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ABSTRACT

Thin layer chromatographic method has been develdpethe separation of metal ions such as Cr (€h(lll), Ni

(10, Co (1), Cu(ll), Fe(ln, Zn(l) and Mo(VI) fom their two, three and four component mixturdse Separations
were performed on thin layer of silica gel ‘G’ ugiaqueous Humic acid as mobile phase. Thin lay&ilafa Gel-G
was used to study the chromatographic behavior etalrions in surfactant mixed solvents. Effect r&spnce of
humic acid at various concentrations, presencetadng and weak electrolytes, and effect of conediun of
surfactant, effect of acidity and basicity of aquesurfactant on mobility of metal cations wereoatsudied. By
using surfactant and with various additives mixedriobile phase, metal ions such agCiHg? ¥, WP* and Nf*
were separated from their binary mixture. Semi-ditative determination of Ki by measurement of spot area was
attempted.
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INTRODUCTION

Thin layer chromatography is a versatile technifprethe identification and separation of organid anorganic
compounds [1-2]. Heavy metals have received coreidie attention from analysts, because of theirsjgay
and environmentaimportance [3-4]. Metals such as As, Cr, Hg, Tl, &d TI, Cu, Fe, Zn, Pb, Co, Mo are toxic
and harmful to humainealth. These metal ions can form complexes wittigzinds containing oxygen, nitrogen
and sulphur atoms, which causes many problems &y thdox processes in living organisms [5]. The a$
aqueous solution as a mobile phase in TLC was piedeby Armstrong and Terrill [6]. Using a surfatttas the
mobile phase gained popularity and became morelyvigplied due to its operational simplicity, cestectiveness,
relative non-toxicity and enhanced separation iefficy [7-10].

The use of silica gel and an alumina layer witHfatant —mediated mobile phase systems [11-16bbkas used to
separate various inorganic species. Organic msgieamendments have been known by farmers to befioel to
plant growth for longer than recorded history [1IMbwever, the chemistry and function of the organatter has
been a subject of controversy since humans beggn ghstulating about it in the £&entury. Until the time of
Liebig, it was supposed that humus was used dyrdntl plants but after Liebig had shown that plandvgh
depends upon inorganic compounds, many soil seteriield the view that organic matter was usefulfédility
only as it was broken down with the release otdsstituent nutrient elements into inorganic forssthe present
time, soil scientists hold a more holistic view aatdeast recognize that humus influences soillifgrthrough its
effect on the water-holding capacity of the soils@ since plants have been shown to absorb andldcate the
complex organic molecules of systemic insecticidlesy can no longer discredit the idea that plamy be able to
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absorb the soluble forms of humus[18] this mayaict be an essential process for the uptake of wibelinsoluble
iron oxides. A study on the effects of humic aadptant growth was conducted at Ohio state unityerghich said
in part humic acids increased plant growthand lilea¢ were relatively large responses at low apjpticaates[19].

In Ancient Egypt, according to archeology, strawswaixed with mud in order to produce building baciStraw
produces stronger bricks that are less likely teakror lose their shape. Modern investigations Haved that
humic acid is released from straw when mixed withldibasically a mixture of sand and clay. Humidaocreases
clay's plasticity[20]Humic acid is a principal component of humic subsés, which is produced by biodegradation
of dead organic matter. By definition, humic acate brownish-black, alkali-soluble solids which cgither be
recovered from naturally weathered coalsalternatively, be prepared by controlled oxidafilhis paper deals with
the rapid separation of heavy metal ions presettirige, as well as four component mixtures on niompregnated
silica gel ‘G’ coated plates, using aqueous sofuttd Humic acid and DMSO( dimethyl sulphoxide) amabile
phase.

EXPERIMENTAL SECTION

Apparatus
Glass plates of 4 x 20 cm size (coated with sifier'G’), 20 x 25 cm glass jars for the developmeinglass plates,
glass sprayer for spraying reagents and El pH meter

Chemicals and Reagents
Humic acid ( Merck, India), DMSO (dimethyl sulphdg), silica gel- G (Merck, India), hydrochloric dcand
sodium hydroxide.

Metal ion studied : Cr (VI), Cr (l11), Ni (1), Co (), Cu (llI), Fe(lll), Zn (1) and Mo (VI)

Stock Solutions: Stock solutions of 1% of following salts were pregzhin the 0.1 M hydrochloric acid.
1. Potassium salt of Cr(VI),

2. Chloride of Cr(lll), Ni(ll), Zn(Il) and Fe(lll),

3. Sulphate of Cu(ll).

4. Trioxide of Mo(V1).

5. Nitrate of Co(ll).

The mobile phase was prepared in double distillatew

Detection Reagents:

For the detection of various cations, the followregents were used
1) 0.05 % Dithiozone in carbon tetrachloride.

2) Saturated alcoholic AQNO

3) Saturated alcoholic alizarin red.

4) 1% Alcoholic solution of DMG ie. Dimethylglyoxien

5) 1% Aqueous potassium ferrocyanide

Stationary phase: Silica gel —G.
Mobile phase: The aqueous solution of humic acid and DMSO(dimetbiphoxide) as the mobile phases.

Thin - layer chromatography (TLC)

1. Preparation of plates

Slurry was prepared by mixing silica gel ‘G’ in dde distilled water in the ratio of 1:2 with constateering for
about 10 minutes. It was then immediately appleethe glass plate by the dipping method[21] anddidver night
at room temperature.

2. Running of TLC plates:-

The test solutions were spotted on the silica gpld®es using fine glass capillaries and they vikogv-dried with
hot air. The humic acid and DMSO of varying concatidn was adjusted to the desired pH using sodiydnoxide
and hydrochloride acid solution. The plates wensettgoed for about 15 min in the glass jar contariid ml humic
acid and DMSO solution. Approximately 2 -3 ml ohamt was required to run the sample per plate.
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3. Development of TLC plates:-

Plates were dried and different cations were detebly spraying various spot test reagent, whichsatarated
alcoholic silver nitrate, saturated alcoholic alimaed , dithiozone in carbon tetra chloride, dthylglyoxime and
potassium ferrocyanide for Cr(1V), Cr(lll), and ettmetal ions i.e. Mo(VI), Zn(I1), Ni(ll), Co(ICu(ll) and Fe(lll)
respectively. All experiments were carried out@m temperature. The; Ralues were measured in triplicate for
each set of determinations. Various experiment®warried out to study the mobile phase (0.005ML-N) ; pH
(1.0 -7.0) and time (5 - 20 min) for the Rf valwéghe individual cations.

RESULTSAND DISCUSSION

Effect of Concentration

This section deals with the separation of Cr(VI)IID, Ni(ll), Co(ll), Fe(lll), Cu(ll), Zn(ll) and Mo(VI). Various
experiments were carried out at different pH andlitierent concentration of humic acid and DMSOntdthyl
sulphoxide) for determining optimum separation @ntration for the metal ions. The results dealirip whe effect
of concentration of mobile phase i.e. humic acid BMSO on the Rvalues of different metal ions such as Cr(VI),
Cr(li1, Ni(ln), Co(l), Fe(ll), Cu(ll), Zn(Il) and Mo(VI) are tabulated in Table 1. The variationsthhe R values
with concentration in the range of 0.005 to 0.1Meavstudied in pH range of 1 to7.

\
Table 1. Effect of Concentration on the R¢ values of metal ions
Concentration - Metal ion
Cr(VI) | Cr(1) | Co(l) | Ni(1) | Zn(11) | Cu(ll) | Fe(lll) | Mo(VI1)
0.1%Humic acid-2% DMSO 0.90 0.45 0.56 0.66 0.4 0.11L 0.16 0.32
0.01%Humic aci+1% DMSC 0.9¢ 0.37 0.5¢ 0.67 0.2t 0.0¢ 0.11 0.2¢
0.02%Humic aci+1% DMSC 0.9¢ 0.3¢ 0.5¢ 0.67 0.2z 0.0¢ 0.12 0.2€
0.005%Humic acid-0.5% DMSO 0.95 0.38 0.52 0.64 0.20 0.06 0.06 0.26

It was observed that, at low concentration 0.00&iVI1), Zn(ll) and Ni(ll) shows tailing, at 0.01 Moncentration
all metal ions shows little tailing. As the conaatibn of humic acid and DMSO was increased to 0Q%slear and
distinct spots were seen[18]. It was also obsethed] there is an increase in the Rf values wittrdase in the
concentration, but at 0.1% humic acid +2% DMSOts@re not compact and shows little spreading, ialhec
Cr(VI1), Mo(VI). However 0.01 M concentration wadesgted as the optimum concentration for furthedigts.

1 ¢ - — : = Cr+
0.8 6
06 ——Cr+
Rf : i —— =" A 3
2
0.2 — —=>=Ni+
0 T T T 1 % +
0.005 0.01 0.02 0.1 & 2”
Concentration of Humic acid+DM SO

Fig.1 Effect of concentration on the R; value of metal ion
Effect of pH
This section deals with effect of pH o Wlues of metal ions. The effect of pH on thev&ues of different metal
ions was carefully studied by conducting severtd seperiments. The plates were run near about ¢cai@bove
from the base line. The results are tabulated ileT@ which reveal variations in thg fRalues with pH of humic
acid + DMSO with the time of 15 minutes[19].
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Table 2:- Effect of pH on the R; values of metal ions

pH of humic acid + DMSO

Metal lon

2 25 3 3.5 4 4.5 5 55 6 7
Cr(VID) 0.94 0.94 0.96 0.94 0.95 0.97 0.96|]T 09gMW.97T| 097T
Cr(ll 0.70 0.66 0.63 0.50 0.39 0.38] 0.37 0.3b 40.3 0.35

Co(ll) 0.7 | 05C | 04t | 0.4€ | O4zspi | 0.34 | 0.3%spi | 0.3tspi | 0.36 | 0.3¢
Ni(IT) 0.88 0.60 | 055 0.52spf 0.53spr _ 0.533pr _ Op0s0.52spr| 0.54| 0.54
Zn(ll) 0.70 061 | 0320 0317 0321 031 0.30]T .30T | 0.16 T| 0.157
Cu(ll) | 0.50spr| 0.32spf 021 0.15 0.15 0.1 0.08 60.0 0.06 | 005
L
-

Fe(lll) 0.30spr| 0.15spy 0.1% 0.12 0.17 0.1 0.2 110.| 0.10 0.10
Mo(V) 0.88 0.85 0.84 0.50T 0.43 0.44 0.43T 0.43T 0.40 0.40

T- Tailing; Spr- Spreading; N.D. - Not Detected

1 ——Cr
+6
0.8
== Cr
0.6 - +3
Rf AN
0.4 == CO
+2
0.2
SEe—
0 T T T T T T T T T 1
2 25 3 3.5 4 4.5 5 5.5 6 7

Fig. 2. Effect of pH on the R; value of metal ion

Table 3. Binary separations

Sr.No | Componentsof Binary mixture | Metal ionswith their R Values
1 Cr(VI), Co(ll) Cr(VI) - 0.95; Co(ll) - 0.44
2 Ni(ll), Zn(ll) Ni(ll) - 0.60; Zn(I)—0.11
3 Ni(ll), Mo(VI) Ni(ll) — 0.71; Mo(VI) — 0.17
4 Ni(ll), Cr(li Ni(ll) — 0.54; Cr(lll) — 0.19
5 Co(ll), Zn(lN Co(ll) - 0.67; Zn(ll) - 0.13
6 Cr(VI), Cr(ll) Cr(VI) —0.92;Cr(lll) = 0.20
7 Ni(ll), Co(ll) Ni(ll) — 068; Co(ll) — 0.60
8 Ni(l), Cu(ll) Ni(ll) — 0.65; Cu(ll) - 0.11
9 Ni(ll), Zn(Il) Ni(ll) - 064; Zn(ll) — 0.13
10 Cr(VI), Ni(ll) Cr(VI) - 093; Ni(ll) - 0.70
Table 4. Ternary separations
Sr.No. | Componentsof Ternary mixture Metal ionswith their R Values
1 Ni(1l), Co(ll), Cr(lly Ni(ll) — 0.55; Co(ll) — 0.36; Cr(lll) -0.24
2 Ni(ll), Co(ll), Zn(I1) Ni(ll) — 0.53; Co(ll) - 0.44; Zn(ll) — 0.14
3 Ni(ll), Cr(V1), Cu(ll) Ni(ll) - 0.53; Cr(VI) = 0.93; Cu(ll) - 0.10
4 Ni(ll), Cr(V1), Co(ll) Ni(ll) — 0.54; Cr(VI) — 0.93; Co(ll) — 0.41
5 Ni(ll), Cr(V1), Mo(VI) Ni(ll) — 0.51; Cr(VI) — 0.93; Mo(VI) — 0.11]
6 Ni(ll), Cr(V1), Zn(Il) Ni(ll) — 0.53; Cr(VI) — 0.89; Zn(Il) - 0.15
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Table5. Quaternary separations

Sr. No | Componentsof Quaternary mixture | Metal ionswith their Ry Values
] e com | G -0sn oot
2 Cr(VI), Ni(ll), Co(ll), Cu(ll) %r&/”'g - 8:?2; gif'('l)l)__od?ﬂ
3 Cr(VI), Ni(ll), Co(ll), Cr(ill) g)(EI’I')) ;Oé?%;Nci(rlgﬁ 08
4 Cr(VI), Ni(lly, Co(ll), Zn(ll) %ré\(/l:; - 8:(‘;‘2‘; 5:1(('3)_—%.8221;
5 cr(lily, Ni(lr), Co(ll), Zn(it) %'é'('l'l)) :%'.‘ég; girsl(ll)l)_—od?fa;

Time = 20 minutes, Adsorbent = silica gel-G, pH =4

| I 1 v \% VI Vil VIl I1X X
Fig.3. Binary Separations

NG
(NIA(A)
(NIB(E) N (i)

Co(if)

2o

Co(l)

@%nn))
|

Zn(ii)

VI

Fig. 4. Ternary Separations
Time = 20 minutes, Adsorbent = silica gel-G, pH =4

It was observed that from Table 2 at low pH all thetal ions moves with different solvent frontisinoted that all
the metal ion showed very little difference in tRevalue at pH 3.0, but as we increase the pH tor8d&imum
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difference in the Rvalue of different metal ion could be achieved,iclthwas required for better separation.
However, the behavior of cations changed afterinbeease above pH 4.0 and above pH 4 they have sales
and above pH 5 the metal ions Cr(VI) shows douplettsrg due to formation of heteropoly acid Cr(lIBn(ll),
Mo(VI) show tailing whereas Ni (II) shows spreadimigut Co(ll) and Cu(ll) shows compact spot at &ll except
pH 1 and pH 2 observed values, pH 3.5 and pH 4blean found out to be ideal for bringing out maximum
separation[20-21]. Rof all mention metal ions was not possible to measabove pH 7. Hence, separation
measurements have not been carried beyond pH d.@lM fixed for further Rmeasurement in humic acid +
DMSO media.

(%) Cr(vi)
Cr(vi) N
V(i) Co(fif)
Co(fif) N ()

Cr" (Vi)

NAQH) INJAA)

Co(f) Co(fif)

Co(f)

¢
bz (i)

Fig. 5. Quater nary separation
CONCLUSION

Using the above mentioned optimum separating ciomdit that is 0.01% humic acid +1% DMSO at pH 4,
qualitative separation of ten binary mixtures, teisnary mixtures, and five quaternary mixtures etahions have
been carried out. ThesRalues of various binary, ternary and quaternapasations have been listed in Table 3, 4,
and 5 respectively. The;Ralues of metal cations are given in top to bottfammat, as they appear on the
chromatographic plate. Photograph of achieved pisaparations were given in Fig. 1, for ternaryasafions in
Fig. 2 and quaternary separations in Fig. 3. Riieslof experimentally achieved separations onasgel ‘G’ layers
developed with aqueous humic acid in DMSO as mqg#ikse.

REFERENCES

[1] UA Th. Brinkman; G De Vries; R Kuroda]. Chromatographyl1973, 85, 187-191.

[2] B Fried; J Sherma; Thin-Later Chromatograpfigchniques and Applications, Marcel Dekker New RYor
1982, 308-310.

[3] H Siegel, Metal lons in Biological System, Volsand Il, Marcel Dekker, New York, USA986.

[4] V Vennugopal; T Luckey, Metal Toxicity of Metabnd Metalloids, Plenum, New York, USE987.

[5] M Bukowska — Strzyzewska; W Maniukewicz, G Blkyand J Maslowska]. Crystallogr. Spectrosc. Res.
1991, 21, 157 -160.

[6] DW Armstrong; RQ Terrill, Anal. Chem1979, 51, 2160-2163.

[7]1 MF Borgerding; RL Williams (Jr); WL HinzQuina , J. Lig. Chromatography989, 12, 1367-1406.

[8] AS Kord; MG Khaledi, Anal Chem1992, 64, 1901-1907.

[9] A Szymanski; W Szczepania€hem. Anal. Warsavi998, 43, 346-349.

894



Meghna H. Jumde and Wasudeo B. Gurnule J. Chem. Pharm. Res., 2015, 7(4):889-895

[10] MG Khaledi; JK Strasters; AH Rodgers; ED Brgy&nal. Chem1990, 62, 130-136.
[11] A Mohammad; YH Sirwal). Planar Chromatography-Mod.TL.Q002, 15, 107-115.
[12] A Mohammad, Eram Iragi and IA Khad, of Surfactant and Detergen©99, .2(4), 523-529.
[13] A Mohammad; . Agrawal; Nahed Jabe@hromatography2003, 24, 1-7.

[14] CG Yeole; VM ShindeAnalyst 1983,104, 1102-1107.

[15] T OkadaAnal Chem 1988, 60, 2116-2118.

[16] SS Dhote; L Deshmukh and L PaliwBler Pharma Chem?2011, 3(6), 474-482.
[18] SM Wanjari; L Deshmukh; LJ Paliweer Chemica Sinica2011, 2(6), 222-227.
[19] SM Wanjari; L Deshmukh; LJ Paliwal, Chem. Pharma. Res2012, 4(1), 140-145.
[20] LJ Paliwal; SM Wanijari; L DeshmukRasayan J Chen011, 4(3), 630-635.

[21] SS Dhote; L Deshmukh and L Palin@hemical Sci..J2012, 62, 1-11.

895



