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The method for analysis of transition metal ionsi((g, Cu(ll), Co(ll), Ni(ll), Fe(lll)) by high-
performance planar (thin layer) chromatography \ligh use of sorbents modified by chelating frags et
iminodiacetic acid was developed. The correlatietween retention factoRf) and physico-chemical para-
meters of the separated systems was studied. ltl@asnstrated that unlike the pH value, ionic gjitef a
solution does not exert significant influence osotation and mobility of transition metal cations.

Keywords: thin layer chromatography, modified silica galselate agents, iminodiacetic acid, tran-
sition metals.
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PaspaboTan MeToJ aHanu3a HOHOB Iepexoausix MeTamios (Zn(ll), Cu(ll), Co(ll), Ni(ll), Fe(lll)) na
OCHOBE BBICOKOI((PEKTUBHOM IUIOCKOCTHOM (TOHKOCIOHHOM) XpoMaTorpaduu ¢ HMCIOJb30BAHHEM COPOEH-
TOB, MOAU(DHUIMPOBAHHBIX XENATHBIMH (DparMeHTaAMH MMUHOAWYKCYCHOW KHCIOTHI. M3ydeHa Koppessiuus
Mexay dakropoM yaepxkuBanus (Ry) u GH3MKO-XUMHUECKAMU TaApaMeTpaMHU pa3IelicHHbIX cucTteM. [Tokasa-
HO, YTO B OTJIn4Ke OT pH, MOHHAs cHla pacTBOpa HE OKA3bIBACT CYIICCTBCHHOTO BJIHMSHHUS HA Pa3peIICHUC U
MOJIBHXXHOCTH KATHOHOB TEPEXOAHBIXMETAIIIOB.

KaioueBbie cjioBa: TOHKOCIIOWHAsE XpoMmarorpadus, MOAU(UIIMPOBAHHBIE CHUIIMKATEIIH, XEJIATHbIC
areHThl, IMUHOJNYKCYCHAsI KUCIIOTA, IEPEXO/IHbIE METAILIbI.

Introduction

Transition metals (cobalt, copper, zinc and mang@nare trace elements which
are necessary for vital activity of human organiginnumber of transition metals are
coenzymes for more than 70 enzymes of organisney participate in the formation of
vitamins, hormones, and regulation of metabolismerEnsignificant variations in the lev-
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el of these microelements in blood cause seriossadies. Dramatic change in concentra-
tions of biometals in blood may serve as precursgrgptoms of malignant transformation
of cells. Thus, decrease in zinc level in blood i®sult of cardiac infarction, and changes
in zinc level in sperm and urine can be indicat¥@rostate cancer [1].

Spectrometric [2] and chemical chromophore metti@Hare widely used in quan-
titative analysis of microelements. The latter noeh are remarkable by simplicity, high
sensitivity and specificity in analysis of microelents. Among the most important physi-
co-chemical methods in analysis of biogenic matalsigh performance liquid chromato-
graphy (HPLC), namely, its two variants, ionic amatography (IC) [4] and thin layer
chromatography (TLC) [5].

The authors of [6] discussed possible use of higtiepmance thin layer chromato-
graphy (HPTLC) on native silica gels and silicasgelodified by amino phase in the anal-
ysis of a number of microelements. However, therdittle information about high-
performance complexation chromatography of metak itHPCCI) [7] which opens up
new possibilities in analysis of ions.

There are data on sorption properties of silicavgdt grafted iminodiacetic acid
(IDAA) in the literature [8, 9]. However, these dakfer to the sorbents which are not used
as TLC phases, and to another chromatographic eegitherefore, it is appropriate to
study peculiarities of sorption of metal ions withtoncrete static (drop) and dynamic
models of chelate TLC.

The aim of the work is to study possible use obattographic phases modified
with iminodiacetic acid in planar high-performancemplexation chromatography of a
number of biometal ions (Zn(ll), Cu(ll), Co(ll), M) u Fe(lll)).

Experimental

The used reagents were of puriss. or puriss. gpade, and were purchased from
«Sigma-Aldrich» (USA), «Vekton» (Russia) and «N&eaktiv» (Russia). Aqueous solu-
tions were prepared with the use of water deionkgaethe mixture of ion-exchange resins
(KU-2, AV-17, 1:1).

Silica gel KSK-G (specific surface 250°ty, average pore diameter 13 nm) was
used as a sorbent for planar chromatography.

TLC experiments were performed using protonatadasgel plates (Sorbfil PTSH-
P-A, Russia) modified with iminodiacetic acid (SirBTSH-P-A-IDAA).

Protonation of thin layer silica gel plates wasf@ened by submerging plates into
6 N HCI solution for 15 min. After treatment, thiaes were washed with distilled water
and dried in desiccator for 45 min at 120°C.

Silica gels chemically modified with chelating ateewere prepared by the immo-
bilization method. Ligand was immobilized on siligal surface in two stages, and organo-
silicon modifier was obtained. The first stage ilweal epoxy-activated compounds with
terminal reactive epoxy groups which easily reaith wrganic molecules containing mo-
bile secondary or tertiary amino groups. Organoaili modifier for preparation of TLC
plates with immobilized IDAA as a chelating ageratsmbtained as follows: 0.1% aqueous
solution of iminodiacetic acid (0.075 mol) was malited with 5 M solution of sodium
hydroxide wuntil the pH value of 10.5 was reachedherl; 3-glycidoxypro-
pyltrimethoxysilane (ES-1) (18.3 mL, 0.067 mol) wadded, and the mixture was heated
at stirring at 90-100°C for 40-60 min until ES-1snally dissolved. The obtained solution
(pH = 11-12) was cooled down to 25°C and neutrdlia@h glacial acetic acid until the
pH value of 5.6-5.9 was achieved. Then the mixtsas diluted twofold with water, and

Krasikovet al./ Cop6uuonnsie n xpomarorpapudeckue npoueccst. 2017.T. 17.Ne 4



684

sodium chloride was added in order to reach tha tohic strength of 0.5-0.1. The prepa-
ration of organosilicon modifier can be schemalycptesented in the following way:
(CZH50)3Si(CH2)3OCHZC§ - 9H2 +HN(CH,COOH), —=

o
(C2H50)3Si(CHz)30CH,CHOHCH,N(CH,COOH),

Silica gel matrix of TLC plates was transformedication exchanger with func-
tional groups of iminodiacetic acid in the followimanner: TLC plates were heated in the
solution of the modifier at 90-100°C for 3 hrs wi#thbsequent washing of plate surface by
distilled water, 1 M solution of sulfuric acid; thehe plates were washed with water for
the second time. Finally, TLC plates were driedla/ihe temperature was gradually in-
creased from 25 to 120°C. Immobilization of siligal matrix of the TLC plates can be
presented as follows:

SiO,) - OH + (C,H50)3Si(CH5);0CH,CHOHCHON(CH,COOH),  ——

Si0y) - O - (C3H50),Si(CH2)30CH,CHOHCH,N(CH,COOH), + CoH50H

TLC plates modified with grafted cation-exchanged ats dissociation are pre-
sented in the following scheme:

_CH,COOH —= ,—CH2C00°
~N~cH,coon =— ~NH~—¢} coo

lons were detected with the use of a chromophomaptexonate (dithizone,
Ci13H1oN4S, puriss.)

Quantitative analysis of chromatograms was perfdromng a “DenScan” video-
densitometer (Lenchrom, Russia) in the visible s8pkcegion with different optical filters.
The obtained data were processed with the use ehsD(Lenchrom, Russia) and “Mul-
tichrom-TLC” software (Lenchrom-Ampersand, Russia).

The following transition metal ions were choseroagects: Ni(ll), Co(ll), Cu(ll),
Zn(Il), Fe(lll) in the form of nitrates, sulfates@chlorides (p.a. grade).

Results and discussion

Separation of metals was based on the ability elating cation exchangers to
form kinetically labile surface complexes with iois comparison with the common ion-
exchange chromatography, high-performance comptexahromatography of metal ions
demonstrates additional selectivity in separatiérbigalent and trivalent metal cations
[10].

In order to prevent hydrolysis of metal ions antbcieve desorption of metal ca-
tions, it is necessary to carry out separatiorcidia media (pH<3) [11]. Iminodiacetic ac-
id (IDAA) was chosen as a chelating agent on thasbaf the literature data on HPCCI;
the literature data indicate high stability of #ikca gel sorbent modified by this ligand in
strongly acidic solutions [12-13]. IDAA forms stabtomplexes with transition metal ions
over a wide acidity interval [14]. Unlike weaklydstrongly acidic cation exchangers, this
sorbent is characterized by less significant depeoel between sorption and ionic strength
of solution and the presence of Ca(ll) and Mg(@ns in a sample [15]. Stability of com-
plexes is related to the fact that carbonyl gronfpddAA form a stable three dentate che-
lating site (fig. 1).

It was established that sorption of the studiedafiens proceeds in a wide acidity
interval. For example, in neutral and weakly acidigions, complete sorption of metal
ions is observed. Differences in dependences gitisor of different cations on pH of a
solution allow for separation of a number of iogysptanar chromatography (see fig. 2).
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Fig. 1. Interaction between grafted IDAA fragmeatsl a bivalent metal cation.
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Fig. 2. Sorption curves of Cu(ll), Fe(lll), Zn(liCo(l1), Ni(ll) ions on TLC
plates modified by IDAA.

Optimization of the eluting system with respecatidity is related to the fact that
decrease in pH leads to protonation of functiomalgs of the bidentate ligand and de-
crease in effective concentration of reactive fowhshe immobilized ligands; therefore,
mobility (Rf) of the separated cations increases. Mobile p{ag&eM solution of hydroch-
loric acid with added NaN£X(C=0.2M)) provides reliable separation of the gmedl ions
(Co(IN), Ni(l1), Cu(ll), Zn(Il) and Fe(lll)). Fig.3 presents the results of chromatographic

analysis.
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Fig. 3.a) Thin layer chromatogram of Fe(lll) Cu(ll), Co(INi(Il), Zn(Il) and se-
paration of the mixture of these cations; b) Dexggiam of separation of the mixture of
Fe(111) Cu(ll), Co(ll), Ni(ll), Zn(ll). TLC plate:PTLC-P-A-IDAA; eluent: 0.2V
HCI+0.2M NaNG; (9:1); detection: 0.1% solution of dithizone in Ig@H=0.7.
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Comparison between the data obtained with the tigeeglates with immobilized
IDAA and the data on separation of the same ionative silica gel is presented in
Tables 1 and 2.

Calculation of separation selectivity)(on these two sorbents demonstrated that in
both cases, the values are virtually the same; heryehis result does not indicate good
separation of components. Separation of two comptsne characterized by the resolution
factor (R;), and this parameter depends on lengthwise bluofrstains during chromato-
graphy. In the case of native silica gel, blurrofgzones is more pronounced due to resi-
dual sorption of cations, which cannot be compjettcluded. As a result, we obtain
stains with the so-called “tails”, this leadingdmamatic decrease in the values of separa-
tion degree R(Table 2).

Table 1. Mobility of metal ions on silica sorbeiatsd the sorbents with grafted chelating
groups

The R values
TLC sorbent ZZ [ C | CF | NI | Fé"
Silica gel,
Ethanol — Acetone — Acetic acid (4-5-2) 0371 0.73 5 057 0.94
Silica gel modified by IDAA A A
0.2 M HCI+0.2M NaNG, (9:1) 091 05] 06| 073 03
Table 2. Chromatographic parameters of separation
Silica gel modified by IDAA Silica gel,
0.2M HCI — 0.2M NaNG; (9 : 1) Ethanol — Acetone — Acetic aci@:5:2)
Cation pairs o Rs Cation pairs o Rs
Fe'*/ICu’ 1.66+0.04 1.5+0.04 Zh/Co™ 1.35+0.05 0.94+0.02
Ccu*/Cco™ 1.2+0.02 2.0+0.04 CO/INi* 1.14+0.03 0.34+0.04
Co” INi** 1.2+0.03 1.840.03 Ni/Cu* 1.28+0.03 1.16+0.01
Ni**/Zn** 1.26+0.03 6.2+0.15 Cl/Fe” 1.28+0.04 1.8+0.04

The presence of chelating agent (IDAA) on silichgieface of a TLC plate does
not indicate that donor-acceptor interactions bexdine prevailing forces in retention of
metal ions. Negatively charged carboxyl groups medgin positively charged ions due to
electrostatic interactions. In order to diminishremove this effect completely, strong
electrolytes (NaNg NacCl) are added to eluent; counterions form aldimg layer around
negatively charged functional groups and preventsignificantly diminish) electrostatic
interactions with cations. However, this effectpjstessing electrostatic interactions) is
pronounced in the case of alkali-earth metals othknides [15], but is not significant for
transition metal ions (Mg(ll), Co(ll), Cd(l1), Znl Ni(ll), Cu(ll)) on IDAA-modified sili-
ca gel. In the latter case, surface complexati@vails, and the values of complexation
constants between transition metals and IDAAB(E4.72-10.56) are much higher than
those for the corresponding complexes of alkalirearetals (L§:~1.67-2.98) [16].

The studies of this effect by TLC analysis with tlee of IDAA-modified silica gel
and with adding electrolyte (sodium nitrate) intoemt demonstrated that changes in salt
concentration in dithizone (from 0.2 to 0.8 M) didt exert significant influence on elution
order and resolution of the studied cations.

Chromatographic properties and maximum total capace of chelating ion ex-
changers depend on the density and distributioomafobilized functional groups. It is
known that due to steric hindrances, only about ®%ilanol groups on silica surface can
react with silanes [17]. It is necessary to transfailica gel into “acidic” form in order to
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reach the maximum amount of silanol groups onasifiel surface and, therefore, to in-
crease cation exchanger capacity in the processrbént modification.

Concentration of silanol groups on the surface rotgnated silica gel is 4.6-4.8
groups per 1 nfn Thus, calculated density of grafting to silan€.81 molecules of IDAA
per 1 nnd of surface. It was established that the maximutal wapacitance of the SjO
IDAA sorbent is about 12 mg/g. This value agreel weth the literature data on the aver-
age amount of IDAA fragments grafted onto KSKGcsiligel Dpore =15 NM, Viyore =
0.9 mL/g,S=230 mg/qg); this amount allows for reaching effeetcapacitance for this type
of sorbent (e.g. 0.56 mg edfrar 0.13 mg eq/g for Zn (II)) [18]. The experimdndata
show that at the maximum load, the TLC sorbentwalgperforming group quantitative
densitometric analysis of no less than 5-6 targatydes.

In individual chromophore and/or spectrophotometigtermination of ions in a
group, it is necessary to choose selective chromrgpbrganic reactants which participate
in color or luminescent reactions. Currently, thare more than 300 complexons for anal-
ysis of different groups of ions [3]. The studiesybnstrate that dithizone is the best reac-
tant for group analysis of microelements (transitioetal ions); this is a universal dye with
sufficiently high sensibility for determination ail analyzed cations. Sensibilities of all
other reactants in thin layer chromatography wereraer of magnitude lower than dithi-
zone sensibility; some of these compounds can ée osly as specific reactants.

Chromophore reactions between transition metalsdithizone dissolved in C¢l
cause different coloration of ions: red ¢ZnFe™), light green (Ct"), dark violet (C8",
green (Nf"). In a number of experiments, detection limit of Zu, Co, Fe and Ni ions in
the static drop chromatography regime was deteminjRig. 4).
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Fig. 4. Calibration curves for a group of cationglrop chromatography regime
(detection with 0.1% solution of dithizone in canktetrachloride).

Sensitivity values of drop reactions on modifielicai gel plates to Co(ll), Ni(ll),
Cu(Il, Zn(I1), Fe(lll) were equal to 0.4, 0.3, 03.125 and 0.hg, respectively.

Conclusions

The proposed method of planar analysis on silidgplgges modified with imino-
diacetic acid allows reliable determination of antner of transition metal cations. Sensi-
bility values of dynamic and drop methods of analyd Zn(Il), Cu(ll), Co(ll), Ni(ll),
Fe(lll) ions were determined and were equal to ®.123, 0.4, 0.3 and 045 in chroma-
tographic zone.

It was established that separation of the studiadsition metal cations by high
performance thin layer chromatography on silicasgebents modified with IDAA strong-

Krasikovet al./ Cop6uuonnsie n xpomarorpapudeckue npoueccst. 2017.T. 17.Ne 4



688

ly depends on pH of an eluent and virtually doesdepend on ionic strength of solution.
Efficiency of ion separation on IDAA-modified platexceeds the efficiency of native sili-

ca gel sorbents.
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