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ABSTRACT

The chromatographic behavior of various heavy méiak have been studied by bismuth silicate layerthe
stationary phase, with mobile phase system comtgiriormic acid. The effect of protic and aproticganic
modifiers (methanol, ethanol, acetone, acetonitfidSO and dioxane) and surfactant (SDS, BAC angefv80)
on the retention behavior of the metal cations waamined. A novel mobile phase system comprisiry1dd
HCOOH and 1 M HCOONa in volume ratio 7:3 was idéadti as the best mobile phase for rapid separatind
identification of mixtures of G, Cef* and Hg*.Semiquantitative determination ofNiPI** and Fé*by spot area
measurement was attempted. The proposed methodugasssfully applied for identification and separatof
copper, cadmium and mercury from river water, irntdakwaste water as well as from hydroxide sludggenples.

Keywords Bismuth silicate, DMSO, mobile phase, metalaatj CMC.

INTRODUCTION

Because of unique properties, bismuth silicateldess used as novel sorbent layer for chromatogreggparation
of metal cations by thin layer chromatography [ifje use of aqueous surfactant solution as a mphase in TLC
was pioneered by Armstrong and Terril [2]. Usinguaifactant as the mobile phase gained popularitybetame
more widely applied due to its operational simpyicicost effectiveness, relative non toxicity ancha&nced
separation efficiency [3-7]. The use of silica getl alumina layer with surfactant mediated mobfilage system [8-
13] has been used to separate various inorganiiespe

Considering the interdisciplinary and wide analgtiatilization of chromatography techniques, in firesent study,
bismuth silicate and formic acid containing eluemisre used for separation of various metal catifsrom
multicomponent mixture as well as from various rigad industrial wastewater.

MATERIALSAND METHODS

Chemicals and reagents-Bismuth nitrate, sodium silicate, silica gel-G, balkonium chloride, sodium dodecyl
sulfate and tween80 (Merk), dimethyl glyoxime hiizone, potassium ferrocynide, methanol, ethandlacetone
(Loba chemie, India), 1-4 dioxane, formaic acid, ®® acetonitrile and inorganic salts (CDH, India@revused.
All the reagents used were of analytical regentigra

Test solutions<.0% aqueous solutions of following salts were ws®test solution:
Nitrates of C4", PE*, TI**, AI** and Ad
Chlorides of Ni*, Cc**, F€"*, Hg?* and Tf*
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iii. Sulfates of Cti, VO*" and UG*".

All the solutions were prepared in double distillgdter. The solution of nitrates of lead, silveddhe chlorides of
mercury contained small quantities of correspondicid to limit the extent of hydrolysis.

Detection Reagents-
For the detection of various cations, the followreggents were used:
i. Yellow ammonium sulphide for &g Ag", P, TI* and Hg"
i. Aqueous potassium ferrocynide forEeCit*, UO,**, VO** and Tf*
ii. Dimethylglyoxime in ethanol for Nf and C8*
iv. Aluminon (1%) for AP,

Stationary phase Bismuth silicate.

Mobile phase~various solvent systems that were used as the enphdses are listed in tablel.

Symbol Composition
M1 1.0M HCOONa
M2 1.0M HCOOH
M3 1.0M HCOOH +1.0M HCOONa (3:7)
M4 1.0M HCOOH +1.0M HCOONa (1:1)
M5 1.0M HCOOH +1.0M HCOONa (7:3)
M6 0.01M HCOOH
M7 0.01M HCOONa
M8 1.0M HCOOH + CHOH (7:3)
M9 1.0M HCOOH + GHsOH (7:3)
M10 1.0M HCOOH + acetone (7:3)
M11 1.0M HCOOH + acetonitrile (7:3)
M12 | 1.0M HCOOH + DMSO (7:3)
M13 1.0M HCOOH + 1,4 dioxane (7:3)
M14 | 1.0M HCOOH + 0.1M aq.SDS (7:3)
M15 | 1.0M HCOOH +0.1M ag. BAC (7:3)
M16 1.0M HCOOH + 0.1M aq. Tween 80 (7;3)
M17 | 1.0M HCOOH + 0.0001M aq. SDS (7:3)
M18 | 1.0M HCOOH + 0.0001M aq. BAC (7:3)
M19 | 1.0M HCOOH + 0.0001M ag. Tween 80 (7i3)

Preparation of spiked industrial waste water and/er water —A 50ml volume of industrial waste water (pH 4.1)
collected from metal industries, Nagpur, India dver water (pH7.48)obtained from Chandrabhaga river
Dhapewada, India was spiked with 100ug each Jf,Gicf* and HG* salts. About 30ml of 0.5% thioacetamide
solution was added into the spiked sample. Theltezsprecipitate of Cii, Cdf* and Hg'sulphides was washed
with distilled water, centrifuged and dissolvednminimum possible volume of concentrated HCI. Thal agas
completely removed by evaporation and the resida® dissolved in 5ml of distilled water. An aliqdiul) of each
sample was applied on TLC plate and chromatogrags/performed as done for standard samples.

Preparation of heavy metal hydroxide sludg8ynthetic heavy metal sludge of CuCd* and Hg" was prepared
by adding sufficient volume of 1% NaOH solutiondrd mixture containing 1% solution of these metdissin

equal volumes. The metal hydroxide precipitate Ismioed was filtered dried and dissolved in a mimmvolume

of concentrated HCI. The acid was completely evajeat, the residue was dissolved in 5 ml of digtilleaters and
TLC was performed having 5ul sample.

Thin - layer chromatography:

Preparation of bismuth silicate plated-ive hundred milliliters of a 0.1M solution of bisith nitrate in 2M HN@
and 500ml of a 0.1M solution sodium silicate in 2040H were simultaneously added drop wise with ortst
stirring to 30ml of distilled water in flask. Thate of addition of the reactants was so adjustatittte contents of
the flask were just neutral to methyl red indicafine reaction mixture was allowed to coagulater ovght and the
formed gel was washed several times with distieder by decantation until the supernatant was dféens. The
supernatant was completely removed. A slurry presgbday mixing the gel (75 ml) with a powder of siligel G
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(20gm) as a binder was used to coat 20 x 20cm glagss. The plates were dried in an oven 8€C80r 3hrs and
then stored at room temperature inside desiccators.

Procedure-Test solutions were spotted onto thin- layer glatith the help of a micropipette positioned abbit
cm above the lower edge of the TLC plates. Thesspetre air dried and the plates were then develepgdthe
given mobile phase using by the one dimensionarating technique in glass jars. The developmeranie was
fixed at 10 cm in all cases. Following developméim, plates were again air dried and the spotBeotations were
visualized as coloring spots using the appropsptaying reagent. Falues were then calculated.

Separation-For the separation, the metal ions to be separaed mixed in equal amounts. A test solution ef th
resultant mixture was spotted onto the activate@ Plate, and was then air dried. The plates weveldped to a
distance of 10 cm. The spots were detected anskfh@rated metal cations were identified by theiv&ues.

Limits of Detection-The limits of detection of the metal cations wdetermined by spotting different amounts of
metal ion onto the TLC plates, developing the gatsing the method describe above, and then degettte spots.
This method was repeated with a successive decieéise amount of metal ion used until spots weredetected.
The minimum detectable amount on the TLC platestaiesn as the limit of detection.

Semi- quantitative determination by spot- area ma@snent- For semi quantitative determination by spot- area
measurement method, 0.01ml volume from a seriestasfdard solution (0.5-2%) of Nj P¥*, F€* and T were
spotted on thin layer plates. The plates were dg@esl with M5 (1.0M HCOOH + 1.0M HCOONa (7:3)). Afte
detection the spots were copied onto tracing p&pen the chromatoplates and then the area of epohwsas
calculated.

RESULT AND DISCUSSION

Tablel.- Mobility of heavy metal cations on bismuth silicate plates developed with formateion containing
mobile phase

Mobile phases
ML M2 M3 M4 M5
cu* 0.02 0.70 0.65 0.30T 0.53
NiZ* 0.30 0.87 0.76 0.70 0.84
co** 032 087 054 070 0.83
ol 0.00 058 0.36 050 0.47
PE* 0.04 0.40T 0.03 0.12 0.28T
TI* 0.70 064 065 050 0.32
Hg?* 0.12 0.41T 0.00 0.00 0.19
Al%* 0.00 0.35T 0.00 0.00 0.24T
Fe 0.00 0.05 0.05 005 0.05
uos*  0.02 0.02 002 0.02 0.02
VvO*  0.04 0.04 004 0.04 0.04
Ag" 0.00 0.04 0.04 0.04 0.04
Ti* 0.03 0.03 0.03 0.03 0.03

T- tailed spot(R— R- >0.30)

Metal ions

The R: values of metal cations obtained on bismuth s#@idayer plates developed with 1.0M HCOOH &),
0.01M HCOONa (pH > 7.0) and 1.0M HCOOH - 1.0M HCCeD(8:7, 1:1, 7:3) are summarized in table 2. With
1.0 M HCOONa (M1), most of the cations remains riisar point of application, whereas metal iorf $hows
appreciable mobility and thus can be selectivelgasated from other metal ions on bismuth silicalatgs
developed with 1.0M HCOONa. Conversely,’Cand Cd* have much higher mobility in 1.0 M HCOOH (M2)
compared to 1.0M HCOONa and can be separated fim BO,?*, VO** and Tf*. The combination of these two
solvent systems in different proportions furthesregases the separation potentially of formic agidriodifying the
retention behavior of cations and several metabeatcan be selectively separated with M3 — M5 meophases.
The lowering of HCOOH or HCOONa concentration (M&7) from 1.0M to 0.01M results in decreasing ip R
values of cations. The result presented in Figg A8 (R in 1.0M HCOOH or HCOONa- Rn 0.01M HCOOH or
HCOONa versus metal cations) plots clearly indithie effect.
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Fig. 1. Plot of ARg versus metal ions
AR:(A) = (Rein 1.0M HCOOH) — (Rin 0.01M COOH)
AR-(B) = (R-in 1.0M HCOONa) — (Rin 0.01M COONa)

Table2- Effect of added organic solventsin 1.0M HCOOH on the mobility of metal ions
ARg = (Rr in 1.0M HCOOH+ organic solvents (7:3)) —{ih 1.0 M HCOOH)

Metal lons Methanol Ethanol Acetone Acetonitrile S]] Dioxane
CU/* -0.67 -0.64 -0.50 -0.14 -0.02 -0.07
NiZ* -0.63 -0.26 -0.22 +0.06 -0.11 -0.11
co* -0.63 -0.16 -0.20 +0.08 +0.10 +0.11
Uo,?* +0.05 +0.30 +0.25 +0.21 +0.40 +0.48

\Voh -0.10 +0.06 -0.05 +0.35 +0.04 +0.29
c:o|2+ +0.06 -0.05 -0.48 +0.08 +0.21 +0.12
Ag* -0.13 -0.18 -0.18 -0.18 -0.18 -0.18
sz* -0.12 -0.29 -0.25 +0.20 +0.13 +01.8
TI* +0.09 -0.18 +0.09 +0.07 +0.02 +0.10
Hg®* -0.08 -0.46 -0.46 +0.30 +0.03 +0.36
Al%* +0.17 +0.07 +0.02 0.00 +0.20 +0.20

Pb**, UO,” CuU* and VG™ in 1.0 M HCOOH + methanol, ethanol, acetone ondioe (7:3); A, Pr*, Hg™ in
1.0M HCOOH and Al in all mobile phase (M8- M13) produced taied srbm effect of added organic solvents was
observed on the mobility of Feand TF*

Effect of added organic solvents:

In order to understand the role of organic solsemt the mobility of metal ions, the: Ralues of metal cations were
determined with mobile phase M8-M13 obtained by ingxmethanol, ethanol, acetone, DMSO, Dioxane and
acetonitrile with 1.0M aqueous formic acid respedti in 7:3 ratios by volume. TherRalues (obtained by
subtracting R values realized with 1.0M formic acid from the Rilues realized with 1.0M formic acid plus organic
additives) are presented in table 2. The positi rregative values @fRr clearly demonstrate the effect of added
organic solvents on the mobility trend of metala@ag. Amongst these, DMSO is aprotic dipolar; Me@td EtOH
are polar proton donor; dioxane is proton acceoetone being non polar favors the formation of dissociated
metal complexes and acetonitrile bearing CN grau@n useful complexing agent. Thus, the inheremérde
properties of the added organic solvents influeheemobility pattern of metal cations opening nesggibilities for
their separations. The mobility of heavy metalsrdases upon the addition of alcohols and ketonesniples.
MeOH, EtOH and acetone) in the mobile phase acéatide by negative value &Rr for the most of the metal
cations. Conversely, the addition of 1,4-dioxan® 3 and acetonitrile in the mobile phase enharfeesrobility

of c?ions as4indicative by positiveRr value. None of the organic modifires exerts arfluences on the mobility
of Fe™" and Ti".
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Effect of added surfactants:

The use of surfactant mediated systems, as mohéeepin liquid chromatography has been the chdiemalytical
chemists because of their advantages of enhantaxtigity, low cost and reduced toxicity. We haweed cationic
(BAC), anionic (SDS) and nonionic (Tween 80) suidat in combination with 1.0M formic acid as eluenErom
retention behavior of metal cations on bismuthcatk plates developed with surfactant containingnio acid
mobile phase systems (M14- M19), following conabmsare drawn.

i. Fe", Ag" and Tf* remain near the point of application irrespectifehe nature of surfactant (cationic, anionic
and non ionic) and the concentration of surfactant.

ii. AI**produce tailed spot at all concentrations of téastants.

ii. PB* show occasional tailing.

iv. Most of the metal cations (€U Ni%*, C&* VO, TI*, Cd* and UGQ?*) show higher mobility in mobile phases
comprising volume ratio 7:3 of formic acid and satint solution compared to the mobile phase climgi®f
formic acid surfactant in 3:7 volume ratio.

v. Lowering of surfactant concentration from 0.1 M #4M16) to 0.0001M (M17- M19) in the mobile phasads
to minor change in mobility of metal cations.

Table3- Experimentally achieved separations of metal cations on bismuth silicate plates developed with
different mobile phases

M obile phase Separation (Rg)

1.0 M HCOOH Nii* or Ogc% (0.86) /&cﬁ+ (0.75) —éFé* (02108) [ UQ%, 2Ti4+ (02.0) VG (0.13)
_ Ni%, Cd** (0.84)/ C§" (0.67) — F& or Ti** (0.0)/ UQ*, VO** (0.05)
1.0M HCOOH + 1.0M HCOONa (7:3) Ni2* (0.84) — CA" (0.46) - Ad (0.0)
1.0M HCOOH + CHOH (7:3) Cd?* (0.60), HG" (0.35) — F& or Ti** (0.00) / C&* (0.10) / UQ*" or VO** (0.06).
1.0M HCOOH + GHsOH (7:3) C022+ (0.7(3)2)- cd* (0.51) or Tt (o.4é2) - F&, gAth Bi31 or Ti** (0.0)/2c&+ or P5* g).lo) ¢
_ Ni?* or C6*(0.66), TI' (0.70) — F&, Ag", Hg™ or Ti** (0.00)/ UQ?* (0.23) / V&* or Cd*
1.0M HCOOH + Acetone (7:3) (0.09) and PH(0.14)

+ 2+ + + 2+ + + +
1.0M HCOOH + DMSO (7:3) Cd?*, Ni?* ,Cd?* or CU#* (0.76) — UQ** (0.38)/ PB* or H¢f* (0.50) — F&" (0.05) / Ad or

Ti** (0.0)
2+ + + + + + 2+ + +
1.0M HCOOH + 1.4- Dioxane (7:3) (H0905§0.80) / NF* or C&* (0.75) / CG*, Cd* or TI' (0.71) — UG* (0.45) — F&or C?
1.0M HCOOH + 0.1M SDS (7:3) Hg?*, Ni?*, C&* or CUf* (0.76) — UQ* (0.33) — F&", Ag" or Ti** (0.12).
1.0M HCOOH + 0.1M BAC (7:3) Hg?*, Ni?* or C&*(0.89) — UQ?* (0.33) — F&, Ag" or Ti** (0.0).

1.0M HCOOH + 0.1M Tween 80 (7:3) Hg?*(0.70), NF'or Cd*(0.63)/ Cd" (0.76) — UQ?* (0.33) — F&', Ag" or Ti*' (0.12).

The formic acid containing mobile phases was fouragbable to resolve several metal cations from their
multicomponent mixtures. As a result, some impdrteations separation realized experimentally haeenb
summarized in table 3.

1.2
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¢ 7(Pb)
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0] 50 100 150 200 250

Fig.2 Calibration curve for semiquantative deter mination of Pb**
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Semiquantitative determination of Ni%*, Pb?" TI" and Fe*- A relatively less accurate but the simplest metfowd
guantitaion is based on the measurement of theo$itte size the spot by drawing the outline ofspet on a piece
of tracing paper. Therefore, an attempt was madactieve semiquantitative determination of metalsidy
measuring the spot area of the spot follows theigeap equationé =km wheret is the area of the spot, m is the
amount of the solute and k is a constant. The flityeenaintained up to 200pg/spot of XiPK* TI* and F&". At
higher all the cases were observed. The standave constructed for semiquantitaive determinatibRIs* in Fig

2 was used to find out the amount of lead pregemmdustrial wastewater samples. The accuracy astigion were
below + 15%.

Applications

Amongst TLC systems examined, the system compriBisgiuth silicate plates developed with M5 thal i@ M
HCOOH + 1M HCOONa (7:3) mobile phase was identifasithe most useful for the analysis of heavy metal
cations. This system was applied for identificatéord separation of certain metal cations from itrthlsvaste and
metal hydroxide sludge. The results summarizedahl§ 4 clearly demonstrate the applicability of thethod for
identification as well as separation of GUCdF* and HG* from their mixtures.

Table 4- Identification and separation of mixturesfrom spiked water and heavy metal sludge

Spiked/Synthetic Rg values
samples cu® cd” Hg™
River water 0.12 0.32 0.87
Industrial waste water 0.14 0.34 0.89
Sludge 0.16 0.32 0.88
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