PE3IOMETA HA ITYBJIIMKALIUUTE
Ha gou. a1-p MBauka I'puroposa JlakoBa
MPEJCTABCHU 32 Y4aCcTHE B KOHKYPC 3a akaJeMUYIHa JUThKHOCT ,,ipodecop™,

npodecuoHanHo HanpaBiieHHE 4.2. XUMUYECKH HayKu (AHAIMUTHYHA XUMUSA )

1. M. Mitreva, |. Dakova*.
Solid-phase extraction of s-triazine herbicides based on new organic-inorganic hybrid
copolymer.
Journal of Chemical Technology and Metallurgy, 60(1) (2025) 11-20.
DOI: 10.59957/jctm.v60.i1.2025.2

Abstract: In this study, a new organic-inorganic hybrid copolymer (P(MAA-MPTS)/Sil)
was synthesized, characterized, and applied as a sorbent for s-triazines. The P(MAA-
MPTS)/Sil was prepared by coupling free radical copolymerization of methacrylic acid and
methacryloxypropyltrimethoxysilane and sol-gel processing, using tetramethoxysilane as a
cross-linker. Scanning electron microscopy, Fourier transform infrared spectroscopy, thermo-
gravimetric analysis, and nitrogen adsorption-desorption measurements were used for the
characterization of the copolymer particles. The extraction efficiency of hybrid copolymer
toward s-triazines was studied by batch procedure. High recoveries for all studied compounds
(ametryne, atrazine, propazine, simazine, simetryn, and terbuthylazine) were achieved in the
pH range 7 - 8 within 30 min. Quick quantitative desorption was achieved using a mixture of
methanol and acetic acid. An analytical procedure based on solid-phase extraction of s-
triazines on newly synthesized hybrid copolymer and HPLC measurements was developed for
their quantification in surface waters. Experiments performed with different types of waters
(tap, lake, river) and determination limits achieved demonstrated the successful applicability

of P(MAA-MPTS)/Sil in monitoring programs for quality control of tap and surface waters.

Pe3ome: B ToBa uszcienBaHe e CUHTC3HPAH, XapaKTCPU3HUPAH U MPUIIOKCH KATO COp6€HT

3a S-TpUA3WHU HOB OpraHUYHO-HeopranwdeH xubOpuneH cwvnosumep (P(MAA-MPTS)/Sil).



P(MAA-MPTS)/Sil ce nojiyyaBa ypes MOCJIeI0BaTEIHO MpOBEXAaHE Ha
CBOOOHOPAINKAIOBA CHIIOTUMEPHU3ALIU Ha METaKpUIOBa KHCEJIMHA u
METaKpPWJIOKCUIIPONIMJITPUMETOKCUCHIIAH ¥ 30J-TeJl  MpoLec, KaTo Cce  HM3I0JI3Ba
TETPAaMETOKCHCHJIAaH KaTo oMmpexBaml areHT. CkaHupama eJeKTpOHHAa MHKPOCKOMIUS,
uH(ppadepBeHa CIEKTPOCKonus ¢ Tpanchopmanus Ha Dypue, TEPMOTpaBUMETPUUCH aHATU3 U
U3MEpBaHM Ha ancopOIusa-aecopOIus Ha a30T 0sfxa M3MOJI3BAHU 3a OXapaKTepHU3UpaHE Ha
CBIIOJIMMEPHHUTE YacTHIM. EkcTpaknnonara eeKTUBHOCT Ha XUOPUIHUS CHIIOIUMEP KbM S-
TpUa3MHM Oelie H3ClieZ[BaHa Ype3 MpoLeAypa B CTATHYEH pexXuM. BHCOKM aHATUTHYHU
noOMBHM 32 BCHYKM H3CIIEIBAHM CbEIWHEHUs (aMETpPHH, aTpa3wH, MPOMa3uH, CHUMAa3HH,
CUMETPHH W TepOyTHJIa3WH) ca MOCTUTHATH B nuama3ona Ha pH 7 - 8 B pamkure Ha 30
MUHYTH. Bpp3a KonMuecTBeHa AecopOIHs ce MOCTUTa TIPU U3IMOI3BAaHE HA CMEC OT METAaHOI U
omerHa kucenuHa. PaszpaboreHa e aHanuTH4yHa npouenypa, OasupaHa Ha TBbpAO(dasHa
eKCTpaKIMsl Ha S-TPUA3HMHH BBPXY HOBOCHHTE3WpaHus xubpuaeH cernomumep u HPLC
U3MEpBaHE 32 TAXHOTO KOJIMYECTBEHO OIPE/EIsIHE B MOBBPXHOCTHU BOIU. Exciepumenture,
IPOBEJCHH C Pa3JINYHH THIIOBE BOAM (YCIHIMSHA, €3epHa, PeYHa) M IOCTUTHATUTE TPAHUIIN Ha
ompejeNssHe JAeMOHCTpHUpaxa ycmenrHata npuioxumoct Ha P(MAA-MPTS)/Sil B nporpamu

3a MOHHUTOPHHTI 3a KOHTPOJI Ha Ka4YCCTBOTO HAa YCIIMAHA U ITIOBbPXHOCTHA BOJA.

2. T. Yordanova, I.G. Dakova.
Non-chromatographic speciation analysis of antimony in water samples assisted by
vinylimidazole-based polymeric sorbent.
Bulgarian Chemical Communications, 56 (Special Issue C) (2024) 23 —28.
DOI: 10.34049/bcc.56.C.S1-22

Abstract: A functional polymeric material was synthesized via precipitation copolymer-
ization of vinylimidazole and trimethylolpropane trimethacrylate and used as a sorbent for
selective separation and determination of Sb(V) and Sb(lll). The extraction efficiency of the
newly synthesized material toward Sb(l1l) and Sb(V) was studied in batch mode. In weakly
acidic aqueous solutions, at pH 5 — 6, Sb(V) was entirely retained on the polymeric sorbent,
while Sb(Ill) remained in the supernatant. Quantitative elution of Sb(V) was accomplished
with 1 mM diammonium hydrogen citrate for 30 min. An analytical procedure for non-
chromatographic speciation and determination of inorganic antimony was developed. Con-



centrations of the target Sb(V) and the non-extractable Sb(lll) were measured by ICP-OES
with limits of quantitation of 4.2 g/l and 3.4 ug/l, respectively. The method showed good
accuracy, high precision, and applicability to low mineralized waters, enabling up to 25-fold

preconcentration of Sb(V).

Pe3lome: ODyHKUIMOHAJICH TMOJIUMEPEH MaTepuajl € CHHTE3UpaH upe3 yTauTelHa
CHIIOJIMMEPHU3alis Ha BUHUIMMHUIA30JI U TPUMETUIIONIPOIIaH TPUMETAKPUIIAT U € M3I0JI3BaH
KaTo COPOEHT 3a ceNeKTUBHO paszaensHe u onpenensHe Ha Sb(V) u Sb(IIl). Excrpakunonnara
eexTUBHOCTTAa Ha HOBOCUHTe3upaHus marepuan kpM Sb(IIl) u Sb(V) Oeme uscnensana B
cTaThueH pexuM. B crmabo kucenu Boauu pastBopu, npu pH 5 — 6, Sb(V) ce 3ambpixa
KOJMYECTBCHO BBPXY MonuMepHus copOeHt, nokato Sb(II) ocraBa B cymnepHaTaHTa.
KonunuecrBenoro enyupane Ha Sb(V) ce u3BbpmBa ¢ 1 MM nuaMoHUEB XHIPOTEH IUTPAT 32
30 munytn. Pa3paboreHa e aHaIWTHYHA TpoLEaypa 3a HeXpoMarorpad)CKu CIeHHAIMOHEH
aHallu3 W ONpeJessiHe Ha HeopraHudeH aHTuMoH. KoHmneHrtpanuute Ha neneus Sb(V) u
Heekctpaxupyemus: Sb(III) 6sxa usmepenu upe3 ICP-OES, rpanunurte Ha KOJUYECTBEHO
omnpenensiHe ca cbotBeTHO 4,2 png/L u 3,4 pg/L. MetoasT mokasza no0pa TOYHOCT, BHCOKA
NPEIU3HOCT U NMPHJIOKUMOCT 32 HUCKOMHHEpAJIU3UpaHU BOJHU, M CE€ MOCTHTa A0 25-KpaTHO

KoHIleHTpupaHe Ha Sb(V).

3. |. Dakova, O. Veleva, I. Karadjova.
Selective Sorption of Noble Metals on Polymer Gel Modified with lonic Liquid.
Molecules, 29 (2024) 4970.
https://doi.org/10.3390/molecules29040898

Abstract: The solid phase extraction of Au, Ir, Pd, Pt, and Rh on a polymer gel modified
with ionic liquid containing methylimidazolium groups (MIA-PG) has been investigated. The
positively charged surface of the sorbent is highly suitable for the sorption of stable chlorido
complexes of the studied analytes, while the retention of base metals Cu, Fe, Ni, Zn, and Mn
is negligible. Optimization experiments performed showed that, at 0.05 M HCI, the degree of
sorption of Au, Ir, Pd, and Pt is above 95%, and only for Rh, the maximum degree is 65%;
complete elution is achieved in the mixture of thiourea in HCI. The results obtained from the

equilibrium adsorption studies are fitted in various adsorption models, such as Langmuir and
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Freundlich, and the model parameters have been evaluated. The kinetics analysis indicated
that the adsorption of Au, Ir, Pd, Pt, and Rh onto the sorbent follows the pseudo-second-order
model. Intraparticle diffusion and ion exchange reactions were the rate-limiting steps. Analyt-
ical procedures were developed for Pd, Pt, and Rh determination in road dust and soil and for
Au determination in copper ore and copper concentrate. The procedures are validated by the
analysis of certified reference materials. Analytical figures of merit confirmed their applica-

bility in routine laboratory practice.

Pe3ome: M3cnenBana e TBppaodasnara ekcrpakinus Ha Au, Ir, Pd, Pt u Rh ¢ monmumepen
reyi, MOIUGUIMPaH C HOHHA TEYHOCT, ChIbpiKamia MeTuaumuaasoiauesu rpynu (MIA-PG).
[TonoxxutenHo 3apefeHaTa MOBBPXHOCT Ha COpOEHTa € MHOTO MOJXOAsIIa 3a copOuus Ha
CTaOUJHU XJIOPUJHU KOMIUJIEKCM Ha W3CIEABAHUTE AaHAJIUTH, JOKATO 3aIbpPKAHETO Ha
HeOnaropogan metanmu kato Cu, Fe, Ni, Zn u Mn e He3HauutenHo. I[IpoBemeHuTe
eKCIIEpUMEHTH 3a onTuMu3anus mokassat, ye npu 0,05 M HCI crenenTta Ha copbuus Ha Au,
Ir, Pd u Pt e Ham 95%, kaTto camo 3a Rh makcumannaTta cTenen Ha copOuus e 65%; mbJIHO
elyupaHe ce moctura cbc cmec oT Tuokapbamun u HCI. Pesynrarute, momydeHd OT
U3CJICIBAaHUATA Ha aJCOpOIUATA B YCJIOBUS HAa paBHOBECHE, ca MPIJIOKEHU KbM Pa3IMuHU
TEOPETHYHHU aJCOPOIIMOHHN MOJENH, Karo Mojenute Ha Langmuir u Ha Freundlich, u ca
OLICHEHU TNOJYyYEHUTE MapaMeTpu Ha Te3u Mojenu. KUHEeTUYHUAT aHainu3 MOoKa3Ba, ue
aacop6buusTa Ha Au, Ir, Pd, Pt u Rh Bbpxy copbeHra cieaBa Mojena OT MCEBAO-BTOPU pei.
BbTpemno-uactuukoBata nudy3uss ¥ HOHOOOMEHHHUTE PEAKIMU Ca CKOPOCTOOMPEIASTSAIIUTE
eranu. Pa3paboTenu ca aHanTuTUYHM Nipolienypu 3a onpenensae Ha Pd, Pt u Rh B mpTen npax
W NOYBAa U 3a ompejaensiHe Ha Au B MeJHa pylda W MeaeH KoHueHtpart. [Ipouemypurte ca
BallUJIMPAaHU 4Ype3 aHalu3 Ha cepTuPuIupaHud pedepeHTHU MaTepuanu. AHAIUTUYHHUTE
XapaKTepUCTUKM Ha NPOUEAYpPUTE NOTBBPKAABAT TAXHATA NPUIOKUMOCT B pyTHUHHATA

nabopaTopHa MPaKTHUKA.



4. 1. Dakova*, |. Karadjova.
Liquid Modified Polymer Gel for Arsenic Speciation.
Molecules, 29 (2024) 898.
https://doi.org/10.3390/molecules29040898

Abstract: A new ionic liquid modified polymer gel containing methylimidazolium
groups (poly(MIA)) is proposed as a sorbent for the separation and enrichment of trace inor-
ganic and organic arsenic species in surface waters. The poly(MIA) was synthesized by
chemical modification of polymeric precursor using post-polymerization modification of
poly(glycidyl methacrylate-co-trimethylolpropane trimethacrylate). The composition, struc-
ture, morphology, and surface properties of the prepared particles were characterized using
elemental analysis, Fourier transform infrared spectroscopy, scanning electron microscopy,
and nitrogen adsorption—desorption measurements. Optimization experiments showed that at
pH 8, monomethylarsonic acid (MMASs), dimethylarsinic acid (DMAs), and As(V) were
completely retained on the poly(MIA), while the sorption of As(lll) was insignificant. The
desorption experiments revealed that due to the weaker binding of organic arsenic species,
selective elution with 1 mol/L acetic acid for MMAs + DMAs, followed by elution with 2
mol/L hydrochloric acid for As(V), ensured their quantitative separation. The adsorption Ki-
netic and mechanism were defined. The analytical procedure for As(l1l), As(V), MMAs, and
DMAs determination in surface waters was developed and validated through the analysis of

certified reference material.

Pe3lome: HoB, Moauduuupan ¢ HOHHa TEYHOCT TMOJMMEPEH TIell, ChIbpiKall
MetunumuaazonueBu rpynu (poly(MIA)), e mpenmoxeHn kaTto copOeHT 3a pasjiensHe u
KOHIEHTPUpPAaHE Ha cleAd OT HEOPraHWYHM M OPTaHWYHU XMMHMYHH (OpPMHU Ha apceH B
noBbpXxHOCTHH Boau. Poly(MIA) e cuHTe3upan uype3 XuMUyecka MoAUUKAIUS Ha
MOJIMMEPEH  TIPEKypcop, H3MOJ3BAHKH  IMOCT-TOJMMEpPU3AlMOHHA MOAM(PUKANHS  Ha
MOV (TITU LU TATT METaKpHUJIAT-Ch-TPUMETUIONPOTIAH TPUMETAKpUiIaT). CbCTaBbT,
CTpYKTypaTa, Mop(oiorusita W MOBHPXHOCTHUTE CBOICTBAa Ha IOJyYEHHTE YaCTULH ca
OXapaKTepU3HpaHU C TOMOINTAa Ha EJIEeMEHTEH aHaln3, WH(padepBeHa CIEKTPOCKOMUS C

Tpanchopmanus Ha @Dypue, CKaHUpalia €JIeKTPOHHA MHUKPOCKONMHUS ¢ HW3MEpPBaHHUS Ha
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ancopOums-gecopOuus Ha a30T. EkcnmepuMeHTHTE 3a ONTUMHU3AIMS Ha YCIOBUITA 3a
TBBbpAO(da3Ha eKCTpakuus  Toka3Bar, 4e npu pH 8 MoHOMeTHiIapcoHOBaTa KHCEIWHA
(MMAs), numerunapcunoBata kuceiauHa (DMAs) u As(V) KOIMYECTBEHO ce€ 3aabpiKar
BbpXxy poly(MIA), mokato copo6uusta Ha As(IIl) e He3Hauutenna. ExcnepumeHTute 3a
necopOIusl MOKa3BaT, Y€ IMOpaad MO-ciaboTO CBbpP3BaHE HA OPraHUYHUTE BHJIOBE apCEH,
CeneKTUBHOTO enyupane ¢ | mol/L omerna kucenuna 3a MMAs + DMAs, nocneaBano ot
enyupane ¢ 2 mol/L conna xwucenumHa 3a As(V), rapaHTupa TSIXHOTO KOJIMYECTBEHO
pasnensiHe. JlehuHMpaHW ca KWHETHKATa W MEXaHM3MBT Ha ajcopOuus. PaspaboreHa wu
BaJUAMPaHA Upe3 aHAIIM3 Ha CepTHPUIUpPaH pedepeHTeH MaTepual € aHAIUTUYHA MTPOoLeypa

3a onpenenane Ha As(III), As(V), MMAs u DMAS B NOBbpPXHOCTHHU BOJIU.

5. I. Dakova, T. Yordanova, |. Karadjova.
Polymeric Materials in Speciation Analysis Based on Solid-Phase Extraction.
Molecules, 29 (2024) 187.
https://doi.org/10.3390/molecules29010187

Abstract: Speciation analysis is a relevant topic since the (eco)toxicity, bioavailability,
bio (geo)chemical cycles, and mobility of a given element depend on its chemical forms (oxi-
dation state, organic ligands, etc.). The reliability of analytical results for chemical species of
elements depends mostly on the maintaining of their stability during the sample pretreatment
step and on the selectivity of further separation step. Solid-phase extraction (SPE) is a matter
of choice as the most suitable and widely used procedure for both enrichment of chemical
species of elements and their separation. The features of sorbent material are of great im-
portance to ensure extraction efficiency from one side and selectivity from the other side of
the SPE procedure. This review presents an update on the application of polymeric materials

in solid-phase extraction used in non-chromatographic methods for speciation analysis.

Pe3ome: CHCI_II/IaI_II/IOHHI/IHT aHaJIn3 € aKTyaJlHa TeEMma, ThH KaTo (CKO)TOKCI/IQHOCTTa,
6I/IOHaJ'II/I‘-IHOCTTa, ouo (FCO)XI/IMI/I‘{HI/ITC ITUKJIN U MOOMITHOCTTA Ha JdadCH CIICMCHT 3aBHCAT OT
HETOBUTC XWMHUYHH (bOpMI/I (CTeHeH Ha OKHCJICHUC, OpraHudHd JIMraHiu H TH)

HaI[e}K)IHOCTTa Ha aHAJIUTUYHUTEC PE3YJITaTU 3a XUMUYHUTEC q)OpMI/I Ha CJICMCHTUTE 3aBUCHU


https://doi.org/10.3390/molecules29010187

Hali-Be4e OT MOAMBPKAHETO Ha TSAXHATa CTaOMIIHOCT MO BpeMe Ha eTama Ha MpeaBapuUTelIHa
oOpaboTka Ha mpobaTra M OT CEIEKTUBHOCTTAa Ha TMOCICABAIIMS €Tal Ha pasJeisHe.
Tebpnodasznara ekcrpakius (SPE) e nzbpana kato Hal-moaAXosIIa U IIUPOKO M3MOJI3BaHA
npoleaypa KakTo 3a KOHIIEHTpUpaHe Ha XUMUYHUTE (OpPMH Ha eJIEeMEHTUTE, Taka U 3a
TAXHOTO pazjiesiHe. XapaKTepUCTUKUTE Ha COPOCHTHUS MaTepHal ca OT TOJIsIMO 3HaYEHUE 3a
OCUTYypsiBAaHE KaKTO Ha €(QEeKTUBHOCTTA, Taka M Ha ceiekTuBHOCTTa Ha SPE mpomemypara.
To3u o0030p mnpexacrtaBsa akTyadHa uHoOpManus 3a MPUIOKEHUETO HA TOJIUMEPHUTE
Matepuaiu B TBbpJo¢a3HaTa €KCTpaKIus, U3IMO0JI3BaHAa B HexpomaTorpadCKuTe MEeTOIU 3a

CIICHUMAIIMOHCH aHaJIn3.

6. V. Georgiev, I. Dakova, I. Karadjova.
On ICP-MS determination of Uranium in drinking, ground and mineral waters.
Comptes rendus de I’Académie bulgare des Sciences, 76(4) (2023) 525-531.
https://doi.org/10.7546/CRABS.2023.04.03

Abstract: A method for the determination of uranium in surface and ground water sam-
ples is developed and validated. The method is based on ICP-MS mea surement under opti-
mized instrumental parameters using Re as an internal standard. Model solutions containing
major cations in natural waters such as Na, K, Ca, Mg are prepared and used to study the ob-
served matrix interfer ences on U signal in ICP-MS measurements. Routinely used internal
standards La, Tl for U ICP-MS measurement in natural waters are compared to newly pro-
posed internal standard Re. Results obtained showed more efficient inter ference correction
and better reproducibility in the presence of Re applied at concentration level of 10 pg/L for
internal standard calibration. Analytical procedure developed is characterized by determina-
tion limit of 0.04 pg/L and relative standard deviation in the range 4—6% for the U concentra-
tion range from 0.04 to 50 pg/L. The method is validated through the analysis of parallel wa-
ter samples by using proposed method, by using standard UV-VIS method (arsenazo I11), and

by analyzing a certified reference material.

Pe3ome: Pa3paboTeH M BaiuaupaH € METOJ 3a OINpeleNisHe Ha ypaH B NIpoOU OT

MOBBPXHOCTHU W TOJ3eMHH Boau. MetonbT ce ocHoBaBa Ha ICP-MS wusmepBane mnpu
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ONTUMU3UPAHU MHCTPYMEHTAJIHU MapaMeTpH, M3MoJ3Ballku Re kaTo BBTpelieH cTaHaapT.
Mopnennu pa3tBopu, chabpxkamu katnonn Ha Na, K, Ca, Mg npencrasisBamu
MaKpOKOMIOHEHTH B €CTECTBEHHM BOJHM, C€ NPUTOTBAT M H3MOJI3BAT 3a M3CIEIBaHE Ha
HaOJOaBaHUTE MAaTpPUYHU TIpeueHHs Bbpxy curHaina 3a U npu ICP-MS wusmepBanwus.
Pytunno wusnon3Banute BbTpemwHu crangaptu La, Tl 3a ICP-MS wusmepBane ma U B
IPUPOJHU BOJIM Ca CPAaBHEHU C HOBONIpPEMJIOKEHUs BbTpeuieH crannapt Re. Ilomyuenute
pe3yJaTaTu MoKa3BaT Mo-e(peKTUBHA KOPEKIUs HAa MPEYEHUATA U 0-100pa Bb3MPOU3BOIUMOCT
B MPUCHCTBUETO Ha Re, mpuiokeH mpu KOHUEHTpauunoHHO HUBO oT 10 pg/L 3a BbTpemHo
cTaHAapTHO KanuOpupane. Pa3paborenara aHadUTHYHA TPOIEAYypa C€ XapaKTepHu3upa C
rpanuna Ha omnpeneiasHe ot 0.04 Ug/L ¥ OTHOCHUTEIHO CTaHIAPTHO OTKJIOHeHHEe 4—6% 3a
KoHIeHTparonHus uarepsat Ha U ot 0.04 1o 50 pg/L. MeToabT ¢ BaauaupaH 4pe3 aHaIu3
Ha MapajeiaHu BOJHU MPoOH upe3 M3MOJI3BaHE Ha MPEAJIOKEHUS METOJl, UYpe3 M3IO0JI3BaHe Ha
crangapren UV-VIS meroxn (arsenazo III) m upe3 ananu3 Ha ceptuduuupan pedepeHTeH

MaTepual.

7. T. Yordanova*, |. Dakova, I. Karadjova.
Novel ion-imprinted polymer as a tool for selective determination of Sb'" in natural
waters.
Comptes rendus de [’Académie bulgare des Sciences, 76(3) (2023) 368-376.
https://doi.org/10.7546/CRABS.2023.03.05

Abstract: A novel Sb''-imprinted polymer was synthesized via radical copolymerization
of methacrylic acid and trimethylolpropane trimethacrylate in the presence of 2-mercapto-N-
(2-naphthyl)acetamide as a chelating ligand forming the functionality of specific binding
sites. The extent of ligand incorporation in the active centres was evaluated by elemental
analysis and found to be 73.6%. The 1IP was utilized as a sorbent material for selective solid-
phase extraction of Sb'" in drinking waters after optimization of sorption and desorption pro-
cesses in a batch mode. Excellent separation of Sb'"' and SbY was accomplished at pH 8 fol-
lowed by elution of Sblll with 0.5 M thiocarbamide. Analytical procedure for non-
chromatographic speciation and determination of Sh'"' was developed demonstrating very
good precision (RSD 7-11%) and recoveries between 97-105%. This procedure enabled up to
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25-fold preconcentration and completely met the requirements of EU legislation for the quali-

ty of water intended for human consumption.

Pesiome: Hos Sb'"'-ormeuatan nomumep e cumTesupam upe3  paguKanoBa
CBHIOJIMMEPHU3alUsd Ha METaKpPWIOBA KHCEIWHA M TPUMETWIOINPONAH TPUMETAaKpUiIaT B
IpPUCHCTBHETO Ha 2-MepkanTo-N-(2-HadTrr)aleraMu/] KaTo XeJaTUpalll JIUTaH, Ompeaessil
(YHKIIMOHAIHOCTTAa Ha CIeUU(UYHUTE MecTa 3a CBbp3BaHe. CTemeHTa Ha BKIIIOYBAaHE Ha
JUraHaa B aKTHBHUTE LIEHTPOBE € OIICHEHA Ype3 eJIEMEHTEH aHAJIN3 U € YCTaHOBEHO, ue ¢ 73.6
%. 1IP e m3mon3BaH KaTo COPOCHTEH MaTepual 3a CEeNEeKTHBHA TBHPAO(pA3HA EKCTPaKIUs Ha
Sb'"' B nuTeiiHM BoAM cnen oNTHMM3MpaHE Ha INIPOIECHTE HA cOpOIMS M JecopOrus B
cratuueH pexum. [locturnaro e orauuno pasaensue Ha Sb'!' u SbY mpu pH 8, nocnensano or
enyupane Ha Sb'"' ¢ 0.5 M tumokap6amun. PaspaGoTeHa e aHajluTH4HA HpOLEAypa 3a
HexpoMaTorpad)cKu CHeNualuoHeH ananu3 u ompenensne Ha Sb'') nemomcTpupama mmoro
no6pa npenu3Hoct (RSD 7-11%) u ananutuaau gobusu Mexay 97-105%. Taszu mpouemypa
NO3BOJISIBA 1O 25-KpaTHO KOHIEHTPHUpPAHE M HAaN'BJIHO OTroBaps Ha MW3HCKBaHUATA Ha
3akoHoxarencTBoTo Ha EC 3a kadyecTBOTO Ha Bojara, NMpeiHa3HaueHa 3a KOHCyMalus OT

YOBCKa.

8. I. Dakova*, P. Vasileva, I. Karadjova.
Cr(I11) lon-Imprinted Hydrogel Membrane for Chromium Speciation Analysis in Wa-
ter Samples.
Gels, 8(11) (2022) 757.
https://doi.org/10.3390/gels8110757

Abstract: Novel Cr(lI1)-imprinted poly(vinyl alcohol)/sodium alginate/AuNPs hydrogel
membranes (Cr(I11)-11Ms) were obtained and characterized and further applied as a sorbent
for chromium speciation in waters. Cr(111)-11Ms were prepared via solution blending method
using blends of poly(vinyl alcohol) and sodium alginate as film-forming materials,
poly(ethylene glycol) as a porogen agent, sodium alginate stabilized gold nanoparticles (SA-
AUNPSs) as a crosslinking and mechanically stabilizing component, and Cr(lll) ions as a tem-
plate species. The physicochemical characteristics of pre-synthesized AuNPs and obtained
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hydrogel membranes Cr(l11)-11IM were studied by UV-vis and FTIR spectroscopy, TEM and
SEM observations, N2 adsorption—desorption measurements, and XRD analysis. The mecha-
nism of the adsorption process toward Cr(l11) was best described by pseudo-first-order kinetic
and Langmuir models. Experiments performed showed that quantitative retention of Cr(l11) is
attained in 20 h at pH6 and temperature 40 C. Under the same conditions, the adsorption of
Cr(VI) is below 5%. A simple and sensitive analytical procedure was developed for the spe-
ciation of Cr in an aquatic environment using dispersive solid phase extraction of Cr(lll) by
Cr(I1D-11M prior to selective Cr(VI) measurement by ETAAS in the supernatants. The detec-
tion limits and reproducibility achieved for the Cr speciation analysis fulfill the requirements
for their monitoring in waters under the demand of the Water Framework Directive.

Pe3stome: HoBu Cr(Ill)-otnedarann mnonu(BUHUIAIKOX0I)/HaTpueB anruHat/AuNPS
xunporesnn MemoOpanu (Cr(II)-11Ms) ca monydyeHu, oxapakTepu3upaHu U MPHIOKEHU KaTO
copOeHT 3a cnenuanuoHeH aHanu3 Ha xpoM BbB Boau. Cr(1II)-1IMs ca nonydyenu upe3 meton
Ha CMECBaHE Ha Pa3TBOPH, U3MOJI3BANKU CMECH OT MOJIM(BUHMUIIAIKOXO]) U HATPUEB aJlFTMHAT
Kato ¢uamooOpasyBally MaTepHasd, MOJIU(ETUIICHIVIMKO) KAaTo MOPOre€HEH areHT, 3JaTHU
HAaHOYACTHUIIM CTaOUIU3Upanu ¢ HaTpueB anruHat (SA-AuNPs) kato oMpexBall 1 MEXaHUYHO
crabmwmmsupan; kommoHeHT u Cr(IIl) #onm xaro mabrnoHeH Bua. DUBUKOXUMHUYHUTE
XapaKTEepUCTUKA Ha NpPEeABAapUTENHO cuHTe3upaHute AuNPs M nojydeHuTe XUIAPOTeIHU
mem6panu Cr(III)-1IM ca uscaeaBanu upe3 UV-vis u FTIR cnekrpockonus, TEM u SEM
HaOIoAeHUsI, U3MEpBaHus Ha ajcopOmusi-gecopobius Ha N2 1 XRD ananu3. MexanusmbT Ha
nporeca Ha aacopbuus Ha Cr(Ill) Haii-noOpe € onmucaH OT KMHETUYHUS MOJEN OT ICEBO-
OBPBU MOPSIABK U OT Mojena Ha Langmuir. IIpoBeneHuTe eKCnepUMEHTH MOKa3BaT, 4e
konuuyecTBeHo 3aabpkane Ha Cr(IIl) ce moctura 3a 20 yaca npu pH 6 u Temmneparypa 40°C.
[Tpu cwmurte ycnosus, aacopbuusta Ha Cr(VI) e moxm 5%. Paspaborena e mpocra u
YyBCTBUTEIHA aHAJUTUYHA Tpolieaypa 3a crnenuanuoHeH aHaiau3 Ha Cr BbB BOJHA cpena,
KaTo ce W3MoJ3Ba aucrnepcuoHHa TBbpaodasHa ekctpakuus Ha Cr(Ill) c¢ Cr(lI)-1IM u
cinenpamo cenektuBHO ETAAS usmepBane na Cr(VI) B cynepHartanTtute. ['paHunure Ha
OTKpUBAHE M BB3IPOU3BOJNMOCTTA, IOCTUTHATH IpU cHenuanvoHHus anamu3 Ha Cr,
OTrOBapsIT Ha H3UCKBAHHMATA 3a TEXHHUS MOHUTOPUHI BBB BOJM chIylacHO PamkoBara

JAUPCKTHUBA 3a BOOAUTE.
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9. V. Georgiev, I. Dakova*, I. Karadjova.
Uranium Determination in Waters, Wine and Honey by Solid Phase Extraction with
New lon Imprinted Polymer.
Molecules, 27 (2022) 5516.
https://doi.org/10.3390/molecules27175516

Abstract: An analytical method for uranium determination in waters, wine and honey
was developed based on solid phase extraction (SPE) with new ion imprinted polymer. The
sorbent was synthesized using 4-(2-Pyridylazo)resorcinol (PAR) as a ligand via dispersion
polymerization and characterized by SEM for morphology and shape of polymer particles and
nitrogen adsorption—desorption studies for their surface area and total pore volume. The ki-
netic experiments performed showed that the rate limiting step is the complexation between
U(VI) ions and chelating ligand PAR incorporated in the polymer matrix. Investigations by
Freundlich and Langmuir adsorption isotherm models showed that sorption process occurs as
a surface monolayer on homogeneous sites. The high extraction efficiency of synthesized
sorbent toward U(VI) allows its application for SPE determination of U(VI) in wine and hon-
ey without preliminary sample digestion using ICP-OES as measurement method. The recov-
eries achieved varied: (i) between 88 to 95% for surface and ground waters, (ii) between 90—
96% for 5% aqueous solution of honey, (iii) between 86-93% for different types of wine. The
validity and versatility of proposed analytical methods were confirmed by parallel measure-
ment of U in water samples using Alpha spectrometry and U analysis in wine and honey after
sample digestion and ICP-MS measurement. The analytical procedure proposed for U deter-
mination in surface waters is characterized with low limits of detection/quantification and
good reproducibility ensuring its application for routine control in national monitoring of sur-
face waters. The application of proposed method for honey and wine samples analysis pro-

vides data for U content in traditional Bulgarian products.

Pe3tome: Pa3paboTeH e aHanMTUUEH METOJ 3a ONpejelisiHe Ha ypaH BbB BOJAM, BUHO U
men, Oasupan Ha TBpbAodazHa excTpakuus (SPE) ¢ HOB HOHHO oTmeyaTaH MOJIMMEp.
CopOeHThT € CHHTE3MpaH 4Ype3 IUCIEePCHOHHA TMOJMMEpHU3alus ¢ H3M0ia3BaHe Ha 4-(2-

nupuamiazo)pesopiuaon (PAR) kato nurang u e oxapakrepusupan upe3 SEM 3a
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omnpenaenssHe Ha MopdooruaTa U ¢popMaTa Ha MOTUMEPHUTE YACTHUIIM M Ype3 U3CJICABAHE HA
azcopOIusa-aecopOums Ha a30T 3a ONpeAesiHe Ha TAXHATa MOBbPXHOCTHA IUIONI U 0011 00eM
Ha nopure. [IpoBeneHUTe KMHETUUYHHU €KCIEPUMEHTH IMOKa3BaT, Y€ CKOPOCTOOMPEASISIIUAT
eran ¢ obpa3yBaHeTo Ha koMIuiekcu Mexay onute Ha U(VI) u xenatupammus aurann PAR,
KOUTO Ca BKIIYEHH B TMoJMMepHata Marpumna. [Ipuwmaranero Ha ajacopOIMOHHHTE
uzorepmuunu moaenu Ha Freundlich u Langmuir nokassa, ye mporechT Ha copOLus mpoTHda
KaTO MOBBPXHOCTEH MOHOCJOM BBpPXY XOMOTeHHH MecTa. Bucokara edexTuBHOCT Ha
eKcTpakuusTa Ha cuHTe3upanus copbent kbM U(VI) mo3BossiBa MPUIOKEHHETO My 3a
onpenensae Ha U(VI) cien SPE BbB BUHO 1 MeJ 0€3 MpeIBapUTEIIHO pasjiarane Ha mpobara,
uznoysBaiiku ICP-OES karo meron 3a u3mepBase. llocTurHaTtute aHaIuTU4YHU JOOUBU
Bapupar: (1) mexay 88—95% 3a MOBBPXHOCTHH U MOA3EMHH BoIH, (i1) Mexay 90-96% 3a 5%
BOJIeH pa3TBop Ha Mmen, (iil) Mmexay 86—93% 3a pa3nauyHu BUAOBE BUHA. BamuaHocrra u
U3I0JI3BAEMOCTTa HA MPEIIOKEHUTE aHAIMTHYHU METOAM Ca MOTBBPICHU Ype3 MapajeTHO
u3MmepBane Ha U BBB BOJHH MPOOH ¢ momoIinTa Ha andacnekrpoMerpus u aHainu3 Ha U BBB
BUHO M MeJ cliell pa3narane Ha npoOara u ICP-MS usmepBane. AHanuTUYHATa TMpOLEaAypa,
npesioxkeHa 3a onpeaensie Ha U B MOBbPXHOCTHH BOJH, C€ XapaKTepuU3upa ¢ HUCKHU T'PaHUIU
Ha OTKpPUBaHE/OMpeaesiHe U J00pa BB3MPOU3BOAMMOCT, OCUTYPSBAIM HEHHOTO MPUIIOKEHUE
3a pyTHHEH KOHTPOJ B HAllMOHAIHWS MOHUTOPHHT Ha IMOBBPXHOCTHUTE BojaH. [Ipmmaranero
Ha MPEeJJI0KEeHHS METO/] 32 aHallu3 Ha MPOOH OT MeJ U BHHO JlaBa JaHHU 3a ChIBPKAHUETO Ha

U B TpaAMIIMOHHU OBJITAPCKU MPOTYKTH.

10. I. Dakova*, M. Mitreva, |. Karadjova.
Fe(Il) ion-imprinted copolymer gels — smart materials for Fe(l1)/Fe(lll) speciation in
surface waters.
Polymer International, 71(6) (2022) 706-714.
https://doi.org/10.1002/pi.6334

Abstract: The effect of template species— Fe(ll) complexes with 4-(2-
pyridylazo)resorcinol or 2,2'-bipyridine as well as the functional monomers: acidic (meth-
acrylic acid) and neutral (hydroxyethyl methacrylate) on the extraction efficiency and ap-
plicability of Fe(ll) ion-imprinted polymers for iron speciation in surface waters is presented
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in this study. The polymers were synthesized by precipitation copolymerization of functional
monomer, trimethylolpropane trimethacrylate (crosslinking agent) and 2,2'-azo-bis-
isobutyronitrile (initiator) in the presence of template and characterized by elemental microa-
nalysis, SEM and Brunauer—Emmett—Teller analyses. Extraction efficiency was examined by
batch solid-phase extraction. The equilibrium experimental data of adsorption processes with
different synthesized sorbents were fitted by both Langmuir and Freundlich isotherms and are
discussed from the viewpoint of possible bond formation between monomer and template
species and the stability of the prepolymerization complex. Pseudo-first-order and pseudo-
second-order kinetic models were tested to elucidate the possible controlling mechanism of
the sorption process for different sorbents. Under the optimum conditions pH 7 and equilibri-
um time of 30 min the highest extraction efficiency and selectivity toward Fe(ll) was
achieved for Fe(ll) ion-imprinted polymer containing methacrylic acid and Fe(ll)-4-(2-
pyridylazo)resorcinol complex as a template. The analytical procedure for Fe speciation was
developed and validated with this sorbent.

Pe3ome: B ToBa u3cienBaHe ca NPEACTaBEHM H3CIEABAHUS OLECHSIBAILM BIUSHHUETO HA
mabnonnute BugoBe — Fe(ll) kommiekcu ¢ 4-(2-mupuaumnazo)pe3opuuHon win 2,2'-
OUNUPUINH, KAaKTO U Ha QYHKIIMOHAIHUTE MOHOMEDPH: KHUCEINHEH (METAaKpUIIOBa KUCEIIMHA) U
HeyTpajeH (XUAPOKCUETHIMETAKpUiaT) BbpPXY €KCTpakKIMOHHAaTa e(eKTUBHOCT U
npuwioxumoctra Ha Fe(ll) HloHHO-oTHewaraHu mnoJMMepH 3a CHEUMAMOHEH aHaJlu3 Ha
KeA30 B TMOBBPXHOCTHHM Boau. IlomuMmepure ca CHHTE3WpaHW Upe3 yTauTeaHa
ChIIOIMMEpHU3allMs Ha (QYHKIMOHAJIEH MOHOMEp, TPUMETHJIOIIPONaH TpUMETaKpuiIaT
(oMpexBamy areHT) W 2,2'-a30-0MC-M300yTUPOHUTPUI (MHULMATOP) B NPUCHCTBUETO Ha
mabJI0OH U ca OXapaKTepU3MpaHU 4pe3 elleMeHTeH MukpoaHanu3, SEM u Brunauer—Emmett—
Tenep (BET) anamusu. ExcrpakunoHHaTa e(eKTHBHOCT € H3Cle[BaHa 4pe3 TBbpAoQa3zHa
eKCTpaKLUs B CTaTUYEH PEKUM. PaBHOBECHHUTE €KCIIEPUMEHTAIHH JJaHHU 3a aJcOopOL OHHUS
IpoLEC ¢ Pa3IM4YHUTE CUHTE3UPAHU COPOEHTH ca MOJCIMPAHU C U30TEPMUYHHUTE MOJCIH Ha
Langmuir u Ha Freundlich u ca oOchaeHn OT riieqHa TOYKa Ha BH3MOXKHOCTTA 32 00pa3yBaHe
Ha Bpb3Ka MEXJy MOHOMEpa U MaOJOHHUS BUJ M CTAaOMIIHOCTTA HA MPENOoIUMEpHU3aluOHHUS
koMmIuieke. C 1en Aa ce U35ACHU Bb3MOYKHUS KOHTPOJIEH MEXaHM3bM Ha Mpoleca Ha copOomus

3a pPa3IMYHUTC COp6eHTI/I ca TECTBAHU KUHCTHUYHUTC MOACIMU OT NCCBAO-IIBPBU U IICEBAO-
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BTOpH nopsasK. [Ipu ontumannu ycnosus, pH 7 u BpeMe 3a nocturane Ha paBHoBecue oT 30
MUHYTH, Hall-BUCOKA EKCTPAKIMOHHA e(eKTHUBHOCT U cenekTuBHOCT KbM Fe(Il) ce mocTura 3a
Fe(Il) HoHHO-OTIEUaTaHUs MOJIUMEP, ChABPXKALL METAKpUIOBA KUCEIMHA M KOMIUIEKC Ha
Fe(I1)-4-(2-nmupuaunazo)pe3opiunon karo madmoH. C To3u copOEHT e pa3paboTeHa H

BalinJ¥MpaHa aHAJIUTHYIHATa Npoucaypa 3a CriCiuaiuOHCH aHalIu3 Ha Fe.

11. 1. Dakova*, I. Karadjova.
Hg(I1)-imprinted polymer gels — smart materials for mercury determination and speci-
ation,
in “SMART 2019, 9th ECCOMAS Thematic Conference on Smart Structures and Ma-
terials®, Ayech Benjeddou, Nazih Mechbal and Jean-Francgois Del (Editors), (2019)
1706-1717.
ISBN: 978-84-949194-6-6

Abstract: In this study, Hg(ll) imprinted copolymer gels (Hg(Il)-11Ps) are prepared and
used as smart sorbents for selective solid phase extraction of mercury ions from surface water
samples. Hg(Il)-11Ps are synthesized by dispersion copolymerization of 1-vinylimidazole,
methacrylic acid or 2-hydroxyethyl methacrylate as functional monomer, trimethylolpropane
trimethacrylate as cross-linking agent and 2,2'-azoisobutyronitrile as initiator in the presence
of a Hg(l)-1-(2-thiazolylazo)-2-naphthol (Hg(I1)-TAN) complex. The structure and morpho-
logy of the prepared Hg(ll)-11Ps are defined using scanning electron microscopy, and nitro-
gen adsorption—desorption measurements. The extraction efficiency (degree of
sorption/desorption, selectivity, capacity) of the Hg(Il)-1IPs toward inorganic mercury ion
(Hg(l1)) are studied using batch procedure. The optimal pH value for the quantitative sorption
is 7, and full desorption is achieved by 0.1 mol/L thiourea in 0.1 mol/L HCI. The Hg(ll)-11Ps
exhibit excellent selectivity towards Hg(ll) over methylmercury, Cd(Il), Ni(ll) and Pb(ll),
due to the introduced memory effect. The prepared copolymer gel with 1-vinylimidazole as a
functional monomer has higher capacity and selectivity towards Hg(Il). Adsorption process is
characterized by Langmuir isotherm model. Analytical scheme for Hg speciation and enrich-

ment in surface waters is developed based on the high selectivity of Hg(Il)-IIPs toward
Hg(ll).
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Pe3ome: B ToBa m3cinenBane ca cuntTesupanu Hg(ll)-oTmeuatanu chmoJuMepHH TelloBE
(Hg(I)-11P), xouTo ca WU3MON3BAHM KAaTO WHTCJIUICHTHH COpPOCHTH 3a CEJCKTHBHA
TBBpAOGAa3Ha EKCTPaAKIUs Ha )KUBAYHU MOHHM OT mpoOu oT moBbpxHOocTHU Boau. Hg(II)-11Ps
ca CHHTE3MpaHH 4Ype3 JHCIEpPCHA ChIOIUMEpHu3anus Ha |-BUHWIMMHIA30J, METaKpUiIoBa
KHCEJMHA WU 2-XUIPOKCHETHIMETAKPHIIAT KaTO (YHKIIMOHAIEH MOHOMED, TPUMETUIIIPONaH
TPUMETAKpPUIAT KAaTO OMpPEXKBAll areHT u 2,2'-a30M300yTHPOHUTPUI KATO HHUIUATOP B
npucbcTBueTo  Ha  komiutekca  Hg(Il)-1-(2-tuasonmnazo)-2-wadron  (Hg(II)-TAN).
Ctpykrypatra u Mopdonorusra Ha nonydenure Hg(II)-IIPs ca ompeaenenu ¢ momormira Ha
CKaHMpalla eJeKTPOHHAa MHKPOCKONHS W HM3MEpBaHE Ha aJcopOuus-gecopOnus Ha as3oT.
ExcrpakunonHata epeKTUBHOCT (CTENeH Ha copOums/aecopOumsi, CEIeKTUBHOCT, KAllaluTeT)
Ha Hg(II)-1IPs cnpsimo nHeopranuueHn xuBaueH Won (Hg(Il)) e uzcnensana upes npouenypa B
cratuueH pexxuM. OnTumanHara ctoiiHocT Ha pH 3a xonuuecTBeHa copOius € 7, a mbiHaTa
necopouus ce mocrura ¢ 0.1 mol/L tuokapdamun B 0.1 mol/L HCI. Hg(ll)-1IPs moka3Bat
otrnnyHa cenektuBHOCT KbM Hg(II) B cpaBaenue ¢ metmmkuBak, Cd(Il), Ni(Il) u Pb(II), koeto
ce JBJDKU Ha BbBeldeHUs edekT Ha mamerTa. ChIOJIMMEPHUSAT Tell MOJNyYeH C U3MOJI3BaHe Ha
1-BUHUIMMUIA30] KaTO (PYHKIMOHAIEH MOHOMEP MMa IMO-BUCOK KaMalUTEeT U CEJIEKTUBHOCT
kbM Hg(Il). IIpoumecht Ha amcopOuus ce ommcBa ¢ M30TEPMUYHHUS Monaen Ha Langmuir.
basupaiiku ce nHa Bucokara cenektuBHocT Ha Hg(II)-IIPs xem Hg(Il) e paspaborena

AHAJIMTUYHA CXCMa 3a KOHICHTPUPAHC U CIICHUAIUMOHCH aHAJIN3 Ha Hg B ITOBBbPXHOCTHHU BOJH.

12. P. Vasileva, I. Dakova, T. Yordanova, I. Karadjova.
New composite sorbent for speciation analysis of soluble chromium in textiles.
Open Chemistry, 17 (2019) 1095-1104.
https://doi.org/10.1515/chem-2019-0115

Abstract: Micrometer-sized silica spheres coated with a layer of Cr(VI) imprinted me-
thylimidazolium ionic liquid were synthesized and applied for fast and selective determina-
tion of leachable Cr(VI) in fabrics. The silica cores were synthesized via original seeded
growth procedure. Formation of ionic liquid layer onto their surface was simultaneously

combined with CrO4* imprinting. The sorbent characterization was accomplished by
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SEM/EDS, elemental microanalysis, and thermogravimetry. Excellent separation of Cr(VI)
from Cr(111) was achieved at pH 3 for 10 minutes in a batch mode. A mixture of ascorbic and
nitric acids was found to be the most efficient eluent. The adsorption equilibrium data were
best represented by the Langmuir isotherm model. The sorbent was applied for quantification
of Cr(VI) in textile extracts in accordance with international standard ISO105-E04. The ana-
lytical procedure developed (LOD 0.015 pg/g (measured by ETAAS), RSD 3-8% for concen-
tration levels of Cr(VI) 0.015-0.5 pg/g) completely meets the requirements of the internation-

al textile regulations.

Pe3tome: Cdepu OT cuIuIMEB JUOKCHI C MUKPOHEH pa3Mep, MOKPHUTH ChC CIOH OT
Cr(VI) orneyarana METHJIMMHJIa30J1M€Ba HOHHA TEUHOCT, Ca CUHTE3UPAHU U MPHIOKEHHU 3a
OBpP30 M CEJIEKTUBHO ompeaensHe Ha u3thyam oT (padpuunu Thkanu Cr(VI). fAmgpara ot
CUJIMLIMEB JUOKCHJI Ca CUHTE3UPaHU 110 OpUTHHAIHA IPOLieypa 3a HapacTBaHe Ha 3apOJIMILIH.
OOpa3yBaHeTo Ha cIOsi C HOHHA TEYHOCT BBPXY IMOBBPXHOCTTa UM € KOMOMHHUPAHO C
eHOBpeMeHHOTO oTnedaTane Ha CrOs>”. OxapakTepu3MpaHETO Ha COPOEHTA € U3BBPIICHO
ype3 SEM/EDS, eneMeHTeH MUKpoaHaJIW3 M TepMmorpaBumerpus. OTIHYHO pasjiensHe Ha
Cr(V]) or Cr(IIl) B ctatnuen pexum ce noctura npu pH 3 3a 10 munytu. YcraHoBeHo e, ye
Hall-eEeKTUBHUAT €IYeHT € CMeC OT acKOopOMHOBa M a30THA KUCENUHU. JlaHHUTE 3a
aZICOpOIIMOHHOTO paBHOBECHE C€ OMUCBAT Haill-1o0pe OT U30TepMUYHUA Mojen Ha Langmuir.
CopOeHTBT € u3Noa3BaH 3a KonuuecTBeHo onpenensHe Ha Cr(VI) B TEKCTUIHU €KCTPaKTH B
ChOTBETCTBHE C MexayHapoaHus craggapt I[SO105-E04. PaspabGorenara aHaiuTU4HA
nponenypa (LOD 0.015 pg/g (m3mepena ¢ ETAAS), RSD 3—8% 3a koHIleHTpallMOHHN HUBA
Ha Cr(VI) 0.015-0.5 pg/g) HanbjiHO OTroBaps Ha M3UCKBAHHUATA HAa MEXIYHApOJIHUTE

pasnopendu 3a TEKCTHUII.
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13.1. Dakova*, T. Yordanova, |. Karadjova.
Synthesis and characterization of As(V)-imprinted smart polymer gel for selective ad-
sorption of As(V) ions.
Proceedings of SPIE - The International Society for Optical Engineering, 11332
(2019) 113320D.
doi: 10.1117/12.2553479

Abstract: In this study, new As(V)-imprinted polymer (As(V)-I1P) for selective adsorp-
tion and separation of As(V) was prepared by synthesis procedure based on 2D imprinting
approach. Initially, the polymeric core was synthesized via dispersion polymerization be-
tween glycidyl methacrylate as a functional monomer and trimethylolpropane trimethacrylate
as a cross-linking agent. Then the ion imprinted layer was formed by grafting of 1-
methylimidazole on the surface of the polymeric particles in presence of As(V) as a template
ion. The newly synthesized As(V)-1IP was characterized using elemental microanalysis,
scanning electron microscopy and nitrogen adsorption—desorption measurements. The effect
of the porogen solvents acetonitrile, toluene and methanol on particle shape and morphology
was presented. The adsorption properties of As(V)-IIP toward As(V) were studied by batch
procedure. The optimal pH range for the quantitative sorption (> 95%) of As(V) was 7-9, and
full desorption was achieved by 3 mol/L HCI. The As(V)-IIP possesses high capacity toward
As(V) (9.8 umol/g sorbent) and good mechanical and chemical stability. Experiments per-
formed for selective determination of As(V) in water samples showed that the interfering ma-
trix does not influence the extraction efficiency of As(V)-1IP. Finally, the prepared As(V)-
imprinted smart polymer gel was successfully applied to the selective recognition and deter-

mination of As(V) ions in water samples.

Pe3rome: B ToBa m3cimenBaHe, upe3 cHHTE3HaA mpoieaypa, 6azupana Ha 2D moaxon 3a
orrnevarBane, € nmoaydeH HOB As(V)-orneuaran monmumep (As(V)-11P), koiiTo e u3mon3BaH 3a
ceneKkTHUBHA ajcopOmuss u paszaensae Ha As(V). IIppBoHadanHo dYpe3 IUCIIEPCHOHHA
NOJIMMEpHU3alis  MEXKIy TIUNUAWI MeTakpuilaT KaTo (YHKIHOHAIEH MOHOMEp H
TPUMETHIIOIIIPOTIAaH TPUMETAKPHIIAT KaTO OMPEKBAI areHT € CHHTE3UPAHO MTOJTUMEPHO SIPO.

Cnen ToBa e (¢opMmMupaH HOHHO OTIEYaTaH CJIOM 4Ype3 MpHucaxaaHe Ha |-MEeTUIMMHUJIAa30J1
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BBpPXY MOBBPXHOCTTA HA MOJUMEPHUTE YACTUIM B MPUCHCTBUETO Ha As(V) KaTo maOiIoHEeH
noH. Hosocunresupanuar As(V)-IIP e oxapakTepuszupan C @OMOILTa Ha €JIEMEHTEH
MUKpOAHAJIN3, CKaHHpalla eJEeKTPOHHAa MHUKPOCKONHUS U H3MEpBaHHMS Ha ajacopOIus-
necopbuuss Ha aszor. [lpencraBeHo € BIMAHHETO Ha MOpPOoOOpasyBalIUTE pPa3TBOPUTENU
AlEeTOHUTPUJI, TOJYEH W MeETaHoJ BbpXYy ¢Gopmata u MopdoJioTHsTa HA YaCTUIUTE.
Ancopormonnute cpoiictBa Ha As(V)-IIP kM As(V) ca u3cieaBaHu upe3 mpolenypa B
cTaThueH pexuMm. OntumanHusAT auanazoH Ha pH 3a konuuectBeHa copbuusa (> 95%) nHa
As(V) e 7-9, a mpana aecop6uus ce nocrura ¢ 3 mol/L HCl. As(V)-IIP nmpurexaBa BuCOK
kanaruret crupssmo As(V) (9.8 pmol/g copOeHT) u 1o6pa MexaHWYHA H XUMUYHA CTaOUITHOCT.
ExcniepumenTuTe, mpoBeACHU 3a CeIEeKTUBHO ompenensHe Ha As(V) BbB BOJHM TpooOH,
MoKa3axa, ye MaTpUYHUTE MPEUCHUs] HE BIUAST BbpPXY €(EKTUBHOCTTA HAa EKCTPAKIHUATA Ha
As(V)-1IP. N wnakpas, nosydenust AS(V)-oTmeyaTaH HWHTEIUTCHTEH IOJIMMEPEH TIell ¢
YCHEUIHO MPHUJIOKEH 3a CEJIEKTUBHO pa3lo3HaBaHe U ompezensiHe Ha As(V) HOHM BbB BOJHU

npoowu.

14. 1. Karadjova, T. Yordanova, I. Dakova, P. Vasileva.
Smart Materials in Speciation Analysis,
in “Handbook of Smart Materials in Analytical Chemistry”, Ed. M. de la Guardia, F.A.
Esteve-Turrillas, 2019, John Wiley & Sons Ltd.
Online ISBN: 9781119422587; Print ISBN: 9781119422624
https://doi.org/10.1002/9781119422587.ch24

Abstract: The chapter presents the application of smart nanomaterials and smart
composite systems based on nanomaterials for speciation analysis. High chemical activity,
specific functionality, versatility, and selectivity are only a few of the beneficial features of
smart nanomaterials providing high efficiency of analytical procedures for the separation and
determination of individual species of chemical elements. Various approaches for the
synthesis of nanomaterials and composites along with characterization of their properties and
new functionalities that ensure new possibilities for selective or group separation and

enrichment of particular species of chemical elements are presented and thoroughly
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discussed. The achievements in this field have been summarized for the past 10-15 years
focused mainly on the real advantages and the original ideas for the synthesis and application
of smart materials in the analytical schemes. The properties of the nanomaterials and
mechanism of action that provide the possibilities for speciation analysis are emphasized.
Smart nanomaterials for colorimetric/fluorescence sensing of element species and capabilities
for fast screening analysis at environmentally relevant concentration levels are critically

discussed.

Pe3rome. ['naBara mnpencraBss NPUIOKEHUETO HA HWHTEJIUTCHTHH HAaHOMAaTepuald U
WHTEIUTEHTHH KOMIO3WUTHU CHCTEMH, Oa3MpaHW Ha HAaHOMAaTepHald, 3a CHEIUAUOHCH
aHanu3. Bucokara XxuMuyecka akTUBHOCT, crienuduuHaTa (yHKIMOHAIHOCT, 'bBKABOCTTA U
CEJIEKTUBHOCTTAa Ca CaMO HSIKOM OT IIOJIE3HUTE XapaKTepUCTUKU Ha HMHTEIUTEHTHUTE
HaHOMAaTepualid, KOUTO OCUTYpsIBAT BHUCOKA €(EKTUBHOCT HAa aHAJIUTUYHUTE MpOLEAypU 3a
paszensHe W ONpeneNsiHe Ha WHAWBHAYAIHH XUMUYHHA (OPMH HAa XMMHYHUTE EJIEMEHTH.
[TpencraBenu u MoApoOHO pasriielaHy ca pa3IMyHU MMOAXOAM 3a CUHTE3a Ha HaHOMaTepHallu
U KOMIIO3UTHU, KaKTO U OXapaKTepHU3UpaHe Ha TEXHUTE CBOICTBA U HOBU (YHKLIHMOHAIHOCTH,
KOUTO OCHUT'YpsiBAaT HOBU BB3MOXXHOCTH 3@ CEJIEKTHMBHO WJIM TPYNOBO pasjieisiHE WU
oborarsgBaHe Ha KOHKPETHH XUMHUYHH (GOpPMH Ha XUMHUUYHU esneMeHTU.O0o0meHn ca
NOCTH)KEHUATA B Ta3u obsact 3a nocneauute 10-15 ronnHu, KaTo OCHOBHUAT (DOKYC € BBPXY
peasHuTe NPEeIUMCTBA U OPUTMHAIHUTE MJEU 3a CUHTE3 W IPUIOKEHHE HA WHTEIUTECHTHH
MaTepuaiy B aHAJUTUYHUTE CXEMHU. AKIIEHTHpPa C€ BbpPXY CBOIICTBaTa Ha HAHOMAaTEPHAIUTE U
MeXaHHW3Ma Ha JeHCTBHE, KOUTO MPEIOCTaBAT BB3MOXKHOCTU 3a CHEU(UKALMOHEH aHAJIM3.
Kputnuno ca JUCKYTHUPAHU UHTEJIIUT€HTHUTE HaHOMaTepuain 3a
KOJOPUMETPUUHO/(DIIyOPECIIEHTHO CEH30pHO OIpeAeNsHe Ha XMMHYHU (OpPMHU Ha XMMHYHHU
€JIeMEHTH U BB3MOKHOCTHUTE MM 3a ObP3 CKPUHUHIOB aHAJIU3 NPH €KOJOTMYHO 3HAYMMHU

KOHIOCHTpPAIIMOHHU HHUBA.
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15. M. Mitreva, I. Dakova*, I. Karadjova.
Iron speciation in surface waters by new ion imprinted sorbents.
Book of proceeding of the 3rd International Conference on Environmental Science and
Technology (ICOEST), ed. Prof. Dr. Ozer Cinar, (2017) 341-348. ISBN 978-605-83575-
7-0

Abstract: Iron exists in surface waters in different physical and chemical forms. In order
to provide a better understanding of the interactions of individual processes and the response
of ecosystems to varying iron speciation the development of procedure for the determination
of the most reactive, kinetically labile Fe(ll) and Fe(lll) is actual task in environmental ana-
Iytical chemistry. The aim of the present study was synthesis and characterization of new
Fe(ll) ion-imprinted sorbents (Fe(ll)-11Ps)) and their application for Fe(Il)/Fe(l11) speciation
in surface waters. Fe(ll)-11Ps were synthesized by precipitation copolymerization of meth-
acrylic acid (functional monomer), trimethylolpropane trimethacrylate (crosslinking agent)
and 2,2'-azobisisobutyronitrile (initiator) in the presence of different template species — Fe(ll)
complexes with 4-(2 pyridylazo)resorcinol, salicylic acid or 2,2'-bipyridine. The structure and
morphology of the polymer particles obtained were characterized using SEM and BET anal-
yses. The optimization experiments showed quantitative sorption of both Fe(ll) and Fe(Il1) on
the surface of Fe(ll)-11Ps at pH 7-8, however selective sorption of only Fe(ll) could be
achieved in the presence of fluoride ions as a masking agent for Fe(l11). Analytical procedure

for the determination of Fe(Il) and Fe(l11) in surface waters was developed and characterized.

Pe3ome: XKemsi30To mpHChCTBA B TOBBPXHOCTHHTE BOAM B PA3IMUYHU (PU3HYHU U
xumMuyHar  popmu.  PaspaboTrBaHeTO Ha  TpoleAypa 3a  ONpeeisHEe Ha  Hai-
peakimoHocnocoOHuTe U kuHeTnyHo nadunuau Gopmu Ha Fe(Il) u Fe(Ill) e akTyanna 3amada B
€KOJIOTUYHATa aHAIUTHYHA XUMUsI, ThH KaTO JaBa BB3MOXKHOCT 3a MO-700po pazdoupaHe Ha
B3aMMOJICHCTBUATA MEXKIY OTACTHHTE MPOIECH M pEaKiusATa Ha EKOCHCTEMHTE CIPSIMO
POMEHJIMBATA CICIHAIMA Ha KeJsa30To. LlenTra Ha mpeacTaBeHOTO U3CIEBaHE M CHHTE3 U
oxapaktepusupane Ha HoBU Fe(ll) io-orneuaranu copoentu (Fe(ll)-11PS)) u TsaxHOTO
npunoxenue 3a Fe(ll)/Fe(lll) cnennanuonen ananu3 B moBspxHocTHU Bomu. Fe(ll)-11Ps ca

CUHTC3HUpPAHU YPEC3 yTAUTECIIHA CBIIOJIMMEPU3alUA Ha METAKPUIIOBAa KUCCIIMHA ((byHKHI/IOHaJ'IeH
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MOHOMEp),  TPUMETHJIOJNIponaH  TpuMeTtakpuiaar  (ompexBamy arent) and  2,2'-
a300UCU300yTUPOHUTPUI (MHUIMATOP) B MPHUCHCTBHEC Ha Pa3jIMYHU MIAOJOHHU BHJIOBE —
komiiekcn Ha Fe(ll) ¢ 4-(2 mupuawmiazo)pe3opiuHOi, CAIWIWIOBA KHCEIWMHA Wik 2,2'-
ounupuan. Crpykrypara u MapdoyiorHsTa Ha TMOJYYCHHUTE TOJMMEPHH YACTUIH €
oxapakrtepuszupana upe3 SEM wu BET ananusu. ExkcrnepuMeHTHTE 3a ONTHMHU3AIUS Ha
yCIOBHSTAa Ha TBBpAO(a3HATa EKCTPAKIIHS IOKa3BaT, ue KonndecTBeHo copouus u Ha Fe(ll) u
ua Fe(lll) Bepxy Fe(l)-1IPs ce moctura npu pH 7-8, obaue cenekTHBHA COpPOIMSA caMO Ha
Fe(ll) moxe na ce MOCTUTHE B NMPUCHCTBUE Ha (IIYOPUIAHHM HOHM, KATO MACKHpAIll arcHT 3a
Fe(lll). Pazpaborena u oxapakrepusupana ¢ ananutuin surface waters was developed and

characterized.

16. M. Mitreva, |. Dakova, I. Karadjova.
Iron(I1) ion imprinted polymer for Fe(I1)/Fe(111) speciation in wine.
Microchemical Journal, 132 (2017) 238-244.
http://dx.doi.org/10.1016/j.microc.2017.01.023

Abstract: In this paper, we proposed a procedure for the determination of Fe(lll) and to-
tal Fe(Il) + Fe(lll) in wine samples employing newly synthesized Fe(ll) ion imprinted poly-
mer (Fe(l)-11P) as a sorbent incorporated in dispersive solid-phase extraction.Cross-linked
precipitation copolymerization using 4-vinylpyridine (functional monomer), trimethylolpro-
pane trimethacrylate (cross-linking agent) and 2,2'-bipyridyl as a specific for Fe(ll) ligand
was used for the synthesis of Fe(ll)-I1IP. The optimization experiments showed quantitative
sorption of both Fe(ll) and Fe(lll) on the surface of Fe(ll)-1IP at pH 7, however selective
sorption of only Fe(ll) could be achieved in the presence of fluoride ions as a masking agent
for Fe(ll1). The Langmuir adsorption isotherm best described the adsorption of Fe(ll) on the
surface of the sorbent on the at least two kinds of binding sites with higher and lower affini-
ties as defined by Scatchard plot. The analytical procedure developed allows the determina-
tion of iron(l1l) and total Fe(ll) + Fe(lll) in wine samples, with limits of quantification 0.1

mg/L. The relative standard deviation varied in the range 3—7% for Fe content 0.1-10 mg/L.

Pe3rome: B Tasum crarus npenmarame mpornenypa 3a omnpenensae Ha Fe(Ill) u obmoro
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ceappkanne Ha Fe(Il) + Fe(Ill) B mpoOu oT BUHO, KaTo u3noia3Bame HoBocuHTe3upan Fe(Il)
rionno otnewyatan monumep (Fe(Il)-1IP) xaro copOeHT, BKIWOYEH B JAUCIEPCHOHHA
TBBpAodazHa excrpakuusi. Cuare3wpT Ha Fe(1l)-11P e mpoBeaen upe3 oMmpexxuTenHa yrauteiHa
ChIIOIMMEpHU3alMs € U3MoJ3BaHe Ha 4-BUHWINUPUIAUH (QYHKUHOHAIEH MOHOMED),
TPUMETHIOINPONAH TPUMETAKpUIaT (OMpPEXKBall areHT) u 2,2'-0MmupuIni KaTo cruenupuyeH
3a Fe(ll) nurang. OnNTUMHU3aLMOHHUTE EKCIEPUMEHTH II0Ka3axa KOJMYECTBEHA copOuus
kakto Ha Fe(Il), tTaka m na Fe(Ill) ma mowmpxHoctra Ha Fe(Il)-IIP mpu pH 7, mokaro
cenektuBHa copOuus camo Ha Fe(ll) moxe na Obae mocTUrHata B MNPUCHCTBUETO HA
bayopunnu onn kato mackupan areHT 3a Fe(Ill). Ancopbmmonnara uzotepma Ha Langmuir
omnucBa Hait-nobpe ancopbumsta Ha Fe(Il) BbpXy moBspxHOCTTA Ha copOeHTa, a quarpamara
Ha Scatchard nedunupa nBa BuJa MecTa Ha CBbpP3BAaHE XapaKTEpHU3UpAIIU C€ C MO-BUCOK U
no-HUCHK aduuuTer. PazpaboTeHaTa aHamuUTH4YHA MpoIEAypa IO3BOJISABA OMpEAENsIHE Ha
Fe(IIl) u ob6moro cwappxkanme Ha Fe(Il) + Fe(lll) B mpoOu oOT BHUHO, ¢ TpaHUIM HA
konmuectBeHo ompenensHe 0.1 mg/L. OTHOCUTENHOTO CTaHJAPTHO OTKIOHEHWE BapHpa B

nuama3ona 3—7% 3a ceabprkanue Ha Fe B uatepsana 0.1-10 mg/L.

17. M. Mitreva, |. Dakova, T. Yordanova, |. Karadjova.
Chromate surface-imprinted silica gel sorbent for speciation of Cr in surface waters.
Turkish Journal of Chemistry, 40 (2016) 921-932.
DOI: 10.3906/kim-1606-2

Abstract: This study is focused on the synthesis of chromate anion surface imprinted
sorbent for non-chromatographic Cr speciation in surface waters. The preparation procedure
is based on grafting of 3-methyl-1-trimethoxysilylpropylimidazolium, preliminarily coordi-
nated to CrO4> as a template ion, onto the surface of silica gel. Sorption and desorption char-
acteristics of surface imprinted sorbent toward Cr(lll) and Cr(VI) were examined by batch
solid phase extraction. An excellent separation of Cr(VI), selectively retained on the sorbent,
from Cr(l111) remained in the solution was achieved at pH 2-3 for 20 minutes. A freshly pre-
pared mixture of ascorbic acid and nitric acid was selected as the most efficient eluent for
quantitative desorption of the retained Cr(VI). An analytical procedure for Cr speciation in
surface waters was developed and validated through analysis of certified reference materials.

Detection limits achieved and relative standard deviations for typical concentration levels of
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Cr(VI) in surface waters matched the requirements of analytical procedures used in monitor-

ing programs.

Pe3rome: ToBa u3cienBane e (OKycHpaHO BbPXY CHHTE3a Ha MOBBPXHOCTHO OTIIEYATAH C
XpOMaTHH aHHOHU COPOEHT 3a HeXpoMaTorpad)CKu CrieruanoneH aHam3 Ha Cr B TOBBPXHOCTHU
Boau. CHHTE3HaTa Mpolelypa C€ OCHOBAaBA Ha MPUCAXK/IAHE BbPXY MOBBPXHOCTTA HA CHUJIMKArel
Ha 3-MeTuI-1-TpUMETOKCHCUIMITIPONINMUIA30I, IpeABapUTeNHo Koopaunupan ¢ CrO4>” karo
mrabiaoneH HoH. CopOLHMOHHUTE W JAECOPOIMOHHHUTE XapaKTEPUCTHKU HA MOBBPXHOCTHO
orneuatanusi copoert cupsimo Cr(IIl) u Cr(VI) ca u3cnenBanu upe3 TBbpAOda3HA SKCTPAKIUS B
cratrueH pexuM. Ommuno pazaensHe Ha Cr(VI), cenekTHBHO 3aJbpikKaH BBPXY COPOCHTA, OT
Cr(III), ocranan B pa3tBopa, ce noctura npu pH 2-3 3a 20 munytu. [IpsicHo npurorseHa cmec ot
acKopOMHOBa KHCENMHA M a30THAa KHCEIMHA € u30paHa Karo Haii-e(peKTHUBEH eNnyeHT 3a
KoJm4ecTBeHa aecopOuusi Ha 3agbpxkanus Cr(VI). Pa3paborena m BamuaupaHa € aHaIUTHYHA
npouenypa 3a ompenensHe Ha Cr B MOBBPXHOCTHU BOAM 4Ype3 aHAIU3 Ha cepTUUIMPAHU
pedepenTHr Marepuanu. JloCTUTHATUTE TPaHMIIM Ha OTKPUBAHE M OTHOCHUTEIHUTE CTaHIapTHH
OTKJIOHEHHMS 3a TUMWYHUTE HUBa Ha KoHueHTpauus Ha Cr(VI) B MOBBPXHOCTHHUTE BOIHU
CHOTBETCTBAT HAa M3UCKBAHUATA KbM AQHAIMTHUYHUTE MPOLEAYpPH, U3IMOJI3BAHU B MPOrPAMHUTE 3a

MOHUTOPHHT.

18. I. Karadjova, I. Dakova, T. Yordanova, P. Vasileva.
Nanomaterials for elemental speciation. Critical Review.
Journal of Analytical Atomic Spectrometry, 31 (2016) 1949-1973.
https://doi.org/10.1039/C6JA00168H

Abstract: Various types of nanomaterials such as magnetic nanoparticles, carbon
nanostructures, metal oxides, noble metal nanoparticles, and ion imprinted polymers have
been incorporated in new innovative approaches for speciation analysis. Small size, high sur-
face to volume ratio, and high chemical reactivity are the properties which make them ideal
sorbents for selective separation of chemical species. Nanostructures based on different modi-
fications of the nanoparticles and combinations between them additionally increased the

nano-strategies employed for on-line or off-line determination of particular chemical species
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of elements. The presented review is focused on the use of nanomaterials for speciation anal-
ysis, analytical procedures developed and their application for analysis of environmental,
food and biological samples. Critical view points on the current limitations and their future

perspective are presented.

Pe3ome: Paznuunu BUOBE HaHOMAaTepuaaud KaTO MarHUTHU HaHOYACTULH, BBIJIEPOJHU
HAaHOCTPYKTYPH, METaIHU OKCUIM, HAHOYACTUIM OT OJIArOPOJHU MeTadu U HOHHO
OTIeYaTaH!u MOJUMEpHU Cca BKJIIOUEHU B HOBU MHOBATHUBHHU MOJAXOAM 3a CIEIIUALMOHEH aHaIH3.
Mankusar pa3Mep, BUCOKOTO CHhOTHOIIEHHE MOBBPXHOCT KbM 00€M M BHCOKaTa XMMHYECKa
PEaKIMOHOCIIOCOOHOCT ca CBOWCTBATa, KOUTO T MPABAT WICATHH COPOCHTH 3a CENIEKTHBHO
pasnensHe Ha XuMU4HH (Hopmu. HanocTpyktypute, 6a3upanu Ha pa3audHu MOAU(UKALIUK HA
HAaHOYACTULHU M KOMOWHAIIMU MEXIY TAX, MONBJIHUTEIHO yBEIHMYaBaT HaHO-CTPATETHUTE,
U3IMOJI3BaHM 3a OH-JIAWH WM OQ-JailH ompeneNnsHe Ha ONpeeieHH XUMHYHU (OpMHU Ha
enementute. [IpencraBeHusT nperie € GoKycupaH BbPXY H3MOJI3BAHETO HA HAHOMATEPUAIH
3a CIEeNHAlMOHEH aHalu3, pa3paOOTEeHUTE aHATUTUYHU MPOLEIYPH U TAXHOTO MPHUIOKECHHE
3a aHanu3 Ha TPOOU OT OKOJIHATa cpelia, XpaHUTENHU U OuonornyHu npobu. [Ipencrasenu ca

KPUTHUYHH INICAHU TOYKHW OTHOCHO HACTOAIIUTC OIrpaHUYCHUSA U 6"I)II€HIaTa UM IICPCIICKTUBA.

19. L. Djerahov, P. Vasileva, I. Karadjova, I. Dakova, R.M. Kurakalva.
Silver nanoparticles embedded in biocompatible polymers: extraction efficiency toward
metals.
Bulgarian Chemical Communications, 47(1) (2015) 303-310.

Abstract: The nanocomposite films of chitosan (CS) or polyvinyl alcohol (PVA) loaded
down with pre-synthesized silver nanoparticles (AgNPs) were prepared by green chemical
approach and studied as an efficient sorbents for solid phase extraction of various chemical
elements. Film synthesis is simple and consists of two steps: preparation of AgNPs dis per-
sion and solutions of biocompatible polymers, mixing under stirring of these solutions and
final drying at controlled temperature. Nanocomposite films with very good chemical and
mechanical properties were obtained; films are stable for at least 3 months and could be used
in any time without further treatment. The optical properties, structure and morphology of
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AgNPs and nanocomposite films were characterized by UV-Vis, TEM and SEM. The extrac-
tion efficiency of nanocomposite films prepared toward the most of frequently determined
chemical elements was studied. Results obtained showed that under optimal chemical param-
eters nanocomposite films CS-AgNPs ensured quantitative separation and concentration of
Al, Cd, Ni and Pb. Solid phase extraction procedures were developed for the determination of
priority pollutants Cd, Pb and Ni in surface waters and Al, Cd and Pb in hemodialysis solu-
tions. Determination limits achieved satisfied accepted permissible limits which makes pro-
posed analytical procedures and new nanocomposite sorbent suitable for routine laboratory

practice.

Pe3ome: Hanokomno3utHu ¢unmu ot xuto3aH (CS) unu nmonuBuHun ankoxon (PVA),
HAaTOBAPEHHU C MPEBAPUTEIHO CUHTEe3UupaHu cpeObpHU HaHoyacTuuu (AgNPs), ca momydeHu
Yype3 3eJIeH XMMHYEH MOJXOJ M ca M3CIEIBAaHU KaTo e()eKTHBHU COpPOCHTH 3a TBBpAO(a3Ha
eKCTpaKIMs Ha Pa3INYHU XUMHUYHU eneMeHTH. CUHTE3bT Ha (UiIMa € MPOCT U €€ CHCTOHU OT
JIBE CTBIOKH: MNPUTOTBAHE Ha nucrnepcuss Ha AgNPs u pa3tBopu Ha OHOCHBMECTUMH
NOJIMMEPH, CMEcBaHe MNpH pa30bpKBaHE Ha TE3W pPA3TBOPU M HaAKpas CyIIeHEe MpHU
KOHTpOJUpaHa Temneparypa. llomydeHn ca HAHOKOMIIO3HUTHH (GWIMH C MHOTO J00pH
XUMHUYHU U MEXaHWYHU CBOMCTBA; priMHUTE ca cCTaOUIIHU Hail-MaJko 3 Mecena U Morar ja ce
U3MOJ3BaT IO BCSIKO Bpeme 0e3 JombjHUTeNHa oOpaboTka. ONTHYHHUTE CBOWCTBA,
cTpyKTypaTa U Mop¢onorusta Ha AgNPs 1 HAHOKOMIO3UTHUTE QUIMH Cca OXapaKTEPU3UPAHU
¢ UV-Vis, TEM u SEM. U3scnenBaHa € eKCTpaklMOHHAaTa €(EeKTUBHOCT Ha IOJIyYEHUTE
HAHOKOMIO3UTHU (QWIMH CHPSIMO HAi-4eCTO OMNPEACNSIHUTE XUMHUYHH €JIEMEHTH.
[Tonydyenure pes3yiaTaTd IOKa3BaT, 4Ye TMpPU ONTHUMAJIHM XUMHUYHM  [apaMeTpu
HaHOKoMmno3uTHUTE ¢uiamu  CS-AgNPs  ocurypsBar  KOJWYECTBEHO  paslieisiHe U
koHueHnTpupane Ha Al, Cd, Ni u Pb. PaspabGorenu ca npouenypu 6azupanu Ha TBbpAOGa3Ha
eKCTpakius 3a omnpeneisHe Ha npuoputeTHu 3ambpcutenu Cd, Pb u Ni B moBBpXHOCTHH
Boau u Ha Al, Cd u Pb B xemoauanusuu pa3tBopu. JJOCTUTHATHTE TPAHUIIA HA OMpPEIEIsTHE
OTTOBapsAT Ha NPHUETHUTE JAOMYCTUMH TPaHMIM, KOETO MPaBH MPEATIOKEHUTE aHAIUTHYHU
OpoLeaypd U HOBHUS HAHOKOMIIO3UTEH COpPOEHT MOAXOASIIM 3a PYTHHHA JabopaTopHa

MIPaKTHKA.
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20. 1. Dakova*, V. Dakov, M. Karadjov, |. Karadjova.
Cu(ID)-imprinted copolymer microparticles: effect of the porogen solvents on particle size,
morphology and sorption efficiency.
Bulgarian Chemical Communications, 47(1) (2015) 296-302.

Abstract: New Cu(ll)-imprinted poly(hydroxyethyl methacrylate-co-trimethylolpropane
tri-methacrylate) copolymer gels (Cu-IIPs) were prepared by precipitation copolymerization
for the selective solid phase extraction of Cu(ll). The Cu-l1IPs were characterized by ele-
mental analysis, Fourier transform infrared spectroscopy, scanning electron microscopy and
nitrogen physisorption. The effect of the porogen solvents acetonitrile, toluene and their mix-
tures on particle size and morphology was presented. The adsorption properties of the synthe-
sized copolymers were determined using batch experiments. At optimal chemical parameters
the Cu-1IPs show fast sorption/desorption kinetics, high selectivity and satisfied adsorption
capacity for adsorption of Cu(ll). Finally, the prepared in acetonitrile Cu-11Ps were success-

fully applied to the selective recognition and determination of copper ions in surface waters.

Pesrome:  HoBu  Cu(ll) ornewataHu  HOJHU(XUAPOKCHUETUSI  METAKpUIIAT-Chb-
TPUMETHJIONNPOINAH TpuUMeTakpuiaT) cbhrnonumepHu renose (Cu-IIPs) ca momyuenu upes
yTauTelHa CHhIOJMMEpPHU3allUsd U HW3MOJ3BaHU 3a CENeKTHBHA TBbpJAo(a3Ha EKCTPaKIUs Ha
Cu(ll). Cu-lIPs ca oxapakTepusupaHH 4Ype3 €JIEMEHTEH aHaiu3, HWHppadyepBeHa
CHeKTpockomnusi ¢ TpaHchopMmanus Ha Dypue, ckaHUpama €JIEKTPOHHA MHKPOCKONHS H
¢usnocopbuust Ha azor. IIpencraBeHo € BIMSHUETO Ha MOPOOOpa3yBaIIUTE Pa3TBOPHUTEIH
AlEeTOHUTPUJI, TOJYEH M TEXHUTE CMECH BBpPXY pa3mepa U Mop(doiorusta Ha YacTUIUTE.
ANCOpOIIMOHHUTE CBOMCTBA Ha CHHTE3UPAHUTE CHIOJUMEpPH ca ONpENeIeHH dYpe3
eKCIIEpUMEHTHU B cTaTHueH pexuM. [Ipu ontumanau xumuyHu napamerpu Cu-1IPs mokassar
Obp3a KUHETHKa Ha copOuus/aecopOuus, BHCOKAa CEJIEKTUBHOCT U  3aJ0BOJIUTENICH
ancopOrroneH kamanuTeT 3a aacopomus Ha Cu(ll). Y makpas, CHHTE3UpaHUTE B all€TOHUTPHII
Cu-l1Ps ca ycremHo npuJIoKeHH 3a CeJIEKTUBHO pa3lo3HaBaHE U ONpe/essiHe Ha MEIHH HOHU

B ITOBBbPXHOCTHHU BOJH.
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21. T. Yordanova, I. Dakova*, K. Balashev, |. Karadjova.
Polymeric ion-imprinted nanoparticles for mercury speciation in surface waters.
Microchemical Journal, 113 (2014) 42-47.
https://doi.org/10.1016/j.microc.2013.11.008

Abstract: Selective sorption and enrichment of Hg(Il) were achieved by polymeric ion-
imprinted nanoparticles, prepared by copolymerization of methacrylic acid (functional mon-
omer), trimethylolpropane trimethacrylate (cross-linking agent), 2,2'-azo-bis-isobutyronitrile
(initiator) and Hg(l1) complexes with chelating agent 1-pyrrolidinedithiocarboxylic acid. The
particles were characterized for their morphology, composition and structure by using AFM,
FTIR and elemental analysis. Extraction efficiency and selectivity of ion imprinted sorbent
toward Hg(Il) were studied by batch procedures. Two distinct adsorption sites were identified
on the surface of the polymeric nanoparticles through Scatchard analysis performed. Adsorp-
tion process was characterized by Langmuir isotherm model. Solid phase extraction proce-
dure was developed for Hg speciation and determination in surface waters. The accuracy of
the proposed speciation scheme was confirmed by the analysis of certified reference material.
Limits of quantification achieved (0.015 ug/L for Hg(ll) and 0.02 pg/L for methylmercury)
and RSD values(7-12% for both species) completely satisfy requirements of European legis-

lation for monitoring of surface waters.

Pe3ome: C nmomomira Ha MOJMMEpPHHU MOHHO-OTIIEYaTaHW HAHOYACTHIHU, MOJYUYEHH 4pe3
CBIIOJIMMEPHU3 AL Ha METaKpHJIOBa KHCEJINHA (byHKUIMOHANEH MOHOMED),
TPUMETWIOINPONAH TpPUMETaKpuiaaT (OMpexBall areHt), 2,2'-a30-0Mc-M300yTUPOHUTPUIT
(uaunuarop) u kommuiekc Ha Hg(Il) ¢ xematupam areHT 1-nmuponuIuHINTHOKApOOKCHUIIHA
KHCEJIMHA ca MOCTUTHATU CeJIeKTUBHA copOuus u KoHueHTpupane Ha Hg(1l). MopdonorusTa,
CTPYKTypaTa M ChCTaBbT HA YACTHUIUTE Ca OXAPAKTEPHU3MpPAHU 4Upe3 u3mnosizBaHe Ha AFM,
FTIR u enementen ananu3. ExTpakunoHHaTa €()EKTUBHOCT M CEJIEKTHMBHOCTTAa Ha HOHHO
otnevyatanus copoeHt cupsimo Hg(Il) ca uzcnensanu upes nmpouenypu B ctatuueH pexum. C
nomoinra Ha Scatchard amanu3 ca waeHTHUIMpPaHU Ba pa3IUYHU BHJAa CBBP3BAIllM MECTa
BBPXY MOBBPXHOCTTA HAa MOJIMMEPHUTE HaHOYacTHIH. [IponechT Ha afgcopOIMs ce omucBa ot

MoJena Ha ajacopOuMoHHara u3oTepMa Ha Langmuir. PaspabGorena e mnpouenypa 3a

27


https://doi.org/10.1016/j.microc.2013.11.008

CTICIMAIIMOHEH aHalu3 u omnpeAensHe Ha Hg B MOBBPXHOCTHM BoaM OasupaHa Ha
TBBpAO(da3Ha ekcTpakusa. TouHOCTTa Ha MpeJUIoKeHaTa CXeMa 3a CIelualus € MoTBbpAcHa
OT aHainu3a Ha cepruduuupan pedepeHteH marepuan. llocTUrHaTuTe TrpaHUIU Ha
kosmmaectBeHo omnpenensae (0.015 pg/L 3a Hg(Il) m 0.02 pg/L 3a mermwmkuBak) u RSD
croitnoctu (7-12% 3a [nBaTa BHUJA) HANBIHO YJIOBJIETBOPSABAT M3UCKBAaHMSATA Ha

EBpOnencKkoTo 3aKOHOJAaTEJICTBO 32 MOHUTOPUHT HA IIOBBPXHOCTHUTE BOJIU.

22. T. Yordanova, I. Dakova*, I. Karadjova, V. Dakov.
Mercury Determination and Speciation in Surface Waters after Preconcentration with
Nanosized lon-imprinted Polymer Gels.
Journal of Selcuk University — Natural and Applied Science, ICOEST Conf. 2013
(Special Issue-1) (2013) 426-438.

Abstract: Hg(Il) ion-imprinted polymer (Hg(Il)-11P) gels are prepared by copolymeriza-
tion of methacrylic acid (functional monomer), trimethylolpropane trimethacrylate (crosslink-
ing agent) and 2,2'-azo-bis-isobutyronitrile (initiator) in the presence of Hg(ll) complexes
with chelating agent 1-pyrrolidinedithiocarboxylic acid (Hg-PDC) or PDC only. The compo-
sition, structure and morphology of the particles obtained are characterized by using ele-
mental analysis, FTIR and SEM. The separation and preconcentration characteristics of the
Hg(11)-11Ps for inorganic mercury are investigated by batch procedure. The optimal pH inter-
val for the quantitative sorption is 5—7. The adsorbed Hg(Il) is easily eluted by 0.1 M thiou-
rea in 0.1 M HCI. The selectivity of the Hg(ll)-11Ps toward inorganic mercury (Hg(ll)) ion is
confirmed through comparison of the competitive adsorptions of CHsHg*, Cd(ll), Cu(ll),
Fe(111), Mn(1l), Ni(I1), Pb(ll) and Zn(ll) and high values of the selectivity and distribution
coefficients are calculated. Experiments performed for selective determination of inorganic
mercury in river and sea water samples showed that the interfering matrix does not influence
the extraction efficiency of Hg(l1)-11Ps. The detection limit for inorganic mercury is 0.006
Ho/L (3c), determined by cold vapor atomic adsorption spectrometry. The relative standard
deviation varied in the range 6-12 % for Hg(ll) and CHsHg" levels at 0.03 to 1 ug/L. The new
Hg(11)-11Ps are tested and applied for the speciation of Hg in waters: inorganic mercury is de-

termined selectively in nondigested water sample, while total mercury e.g. sum of inorganic
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and organic mercury, is determined in digested sample.

Pe3wome: Hg(Il) ionno-otneuaranu nonumepuu remose (Hg(I)-1IP) ca monydenu upes
CBHIOJIUMEPHU3ALIUS Ha METaKpUI0oBa KHCEeJINHA (pyHkMOHANIEH MOHOMEp),
TPUMETHIOINPONAH TPUMETAaKpuiaaT (OMpEXBall areHT) u 2,2'-a30-0Mc-M300yTUPOHUTPUIT
(uaunuarop) B npucbkerBuero Ha Hg(ll) kommuiexkcnm ¢ xenatupany areHt  1-
nuponuauHauTHoOKapookcmiHa kucenuHa (Hg-PDC) wmmm camo na PDC. ChcTabsr,
CTpPYKTYypaTa U MOp(OJIOrHsiATa Ha MOJIYyYECHUTE YACTUIM Ca OXapAaKTEPU3UPAHU C ITOMOIITA Ha
einemenTeH aHanu3, FTIR um SEM. XapakTepucTukuTe Ha pasjaeiissHE M IPEABAPUTEIHO
koHueHTpupane Ha Hg(Il)-1IPs crnpsiMo HeopraHuyeH >KuMBaK ca M3CJIEABAHU Ype3 Ipoleaypa
B craruueH pexuMm. OntumanHusatr pH uHTepBanm 3a KoiaudecTBeHa copOuus e 5—7.
Ancopoupanust Hg(Il) necno e enyupan c¢ 0.1 M tuokapbamua B 0.1 M HCI.
CenextuHoctra Ha Hg(Il)-IIPs kM Heopranuuen xxupaued 1ol (Hg(Il)) e noTBbpaeHa upes
cpaBHEHHME C ajncopOuusTa Ha KOHKypenTHM Homu kato CHsHg*, Cd(Il), Cu(ll), Fe(lll),
Mn(II), Ni(II), Pb(Il) u Zn(Il) u ca u34YuCICHM BHCOKH CTOMHOCTH Ha KOC(PHUIMEHTUTE Ha
CEJIEKTUBHOCT M pasnpejerneHue. M3BbpIIeHUTe €KCIIEPUMEHTH 3a CEJIEKTUBHO OIpEeIsiHe
Ha HEOpraHWYeH XUBaK B MpoOM OT peyHa W MOpPCKa BOJa MOKa3BaT, 4e MHTepdepupamara
MaTpulla He Biusie BbpXy edexTtuBHocTTa Ha excrpakiusara Ha Hg(Il)-1IPs. I'panunara Ha
oTKpuBaHe 3a HeopranuueH skuBak ¢ 0.006 pg/L (3c), ompesaernena upe3 MeToja Ha
CTyJIEHUTE Tapu B aTOMHOAJCOPOIMOHHATA cneKTpoMmeTpus. OTHOCHUTETHOTO CTaHIAPTHO
OTKJIOHEHHE Bapupa B Juamna3oHa 6-12 % 3a koHueHTpauunoHHus uHTepBan 3a Hg(Il) u
CHsHg" ot 0.03 mo 1 pg/L. Hosure Hg(I1)-1IPs ca TecTBaHu U NPUIIOKEHHU 32 ONPEIEIIsHE Ha
Hg BBB BOAM: HEOPTaHUYHHSAT KUBAK CE OMpPEIEIs CEIEKTHBHO B HEPa3JI0KEeHa BOJIHA Tpoda,
JIOKaTO OOIIOTO CHABPIKAHKME HA KUBAK, HAIP. cymMaTa OT HEOPTaHWYEH M OpraHWYCH KUBAK,

ce ompeneis B pa3liokeHa mpooa.
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