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Highly Efficient and Selective Membrane Transport of Silver(l) Using
Dibenzodiaza-15-crown-4 as a Selective lon Carrier
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A chloroform membrane system containing dibenzodiaza-15-crown-4 was found to be a highly effi-
cient and selective transport of Ag” ions through a chloroform liquid membrane. In the presence of
thiosulfate ion as a suitable ion stripping agent in the receiving phase, the amount of silver transported
across the liquid membrane after 105 min is 95 + 1.3%. The selectivity of Ag" transport from aqueous so-
lutions containing TI", Pb*", Cd*", Ni*", Co*", K', Ca*", Sr**, Hg*', Zn**, Cu®" was investigated. The inter-
fering effect of Cu®" ions was drastically diminished in the presence of EDTA as a proper masking agent in

the source phase.
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INTRODUCTION

The silver content of environmental samples is in-
creased with the increasing use of silver compounds and
silver-containing preparations in industry and in medi-
cine.'”? Silver can enter the environment via industrial
waste water because it is often an impurity in copper, zinc,
arsenic and antimony ores.” Thus, separation, concentra-
tion and sensitive determination of Ag' ion are of increas-
ing interest.

Compared with solvent extraction, liquid membrane
transport for the selective removal and purification of the
given metal ions from their mixtures or recovery of valu-
able resources have the advantage that the amounts of or-
ganic solvents and metal ion complexing agents are mark-
edly reduced.*” However, despite the biological and indus-
trial importance of silver ions, information about its trans-
port across liquid membranes, in comparison with other
transition metal ions,’'? is sparse. During the past decade,
there have been some studies on Ag-selective membrane
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transport using neutral ionophors,

although a few pro-
ton-driven Ag" transport using potential anionic carriers
have also been reported.'®'” However, most of these trans-
port systems suffer problems like the interfering effect of
some transition and heavy metal ions, partial bleeding of

the carrier into the aqueous phases, long transport time, or

relatively high concentration of the ion carriers in the mem-
brane phase.

Among the ion carriers used for the transport experi-
ments, the strong binding of the cyclic and bicyclic poly-
ether macrocyclic ligands with alkali and alkaline earth
metal ions has been well documented;'® however, such lig-
ands generally held very weak complexes with transition
metal ions. Nevertheless, incorporation of donor atoms
other than oxygen in the backbone of polyether ligands
tends to increase considerably their affinity for the latter
ions. For example, it has been demonstrated that the O,N,-
donor ligands, incorporating 14- to 17-membered macro-
cyclic rings, form stable complexes with a range of transi-
tion (and post transition) metal ions.'*'

In this investigation we employed dibenzodiaza-15-
crown-4 (DBDA15C4, 1) as a specific ion carrier for the
highly efficient and selective transport of Ag" ions through
a bulk chloroform membrane. In the presence of thio-
sulfate as a suitable metal ion acceptor in the receiving
phase, a concentration of DBDA15C4 as low as 7.0 x 10™
M was found to transport the silver ion quantitatively and
selectively across the liquid membrane at 105 min. It
should be noted that we have recently used the carrier I in
the presence of histidine as a very efficient stripping agent
for the transport of zinc ions through a bulk liquid mem-
brane.*
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EXPERIMENTAL

Reagents

Reagent grade dibenzodiaza-15-crown-4 (DBDA15C4),
18-crown-6 (18C6), dibenzopyridino-18-crown-6 (DBPy18C6),
dicyclo-18-crown-6 (DC18C6), benzo-15-crown-5 (B15C5),
dibenzyldiaza-18-crown-6 (DBzDA18C6) and dibenzo-
18-crown-6 (DB18C6) were purchased from Aldrich or
Fluka chemical companies and used as received. Analytical
grade sodium perchlorate, sodium thiosulfate, silver nitrate
and the nitrate salts of other cations used (all from Merck)
were of highest purity available and used without any fur-
ther purification except for vacuum drying over P,Os. Extra
pure chloroform (Merck) was used as the organic phase.
Doubly distilled and deionized water was used throughout.

Apparatus

A bulk type liquid membrane cell was used in this
study.”** The atomic absorption spectrophotometer used
for the measurement of metal concentration in the aqueous
phases was a Shimadzu AA-760 instrument. The atomic
absorption measurements were made under the recom-
mended conditions for each metal ion.

Procedure

All transport experiments were carried out at ambient
temperature. A cylindrical glass cell (inside diameter 4.0
cm) holding a glass tube (inside diameter 2.0 cm), thus sep-
arating the two aqueous phases, was used.'®*** The inner
aqueous phase (source phase, SP) contained silver nitrate
(5mL, 1.0 x 10™* M) and sodium perchlorate (4.0 x 102 M).
The outer aqueous phase (receiving phase, RP) contained
sodium thiosulfate (10 mL, 1.0 x 10 M). The membrane
phase (MP) containing 20 mL of 7.0 x 10 M DBDA15C4
in chloroform lay below these aqueous phases and bridged
the two aqueous phases. Under these conditions, not only is
the mixing process perfect, but also the interfaces between
the organic membrane and the two aqueous phases re-
mained flat and were well defined. Determination of the
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metal ion concentration in both aqueous phases was carried
out by AAS. Reproducibility was confirmed as +1.3% or
better. A similar transport experiment was carried out in the
absence of the carrier for reference. Detailed conditions are
included in the tables of the text. The data points reported
are averages of three replicate measurements.

RESULTS AND DISCUSSION

Ligands for use as suitable Ag'-ion-carriers in a lig-
uid membrane system should fulfil certain conditions.
They should be selective for Ag” over other metal ions,
have rapid exchange kinetics and be sufficiently lipophilic
to avoid leaching into the aqueous source and receiving
phases.

The membrane system operated here is illustrated
schematically in Fig. 1. After complexation of the carrier
with silver ion on the left side of the membrane, the com-
plex formed diffuses down its concentration gradient. On
the right side of the membrane, the metal ion would be re-
leased into the receiving phase via formation of ternary
complex (DBDA15C4-Ag -thiosulfate). At this stage, the
carrier diffuses back through the membrane. The net result
is the transport of silver ions from the aqueous source phase
to the aqueous receiving phase across the bulk liquid mem-
brane.

Effect of the composition of the ligands as ion carri-
ers on ion transport

The permeability of the membrane system used for
transport of Ag" ions is found to be significantly dependent

+ —
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N

TS | Thiosulfate

Fig. 1. Liquid membrane system for transport of Ag*
ion with DBDA15C4 as carrier.
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on the nature of the macrocyclic ligand. We tried six macro-
cyclic ligands other than DBDA15C4 as carrier for the
transport of silver ions, and the results are given in Table 1.
As seen, in the case of B15C5, DC18C6, 18C6 and DB18C5
the transport efficiency is low, mainly due to incomplete
extraction of Ag'. On the other hand, the use of aza-sub-
stituted macrocycles (i.e., DBzZDA18C6 and DBPy18C6)
will result in a considerable increase in transport efficiency
of the membrane system. This is presumably related to the
increased stability of Ag” ion as a soft acid with the aza-
substituted crown ethers, containing some donating nitro-
gen as soft base, over the Ag'-ordinary macrocycle com-
plexes. 11925

The influence of the concentration of DBDA15C4 in
the organic membrane phase on the transport efficiency of
silver was also investigated (Fig. 2). As seen, while no
measurable silver transport occurs in the absence of the car-
rier, the percentage transport of Ag" ions increases sharply
with the increasing concentration of DBDA15C4, and quan-
titative transport of silver ions occurs at 7.0 x 10* M of the
carrier.

Effect of anion in source phase on transport effi-
ciency
In preliminary experiments, it was found that nitrate
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Fig. 2. Effect of DBDA15C4 concentration on silver
transport. Conditions: Source phase, 5 mL of
1.0 x 10* M Ag" and 0.04 M NaClO,; mem-
brane phase, 20 mL of varying amounts of
DBDA15C4 in CHClj; receiving phase, 10 mL
of 0.01 M. thiosulphate; time of transport, 105
min.
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Table 1. Effect of the carrier structure on silver transport®

Percentage transported  Percentage remaining

Carrier . . .
into receiving phase in source phase

DB18C6 6 89
18C6 15 84
DBPy18C6 45 45
DBzDA18C6 75 4
DC18C6 10 90
BI5CS 6 92
DBDA15C4 95 3

* Conditions: Source phase, 5 mL of 1.0 x 10* M Ag” and 0.04 M
NaClO,; membrane phase, 20 mL of 7.0 x 104 M macrocycle in
CHCl;; receiving phase, 10 mL of 0.01 M. thiosulphate; time of
transport, 105 min.

ion is not a suitable counter ion to accompany the Ag'-
DBDA15C4 complex into the membrane-phase; only 2%
of Ag" was transported into the receiving phase in a time
period of 105 min in the presence of nitrate. As shown ear-
lier, metal ion transfer efficiency from aqueous solution
into the organic phase not only depends on the cation type
and properties of the ionophore, but also may be influenced
strongly by properties of the anion.”**’ However the addi-
tion of sodium perchlorate to the source phase increased
the extent of silver transport significantly. Similar influ-
ence of perchlorate ion on the solvent extraction of the Ag'-
HT18C6 complex has been reported in the literature.”* It
has been suggested that the crown ether incorporates the
Ag"ion into its cavity, and the counter anion is coordinated
in the axial position forming a lipophilic neutral complex
that is suitable for transfer into transfer organic phase. Thus,
the degree of extraction increases with increasing hydro-
phobicity of the anion.

The influence of the concentration of perchlorate ion
in the source phase on the silver ion transport was investi-
gated, and the results are shown in Fig. 3. As seen, the per-
centage of silver ion transported in the receiving phase in-
creases with an increase in perchlorate ion concentration in
the source phase. Maximum transport occurs when the so-
dium perchlorate transport concentration is 0.04 M (i.e.,
[C1047/[Ag"] ratio of 57).

Effect of stripping agent in the receiving phase on
transport of silver ion

As expected, it was found that the nature and compo-
sition of stripping agent for the transported metal ion in the
receiving phase could have a significant effect on the effi-
ciency and selectivity of transport.”'"*'*2* In Table 2 are
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Table 2. Effect of the nature of stripping agent in the receiving
phase on silver transport®

Percentage transported Percentage remaining

Stripping agent into receiving phase in source phase
L-cysteine 35 10
NH,SCN 83 12
Thiourea 6 13
Naz 8203 85 12
EDTA 4 13
Na,C,0, 45 17

* Conditions: Source phase, 5 mL of 1.0 x 10* M Ag” and 0.04 M
NaClO,; 20 mL of 7.0 x 104 M macrocycle in CHCI3; receiving
phase, 10 mL of stripping agent; time of transport, 105 min.

listed the percentages of silver ion transported in the pres-
ence of different stripping agents under similar experimen-
tal conditions. The use of S,05> ion as stripping ligand in
the receiving phase caused a large enhancement in the effi-
ciency of Ag' transport when compared with the case of
other receiving agents. The optimum concentration of so-
dium thiosulfate in the receiving phase was investigated
(Fig. 4) and found to be 0.01 M.

Time dependence of silver ion transport
Fig. 5 shows the time dependence of Ag™ ion trans-
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Fig. 3. Effect of perchlorate ion concentration in the
source phase on silver transport. Conditions:
Source phase, 5 mL of 1.0 x 10* M Ag" and
varying concentrations of NaClO4; membrane
phase, 20 mL of 7.0 x 10* M DBDA15C4 in
CHCl3; receiving phase, 10 mL of 0.01 M.
thiosulphate; time of transport, 105 min.
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port through the liquid membrane under optimal experi-
mental conditions. The reproducibility of silver transport
was investigated, and the percentage of Ag" transported af-
ter 105 min obtained from eight replicate measurements
was found to be 95.0 = 1.3%.
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Fig. 4. Effect of thiosulfate concentration in the re-
ceiving phase on silver transport Conditions:
Source phase, SmL of 1.0 x 10*M Ag*and 0.04
M NaClO4; membrane phase, 20 mL of 7.0 x
10* M DBDA15C4 in CHCls; receiving phase,
10 mL of varying amounts of thiosulphate; time
of transport, 105 min.
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Fig. 5. Time dependence of silver transport. Condi-
tions: Source phase, S mL of 1.0 x 104 M Ag"
and 0.04 M NaClO4; membrane phase, 20 mL
of 7.0 x 10* M DBDA15C4 in CHCl;; receiv-
ing phase, 10 mL of 0.01 M. thiosulphate.
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Transport selectivity

In Table 3 are listed the transport percentages of Ag"
and M"" cations, which were present with silver ion in
equimolar concentrations, into the receiving phase. As can
be seen, among different cations tried, Cu*" ions interfere
seriously in the transport of silver ions. This is most possi-
bly due to strong complexation of copper with the macro-
cycle 1.** However, the interfering effect of Cu”*" ion on the
silver transport was significantly eliminated by addition of
EDTA as a suitable masking agent in the source phase. Ta-
ble 3 shows that, in the presence of 5.0 x 10 M EDTA, the
interfering effect of Cu(II) on the transport of silver ion has
been decreased from 56% to 13%, while there is only a 4%
decrease in the transport of silver ion. Although mercury
ion cannot be transported under this condition, it was found
to decrease the transport efficiency of Ag' to 78% in 105
min. This is most possibly because the sites of DBDA15C4
are occupied by mercury ions and caused a decrease in the
Ag" transport efficiency.

Table 3. Amount of cation transported from various cation
mixtures through the membrane®

Percentage transported Percentage remaining

Cation . .. .

into receiving phase in source phase
mixture 1
Ag' 95 1
T 0 95
Pb** 5 2
mixture 2
Ag" 83 7
cd** 1 98
NiZ* 4 95
Co** 6 91
mixture 3
Ag' 98 1
K" 3 97
Ca? 8 75
Sr?* 0 78
mixture 4
Ag' 81 5
Hg** 9 68
Zn 1 70
mixture 5
Ag' 87 2
Cu?t 56 5
mixture 6°
Ag" 82 1
Cu** 13 79

# Conditions similar to those mentioned in Table 1.
® In the presence of 0.0005 M EDTA in source phase.
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Application

In order to assess the applicability of the proposed
membrane system to the selective separation of silver from
real samples, it was applied to the recovery of silver ion
from developed radiological films.

A 69 cm” sheet of a developed radiological film was
left in a furnace for two hours at 700 °C. The residue was
dissolved in hot 1:1 nitric acid-water, and the pH of the re-
sulting solution was adjusted to about 5 by a NaOH solu-
tion. Finally, the solution was completely transferred into a
250 mL volumetric flask and diluted to the mark with wa-
ter. The silver content of the solution as determined by
AAS was found to be 5.0 x 107 (equivalent to 196 mg silver
per square meter of film). The transport of silver ion from
the final solution through the proposed liquid membrane
was carried out according to the recommended procedure.
Average recovery of 92% and mean standard deviations of
1.4% were obtained.

CONCLUSION

The results show that, by using sodium perchlorate in
the source phase and sodium thiosulfate in the receiving
phase, silver ions can be transported through a chloroform
membrane containing DBDA15C4 as ion carrier, by forma-
tion of Ag'-DBDA15C4-Cl0, complexed ion pair. The
simplicity of method, low cost, short time, and high effi-
ciency for Ag” ion transport obtained by the BLM system
studied demonstrate its potential applicability to selective
removal and purification of silver from its mixtures.

Received September 18, 2006.
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