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ABSTRACT

A TLC method has been developed for the separation of various metal ions on silica gel layers
with mixed organic solvents containing cationic surfactant BAC. The separation of various metal
ions, under a range of different concentration of various additives was examined. Cd**, Zn*",
Co?*, and Cu*" were successfully separated from binary mixture.
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INTRODUCTION

Thin layer chromatography (TLC) is considered to $igerior to other chromatographic
techniques, because of its simplicity and relayidelv cost. Success in TLC depends to great
extent upon the proper selection of the mobile phdfie separation possibilities in TLC are
greatly enhanced when chromatoplates are develejtbdnixed solvent systems. TLC has been
successfully utilized for various purposes, suchthes separation of metal ions from a water
sample [1], the characterization of the mobility mital [2].The use of aqueous surfactant
solution as a mobile phase in TLC was pioneereArnystrong and Terrill [3]. Using a surfactant
as the mobile phase gained popularity and becanre mwiglely applied due to its operational
simplicity, cost effectiveness, relative non-togicand enhanced separation efficiency [4-8]. The
use of silica gel and an alumina layer with sudatt-mediated mobile phase systems [9-14] has
been used to separate various inorganic specidbe lpresent study a new mobile phase solvent
system was developed, implanting a cationic suafdaet benzalkonium chloride (BAC), when
employed as a mobile phase, BAC may be used taaepaarious metal ions under a range of
different conditions.

We herein describe the continuation of our eanierk on TLC [land2], and discuss our
systematic study of the separation and selectofitynobile phases for different metal ions using
TLC with silica gel ‘G’ in thin layers.
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MATERIALSAND METHODS

Chemicals and Reagents. Silica gel ‘G’ and benzalkonium chloride (BACkve obtained from
Merk, dimethylglyoxime, dithizone, potassium feryanide, carbon tetrachloride, methanol,
ethanol, propanol, butanol, NaCl glacial aceticaand HCI were obtained from SD Fine India.
All other chemicals were of analytical reagent grad

Metal ion Studied: zn**, Cdf*, H", F€*, Ni**, Co*, CU#*, Bi**, U%*, v**, zr**, SB™*, PIF*, Ag',
Th*, Mo®*, As**,and W".

Test Solution: TLC was performed using a standard agueous sol(ti%b)of the chloride, nitrate
or sulphate salts of the metal ions listed.

Detection: Fe*, Cu#*,U%, V', zr**and TH" were detected using 1% aqueous potassium
ferrocyanide; Zfi", Cd*, H*, Bi**, SB™*, PE*, Ag’, Mo®*, As**, and W" using 0.5% dithizone
in carbon tetrachloride; and Nj and C6*using a 1%solution of alcoholic dimethylglyoxime.

Stationary Phase: Silica gel ‘G’ was used as the stationary phase.

Moabile Phase: The various solvent systems that were used as tislanphases are listed in
Table No.1

Table 1: Mobile phase systems

S.No. | Symbol Compositions

Al H1 Pure water mobile phase system
A2 B1 3% aqg. BAC at pH 3.5
B Addition of Alkanols
B.1 M1 3% ag. BAC + Methanol [9:1, V/V], at pH 3|
B.2 M2 3% ag. BAC + Methanol [8:2, V/V], at pH 3|
B.3 M3 3% ag. BAC + Methanol [7:3, V/V], at pH 3|
B.4 M4 3% ag. BAC + Ethanol [9:1, V/V], at pH 3.5
B.5 M5 3% ag. BAC + Ethanol [8:2, V/V], at pH 3.5
B.6 M6 3% ag. BAC + Ethanol [7:3, V/V], at pH 3.5
B.7 M7 3% ag. BAC + Propanol [9:1, V/V], at pH 3.
B.8 M8 3% aqg. BAC + Propanol [8:2, V/V], at pH 3.
B.9 M9 3% ag. BAC + Butanol [9:1, V/V], at pH 3.5
B.10 M10 | 3% ag. BAC + Butanol [8:2, V/V], at pH 3.5
C Addition of Electrolyte
Cc1 M11 | 3% ag. BAC + 1ml Acetic acid at pH3.5
Cc.2 M12 | 3% ag. BAC +3ml Acetic acid at pH3.5
C.3 M13 | 3% ag. BAC + 1gm NaCl at pH 3.5
C4 M14 | 3% ag. BAC + 3gm NaCl at pH 3.5

(&3]

a1

(&3]

OT

aT
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Thin - layer chromatography

A. Preparation of Platess The TLC plates were prepared by mixing silica gath
demineralised water in ratios of 1:2 by weight witbnstant shaking to obtain homogeneous
slurry. The slurry was then immediately appliedhe glass plates using the dipping method. The
plates were allowed to dry overnight at room terapae and were used following day in TLC.

B. Procedure: Test solutions were spotted onto thin- layer pglateith the help of a
micropipette positioned about 1.0 cm above the tazdge of the TLC plates. The spots were air
dried and the plates were then developed with tivengmobile phase using by the one
dimensional ascending technique in glass jars.dBvelopment distance was fixed at 10 cm in all
cases. Following development, the plates were agaidried and the spots of the cations were
visualized as coloring spots using the approprigpeaying reagent. Rvalues were then
calculated.

C. Separation: For the separation, the metal ions to be sepaveteel mixed in equal amounts.
A test solution of the resultant mixture was spbttato the activated TLC plate, and was then air
dried. The plates were developed to a distanceOotrh. The spots were detected and the
separated metal cations were identified by theivétues.

D. Limits of Detection: The limits of detection of the metal cations weketermined by
spotting different amounts of metal ion onto theCTplates, developing the plates using the
method describe above, and then detecting the.spoits method was repeated with a successive
decrease in the amount of metal ion used untilsspetre not detected. The minimum detectable
amount on the TLC plates was taken as the limited&ction.

RESULTSAND DISCUSSION

The results of the study describe herein are sumethin Table2 to 8 and in Figures 1 and 2.
The mobility of 18 metal cations was examined ditaigel layers, using aqueous solutions of
BAC in order to optimize the experimental condisamsed. The effect of addition of methanol,
ethanol, propanol, butanol, acetic acid and NaGkaabus range of concentration on mobility of
metal ion was examined, at pH3.5.

Table 2. Rg values of metal cationsin Purewater and 3% BAC at 3.5pH mobile system

METAL | H1 | B1 METAL | H1 | Bl
CU#* | 0.15T| 0.26 C8 | 0.62T| 0.53
Zn** | 0.27T| 0.26 HE§ | 0.92T| 0.85
PE* 0 0 Ad | 0.53T| 0.09
Fe 0.07 | 0.26 Z¥ 1 0.89T| 0.39
Ni2* 0.52 | 0.58 A 0.35T| 0.38
S | 0.91T| 0.66 cd* | 0.31T| 0.53
As* 087 | O Bi** | 0.62T| 0.52
u*e 015 | 0.3 Vi 0 0
Th* | 013] o Mo®* 0 0

A.l. Purewater mobile phase system and 3% aqg. BAC mobile phase system at pH3.5:
For the study the effect of addition of variousosicls and electrolytes in 3% ag. BAC at pH3.5,
we were taking pure water and 3% aq. BAC at pH3obile phase system from where we get R
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values of metal cations which were used as referércother system. ThesRalues of the metal
cations obtained under these varying concentratomdisted in table 2.

T- Tailed spot
From the data shown in Table 2, following conabasmay be drawn:

1. In pure water mobile system all metal cations gaed spot, whereas in B1 mobile system
metal cations gave compact spot with higher maddlias compared to H1 mobile phase.

2. Ag", Th*" and A" shows little mobilities in H1 but as soon as theere addition of BAC
them mobilities get decreases.

3. W® and MdJ* did not show any mobility in H1 as well as in B1.

A.2.Effect of Addition of Alkanols:

In order to investigate the mobility of the metations on the silica layer by using a mobile phase
system containing 3% aq.BAC and -alcohol (methagtblanol, butanol and propanol) mixture at
pH 3.5 was also used. A better chromatographicopadnce was observed as a result, in terms of
the differential migration of metal ions in theirobile phases over an aqueous mobile phase
system. We used different ratio of concentratioh3% aq. BAC surfactant to alcohols (9:1, 8:2,
7:3) (V/IV) at pH 3.5.

A.2.1 Methanol system [M1-M 3]:

Here we used different ratios of concentration %f &j. BAC to methanol [9:1, 8:2 & 7:3, V/V]
at pH 3.5. The Rvalues of the metal cations obtained under thesging concentrations are
listed in table 3.

Table 3. Rg values of metal cationsin 3% BAC with methanol addition system at 3.5pH

METAL | M1 | M2 | M3 METAL | M1 | M2 | M3
Cw/* | 0.11| 0.11] 0.08 6 |0.33]| 0.3| 0.29
Zzn** 1 0.14| 0.15 0.16 Hg | 0.7 | 0.77| 0.76
P 0 0 0 Ad 0 0 0
Fe | 0.06| 0.06| 0.11 2t |024| 06| 03
Ni** | 0.34| 0.3| 0.22 s 0.28| 0.32| 0.41
SB* | 0.77| 0.79] 0.75 cd |0.23]| 0.27] 0.3
As* 0 0 0 Bi** | 0.33| 0.33] 0.33
u*e 0.1 | 0.08| 0.08 W 0 0 0
Th* 0 0 0 MéS* 0 0 0

From the data shown in Table 3, following conclasiay be drawn:

1. Higher mobilities of SB (Re~ 0.79) and HY (R-~ 0.76),but lower mobilities of Gy zn*,
Fe’* and U* were observed. The same mobilities of CZr?*, U®*, C&*, Hgt* and BF* were
observed for all concentration of methanol. Intatiage mobilities were observed forVand
Zr** were observed.

2. Good separations were observed of-GDc**and Zi*- CE* from their binary mixtures in (at
a ratio of 8:2, 3% BAC: methanol) at pH 3.5.

3. In all the systems (M1-M3), Ph As**, W°*, Mo®*, Ag" and TH* showed no mobility.
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A.2.2.Ethanol system [M4-M6]:

Here we used different ratios of concentration %f &y. BAC to ethanol [9:1, 8:2 & 7:3, V/V] at
pH 3.5. The Rvalues of the metal cations obtained under thasgng concentrations are listed
in table 4.

Table 4. Rr values of metal cationsin 3% BAC with ethanol addition system at3.5pH

METAL | M4 | M5 | M6 METAL | M4 | M5 | M6
Cw#' | 0.15| 0.27] 0.22 Gd | 0.53| 0.36| 0.35
Zn** | 0.22| 0.35] 0.22 Hg | 0.92| 0.94] 0.89
P 0 0 0 Ad 0 0 0
Fe | 0.13| 0.18/ 0.08 2t | 0.31| 0.33 0.41
Ni%* 0.5 | 0.36] 0.35 s 0.22| 0.3| 0.41
SB* | 0.98| 0.88] 0.89 cd | 0.33] 0.24] 0.27
As* 0 0 0 Bi** | 0.35| 0.46/ 0.51
u*e 0.07| 0.1| 0.1 W 0 0 0
Th* 0 0 0 MéS* 0 0 0

From the data shown in Table 4, following conclasisay be drawn:

1. The same mobilities of Gty Zn**, Fe*, H" and Cd* were observed for all concentration of
ethanol. Higher mobilities of Sb(Re ~ 0.98 in 9:1) and Hj (Re ~ 0.92 in 9:1 and 0.94 in 8:2)

were observed.

2. For some metal ions such as,?Cazr**, V°>* and BF*, mobility increases with increasing
concentration of ethanol in ag. 3% BAC at pH 3.5.

3. Cd** and SB*, mobility decreased with increasing concentratibrethanol in aq. 3% BAC at

pH 3.5.

A.2.3.Propanol system [M7-M §]:

Here we used different ratios of concentratio®%f ag. BAC to propanol [9:1 & 8:2 V/V] at pH
3.5. The R values of the metal cations obtained under thasging concentrations are listed in
table 5.

Table 5. Rr values of metal cationsin 3% BAC with propanol addition system at 3.5pH

METAL | M7 | M8 METAL | M7 | M8
Cw¥t | 0.22| 0.48 C8 | 0.71| 0.75
Zzn* | 0.33| 0.57 HE 09 | 0.88
P 0 0 Ad 0 0
Fe | 0.07| 0.07 Z¥ | 0.15| 0.34
Ni** | 0.69| 0.6 A 0.15| 0.23
skt | 0.61| 0.4 cd* | 0.86| 0.87
As* 0 0 Bi** | 0.42| 0.45
u*e 0.11| 0.16 w 0 0
Th* 0 0 MdJ* 0 0
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From the data shown in Table 5, following conclasiay be drawn:

1. For some metal ions such as,?Gwr’*, zr**, v°* and Bf* mobilities increased with the
increasing concentration of propanol in 3% aq. BR@EH3.5.

2. Higher mobility of Cd*( Re = 0.86 in M7 and R= 0.87 in M8); H§" (Re ~ 0.9 in M7 and R

~ 0.88 in M8) were obtained. Mid mobilities of Ni(R: ~ 0.69 and 0.6 in M7 and in M8 resp.)
were observed.

3. Middle mobilities were obtained in Niin both M7 and M8.

A.2.3.Butanol system [M 9-M 10]:

Here we used different ratios of concentration @f &y. BAC to butanol [9:1 & 8:2 V/V] at pH
3.5. The R values of the metal cations obtained under thasging concentrations are listed in
table 6.

Table 6. Rr values of metal cationsin 3% BAC with butanol addition system at 3.5pH

METAL | M7 | M8 METAL | M7 | M8
cw#* |0.11] 0.28 cot |0.41] 0.25
zn®* [0.17] 0.14 Hg* |0.86] 0.9
P | O 0 Ag- |0 0
Fe' | 0.05] 0.14 z* | 0.22] 058
Ni2* | 0.38] 0.25 Vo 0.32] 05
st [ 0.35] 0.5 cd?* [0.24] 0.31
As®* |0 0 Bi3* |0.4 | 0.66
u*e 0.08| 0.24 Wl 0
Th4+ 0 0 l\/|06+ 0 0

From the data shown in Table 6, following conclasiay be drawn:

1. Maximum time required for separation of all metafiens as compared to other mobile phase
system.

2. Increasing mobility were observed in Ture™, zr**, v+ sB*, U, v°*, Cof* and BE* with
increasing concentration of butanol..

3. No mobility were observed in case of’PbAs**, W°*, Mo®*, Ag" and TH" in all alcohol
added mobile phase system.

From all Table 2-6 it was seen that, there wereeg®rirend of decreasing mobilities in some

metal ions in alcohol concentration. The retentisechanism is connected with the adsorption of
surfactant on the surface of the stationary phAsdong as the surface of the silica gel layer is
saturated by the adsorbed surfactant that is @wereno free silanol groups on the layer for the
interaction, metal ions move faster showing highvBlue. The addition of alcohol to the mobile

phase leads to the reduction in the adsorbed anuisurfactant on the stationary phase which
causes an increasing in retention of solute andgshan selectivity. Thus in presence of alcohol
the silica layers are not completely saturated tiyoebed surfactant and there are free silanol
groups, the interaction between them and the noetadns affects the retention pattern. In these
cases the nature and the polarity of alcohol prayrgortant role in the separation.

A.3.Effect of Addition of Electrolyte:

In order to investigate the mobility of the metations on the silica layer by using a mobile phase
system containing BAC, a-water and —a weak andgtadectrolyte (acetic acid and NaCl resp.)
mixture at pH 3.5 was also used. A better chronragggc performance was observed as a result,
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in terms of the differential migration of metal ®m their mobile phases over an aqueous mobile
phase system. We used different of concentratibredeatrolytes in a 3% aq. BAC surfactant at
pH 3.5.

A.3.1. Weak Electrolyte Acetic acid addition system [M11-M 12]:

The effect of the addition of acetic acid to a 3°%A@ mobile system at pH 3.5 was also
investigated in the current study. The separatibivasious metal cations was carried out at
various concentrations in 3% BAC at pH3.5, speailjc 1ml and 3ml acetic acid in 100ml of 3%
BAC at pH 3.5 (M11-M12). The Rvalues for the various metal cations are liste@lahle 7.

Table 7. Rg values of metal cationsin 3% BAC with acetic acid addition system at 3.5pH

METAL | M11 | M12 METAL | M11 | M12
C/* | 0.86| 0.92 Co | 0.86]| 0.92
Zn* | 0.86| 0.86 H§ | 0.97| 0.95
PE* 0 0 Ad 0 0
Fe 0.19| 0.28 yad 0.22| 0.22
Ni?* 0.86| 0.92 v 03| 03
Sp* 0.6 | 0.69 cd* | 0.87| 0.88
As* 0 0 Bi** | 0.66| 0.65
u*e 0.51| 0.59 w 0 0
Th* 0 0 MdJ* 0 0

From the data shown in Table 7 the following cosidns may be drawn:

1. Very good results were obtained for the mobile phalsacetic acid in 3% BAC compared
with that of pure water.

2. Higher mobilities were obtained for the €uzr®*, Ni?*, C&*, Hg?*, Cd*, Bi**, U*" and SB'
metal cations for the mobile phase of acetic acid.

3. For some metal cations, such a$'Cdn’*, Fe*, Ni**, SB*, U®* and C8*, mobility increased
with the increasing concentration of acetic aci®% BAC at pH 3.5.Higher mobilities of &l
Zn**, Fe*, Ni**, Sb*, U, Co* and Cd" were observed in M11 and M12 compared to a mobile
system of pure water; whereas a lower mobility of' Zvas detected in M11 and M12 as
compared to that found for a mobile phase of puatew The results were obtained relatively
quickly.

4. The mobilities of the metals Nj SB*, HF*, CF* and Bf*, remained the same in both the
mobile phases of acetic acid and pure water.

A.3.2. Strong Electrolyte NaCl addition system [M 13-M 14]:

The effect of the addition of NaCl to a 3% BAC nlelsystem at pH 3.5 was also investigated in
the current study. The separation of various mefaions was carried out at various
concentrations in 3% BAC at pH3.5, specificallyniignd 3gm NaCl in 100ml of 3% BAC at pH
3.5 (M13-M14). The Rvalues for the various metal cations are listedable 8.

From the data shown in Table 8 the following cosidns may be drawn:

1. Cd* and H§" show maximum mobility in M14 mobile phase.

2. For some metal cations such asC®E", Fe*, Ni**, S, U**, Cc*, V°* nearly same
mobility obtained in all NaCl added mobile phasstegns.

3.  As¥ Th*, Ag", W and M&"* did not show any mobility in all NaCl added mohjlease
systems.
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Table 8. Rg values of metal cationsin 3% BAC with NaCl addition system at 3.5pH

METAL | M13 | M14 | | METAL | M13 | M14
c#* | 0.12| 0.11 co 0.8 | 0.83
Zn** | 0.14| 0.05 H§ | 094 094
Pt | 0.01| 0.01 Af 0 0
Fe** 0.12| 0.12 yad 0.37| 0.23
Ni?* 0.8 | 0.83 \al 0.35| 0.31
Sp* 0.6 | 0.66 cd* | 0.72| 0.93
As* 0 0 Bi** | 0.51| 0.46
u*e 0.05| 0.01 w 0 0
Th* 0 0 MdJ* 0 0

From all Table 7-8 it was seen that, in all aceiid added mobile phase system, all metal
cations shows good mobilities and compact spote wbtained as compared to strong electrolyte
like NaCl added system. Some metal cations lik&"Cn**and U* shows decreasing mobilities
as soon there was addition of NaCl in 3% ag. BA@G.&pH.From these result it is clear that
instead of strong electrolyte like NaCl, weak elelgte like acetic acid is best additives in 3% agq.
BAC mobile phase for separation of metal cations.

A. Binary mixture separations:

From all above conclusions, by using some mobilesphve were able to separate metal cations
from there binary mixtures, in this section we wetlkeen two binary mixtures that is €d zn**

and C&" - CU*. Mobile systems M1,M2, M6 and M12 used for separabf this binary
mixtures.

09

038 »
08 o 07 ./\

0.7 / oc v

06

s / - Q5
9 4/ : ——Co
504 ——Cd 8 o

Cu

w 0.3 = - e 0.3
02 —* 0.2
C.1 0.1
] @ T T T 1
M1 M2 M6 M12 M1 M2 M6 M12
Mobile Phase Mbile Phase

@ 2

Fig. (1) and (2) Separation of cationsfrom therebinary mixtures

From Fig. 1 and 2 it was clear that by using 3% B&(H 3.5 with various additives we were
able to separate various metal cations from thera ¥ mixtures.
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Applications

The proposed method was applied for identificatbrvarious heavy metal cations in industrial
waste water, river and sea water samples as wel aeetal sulphides ores after separation on
silica layer. The result shown in Fig. 10 and 1dady demonstrated that €dzn**, C#* and
CU** can be separated on silica gel TLC plates develagé M1, M2, M6 and M12.
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