBaTHCs BIAMOBIJII0 HA MIUTAHHS, TOCTABJICHI Y BCTYIII.

5. JITEPATYPA

CIHCOK JIiTepaTypH APYKY€EThCS MOBOIO OpHTiHAIY BianoBiaHol myOuikauii. Bin odopmittoeTs-
cst 3rinHo 3 TOCToM 1 MOBMHEH MICTUTH TINBKM Ha3BH Mpallb, Ha SIKi MOCUIIAETHCS aBTop. Haszeu
Ipanb y CIUCKY JIITEpaTypHy pO3TaIIOBYIOTHCS B MOPSIKY 3rajlyBaHHs Ta 0()OPMIIIOIOTHCS 3a Ipa-
Buiamu BAKy. Criucok siteparypy mogaeThest 3 3a3Ha4C€HHSIM iHIL[ialiB Ta MPi3BHUIL BCIX aBTOPIiB
(He 10Ty CKaIOThCS 3aIUCH Ta 1HLI, U 1p., et al.). Caix npusectu DOI ay1st THX BUAAHb, 17151 KOTPUX
BiH JIOCTYITHHH.
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Ha caiiri Attp://www.translit.ru/ Moxxaa 6€3KOIITOBHO CKOPUCTATHUCS MTPOTPaMOIO TpaHCIIiTepa-
il pociiicbKoro TeKCTy B JIaTHHULIO. [Iporpama mayske mpocra, ii JIerko BUKOPUCTOBYBATH SIK JUIS

TOTOBUX ITOCHJIaHb, TaK 1 JUIs TpaHCIiTepanii pi3HNX YaCTHH OIMCAHb.

6. AHOTALISA. PE3IOME. KOIOHTUTYVYJI. ABTOPCBKE PE3IOME.

6.1 AnoTtamist (KOPOTKa CTUCIIAa XapaKTEPUCTUKA 3MICTY Iparli) MOAA€THCSI MOBOIO CTaTTi, Mic-
TUThH He Oinbine 50 MOBHO3HAYHUX CIIIB 1 epenye (OKpeMHM a03a1ioM) OCHOBHOMY TEKCTY CTaTTi.

6.2 Pe3rome (KOpOTKHil BUCHOBOK 3 OCHOBHHMMH TTOJIOKEHHSIMH TIpalli) MOAATHCS [BOMA MO-
BaMU (BUKITIOUAIOYM MOBY CTaTTi), KOXKHE MICTHTh He Oubine 50 TOBHO3HAYHHX CIIIB 1 IPYKY€ETHCS
Ha OKPEMOMY apKyIIi.

6.3 KostoHTHTYJ1 (KOPOTKHH 200 CKOPOYCHHUH UM BHI03MIHEHHUI 3ar0JI0BOK CTATTI IS IPYKY-
BaHH 3BEPXy Ha KOXKHIN CTOPIHII TEKCTY Mpalli) MOJAE€THCSI MOBOKO CTATTi Pa30oM i3 MPI3BUIIEM Ta
iHiIllaJ]aMU aBTOpa Ha OKPEMOMY apKyIIii.

6.4 ABTopchbke pe3iome (pedepar) MONAEThCS AHITIMCHKOI0 MOBOIO OKpeMuM (haiiiom Ta
BKIIIOYA€: HA3BYy CTATTi, MPI3BHIIA Ta IHILIadK aBTOPIB, Ha3By Ta aJpecy HAyKOBOI YCTaHOBH,
e-mail, crnoBo «Pe3rome» abo «Summary», TeKCT pe3loMe Ta KIIFOUOBI CIIOBA.

ABTOpCBKE pe3loMe € KOPOTKHM pe3foMe OLTbIIo1 3a 00csiroM poOoTH, M0 Mae€ HAYKOBHH Xa-
pakTep, MOXKe MyOJIiKyBaTUCSl CAMOCTIHHO, OTXKe Mae OyTH 3pO3yMUTUM 0e3 3BEpHEHHsI 10 camoi
myOsikaiii. 3 aBTOPCHKOTO pe3lOMe YUTad MOBUHEH BU3HAYHMTH, YH BAPTO 3BEPTATUCS JIO IOBHOTO
TEKCTY CTaTTi [UTsl OTPUMAaHHs OUTBII JOKJIaHOT iH(opMartii.

ABTOpCBHKE pe3toMe 10 CTATTi € OCHOBHUM JDKEpesIoM iH(popMallii y BITYM3HAHUX Ta 3apyOixk-
HUX iH(OpMaIiiiHUX crcTeMax 1 0a3ax JIaHMX, IO IHACKCYIOTh XKypHAJI.

ABTOpCBKE pe3loMe PO3MIIIY€EThCSI HAa CalTi JKypHATy Ul 3arajbHOr0 ONNISILY B MEpexi
[HTEpHET Ta IHAEKCYETHCS MEPEKEBUMH TOIYKOBUMH CUCTEMAMHU.

ABTOpPCBKE pe3loMe aHITIHCHKOI0 MOBOIO BKIIFOYAETHCS B aHIVIOMOBHUH 010K iH(OpManii mpo
CTATTIO, SIKMI 3aBaHTAXKY€ETHCS HA aHINIOMOBHUI BapiaHT CalTy )KypHaITy i TOTYEThCs sl 3apyOixK-
HUX pedepaTuBHUX 0a3 JaHUX 1 aHAIITHYHUX cUCTeM (1HIEKCIB IIUTYBaHHs).

ABTOpPCBKE pe3ioMe IMOBUHHE MICTHTH 1CTOTHI (hakTH poOOTH, i He TIOBHHHE MepeOiIbIIYBaTH
a00 MICTHTH MaTepial, SIKUH BiJICyTHIA B OCHOBHIH 4acTHHI myOiKarrii.

PexoMeH1y€eThCsl CTPYKTYpa aHOTAllil, 1110 MOBTOPIOE CTPYKTYPY CTATTi 1 BKIIFOYA€E BCTYII, METY
1 3aBIaHHsI, METO/I, PE3YJIBTaTH, BHCHOBOK (BHCHOBKH).

OnHak MpeaMeT i TeMa AO0CIiKESHHS BKa3yloThCsl B TOMY BHUITAJKY, SIKIIO BOHU HE 3pO3yMii
3 3aroJI0BKY CTarTTi; MeTOX ab0 METOHOJIOTiI0 IMPOBEACHHS POOOTH AOLUIBHO ONUCYBAaTU B TOMY
BUITQ/IKY, SIKIIO BOHHU BiJIPi3HSIOTHCS HOBH3HOIO a00 MPEICTABISIIOTH IHTEPEC 3 TOYKH 30pY AaHOT
poboru.
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Pesynbratn po6OTH MOBUHHI OIHCYBAaTHCh TOYHO i iHpOpMaTHBHO. HaBOASATECS OCHOBHI Teo-
peTHUHI Ta eKCIIePUMEHTANIbHI Pe3ylbTaTh, (aKTHYHI JaHi, BUSBICHI B3a€MO3B'SI3KH 1 3aKOHOMIp-
Hocri. [Ipy 1boMy BifJlaeThCst IepeBara HOBUM pe3yJibTaraMm i JaHHM JIOBrOCTPOKOBOTO 3HAYCHHS,
BXJINBUM BIAKPUTTSIM, BUCHOBKAM, SIKI CIIPOCTOBYIOTH iCHYIOUI T€Opii, a TAKOXK JaHUM, sKi, Ha
JIyMKY aBTOPa, MalOTh MIPAKTHYHE 3HAYCHHSI.

BuCHOBKH MOXYTh CYIpPOBOMXKYBATHUCS PEKOMEHIALISIMU, OLIHKAMH, IIPOIO3ULISIMH, TillOTe-
3aMH, OIIMCAHNMH B CTaTTi.

BimomocTi, 1110 MICTATBCSI B 3aroJIOBKY CTaTTi, HE MOBUHHI ITOBTOPIOBATUCS] B TEKCTi aBTOP-
cbKoro pestome. CIil yHUKaTH 3aliBUX BCTYIHUX (pa3 (HAIPHUKIAL, «aBTOP CTATTi PO3MIISAAE...»).
IcTopuuni nOBiKH, SIKIIO BOHH HE CTAHOBIISITH OCHOBHHUH 3MICT JJOKyMEHTA, OIHUC paHile orryori-
KOBaHMX pOOIT 1 3arajJbHOBIIOMI TTOJIOXKEHHS B aBTOPCHKOMY pe3loMe He HaBOJSATHCS.

VY TeKCTi aBTOPCHKOTO PE3IOME CJIiJT BYKMBATH CHHTAaKCHYHI KOHCTPYKIIi{, BIACTHBI MOBI HayKoO-
BUX 1 TEXHIYHUX JOKYMEHTIB, YHUKATH CKJIaIHUX IPAMaTHYHUX KOHCTPYKIIIH.

ABTOpCBKE pe3loMe MOBUHHE MICTUTH KJIIOHOBI CJI0Ba 3 TEKCTY CTATTi.

CKOpO4YeHHS 1 YMOBHI MMO3HAYCHHS, KPIM 3arajbHOBKHUBAHUX, 3aCTOCOBYIOTh Y BUHSITKOBHX
BUNAKax abo MaroTh iX po3MHM(POBKY Ta BU3HAUYCHHS MPU MEPIIOMY BXKUBAHHI B aBTOPCHKOMY
pestome.

TeKCT aBTOPCHKOTO pe3roMe TIOBHHEH OyTH 3B'S3aHUM 3 BUKOPHCTAHHSM CJIIB «OTKE», «OUIBII
TOTO», «HANPHUKIA», «B pe3yasrari » 1 T.4. («Consequently», «moreover», «for exampley, «the
benefits of this study», «as a result» etc.), po3pi3HEeHi MOJIOKEHHS TOBHHHI JIOTIYHO BUILIHMBATH
oJI1H 3 iHmoro. HeoOXiIHO BUKOPUCTOBYBATH aKTHBHUI, a He MacuBHUIT 3aior, T00To «The study
tested», ane He «It was tested in this study» (dacta mommika pociiiCbKUX aHOTAILii ).

TekcT aBTOPCHKOTO pe3foMe MOBHHEH OyTH JIAKOHIYHHUM 1 YITKUM, BUTBHHM BiJl APYTOPSTHOL
iH(popMallii, 3aiiBUX BCTYIHUX CIIIB, 3arajbHUX 1 HE3HAYYIINUX (HOPMYITIOBAHb.

B aBTOpCHKOMY pe3ioMe He POOISITHCS MOCUIIAHHS Ha HOMep MyOIiKallii B CIIUCKY JIiTeparypu
JI0 CTaTTI.

OO0cAr TEeKCTy aBTOPCHKOTO PE3OME BU3HAYAETHCS 3MICTOM MyOmikarii (00csirom BigomMoc-
Tel, IX HayKOBOIO LIHHICTIO Ta/a00 NPAKTHYHUM 3HAUCHHSM), aje He MoBUHEH OyTu meHme 100-
250 cmiB (st pOCiiCHKOMOBHUX MyOJTiKaIliil pEeKOMEH Iy €ThCs OLTBIINI 00'eM).
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