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2-Mereaptobenzothiazole was used as a ighly selective and elficient carmer for the uphill transport ot silver
1on through a chloroform bulk liquid membrane. In the presence of thiosulfate 1on as a suitable metal 10on
aceeptor n the reeeiving phase. the amount of silver transported across the liquid membrane atter 180 min was
90 £ 3.0%. The sclectivity and efficieney of silverion transported [Tom aqueous solutions containng cquimolar

mixtures of Zn™". Cu™, Co™ Ni**. Cd*", Pb™, ™, Fe™, Fe™* Pd™™ Mn™" Hg™, Sn™". Ca™ Mg~ K* Nu™ and
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17 were mvestigated.
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Introduction

A preat deal of rescarch work on ion (ransport published in
last three decades'™ testifics to the increasing interest
existing among chemists. chemical engineers and biologists
in understanding the transport processes occurting across the
natural and artificial mcmbrancs,

Chemists and chemical engincers would like (o understand
the mechanism of (ransport so that with the knowledge
oblaincd they would be able (o fabricalc membrancs of
desired propertics. Biologists. however. would like 0 use
these systems as simple models for the physiological
membrancs in order (0 understand the complex behavior of
cell membranes in (erms of cstablished physicochemical
principles.

The separation of chemical specics [rom a complex mixture
is oflcn an imporant process in industry and chemical
analysis. Liquid-membrane (ransport in which the extraction
and slripping operalions arc combined in a single process
reduces the solvent inventory requitement. and also allows
the usc of cxpensive and highlv sclective extractions. which
othcnwise would be uncconomic in solvent extractants. For
these rcasons. liquid-membrance  (ranspott has  atiracted
worldwide atiention. and much work has been directed
toward dcveloping mcthods for its application to the
scparation of various mcial ions scparations.”"* and to a
lesser degree scparation of organic substances.'“!”

Low-level exposure (o silver compounds is widespread
owing (o the usc of soluble silver compounds o disinfect
walter for drinking and recreation purposes. It is suggested ™
that silver might posc a potential risk as watcr pollutant
because of (he lack of recveling of mixed silver. Silver also
enters the environment (hrough industrial wastes because it
often exists as an impurity in Zn, Cu. As. and Sb orcs.

It is well known that sulfur ligands coordinate with
transition mctal cations as exclusive donor atoms. In this
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respect. macrocycelic and nongyclic thio compounds have
altracted widespread attention owing (o the unique proper-
tics of these compounds.™ Tn aqucous solution. little or no
reaction occurs between the sullur-containing ligands and
cither alkali or alkaline carth metal ions. but the stability of
the complexes with Hg™ and Ag™ arc enhanced markedly, ™
Therelore. we were prompied o imvestigate the behavior of
2-mercaptobenzothiazole.

2-Mcrcaplobenzothiazole reacts with a wide varicty of soft
metal ions to form y¢llow to yellow-orange insoluble com-
plexes and has been used as a gravimetric reagent and as an
extraction photomctric reagent for some metal jons.”™ Tt
has been used in scparation and preconcentration of mctal
jons. ™" and as carricr in construction of jon sclective
clectrode.™

In this paper. we describe a highly cfficient and sclective
method for the transport of Ag* ion through a liquid mem-
branc containing 2-mercaptobensothiazole as a carricr. The
receiving phase contains $:05° ion. which was found (o
play an important rolc in the transport process.

Experimental Section

Reagents. 2-Mcrcaptobenzothiazole was purchasced from
Fluka cheical company. Reagent grade chloroform (Merck)
was uscd as the membrane organic solvent. Silver nitrate.
sodium thiosullate and all other chemicals uscd in this study
were of the highest purity available from cither Mcrck or
Fluka chemical companics and used without further puri-
fication. Triply distilled deionized water was uscd through-
out.

Apparatus. A bulk type liquid membrane cell was used in
this study.™ The pH mcasurcments were made with a
Coming 125-pH mcter using a combined glass clectrode,
The atomic absomption spectrophotometer used for the
measurcment of metal concentration in the aqucous phascs
was a Philips Pye Unicam SP9 instrument with cell for
determining mercury. The atomic absomption measurcments
were made under the recommended conditions for cach
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metal.

Procedure. All transport experiments were carried out at
ambident temperature. A cvlindrical glass cell (inside dia-
meter 4.0 cim) holding a glass tube (inside diameter 2.0 cm).,
thus separating the two aqueous phases. was used. The inner
aqueous phase (source phase) contained silver nitrate (3 mL.
7.42 x 107" M). The onter aqueouns phase (receiving phase)
contained sodinm thiosulfate (10 mL. .1 M). The pH values
of the source and receiving phases were adjusted with either
sodium hyvdroxide or nitric acid. The chloroform solution
(30 mL) containing 1.2 x 107 M 2-mercaptobenzothiazole
lav below these aqueous phases. and bridged the two
aqueous phases. The organic laver was slowly stirred (150
pm) by a Teflon-coated magnetic bar (3 cmx 3 mm
diameter). Under these conditions. not only the mixing
processes is perfect. but also the interfaces between the
organic membrane and the two aqueous phases remained flat
and were well defined. Determination of the metal ion
concentration in both aqueous phases was carried out by
atomic absorption spectroscopy.

Results and Discussion

2-Mercaptobenzothiazole that its structural formulas was
shown in Figure 1 was used as a carrier for this study. In
preliminary experiments. we found that the membrane
containing this ligand is a suitable membrane for Ag'
transport.

The guest Ag’ ion is transported from one aqueous phase
(the source phase) to the other aqueous phase (the receiving
phase) vie a chloroform membrane. Movement of the
charged species through the hydrophobic membrane is
accomplished by the presence of carrier (2-mercaptobenzo-
thiazole).It seems more probable that the transport pheno-
menon is based on a deprotonationprotonation cvcle of
carrier in the membrane interfaces of the source and the
receiving phases. respectivily.The Ag' ion forms a complex
with a deprotonated ionophore to be extracted from the
source phase into the membrane phase. In the interface
between the membrane and the receiving phase that
protonation of the carrier combained with a release of the
silver ion and its complexation by thiosulfate occurs at the
interface and then. the carrier diffuses back across the liquid
membrane. The net result is the transport of Ag' ion from
the agueous source phase to the agueous receiving phase
across the bulk of the organic phase (the membrane).

In the next steps. the experimental variables such as
concentration of carrier (2-mercaptobenzothiazole) in the
organic phase. nature and concentration of the stripping
agent in the receiving phase. pH and buffer solutions of
source. pH of receiving phase. and the effect of fatty acid on
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N

Figure 1. The molecular stracture of 2-Mercaplobenzothiazole,
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Ag’ transport and time of transport were optimized in order
to achieve the highest efficiency in the transport of a
7.42 % 107" M solution of Ag across the membrane system
used.

The influence of the concentration of 2-mercaptobenzothia-
zole in the organic phase on the transport efficiency of silver
was studied and the results are shown in Table 1. It is clear
that, the percentage of transported silver increases with
increasing concentration of cammer in organic phase. The
maximum transport rate lies betwveen concentration range
1.2x 107 M to 2.4 x 107* M. As it is seen. a further excess
of carrier has considerable effect on the transport efficiency.

In some systems that carrier has nitrogen atom in its
structure like amino and imino groups were observed that
carrier alone was not an effective carrier for the transport of
M"' ions through the bulk liquid membrane. This is mainly
due to the considerable solubilities of the free and
complexed forms of carrier into aqueous phases.""'**** |t
has been shown that this problem can be overcome by
appending long chain aliphatic groups to the carrier
backbone to increase the lipophilicity of the system.™33
However. this svnthetic procedure is often not straight-
forward. A simpler alternative is the addition of a long chain
fatty acid to the organic phase to decrease the extent of
carrier bleeding into the aqueous phases.'""'***** [n our
svstem we used different fatty acids such as palmitic acid.
oleic acid. stearic acid and lauric acid but it wasn't seen any
considerable change in transport percentage of silver. This
proved that there is no bleeding of carrier in source and
recieving phases.

Table 2 shows that the permeability of the membrane
svstem for Ag' ion is considerably dependent on the nature
of stripping agent for Ag’ ion in the receiving phase. [n the
presence of thiosulfate in the receiving phase. 85% of Ag’
ion transported through the membrane during 130 min while
the use of other reagents resulted in much lower percentage

Table 1. Eftect of 2-mercaptobezothiazole concentration in the
membrane phase on silver transport?

Concentration Pereentage Percentage
of carricr transported into remaining in source
(M) reeciving phase phase
0.0 3 4
12x10° 23 45
30x10° 27 36
LIxl1o? 41 25
40x10° 39 10
60x10° 63 7
gox10°* 73 3
12x10* 82 3
24x10° 83 6
34x10° 76 3
79%10° 63 6
12x10°? 61 3

: : ‘- 2 = - -5
“Experimental conditions: Source phase. 5 mL of 742x 107" M Ag™.
membrane phase, 30 ml. of varving concentration carner m chlorotorm:

.- . o) y ~ hl . . - - °
receiving phase, 10 ml ot 0.1 M 82047 < nme of ransport, 130 min.
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Table 2, Llleet of various compounds as receiving phase”
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Table 3. Liffect of various butlers on silver transport”

Nature off Percentage transported  Percentage remaining

Percentage transporled  Percentage remaining

stripping agent n 1o receiving phase m source phase Buffer into receiving phase n source phase
SO 53 1 Citrate butfer 44 25
C:057 = 6.5 Acetate bulfer 34 33
S:0:7 83 3 Phthalate bulfer 36 27
Phenantroline 2 6.7 Phosphate bufler - -
Titrosol bulfer 73 26

‘Txperimental conditions: Source phasc. 3 ml. of 742x 107 M Ag":
membrune phase. 30 mL of 1.2 %10 ¥ M 2-mercaplobenzothiazole in
chlorofomi: receiving phase. 10 mL ol 0.1 M vanous compound: time of
transport 130 min. *Can not be detected.

Table 3. Eftect of $:0:° concentration in receiving phase on silver
{ransport®

Concentration of
S:0:7" (M)

Percentage transported  Percenlage remaining
into receiving phase 1 source phase

0.0 b ]
1.0 - 1072 10 3
20 107 10 3
40 - 107 37 3
6.0 - 107 53 4
8.0 - 1077 80 3
1.0 - 107! 82 2
20 107 83 3

“Experimental conditions: Source phase. S mL of 742x 107 M Ag".
membrane phase. 30 mL of 1.2 x 107" M 2-mercaptobenzothiazole in
chloroform: receiving phase. 10 ml. of varving concentration of 8057
time of transport, 130 min. *Can not be detected.

of transported silver ion.

The optimum concentration of thiosulfate in the receiving
phase was also imvestigated (Table 3) and found to be 0.1 M.
Notably. the absence of a metal ion acceptor in the receiving
phase resulted in no appreciable transport of silver even in
nuich longer periods of time.

The influence of pH of source phase on the transport
efficiency of Ag' ion was studied in the pH range 2.7-10.3
(Table 4) and it was found that maximum Ag transport
occurs at distilled water at pH range 5.3-6.

According to the couple-proton mechanism that we

Table 4. Lllect of pli in source phase on silver transport”

pliof Percenlage transporied Percentage remaining

sowree inlo receiving phase in source
27 35 27
39 3R 15
49 64 13
5.9¢ 81 2
6.3 35 3
7.1 39 16
7.6 8 37
9.0 3 38
10.3 - 78

“Experimental conditions: Source phase: 3 mL of 742x10* M Ag'
with various pH: membrane phase. 30 mL of 1.2 x 10 * M 2-mercapto-
benzothiazole: receiving phase. 10 ml. of 0.1 M S:0:™ time of
transport, 130 min. # Can not be detected. ‘Distillated water.

“Fxperimental conditions: Source phase: 5 ml. of 742x 10 ° M Ag’
with vanous bufler (pH-3.8). membrune phase. 30 mL of 1.2 x 10 M
2-mercaptobezothiazole in chlorotorm: receiving phase. 10 mL of 0.1 M
S-047": time of transport. 130 min. “Ag* precipitates in phosphate butter.

suggested for the Ag™ transport, we should adjust a basic
media for the source phases. [t was observed that the carrier
is soluble in basic media therefore we had to work in pH of
distilled water. Also the pH of receiving phase was studied
and it was seen that the suitable pH was the pH of distilled
water, because of the thiosulfate solution decomposes in
acidic solution. For further studies the thiosulfate was
omitted and the receiving phase with difference pH was used
and the transport efficiency was imvestigated. The results
shows that thiosulfate has an important role for silver
transport and acidic receiving solution is not suitable for
silver transport itself.

The influence of the buffer solution in source phase was
studied and the results are shown in Table 5. We adjusted the
pH of source phase with various buffer. 1t was found that the
percentage of transport decreased. probably the species in
the buffer solution affect on Ag’ transport. Therefore. it was
preferred to work in distilled water without addition any
buffer solution.

Figure 2 shows the time dependence of silver transport
through the liquid membrane under the optimal experimental
conditions. It is obvious that an increase in time increased
the percentage transport of silver ion to receving phase. and
decreased the percentage of silver ion remaining in the
source phase. According to the results the extraction of Ag’
from the source phase into the organic membrane is fast and
its release from the organic phase into the receiving phase is
to some extent quick, that the silver transport seems to be

100
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percentage of Ag
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0 T T T T T
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Figure 2. Percentage of’ Ag” vs. time in source { @) and receiving
phases ( 4 ).
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Table 6. Amount of cation tmmsported from vanous cation
mixtures through membrane”

Pereentage transported
imnlo receiving phase

Pereentage remaining in

Cations
source phase

Mixture |

Ag” 80) 2
n* 3 94
Cu® b 11
Mixture 2
Ag' 82 2
Co™ - 93
N;?' - 90
Mixture 3
Ag' 82 :
ca* - 93
Mixture 4
Ag’ 86 6
Pb™" - -
Mixture 3
Ag® 73 5
F¢™* - 98
Mixture 7
Ag® 70 9
Bi*” - 40
Mixture 10
Ag' 70 5
l'e™ - 78
Mixture 11¢
Without Ag'
pd* - -
Mn® - 100
Mixture 12¢
Without Ag'
Hg*- 12 10
Sn*” - 30
Mixture 13
Ag® 8> 7
Li* - 100
Na~ - 100
K~ - 100
Mixture 14
Ag' 83 5
Mg™ - 100
Ca®' = 100

“Experimental conditions: source phase. 3 mL of 7.42 x 10 ¥ M ol each
cation: membrane phase. 30 mL ol 1.2x 107 M ol 2-mercaptobenzo-
thiazole in ehloroform: reeciving phase, 10 mlL ot 0.1 M 8§07 time of
transport, 130 min. *Can not be deteeted. “Chlomide salts of these cations
were applied.

completed above 4 hr.

The reproducibility of silver transport was imvestigated
and the percent of Ag' ion transported after 180 min from
ten replicate measurements was found to be 90 £ 3.0.

In Table 6 the percentage transport of Ag' and various M™
cations are listed. which were initially present with Ag™ in
equimolar concentrations except of mixtures 11 and 12 that
there is no any Ag’ in them. According to the Table 6 in the
presence of Fe™. Fe''. Bi*" the percentage of transport
decrease and in other hand it is clear that most of the cations
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dont interfere seriously in the transport of Ag'.

In order to suggest 4 mechnism for the transport of Ag'.
the pH values of source and receiving phases were measured
before and after Ag™ transport.The increase in the pH of
source phase and decrease of pH of receiving phase proves
that the mechanism is proton driven.

Conclusion

The high efficiency and excellent degree of selectivity for
Ag’ ion transport shown by the membrane system intro-
duced demonstrate its potential to selective removal,
concentration or purification ion from different sumples.
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