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HU3BbKOTEMIIEPATYPHA AHAJIITUYHA MILHEJISAPHA
EKCTPAKIIA. TIOBIJOMJIEHHA 2:
KOHIHEHTPYBAHHS TA CIIEKTPO®OTOMETPUYHE
BU3HAYEHHSA 'EPMAHIIO(IV)

VY nawniif po60Ti BUBYCHO Ta ONITHMi30BAHO YMOBH MILIEISIPHO-EKCTPAKLIHOTO KOHIICHTPYBaH-
us1 Ge(IV) y Bumsiai komruiekcy 3 6poMizoM 6,7-auriapokcn-2-¢eHin-4-MeTniIoe 30 pHITiio
y Minensipry ¢asy neionoreanoro ITAP tpurony X-100. ITokazaHo, 010 BBEACHHS B CHCTEMY
OcHzoary amoHnito npu pH 1.0 Ta xonuentpamii Tpurony X-100 0.5 06.% npu3BOIUTH 110
IHIIIIOBaHHS YTBOPEHHS MilenspHoi ¢a3u 3a KiMHATHOI Temmeparypu. Po3pobneHo meto-
JWKy criektpodoromerpuaHoro BusHaueHHs Ge(IV) micns fioro MinenspHO-eKCTpaKIifHOTO
KOHIeHTpyBaHHs. ['paxyroBanbpHuil rpadik NiHIMHUI B iHTEepBadi KOHIEHTpauiil 4,36—472
MKT/JI, @ MEXK1 BUSIBIICHHS T2 BU3HAYCHHS BiINOBIIHO TopiBHIOOTH 1,31 Ta 4,36 MKr/i1. 3ampo-
MTOHOBaHa METO/IMKA anpoOoBaHa NP aHaJi31 MOENBEHUX PO3UYMHIB Ta 010TOTIYHO-aKTHBHOT
1100aBKH, a BITHOCHE CTaHJIapTHE BIAXMICHHS HE nepeBuIye 5,1%.

KorouoBi cioBa: wminensipHa eKCTpakmis, 1HII[IaTOpH, apoMaTH4YHI KapOOHOBI KHCIIOTH,
cnekrpoporomerpis, ['epmaniii(IV).

3acrocyBanHs MinensapHoi ekcrpakiii (CPE) ans momepenHboro KOHIICHTPYBAHHS
Ta MOJANIBIIOr0 BU3HAYCHHS PI3HOMAaHITHUX aHAIITIB B OCTAHHI POKU IIPUBEPTAE 0COO-
nmuBy yBary [1, 2]. 3maTHicTh po3miapoByBaTHCs Ha JBi (ha3d MarOTh BOJHI PO3YHHH
MOBEpXHEBO-aKTUBHUX pedoBuH ([TAP) ycix TumiB, mpoTe HAWOLIBII YacTO 3aCTOCOBY-
etbcst CPE ¢azamu HeioHorennux ITAP. BignoBinHa XiMidHa cUcTeMa iCHYE SIK TICEB-
JIOOJTHOPITHAN MINCNAPHUNA PO3YHMH MPH HU3BKHX TEMIIEpaTypax, ajie TPy HarpiBaHHI
BUIIIE TIEBHOI KPUTHYHOI TEMIEPaTypH («TOUYKH MOMYTHIHHS) CTa€ KaJJaMyTHUM 1 p0o3-
apoBY€EThCS Ha JBi (ha3u: oHA 3 HUX, 30aradeHa [1AP, — (minemnsipHa ¢aza), a iHma —
BonmHa (aza [3]. 3acTocyBaHHS MIIEISPHOT SKCTPAKIlii JO3BOJIE 3HAYHO CIPOCTHTH
MPOOOITiATOTOBKY Ta 3MEHIIUTH a00 ITOBHICTIO BUKJIIOYHTH 3aCTOCYBAHHS TOKCHIHUX
po3unHHUKIB. [TepeBaru MinesipHOT eKCTPaKIIii i1 9ac MiATOTOBKH MPO0 B IOPIBHAHHI
3 KJIACHYHOKO PIJIMHHOIO CKCTPAKIIIERO MOJIATAI0Th HE TUIBKK B MIHIATIOpPH3AIlii IPOIEeCy
Ta €KOHOMII PO3YMHHUKIB, ajic ¥ B MiIBUIIICHHI ¢()EKTHBHOCTI KOHIICHTPYBAaHHS aHaJi-
TiB. /10 TOro » MilleJIIpHa SKCTPAKIlisi OPraHivyHO MMOETHYEThCS 3 OararbmMa IHCTPYMEH-
TaJbHUMH METOJIaMH aHaIli3y: CIIEKTPO()OTOMETPIErD, ATOMHO-a0COPOIIIIHOO CIIEKTPO-
CKOITI€r0, XpoMaTorpadiero Ta iHIMMH [4].

s mocwitenns edexty posmapyBanas B CPE npornoHyroThes Takok iHIN (i3ndHi
METOJIH, TaKl K yIBTpa3ByKoBe [5] a00 MIKpOXBHIIbOBE onpoMiHeHHs [6]. Ha Bimminy
BiJl TEMITEPATYPHOTO 1HILIFOBAHHS, P SIKOMY BUAUICHHS MIlEISIpHOT (a3 TOYHHAETh-
cs yepe3 15—60 XBHIHH, YIBTPa3ByKOBE OIPOMIHCHHS JO3BOJISIE CKOPOTHTH Yac BUI-
JIeHHst MitensipHol ¢asu 10 5-30 xBuiuH (npu Temmneparypax 30—70 C). A npu Mikpo-
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XBWJIBOBOMY OINpoMiHeHHI oTyxHicTio 300—600 BT posiiapyBaHHs MOYHHAETHCS Yepe3
5-10 xBwnmH [3, 4].

[TomepeHao poOOTY OyIO MPHUCBSIUEHO OCOOJMBOCTSM 1HILIFOBAHHS MILEJISPHOT
eKCTpakKIlii 3a KIMHATHOI TeMIIepaTypH i€l apoOMaTHYHHX KapOOHOBUX KHCIIOT Ta
ixHiX comeit [7-9]. MeTorw naHOi POOOTH € BHUBYCHHS YMOB YTBOPCHHS MIICISPHOT
(hasm, excTpakilii KOMIUIEKCY OpoMiny 6,7-IuriIpoKcu-4-MeTHII-2-(heHTOCH30ITI PHITIF0
(M®IO0X) 3 I'epmaniem(IV) Ta BcTaHOBJICHHI aHATITHYHUX XapaKTEPUCTUK KOMOIHOBA-
HOT EKCTPAKIIHHO-CIIEKTPO(OTOMETPUIHOT METOIMKH HOTO BU3HAYCHHSI.

MATEPIAJIN TA METOJAU JOCJIAXKEHHSA

CrekTpH CBITJIIONONIMHAHHS B iHTepBaii JoBxHH XBHIb 300-600 HM peecTpyBaiu
3a ornomororo criekrpodortomerpy Ultrospec 3100 pro (Amersham Biosciences, USA)
B KBAPIIOBUX KIOBETAX 3 TOBIIMHOIO TOTIMHAIOYOTO mapy 1 cM. KHCIOTHICTE AOCTIKY-
BaHMX PO34YMHIB KOHTpomoBaan pH-meTpom pH-150 31 ckistHUM KOMOIHOBaHUM ENIEKT-
ponom ECK-106-03.

Pearent M®/IOX cuHTe3yBaJId aHAIOTIYHO JI0 1HIIUX MOXigHUX 4oro [10] koHaeH-
cali€lo eKBIMONPHUX KUIBKOCTEH miporayuioqy A Ta OeH30iIaneToHy B IPHUCYTHOCTI
OpoMiHOT KUCITOTH.

Buxigauii pozuna M®JOX 3 xonnentpaiiieto 1-10° MoJb/1 roTyBain po3dunHEH-
HSIM TOYHOI HAaBaXKU peareHTy B eraHousi. CranmaptHuil 1 mMr/ma po3uun Ge(IV) ro-
TyBanu po3unHeHHsM 0,1441 r okcunay (0c.4.) y po3uuHi JyTry, IKUH HEHTpanizyBaiu
XJIOPUIHOIO KHCIIOTOIO Ta PO30aBIIsIM AUCTHUILOBAHO BOj10t0 710 100 Mi. Pozuunn i3
MEHIIMMHU KOHIIGHTPALISIMUA TOTYBaJl PO3BEJCHHAM BUXIJTHUX O€3MOCEPeHbO Mepel
3acTocyBaHHAM. Po3unH amoHill 6eH3o0aty i3 koHueHTparieo 0,50-0,75 M rorysanu
PO3YMHEHHSM BIJIIOBIHOI HaBaKKH y Bofi. Pozunu Tputony X-100 i3 KOHIIEHTpAIli€0
10 00.% rotyBanu HacTynHuM dnHOM: 25 Mt Tputony X-100 (3 ryctunoto 1,001 r/mr)
BHOCWJIM B MipHY KonOy MicTkicTio 250 M Ta po30aBisuld JTUCTHIIHOBAHOIO BOJOIO.
Y po6OTi BUKOPHUCTOBYBAJIN PEAKTUBH KBami(ikariii He ripire Hix «X.4.», HeooxinHe pH
CEepEeIOBUIIA CTBOPIOBAIN PO3UMHAMH MiHEPAIbHUX KUCIIOT, HATPiil riApoKcuIy Ta yHi-
BEpCaNbHUM Oy(hepHUM PO3UHHOM.

[ onTuMizarii yMOB MiIEISIpHOT €KCTpakiii y MHOMIMPOMIJICHOBHX NpoOipKax
sminryBanu po3unad Ge(IV) ta M®OX 3 konueHrparieto B inrepsani 1-10°9+1-107°
MOJIb/JI, BapilOI0YM KHUCIOTHICTh cepepoBHiia iHTepBaii pH 1 + 9, BMicT HelioHOreH-
Hoi ITAP Tputony X-100 (0-3 006.%), KoHIEHTpawito iHiiaTopy (aMoOHiii OGeH30aTy)
B iHTepBasi koHueHTpauid 0-0,15 monp/n. s iHTeHcHdikamii BiJAIICHHS Milesp-
HOI (ha3u BUKOPUCTOBYBAJIN LIEHTPU(YTyBaHHsI, Bapitotoun yac (2—10 XB) Ta MBUAKICTH
(1000-2500 006./xB). Bonny ¢a3zy Bumansnm AeKaHTAIi€l0, a B’SI3Ky MiLEIApHY a3y
PO30aBIISIITH PO3UNHHUKOM.

Jns BusHaueHHst Ge(IV) MeTomoM ONTHKO-EMICIHHOI CHEKTPOCKOMIi 3 1HAYKTUBHO-
3B’s3aH0I0 Ta3Moro (ICP-OES) 3acrocoByBanu cniektpomerp Optima 2100DV (Perkin-
Elmer) i3 kBapIioBuM majibHUKOM. BUMIpIOBaHHS! aHATITUYHOTO CUTHATY MPOBOAMIN 32
HACTYIHHUX ONEPAIiMHIX MapaMeTpiB: NoTyxHicTs 1300 BT, BuTpary aprony (mogaga npo-
6ou — 0.8 11/xB, monomikHMIA TOTIK — 0,2 1I/XB, M1a3MOYTBOPIOKOYHH MOTIK — 15 JI/XB), aKci-
aJIbHE CIIOCTEPEKECHHS IIA3MH, IIBU/KICTh BBEICHHS aHAJII30BAHOTO PO3UMHY — 1,5 MII/XB,
Yac pO3MWICHHS JIOCIKYBAHOTO po3urHy — 45 ¢, aHanmiTuyna niHis Ge 209,426 Hm.
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PE3VJIBTATHU TA iIX OBTOBOPEHHS

Hocnimkeno cnekrpu noruHanHs komriekcy Ge(IV) 3 MOJIOX micis MinenspHo-
EKCTPaKLiIHHOTO KOHIEHTpYBaHHS (puc. 1).

Al6

1.2

0.8

0.4

A HM

Puc. 1. Cuexrp nomuHanus komiuiekcy Ge(IV) 3 MOIIOX (1) ta pearenry MOIOX (2) micast

miressipHoi ekcrpakiii: pH 1,5, Coery =1 -107° monn/n, C, = 1-10* mons/n, [ =1 cm.

Fig. 1. Absorbance spectra of Ge(IV) complex (1) and reagent (2) after cloud point extraction: pH 1.5,
C =1-10°mol/l, C, = 1-10* mol/l, /=1 cm.

Ge(IV)

Sk BuaHoO 3 puc. 1 pearenT MOJIOX Mae 07jHy IHTEHCUBHY CMYTY IOIJIMHAHHS 3 MaK-
cuMmyMoM Tipu 430 HM, IPH YTBOPEHHI KOMILIEKCY CIIOCTEPIraeThes 0aTOXPOMHUIT 3CYB
Ha 40 aM 10 470 M.

JocnipkeHo BIUIMB HU3KHM BH3HAYAIBHHUX TapaMeTpiB Ha YTBOPEHHS MillCIISIPHOL
¢azu Tpurony X-100 Ta BuirydeHHS HEIO aHAIITUYHOT popmu (puc. 2).

S BugHO 3 puc. 2a, ontuMainbHe pH craHoBuTh 1,5, a He3HAYHMIA 3CyB y OUIbLI
KHCITy 00JIaCTh IMTOPIBHSIHO i3 BOAHUMH PO3YHMHAME MOJKHA TOSICHUTH BILTUBOM [TAP Tam
BIJIMOBIIHO 3MIHO KMCJIOTHO-OCHOBHUX BiiactuBocTeii M®JOX.

JlocmipKeHO CeIeKTHBHICTD 3aIPONIOHOBAHOTO METOy. BCTaHoBIeHO, IO 10HM TyXK-
HUX Ta Jy>KHO3eMEJIbHUX METalliB He BIUIMBaIOTh Ha Bu3HadyeHHs Ge (IV) 3a 3amporo-
HOBAHOIO METOJMKOI0. HacTymHi ioHM He BIuMBatoTh Ha BuzHaueHHs Ge(IV) 3 MOIOX
y Takux MOISpHMX cHiBBifHOMmeHHsax: 1:1200 (Mg, Cd*, Mn*, Pb**, NO,) 1:700
(SO, F, Br, CI, PO,*) 1:400 (Zn*", A" 1:100 (Ni**, Co*"). BusnaueHHIO 3aBa)aloTh
Fe*, Fe* i Cr*", sxi MokyTh OyTH 3aMackoBaHi (hTOPHUIOM HATpiro abo MONepenHbO BH-
JlaJIeHi 31 3paska.

B ontumansHuX yMOBax nMoOyJ0BaHO KaliOpyBalbHUN Ipadik s CIeKTpodoToMe-
TpuuHoro BusHadueHHs1 Ge(IV) micns #oro monepeaHbOro MileIspHO-eKCTPaKLIiHHOTO
KOHLIEHTPYBaHHA y BUDIIAA1 koMiuiekcy 3 M®OIOX, a aHamiTUYHI XapaKTePUCTUKU PO3-
POOICHOT METOMKH y3araJbHEeHO B Ta0I. 1.
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Puc. 2. Brmus pizHux (akTopiB Ha MilensipHO-eKcTpakiiiiHe koHneHTpyBanHs 200 mxr/n Ge(IV):
a) pH; 0) xonnentparis Tputona X-100; B) KOHIICHTpAIlisl O0EH30aTy aMOHIIO;
r) koHueHTparis MOJOX; /=1 cm, A =470 M.

Fig. 2. The influence of various factors on the cloud point extraction of 200 pg/l Ge(IV):

a) pH; b) concentration of Triton X-100; ¢) concentration of ammonium benzoate;
d) reagent concentration; /=1 cm, A = 470 nm. Tabnuus 1

AHAJITHYHI XAPAKTEPUCTHUKHU PO3POBJEHOI METOJJUKH

Table 1
Analytical characteristics of the developed method
PiBusinus perpecii A=1,8581 CGe(W) +0,0357
R? 0,9985
JliniiiHicTh, MK/ 4,36-472
Me:xa pusigiiennsi, LOD (30, /b), Mmxr/n 1,31
Me:xa susnadennsi, LOQ (106, /b), Mxr/i 4,36
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SAx BumHO 3 TaOm. 1, po3poOieHa MeToauKa JIiHIHA B MIMPOKOMY iHTEpBaIi KOH-
LEHTPAIlIH Ta XapaKTepU3YEThCSI HU3BKOIO Mekero BusBIeHHS — 1,31 MKr/i. Metonuky
anpoOOBaHO TPU aHaITi31 MOJICIPHOTO PO3YMHY Ta 010JI0T1YHO-aKTUBHOI JTOOABKH, a pe-
synbraty Bu3HaueHHs: Ge(IV) y3aranpHeHo B Tab. 2.

Tabnuis 2
Pesynbrarn BusHayenHs Ge(1V) y moznesibHOMY po3unHi
Ta gierudHiii no6asui (n = 3; P = 0,95)
Table 2
The results of the determination of Ge(IV) in the model solution
and dietary supplement (n = 3; P = 0.95)
s . 3HalaeHo 3HaligeHo
O06’exr ananizy TPOTIOHOBAHUM MeTO0M RSD,% ICP-OES RSD,%
MonenpHui po3uuH™ 198+10,6 Mkr/i 5,1 195+12,1 MKr/n 5,9
JlieTnuna no0aBka™* 19,8+0,98 MKr/mia 4,7 19,6+1,01 Mxr/ma 49

*MomenbHUH pozunH MicTHTh 200 Mkr/im Ge(IV); ** mictuth 20 Mxr/mn Ge(1V) y dopmi murpary.

Sk BumHO 3 Tabn. 2, pesynpraru BuzHadeHHs Ge(IV) 3 M®DAOX micns minenspHo-
eKCTPAKIiHHOTO KOHIICHTPYBAHHS Y3TOUKYIOTHCS 13 pe3ylIbTaTaMu, Oep)KaHUMU METO-
nom ICP-OES, 1o cBiquuTh mpo iX MpaBWIBHICTE, & BITHOCHA IMTOXHOKA BU3HAYCHHS 32
PO3POOICHOI0 METOIUKOIO He mepeBuInye 5,1%.

TakuM 4YWHOM, B JaHiii poOOTI BHMBUECHO YMOBH IHIIIFOBaHHS MileispHOi (a3u
Tpurony X-100, sika mpumatHa A aHaTITHYHOTO KoHUEeHTpyBaHHS Ge(IV) y dopwmi
fioro xomrmiekcy i3 pearearom M®/10X. [lokazano, mo rpanyroBanbHUI rpadik s
crekrpodporomerpuaHoro Bu3HaueHH Ge(IV) micist Horo MileIsIpHO-eKCTPaKIiiHHOTO
KOHIICHTPYBAHH JTiHIHHIIA B iHTepBaJli KOHIEHTpaUii 4,36-472 MKr/1. 3alipOIIOHOBaHY
METOJIMKY arpo0OBaHO MPH aHalli3i MOJCIEHUX PO3YHMHIB Ta 010JIOTTYHO-aKTHBHOI J10-
OaBKwu.
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LOW TEMPERATURE ANALYTICAL CLOUD POINT
EXTRACTION. 2: PRECONCENTRATION AND
SPECTROPHOTOMETRIC DETERMINATION OF Ge(1V)

Cloud point extraction is a powerful tool for the analytical preconcentration of trace amounts
of analytes. The standard cloud point extraction procedure requires prolonged heating of the
solution, which is not always appropriate in the case of thermally unstable analytes or analytical
forms and significantly limits the capabilities of the method. One of the ways to modify cloud
point extraction is to find approaches to intensifying the process of analytical concentration.
The main disadvantage of cloud point extraction is the need for thermal, ultrasonic, infrared or
any other initiation of the formation of the surfactant rich phase. It has been shown that salts of
aromatic carboxylic acids can cause instantaneous formation of a surfactant-rich phase. In this
work, the conditions of micellar extraction concentration of Ge(IV) in the form of a complex
with 6,7-dihydroxy-2-phenyl-4-methylbenzopyrylium bromide into the micellar phase of the
nonionic surfactant triton X-100 were studied and optimized. It is shown that the introduction
of ammonium benzoate into the system at a pH of 1.0 and a triton X-100 concentration of
0.5 vol.% leads to the initiation of the formation of a micellar phase at room temperature.
The method of spectrophotometric determination of Ge(IV) with 6,7-dihydroxy-2-phenyl-4-
methylbenzopyrylium bromide after its micellar-extraction concentration has been developed.
The calibration graph is linear in the concentration range of 4.36-472 pg/L, and the limits of
detection and determination are 1.31 and 4.36 pg/L, respectively. The proposed method was
tested in the analysis of model solutions and biologically active additives, and the relative
standard deviation does not exceed 5.1%.

Keywords: cloud point extraction, initiators, aromatic carboxylic acids, spectrophotometry,
Germanium(IV).



Husvkomemnepamypna ananimuuna miyensapna excmparyis. Ilogioomnenns 2.

10.

REFERENCES

Samaddar P., Sen K. Cloud point extraction: a sustainable method of elemental preconcentration and speciation.
J. Ind. Eng. Chem., 2014, vol. 20, pp. 1209-1219. https://doi.org/10.1016/j.jiec.2013.10.033

de Almeida B., Arruda M., Ferreira S. Cloud point extraction as a procedure of separation and pre-concentration
for metal determination using spectroanalytical techniques: a review. Appl. Spectrosc. Rev., 2005, vol. 40, pp.
269-299. https://doi.org/10.1080/05704920500230880

Mortada W.1. Recent developments and applications of cloud point extraction: A critical review. Microchem. J.,
2020, vol. 157, an 105055. https://doi.org/10.1016/j.micro ¢.2020.10505 5

Snigur D., Azooz E., Zhukovetska O., Guzenko O., Mortada W. Recent innovations in cloud point extraction
towards a more efficient and environmentally friendly procedure. Trends Anal. Chem., 2023, vol. 164, an
117113. https://doi.org/10.1016/j.trac.2023.117113

Altunay N., Giirkan R., Orhan U. 4 new ultrasonic-assisted cloud-point-extraction procedure for pre-
concentration and determination of ultra-trace levels of copper in selected beverages and foods by flame atomic
absorption spectrometry. Food Addit. Contam. Part A, 2015, vol. 32, pp. 1475-1487. https://doi.org/10.1080/1
9440049.2015.1067725

Simitchiev K., Stefanova V., Kmetov V., Andreev G., Kovachev N., Canals A. Microwave assisted cloud
point extraction of Rh, Pd and Pt with 2-mercaptobenzothiazole as preconcentration procedure prior to ICP-
MS analysis of pharmaceutical products. J. Anal. Atom. Spectrom., 2008, vol. 23, pp. 717-726. https://doi.
org/10.1039/B715133K

Zhukovetska O.M., Guzenko O.M., Snigur D.V. Nyz’kotemperaturna analitychna miceljarna ekstrakcija.
Povidomlennja 1: Protolitychni vlastyvosti kyslotnyh iniciatoriv u organizovanyh seredovyshhah. Visn. Odes.
nac. univ. Him., 2023, vol. 28, no 3, pp. 60-69. https://doi.org/10.18524/2304-0947.2023.3(86).297826
(in Ukrainian)

Snigur D., Chebotarev A., Dubovyiy V., Barbalat D., Bevziuk K. Salicylic acid assisted cloud point extraction at
room temperature: Application for preconcentration and spectrophotometric determination of molybdenum(VI).
Microchem. J., 2018, vol. 142, pp. 273-278. https://doi.org/10.1016/j.microc.2018.07.010

Snigur D., Barbalat D., Chebotarev A., Synievyd A., Bevziuk K. A rapid cloud point extraction of
Molybdenum(VI) with 6,7-dihydroxy-2,4-diphenylbenzopyrylium perchlorate prior to its spectrophotometric
determination. Chem. Papers, 2021, vol. 75, pp. 1823-1830. https://doi.org/10.1007/s11696-020-01436-3
Snigur D., Barbalat D., Fizer M., Chebotarev A., Shishkina S. Synthesis and properties of
6,7-dihydroxybenzopyrylium perchlorate halogen derivatives: X-ray, spectroscopic and theoretical studies.
Tetrahedron, 2020, vol. 76, no 42, p. 131514. https://doi.org/10.1016/j.tet.2020.131514

69



