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SUMMARY

Silica gel in combination with surfactant-matiéd eluents has been used for thin—layer chromatography of sixteen metal cations. Several
combinations of mobile phase systems comprising of sodium dodecytesg8B®S) plus organic non—-electrolytes and inorganic electrolytes
have been tested for rapid and reliable separation of metal calib@ssystem constituting silica gel as a stationary phase and 0.3% SDS (pH
2.3) plus 5% aqueous NaCl (9:1, v/v) as mobile phaas identified most favorable system for theparation and identification of co—exist-

ing gold, copper and silver in alloyseBiquanititative determination of €uCag*, Ni** and Cd’ by spot—area measurement method has been
attempted. TLC-spectrophotometry technique been used for quantitative determination of"n synthetically prepared ores and alloys

with preliminary separation from Atiand Ag.
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INTRODUCTION In addition to simplifying chromatographic procedure, MMP
Because of poor toxicity, low cost, enhanced separation selec- result in improved separations as a result of electrostatic, hydro-
tivity, non—flammability, capabilityof simultaneously separating  phobic and donor-acceptor interactions, or any combination of
hydrophilic and hydrophobic solutes and non-volatility, micellar these [9, 11, 12, 16]. Secondary interactions arising from partition-
mobile phases (i.e. solutions containing a surfactant at a concentra-ing of solute within the mobile phase (between aqueous and micel-
tion above its critical micellar concentration (CMC) have found in- lar phases) also play a decisive role in the separation of solutes by
teresting applications in liquid chromatography [1-8]. The use of micellar liquid chromatography. According to literature [2, 3, 20,
micellar mobile phases (MMP) inhin-layer chromatography 21], chromatographic performance of MMP can be further im-
(TLC) was first proposed by Armstrong and co—-workers [9-10]. proved by using them in the presence of salts and organic additives
MMP have been successfully utilized to separate pesticides and which affect the size of micelles. Several analytical techniques [22
biphenyls [10], polynuclear aromatic hydrocarbons and vitamins -26] have been used to separate Au (ll1), Cu (II) or Ag (l) from as-
[11], phenols [12], amino acidslB-14], alkaloids [15], dyes [16] sociated metal ions but the work on simultaneous separation of
and drugs [17]. Despite evident advantageous features, the use ofthese metal cations from their three component mixtures by TLC is
MMP in chromatographic analysis of metal cations [18-20] has lacking. This communication reports a simplest and convenient mi-
been less extensive compared with their use in the analysis of or- cellar TLC procedure for the separation of co—existing Au (lll), Cu
ganic compounds. (1) and Ag (1) ions. The mutual separation of Au (ll), Ag (I) and
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Cu (Il) is very important from practical point of view as these met-
als are generally associated with each other in natural ores of silver
or copper. Furthermore, after the separation, Cu (Il), has been de-
termined quantitatively by spectrophotometry using 1-(2-pyridy-
lazo)-2—-naphthol (PAN) solution in methanol as chromogenic re-
agent. The TLC-spectrophotometric method was applied to recov-
ery of Cu (Il) from synthetic alloy and ore samples.

EXPERIMENTAL

Apparatus: A TLC applicator (Toshniwal, India) was used for
coating silica gel on 20 x 3.5 cm glass plates. The chromatography
was performed in 24 x 6 cm glass jars. A glass sprayer was used to
spray reagents on the plates to locate the position of the spot of
analyte. Digital pH meter (Elico, India, Model 181 E of type PC-
22) and spectrophotometer (Elico, India, SL-171) were used for

pH measurements and spectrophotometeric determination, respec-

tively.

Chemicals and ReagentsSodium dodecyl sulfate (BDH, India)
and aerosol-OT (BDH, England); sodium chloride or nitrate and
urea (G.S.C, India); Silica gel ‘G’ and thiourea (E. Merck, India);
Brij—35 and Triton X-100 (Loba-chemie, India), cetyl trimethyl
ammonium bromide (CTAB), phenols, amines, aminophenols and
anions (CDH, India) were used. All reagents were of Analar Re-
agent grade.

Metal Cations Studied: Fe*, C«*, Ni**, Cd*, UOZ", VO™ Cd,
Zn®, Ag', P, TI°, Bi**, Hg®, Al*, Ti*", and Ad".

Test Solutions: 1.0% aqueous solutions of following salts were
used as test solution:

a. Nitrates of C8, zn*, P, TI, Bi*', Al*, and Ad.
b. Chlorides of Ni", Co™, F€", Hg™, Ti*, and Ad".
c. Sulfates of Cti, VO*, and UG".

All the solutions were prepared in demineralized water with a
specific conductivity (K = 2 x 10 ohn* at 251 ). The solutions of
nitrates of lead, silver and bismuth, and the chloride of mercury
also contained small quantities of corresponding acid to limit the
extent of hydrolysis.

The solutions (1%) of various anions and surfactants were
prepared in demineralized water. The solutions (1%) of various
amines, phenols and aminophenekre prepared in methanol.

Test Materials Used

1. Gold-plated printed—circuit board (GPCB) {Au, Ni and Cu}
from Toyama Electric, Bangalore

2. Silver mirror scrap (SMS) {Ag, Cu} and Silver mirror spent
solution (SMSS) {Ag and Cu}, both from Ship Mirror Indus-
tries, Bangalore

3. High—-copper dental amalgam (HCDA) {Ag, Hg, Cu, Zn and
Sn} from Dental College, A. M. U., Aligarh

4. Electroplating gold waste from Anand Jewellers, Aligarh
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5.
6.

Sterling silver scrap (SS) {Ag, Cu}
Gun metal (90% Cu + 10% Sn)

7. Ornamental silver (80% Ag + 20% Cu)
8. Copper pyrites (CuFe1% Cu +96% Fe)
9. Copper glance (CuS)

Buffer Solutions

S. No. Composition Volume ratio pH

1 0.04 M Boric acid-0.04 M phosphoric acid 50:50 2.3

2 0.04 M Boric acid—0.04 M phosphoric acid 50:50:8 3.4
-0.24 M NaOH

3 0.04 M Boric acid-0.04 M phosphoric acid 50:50:10 5.7
-0.24 M NaOH

4 0.04 M Boric acid—0.04 M phosphoric acid 50:50:14 7.0
-0.24 M NaOH

5 0.04 M Boric acid—0.04 M phosphoric acid 50:50:60 11.9

-0.24 M NaOH

Detection Reagentsfor the detection of various cations, the fol-
lowing reagents were used:

a. 8x10° (w/v) Dithizone in carbon tetrachloride for €d
Zn*, Ag', PI*, TI*, Bi*, and H{".

b. 1% Aqueous potassium ferrocyanide for*Feu”, UO;,
VO*, and Tf",

c. 1% Alcoholic dimethylglyoxime for Ni, and C4".

d. 0.1% Aluminon for A"

e. 1% (v/v) Yellow ammonium sulphide for Au

Stationary Phase:Silica gel ‘G’

Mobile Phase:The following solvent systems were used as mobile

phase

Symbol Composition
M:  0.03,0.144, 0.3 and 1.44% aqueous SDS
M, 0.03, 0.144, 0.3 and 1.44% buffered SDS (pH 2.3)
Ms 0.03, 0.144, 0.3 and 1.44% buffered SDS (pH 3.4, 5.7, 7.0 and 11.9)
Ms  0.03% SDS (pH 2.3)+1% urea (9:1, 1:1 and 1:9)
Ms  0.3% SDS (pH 2.3)+5% urea (9:1, 1:1 and 1:9)
Ms  0.3% SDS (pH 2.3)+10% urea (9:1, 1:1 and 1:9)
M;  0.3% SDS (pH 2.3)+15% urea (9:1, 1:1 and 1:9)
Ms  0.3% SDS (pH 2.3)+1% thiourea (9: 1, 1:1 and 1: 9)
Ms  0.3% SDS (pH 2.3)+5% thiourea (9: 1, 1:1 and 1: 9)
M 0.3% SDS (pH 2.3)+10% thiourea (9: 1, 1: 1 and 1: 9)
Mu  0.3% SDS (pH 2.3)+15% thiourea (9: 1, 1: 1 and 1: 9)
Mz  0.3% SDS (pH 2.3)+1% NaN@9: 1, 1 1 and 1: 9)
M 0.3% SDS (pH 2.3)+5% NaN@9: 1, 1 1 and 1: 9)
M 0.3% SDS (pH 2.3)+10% NaN@9: 1, I 1 and 1: 9)
Mis  0.3% SDS (pH 2.3)+15% NaN@9: 1, I 1 and 1: 9)
M 0.3% SDS (pH 2.3)+1% NaCl (9: 1, 1: 1 and 1: 9)
My 0.3% SDS (pH 2.3)+5% NaCl (9: 1, 1: 1 and 1: 9)
Mis  0.3% SDS (pH 2.3)+10% NaCl (9: 1, 1: 1 and 1: 9)
Mis  0.3% SDS (pH 2.3)+15% NaCl (9: 1 and 1: 1)
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CHROMATOGRAPHY spots were dried, and the plates were developed in glass jars by as-
(@) Preparation of TLC Plates: Silica gel plates were prepared  cending technique. The glass jars containing the mobile phase were
by mixing the adsorbent with double distilled water in 1: 3 ratio by covered with a lid for about 20 min so that the glass jars would get
weight. The resultant slurry was mechanically shaken for 10 min, pre-saturated with the mobile phase vapors. The mobile phase
after which it was applied to well-cleaned glass plates with the (solvent) was allowed to migrate up to 10 cm from the starting line
help of TLC applicator to give a layer of approximately 0.25 mm in all cases. After development, the plates were dried again and the
thickness. The plates were air dried at room temperature and thencations were visualized as colored spots by spraying with appropri-
activated by heating at 100 +5 for 1 h. After activation, the ate detection reagents. The cations were identified on the basis of

plates were stored in a desiccator. their R= values, which was calculated from [Rr of leading front)
(b) Preparation of Test Materials and R (Rr of trailing front) for each spot, whereas
Peeling: Peeling of silver mirror scrap (specimen surface area 19 Re=(RL+Rr)/2

cnt) was peformed with concentrated formic acid (90%, w/w) ina  Separation: The test solution 1QL of copper, silver and gold

glass beaker. The acid was heated at(11énd the material was mixture was spotted on TLC plate coated with silica gel ‘G’ and

added into it. On completion of peeling (within 1 min), the solution the chromatography was performed with mobile phase[#3%

was separated and the peeled material was used as the ‘source maSDS (pH 2.3) + 5% NacCl (9:1)]. The resolved spots for these metal

terial’ for silver. cations were observed on TLC plates after spraying chromogenic

Leaching: Leaching of silver mirror scrap (specimen surface area reagents. The Rvalues of Ad", Cu* and Ad in their mixture were

19 cnf) was peformed with 50% nitric acid in a glass beaker. On  found to vary marginally from their individualiRvalues.

completion of leaching (within 1 min), the solution was separated Interference: For investigating the interference of inorganic ani-

from the leached residue and used for silver separation. Similar ons, amines, phenols, aminophenols and surfactants on the separa-

leaching procedure was applied on other silver—containing material tion of co—existing Ad, Cu**, and Ad, an diquot (10uL) of addi-

(0.153 g sterling silver scrap and 0.25 g high—copper dental amal- tives was spotted along with the mixture (1D) of Au®*, Cu*, and

gam). Ag® and chromatography was performed as described above with
Leaching of gold—plated printed—circuit board (specimen sur- My (9:1). The spots were detected and thevBlues of separated

face area 72.42 chrontaining 16 large pins and 14 small pins) metal ions were determined.

was performed with aqua-regia in a glass beaker. On completion Limit of Detection: The identification limits of various cations in-

of leaching, the solution was separated from the residue and usedcluding Cd* and Ag were determined by spotting different

for gold separation. amounts of cationic solutions on the TLC plates. The plates were
(c) Preparation of Synthetic Alloy and Ores: For the synthesis developed in M, (9:1) and the spots were detected as described
of gun metal (90% Cu + 10% Sn), 9 mL of 1% Cussolution was above. The method was repeated with successive lowering of the
added into 1 mL of 1% aqueous Sn@ HO soltion and for the amount of cation until spots could no longer be detected. The mini-

synthesis of ornamental silver (80% Ag + 20% Cu), 8 mL of 1% mum amount of cation that could be detected was taken as the limit

aqueous AgN®© solution was added into 2 mL of 1% aqueous of detection.

CuSQ solution. The resultant solutions of synthetic gun metal and Semiquantitative Determination by Spot-Area Measurement:

ornamental silver were transparent. For semiquantitative determination by spot-area measurement
For the synthesis of copper pyrites (Cukje®.2 mL of 1% method, 1QuL of a series of various standard solutions (0.5-2.0%)

aqueous CuSOsolution was added into 4.8 mL of 1% aqueous of CU, Cd*, Ni* and Cd" were spotted on silica gel layers. The

FeCl solution and for the synthesis of copper glance (CuS), 5 mL plates were developed with iM(9:1). After detection the spots

of 1% CuSQ were taken in two different beakers. About 8 mL of were copied onto tracing paper from the chromatoplates and then

0.5% thioacetamide solution was added in both the beakers, as a rethe area of each spot was calculated.

sult precipitates of CuFe®nd CusS are formed. Precipitates were Quantitative Determination: Spectrophotometry of copper after

dissolved in minimum possible amount/ volume of concentrated TLC separation from gold and silver was carried out as follow:

HNO:. The soltions were heated for complete removal of acid. A sample of copper salt CuSO5 H.O soltion containing

The residues were dissolved in 5 mL of 1 M HCl and 5 mL of dou- 5.08-25.45.g of CU* was treated with 0.1 mL of 0.1% 1-(2-

ble distilled water, respectively. Clear solutions of synthetic ores pyridylazo)-2-naphthol (PAN) in methanol and the volume was

were obtained. made up to 10 mL with demineralized double distilled water. After

Procedure: About 10uL of test soution was applied using a mi- thorough mixing, the solution was left for 10 min for complete

cropipette about 2.0 cm above the lower edge of TLC plates. The color development. The absorption spectra of this solution against
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blank over 400-580 nm gave a maximum absorbance peak at 460 1 mL of slver test solution (1%). The chromatography was
nm (Amay). The color produced with copper was stable and propor- done using 1@.L solution of this mixture for spotting.

tional to copper concentration. The absorbance of developed color (b) One mL of gold solution was added to 1 mL of each SMS,
was measured against the blank at 460 nm using 1 cm cells and a SMSS or SS solution and HCDA solution and dl0 of the

calibration curve was obtained. mixture was used for chromatography and resolved spots of
This spectrophotometric method was used to determine recov- Au*, Cu* and Ad from their mixtures were identified by their
ery of copper after separation from gold and silver as follows. respective Rvalues.
Different volumes (0.01-0.05 mL) of CuSCGh H.O soltion
containing 5.08-25.4hg Cu were spotted orhé TLC plates. Af- RESULTS AND DISCUSSION

ter the spots were completely dried, 0.1 mg of silver salt solution (a) Effect of Concentration and pH of SDS Solution

was spotted on the same spot and the plates were re-dried at room Chromatography of sixteen metal cations was performed us-
temperature. The dried plates were developed in(M1). A pilot ing various mobile phase systems.{M:). The mobility pattern of
plate was also run simultaneously to locate the position of copper. metal cations was found to depend on the composition of mobile
After development, the region containing the copper spot on the pi- phase. Results obtained with diffateconcentrations of unbuffered
lot plates were detected, the corresponding region on the working aqueous SDS (M andbuffered SDS (Mand M) solutions reveal
plates (undetected spot) was marked and this area of adsorbent washe following trends:

scraped into a clean beaker and the copper was extracted with ap-(i) Metal ions such as Al, Ti*, VO*, Fe*, Cu«*, Zn*, P, Bi*

proximately 15 mL of 1.0 M aqueous HCI, and followed by wash- and UQ* show either no mobility (R=0.0) or very little mo-
ing of the adsorbent to ensure complete removal of copper. The fil- bility (RF ~0.05) at all concentration levels as well as over en-
trate was kept on water bath for complete removal of HCI and the tire pH range of SDS solutions. A slightly higher mobilitysR
residue so obtained was dissolved in demineralized double distilled =0.30) in the case of Zhwas observed when 1.44% SDS so-
water and followed by addition of 0.1 mL of chromogenic reagent lution (pH 2.3) was used as mobile phase.
solution (0.1% PAN in methanol) and the total volume in each case (i) Ni*, Ca” and TI produce badly tailed spots (RRt > 0.30)
was maintained to 10 mL using demineralized double distilled almost with all the mobile phases (MV5) used vith the ex-
water. The solution was left for complete color development for 10 ception of 0.3% SDS (pH 2.3). Compared to buffered SDS so-
min. The absorbance spectra of thidution was measured against lutions M, higher mobility for these cations @Rof Ni** or
blank at 460 nm using 1 cm cells and a recovery curve was con- Co* =0.85 and Tl = 0.34) was observed with 0.3% SDS so-
structed. The copper was spectrophotometrically determined after lution (pH 2.3).
its separation from other samplegdid in the percentage recovery, (i) Au® as well-formed spot, always migrates near to solvent
% error andrelative standard deviation (RSD) were calculated, us- front (Rr ~0.90) regardless the concentration or pH of SDS
ing the formulae: solution and hence it can be selectively separated from binary
mixtures containing other metal ions.
(@) Percentage recovery = (iv) The mobility of certain metal cations (Euzn*, Ag’, Bi* and
100-Amount recovered-Amount loaded, AI*) was found to increase marginally on substitution of
Amount loaded 0.03% or 0.144% buffered SDS (pH 2.3) with 0.3% or 1.44%
(b) Relative standard deviation (RSD) = SDS (pH 2.3).
é, where S is andard deviation and (v) The development time for 10 cm ascent was typically short i.
X X is mean of measurements. e. 10-12 min for all mobile phase systems used.
The R data of metal ions obtained with buffered SDS (pH
Application 2.3) at different concentrations ¢Mlevels are compared and pre-

Chromatography of Unspiked Materials: Chromatography of sented in Figure 1. It is clear from this figure that the mobility of
unspiked dental amalgam and printed circuit board was done using metal ions is slightly influenced by the concentration of SDS in the
My, (9:1) as mobile phase and the spots of Adg™, Zn**, Cu* and mobile phase.

Au* were detected and the-Ralue of each cation was determined. Keeping all the necessary conditions of being selected as bet-
Chromatography of Spiked Materials: The spiked samples of ter mobile phase e.g. compactness of spot and mobility of metal
PCB, dental amalgam, silver mirror scrap, silver mirror spent solu- cations, M (0.3% buffered SDS, pH 2.3) was selected for further
tions, and sterling silver were prepared as follows: study.

(@) One mL of GPCBY/ electroplating gold waste was mixed with
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-O-1.44% SDS (pH 2.3) -[1-0.3% SDS (pH 2.3)  -O-0.144% SDS (pH 2.3)  -A-0.03% SDS (pH 2.3)
1 -
0.8 A
0.6 -
£ 04
0.2

0 i\: 73
Al Ti VO Fe Co Ni Cu Zn Ag Cd Au Hg TI Pb Bi UO
Metal Ions
Figure 1. Effect of SDS concentration at fixed pH on the mobility of metal cations
(b) Effect of Added Urea and Thiourea (iii) The mobility of AlI* was found to decrease with the increase

The effect of addition of organic non—electrolytes (e.g. urea
and thiourea) at different concentration levels in (@.3% SDS,
pH 2.3) on the mobility of metal cations was examined as de-
scribed h Tables land 2 On the basis of Rvalues obtained with
the resultant mobile phase systems{M.,), the mobility trends of
metal cations are summarized below:
(i) Metal cations such as Tj VO*, UO}*, Fe*, P and Zri"

in concentration of thiourea (1%-15%) at all volume ratio
with 0.3% SDS [Figure 2 (a)]. Conversely the mobility of Al
increases with the increase in concentration of urea (5-15%).
However, its mobility decreases with the increase in volume
ratio of urea in 0.3% SDS [Figure 2 (b)]. With 1% urea’Al
shows very little mobility (R = 0.05) at all volume ratio of
urea and SDS.

show little mobility (R ~0.08), whereas Atishows high mo- (iv) The mobility of Hg* was found to increase as the concentra-

bility (Rr ~0.90) at all concentrations of urea and thiourea.

(i) Ni*, Co”, Cd*, Hg", TI" and Bi" show tailed spots in the
presence of urea, whereas in thiourea onl§/,Nec™ and Tf
show tailed spots at all concentration levels. (V)

tion of thiourea increases in 0.3% SDS whereas a reversal
trend i.e. decrease in the mobility with increase in concentra-
tion of thiourea was observed in the case of'Cd

The mobility of Cid" was found to increase with the increase

Table 1. Mobility trends of metal ions on silica gel ‘G’ developedtiv0.3% SDS (pH 2.3) plus different concentrations of urea

Metal ions 0.3% SDS + 1% urea 0.3% SDS + 5% urea 0.3% SDS + 10% urea 0.3% SDS + 15% urea
9:1 1:9 11 9:1 1:9 11 9:1 1:9 11 9:1 1:9 11

Al 0.05 0.05 0.05 0.30 0.05 0.20 0.35 0.05 0.30 0.38 0.05 0.30
Co* 0.75T 050T 065T| 065T 060T 065T 060T 070T 060T 025T O0.75T O055T
Ni* 0.75T 050T 065T| 065T 060T O065T 060T 065T 060T 029T 0.75T O055T
cu 0.49 0.00 0.19 0.40 0.14 0.35 0.40 0.17T 0.20 0.25 0.20T 0.20
Ag’ 0.33T 0.15 0.23T| 030T 028T 028T 030T 033T 03T 025T 035T 030T
Cd 045T 027T 032T| 045T 0.67T 0.63T 0.45 0.79 0.75 0.23 0.84 0.75
AU 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Hg™ 050T 050T 050T| O070T O0.75T 0.70T 0.70T 0.80 0.73T 0.70T 0.85 0.75
T 040T 025T 027T| 035T 0257 030T 035T 028T 033T 028T 031T 033T
Bi* 0.20T 0.15 0.16T| 020T 030T 0.20T 020T 030T 0.27T 0.14 0.29T 0.28T

Ti*, VO*, Fe*, UOZ", Zn** and PI* show little mobility R ~0.08.
T = Tailed Spot (R-R>0.30)
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Table 2. Mobility trends of metal ions on silica gel ‘G’ developed wiitB% SDS (pH 2.3) plus different concentrations of thiourea

Metal ions 0.3% SDS + 1% thiourea 0.3% SDS + 5% thiourea 0.3% SDS + 10% thiourea 0.3% SDS + 15% thiourea
9:1 1:9 11 9:1 1:9 11 9:1 1:9 11 9:1 1:9 11
Al 0.35 0.05 0.30 0.33 0.05 0.20 0.20 0.05 0.1§ 0.10 0.05 0.08
Co™ 080T 08T 080T| 074T 060T 0657 065T 045T 06T 065T 033T 065T
Ni* 080T 082T 080T| 074T 070T O070T 065T 045T 06T 065T 040T O065T
cu* 0.66 0.85 0.80 0.68 0.85 0.83 0.75 0.86 0.83 0.89 0.87 0.87
Ag’ 0.15 0.56, 0.32, 0.39, 0.77 0.73 0.80 0.78 0.78 0.83 0.83 0.83

0.0* 0.0* 0.0*
Cd" 0.54 0.44 0.47 0.56 0.47 0.51 0.60 050T 052T 060T 071T 061T
Au®* 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

Hg* 0.33T 057 0.47 0.58 0.64 0.62 0.65 0.71 0.69 0.65T 0.85 0.82T
T 020T 020T 017T| 022T 020T 020T 025T 020T 022T 025T 020T 0.23T
Bi* 0.07 0.10 0.10 0.15 0.10 0.14 0.15 0.10 0.15 020T 0.14 0.18T

T = Tailed Spot (R-Rt> 0.30); *Double Spot; T, VO*, Fe*, UOZ*, Zn** and PK* show little mobility R ~0.08

—— M8 B M9 —a— M10 —<— MIl11 —¢—M4 ® M5 4 M6 < M7
0.4 - 0.4
0.3 - 0.3
& 0.2 1 & 0.2 1
0.1 - 0.1
0 0
10 50 90 10 50 90
Volume of Added Thiourea Volume of Added urea
(@) (b)
—6— M12 B MI13 —4&— Ml4 —<— MI15 —&—Ml6 —®—-M17 —A— MI8
0.6 0.3
0.5 -
0.4 0.2
CE 0.3 é
0.2 - 0.1
0.1 -
0 0
10 50 90 10 50 90
Volume of Added NaNO; Volume of Added NaCl
(© ()

Figure 2. Plot of Re of Al** Vs volume of added thiourea (a), urea (b), Nak&) and NacCl (d) in M (0.3% aqueous SDS in pH 2.3).
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—¢—M8 ®-M9 4+ MI10 < Mll

1 -
0.8 %
0.6
=~
0.4
0.2
0
10 50 90
Volume of Added Thiourea
(a)
——M4 B M5 4 M6 < M7

0.6
0.5
0.4
& 0.3 -
0.2
0.1

0 »

10 50 90

Volume of Added Urea
(b)

Figure 3. Plot of R= of Cu** Vs volume of added thiourea (a), urea
(b) in M2 (0.3% aqueous SDS in pH 2.3)

in concentration of thiourea at all volume ratio with 0.3% SDS
[Figure 3 (a)]. However, the mobility of Clincreases with
the increase in concentration of urea (1-15%), though its mo-
bility decreases with the increase in volume ratio of urea at its
particular concentration in 0.3% SDS [Figure 3 (b)].

(vi) Ag® forms double spots at certain concentration of thiourea
(2-10 g/L) in the mobile phase. The lower spot appearing near
the point of application (R=0.04) may be attributed to silver
thiosulfate (AgS:0s) which being sparingly soluble shows lit-
tle mobility. The upper spot is probably due to the formation
of [Ag (S:05)] ¥, and its mobility increases with the increase
in concentration (2-10 g/L) of thiourea in the mobile phase.
Being negatively charged species, it is not exchanged with
silanol group of silica gel and hence move with the mobile
phase giving higher mobility. At very low concentration
of thiourea (1 g/L), only single spot is formed which remain
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y

A

B C D

Figure 4. Detected spots of Agon silica gel ‘G’ plates developed

with following mobile phases:

A: 0.1% (1.0 g/L) aqueous thiourea plus 0.3% aqueous
SDS (pH 2.3)

B: 0.2% (2.0 g/L) aqueous thiourea plus 0.3% aqueous
SDS (pH 2.3)

C: 1.0% (10 g/L) aqueous thiourea plus 0.3% aqueous
SDS (pH 2.3)

D: 1.2% (12 g/L) aqueous thiourea plus 0.3% aqueous
SDS (pH 2.3)

near the point of application. Conversely, at much higher con-

centration of thiourea (12-135 g/L), the single spot produced

by Ag” appeared near the solvent front=(R0.83). The posi-
tions of spots appeared on chromatoplates are depicted in Fig-

ure 4.

Thus, the higher concentration of thiourea in mobile phase is
favorable for the formation of [Ag (8:).] * complex and checks
the formation of AgS:0:. Interestingly, badly tailed spots (R=
0.33T) for Ad were observed at concentration levels (1-15%) of
urea containing mobile phase (MV-). It is probably due to the
fact that Ag has relatively lower affinity towards oxygen donors
(e.g urea) compared to sulphur donors (e.g thiourea). The forma-
tion of thio—complexes such as #&0O;, sparhgly soluble and [Ag
(S05);] ¥, soluble in water have been reported to be quite stable
[271.

(c) Effect of Added NaNQ; and NaCl

The effect of inorganic electrolyte additives (NaN@nd
NaCl) on the mobility of metal cations was examined at their dif-
ferent concentration levels in 0.3% SDS (pH 2.3). The results are
summarized in Tables 3 and 4. From these data following trends
are noticeable.

(i) Metal cations such as Tj VO*, F€*, Cu*, UOS", Bi* and PB'
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Table 3. Mobility trends of metal ions on silica gel ‘G’ developedtiw0.3% SDS (pH 2.3) plus different concentrations of NaNO

Metal ions 0.3% SDS + 1% NaNO 0.3% SDS + 5% NaN© 0.3% SDS + 10% NaN©O 0.3% SDS + 15% NaNO
9:1 1:9 11 9:1 1:9 11 9:1 1:9 11 9:1 1:9 11
Al 0.22 0.05 0.10 0.35 0.05 0.20 0.40 0.15 0.25 0.55 0.15 040T
Co™ 0.70T 0.70T 060T| 070T O070T O060T 0.87 080T 0.82T 0.85 080T 0.83T
Ni** 0.60T 050T 060T| 070T O050T O060T 0.85 0.70T 080T 0.85 080T 0.83T
n* 0.14 0.25T 0.20T| 0.15 0.26T 020T 025T 030T 027T 0.82T 034T 030T
Ag’ 0.26T 0.25 0.26T| 034T 030T 0.32 0.37T 0.35 0.37T 040T 038T 040T
Cd* 0.83 0.69 0.73 0.90 0.83 0.85 0.90 0.86 0.87 0.90 0.85 0.87
Au* 0.85 0.80 0.90 0.88 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Hg™ 0.70T 0.70T 070T| 080T 080T 080T 0.85 0.86 0.85 0.85 0.85 0.85
TI* 0.36T 035T 0.30T| 047 064T 048T 0.66 0.68T 0.67T 0.65 0.70T 0.70T

Ti*, VO*, Fe*, UOs*, Bi* and PE* show little mobility R ~0.07.
T = Tailed Spot (R-Rt>0.30)

Table 4. Mobility trends of metal ions on silica gel ‘G’ developed wiitB% SDS (pH 2.3) plus different concentrations of NaCl

ticular concentration in 0.3% SDS [Figures 2 (c) and (d)].
Like Al*, Zn** and C4" show the same trend in presence of
NacCl.

(iv) Au®* shows a constant and highsR 0.90) mobility, whereas

0o -

Metal ion 0.3% SDS + 1% NaCl 0.3% SDS + 99aCl 0.3% SDS + 10% NaCl 0.3% SDS + 15% NaCl
9:1 1:9 1:1 9:1 19 1:1 9:1 1:9 11 9:1 11

Al* 0.05 0.05 0.05 0.10 0.05 0.07 0.20T 0.05 0.10 0.31 0.23
Ti* 0.00 0.35T 0.35T| 0.00 040T 040T 0.05 040T 040T 0.05 040T
Co* 0.15 0.75T 040T| 040T 0.8 0.60T 040T 0.89 0.70T 080T 0.84T
Ni* 0.25T 050T 050T| 060T O050T 055T 078T 078T 0.70T 080T 080T
cu 0.21 0.00 0.10 0.28 0.10 0.12 0.30T 0.13 0.12 0.30T 0.13
zn** 0.25 0.20 0.22 0.30 0.25 0.30 0.41 0.30 0.30 0.43 0.38
Cd 0.30T 080T 055T| 050T 0.89 080T 070T 0.90 0.90 0.89 0.89
Au* 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Hg™ 0.50T 0.70T 060T| 0.60T 0.8 0.70T 070T 0.85 080T 0.86 0.85
TI" 0.20T 027T 025T| 033T 035T 030T 040T 040T 040T 0.62T 043T
Bi** 0.10 0.20T 0.20T| 0.a7T 025T 0257 020T 040T 030T 0.23T 0.45

Fe*, UOs", Pb™, Ag" and VO™ show little mobility R ~0.06.

T = Tailed Spot (R-R>0.30)
show little mobility (R= ~ 0.07) in presence of NaN@s ad- Rr value of Cd’ fluctuates within the rangesR= 0.70-0.90 at
ditive in 0.3% SDS (M—M:s). all concentrations of NaNO

(i) Mobility of Ag *, Ni**, Co™, Hg”*, Zn** and TI was found to in- (v) The mobility of Ti", Co”, Ni*", Cd", Hg”*, TI" and Bf" was
crease with the increase of Nah@oncentration levels. The found to increase with the increase in NaCl concentration
increase in mobility is associated with the formation of tailed along with the formation of tailed spot, while NiTI* and Bf*
spot. produce tailed spots at all concentration levels?tdgd C3*
(i) The mobility of AlI*" increases with the increase in concentra- show tailed spots at low volume ratio of NaCl.*Tand Cd"

tion of NaNQ and NacCl, although its mobility decreases with produce tailed spots at 1-5% NaCl in 0.3% SDS.
the increase in volume ratio of NaN@nd NaCl at their par- (vi) In the presence of NaCl, UQ PI*, Ag’, VO* and Fé" show

little mobility (Rr ~ 0.06).
On the basis of above studies, a TLC system comprising of

silica gel as stationary phase and 0.3% buffered SDS (pH 2.3) plus

5% NaCl in 9:1 ratio by volume as mobile phase was selected for
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[ e

O Au3+

Figure 5. Separation pattern of coexisting AuCu™" and Ag with

0.3% SDS (pH 2.3) + 5% NaCl (9:1)

Table 5. Effect of inorganic and organic impurities on the sepa-
ration of co—existing Ati, Cu*, and Ag on silica gel
‘G’ layers developed with 0.3% SDS (pH 2.3) + 5%

NacCl (9:1)
1% aqueous solution of different impurities Separation) (R
Au* cu* Ag'

NO. 0.90 0.22 0.03
Br- 0.89 0.17 0.00
105 0.90 0.22 0.00
SCN-~ 0.90 0.17 0.00
PG> 0.90 0.20 0.00
o-Nitrophenol 0.88 0.13 0.02
m-Nitrophenol 0.90 0.21 0.02
p—Nitrophenol 0.90 0.19 0.02
o-Aminophenol 0.89 0.14 0.03
m-Aminophenol 0.90 0.55 0.05
p—Aminophenol 0.90 0.22 0.02
Methylamine 0.89 0.17 0.00
Dimethylamine 0.89 0.13 0.00
Trimethylamine 0.90 0.25 0.00
o-Chloroaniline 0.90 0.22 0.02
m-Chloroaniline 0.90 0.23 0.02
p—Chloroaniline 0.90 0.21 0.02
Brij-35 0.90 0.21 0.03
Triton X-100 0.90 0.22 0.02
CTAB 0.88 0.14 0.00
AOT 0.88 0.13 0.03
10% Aqueous CTAB 0.88 0.12 0.00
0.1% Aqueous AOT 0.90 0.17 0.03

*Rr values of Ad', Cu” and Ag in the absence of ipurities are 0.90,

0.28 and 0.03, respectively.
T = Tailed Spot (R-Rr>0.3)

0o -
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detailed studies. This TLC system was found most favorable for
analytically important separatiorf gold, copper and silver (Figure
5). These metals known as ‘coinage metals’, have been used for
production of coins. Copper with gold and silver causes hardness
and hence used for jewellary.

From the data listed in Table 5, it is evident that thevRlue
of CU is decreased considerably in the presence of certain impuri-
ties. However, the Rof Ag® and Au* remained almost unchanged.
Although the separation of AgAu* and Cd' from their mixture is
possible in the presence of most of the impurities but the separation
efficiency is adversely affected by the presence-afitrophenol,o
—aminophenol, methylamine and dimethylamine. These com-
pounds were found responsible to bring thé'Gpot very close to
the spot of Ag and hence the separation of‘Ciiom Ag* was very
poor. In the case of surfactants as impurities, simultaneous separa-
tion of Au*, Cu* and Ag is possible up to (10% CTAB) 1 mg per
spot of cationic surfactant (CTAB) but in the presence of anionic
surfactant (AOT) it is possible only up to 0.01 mg per spot (0.1%)
as impurities.

The lowest possible detectable microgram amounts along with
dilution limits of some heavy metal cations (given in parenthesis)
obtained on silica gel layer with appropriate detectors weré Fe

6.0 4

Spot Area (cm?)

100
Amount Loaded (g g of Co™)

150 200

1.5+

Spot Area (cm2)

0 \ \ \ \

0 5 10 15 20

Amount Loaded ( g of Cu*)

Figure 6. Calibtation curves for semiquantitative determination of
Co™* and Cd'
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(0.125, 1: 8 x 10; Cu* (0.25, 1: 4 x 10; Ag” (8.0, 1: 1.2 x 19);
Ni?* (0.1, 1:1 x 16) and C4' (0.1, 1: 1 x 10). The present method 0.08
is superior being more sensiéithan reported methods [28, 29].

An attempt has been made for semiquantitative determination

orbance

of metal cations by spot-area measurement method. The spots ob-

tained were copied on tracing paper from the chromatoplates and § 0.04 |

the spot—-area was measured. A relationship between the spot-area
and microgram quantities of metal cations follows the equdtien
. . . 0.02
km, whereC is the spot area, m is the spotted amount and k is con-
stant. Representative plots of Cand C4" are shown in Figure 6.

A linear relationship was obtained for NiCg*, C#* and Cd’ 0 ; ; ; ; ; \
0 5 10 15 20 25 30

Amount loaded ( ug of Cu*)

when the area of spot was plotted against the amount of the sample

spotted. At higher concentration, a negative deviation from linear

law in all cases was observed. The accuracy and precision were be- Figure 7. Calibration curve for quantitative determination of‘Cu

low +15%.

Quantitative Studies the recovery (Figure 7) of Cufrom synthetic alloy and ore sam-
CU (up to 25.4519) was spectrophotometrically determined  ples. It was observed that copper up to 97% can be recovered. The

using 0.1% PAN as chromogenic reagent. Optical densities were RSD remained below 3.16 and percent error was not more than

measured at 460 nm and plotted againgtamounts of Cét to ob- 18.35 as listed in Table 6.

tained the standard calibration curve. This curve was used to study Application

Table 6. Spectrophotometric determination of Cafter its separation from Agnd Ad"*

Amount loaded  Amount recovered Relative standard
Samples % Error Percentage recovery L
(u9) (ng) deviation (pph)
Gun metal 22.86 22.26 2.62 97.37 1.75
Ornamental silver 5.08 4.65 8.46 91.53 3.16
Copper sulfide (CuS) 25.45 23.45 7.85 92.14 2.56
Copper pyrites (CuFep 5.08 4.14 18.35 81.49 2.78

Table 7. Experimentally achieved separations on silica'Geélayers developed with different mobile phases

Mobile phases SeparationsqR
1.44% SDS (pH 2.3) C0(0.88), Ni* (0.85), A" (0.90) — AF* (0.12), F& (0.05), Hg", VO?, Ti**, UOZ or PE* (0.00)
0.3% SDS (pH 2.3) C6(0.89), NF* (0.87) — AF* (0.11)

Co” (0.89), Ni* (0.87) — Cd' (0.14)

Au* (0.90) — Ag (0.12)

Au* (0.90) - C’ (0.15)

Ni# (0.87) - Cd' (0.39) - VG, Ti**, UOZ, F&" or PE* (0.00)

0.3% SDS (pH 2.3) + 1% urea (9:1) 210.91) - Cd' (0.47) - VO', UOZ* (0.00)
Au* (0.91) - Cd' (0.49) - Ti"* (0.06)
0.3% SDS (pH 2.3) + 5% urea (9:1) %{0.90) - Cd" (0.42) - Ti* (0.07)
0.3% SDS (pH 2.3) + 1% thiourea (9:1) #4{0.89) — Cd" (0.52) - Ti", P5* or F€* (0.05)
AU* (0.90) - AF* (0.32) - VG or UOZ* (0.00)
0.3% SDS (pH 2.3) + 5% NaCl (9:1)  AY(0.90) - Cd' (0.32) - Ag (0.02)
Au* (0.92) - Cd (0.30) - PB', VO* or UG (0.05)
Au®* (0.90) — Cd' (0.28) - Ti"(0.00)

¥ The R values of metal ions in their mixtures are slightly changed from their individeatdRies because of mutual interactions.

0o -



Chromatography, Vol.24 No.3 (2003)

Ali Mohammad, Yasir Hamid Sirwal and Sufia Hena

Table 8. Simultaneous separation of co—existing®AC U and Ag from real and spiked samples on silica layers developed witi{vI)

Real samples (unspiked) Separation)(R

Spiked samples SeparationdR

Ccuw Ag

AU 3+

High—copper dental amalgam (HCDA)

Printed—circuit board (PCB)

Silver mirror scrap (SMS)

Silver mirror spent solution (SMSS)
Sterling silver (SS)

Electroplating gold waste

A@.04) - CU* (0.30)
Ag’ (0.04) - Hg* (0.60 T)

¢(0.32) - AU* (0.90)
A(0.03) - Cd' (0.30)
A¢0.03) - C4' (0.30)
Ag(0.02) - Cd' (0.31)
Au(0.89) — Cd' (0.30)

High—copper dental amalgam (HCDA)

Printed-circuit board (PCB)

Silver mirror scrap (SMS)

Silver mirror spent solution (SMSS)
Sterling silver (SS)

Electroplating gold waste

0.90 0.32 0.03

091 0.31 0.04
092 032 0.02
0.90 0.30 0.03
0.90 0.29 0.038
0.92 0.30 0.04

Several important separatiom$ metal cations were experi-

mentally achieved on silica gelylars developed with a variety of
mobile phase systems. These separations have been listed in Table

7. The most favorable TLC system comprising of silica gel as sta- [13]
tionary phase and 0.3% aqueous SDS plus 5% NacCl (9:1) as mo-
bile phase has been tested for identification and separation ‘of Ag [14]
Cu” and Au* from a variety of matrices. The results presented in
Table 8 indicate the versatility of the proposed TLC systems which [15]
has wider applications.
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