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CunresoBaHo Ta gocnimkeHo komriekcu Co(II), Ni(II) ta Zn(II) 3 6ic(bochonomeTnn)
aMIHOSHTAapHOIO KVMC/IOTO Y BOGHMX pO3YMHAX METOLOM €1eKTPOHHOI CIIEKTPOCKOIIII 110~
IIHAHHA. BcTaHOB/IEHO YyTBOPEHHS KOMIUIEKCHUX (POPM Pi3HOTO IMPOTOHHOTO CK/IAZy 3a-
ranbHoi popmynu [M(H BPMAS)(OH) ] (n=4+0, m=1+0), po3paxoBaHO KOHCTaHTH CTiii-
KOCTi KOMIIIEKCiB Ta MOOY/I0BaHO iiarpaMi po3NOfiny KOMIUIEKCHUX GopM 3ajexxHo Bif pH
posumHy. Y TBepioMy CTaHi ofiep>kaHo KooppuHaliiini cnomyku Na,[MBPMAS]-4H,O, axi
BUBYeHO MeTofamu [Y-cniekTpockorii Ta TepmorpasimMeTpil. BcTaHOBIEHO rifpaTHMII CKIa],
KOMIIIEKCiB, TePMiYHi XapaKTepUCTHUKY Ta 3aIIPOIIOHOBAHO CIOCiO KOOpAMHAIil JOHOPHUX
rpyn 6ic(pocdoHoMeTmIT)aMiHOAHTAPHOI KUCTOTH IO KaTioHiB. [IpoBeneHo BuBYeHHS 6io-
JIOTiYHOI aKTMBHOCTI CMHTe30BaHMX cHonyk. [lokasaHo, mo 6ic(dpochonomernin)amino-
SHTapHA KUCTOTa Ta ii KoMIUTeKcH 3 3d-MeTasaMul POSB/IAIOTh CTUMYIIIOIOUY Ail0 Ha picT
rpaMHeraTUBHMX OaKkTepilt pony Pseudomonas. Kommnexkcu Co(Il) 3parHi iHiniroBaTy cuHTeE3
TOPMOHY POCTY — TeTepeoayKcuny y Pseudomonas fluorescens.

Knio4oBi croBa: xoMitekcy, aMiHokap6okcudocdonary, Ko6anbT, Hikenb, IUHK, CUH-
Te3, 610/10riYHa aKTVBHICTb.

BCTYII. KoMmmiekcu MeTajliB Ha OCHOBI
KOMITJIEKCOHIB — 0araTOOCHOBHUX Xe/aTYIo-
YYX OPraHiYHMX KUCIOT — BiHOCATbCA IO
HaOi/IbII IepCIeKTUBHMX Oi0/IOTiYHO aKTHB-
HUX CHOMYK, 110 3yMOBJIEHO IXHbOIO BMICOKOIO
CTIMIKICTIO, XOPOIIOK PO3YMHHICTIO Y BOAI i,
SK HACJIJOK, JIETKOI0 3aCBOIOBAHICTIO >KMBM-
mu opranismamm [1-3]. Ha cporogui yBary

HDOCNiTHMUKIB 30cepemkeHo Ha Mopudikarii
MOJIEKY/T KJIACUYHUX IojiaMiHomoiKap6o-
HOBMX KNCIOT aMiaTMYHOTO PAAY LIIAXOM
BK/IIOYEHHSA [0 IXHbOI MOJIEKY/IN [PYTOl KIC-
noTHOI Trpymu - ¢$HocoHOBOI, IO MPKU3BO-
IUTHh OO0 3MiHU 6y;£10131/1 Ta BIACTUBOCTEN 5K
caMIX KUCJIOT, TaK i KOMIIIEKCIB Ha IXHIil OC-
HOBI. 3 TakMX MOAMQIKOBaHNX KOMIIIEKCOHIB
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Hal16ibII IjikaBuMy € amiHOKapOokcudocdo-
HoBi kucnotn (AKPK), ski moegHyioTh Ba-
CTMBOCTi aMiHOKapOOHOBUX i aMmiHObOCPOHO-
BuX Kucrnor [1, 4-7]. Crenudiunicts 6ynosu
AKO®K 3ymoBneHa HaABHICTIO B IXHill MOJIEKY-
i 6i/14 JOHOPHOTO aTOMa a30Ty [ABOX Pi3HUX
tiniB anugo-rpyn (kap6oxcunpaoi COOH i
docdonosoi PO,H,), axi BinpisHaoTbca oc-
HOBHICTIO, 3apsfioM, €/l1eKTPOHOZOHOPHOIO
3[IaTHICTIO, CTEpEOXiMi€l0 1 po3MipoM, 1110 [03-
BOJIIE OTPUMYBATU BeNMMKMIT Habip MeTaso-
KOMIIJIEKCIB y pO3YMHAaX Ta MOMiAgepHi CTPyK-
TypU He3BUYAIIHOI OYJIOBM Y TBEPHAOMY CTaHi.
Koopmunaniini cnomykm Ha ocHoBi AKDK
HOPIiBHAHO 3 aMiHOKapOOKCU/IATHUMU KOMII-
JIeKCaMJ XapaKTepU3YITbCs Oi/bIIo0 CTili-
KICTI0O Ta CTepeoXiMiYHOI Pi3HOMAHITHICTIO
3a paxXyHOK YTBOPEHHs IO[JaTKOBUX XeTaTHUX
VKB i3 pochoHOBUMY IpyIaMM, SAKi MAIOTD
6inbury KinbKictb IpoToHoBanux popm (PO,*,
PO,H, PO,H,) Ta BifpisHAIOTbCA CTEPUIHU-
MU 0COONMMBOCTSMY (BUKPUBIICHNIT TETPaep)
HOPIiBHAHO 3 IJIACKMM KapOOKCUIaT-10HOM.
OCHOBHUMM TIpeACTaBHUKAMI aMiHOKap-
60kcdochOoHOBUX KMUCIOT € TOXifHI Ii-
nuHy:  ¢dochonomermnrminmu  (rmidocar,
H,PMG), pocponomeruniminopionrosa Kuc-
nora (H,PMIDA), 6ichpochonomernnrminmn
(H.BPMG),  dochonomernnaminosnTapHa
(H,PMAS), 6ic(pochonomermn)amiHOAH-
tapra (HBPMAS) kucnotn [8-14]. V mite-
paTypi ZOCUTD HeTalbHO JOCI/KEHO aMiHO-
kap6okcudocdhonarn 3d-meranis, s AKUX
3aikcoBaHO HANOIBIy pi3HOMaHITHICTD
KOMIIJIEKCIB [6, 7, 12-22]. 3aBasgKy HaABHOCTI
B Monekynax AKOK tppox ¢yHKIiOHaIbHUX
rpyn (COOH, PO,H,, NH), Bonu yTBOpIO-
I0Tb CTiliKi pi3HONPOTOHOBaHi KOMIIIEKCH,
CKJIaJ] AKMX BJM3HAYa€ThCsA 3HaYeHHAM pH ce-
PEROBNINLA i CIIiIBBiJHOIIIEHHAM MeTaJl: JIiIraH[.

PosrAnyTi XemaHTM IPOABIAITD KOMIIIEK-
COYTBOPIOIOYi BJIACTMBOCTI B IIMPOKOMY iH-
tepsasi pH Ta popMy0Th CTiliKi KOMITTEKCH 3
5-4JIeHHMMM XeTaTHUMM LIMKIaMMU.

ChoinbHUM JJI BCiX BUBYEHMX Ha CbhO-
TOJHI KOMIUIEKCIB i3 KMC/IOTaMy aMiHOKap-
6okcndochoHoBOro pAAy € iXHA MaKpoMoIe-
Ky/ApHa II07iIMEepHA CTPYKTYPa, Y AKill aHIOHA
AKOK ciy>xaTh MicTKaMy MK aToMaMI Me-
tany. KoxeH ioH MeTany moB'A3aHmit 3 Kinb-
KoMa (Bif BOX [0 YOTMPBOX) alMJO-TpyIa-
M. IlomimepHO-/TaHIIIOKKOBI a6o 1IapyBari
CTPYKTYPH, 1O YTBOPIOKIOTHCA, 3MiLIHIOIOTHCA
3a paxXyHOK PO3TaTy>KeHOI CUCTeMY BOJHEBUX
3'askiB Tumy N-H-+O ta O-H-+O, B sKux
0epyThb y4acTb yCi aTOMU BOJHIO aMiHOTPyIn
Ta MOJIEKY/IV BOJIM, aTOMM KJCHIO JIiITaHZiB Ta
Bopu. Dbinpuricts aminodocdoHokapbOKcH-
JATiB MICTATH TPU 5-4Y€HHI XelaTHI LIMKIIN
(oguH IIIIVMHOBUMIT Ta [Ba aMiHOMETW/IEH-
dbochoHOBMIT) 3 KOOPANHALIEIO I0HIB MeTaIiB
aToMaMM a30TY Ta KUCHIO KapOOKCUIBHMX Ta
¢dochonoBux rpyn. Pocdonopa rpyma, 3aB-
OAKM He IIOBHICTIO peajli3oBaHill JEHTaTHOCTI,
3/laTHa BMUCTYIIAT MICTKOM MDK KaTiOHaMM
MeTaliB ab0 YTBOPIOE PO3Tay)XeHY CHUCTe-
My BOJHEBUX 3B'A3KiB. [IIsI KOMIITIEKCOHIB,
mo Mictath ABi COOH-rpynn, € MoXImMBUM
YTBOPEHHsS IOJATKOBOTO IVIIIMHOBOrO abo
6-4JIEHHOTO a/TaHiHOBOT'O IIMK/IiB.

Awminoxap6okcndochoHat  IPOSIBIAIOTH
0i0/IOTiYHy aKTUBHICTD, € HETOKCUYHUMU IS
CCaBLiB i, 1110 Jy>Ke BaXIUBO, 3[IaTHI JOCUTH
HIBY/IKO PO3K/IAZIATUCA Y HABKONMIIHbOMY Ce-
penoBuii. bionoriyni B1acTMBOCTI KOMILIEKCIB
6iomeraniB Ha ocHoBi AKDK 3ymoBneHi tum,
O i CIIOIYKM € CTPYKTYpHuUMU ¢ocdopo-
BMIiCHMMM aHA/IOTaMM NPUPOSHMUX aMiHOKMC-
JIOT, TOMY BOHU MOXYTb OpaTy yd4acTb y Me-
xaHi3Mi 6aratbox 6iompolieciB, MalOTh HU3BKY

ISSN 2708-129X. VKp. Xim. XypH., 2022



0. K. TpyHosa, M. H0. Pycakosa, I'. B. ApramoHoBa, T. 0. MakoTpuk

YXX Ne 9 /TOM 88

TOKCUYHICTb i BUCOKY pO3YMHHICTh B YMOBax
IpUpOIHOro cepemoBuina [1, 22-27]. AmiHo-
KapOokcudochoHatn MawTb repbinmpHi Ta
POCTOCTMMYIIOK0YI BTAacTUBOCTI. [1, 7, 28]. Tak,
N,N-6ic(dpochoHOMETII)IIIIMH  BUKOPUCTO-
BYIOTb JIJI NIPUCKOPEHH:A BU3piBaHHA LIYKpO-
BOI TPOCTMHM Ta 30iIblIeHHA B Hiil BMICTy
nykpy, a N-(dbochonomerwn)rinmy, Bigommit
AK repOinuy «rmidocat», 3TaTHUN CETEKTUBHO
inribyBatu cuHTe3 QepMeHTy 5-eHenmipyso-
imumkimar-3-pocdar-cuHTarasy, AKWt Xo4 i
Bi[ICYTHIi1 y BUIIMX OpraHisMax, aje HeoOxin-
HUI U1 CUHTE3Y apOMAaTUYHUX aMiHOKMCIIOT
y pocnuHax i Mmikpoopranismax. IIpenaparu na
OCHOBI I7iocaTy MaloTh YHiBepCalIbHICTD Aii
IIpY KOHTAKTIi i3 3€JIeHNMM POC/IMHAMU 32 He-
BIUICOKOI HOPMM BUTPAT, HM3bKY (iTOTOKCUY-
HICTb i IIBUJKO PO3KIAIAal0TbCA B HAaBKOJIMII-
HBOMY CepelloBMILi B aepOOHNUX i aHaepoOHMX
YMOBax 3 YTBOPEHHAM OCHOBHOT'O MeTaboIIiTy
amiHometmngocdonosoi kucmoru [1, 29-31].
HasBHicTb KoBaneHTHOro C-P 3B'A3KY y CTpPYK-
Typi amiHOKap6oKkcndochoHOBUX  KUCTIOT,
cTifikoro mo ¢oronmisy, XiMiuHOrO rifpomnisy
Ta TeMIIEpaTypy, MPOTe 3[IaTHOTO PYIHYBa-
TCA 3a (epMeHTaTMBHOI fAii Mikpoopranis-
MiB, 3yMOB/IO€ iXHi 6ionoriuni BrIacTMBOCTI
[32, 33]. 3maTHicTb fo bioperpapauii cronyxk i3
C-P 3B’43KOM BUABJIEHO y 6araTbox OakTepiit
pony Escherichia, Pseudomonas, Agrobacterium,
Klebsiella, Arthrobacter, Bacillus, Rhizobium [34,
35]. Hesxi mramn (Hanpuknag, Pseudomonas
sp. LBr i Flavobacterium sp.) 6inbIly 4acTUHY
N-(dochoHOMeTIIN)IILNMHY TPpaHCPOPMYIOTH
B amiHoMeTmndocdonar abo rmipocar-okcu-
nopenykrasy [36, 37].

Oco6nmuBy yBary npuBepTae CTUMY/IIOO-
4a f1if1 aMiHOKapOOKcu(pocHOHOBUX KUCIOT
Ha picT MIKpOOpraHismiB, fAKi BUKOPUCTO-
BYIOTb y GioTexHosnmorisx. Bigomo, mo Bnmms

https://ucj.org.ua

Pseudomonas spp. Ha PO3BUTOK CiTbCHKO-
TOCIIOJAPCHKIUX KY/IBTYP MOXKe OYTH SIK I03M-
TUBHUM, TaK i HeraTuBHUM. Jlesiki 6akTepiab-
Hi mTamMu € GiTOmaTOreHHNMU, iHII, Halpu-
K/1a], carpoiTHi IIceBJOMOHANMN, K LIPOKO
Hace/sAI0Th pusochepy POCIVH, BifirparoTb
BOK/IMBY PO/Nb y IXHbOMY 3axmcTi. bakrepii-
aHTaroHictu 3 popy Pseudomonas BUKOpucTo-
BYIOTb fAK 3acobu 6iomoriuHoi 60poTnbu i3
3aXBOPIOBAaHHSIMU POCIMH OakTepiaabHOI Ta
Miko3HOI eTionorii. Takoxx campodiThi npep-
CTaBHUKU poxny Pseudomonas € nmpopyueHTa-
MU BETMKOI KiTbKOCTi 6iO/IOTiYHO aKTUBHUX
CIIONYK, TaKMX 5K IIIIMEHTH, aHTUOIOTHKIL,
aMiHOKMCIIOTH, IOTicaXxapyuiy, TOKCMHMY, BiTa-
MiHJ, 2 TAaKOXX iHIII OpPraHiyHi pe4OBMHMU, AKi
BUKOPUCTOBYIOTb B IMYHOJIOTii, MEOULINHI Ta
cibcbkOMYy rocropapctsi [38-40].

Merorw 11i€l poOOTU € CMHTe3 Ta HOCHIi-
mkeHHsa komiuiekciB  3d-meranis  (Co(II),
Ni(II), Zn(II)) 3 6ic(docdhonOMeTHMIT)aMiHO-
AHTAPHOIO KMC/IOTOK B PO3YMHAX i TBEPAOMY
CTaHi Ta BUBYEHHs IXHbOI 6i0/TOTiYHOI aKTUB-
HOCTI BITHOCHO HEIaTOT€EHHMX 6aKTepia}IbHI/IX
mramiB KynpTyp Pseudomonas.

EKCIIEPMMMEHT I OBI'OBOPEHHA PE-
3YJIBTATIB. Sk BUXifHi CIIOTyKY /17151 CUHTE3Y
KOMIUIEKCIB BUKOPUCTAHO X/IOpHJ KOOasb-
1y(II) CoCL-6H,0 (x.4.), cynbdat nikemo (II)
NiSO,-7H,O (x.4.), nirpar nunky Zn(NO,)
4H,0 (xu.) ta N,N’-6ic(pocdonomernm)
aMiHOsIHTapHa Kucnora (puc. 1), siky cuHTe-
30BaHy 3a MeTofuKow [14]. Poboui posunun
H6BPMAS HeoOXi/JHOI KOHILIeHTpalii rorysa-
7V 32 TOYHO B3ATOI0 HaBaKKkow. KoHueHTpa-
11110 I0HIB MeTasliB y po3uMHaX BUXIJHUX COIEN
Ta B KOMIUIEKCaX BU3HAY€HO METOIOM KOMII-
JIEKCOHOMETPUYHOTO TUTPYBaHHA. [n1a fo-
CIIIJPKEHHA TIPOLIECIB  KOMIIIEKCOYTBOPEHHSA
y BOJHMX PO3YMHAX TOTyBaldM PO3YMH COJIi




HEOPTAHIYHA XIMIfi

CWUHTE3 TA bIOJIOT14HA AKTUBHICTb KOMMNJIEKCIB 3d-METAJIIB I3 BIC(®0C®OHOMETUN)AMIHOAHTAPHOIO KACJI0TOH

BignosifgHoro Metany (Co(II), Ni(II), Zn(II))
(CM(II): 5-10° Monmb/nm) 1 pO3YMH KMUCIOTU
(C=5-10" momb/m). OmepxyBam eKBiMOIAp-
Hi cucremn M:H BIMAS = 1:1, saki sanuimann
Ha 40 XB y TeMHOMY MiCIli I/i1 BCTAaHOBJ/IEHHA
piBHoBaru. HeoOxinxe 3nauenuss pH posuu-
HY [OCTKYBaHOI CUCTEMM BCTAaHOB/IIOBAJIN
posumnamu kucnor (HCI, H,SO,) ab6o myris
(NaOH, KOH). Tseppai MeTanmoKOMIIEKCH BU-
RIS 3 TapsT9MX BOJHUX po3unHiB (45-50 °C)
3a JIOIIOMOTOI0 i30TepMiYHOTO MeTOfy (BUCO-
JIIOBAaHH:A aOCOMIOTHUM eTaHo/oM) npu pH~6
(MakcuMasibHe HAKONMYEHHS [eIpOTOHOBA-
HIX KOMIUIEKCIB 3Ti[HO HmiarpaM pO3IOfAity).
Buxing koMmIiekciB cTaHOBUTDH ~78%. Bmict H,
C, N Bcranosneno Ha CHN-ananisaropi Perkin
Elmer - 2400. Bmict ¢pochopy BusHavamm me-
TOMIOM TpaBiMeTpil.

HocnikeHH:A ~ KOMIIZIEKCOYTBOPEHHA Y
BOJHMX PO34MHaX IPOBOJVIIM METO/IOM €JI€K-
TPOHHOI criekTpockomii mormnHanesa (ECII).
EnexTpoHHI CIEKTpM 3alMCyBaaM 3a pisHUX
3HayeHb pH Ha cmekTpodoromerpi Specord
M 40 B o6macri 50 000-10 000 cm™' y xBapie-
Bux KroBeTax (/=1 cM). [l KinbKiCHOI OI[iHKM
KOMIUZIEKCOYyTBOPEHHA TIPOBOAM/IN MaTeMa-
tuaHe o6pobnenns manmx ECII 3a gomomo-
roto mporpamu CLINP 2.1 [41].

[9-cnexTpu mOCHiIPKyBaHKX CIIONYK 3aIli-
cyBamm Ha npuiafi Specord-M 80 B obmacri
4000-200 cm™! y Burnagi tabnetoxk i3 KBr. KBr
IIOTIEPEIHbO IPOKATIOBaIM /I BUNA/IEHHA
KPUCTAJIOTiIpaTHOL BOJM.

lppaTHMil CKmaj CIONYK Ta iXHi TepMid-
Hi XapaKTepUCTUKM BM3HAYa/IM 3a JOIOMO-
rol0 KOMIIEKCa INPUCTPOIB — JepuBaTorpa-
¢da NETZSCH STA 409 i xBappynonbHOTro
Mac-criekTpomerpa QMS403/4 (Balzers), sxi
IO3BOJIAITh NPOBOAUTY BOJHOYAC TepMid-
HUJ 1 HEKUIbKICHMII Mac-CIIEKTPOCKOIIIYHMIA
aHaji3, peecTpynuy 30i/IbIIeHHS MapLianb-
HOTO TYCKY Ia30IOAIOHNX IPOAYKTIiB TOPiHHA.

OH
OH p-OH
o) b
0
N
HO ,OEH
P —

W
O

H;BPMAS, H,L
Puc. 1. Bynosa N,N'-6ic(¢pocponomernn)ami-
HOAHTAPHOIL KICJIOTH
Fig. 1. Structure of N,N'- bis(phosphonome-
thyl)aminosuccinic acid.

LocnioseHHs KOMNIEKCOYMBOPEHHT 6 PO3-
YuHaX

Ha puc. 2 (g, 6, 8) HaBegeno ECII cucremun
M(II) - H BPMAS 3anexno Big pH posunnis
3a CIIiBBigHOIIIeHHs MeTaj:airaumg = 1:1.

SIx BupHO 3 puc. 2, KOMIIEKCOYTBOPEHHS
B cucremax M(II)-H BPMAS, nesanexuo Bin
KaTiOHa, IIOYMHAETHCSA B KICIOMY Cepefo-
BUILi, IIPO IO CBiJYUTH 30i/IbIIEHHS OIITHY-
HOI TYCTVHM PO3YMHIB i 6aTOXpOMHMII 3CYB
MaKCUMyMiB TornuHanna (v ) d-d nepexo-
JIiB y KOMIIZIEKCaX BifJHOCHO V__ aKBa-ioHiB
3d-meranis (19560 cm1—19440 cm! mia Co?,
25450 cM!'—>24380 cmlmna Ni2t) [42]. TTono-
KeHHA v_  d-d nepexofiiB ioHiB K06anbTy a6o
HiKe/TI0 BifiIIOBi/JaloTh IXHPOMY OKTaefpyYHO-
My OTO4YeHHI0. Tak, iHTeHCMBHMII HiK IOIIN-
HanHsa B cuctemi Co(II)- H BPMAS (puc. 2, a)
npu ~19000 cm’ BigHOCATD [O mepexomy
4T1g(4F)_’4T1g(4P) y BUCOKOCIIHOBMX HIECTU-
koopanHoBaHux Komiiekcax Co(II). Hese-
nuke mrede mpu 21000 cm™ Bigmosifae Tepmy
4T1g(4F)—>4A2g(4F) i cBigumTh TWpo TeTparo-
Ha/bHy fleopmallito okTaenpis cumerpii D,
BHAC/IJJOK JOCUTb 3HAYHOI CIIiH-Op6iTanbHOL
B3aeMofiii y 36ymxenomy crani ‘T, (P). Kpim
nporo, mpu ~12000 cm’y cmekrpax ikcy-
€ThCA TO3BOJIEHNI 4Tlg(‘*F)—Y*ng(“F) nepexin
BHACJIiTOK HMU3BKOI cuMeTpii 6ic(pocdonome-
TVJI)aMiHOSTHTapHOI KVCTOTH.

ISSN 2708-129X. VKp. Xim. XypH., 2022



0. K. TpyHosa, M. H0. Pycakosa, I'. B. ApramoHoBa, T. 0. MakoTpuk

YXX Ne 9 /TOM 88

0,12

0,08

0,04

0,06

0,02

0,00
30000

1
v, €M 30000

Puc. 2. EnexTpoHHi CrieKTpu TOTIMHAHHA eKBiMonsapHux posunnis cucrem Co(Il)- H BPMAS (a);
Ni(II)-H _BPMAS (6); Zn(II)- H BPMAS (6) sanexxuo Big pH posunny (mopsgKoBuit HoMep CHeKTpiB

=5.10 monb/n

BipmoBizae 3HaueHHI0 pH), CM(H)

Fig. 2. UV-VIS spectra of equimolar solutions of systems Co(II)-H (BPMAS (a); Ni(II)-H BPMAS (b);
Zn(II)-H BPMAS (c) depending on the pH of the solution (the serial number of the spectra corresponds

to the pH value), C . = 5-10"° mol/l.

M(IT)

B ECII xommnekcis Ni(II) s HBPMAS
(puc. 2, 6) cmocrepiraloTbcsi OCHOBHI Mak-
CUMyMM HOITIMHaHHA npu ~25 450cm™ Ta
~13 400 cm', AKi BigHOCATBCA [0 TepMiB
3A2g_)3Tlg Ta 3A2g—>3T2g(P) BigmosigHo. 3i
36inpueHHAM pH posunHy BinbyBaeTbcs pos-
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IIeTIEHHS. OCTAHHBOTO Ha JIeKi/IbKa MY/IbTH-
IUIeTiB, IO 3YMOBJICHO OJM3DBKICTIO eHeprii
piBHiB 'E i 3Tlg IpY KOOPAMHALIT HikesTto.
Kommnnexkcu Zn(II) mornmuatotp YO-BU-
IIPOMIiHIOBAaHHA B CIIEKTPAZbHOMY JiaIlla3oHi
34 000- 32000 cm™ (puc. 2, 8) i pu 36ibLIIEHH]
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pH MakcuMymM IOIIMHAHHA 3CYBalOTbCA B
obnacTp 6imbUIMX YacTOT. Takmit GaToXpoMm-
HUJI 3CYyB 3YMOBJICHO IIOJIETIIEHHAM H—TT
nepexofiiB B aMiHopochoHOBOMY (pparmeHTi
AK®DK [43].

OmnucaHa CrieKTpasbHa KapTVHA CBiTYUThH
IIPO YTBOPEHHS IIEBHOTO YC/Ia KOMIITIEKCIB i3

PI3HOIIPOTOHOBAHVIMM aHIOHaMM JraHpy 3a-
nexxHo Bifg pH posuuny.
3a manumu ECII 6yno pospaxoBaHO KOH-
CTAaHTM CTiNIKOCTi pi3HONPOTOHOBaHUX Oic-
(docdonomernn)aminocykunaris 3d-mera-
niB (Tabn. 1) Ta moOymoBaHO Aiarpamu pos-
HOZINMy KOMIUIEKCHMX (opM 3ajexHo Bif pH
(puc. 3, a, 6, 8).
Tabmmus 1.

3HavyeHHsA KOHCTAHT CTINIKOCTi Ta 06/macTi icHyBaHHsA KomIutekciB 3d-meTaniB i3 6ic(doc-

doHOMETHT)aMiHOSHTAPHOIO KUCTIOTOKO

Table 1.

Values of stability constants and regions of existence of 3-d metal complexes with bis(phos-

phonomethylaminosuccinic) acid.

dopma Co** Ni** Zn**
KOMIUIEKCY IgK_ | obmacts pH IgK_ obmacts pH IgK_ | obmacte pH
MH L 2,09+0,11 0,5-3,5 2.13+£0,11  0,5-4,0 2,97 £ 0,08 0,5-2,5
MH,L 5,40+ 0,08 0,5-7,0 4.7 £ 0,09 1,0-6,0 3,57 £ 0,11 0,5-4,0
MH_,L 12,49 £ 0,04 0,5-7,0 12.75+ 0,14 1,0-7,0 7,96 = 0,04 0,5-6,5
MHL 15,66 £ 0,20 2,5-8,5 1524+ 0,12 2,5-10 12,05 + 0,20
ML 19,90 £ 0,08 >5,0 19,08 + 0,08 >5,0 13,81 £ 0,05 3,0-10,0
M(OH)L 18,04 + 0,11 >6,8 17,95+ 0,10 >6,5 12,92 + 0,07 >6,5
* — popmanvHi 3apsAO0U KOMNAEKCHUX i0HI6 ONYULeHO;
* — formal charges of complex ions are omitted.
MOJIB I C\mu)’ MoaL/1t Czamm, moas/a
oc,(%'f)(’)- ! 0,0010- : i ZuHL
CoHL NiHL e .
0,0008 Co* CoL 0,0008 0.0008 fnl.
0,0006 1 0,0006 0,0006 /
CoH L
0,0004 1 CoL(OH) 0,0004 4 0,0004
. Ln(OH)L
0,0002 GOH,I} 000021~ 00002 /)<
0,0000 T T T T 0,0000 0.0000 2 : —
2 4 6 8pH 10 4 § H o pH
o 6 ¢

Puc. 3. [liarpamu posnopiny kommaekchux popm y cucremax Co(II)-H BPMAS (a); Ni(II)-H BPMAS
(6); Zn(II)-H _BPMAS (6) sanexxuo sig pH posunny

Fig. 3. Diagrams of the distribution of complex forms in the systems Co(II)-HBPMAS (a);
Ni(II)-H ,BPMAS (b); Zn(II)-H BPMAS (c) depending on the pH of the solution.
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I3 maHmux Tab6m 1 BumHO, WO 3d-MeTanu
YTBOPIOIOTH i3 6ic(PpochonomeTnn)aMiHOSAH-
TApHOIO KMC/IOTOIO CTiliKi KOMIIZIEKCH Pi3HOTO
IIPOTOHHOTO CK/IAJy: BiJj BUCOKOIPOTOHOBA-
HUIX JIO TIOBHICTIO IETTIPOTOHOBAHVX (HOPMaJIb-
Hux). [Tpy 11bOMy NpaKTUYHO JJIsA BCIX KOCTT-
JDKYBaHNX KOMIUIEKCHUX (OpM, He3amex-
HO BiJl MeTajy, CIIOCTEPIra€TbCA IOCTYIIOBE
30i/bIIIeHHS CTIIKOCTI KOMITIEKCIB 3a iXHBOI
IIOCTIiIJOBHOI JIeNPOTOHi3anii. BigMiHHicT y
KOHCTAaHTaX CTIIKOCTi KOMIIJIEKCIB Pi3HOrO
CTYHeHs NPOTOHYBAHHS IIOB'f3aHA 3 KOOP-
[MHAIi€0 pi3HOI KiIbKOCTi PYHKI[iOHATBHUX
rpynirangy. Menmia cTiiikicTb TeTpa- Ta Tpu-
IIPOTOHOBAHMX KOMIIJIEKCIB 3yMOBJ/IEHA KOOP-
AuHanieo nuuie kucnotHux rpyn H BPMAS
(kapOokcunpHUX Ta/abo QocdoHOBUX) 6Oe3
3MiHM OCHOBHOCTI aToMa a3ory. IligBuinennsa
CTIMIKOCTI KOMIIJIEKCIB IIPM YTBOPEHHI MOHO-
Ta JEIIPOTOHOBAHMX (POPM IOB'I3aHO 3 KOOP-
AVHALII€I0 LIeHTPaJIbHUMM aTOMaMy TPEeTUH-
Horo aroma Hitporeny H BPMAS. CrifikicTb
y PO34lMHI JeIpOTOHOBaHMX KOMIUIEKCIB I
BCIX JOCITiI>KeHNX MeTaJIiB 3aBXKIM BUIIA, HIXK
y pasi mporoHoBaHMUX GOPM /IS TOTO CAMOTO
kaTioHa. To6TO, BifOyBa€Tbcsi MifBMUILEHHS
eeKTUBHOI JeHTAaTHOCTI Jira”py 3i 3MeH-
HIeHHAM cTyneHs nporonyBanHa AKOK. [Ipu
LIbOMY i1 BCIX JOCTIIPKYBaHUX MeTasliB 36e-
piraerbcsa KoopAuHaliiHe Yucio 6.

bnuspki 3HaYe€HHA KOHCTAHT CTIMKOCTI
KOMIIJIEKCIB Ta OJJHAKOBUI IIOPAJOK 3MiHM B
sHaueHHAX IgK ~ cBifuuTh mpo opHOTHUITHY
OymoBy iXHBOI BHYTPIIIHBOI KOOpPAMHALi-
Hol chepu. Onepkani JaHi MIOMO CTIMKOCTI
6ic(dpocdonomern)amiHOCYKIIHATIB [J0Ope
KOPeJITh i3 psinoM IpBinra — Binbsamca [44].

Amnaznis piarpaM poO3INOAiTy KOMIUIEKCHUX
¢dopM moOKasaB, IO B JOCHPKYBaHNUX CHU-
CTeMaX KOMIUIEKCOYTBOPEHHS IIOYMHAETh-

https://ucj.org.ua

cs B Jy)XKe KUCIIOMY cepemoBuili. B o6macti
1<pH<4 criitkumu € kommekcy 3 H 4L'2, H3L'3i
H, L*anionamu xucnoru. 3i s6inpbmennam pH
PO34YMHY B CUCTEMaX HAKONUYYKIOTbCA MOHO-
1 IenpOoTOHOBaHI KOMIIZIEKCH, fAKi iCHYIOTH Y
mupokomy gianasoni pH (4-9). Ilpu npomy
MaKC/MaJ/IbHEe HaKONMYEHHA CIIOCTEPIraeThCA
came A kommnekcy MHL, akuit icHye B mn-
poxomy KucnotHoMy pmiamasoni (pH 2,5-10),
[0 BKasdye Ha HalOUIbLIy peakuiliHy 3part-
HiCTb MOHOIIPOTOHOBAHOI OpMMU JIraHpy 3a
PaxyHOK 3rOpHyToi KoHpopMalil [45].

Y myxHill obmacTi criocTepiraeTbcs yTBO-
penHs rigpokcokomiiekciB ML(OH), koH1jeH-
Tpallisf AKUX MOXKe 3pOCTaTu 3i 30iblIeHHAM
pH posumnis. Ane B uux ymoBax pH ixnbo-
My HaKONMYEHHIO IIEPEIIKOJKAE yTBOPEHHA
O1/TBII CTIVIKVX HOPMa/IbHUX KOMIUTEKCiB ML.

TakuM YMHOM, HOCHIIKEHHA KOMILIEK-
coyrBopenns M(II) 3 6ichocdonomerna-
MiHOSIHTAapHOIO KICIOTOK II0Ka3ajao, L0 B
pO34YMHi B IIMPOKOMY Aiamasoni pH yTsopro-
I0TbCA CTiVIKi Pi3HONPOTOHOBAHI KOMILIEKCH
saranpHoro ckmamy M(H L)(OH)_ =~ (n=4+0;
m=0, 1), B AKMX iOHM MeTasiB 3HAXONATHCSA
Yy BUKPMBJIEHOMY OKTaepMYHOMY OTOYEHHI.
KoHcTaHTH CTilIKOCTi KOMIIZIEKCIB 3MeEHIIy-
orbest B pspi lgK >1gKy o >1gK ) SIgK
>1gK, . >1gK .., 1110 TOB’A3aHO 3 TOCTIi/IOB-
HOI0 JMCOLalli€l0 JiraHAy i KoopAMHalLi€
LEHTPaJbHIM aTOMOM Pi3HMX JOHOPHMX TPy
BPMAS, a Tako>X yTBOPEHHAM B MEHII IPOTO-
HOBaHMX KOMIUIEKCAX JOJATKOBUX XETaTHUX
nUKIiB: rainuHoBoro (1) Ta gBOX docdoHo-
IiIMHOBUX (2, 3):

2
O\C
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I Beix 6ic(pochonomermn)amiHOCYKIH-
HaTiB 3d-MeTasniB HOMiHYBaHHA KOMIIZIEKCY 3
opHie0 ¢opMoro yiraHAy BifOyBaeTbcA Hmpu-
6/113HO B OFHAKOBMX 06macTAX pH.

LocniosxenHs meepoux komniexcis
Pesynbrarty XiMiYHOTO aHami3y CMHTE30Ba-
HUX KOMIUIEKCiB HaBeneHo B Tabi1. 2.

Tabnuus 2.

Pe3ynbraTtu enemenTHOro aHanisy 6ic(pocponomermn)aminocyknmnaris 3d-metanis

Table 2.

Results of elemental analysis of bis(phosphonomethyl)aminosuccinates of 3d metals.

Cnonyka Enement (%)
M | Na | H | C [ N | P
3HAlIIeHO 12,24 9,34 3,20 14,68 2,95 12,65
Na,[CoL]-4H,0
pO3paxoBaHO 11,94 9,31 3,44 14,57 2,83 12,55
) 3HaVIEeHO 12,19 9,36 3,51 14,97 2,92 12,71
Na,[NiL]-4H,0
pO3paxoBaHO 11,89 9,32 3,45 14,58 2,84 12,56
3HAIIEHO 14,35 10,16 2,72 16,01 3,20 13,77
Naz[ZnL] ,-4H,0
pO3paxoBaHO 14,00 10,14 2,65 15,88 3,09 13,67

lppaTHnii cKaaj CUMHTE30BaHUX CIIONYK
BCTAHOBJIEHO 3a fonomorow metony JJTA. Ha
puc. 4 pnA NpuUKIafy HaBEJEHO TepMOrpamy
xomnekcy Na, [ZnBPMAS]-4H, O.

TepMiuHmMit po3KmIaj BCiX CUHTE30BAaHUX
bicdochonomernnaminocyknmHaris - 3d-me-
TaJIiB BifOyBa€TbCs OTHOTUIIHO. BoHM yTBO-
PIOIOTH  KPUCTAJIOTipaTy 1 BifllenIeHHA
KpucTanisaninzoi Bogu anAa cnonyk MBPMAS
(M = Co*, Ni*', Zn**) IpoXoguThb B OfHY CTa-
miro B pianmasoHi temmeparyp 100-110 °C Ta
CYIPOBOIPKYETHCS €HIOTEPMIYHNMM edeKTa-
mu. [Ipyu npomy Ha KpMBil Mac-CIeKTpa A
HO (3 makcumymamu 104°C (CoBPMAS),
105 °C (NiBPMAS), 108°C (ZnBPMAS) o¢ixk-
CyeTbCA BifNOBigHMIA curHan. Huspka teMm-
nepaTypa Jerifparaiii BKasye Ha 3O0BHill-
Hboc(hepHe po3TalryBaHHA MOjIeKkys Bopu. Ha
OCHOBI Ki/JIbKiICHOTO PO3paxyHKY BMiCTY MOJI€e-
KY/I BOJIM ITOKa3aHoO, 110 Ha CTaJil ferigparaiii
pns kommekcie Na [MBPMAS] Brpara macu

10

3a71e)KHO BiJl KaTioHa CTaHOBUTD ~11-13%, mo
BiJINIOBi/la€ BifIIETIEHHIO 4 MOIEKY/I BOJIA.

3a remmiepatypu >200°C BigOyBaerbcs 1o-
CTYyIIOB€ PO3K/IaJaHHA OPraHiYHOI YacCTUHMU
KOMIITIEKCIB, AK€ CYNPOBOIKYETbCA JeKap-
OOKCHMTyBaHHAM i JleaMiHyBaHHAM y BUITIAA]
BiIMIOBiIHMX Ta30MOMIOHNX OKCUIB, 1O IIif-
TBEPIKYETbCA TAHMMU Mac-CIIEKTPOMETpUY-
HOTO aHai3y. Lli mponecu cynpoBogKyoTbCA
cunbHUMM ek3o0edektamu mpu 410 °C, 376 °C i
381 °C ga kommnekciB Co, Nii Zn BifgmmoBigHo.
Ha xpuBuxX Mac-CIeKTpiB CHOCTEpiraloThbcA
curHamau npopykTis gpparmentanii: COO, N, O
(m/z=44); (PO,)*,(H,PO*)*1a (P,0,)" (m/z=63;
81; 142 ignosinno), (C,H,COOH)* (m/z=73);
(CH,P(OH),0)* (m/z=95). B inTepBani Tem-
neparyp 400-520 °C mponec poskiafaHHA
KOMIUIEKCIiB Jifie 6YpX/IMBO 3 BUNIIEHHAM Te-
wa (exzoedextu npu t ~ 380, 430, 470 °C) i
BTpaTol0 Macu ~ 6-8%. Kinnesa Temmepa-
Typa PO3K/IaJaHHA KOMIIJIEKCIB CTaHOBUTH
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480-520 °C. Crnip 3a3HaunTH, 110 IpOLieC Tep-
MOJIeCTPYKIIii KOMIIEKCiB TPOXOANUTD 6e3 BI-
nineHHA GocPOPBMICHMX JETKUX IPORYKTIB,
OCKIiIbKM Mac-CIIEKTPOMETPUYHA KPUBA, fKa
BifmoBigae docdopy, 3aMMIIaETBCA B YChOMY
NOCTIHKYBaHOMY TeMIIepaTypHOMY iHTepBasi
IpaKTUYHO He3MiHHO0. Tomy, iIMOBipHO, KiH-

LeBYIMI IIPOAYKTaMM pO3K/IaZJlaHHA KOMIIIEK-
ciB € HecTexiomeTpuuHi rifpokcodocdaru.

Ha ocHoBi anamisy XapaKTepMCTUYHUX
cMyT normMHaHHA [Y-crekTpiB KOMIIIEKCiB
M(II) 3 HBPMAS (1abn. 3) ofepsxaHo faHi
PO crocib KoopaMHalii ioHa MeTasy B JOCTi-
IPKEHMX CIIOTTyKax.

Intensity of m=103,117,142/ A*E”
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- % S Intensity of m=63,95/ AE®
> 02 | 3 . - 0,15
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g 95_(CH,P(OH),0)"
5 i 117_((C,H,(COOH),)" 4 — 0,10
>
g |
S - 01
E
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| 0,0
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Fig. 4. Thermogram of the com-
plex Na,[ZnBiPMAS]-4H,0
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Tabmuns 3.

OcHoBHi yacToTN KOMuBaHb (cM') Ta ixHe BigHeceHH: B [U-cnekTpax kommrekciB 3d-me-

tanis 3 H 6BPMAS

Table 3.

Basic vibrational frequencies (cm™) and their assignments in the IR spectra of complexes

of 3-d metals with H (JBPMAS.

Cumyra | HBiPMAS | Na,[CoBPMAS]-4H,0 | Na [NiBPMAS]-4H,0 | Na,[ZnBPMAS]-4H,0
VHO) 3392 3398 3428 3441
v(CH) 3010 2885, 3008 2920 2880,3009
v(COOH) 1730 - - -
v_(COO) 1646 1624 1625 1629
v(COO)  1468,1434 1420 1407 1418, 1383
Av 204 218 211
v_(PO,) 1166 1134 1142 1122
v(P=0) 1066 1080 1066 1081
v_(POH) 940 992 990 995
v(M-0) - 683, 582 618, 590 671,557
v(M-N) - 460 462 460

B IY-cnexTpax KOMIIJIEKCIB BifICyTHi Ba-
neHTHi KonmuBaHHA BinbHUX COOH-rpymn, saki
B criektpax H BPMAS cnocrepiratorbes npn
1730 cm’!, WO CBigYMTH TPO KOOPIMHAILIIO
IIeHTPa/IbHOIO aTOMa JBOMa KapOOKCHUIbHM-
Mu rpynamu jairaspy. CUMeTpU4Hi Ta acuMme-
TPUYHI Ba/IEeHTHI KONMMBAaHHA JUCOLIOBAHUX
COO-rpyn @i KOMIUIEKCiB 3MilljeHi B 00-
JIACTh HU3bKMX YACTOT BiITHOCHO aHAJIOTIYHMX
CMYT y CIIEKTPi uncToi kucnoru. ITpuaomy pis-
HuL B onoxkeHHi cmyr v COO ra v, COO B
KOMIUIEKcax ckmaagae Av>200 cMml, mo cBin-
YUTh PO MOHOJEHTATHUII XapaKTep 3B'A3y-
BaHHA KapOOKCK-TPYIH 3 ioHOM MeTaiy [46].

CMmyrn mnormmHaHHA B obmacti 1140-
990 cm™! BigHEceHO 10 KonMMBaHb PochHOHOBOT
rpymn AKOK, aki npu koopauHalii 3 ioHaMn

12

MeTajIiB 6aTOXpPOMHO 3MiLIYIOTbCS BiIHOCHO
Bi/IMOBITHMX CMYT KONMBAHHA BiIbHOIO JIi-
rafj;y, Wo CBIZYUTDH PO KOOPAMHALIII0 doc-
(OHOBYX I'PYHl y KOMIIIEKCAX.

CMyru TNOIMMHaHHA B HM3bKOYACTOTHIN
o6macti (~700-560 cm™) BigmoBigaoTh Ba-
JIEHTHMM KONMBAaHHAM 3B A3Ky M-O, a ixHe
pO3LIEeNIEHHA MIATBEPXKYE KOOPAMHAILIIIO i0-
HiB MeTayIiB aTOMaMy KVCHIO Pi3HUX QYHKI[iO-
HaJIBHUX TPYII JliraHny (kap6okcmibHa, doc-
¢doHOBa).

I BCiX [OCTIIKeHUX KOOpAMHALIIHUX
crionyk npu 460 ta 457 cM™' mpucyTHA cMyTa
NIOI/IVHAHHA, fAKYy BilHECEHO IO Ba/JeHTHUX
KO/IVMBaHb 3B’A3Ky MeTasl — a30T. Ha yTBOpeH-
HS 3B’S13Ky MeTaJIiB 3 aTOMOM a30TYy BKasye i
HasABHiCTh B [Y-cmekTpax cMyru BaJeHTHUX
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KOJIMBaHb 3B’s3Ky cyciguporo C-H B obmac-
Ti ~3000-2700 c™''. 3a3HaYeHe IOT/IMHAHHS €
OJIHMM i3 KPUTEPIIB yTBOPEHHA KOOPAVHAILii1-
Horo 3B’A3Ky M-N y komIiekcoHarax [46].
3menmenHsa yactotu V(CH) y xommmekcax ~
Ha 30 cM' BigOyBaeTbcsA B pesynbraTi iHAYK-
niriHoro epexry R—C—N—M BHacTifoOK yT-
BOPEHHsI KOOPAMHALIIHOTO 3B’SI3Ky MeTasl —
a3or.

B TY-cmekrpax kommekcis 3 H BPMAS
IpPUCYTHA IHTEHCMBHA IIMPOKA CMyra Ipu
~ 3400 cM!, gKa BigHOCUTBCA 4O V KOIUBAHb
MOJIEKYII BOJ.

Ina xomnnekciB Na,[CoBPMAS]-4H,O ra
Na,[NiBPMAS]-4H O 6yno sammucaHo efex-
TPOHHI cnekTpu AuQY3HOro BimOUTTHA, SAKi
nopioni mo CIIB BifmoBigHMX KOMIUIEKCIB i3
dbocPoHOMETNIAMIHOSTHTAPHOIO  KVICTIOTOIO
[7]. ¥ CIOB 6ic(docdonomernn)amiHOCyK-
LVHATIB CIIOCTEPIraroTbCcs CMYTH, AKI BifIoO-
BiflalOTh XapaKTepHUM d-d-mepexopmaM [is
IOHIB MeTa/liB B OKTAaegpUMYHOMY OTOYEHHI.
Crip, BigMiTUTH, 110 NTO/IOKEHHA MAaKCUMYMiB
NOIVIMHAHHA B TBEPAMX 3pasKax OMM3bKi 1O
AHAJIOTIYHUX CMYT KOMIUIEKCIB y pO3YMHAX.
Tak, y C[IB koMIIeKcy KoOanbTy criocrepira-
€TbCs IHCTEHCUBHUII MAaKCUMYM IIOITIMHAHHA
npu 19 640 cm’!, skmit BigmoBifae nmepexomy
4T1g(F)—>4T1g(P), IPUYOMY  BJMCOKOYACTOT-
He 1tede 1iel cmyru (20 120 cm™) BUHMKaE
BHAC/IIIOK CIiH-0p6iTanbHOI B3aEMOJII CTaHy
4T1g(P)- CIIB xommnnekcy Na, [NiBPMAS]-4H,O
Ma€ BUIVIAJl, TUIIOBUI [IA IIECTU KOOPAM-
HoBaHMX Ni**-ioHiB. Po3mieniena cmyra, ska
crniocrepiraerscst mpu 13 600 cm™ i 14 880 cm™,
BiJHOCUTBCSI [0 TIepexofiB 3A2g—>1Eg(D) i
*A, ~ °T (F) BignosigHo, a Makcumym mpu
25 200 cm! 3yMOBIIEeHMIT IepeXOfOM 3Azg—>
*T (P) [42]. Crpykrypa crekTpis Ta momo-
KEHHA MaKCUMyMiB cMyr d-d-mepexopiB

https://ucj.org.ua

KPUCTA/IIYHUX KOMIIJIEKCIB CXOXi 3 BIJIIOBifI-
HVMM CIIEKTPaMM IIOIJIMHAHHSA KOMIUIEKCIB y
PpO34MHi, IO CBiAYNUTDH PO OFHOTUIIHICTD IX-
HbOI OY/JOBM B PO34JHi Ta TBEPOMY CTaHi.

Ha migcrasi ananisy C[IB Ta [Y-cnexrpis,
BpaxoBylounu faHi [14, 45], mna KOMIUIEKCiB
M(II) s H BPMAS MO)KHa 3a1pOnoHyBaTy Ha-
cTynHy 6ynoBy (puc. 5):

0
If//o'
AN -
o
0{1—1{—0{12
TN P/<fo
0 0--~-Zn‘ ‘ o~
CH, PR
~ L0 o
c-
i
0
Puc. 5. 3ampomnoHoBaHa 6ymoBa KOMILIEKCiB
M(IT) s H BPMAS

Fig. 5. The proposed structure of M(II) com-
plexes with H BPMAS.

Ionu 3d-merasniB 3B’s3aHi 3 aTOMaMy KIC-
HIO KapOOKCMIbHUX Ta PocHOHOBUX TPyH i
TPETMHHUM aTOMOM a30TYy jiranzy. [Ipu mpo-
My B 6Oic(dpochoHOoMeTIIT)aMiHOCYKIIMHATAX
YTBOPIOIOTHCS [iBA 5-WIEHHMX LUK/N (aMiHO-
MeTnneHGOoCPOHOBMIT i TMILMHOBUIT) 1 OBMH
6-4neHHuI ((3-amaHiHOBMIT) LIMKIL.

Locnionenns 6ionoeiunoi akmueHocmi 6ic-
(pocporomemun)amiHOSTHMAPHOI __Kucromu
ma i komnnexcis i3 Ni(II) ma Co(I])

HocnigkeHHsa 6i0/10TiYHOI AKTUBHOCTI bic-
(dochonoMeTMM)aMiHOSTHTApPHOI ~ KUCTIOTH
ta ii kommtekciB i3 Ni(II) Ta Co(II) mposepe-
HO BiJHOCHO OaKTepialbHMX BU[IB KYIBTYD
Pseudomonas (Pseudomonas fluorescens, Pseu-
domonas aureofaciens), siki 6y/10 OTpUMaHO 3
KOJIeKIIi Ky/IbTyp MikpoopraHismiB kadenpn
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Mikpobiosorii i Bipyconorii Ogecbkoro Haio-
Ha/JIbHOTO yHiBepcuteTy im. I. I. Meunnkosa.
BuBYeHHA aKTMBHOCTI pe4OBMH IIPOBOAVIIN B
pinkoMy ctepunbHOMYy cepemoBuili [ica, Ake
MICTHUJIO JOCIPKYBaHe IOXi/IHe Y KOHILIEHTpa-
1ii 1, 10, 100 MxM (mociin) abo disiomoriuynmin
po3unH (KoHTponb). Ilomepennbo 6GaxTepi-
aJIbHI KY/IBTY P BUPOIILYBa/IV IIPOTATOM JJOOU
Ha CKOIIEHOMY IIO)KMBHOMY arapi, 3 sKOTO
3a JIOIIOMOIOI0 CTepUIbHOrO isiomorivnoro
pO34YMHY 3MMBaMyM KIITMHHY 6ioMacy. Po6oui

FPseudon :cmu.';‘ﬂnm EECENS

0,35 +

03
025 +——

0.2
015 +

01 +
0,05 +

[T . N N
1 10

cycreHsil okpemux BupiB Pseudomonas spp.
mictimn no 1x10° KYO (xononieyTBoproroui
opyHNIi)/M1. O6TiK pe3ynbTaTiB IPOBOAVIIN
Iic/1g 24-X TOAMH KY/IbTUBYBaHHA MiKpOoOpra-
Hi3MiB y NPUCYTHOCTI JOCTIPKYBaHUX PeYo-
BUH (OTOMETPUYHNM METOZIOM 32 JIOBXXMHU
xBui 540 HM.

JonaBaHHA [OCHKyBaHUX CIIONYK [0
OakTepiaTbHMX KYIBTYpP BUKIMNKAIO 3MiHN iX-
HBOTO PO3BUTKY, a CaMe CyTTEBY CTUMY/IALIIIO
pocTy MikpoopraHismiB (puc. 6).

= hpmas
® Co-bpmas

m MNi-bpmas

B Co-bpimas

& Ni-bpmas

Puc. 6. BB fOCTimXyBaHNX CHOTYK
Ha Kynbrypu Pseudomonas spp.

Fig. 6. Effect of the studied compounds
on cultures of Pseudomonas spp.
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0.4
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0.3
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02— |
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Haiibinpuie 3Ha4eHHSA CTUMYIIIOIYOI aK-
TUBHOCTI, 10 Oy/n0 BusBAeHO At 1 MKkM
H BPMAS, nopisnioBano nuiute 29 % mnopis-
HAHO 3 NPUPOCTOM MiKPOOPraHi3My y KOHT-
pori. binbm BupaxeHuMm neit edgexr OyB s
MeTajloKoMIIIeKciB.  Tak, MaKcUMa/nbHMIA
npupict Pseudomonas fluorescens (puc. 6, a)
HOPiBHAHO 3 KOHTPOJIEM CK/IaB O/M3bKO 50%
(mnsa 1 MM Na,[CoBPMAS]-4H,O) Ta 35 %
(ms 10 MmxM Na, [NiBPMAS]-4H O). To6t0
JOCTI/KYBaHi CIIONTYyKM 32 IPOSIB/ICHUM eek-
TOM MOXXHa posramrysatu y pajg CoBPMAS >
NiBiPMAS = H BPMAS.

[Ipu upomy mua cmonyk HBPMAS Ta
CoBPMAS Hait6inpI1 akTMBHOI BUABUIIA-
¢ HaliMeHIIa KoHIeHTpauisa — 1 MxkM. Tax,
y Bumagky kommaekcy Co(II) cmocrepira-
JI0Ch 30i/bIIEHHA CTYMYTIOIYOi aKTMBHOCTI
31 3MEHIIEHHAM JOT0 BMICTY Yy CepefoBMUII:
npakTU4HO Ha 30 % 1pu MOPiBHAHHI KOHIIEH-
Tpanii 10 Ta 100 MxM.

ITpy mOpiBHAHHI BIUVIMBY JOCTI/KYBa-
HUX CHONYK Ha IiHTEHCMBHICTb 3pOCTaHHA
Pseudomonas aureofaciens (puc. 6, 6) 6yno
BCTAHOBJICHO, III0 JIOTO NIPOAB OYB CXOXXUM
i3 TaKMM caMUM y IOIEPENHbBOTO BULY Mi-
KpOOpraHismy. Aje Ipy IbOMY 3a/IeKHICTDb
CTUMYJIIOIUOTO e(eKTy Bifj KOHIeHTpamii
Oyna MeHII BupaxxeHow. Hanmpukian, akTus-
HicTb COBPMAS npakTiyHO He 3MiHIOBanacs
IIpM 3POCTaHHI KOHIJEHTpallil y IOXUBHOMY
cepemoBuii. Ha Bigminy Big Pseudomonas
fluorescens,  momaBamHa  NiBPMAS  po
Pseudomonas aureofaciens npusBeno o mps-
MO MPOIOPLITHOTO 30iTbIIeHHS ONTUYIHOI
TYCTUHU CYCIEH3II KIITUH 3a/1eXKHO BiJj KOH-
LIEHTpallil IOXiZJHOTO 3pasKa.

TakuM 4YMHOM, [OCIKYyBaHi CIONyKU
XapaKTEPU3YIOTh CTUMY/IIOIOYMMA  BJIACTU-
BOCTAMU Iof0 canpoditaux Pseudomonas

https://ucj.org.ua

spp. CTyniHb IXHbOTO CTVMY/IIOBaHHA OYB 00-
YMOBJIEHIIT HACTYITHUMU (pakTOpamu:

— CTPYKTYPOIO CIIOTYKM: OibII aKTVBHM-
MU Oy MeTaJIOKOMITTIEKC;

— IPUPOJIOI0 ATOMA METANTy y KOMIUIEKCi:
CoBPMAS BusBuBCs HaitbinbII epeKTUBHUM
CTUMY/IIOIOYMM ar€HTOM;

— KOHI[eHTPAIi€l0 CIIONYK: O61IbIIiCTD CIIO-
K Oy/y GBI aKTMBHUMM IIPU KOHIIEHTpa-
il 1 MxM.

Bci BBYEHI 10 LIbOrO 4acy MeXaHi3Mu I10-
3UTMBHOTO BIUIMBY IICEBJIOMOHA/[] HA POC/IVIHU
MO>KHa YMOBHO PO3Ji/INTY Ha IBa TUIIN: NPA-
ma (abo GesnocepenHs) CTUMY/ALISA pOCTy
POC/INH 32 paXyHOK CUHTe3y Pi3HMX KOPUCHUX
IUIsT POCTIVH MeTaboJiTiB Ta onocepedkosana
CTUMYJIALIA IXHBOTO POCTY 332 PaXyHOK BUTIC-
HEHHS Ta NPUTHIYEHHS PO3BUTKY I'PYHTOBUX
¢iTonaroreHis.

Cepep perynAaTopiB pocTy pOC/INH Y Calpo-
GbiTHUX TICEBIOMOHA]], HaOi/bIII BUBYEHOK €
3[JaTHICTh O CUHTe3y iHIO/-3-0LTOBOI KIC-
notu (I-3-OK, rerepoaykcun), sika, sIK BioMo,
CTUMYJIIOE PO3BUTOK KOPEHEBOI CUCTEMM POC-
JIVH, a TAKOXXK MOYKe BUCTYIIAaTH y POJIi CTUMY-
JATOPaA MPOLECY PO3MHOXKEHHA CaMUX MiKpo-
opraHismiB [47]. OpHak OimpIIicTh mITaMiB
IICEB/IOMOHA/], 110 CTUMY/IOITb PiCT POC/INH,
npopykyorb [-3-OK y pocuth HesHayHMX
KiTbKOCTAX (3—-5 MKI/MJI), TOAi SIK IICEBOMO-
Haju, AKi € giTomaToreHamu, NpoRYyKyoOTh J1O
20 mxr/mn I-3-OK.

Y pobori 6yn0 BUBYEHO BIUIMB HAMOiTbII
aKTMBHMX JOCTIPKYBaHNX PeYOBMH Ha 3JIarT-
HicTb Pseudomonas spp. nponykysaru I-3-OK.

Bci cronyku 6yno B3ATO y KOHIIEHTpalli-
AX, 10, AK Iie Oy/I0 BYAB/ICHO Y IOIepefHbO-
MYy [OCIifi, HailOibII aKTVBHO CTUMYIIIOBA-
7 PO3BUTOK MiKpooprasismiB. BusHadeHHA
3matHOCTi Pseudomonas spp. no TpomyKuii
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nposopwmm 3rigHo 3 [48]. Cepemosuile, Ha
AKOMY BifOyBasmocs Ky/IbTUBYBaHHA MiKpo-
opranismiB, mictumo 10 r/nm menrtony; 5 r/n
npibxmxoBoro ekcrpakry; 5 r/n NaCl; 20 r/n
arapy ; 5 mM L-tpunrodany; 0,06 % SDS; 1 %
riinepuHy. JJomaTKoBO y Iie cepefoBuine 6y1o
BHeceHO 1 MKM pocmimpkyBanux cnonyk. Cy-
CIleH3io Jo6O0BUX KYIbTYp MiKpOOpraHi3Mis,
BUPOILEHNX Ha CKOLIEHOMY IIO)KMBHOMY ara-
pi, 3aciBanyu Ha IIOBEPXHIO 3a3HAYEHOIO cepe-
poBuina. [lami yanky HaKpUBau CTEPUIIbHUM
narepoBuM ¢inprpoMm. IHKyOamioo KyasTyp

IIPOBOJM/IM BIIPOZIOBX 3 JHIB, Mic/IA 4Oro ma-
nepoBuit GinbTp 3HIMamu i 06pO6IIN peak-
TuBOoM CanKoBChKOTO: 2 % 0,5 MO/b/ 1 FeCl3 B
35 9% HCIO - LIponyxkuito [-3-OK BusiBnsnu sa
XapaKTepPHUM YEepPBOHVUM KOIbOPOM QinbTpy
HABKOJIO BiTOUTKIB KOJIOHIIL.

Y Tabsn. 4 nmpencTaBIeHO pesyIbTaTH IpPo-
BEIEHOTO EeKCIIEPUMEHTY JId KOMIIIEKCY
CoBPMAS, sxmit BuABMB HamOinbmy cTm-
MY/IIOI0YY aKTUBHICTh ILIOO IPeNCTaBHMUKIB
canpodiTHUX IICeBJOMOHAI.

Tabnuns 4.

BB 6ic(dpocdonomernn)aminocykuuunary Co(Il) Ha smarnicts Pseudomonas spp.

IpoAYKYBaT TOPMOH POCTY reT€pOAyKCUH

Table 4.

The influence of bis(phosphonomethyl)aminosuccinate Co(II) on the ability of Pseudo-
monas spp. produce the growth hormone heteroauxin.

Cnomyka

Pseudomonas fluorescens

Pseudomonas aureofaciens

Konrponb

Na,[CoBPMAS]-4H,0

SIK MO>KHa TO0OAYNMTH, BUXIHI KYIBTypM
BUKOPUCTAHUX Y JOC/IIJPKEHHI IICEBJIOMOHAT,
He Ma/M 3jaTHocTi mpopykysatu I-3-OK.
ITicna BHeCEHHA y NOXWUBHE CEPeNOBUIIE, B
AKOMY BifmOyBasocsa BUPOIIYBaHHA MiKpOOp-

16

ra”isMiB, KoMIUleKcy Na 4[C0BPMAS]-4HZO,
y Bunanky Pseudomonas fluorescens crocre-
piranocs yrBopenns: I-3-OK, npo mo cBiguns
PO3BUTOK iHTEHCMBHOIO YepBOHOTO 3abapB-
neHHA maneposoro ¢inbrpa. o crocyerbes
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Pseudomonas aureofaciens, T0O XOEHUX 3MiH
IiC/IA [OJABaHHA KOMIUIEKCY, IIOPiBHAHO 3
PO3SBUATKOM KY/IbTYpM 3a JIOrO BiICyTHOCTI,
3acikcoBaHo He Oyr10.

TakuM 4MHOM, MOXHO 3pOOWUTH IIPUITY-
LIEHHA, 10 AOCIi/PKYBaHI peYOBMHM 3[IaTHI
He TiZIbKM CTMMY/IIOBAaT! PO3SMHOXXEHHA KIIi-
TVH NPeJCTaBHUKIB pony Pseudomonas, ane i
iHiI[if0oBaTM CMHTE3 HUMU OJHOIO 3 HalOi/IbII
IOIIVPEHOTO TOPMOHY POCTY IeTepeayKCUHY
y Pseudomonas fluorescens.

BVMICHOBKJ. BuBueHO KOMIIZIEKCOYTBO-
penns B cucremax M(IT):H BPMAS y Bopgnux
posuMHax 3anexHo Bif pH Ta BcTaHOB/IEHO
YTBOpEHHS KOMIUIEKCIiB 3arajbpHol ¢opmy-
mu [M(H BPMAS)(OH) | (n= 4+0, m=1+0).
Po3paxoBaHO KOHCTAHTU CTilIKOCTi Ta BU3HA-
yeHO o0acTi iCHYBaHHS pi3HONPOTOHOBA-
HIUX KOMIUIEKCIB 3a/exxHo Bif pH cepenosu-
ma. [TokasaHo, 10 HaOINIBII OBHO IMPOILEC
KOMIIIEKCOYTBOPEHHS IIPOXOANTb B 00/MacTi
pH>4.

CuHTe30BaHO TBepAli KOMIUIEKCU CKIagy
Na,[MBPMAS] -4H O, mna axkux OoTpuMaHO
TEPMiYHi XapaKTePUCTUKM Ta 3aIIPOIIOHOBAHO
ixHio O6ynoBy. Kommnnexkcn MaoTh 6ymoBy Bu-
KPUBJIEHOTO OKTaepa, B sIKOMY ioHM 3d-Mme-
TaJIiB 3B A3aHi 3 AaTOMaMM KVICHIO KapOOKCUIb-
HUX Ta (OoCPOHOBUX I'PYI i TPETMHHMM aTo-
MOM a30TYy JIiraHpy.

BcranosreHo, 1o 6ic(bochonomernn)ami-
HOSIHTapHa KUC/IOoTa Ta 1l kKoMIiekcu 3 3d-me-
TajaMy IPOAB/AITb POCTOCTUMYIIOIYY aK-
TUBHICTb BIJHOCHO IITaMiB I'PaMHETAaTVBHUX
MiKpoopraHiamiB popy Pseudomonas. Mak-
CMMaJIbHO CTVMMYJIIOIYY Ail0 Ha PicT 6aKTepi-
a/lbHUX KynbTyp nposisisie kommiekc Co(II),
KU 37aTeH iHilliloBaTU CHUHTE3 OOHOTO 3
Haif617IbII1 BOXK/IMBUX TOPMOHIB POCTY — reTe-
peoayKCcuHy.

https://ucj.org.ua

Po6oTy BKOHaHO 3a piHaHCOBOI mif-
TpuMKy HAH Ykpainn B Mmexxax gepik-
OromxeTHOl TeMu «CTBOPEHHs HOBUX
reTeponomiAfiepHIX Ta Pi3HOTIraHj-
HMUX KoMIUtekciB 3d- ta 4f-meranis i3
docdop- Ta TIOBMICHMMYU KOMIUIEKCOHAMMU,
B-muKeTOHAMM A OTPUMAHHA KOMIIO3MT-
HUX Ta TiOpUIHMX MaTepiamiB i3 GioxiMiuyHM-
MM, €IeKTPOIPOBiIHIMHA, TIOMiHECHIEHTHI-
MU BIaCTUBOCTAMM». Jlep>KaBHMIT peecTpa-
niitHIit Homep po6otn - 0115U002223.

=

SYNTHESIS AND BIOLOGICAL ACTIVITY OF

3d-METAL COMPLEXES WITH BIS(PHOSPHO-
NOMETHYL)AMINOSUNRIC ACID.

O.K. Trunova*', M.Yu. Rusakova?,
G.V. Artamonova®?, T.O. Makotryk'

'VI1. Vernadsky Institute of General and Inor-
ganic Chemistry of the National Academy of
Sciences of Ukraine,

32/34 Academic Palladin ave., 03142 Kyiv,
Ukraine

? I.I. Mechnikov National University of Odessa,
2 Dvoryanska Street, 65026 Odessa, Ukraine

? Kyiv Scientific Research Institute of Forensic
Expertise, 6 Smolenska Street,

03057 Kyiv, Ukraine

*e-mail: trelkon@gmail.com

New complexes of 3d-metals (Co*, Ni*,
Zn*") with bis(phosphonomethyl)aminosuc-
cinic acid (H.BPMAS) have been synthesized.
The complexes were studied in aqueous solu-
tions at ratios M*":H BPMAS = 1:1 in a wide
pH range (1+10). Regardless of the nature of
the metal, the formation of complexes of the
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general composition [M(H BPMAS)(OH) ]
(n= 4+0, m=1+0) is shown. The stability con-
stants of the formed differently protonated
complexes are calculated and diagrams of
their distribution are plotted. It is shown that
the process of complexation takes place most
completely in the region of pH>4. For all
bis(phosphonomethyl)aminosuccinates of 3d-
metals, the dominance of the complex with
one form of the ligand occurs in approximately
the same pH ranges. A close order of change
in the values of IgK . complexes testifies to the
same type of structure of their internal coordi-
nation sphere.

Solid complexes of the composition
Na,[MBPMAS] - 4H,O were synthesized. Their
composition, structure, and thermal charac-
teristics were determined by the set of me-
thods such as diffuse reflectance spectroscopy,
IR spectroscopy, DTA and non-quantitative
mass spectrometry. It is proved that the com-
plexes have the structure of a distorted octa-
hedron, in which the 3-d metal ions are bound
to the oxygen atoms of the carboxyl and phos-
phonic groups and the tertiary nitrogen atom
of the ligand. At the same time, two 5-mem-
bered (aminomethylenephosphonic and gly-
cine) and one 6-membered (p-alanine) metal-
locycles are formed in bis(phosphonomethyl)
aminosuccinates.

The biological activity of HBPMAS and
its complexes with Ni(II) and Co(II) against
non-pathogenic bacterial species of microor-
ganisms Pseudomonas fluorescens and Pseu-
domonas aureofaciens was studied. The study
of the activity of substances was carried out
in a liquid sterile Hiss medium. The maxi-
mum stimulating effect on the growth of
bacterial cultures for the studied compounds
was recorded at a concentration of 1 pM in

18

24 hours after the start of cultivation of mic-
roorganisms. The highest growth of micro-
organisms was recorded for metal complex-
es (50% Na[CoBPMAS]-4H,O and 35%
Na,[NiBPMAS]-4H,0). The maximum stimu-
lating effect on the growth of bacterial cultures
is shown by the Co(II) complex, which is able
to initiate the synthesis of one of the most im-
portant growth hormones - heteroauxin.

Keywords: complexes, aminocarboxyphos-
phonates, cobalt, nickel, zinc, synthesis, bio-
logical activity.
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BUPOLLYYBAHHA MOHOKPUCTANIB TA YTOYHEHHSA

KPUCTANIYHOI CTPYKTYPU Cu,ShSe,

O. 1. Yop6a', M. 1. Dinen*?, A. I Iloz00in’, T. O. Manaxoscvka', M. 0. Ca6os"’

'Vaceopoocokuti HayioHanvHull yHieepcumem, kagedpa HeopeaHiuHoi ximil,

eyn. ITidzipna, 46, Yueopoo 88000, Ykpaina;

“3akapnamcoxuii yeopcokuii incmumym imeni Qepenya Paxoui I, kagpedpa 6ionoeii ma ximii,

nn. Kowyma, 6, bepezoso 90202, Ykpaina.
e-mail: mfilep23@gmail.com

Briepuie siiiicHeHo ycminHe BUPOIyBaHHA MOHOKPUCTajia TepHapHoro ceneniny Cu,SbSe,
3 IHKOHTPyeHTHMM XapaKTepOM I/IaBJIeHHA MeTOJOM CIIPSIMOBAHOI KpucTtasisanii. Opepixa-
HUJI MOHOKPUCTAJI HOC/I/KEHO Au(epeHIillHO-TepMIiYHIM Ta PEHTTeHIBCbKUM (a3oBUM
aHai3amu. BuxopucroBytoun nosHonpodinbamit Metox PiTBenbya, 3AilICHEHO yTOUHEHHA
KPUCTa/IiyHOi CTPYKTYpu. BcTanosneno, mo Cu,SbSe; Bonozie kapKacHOI0 CTPYKTYpPOIO Ta
KPUCTaIi3yeTbcs B opTopoMOiuHiit cuHrodii, III' Pnma 3 mapamerpamu rpatku a = 7.9668 A,

b=10.65870 A, c = 6.8207 A, Z = 4.

Knio4oBi crroBa: ceneHiny, MOHOKpMCTaIN, KPUCTATiYHa CTPYKTYpa.

BCTYII. Texnomnoris TepMOeNeKTPUYHUX
IIepeTBOPIOBAYIB, III0 IPYHTYETHCA Ha edpeKTax
IlenbThe Ta 3eebeka, 3abesneuye 3BOPOTHI
IIpollec IIEpeTBOPEHHA TENJIOBOI Ta e/IEKTPUY-
Hoi eHepriit [1-3]. lle BigkpuBa€e nepcnekTnsmu
CTBOPEHHA K TEPMOE/IEKTPUYHIX OXOIOMKY-
BauyiB, TaK i TeEPMOENEKTPUYHUX T€HEPATOPIB.
TepmoenekTpuyHa TreHepalis e/leKTPUYHO-
IO CTPyMy JAa€ MOX/IMUBICTD JIIA peKyleparlii
BiZIIPallbOBAaHOTO TeEI/Ia, PEe3yAbTaTOM 4YOro
€ 3a0La/DKEHHA BMKOIIHMX €HEPrOHOCIiB Ta
smenwenHs Bukupis CO,. CyvacHi Tepmo-
e/IEKTPUYHI IPUCTPOI BXKe 3HANIUIN 0OMexKe-
He BUKOPMCTAHHA, a IMpIIe BIPOBAJKEHHA
i€l TEeXHOJIOrl CTPUMYETbCA Yepe3 HUSbKY
eEeKTUBHICTD CYYaCHUX TE€PMOENeKTPUYHIX

IIPUCTPOIB Ta €KOJOTIYHICTb BUKOPVUCTAHUX
TepMOeIeKTPUYHIX MaTepiais [2, 3].

Hapasi xoMmepuiliHe NOIINMPEHHA OTpPU-
Majy TEepMOENEKTPUYHI IlepeTBOpIoBadi Ha
OCHOBI GiHapHVX TeTypuAiB BaXXKUX METANiB
(PbTe, Bi,Te,) Ta TBepamx posumHiB Ha ix-
Hiit ocHoBi (Pb, Sn Te, PbTe _Se, Bi, Sb Te,,
Bi,Te, Se) [1-5]. [loOpoTHicTb 3a3Hade-
HIX O0’€MHNX Telyp-BMICHUX TepMOeyeK-
TPUYHMX MarTepianiB 3HAXOAUTHCA Ha piBHI
ZT = 1.3 =+ 1.5 [6]. Bumi snauennsa ZT or-
PUMYIOTh 32 PaXyHOK BMKOPMCTAaHHSA HaHO-
CTPYKTYPOBAaHUX MaTepiajiB, IO IOMITHO
3JIOPO>KYYE Ipoljec iIXHbOro oTpuMaHHA. Tomy
HAyKOBILi aKTUBHO IIPOBOJATDH HOCIIKEHHS
HOBMX CKJIaJHUX CIIONYK — iHTepMeTasifis,

25




HEOPTAHIYHA XIMIfi

BMPOLLYBAHHSI MOHOKPUCTANIB TA YTOYHEHHS KPUCTANIYHOI CTPYKTYPU Cu,ShSe,

XaJIbKOTEHIiMiB, cyminumiB, okcumis [4, 5] gk
MepCIeKTUBHUX TepMOeIeKTPUYHUX MaTepia-
niB. Haitbisp1 Zoc/ifiyKeHnM K1acoM Tepmoe-
NEKTPMYHMX MaTepialiB € CKaafHi XanbKore-
Higy. OCTaHHIM 4YacoM aKTMBHO IPOBOJAATH
JOCTIKEHHsA KYIPyM-BMICHUX Xa/IbKOT€Hi-
AiiB, 10 oxomoThb AK 6inapHi (Cu,S, Cu Se)
[7, 8], Tak i cxmapguimi ¢asu (Cu,Sb,S
CuGaTe,, Cu,ZnSnSe,) [6, 7].
EdexTuBHICTD IpoOIleCy TepMOENTeKTpud-
HOTO IIepeTBOPEHHS XapaKTepuU3yloTb 0e3-
pPO3MipHOI0 Benmn4yuHoi pobpotHocti ZT =
= §’x0xT/x_ , 110 BpaxoBye TaKi TPaHCIIOPTHI
BJIACTMBOCTI MaTepiainy, sk KoedirieHT 3eebe-
Ka (S), enexTpornpoBigHicTh (0) Ta 3arajbHy
TeNIONPOBiAHICTD (K ), AKa € CyMOI0 efeK-
TpoHHOI (k) Ta (HOHOHHOI (choﬂ) CK/IaZ0BOI
teronpoBifgHocTi. Ockinbkyu BenmuumHU S,
oTa K'en BI/I'3Ha‘{aIOTbC}I SOHHOI,O CTPYKTYP(?IO
MaTepiajy i BOHM € B3a€MOIIOB A3AaHUMM MiX
cob6oto [6], To ofHMM i3 cyyacHUX HampsAMiB
DOCII)KEHb TEPMOENIEKTPUYHNX MaTepialiB €
IIOIIYK MaTepiaiiB i3 HU3bKMMM 3HAYEHHAMMU
(oHOHHOI TerIoNpPOBIAHOCTI K, .
HemopaBHo 6y/10 MOBiJOM/IEHO ITPO BUCO-
Ky TepMOETeKTpUYHy e(eKTUBHICTh OiHap-
Horo Cu, Se, 10 BONO/i€ BUCOKMMM 3HAYEH-
Hamu ZT Ta HUSBKUMHU K o [9,10]. Ha ocHoBi
Cu,_Se peanisyloTh 3Ha4HY KiNbKiCTbh KBa3i0i-
HapHMUX IepepisiB, AKi XapaKTepusywTh YTBO-
PEHHAM TEPHAPHUX CIONYK. Y MOTPiliHiN cuc-
temi Cu-Sb-Se moBifoM/IAI0TH PO icCHYyBaH-
Ha Tpbox as CuSbSe,, Cu,SbSe, Ta Cu,SbSe,.
Cepen 1uX CHOMYK HallHMKYY TEIJIONPOBif-
Hicth Mae dasa Cu,SbSe, (0.33 Br/MK) [11].
HocmimkeHHs eneKTpodisMuHNX IapaMeTpis
Cu,SbSe, spilicHI0BanN Ha MOMIKPUCTATIIHUX
(mpecoBaHMX) Ta HAHOKPUCTATIYHUX 3pa3Kax,
PO OJep)KaHHsA OO €MHMX MOHOKPMCTAiB
He Oy/I0 IOBiOM/IEHb. 3 OINIAAY Ha CKa3aHe,

13’
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MeToI0 Iii€l po6OTU € OTpUMaHHS 06’ €MHOrO
MOHOKpMCTaniyHoro 3paska Cu,SbSe..
EKCIIEPVIMEHT 1 ObI'OBOPEHHA PE-
3YJ/IPTATIB. Ksasi6inapny cucremy Cu,Se-
SbZSe3 IOCTiMKyBam He ofgHOpa3oso [12].
Cu,SbSe, bopmyerncs y cucremi Cu,Se-Sb,Se,
3a MepUTEeKTHYHOMW peaktieo L + - Cu,Se «
Cu,SbSe, npu 535°C [12] Ta Bonopie Bysbkow
o6mactio romorenHocti. Cu,SbSe, kpucranisy-
€TbCA Y opTopoM6iuHiit cuHrowii, III' Pnma 3
mapamerpamu rpatkna=8.099 A, b=10.672 A,
¢ = 6936 A, Z = 4 [13]. Bpaxosytoun, mo
kynpyMm (I) cenenin € ¢asoro 3miHHOTO CKIa-
iy, To cuntes Cu,SbSe, Bupimeno suiiicHuTy
3 elleMeHTapHUX KOMIIOHeHTiB. CuHTe3 1oji-
kpuctaniynoro crmaBy Cu,SbSe, sxificHioBa-
IV 3 BUKOPUCTAHHAM BIUCOKOUYNCTUX (HE MeH-
e 99.999%) Cu, Sb ta Se, B3sATUX y cTexiome-
TPUYHUX KinbKocTAX. CHHTe3 IPOBOAUIN Y
BakyymoBaHux (0.13 ITa) kBaprjoBux amimynax
OIHOTEMIIepaTypHUM [ABOCTAJilHUMM Ipolie-
com. Temneparypny ButpumMky 3a 400 °C npo-
TATOM 4 rofiuH 6y/I0 IPOBENeHO I Iomepe-
JDKEHHSA Pi3KOrO 3pOCTAaHHA TUCKY y CUCTEMi
i3-3a mapiB cesneHy. MakcuManbHa TeMmIepa-
Typa cuHTe3y cTaHoBmna 1150°C (BuTpumka
8 rox). Tomorenisaiiito CIVTaBY IIPOBOAVIIN 32
temrneparypu 250°C ympopoBx 168 ropu.
Opepxanmit criaB ifmeHTHMQiKyBamu MeTo-
JIoOM peHTreHiBcbkoro ¢azosoro (PDA, nud-
pakromeTrp Proto AXRD Benchtop, ri6pup-
Huit ferekrop DECTRIS MYTHEN2 R 1D,
reoMmeTpis 3MioMkn — bperr - bpenrano 0/26,
BunpominioBanHa CuKa, Ni-¢inerp, A20 =
= 0.0199° npu excro3utii 0.5 Ta 1 ¢) ta gude-
peHuitHOrO TepmiuHoro aHamisiB ([JTA, Tep-
Mormapa tuny K, mBuakicts HarpiBy 12°C/xB,
eranion AL O,). ®asoBuit ananis ofepkaHo-
r0 CIUVIaBy He BUSBUB pedeKCiB BUXiTHNUX
KOMITOHEHTIiB Ta iHImMX ¢as, 10 BKasye Ha
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IIOBHOTY IPOXOJ)KEHHA CUHTe3y. PesynbraTn
TePMIYHOTO aHasidy oOpe Y3TOMKYITbCS 3
TMiTepaTypHUMU JAaHVUMMA.

Bupomysanns monokpucrtana Cu,SbSe,
IPOBOJV/IN 3 BUKOPUCTAaHHAM METOAY CIIp:A-
MOBAHOI KpucTajisalii y BepTUKaIbHii J[BO-
30HHIII 1IeYi 3 PO3YMHY-PO3IIABY Yy BaKyyMO-
BaHux (0.13 Ila) KOHIYHUX KBapI[OBMX aMIIy-
max. IIponec pocry 3AiliCHIOBaIN Y JBO3OHHII
nedi omopy. TemmepaTypa 30HM pO3IIaBY
cranosuna 580 °C, a sonu Bipgmany - 355 °C.
®opmMyBaHHA MOHOKPUCTA/IIYHOTO 3aPOJKY y
KOHYCOIIOAiOHI} YacTUHI aMITy/Iu IIPOXOAVIIO
npotrsarom 48 rop. HIBuakicTh nepeMillleHHA
¢dbpoHTy Kpucranizanii craHoBua 0.8 MM/Tof,.
Binman monokpucrana Cu,SbSe, snilicHioBanu
3a BHILl€ BKa3aHOI TeMIlepaTypy IPOTATOM 72
rop. IIIBuaKicTh OXOJIOM>XKEeHHs 0 KiMHaTHOI
temneparypu cknagana 10 °C/rog. Y pesynb-
TaTi Oy/I0 Ofiep)KaHO MOHOKPMCTAT TEMHO-Ci-
POro KOIbOpY 3 MeTaJeBUM O/1MCcKOM, 6e3 fae-
dexTiB, fOBXMHOIO ~ 40 MM Ta fiiameTpoM 12
MM (Puc. 1).

II/IIII/IIIIIH"Hl",l"ll"ll[IIII'IHH\H\\\\\\\\(\\\\\\\\\\\\\\\\\\Q
7 8 9 Y- 12 A3 A

Puc. 1. 3arampHuit BUINAL MOHOKPMCTasa
Cu,SbSe,

Fig. 1. General appearance of a single crystal
Cu,SbSe,

3pa301< OJl€p>KaHoro MOHOKpHUCTaia

Cu,SbSe, 6yno pocmimxeno meromom [TA.
KpuBa HarpiBy MiCTUTb OJVIH €H/IOTEPMidHMUIA

https://ucj.org.ua

edexT 3a 530 °C, mio BiAmOBifae mporecy me-
putekTiyHOrO posknaganusa Cu,SbSe.. Edexr,
1110 BifIOBifla€ NJIaBJIEHHIO BCiX KOMIIOHEHTIB
y KoHTeliHepi, He 3adikcoBano. OpgHaxk BiH
€ YiTKO IIOMITHMM Ha KPUBIil OXOJIOIKEHHS
3a 712 °C. Ex3orepmiuHuii epekT Kpucrai-
sanii Cu,SbSe, (503 °C) € 4iTkuM Ta piskum,
JIOTO CIIOCTEpIraloTh i3 IMepeox0l10fKEHHAM
AT =27 °C (Puc. 2).

HaFEiB

Cu,SbSe,—L+p-Cu,Se
530

!
503 712
L+B-Cu,Se—Cu,SbSe, JIKBITyC
OXOJIOPKCHHsL
—
1 L 1 L 1 "
200 400  T°C 600 800

Puc. 2. Tepmorpama monokpucrana Cu,SbSe,
Fig. 2. Thermogram of a single crystal Cu,SbSe,

I migTBepi KeHHA MOHOKPUCTA/TI4HO-
cri opepkanoro spaska Cu,SbSe, smijicneno
pocnigxenHa MeronoM PDA mosepxHi mpu-
pomuboro ckony (Puc. 3). Ha pudpakrorpami
CIIOCTEpPiraeMo JBa 4iTKi pediexcnu, 0 Bif-
noBigaoTh IwromyHaM (200) Ta (400) 3a Ky-
TiB 22.27° Ta 45.42° BimmoBimHo. HasgBHicTh
HU3bKOIHTEHCUBHUX pedrekciB 3yMOBIEeHO
TUM, 1O IS HOCTIPKEHHS 00paHO MPUPO.-
Hill CKOJI, AKMI1 He BOJIOMi€ JOCKOHAJIOK CIIa-
HICTIO, a OJATKOBY OpPi€HTAllil0 KpyucTaaa He
IIPOBOAVIIN.
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Puc.3. Indpaxrorpama npupopHboi rpaHi

70

Kpucraniyny cTpyKTypy Ofiep>KaHOTO MO-
HOKpMUCTana Cu3SbSe3 TOCTIi/I>KEHO PEHTIeHO-
CTPYKTYPHMM aHaJIi30M i3 BMKOPMCTaHHAM
nosHonpoddinsHoro Meropy PirBenbpa [14]
(Pnc. 4.). Po3paxyHOK Ta YTOYHEHHA MOfe-
N MPOBOAWIN 3 BUKOPUCTAHHAM IIpOrpamMyu
EXPO2014 [15], a Bisyanisamito — 3a joromo-
roro nporpamu VESTA 3.5.7 [16].

JIndg yTOYHEHHA KPUCTAIi4HOI CTPYKTypu
Cu,SbSe, sk CTPyKTypHY MOJI€Nb BUKOPUCTA-
HO Bimomy crpykrypy Cu,SbSe, [13]. V pe-
3y/IbTaTi YTOYHEHHA CIIOCTEpiraeMo XOpollle
Y3TOJKEHHA €KCIIEpMMEHTAJIbHOI Ta PO3paxo-
BaHol gudpaxrorpam (Puc. 4), Ha 110 BKasye
Tnapamerp pesynbTyiodoi Kpusoi R = 4.84%.

Cu,SbSe, Tepnapnmit cenenin Cu,SbSe, kpucranisy-
Fig. 3. A diffractogram of a natural face erbca y III' Pnma 3 mapameTrpamm rparku
Cu,SbSe, a=79668 A, b =10.65870 A, c = 6.8207 A,
Z =4 (Puc. 5). CTpyKTypHi mapaMeTpu CIIOTY-
ku Cu,SbSe, npezicrapneno y Tabm. 1.
300
200+
1001

10 20 30 40 50

01 Lo v LAL‘ Adask o
S e b miane s

60

70 80 90 100 110 120

20, rpaj

Puc. 4. ExcriepumenTanpHa (CUHA 7iHifA), pospaxoBaHa (YepBOHa JIiHis) Ta pisHuieBa (PpioneTosa)

mudpaxrorpamn MoHOKpucTana Cu,SbSe,

Fig. 4. Experimental (blue line), calculated (red line) and difference (purple) diffraction patterns of a

single crystal Cu,SbSe,
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Tabnuns 1.
YrouHeHi cTpyKTypHi maHi (mosunii Baiikodda, koopamHaTy aToMiB, aHI30TPOIHI Temo-
Bi mapametpu (B, ) Ta xoedinienT sanosnenns nosuuii (K3II), dikcopani nani mosnadeno *)
cnomykn Cu,SbSe,
Table 1.
Refined structural data (Wyckoff positions, atomic coordinates, anisotropic thermal parame-
ters (B, ) and position filling factor, fixed data is marked*) compounds Cu,SbSe,

Aront ngiggﬁa Kooppnuartu atromis B (A2 K31
X y zZ

Sb 4c 0.2511 0.2500 0.1068 0.500* 1.000

Cul 8d 0.0967 0.0467 0.2450 3.219 1.000

Cu2 4c 0.1962 0.2500 0.4219 3.339 1.000

Sel 4c 0.0051 0.2500 0.1405 0.960 1.000

Se2 8d 0.1595 0.0670 0.6557 0.500* 1.000

Puc. 5. EnemenTapHa Komipka Ta KoopAuHaiiini nomienpu y crpykrypi Cu,SbSe,
Fig. 5.Unit cell and coordination polyhedra in the structure Cu,SbSe,

https://ucj.org.ua 29
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Y crpykrypi Cu,SbSe, icnye nexinpka ko-
opnuHaniiaux nonienpiB (Puc. 5). Tak, atom
Sb kooppmHOBaHUII TpbOMa aToMaMu Se Ta
¢dbopmye medopMOBaHY TPUTOHATIbHY Iipami-
ny (Ta6m. 2). Ilipamigm [SbSe,] opientyiorbcs
y eJIeMeHTapHill KOMipIli Y IBOX IPOTUIEKHNUX
HaIIPsSMKaX B3[J0BX ocia. O6yBa aTOMM KyIIpy-
My Cul i Cu2, mo 3ajimMaloTh pisHi Kpucrano-
rpadivHi mosuiyii, € TeTpaegpUYHO KOOPHU-
HOBaHi aroMammu ceneHy. KooppuHauiitHmit

terpaeap [CuSe,| HaBkono aroma Cul € 6inpi
nedbopmoBaHNM MOPiBHAHO 3 Cu2-BMiCHUM Te-
TpaexpoM. [IprunHo0 IIbOro € 3HaUHe 3MilleH-
HA aToMa Cul mo opHiel 3 rpaHeil TeTpaeapa
(SelSe2Se2). Lle 3miteHHs BifoOpaXkaeThCst sIK
y Pi3HMX JOBXMHaX 3B’SI3KiB y MeXax TeTpa-
enpa [CuSe, ], Tak i y sMeHIIeHHi 3Ha4eHb edek-
TUBHOTO KooppuHauiiiHoro umncia (Ta6m. 2).
Kooppunaniiitumit tetpaenp [CuSe,] HaBkomo
aroma Cu2 € cuMeTpr4HO feOPMOBAHNM.

Tabnuus 2.

MoBxunu 3B’A3KiB Ta TUTIM KOOPAMHALiHMX Hontienpis y cTpykTypi Cu,SbSe,

Table 2.

Bond lengths and types of coordination polyhedra in the structure Cu,SbSe,

Tleski moxxuuu 38’s13KiB (A)

Kooppauuanirinumii nonienp

EdexTuBHe KOOpANHALIiTHE YNCIO

Sb1-Sel 2.5858

Sb1-Se2x2 2.6288 TpuronanbHa mipamina 2.994
Cul-Sel 2.3818
gﬁi_iz §j§§§§ Terpaenp 3.236
Cul-Se2 2.3649

Cul-Selx2 2.4975

Cu2-Se2x2 2.5263 Terpaenp 3.976

Pyc.6. TpuBumipHumit kapkac, yrsopennii nonmiegpamn °_[CuSe
Fig. 6. The three-dimensional framework is formed by polyhedra*_[CuSe

30

y crpykrypi Cu,SbSe,

4/31|

) in the structure Cu,SbSe,
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Crpykrypa Cu,SbSe, dpopmyerbcs Ha oc-
HOBi TPUBMMIPHOTO KapKacy 3 TeTpaenpiB
[CuSe,], xoopauHoBaHuX HaBkono aToma Cul
(Puc. 6). Y pesynbrarti B CprKTylzi Cu,SbSe,
YTBOPIOIOTHCS KaHA/IM B3JIOBXK OCeli a Ta ¢, 10
3aiiMaroTh aromMu Sb Ta Cu2.

I[onienpu [SbSe,] 6esmocepennbo He CIo-
nydeHi Mk co6oro. BoHU € YacTMHOW N1aH-
IIIOKKIiB, IO YTBOPEHi YepryBaHHIM TPyl
[SbSe,] Ta Terpaenpis [CuSe,] Ha ocHOBi aTo-
Ma Cu2. KoxxeH Takmii aHIIOKOK po3Millie-
HII B OKPEMOMY KaHaJli.

BVMCHOBKJ. MetogoM cHpsIMOBaHOI
KpUCTamisanil 3 pO34YMHY-pO3IIaBy BUPO-
IMeHO O0’€MHMII MOHOKPUCTA/N TepHapHO-
ro cenenigy Cu,SbSe, nopxunon ~ 40 MM
Ta piamerpoM 12 MM. PospobneHo 61mu3b-
Ki [0 ONTMMa/NbHMUX TEXHOJIOTIYHI YMOBMU
pOCTy AKICHMX MOHOKPUCTA/TIYHUX 3pasKiB
Cu,SbSe,. 3pmilicHeHO yTOYHEHHS KpUCTa-
niynoi crpyktypn Cu,SbSe, mosHompodinb-
HuUM MeTomoM PiTBenbga. BcTaHoBneHo, 110
Cu,SbSe, Bonmofie KapKacHOW0 CTPYKTYpOIO Ta
KPUCTATI3YETbCSA Y OPTOPOMOIYHiil CUHTOHII,
IT Pnma 3 mapamMeTpamu rpaTku a = 7.9668 A,
b=10.65870 A, c = 6.8207 A, Z = 4.

Sg:i JocmigKkeHHs 3[ifiCHEeHIi B paMKax
Euf HAayKOBO-IOCTiJHOTO TIPOEKTY, AKi
dinancyroTbca B Mexxax ¢oHay aep-
)kaBHoro Omwmkery «EdexTusHi
€KONMOTiyHO O0e3meYyHi TepMoOeNeK-
TPUYHiI Marepiamm B 6ararokommo-

HEHTHUX CeIeHiJHNX ClUCTeMax»,
Aep>KaBHUI peecTpaniiiHuil HOMep:
0120U102245.
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O.]. Chorba', M.]. Filep™*, A.I. Pogodin’,
T.O. Malakhovska', M.Yu. Sabov"?
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*Ferenc Rdkoczi II Transcarpathian Hungarian
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The technology of thermoelectric conver-
ters, based on the Peltier and Seebeck effects,
provides a reversible process of converting
thermal and electrical energy. This opens up
prospects for the creation of both thermoelec-
tric coolers and thermoelectric generators. The
most widely studied class of thermoelectric
materials are complex chalcogenides. In recent
years, copper-containing chalcogenides have
been actively researched as new highly effec-
tive and ecologically friendly thermoelectric
materials. The Cu-Sb-Se ternary system are
characterized by the existence of three pha-
ses CuSbSe,, Cu,SbSe, and Cu,SbSe,. Among
these compounds, the Cu,SbSe, phase is cha-
racterized by the lowest thermal conductivity.

The synthesis of the Cu,SbSe, polycrystal-
line alloy was carried out using high purity
elementally components. The synthesis was
carried out in vacuumed quartz ampoules by
a one-temperature, two-stage process. Tak-
ing into account the incongruent melting of
Cu,SbSe,, the single crystal growth was carried
out by the method of vertical zone crystalliza-
tion from a solution-melt in vacuumed conical
quartz ampoules. As a result, the grown single
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crystal was dark gray color with metallic luster,
without defects with length ~ 40 mm and dia-
meter 12 mm.

Obtained single crystalline sample of
Cu,SbSe, was investigated by DTA method.
The heating curve contains one endothermic
effect at 530°C, which corresponds to the pro-
cess of peritectic decomposition of Cu,SbSe..
The effect corresponding to the melting of
all components in the quartz container is not
fixed. However, it is clearly visible on the cool-
ing curve at 712 °C. The exothermic effect of
crystallization of Cu,SbSe, (503 °C) is clear
and sharp and is observed with supercooling
AT = 27 °C. To confirm the single crystallini-
ty of grown Cu,SbSe, sample, an XRD analy-
sis of the natural surface was carried out. The
diffraction pattern shows two clear and narrow
diffraction peaks corresponding to the (200)
and (400) planes at angles of 22.27° and 45.42°,
respectively. The crystal structure of the ob-
tained Cu,SbSe, single crystal was investigated
by XRD analysis using the Rietveld full-profile
refinement method. Established that Cu,SbSe,
crystallize in orthorhombic crystal system, SG
Pnma with lattice parameters: a = 7.9668 A,
b=10.65870 A, c=6.8207 A, Z = 4.

Keywords: selenides, single crystals, crystal
structure.
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CUMHTE3 COJIEN N-ANINTPUXIOPOALETAMIAUHIN

FEKCATAJIOTEHOTENYPATY

M. B. Ilogidaiiuux’, O. O. Ilanimoe?, M. FO. Onucvxo’, I1. II. OHucvko?

! Vaczopoocvkuii HayionanvHuil yHisepcumem, Yczopoo, na. Hapoona, 3;
? Incmumym opeaniunoi ximit HAH Ykpainu, Kuis, eyn. Mypmancvka, 5.
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N-anin-N-metnn-N'-(Tpumerncinin)-2,2,2-TpuxaopoeTaHimMifamin cMHTe30BaHO 3 N-
amin-N-Metnn-2,2,2-Tpuxj10poeTaHiMifaMifly Ji€x0 TPUMETWUICLTIN XJIOPUAY B IPUCYTHOCTI
OCHOBM TpueTwIaMiny. [l gocmipkeHHs perioxiMmii enekTpodinbHOI uKIIi3alii amipHOro
anetaMifiuHy 6y710 06paHoO eneKTpodin y BUIIAAL piBHOBaXKHOI CUCTEMU TeTparajaoreHis Te-
JypY — Te€KcarajioreHTeypaTHa KIC/I0Ta 3 BUKOPUCTAHHAM Y PO/ PO3YMHHMKA AK OLTOBOL
KUCTIOTH, TaK i xmopodopmy. BcranoBeHo, mo 3a B3aemopii N-amin-N-metmn-N'-(Tpume-
TUICIiN)-2,2,2-TpUXIOpoeTaHiMifaMifly 3 HIOKCUZOM TelTypy B Ta/IOT€HOBOIHEBIll KMCIOTI
IIPOTOHO- 4 TeNypO-iHyKOBaHa LMKJIi3allis He BifOyBa€ThCs, @ YTBOPIOIOTHCS COJIi TeKca-
rajjoreHorenypary N-anin-N-metn-2,2,2-TpuxnopoeTaHiMilaMiJMHiI0 He3aleXHO Bif I10-

JIAPHOCTI PO3YMHHMKA.

Knro4oBi cioBa: aninTpuxjaopoeTaHiMifiaMifl, TeKcarajIoreHoTerypaTHa KucinoTa, N-amin-
N-MeTUITpuXI0pOeTaHIMiJaMiJMHil1, TeKCaraJIoreHoTenypar.

BCTYII. AMigyHM 3 TPUXIOPOMETHUIBHOO
TPYNOI0 IHpPOABIAITb BIACTMBOCTI iHOTpOII-
HUX areHTiB [1]. dyHKUioHATi30BaHI aMigVHM
IPOSIBJIAIOTh IIPOTUPAKOBY [2-4] Ta aHTMAI-
abeTnuHy [5] aKTMBHICTD, IX HOCTIKEHO SK
aHTHUTiNepTeH3MBHI [6], mpormmapasutapi
[7, 8] 3aco6u, BUKOPUCTOBYIOTH fIK cKadonan
B CMHTE3i a3a-reTepoLMKIIiB Ta Jranfu i
koMmIiekcoyTBopeHHs [9, 10]. Tomy cunTe3s
HOBIUX (YHKI[iOHA/TbHMX IOXiIHNX TaKMX aMi-
IVHIB €, 0€3yMOBHO, aKTya/IbH/M 3aBJIaHHSIM.
BuxingHi aMifiyiHy € CMHTETUYHO JOCTYIIHUMM,
IIPUYOMY MOYKHA BapiloBaTy 3aMiCHUKM Oifns
aMiZJHOTO 4YM iIMiJHOTO HIiTPOreHy Ta 3MiHIO-
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BaTy TPUXJIOPOMETWIBHY TpyIly Ha TpugTo-
POMETHU/IBbHY, 1110 MO>K€e BIUIMBATH Ha IXHIO pe-
aKILiMHY 3[JaTHICTb Ta 6ionorquy AKTUBHICTb.
BBeneHHS a/KeHIIBHOTO 3aMiCHMKa Ta HasB-
HIiCTb Ki/IbKOX HYK/IeO(i/IbHUX LIEHTPIB B aMi-
IVIHi CTBOPIOE TIEPEYMOBY JI/1A IIPOXOJ>KEHHA
enekTpodinpHOI nukiisanii. B mireparypi 3y-
CTPiYaroThCA OAMHMYHI /IaHi 3 Ta/IOTeHyBaHHA
Takux amiguuis [11]. [Jani mpo BukopucTaHHs
SK eNMeKTPO(diTbHUX areHTiB Xa/lTbKOT€HTajI0-
TeHIfiB y peaklifaxX 3 alTKeHIUIbHUMMI aMifHa-
M1 BificyTHi. HaToMicTb BifoMO, 1110 a/IKEHi/Ib-
Hi aMiHM Ta TioeTepy reTepoLNKIIiB 3a3HAIOTh
TeNTypoiHyKOBaHOI Lmkisarii [12-14].
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Meroto 1€l pobOTM € NOCTIPKEHHS pe-
akuiin N-amin-N-metun-N'-(TpumMeTmiIciin)-
2,2,2-TpuxjopoeTaHiMiaMifly 3 Terypraiore-
HigaMu.

EKCIIEPVIMEHT TA OBIOBOPEHHA
PE3YJIBTATIB. Buximumit ~ N-amin-N-Me-
tin-N'-(Tpumernicinin)-2,2,2-Tpuxmaopoe-
TaHiMimaMing 2 cuHTe30BaHO 3 N-ami-N-me-
TUM-2,2,2-TpUXI0poeTaHiMigaminy 1 giero Tpu-
METUICUII XJIOpUAY B IPUCYTHOCTI OCHOBMU
Tpuetmnaminy. N-anin-N-metmn-N'-(Tpumern-
cinin)-2,2,2-TpuxsopoeTaHimifiamis 2 MiCTUTD
JleKi/TbKa HyK/1eo(iIbHNUX LeHTPIB I peaxiiii
3 e7IeKTPO(ITbHIMM peareHTaMu: a/liIbHUI 3a-
MICHUK, IMiJHII1 Ta aMiJTHUIT aTOMM HITPOT€HY.
e cTBOpPIOE MEpPENyMOBM /I NPOXOJKEHHA
eeKTpOdIIbHOI  BHYTPIlIHBOMOJIEKY/IAPHOI
uukrisanii (EBLI) mig piero TerparamoreHinis
TEypy. 3 AiTepaTypu BiJOMO IPO BUKOPUCTAH-
HA B TAaKMX peaKUiAX iHAMBIyaJIbHUX TeTpara-
JIOTEHiJIiB TeTypy Ta TETparajoreHifliB Tenypy y
CUJIbHOKMCIIOMY CEpPEeOBUILL, SAKi OTPUMYBa/IN
in situ 3 NIOKCUAY TEIYpPy Ta IIeCTUKPATHOIO
HaJI/IMIIKY TaJIOTeHOBOJAHEBOI KMCIOTH. B iH-
LIOMY BUIIAJIKYy YTBOPIOETbCA T'eKCarajoreHo-
TemyparHa kucnora H TeHal , sixa snHaxomuts-
cs B piBHOBa3i TeTparajoreHifiom Tenypy. [pu
BUKOPVICTaHHI TAaKOro eleKTpodiIbHOro pea-

Cl

rerra B peakuisx EBI] moxe BimOyBaTtmcs sk
TENypO-iHAYKOBaHa, TaK i MPOTOHO-IHIYKOBa-
Ha IMKIi3anis. [HmmM ¢pakTopowm, 1110 BIUIMBa€E
Ha IPUPORY eNeKTPOPIIbHOrO peareHTa, IIo
OesnocepeHbO Oepe yJacTb y eeKTpodiIbHil
ararii, € Bubip posunnHuka. Tax, mpy BUKOpuc-
TaHHI OLITOBOI KMC/IOTY OYiKyBaHOIO € IIPOTO-
HOIHJJYKOBaHa, a B X7IopodopMi Ui JieTUI0BO-
My eTepi — TenypoiHAyKOBaHa UUKisamid. [
TOCITipKeHHA BuAy Ta perioximii EBIT aminbpHO-
ro aleTaMifuHy My 06pamu eneKTpodin y Bu-
I7IA]I1 PIBHOBOKHOI CUCTEMU 3 BUKOPUCTAHHAM
B PO/l PO3YMHHMKA AK OLTOBOI KMC/IOTY, TaK i
x10podopmy.

Peakuito N-amin-N-metnn-N'-(Tpumerni-
cimin)-2,2,2-TpuxnopoeTatimifaminy 2 3 mi-
OKCUJIOM Te/IyPY B Ta/IOT€HIHI KICIOTI IIPO-
BOAWIN IIpU OoXo7nofkeHHi fo 0°C B onTOBil
Kncnoti un xmopogopmi. Ilicnsa 4-rogHEOTO
nepeminryBanHs (koHtpons TIIX) BupineHo
TepPMiYHO CTa0iNbHi aKBaKOMIIIEKCH reKcara-
norenorenypary N-amin-N-metnn-2,2,2-Tpu-
x/j0poeTaHimifaminnuio 3, 4. Crig 3a3Haun-
TH, 110, HE3a/IeXKHO BiJ| MONAPHOCTI BUKOPU-
CTAaHOTO PO3YMHHMKA, HE BJA/IOCA BUIUIATU
OYiKyBaHi IPOAYKTU IIPOTOHO- 41 TEITyPO-iH-
OYKOBaHOI LMKJi3allii, MIMOBIpHO, BHAC/iOK
IIPOTOHYBaHHA IMiJJHOTO HiTPOTEHY.

N - Cl
C|)<fNH MesSiCl, CgHg, EtsN ){?,\L | TeOp+6HHal y Cl
N
— . .
f ——» G ‘°|" 0,5 H,TeHalg * xH,0
_ L 8 h, 10-15°C _N CHCI, or AcOH ~
. L :
1 % X GRS 3.4 51%, 77%
Hal = CI (3), Br (4)
x=4(3),34)
N N
D\ I TeHals
N or ccl
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EnemenTHMiI aHaji3 MigTBEPIKYE, WO Yy
CKJ/Iafli KOMIUIEKCIB e/1eKTpOdiNbHMIT peareHT
nepebyBa€e y CBOIll KMCIOTHIN dopmi, a came
reKcarajIoreHoTenypaTHoi kucinoru. CrekTpu
AMP 'H oTpumaHNX KOMIIIEKCIB BKa3ylOTb
Ha BigcyTHicTp EBI] - 36epiraerbcs criHoBa
KapTyHa CUTHaJIiB IPOTOHIB aJli/IbHOTO 3aMic-
HJIKA, XapaKTepHa I BUXiJHUX CIIONYK, ajie
curHanu smiteni Ha 0.3-0.6 M. 4. Takoxx crif
BiIMITUTY BiJCYTHICTb CUTHA/IIB IIPOTOHIB
TPUMETWICI/IBHOTO 3aMICHMKA, IO CBiJYUTH
npo 3HATTA TMC rpynu B 3a3Ha4eHUX yMO-
Bax. HagBHICTD pO3IIMPEHOTO CUHIJIETY IIPU
9.90-10.02 M. 4. BKasye Ha HaABHICTb IIPOTO-
HiB KMC/IOTHOTO XapakTepy. BoueBuap, Bifdy-
BA€ETbCSA MPOTOHYBAHHSA HE 332 KPaTHMM aJjIKe-
HiIbHUM 3B SI3KOM, a, JIMOBIpPHO, 32 iMiJHUM
aToMoM HiTporeny. Ha ocHOBi enemMeHTHOTro
aHa/Ii3y BU3HAYEHO CK/IaJi YTBOPEHOTO KOMII-
nekcy: N-amin-N-metn-2,2,2-Tpuxnopoera-
HIMiJJaMiJJH: TeKcarajaoreHoTeaypaTHa KIC-
nota gk 1:0.5, akuit MiCTUTD 4 4K 3 MONIEKY/IN
BoAu. B mitepaTypi BiomMo, 110 coi rexcara-
JIOTEHOTENYPaTy YTBOPIOBAIVCA NP B3a€EMO-
Oil anmiTaMiHOTPMA30ITIOHY 3 TeKcarajoreHo-
Te/TypPaTHUMM KUCIOTaMM, i€ MifITBEpIKEHO
IIPOTOHYBAaHHA TPMA30/IbHOTO HITPOTEHY Me-
tomom PCJI [15].

Cnextp AMP 'H Ta PC BumMipsAHO Ha cnek-
TpoMeTpi Mercury-400 3 po6040I0 4aCTOTOO
400 MI1g ta 100 MI1y. Touyky TOI/IEHHS BUMI-
proBay Ha npunazni Stuart Melting Point 30.
EnemenTHMI aHani3 NMpoBOAMIM Ha Ipuaafi
Elementar Vario MICRO. Amigus 1 cunTeso-
BaHO 3a METOOMKOIO [16].

N-anin-N-metun-N'-(Tpumernncinin)-
2,2,2-TpuxyopoeraHimigamin 2. [Io posunny
TpuMetmicinin xnopuny (0.2 momnb) y 6es-
BogHOMY Oenseni (50 mi) 3a 10-15 °C popma-
I0Th YacTMHaMM po3uuH N-amin-N-meTu-
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2,2,2-rpuxnopoeranimigamiguny (0.1 Monb) i
Tpuermiaminy (0.2 Mosb) y 6e3BofHOMY OeH-
3eHi (600 m). Peakniliiny cymim HarpiBaroTb
8 roguH. Ocap BifdinbTpoByBamyu, po3uMH-
HVIK BUJJQ/IA/IV NIEPErOHKOI0 32 aTMOC(epHO-
TO TUCKY, @ 3Q/IMIIOK IIeperaHsIN I BaKyy-
moM. Buxin 78%, Tkun 82-85°C (0.1 MM. pr.
cr). 'H AMP (400 I, CH.-d,): 8 (m. u.) 0.31
(c,9H), 2.74 (¢, 3H), 3.72 (m, 2H), 4.92 (1, 2H),
5.54(m, 1H). "*CAMP (10011, CH,-d ): 6 (m.4.)
2.85, 38.9; 55.8; 96.5; 117.0; 133.3; 143.4.

CuHTe3 aKBaKOMIIIEKCiB IreKcarano-
reHorenypary N-anin-N-metnin-2,2,2-
TPUXIOpOeTaHiMizaMiguHiro 3, 4

(3arampHa METOINKA)

Ho posunmny N-amin-N-merun-N'-(tpume-
TUICINiN)-2,2,2-TpuxnopoeTaHimMmigaminy
(0,0018 momb) y xmopodopMi UM OLTOBIN
kucnori (10 mn) 3a 0 °C gomaroTh YacTMHAMMA
posunH Ttenyp (IV) oxcupy (0,0018 monb) y
KOHIIEHTPOBAHIN Ta/IOT€HOBOAHEBIN KUCIOTI.
Peakuiriny cymim nepemimyrors 4 rog 3a 0 °C.
Ocap BigdinpTpoByBam, IpOMMUBAIN XJIOPO-
¢$bopMOM UM OIITOBOI KVUCIOTOIO, @ IOTIM Hi-
€TWIOBMM €TEPOM.

Iexcaxnoporenypar N-anin-N-metn-
2,2,2-TpuxiopoeTaHiMiflaMignHir0  TeTpa-
rigpar 3. Buxin 51%. Ttorn 117-118°C. 'H AIMP
(400 T, IMCO-d6): 6 (M. 4.) 3,34 (¢, 3H), 4,64
(m, 2H), 5,37 (m, 2H), 5,89 (M, 1H), 10,02 (c,
1H). BC AMP (100 I, IMCO-d6): § (m. 4.)
39.5; 58.4; 99.8; 120.3; 134.5; 146.7. 3HaiimeHO
IS CusCl N,O,Te .: % C, 14.98;. H 3.75 N

6 2 4 .
5.88. Bupaxysano, %: C 15.69; H 3.92; N 6.10.
Tekcabpomorenypar  N-amin-N-mermi-

2,2,2-TpUXI0pOeTAHIMifaMigNHiI0O TpUTiA-
par 4. Buxin 77%. Ttonn 153-155 °C. 1H AMP
(400 T, IMCO-d6): § (m. 4.) 3,33 (c, 3H),
4,45 (m, 2H), 5,37 (m, 2H), 5,88 (M, 1H), 9,90
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(¢, 1H). »C AMP (100 Ity, IMCO-d6): § (m. 4.)
37.8; 57.9; 98.4; 119.5; 136.4; 145.3. 3HaiimeHO
nna CH, Br.CILN O Te . % C 12.31; H 2.71;
N 4.79. Bupaxysano, %: C, 12.53; H, 2.79; N,
4.87.

BVMCHOBOK. VY pesynbrari B3aeMopii N-
anin-N-metun-N'-(Tpumernncinin)-2,2,2-
TPUXJIOpPOETaHIMIaMily 3 TeTparajaoreHi-
faMM TeNypy y CUJIbHOKMUCIIOMY CEpefoBUIILL
TeIlypO- 4M IPOTOHOIHJYKOBaHA IMK/Ii3aliis
He BifIOYBA€TbCs, a yTBOPIOIOTHCA aKBAKOMII-
JeKcu rexcaramoreHorenypary N-amin-N-me-
TUJI-2,2,2-TPUXI0POETaHIMIIaMiINHII0 Hesa-
JIEXKHO BiJl TOIAPHOCTI pO3YMHHMKA.

> [locmigKeHHsA BUKOHAHO B PaMKax
npoekry [1b-91511 «PyHKumioHaIbHi
Ta KOHJAEHCOBaHi a301M i a3mMHM AK
HOBi BICOKOe(eKTUBHi OaKkTepmiuy-
Hi 11 pyHrinuaHi 3aco6m»

w

SYNTHESIS OF SALTS OF

N-ALLYLTRICHLOROACETAMIDINIUM
HEXAHALOGENOTELLURATE

M.V. Povidaichik', O. O. Shalimov ?,
M.Yu. Onysko ', P. P. Onysko *

! Uzhgorod National University,

Uzhgorod, 3 ave. Narodna;

? Institute of Organic Chemistry NAS of Ukraine,
Kyiv, 5 Str. Murmanska.

e-mail: muonysko@gmail.com

Amidines with a trichloromethyl group ex-
hibit the properties of inotropic agents, which
are used as scaffolds in synthesizing aza-hete-
rocycles and ligands for complex formation.

https://ucj.org.ua

Functionalized amidines show anticancer, and
antidiabetic activity, and are antihyperten-
sive and antiparasitic agents. The synthesis of
new functional derivatives of such amidines
is definitely an urgent task. The introduction
of an alkenyl substituent and several nucleop-
hilic centers in the amidine creates prerequi-
sites for electrophilic cyclization. This work
aims to study the reactions of N-allyl-N-me-
thyl-N'-(trimethylsilyl)-2,2,2-trichloroethani-
midamide with tellurium halides.

The starting N-allyl-N-methyl-N'-(tri-
methylsilyl)-2,2,2-trichloroethanimidamide
was synthesized from N-allyl-N-methyl-
2,2,2-trichloroethanimidamide by the ac-
tion of trimethylsilyl chloride in the pres-
ence of triethylamine base. The reaction of
N-allyl-N-methyl-N'-(trimethylsilyl)-2,2,2-
trichloroethanimidamide with tellurium di-
oxide in hydrohalic acid was carried out while
cooling to 0°C. Elemental analysis confirms
that the electrophilic reagent is in its acidic
form in the complex. The 'H NMR spectra of
the obtained complexes indicate the absence
of EVC - the spin pattern of the proton signals
of the allylic substituent, characteristic of the
starting compounds, is preserved, but the sig-
nals are shifted by 0.3-0.6 ppm. The absence of
proton signals of the trimethyl salt substituent
indicates the removal of imide protection un-
der these conditions. The presence of a broade-
ned singlet in a weak field indicates the pre-
sence of acidic protons. Apparently, protona-
tion does not take place on the alkenyl multiple
bonds, but, presumably, on the imide nitrogen
atom. Based on elemental analysis, the compo-
sition of the formed complex was determined:
N-allyl-N-methyl-2,2,2-trichloroethanimid-
amidine: hexahalogenotelluric acid as 1:0.5,
which contains 4 or 3 water molecules. So
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the interaction of N-allyl-N-methyl-N"-(tri-
methylsilyl)-2,2,2-trichloroethanimidamide
with tellurium tetrahalides in a strongly acid-
ic environment, tellurium- or proton-induced
cyclization does not occur, but hexahalogeno-
tellurate N-allyl-N-methyl-2,2,2-trichloroetha-
neimidamidinium regardless of the polarity of
the solvent.

Key words: allyltrichloroethanimidamide,
hexahalogenotelluric acid, N-allyl-N-methyl-
trichloroethaneimidamidinium, hexahalogen-
otellurate.
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Spherical silver nanoparticles were synthesized by the chemical condensation method
using aloe vera or chamomile extracts as a reducing agent. Depending on the type of extracts
and its concentration, the size of AgNpcs varied from 7 to 50 nm by simply adjusting the
ratio of the starting reagents. These extracts show reducing properties due to the presence of
carbonyl compounds in their composition, in particular organic acids. It is shown that regu-
lation of concentrations and synthesis conditions allows control of particle size. A change
in the synthesis conditions affects the position of the surface plasmon resonance band, and
therefore the optical properties of the studied systems. It has been proven that the synthesized
silver nanoparticles do not require additional stabilization. Agglomeration processes occur
only with a significant increase in concentration and heating time.

Keywords: silver nanoparticles, optical properties, dispersion, aloe vera, chamomile.

INTRODUCTION. The development of na-
notechnologies is constantly moving forward,
and the creation of new methods of synthesis
of nanoparticles of noble metals, or the im-
provement of existing ones, by replacing raw
materials in order to optimize and reduce the
price of final products, is an urgent task of
modern science [1-3]. It has been discovered
that silver nanoparticles (AgNPs) stop the
growth and reproduction of many bacteria,
such as Bacillus cereus, Staphylococcus aureus,
Citrobacter koseri, Salmonella typhii, Pseu-
domonas aeruginosa, Escherichia coli, Klebsiel-

la pneumonia, Vibrio parahaemolyticus and
the fungus Candida albicans, which defines
their use in medicine, cosmetic industry and
biotechnology. AgNPs have other physico-
chemical properties, in particular, high elec-
trical and thermal conductivity, surface com-
bined scattering, chemical stability, catalytic
activity, and nonlinear optical behavior [4].
These properties allow them to be used in
inks, microelectronics and medical imaging
[5-6], renewable energy sources, etc. Today,
AgNPs are introduced into the composition of
plastics, soaps, toothpastes, food and textile,
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which is a marketing ploy and allows increase
their market value [7-9].

The relevance of this research is evidenced
by numerous publications on the synthesis and
research of the properties of silver nanoparti-
cles. The synthesis of dispersed systems is ba-
sed on condensation and dispersion methods.
Among the physical methods, the evapora-
tion-condensation approach and the laser ab-
lation technique are popular. These methods
make it possible to obtain monodisperse sys-
tems of high purity, and exclude additional
loading of the system with a solvent. Of the
chemical methods, the main and most com-
mon is the method of chemical condensation.
Sodium citrate, sodium borohydride, EDTA,
glycerin, ethylene glycol, glucose, etc. are used
as reducing agents [6,10-14]. The use of plant
extracts as sources of reducing substances for
the synthesis of AgNPs attracts attention due to
the environmental friendliness and practicality
of this method [1, 2, 12-21]. The main advan-
tage of this synthesis is a natural reducing agent
that simultaneously acts as a stabilizer. Waste
from the processing of fruit and berry crops
and plant raw materials is a promising source of
substances (ascorbic acid, polyphenols, carbo-
hydrates, amino acids, glycosides, and others)
for use in the processes of obtaining metal na-
noparticles. The studied extracts of aloe and
chamomile include flavonoids (rutin, api-
genin, quartzetin, luteolin, etc.), glycoproteins,
some acids, vitamins B, C, E, beta carotene [15,
16, 22-29]. Nanoparticles of the required size
can be obtained by selecting a plant extract.
The disadvantages of this method include the
presence of secondary compounds and meta-
bolites, temperature limitations characteristic
of enzymes, but the advantage is the stability
of such systems. Of course, each method has
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its advantages and disadvantages, which can be
avoided by analyzing the studied systems in de-
tail. The choice of method depends on the field
of further application of the obtained AgNPs. If
we focus on the application of silver nanoparti-
cles in the cosmetic and medical industry, the
green method of synthesis is of particular in-
terest. It is not only a modern and promising
method of synthesis, but also avoids the use of
additional stabilizers, which reduces the chemi-
cal and toxic load on the body, skin or hair.
Thus, nanosystems obtained by reducing silver
with natural extracts are biologically active dis-
persed systems of a wide range of applications.
The choice of the extract depends on the
field of application of the synthesized nano-
particles. There are already many products
on the market of cosmetic products, includ-
ing creams, shampoos, lotions, shaving gels,
which contain AgNPs, which increases their
antibacterial activity. The idea of this work is
the synthesis and additions of AgNPs into the
composition of hair dye in order to intensify
the color and reduce the irritation of the scalp.
This will confirm the thesis regarding the sen-
sitizing action of AgNPs. Taking into account
the fact that the obtained colloids are planned
to be used in hair products, the extracts were
selected with this in mind. Natural alcohol
extracts aloe vera and Matricaria chamomil-
la with a concentration of active components
C = 4% were chosen as starting reagents.
EXPERIMENT AND DISCUSSION OF THE
RESULTS. For the study, water-alcohol-glyce-
rin extracts of aloe vera, matricaria chamomilla
produced by the company "Vilarus" were ta-
ken. The starting solutions consist from extract
4.0%, glycerol 10%, ethyl alcohol 20%, sodium
benzoate 0.08%, water >20%.0ne of the con-
ditions for obtaining stable dispersed systems
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is realization of synthesis in dilute solutions,
which will prevent solvation of particles of the
dispersed phase and rapid growth of their nu-
clei. Immediately before use, the extracts were
diluted 10 times, so the concentration of the
initial extracts for synthesis was 0.4%.

The synthesis was carried out in a water-al-
cohol environment. The concentration of the
initial solution of argentum nitrate in ethanol
was 1.0%. The initial ratio of alcoholic solution
of silver nitrate: extract was 1:1 and 1:2, the con-
centration ratio was 2.5:1 and 5:1, respectively.
1 ml of 0.4% extract solution was added to 1 ml
of 1% solution of argentum nitrate, the resulting
mixture was brought up to 10 ml with water. To
achieve pH=7.5M8, 1-3 drops (depending on
the extract) of 0.1M NaOH aqueous solution
were added dropwise to the mixture while stir-
ring. After establishing the required pH level, 40
ml of boiling distilled water was added to the
solution with intensive stirring and heated for
20-40 min, depending on the selected reduc-
tant extract. A sign of the formation of a col-
loidal silver solution is the appearance of color
(the color depends on the extract). The fastest
recovery occurred in the system with aloe vera
extract, when heated. The resulting dispersed
systems have a bright light brown color, which
is due to the presence of AgNpcs in the system.
All synthesized systems were investigated by the
method of electronic absorption spectroscopy
and by electron microscopy.

Absorption spectra of solutions were re-
corded on a Specord M40 spectrophotometer
in the range of 300-600 nm.

The presence of a surface plasmon reso-
nance (SPR) band in electronic absorption
spectra, which is a collective vibration of metal
particles smaller in size than the wavelength of
electromagnetic radiation, indicates the prese-

https://ucj.org.ua

nce of nanoparticles in the system [13, 26-28].
Silver nanoparticles with plasmon resonance
(PR) have found application in nanobiotech-
nology and nanomedicine. Thanks to the abili-
ty to adjust the spectral position and amplitude
of the PR by changing the nature of the metal,
the size, shape, structure of the particles and
their dielectric environment. The latter means
both the local environment formed by the ad-
sorbed biomolecules and the global dielectric
properties due to the buffer medium or metal/
dielectric substrate on which the molecules can
be adsorbed. Such PR changes induced by the
adsorption of biomolecules are usually quite
small, they are successfully used for the detec-
tion of biospecific binding of macromolecules
and clinical rapid diagnostics. In addition, the
shape and position of this band can be used
to draw conclusions about the dispersion and
morphology of the particles [26-29].

In order to investigate the influence of the
nature of the extract on the dispersion of the
system, 2 hours after synthesis, the electronic
absorption spectra (EAS) of all samples were
recorded and the SPR band was identified. The
obtained result of spectral studies is in good
agreement with the experiment in Fig. 1.

The figure shows the maximum intensity,
the smallest half-width of the line (60 nm) and
Amax = 420 nm, which is characteristic of Ag-
NPs obtained by reducing aloe (Fig. 1, curve 1).
As mentioned above, recovery in this system
occurred the fastest, the solution acquired a
rich yellow-cognac color. This fact is apparent-
ly related to the higher content of ascorbic acid
in the aloe extract compared to the chamomile
extract [26] used for the study. For chamomile
extract (Fig. 1, curve 4) against the background
of lower intensity and shift of the band maxi-
mum by 15 nm, Amax = 436 nm, there is also a
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rather narrow line (width of 65 nm). The shift
of the band maximum to the long-wavelength
region may indicate the formation of larger
particles. At first, a high opalescence was ob-
served in the solutions, after which they ac-
quired a pink color, and only after a few hours
for the chamomile extract and after a day, a
change in color was observed. It is obvious that
the different renewable activity of the extracts
is due to their different chemical composition,
so the stability and dispersion of the systems
requires detailed research and analysis. How-
ever, there is no doubt that the studied extracts
are not only effective silver reducers, but also
stabilizers of the resulting dispersed systems.

D
0,9 1

0,6

0,3 1

600 A,nm

450 500 550

300 350 400

Fig. 1a Position of the SPR band of silver col-
loidal solutions obtained by reduction with alcohol
extracts (AgNO,: extract ratio 2.5:1): 1 - aloe, 2 -
chamonmile, 2.5 hours after synthesis, 1b — obtained
colloidal solutions of aloe (left) and chamomile
(right).
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For a final conclusion about the effective-
ness of the studied extracts, it is necessary to
investigate the properties of the system, in par-
ticular its stability over time. The hermetically
closed solutions were left, after which the elec-
tronic absorption spectra of the studied collo-
idal solutions were recorded for a month. As
can be seen from Figure 2, curve 2 after 14 days
did not shift the band maximum, but the shape
changed, in particular, the intensity of the band
decreased and the half-width increased to
70 nm. After 25 days, the shape of the band and
the position of the maximum remained un-
changed, but against the background of a slight
increase in intensity, there is an increase in the
half-width of the line up to 80 nm. Obviously,
during the entire studied period, processes of
recovery and recrystallization occur in the sys-
tem, which contributes to the increase in the
polydispersity of this system.

The microphotographs of dried solutions
were taken on a Mira 3 Tescan electron micro-
scope. The results of the microscopic analy-
sis confirm the above theses. As can be seen
from fig. 2a, 2d, spherical particles with a size
of 9 nm are formed in the system, which is in
good agreement with the shape and position of
the SPR band (Fig. 1, 2, curve 1). After 25 days
(Fig. 3b, 3e), the morphology of the particles
is disturbed, but the dispersity practically does
not change (Fig. 2, curve 2). After 2 months,
significantly more significant agglomeration
processes are visible, the concentration of
small particles becomes smaller, particles of
30-50 nm appear, Fig. 3¢, 3d. As a result of the
recrystallization of small particles and their
subsequent adsorption on larger particles, not
only the dispersion changes, but also the mor-
phology, the spherical symmetry of the parti-
cles is broken, they already have a slightly de-
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formed shape. These results also correlate well
with the position and shape of the SPR band
(Fig. 2 curve 3.)

The obtained results of EAS and micro-
scopic studies indicate the high reducing ac-
tivity of aloe extract, which is an effective sil-
ver reducer.

Considering the high reductive ability of
aloe extract, attempts were made to obtain
dispersed silver systems by reduction without

D
1,2

1,0

0,24

4
3
0,8
2
1
0,6
0,4

heating. The process was much slower, and af-
ter 3 hours the solution acquired a barely no-
ticeable color, and a broad SPR band of low in-
tensity was recorded in the electronic spectra.
However, after a day, the color of the solution
became quite saturated, but with noticeable
opalescence, and it was possible to record the
SPR band (Fig. 2 curve 4) 1.3 times higher in
intensity compared to the colloidal solution
obtained by heating the reaction mixture.

b

g

500
Anm
a

350 400 450

550 600

Fig. 2 The position of the SPR band of colloidal silver solutions obtained by reduction with alcoholic
aloe extract (ratio AgNO.: aloe extract 2.5:1): 1 — after 2.5 hours, 2 - after 14 days, 3 - after 25, 4 - after
1 day without heating of the original system - a, obtained colloidal solutions with a ratio of 2.5:1 - b,

aratio of 5:1 —c.

The band maximum is shifted to the long-
wavelength region A_ =455, and the half-width
of the line is 90 nm. Which indicates a large
particle size and polydispersity of the system.
A week later, a precipitate formed at the bottom
of the beaker, and the SPR band was not ob-
served in the solution obtained without heating.

Much worse results were observed for col-
loidal solutions obtained with a significant ex-
cess of silver nitrate to the extract, a ratio of
5:1, respectively. As can be seen from Figure 3,

https://ucj.org.ua

curve 1, the maximum of the band is shifted by
25nm (A =445nm) compared to the systems
obtained with a smaller excess of argentum salt,
and the half-width of the line is 85 nm. Already
after a week, significant changes in the color of
the solution were noticeable, and the results of
the spectroscopic study showed a decrease in
intensity and a shift of the maximum of this
band to the long-wave region (Fig. 4, curve 2).
This indicates that a ratio of 2.5:1 is optimal for
reduction with aloe extract.
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Fig. 3 SEM analysis of microphotographs of samples over time, reducing agent - aloe extract: a, d - 2
days after synthesis, b, e - after 14 days, c, f - after 25 days, scale mark g, b, c - 50 nm, d,e,f - 100 nm.

A completely different process was ob-
served when chamomile extract was used as
a reducing agent. In the first hours, this collo-
idal solution was inferior to the system based
on aloe, the maximum of the band was shifted
to the long-wave region (Fig. 1 curve 2, Fig. 5
curve 1) (A_ =436 nm), however, over time
the solution became increasingly transparent
and saturated, which was reflected in EAS. As
can be seen from the figure, the intensity of the
band increased over time (Fig. 5, curve 2), and
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the position of the maximum (A__ =436 nm)
and the half-width of the line did not change.
The highest intensity of the band was observed
on the 25th day (Fig. 5, curve 3), thereafter the
SPR band remained practically unchanged,
which is also confirmed by electron micro-
photographs of this system. Thus, colloidal sil-
ver solutions based on chamomile extract do
not need additional stabilization, however, to
avoid agglomeration processes, special storage
conditions must be observed (a cool place, no
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direct sunlight). The systems obtained with a
5-fold excess of argentum nitrate are unstable,
because immediately upon mixing the compo-
nents, the solution acquires a grayish hue, which
is reflected in the EAS (Fig. 5, curve 4). After
a day, a black sediment appears at the bottom,
which indicates an intensive recovery of silver.

D

0,6 4
0,5+
0,44

0,34

300 350 400 450 500 550 600
A.nm

Fig. 4 The position of the SPR band of colloidal
silver solutions obtained by reduction with alcohol
extracts (AgNO3:aloe extract ratio 5:1): 1 - after
2.5 hours, 2 - after 7 days.

D]

0,8 1

0,6

0,4

0,2

300 360 420 480 540 600 A.nm
Fig. 5 Position of the SPR band of silver collo-
idal solutions obtained by reduction with chamo-
mile alcohol extract: 1 — after 2.5 hours, 2 — after 14
days, 3 - after 25 (AgNO3: extract ratio 2.5:1), 4 -
after 2.5 hours with a ratio of AgNO3: extract 5:1.
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It can be seen from the microphotographs
(Fig. 6) that when chamomile extract is used
as a reducing agent, spherical particles are
formed, but their size differs significantly and
is in the range of 7-10 nm (Fig. 6a, f). After
25 days, the size of the particles increases
somewhat, which is due to the processes of
recrystallization of small particles (Fig. 6b), but
all particles have the correct spherical shape
(Fig. 6 e). After 2 months, the number of small
particles decreases, 20 nm particles appear, the
slight difference in morphology is due to ag-
glomeration processes (Fig. 6 c, e), which con-
firms the increase in the half-width of the SPR
line. Thus, the optical properties and stability
of the studied nanosystems depend on the re-
ducing extract, the ratio and concentration of
the starting reagents.

CONCLUSION. The results of the conduct-
ed research showed that, in addition to high
biological activity, the studied extracts have
a pronounced reducing ability, which made
it possible to use these extracts as reducing
agents in the synthesis of silver nanoparticles
by the chemical condensation method. Green
synthesis of spherical silver nanoparticles us-
ing extracts of aloe vera, Matricaria chamomil-
la allows quick, simple and effective synthesis
of nanoparticles with the required optical pro-
perties. Depending on the extract and its con-
centration, the size of AgNpcs was varied from
7 to 50 nm by simply adjusting the ratio of the
starting reagents. These extracts show reduc-
ing properties due to the presence of carbonyl
compounds in their composition, in particular
organic acids. The conducted studies showed
the high efficiency of natural extracts of aloe
vera and Matricaria chamomilla. Aloe extract
has the best regenerative properties, which is
probably due to the presence of salicylic and
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Fig. 6 SEM analysis of microphotographs of samples over time, reducing agent - chamomile extract:
a, d - 2 days after synthesis, b, e — after 25 days, ¢, f - after 2 months, scale mark a - 100 nm, b, ¢, d,e,f - 50 nm.

acetylsalicylic acids in its composition. A com-
parison of the stability over time of the stud-
ied systems indicates a higher stability of dis-
persed systems based on chamomile extract,
which indicates the effectiveness of this extract,
and a high ability of the dispersed system to
self-stabilize.

Thus, the presence of biologically active com-
pounds with high reducing properties in the ex-
tracts, in particular flavonoids, glycoproteins,
salicylic and ascorbic acids, make them prom-
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ising for the synthesis of silver nanoparticles by
the chemical condensation method. The use of
natural extracts expands the range of practical
applications of the obtained AgNpcs.

> The study was carried out within the
g/r frameworkofthe project "Functionally
oriented nanoscale heterostructures
based on compounds of transition
metals with antiviral, antitumor and
antibacterial action" No. 31/20-H
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SENEHWA CUHTE3 HAHOYACTUHOK CPIBJIA

TA IXHI CNEKTPAJIbHI BACTMBOCTI

O. C. bepexcnuyvxa, M. [I. Cuizyp,
O. E. Yueupuneuy, O. O. Pozosyos

"THcmumym 3azanvnoi ma Heopeaniumol Ximil

im. B. I. Bepnaocvkozo HAH Ykpainu,

npocn. Axademika Ilannadina, 32/34, Kuie
03142, Yxpaina;

’HayionanvHuti mexniuHuti yHieepcumem Yk-
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imeni Ieopst Cikopcvkoeo”,
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Email: olekberez@gmail.com

XiMIYHOIO KOHJEHCAIli€l0 CUHTE30BaHO
cepuyHi HAHOYACTUMHKM Cpib/a 3 BUKOPUC-
TaHHAM €KCTPAKTIB a/1oe Bepa Ta POMAILKY JIi-
KapChKOI SIK BifHOBHUKIB. HasABHICTD y cKmazi
eKCTPAaKTiB 0i0/I0riYHO aKTMBHMX CIONYK i3
BJYICOKVMM BiJHOBHMMM BJIaCTUBOCTSIMMU, 30-
Kpema (IaBaHOIMiB, IMIIOKONPOTEiNiB, caji-
IVIOBOI Ta aCKOpOiHOBOI KUCIOT, pobIATh iX
MEePCHEKTVBHUMY IIPY CMHTE31 HAHOYaCTUHOK
cpibna metomoM XimiuHOI KOHpeHcaljii. 3a-
JIEXKHO BiJj €KCTPaKTy Ta JOro KOHIEHTpallil
posmip AgNpcs 3MiHIOBaBcA Bif 7 go 50 HM
IUIAXOM IIPOCTOTO PEryIoBaHHA CIiBBiJHO-
LIeHHA BUXIJHUX peareHTiB. BodyeBupp pisHa
Bi/[HOB/IIOBaHA AKTVBHICTb €KCTPAKTIB 3yMOB-
JieHa IXHIM pisHUM XiMiyHMM ckmagom. Kpa-
11i BiTHOBHI BJIaCTMBOCTI Ma€ €KCTPAKT ajioe
Bepa, 110, IMOBIPHO, 3yMOBJIEHO HasABHICTIO B
JIOTO CKJIafii He yuile acKopOiHOBOI, a 71 cajti-
LIMIOBOI Ta alleTUJICAIIIIMIOBOI KUCIIOT. Bike
B Iepuri rogyHy GOpMYETbCS MOHOIVCIIEPC-
Ha CUCTEMA 3 PO3MipOM HAaHOYACTVHOK 9 HM.
EXcTpakT pomMaliky, BOY€BUb, MiCTUTb MEH-

https://ucj.org.ua

I KOHIIEHTpallil BiITHOBHMKIB, TOMY IIpOIeC
TPOXM 3MillleHUil B 4Yaci i B Ilepuii roguHu
IiC/IA CUHTE3Y YTBOPIOETHCA IMOIAMCIIEPCHA
cucrema 3 posMmipoMm 7-10 HM, IpoTe 3 YacoM
BiflOyBa€eThCA peKpUCTaTi3allid YaCTUHOK i, AK
HaC/TiJIOK, 3MEHIIYETbCA MOMiAUCIEPCHICTD —
Ha 25 JleHb po3Mip YaCTMHOK CTa€ 9 HM. 3MiHa
KOHIIEHTpallill Ta YMOB CMHTE3Y I03BOJIAE Ke-
pyBaTy po3MipoM 4acCTMHOK. 3MiHa YMOB CHH-
Te3y BIUIMBA€ Ha IIOJIOKEHHA CMYIU ITOBEPX-
HEBO IIA3MOHHOT'O pPE30HAHCY, a OTXKe, 1 Ha
ONTUYHI BIACTUBOCTI JOCIPKYBaHNUX CUCTEM.
Qopma Ta IONOXKEHHA CMYI B €IeKTPOHHUX
CIIEeKTpaX IOIVIMHAHHA Ta €JIeKTPOHHI MiKpoO-
dororpadii cBifyaTh mpo yTBOpeHHS Ce-
puuynux AgNpcs. JloBeneHo, 10 CMHTe30BaHi
HAHOYACTVHKM Cpiblla He BUMAraloTb JOJaT-
KOBOI crabimizauii mpu JOTpUMaHHI 3a3Have-
Hux ymoB. Kpim 1poro, enekTpoHHi Mikpodo-
torpadii 3paskiB yepe3 KiJibKa TVDKHIB Iic/Is
CMHTe3y CBiff4aTh Mpo (OPMYBaHHA 3 YACOM
CTIIKMX IVCIIEPCHUX CUCTeM. [Ind yHUKHEH-
Hsl arIoMepaliiiHUX MpolieciB MOTpPiOHO He
TOIyCKAaTH MOTPAIUIAHHA NPAMUX COHAYHMX
IIPOMEHIB, AKI CHPUATUMYTH IOAATIBLUIOMY
($OTOBiHOBIEHHIO HAHOYACTVHOK Ta Ilepera-
OiB Temueparyp, fAKi BUKIMKATUMYTb KOary-
nAnivHl nponecu. 3a TpuBanoro 36epiraHHA
PO3YMHIB Y IMCIIEPCHUX CUCTEMAX IIPOTIKAIOTh
IpoLeCH BiJHOBJIEHHA Ta peKpucTaiisanii,
10 3YMOBJIIO€ IIOJTIJVICIIEPCHICTD 3a3HAYEHOI
CUCTEMM, NPOTE Ha 1i CTIMKICTh He BIUIMBAE,
OCKIZIBKM POSIIOfi/I 3a po3MipaMy B MeXKax
opHiel cucremn He nepesumye 10 HM. Buxo-
PUCTaHH: BUCOKOKOHILIEHTPOBAaHMX PO3YMHIB
I CMHTE3y BUK/IMKA€E aryioMepaliifHi mpo-
1[eCu Ta pylHyBaHHA CUCTEM. Je/leHUil CUH-
Te3 chepnyHnx AgNpcs i3 BUKOPUCTAHHAM
eKCTpaKTiB anoe Bepa (Aloe vera) Ta pomaiku
nikapcbkoi (Matricaria chamomilla) nosBonsie
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IIBYJKO, TIPOCTO Ta e()eKTUBHO CHHTE3yBaTH
HAaHOYACTMHKM 3 PETYIbOBAHVMM ONITUYHUMUI
BIaCTUBOCTAMU. 3aCTOCYBaHHA IPUPOJHUX
€KCTPAKTIB pO3MIMPIOE CHEKTP MPaKTUIHOIO
3aCTOCYBaHHA OTpuMaHMX AgNpCs.

KirouoBi cmoBa: HaHOYaCcTUHKM CpibIa, Om-
TUYHI BJIACTUBOCTI, JUCIIEPCHICTD, a/10€ Bepa,
poMarixka.
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