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Specific Membrane Transport of Mercury as
[Hg(SCN).]?~ lon Using K*—Dibenzo-18-crown-6 as
Carrier

ALl JABBARI, HARAJCHALDAVI, and MOJTABA SHAMSIPUR*
DEPARTMENT OF CHEMISTRY

RAZI UNIVERSITY

KERMANSHAH, IRAN

ABSTRACT

Potassium-dibenzo-18-crown-6 complex cation was used as carrier for the uphill
transport of mercury as [Hg(SCN),4]?>~ complex anion through a chloroform mem-
brane system. By using 0.2 mol/L EDTA as a metal ion acceptor in the receiving
phase at the optimized pH of 10.0, the amount of mercury transport through the lig-
uid membrane after 120 minutes was 94.2 + 0.7%. The selectivity and efficiency of
mercury transport from agueous solutions containing equimolar mixtures of Co?",
Ni2*, Cu?", Zn**, Pb?*, and Cd?* ions were investigated. In the presence of 0.05
mol/L EDTA at pH 3.2 as a proper masking agent in the source phase, the interfering
effects of Zn?*, Pb?*, and Cu?* ions were eliminated.

Key Words. Liquid membrane; Mercury transport; K *—Dibenzo-
18-crown-6 carrier; Hg(SCN)Z anion; EDTA

INTRODUCTION

During the past two decades, the assay of mercury compounds has been of
special interest not only because of their widespread agricultural and indus-
trial use in the world, but also because of their hazardous effects on human
health (1, 2). Hence, the development of new methods for selective removal
of Hg?* ion for environmental remediation and in the treatment of severe and
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chronic mercury poisoning has remained an important objective. A variety of
separation methods, such as solvent extraction, adsorption, precipitation, etc.,
has been utilized to remove toxic heavy metal ions (e.g., Hg*", Cd**, and
Pb?*) from the environment and from biological systems (3).

Recently liquid membrane systems have been extensively used for selective
removal, concentration, and purification of metal ions, particularly alkali and al-
kaline earth cations (4-8). In recent years, several liquid membrane systems us-
ing avariety of cyclicand acyclicion carriersfor the selective transport of heavy
metal ions have been reported (9-22). The main advantage of liquid membrane
trangport of metal ions over their classical solvent extraction isthat the amounts
of organic solvent and metal ion complexing agent are markedly reduced (8).

In recent years we have been involved in the development of new solvent
extraction (23, 24), solid-phase extraction (25), liquid membrane transport
(15-17, 20), and PV C membrane selective electrode systems (26, 27) for se-
lective separation and determination of heavy metal ions, mainly based on
macrocyclic crown ionophores. In this paper we describe a selective and effi-
cient liquid membrane system containing potassium ion—dibenzo-18-crown-6
for the transport of the mercury ion as [Hg(SCN),4]%~ counterion.

EXPERIMENTAL

Reagents

Dibenzo-18-crown-6 (DB18C6) and other macrocyclic ligands used were
purchased from Merck Chemical Co. and used as received. Reagent-grade
chloroform (Merck) was used as the membrane organic solvent. All other
chemicals used in this study were of the highest purity available from either
Merck or Fluka Chemica Companies and used without further purification
except for vacuum drying. Triply distilled water was used throughout.

Apparatus

The atomic absorption spectrophotometer used for the measurement of
metal ion concentrations was a Shimadzu AA-670 instrument. The determi-
nation of mercury in solution was done by cold vapor atomic absorption spec-
trometry (CVAAYS) (25). pH measurements were made with a Metrohnm 632
pH-meter using acombined glass electrode. A bulk-typeliquid membrane cell
(17, 28) was used.

Procedure

All transport experiments were carried out at ambient temperature. A cylin-
drical glass cell (inside diameter 4.0 cm) holding a glass tube (inside diameter
2.0 cm), thus separating the two aqueous phases, was used (17, 28). The inner
agueous phase (source phase) contained mercury nitrate (5 mL, 1.0 X 103
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mol/L). The outer agueous phase (receiving phase) contained EDTA at pH 10
(10 mL, 0.2 mol/L). The chloroform solution (30 mL) containing 8.0 X 103
mol /L DB18C6 laid bel ow these agueous phases and bridged the two aqueous
phases. The organic layer was slowly stirred by a Teflon-coated magnetic bar
(3 cm X 5 mm diameter). Determination of metal concentration was carried
out by AAS. Reproducibility was confirmed as +3% or better. A similar trans-
port experiment was carried out in the absence of the carrier for reference. The
detailed conditions are included as footnotes in the tables.

RESULTS AND DISCUSSION

In preliminary experiments it was found that, due to the relatively high hy-
dration energy of Hg?* ion (29) and its weak interaction with DB18C6 (30),
DB18C6-mediated mercury transport in aliquid membrane systemisvery low
(i.e., about 5% after 3 hours). However, in the presence of excess potassium
thiocyanate, Hg?" exists as afairly stable anion [Hg(SCN)4]?~ with log B, =
19.77 (30) and, hence, it can easily accompany the K "—DB18C6 ion into the
liquid membrane (i.e., about 90% transport after 2 hours). In further experi-
ments, such experimental variables as concentration of KSCN in the source
phase, nature and concentration of the stripping agent in the receiving phase,
pH of the agueous phases, and nature and concentration of the macrocyclic
polyether in the organic membrane phase were optimized in order to achieve
the highest efficiency and selectivity of a1.0 X 10~ mol/L solution of mer-
cury nitrate across the membrane system used.

The effect of the concentration of DB18C6 in the organic phase on the
transport efficiency of mercury was studied, and the resultsare givenin Table
1. Theresults show that the percentage transport of mercury ionincreaseswith
an increase in DB18C6 concentration in chloroform. Maximum transport oc-
curs at a concentration of about 8.0 X 10~3mol/L. A further excess of carrier
has no considerable effect on the transport efficiency.

Theinfluence of the concentration of KSCN in the source phase on mercury
ion transport was investigated, and the results are given in Table 2. As seen,
the percentage of Hg?" transported into the receiving phase increases with the
potassium thiocyanate concentration in the source phase until a reagent con-
centration of about 0.2 mol/L is reached, beyond which the transport effi-
ciency remains more or less the same.

The nature and composition of the receiving phase wasfound to have apro-
nounced influence on the mercury ion transport. Use of EDTA at pH 10 asa
stripping ligand in the receiving phase, with log Ks = 21.8 with Hg?* ion (30),
caused arather large enhancement in the efficiency and selectivity of mercury
transport, while the presence of other stripping agents, such as thiosulfate, io-
dide, and chloride, resulted in diminished transport efficiency as well asin-
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TABLE 1
Effect of DB18C6 Concentration in the Membrane Phase
on Mercury Transport®

Percentage Percentage
Concentration of transported into remainingin
DB18C6 X 10° (mol/L) receiving phase source phase
5 57 36
7 64 12
8 74 9
85 73 4
9 73 4
10 72 4
12 72 4

@ Conditions: Source phase, 5mL of 1.0 X 10~ mol/L Hg?* and 0.1 mol/L
KSCN; membrane phase, 35 mL of varying concentration of DB18C6 in CHCl5;
receiving phase, 10 mL of 0.1 mol/L EDTA; time of transport, 3 hours.

creased interfering effects of other cations. The optimum concentration of
EDTA inthereceiving phase (at pH 8.5) wasinvestigated (Table 3) and found
to be 0.2 mol/L. It isinteresting to note that the absence of a metal ion accep-
tor in the receiving phase resulted in no measurable mercury transport even for
much longer periods of time.

The influence of the pH of the source and receiving phases on the transport
of Hg** was investigated, and the results are shown in Fig. 1. It is seen that

TABLE 2
Effect of KSCN Concentration in the Source Phase
on Mercury Transport?

Percentage Percentage

Concentration of transported into remaining in
KSCN (mol/L) receiving phase source phase

0.05 53 27

0.10 74 90

0.15 83 3

0.20 90 3

0.25 91 3

0.30 90 3

@ Conditions: Source phase, 5 mL of 1.0 X 103 mol/L Hg?* and vary-
ing concentration of KSCN; membrane phase, 35 mL of 8.0 X 10 M
DB18C6 in chloroform; receiving phase, 10 mL of 0.1 mol/L EDTA at pH

8.5; time of transport, 3 hours.
MaRrceL DEKKER, INc. ﬂ
270 Madison Avenue, New York, New York 10016 o
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TABLE3

Effect of EDTA Concentration in the Receiving Phase

on Mercury Transport®

Concentration of
EDTA (mol/L)

Percentage
transported into
receiving phase

Percentage
remaining in
source phase

0.05
0.08
0.10
0.15
0.20
0.30

73
80
90
92
93
93

NDNDNDNWW

2 Conditions: Source phase, 5mL of 1.0 X 10~ 3mol/L Hg®* and 0.2
mol/L KSCN; membrane phase, 35 mL of 8.0 X 103 mol/L DB18C6; re-
ceiving phase, 10 mL of varying concentration of EDTA in water at pH
8.5; time of transport, 3 hours.
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FIG. 1 Effect of pH of the source (A) and receiving (B) phases on mercury transport.
Conditions similar to those mentioned in Table 5, except for the varying pH values of the source

pH

and receiving phases.
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the release of mercury ionsinto the receiving phase occurs almost completely
in the pH range of about 9-12. The decreased release of mercury at lower pH
values can be mainly related to the diminished complexing power of EDTA.
The best pH region of the source phase for the quantitative transport of Hg?*
ionisabout 3-6. At pH values smaller than 3 in the source phase, most of the
SCN ion exists in the form of HCN, resulting in a diminished amount of
Hg(SCN)3~ ion necessary for the successful extraction of mercury ioninto the
organic phase. On the other hand, at pH values greater than 6 the formation of
some Hg(OH),, precipitate caused a decreased transport efficiency of mercury
ion.

Permesability of the membrane system designed for transport of Hg>* was
also found to be critically dependent on the nature of the macrocycle used as
carrier in the organic membrane phase. In other experiments (and under simi-
lar experimental conditions) wetried several crown ethers as well as cryptand
C222 ascarrier for thetransport of Hg(SCN )3~ in the presence of K™ ion, and
the results are shown in Table 4. As seen, the three 18-crowns and cryptand
C222 are suitable carriers for the transport of mercury, mainly due to their
proper cavity sizesfor K* ions (31) and, consequently, the higher stability of
their complexes. However, in the case of macrocycles of smaller (B15C5) and
larger (DB24C8) cavity sizes than the 18-crowns used, and diminished stabil-
ity of their K™ complexes, the transport of mercury ion through the liquid
membrane is very low. It should be noted that, despite some lower efficiency
of DB18C6 in comparison with that of 18C6 and DC18C6, thisligand was se-
lected astheion carrier for the transport system, mainly due to its much lower
price.

TABLE 4
Effect of Carrier Structure on Mercury Transport®
Log K; of K* Percentage Percentage
Carrier complex in transported into remaining in
ligand methanol® receiving phase source phase
B15C5 3.9(Ky) 15 58
18C6 6.1 98 0
DB18C6 5.0 96 2
DC18C6 34 98 0
DB24C8 35 14 79
C222 104 96 0

2 Conditions: Source phase, 5mL of 1.0 X 103 mol/L Hg?* and 0.2 mol/L KSCN; mem-
brane phase, 35 mL of 8.0 X 102 mol/L macrocycle; receiving phase, 10 mL of 0.2 mol/L

EDTA at pH 10; time of transport, 2.5 hours.
MAaRrcEeL DEkkER, INc. ﬂ
270 Madison Avenue, New York, New York 10016 o
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FIG. 2 Time dependence of mercury transport: (O) transported, (@) remaining. Conditions
similar to those mentioned in Table 5.

Figure 2 shows the time dependence of mercury transport through the lig-
uid membrane under the optimal experimental conditions. It is seen that both
the extraction of Hg(SCN)Z~ from the source phase into the membrane and
the release of mercury from the membrane into the receiving phase are fast
(and follow the same trend), so that some 95% mercury transport occurs after
2 hours. The reproducibility of mercury transport was investigated, and the
percent of metal ion transported after 2 hours from seven replicate measure-
ments was found to be 94.2 = 0.7.

The selectivity of the membrane system for the transport of mercury ion
over some other transition and heavy metal ions, in equimolar mixtures was
studied and the results are summarized in Table 5. As seen, among the differ-
ent cations tried, copper, lead, and especialy zinc interfere serioudly in trans-
port of mercury ion. However, the interfering effect of these cationswas elim-
inated by adding 0.05 mol/L EDTA at pH 3.2 as a suitable masking agent in
the source phase (Table 5).
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TABLES
Amount of Cation Transported from a Cation Mixture in the
Absence (A) and Presence (B) of 0.05 mol/L EDTA
at pH 3.2 as Masking Agent in the Source Phase®

Percentage Percentage
transported into remainingin
Cation receiving phase source phase
Mixture A
Hg?* 95 2
zn** 90 1
Pb?* 33 65
Cu?* 17 80
Ni2* 0 98
Cd** 0 98
Co** 0 99
Mixture B
Hg?* 93 5
zn** 3 95
Pb?* 0 100
cu** 0 100
Ni2* 0 100
Cd** 0 100
Co** 0 100

@ Conditions: Source phase, 5mL of 1.0 X 103 mol/L of
each cation and 0.2 mol/L KSCN; membrane phase, 35 mL of
8.0 X 102 mol/L DB18CS6; receiving phase, 10 mL of 0.2
mol/L EDTA at pH 10; time of transport, 2.5 hours.

In order to further support the concept that tetracyanatomercury(ll) com-
plexed anion accompanied the K*-DB18C6 complexed cation into the
membrane phase in this study, the concentration of K™ after the transport
period in the receiving phase was determined. It was found that approxi-
mately twice as many K ions as Hg®" ions were transported, emphasiz-
ing that almost all potassium ions are participating as the (K*-
DB18C6),-Hg(SCN)5~ ion pair. A proposed mechanism of mercury
transport through the liquid membrane is presented in Scheme 1. At the
source phase-membrane interface, the K*—DB18C6 complex is formed.
Sincethe Hg(SCN)3~ complex anion isless hydrated than other anions pre-
sent in the source phase, it will form an ion pair with the potassium—crown
complex cation, and thision pair distributes preferentially into the chloro-
form phase, then diffuses across the membrane. At the membrane—receiv-
ing phase interface, EDTA with high affinity for mercury ion (30) com-
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2K, Hg (SCN),*" DB18C6-—\§/ Hg?*-EDTA, 2K', 4SCN’

Carrier-Hg**-EDTA

[K*-DB18C6], EDTA
[Hg(SCN),*]

SCHEME 1

pletes the transport process by removing Hg?* ion from its complex anion.
Finally, the free carrier (i.e., DB18C6) diffuses back across the membrane
to the source phase—-membrane interface, where the cycle starts again. Ac-
tually, the transport process of mercury through the liquid membraneisil-
lustrated by the following equations:

1. TheHg?" ionin the source phase reacts with SCN~ to form avery stable
Hg(SCN)3~ complex anion:

Hgfsr + 4SCN(sp) = HY(SCN)Z(sp) (1)

2. The macrocycle DB18C6 in the membrane phase reacts with K* ion to
form a K™ —DB18C6 complex acting as a suitable lipophilic counterion
for the formation of a Hg(SCN)3 -(K™—DB18C6), ion pair which is
readily extractable in the membrane phase:

Hg(SCN)3em) + 2K (sp) + DB18C6p)
= Hg(SCN)3 (K" —DB18C8) up)

3. EDTA (NayY) inthereceiving phase reacts with theion pair to strip mer-
cury into the receiving phase:

)

Hg(SCN)%i(K+_DBl8C6)2(Mp) + NazY(Rp)
= HgY (rp) + 2NaSCN(rp) + 2KSCN(gp) + DB18C6vp)

3

CONCLUSION

The very high efficiency and excellent degree of selectivity for mercury
transport shown by the membrane system introduced demonstrate its potential
application to selective removal, concentration, or purification of Hg®" ion
from different real samples.
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