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Three novel 25,27-dihydroxy-26,28-bis(3-benzylselenopropoxy)-5,11,17,23-tetra-tert-butylcalix[4]-arene (2),
25,27-dihydroxy-26,28-big 3-(2-hydroxyethyl sel eno) propoxy]-5,11,17,23-tetra-tert-butyl-calix[4]arene (3) and 25,
27-dihydroxy-26,28-bis(3-propyl selenopropoxy)-5,11,17,23-tetra-tert-butyl-calix[4]arene (4) were synthesized for
the comparison of their ion-selectivity in ion-selective electrodes (ISE). X-ray structure of the CH/z complex of
4.CH,Cl, was elucidated. | SEs based on 2—4 as neutral ionophores were prepared, and their selectivity coefficients

for Ag" (log kP

AgM

) were investigated against some main group metal ions and transition metal ones using the fixed

interference method (FIM). These I SEs showed excellent Ag”™ selectivity over most of the interfering cations ex-
amined. It is evident that the stronger Hg?' interference may not be produced while hard donors (hydroxy) are

close to the soft selenium donors.
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Introduction

The development of systems that are capable of
sensing or recognizing and are based on host-guest con-
cepts is an active area of current interest. One of the
most appealing approaches involves the development of
ion-selective sensors.” Such systems have been widely
used for the analysis of main group metal ions since the
first use of crown ethers as the sensors of group one
metal ions. As the third generation of host molecules,
calixarenes have received much consideration in the
past decades.®> Benefiting from their three-dimensional
structures and easy modification both on the upper-rim
and the lower-rim, calixarene derivatives have been
widely used as host molecules, which are sensitive to
metal ion, organic ammonium and some neutral guest.
One of their applications is that they are widely used as
neutral ionophores in the ion selective electrodes (1 SE).?
Like crown ethers, they are successfully used as main
group metal ion selective ionophores in ISE.** But the
examples exhibiting selectivities towards transition
metal ion are relatively rare***° It is well known that
ionophores containing nitrogen and sulfur as soft donors
are usually used as the receptors for those of soft transi-
tion metal ions, especially silver ion. But hard donors
usually gave a strong Hg?" interference while closing
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to the soft coordinating center.’™ Recent work re-
vealed that n-systems are also used as the soft coordi-
nating center for silver ion via a so-called cation/xt in-
teraction.® On the other hand, the recent results of
Chen's research group® and our team?® revealed that
using selenium atom as soft donors both in the
tweezer-like receptors and in the crown-type receptors
all gave good selectivities toward soft silver ion. These
results encouraged us to devote our efforts to the design
of some of new receptors by simply incorporating sele-
nium atoms as soft donors and also introduction of some
hard donors or n-systems closing to the soft donors as
assistant donors to comparison the influences of selec-
tive behaviors of these multifunctional receptor to the
soft silver ion.

In this paper, we report the syntheses and charac-
terization of 25,27-dihydroxy-26,28-bis(3-benzylseleno-
propoxy)-5,11,17,23-tetra-tert-butylcalix[4] arene (2), 25
27-dihydroxy-26,28-bi 9] 3-(2-hydroxyethylseleno)pro-
poxy]-5,11,17,23-tetra-tert-butylcalix[4]arene (3) and
25,27-dihydroxy-26,28-bis(3-propyl-selenopropoxy)-5,
11,17,23-tetra-tert-butylcalix[4]arene (4) (Figure 1) and
also their selective behaviors to silver ion monitored by
electromotive force measurements of polymer mem-
brane electrodes. The comparison of the ISE behaviors
of 2—4 and aso with those of our previous work might
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provide us further understanding of the structure- selec-
tivity relationship of selenium functionalized ionopho-
resin the Ag'-ISE and at the same time, the comparison
among these results will afford us some important ex-
periences in the receptor molecule design.

Figurel Structure of compounds 2—4.

Results and discussion

Syntheses

Calix[4]arene dibromide (1) was prepared according
to literature procedures.® Calix[4]arenes 2—4 were
synthesized in the yields between 92% and 95% by the
reaction of 1 with the sodium salt of appropriate selenol
which was prepared in situ by the reaction of dialkyl
diselenide with sodium borohydride in the presence of
NaOH as shown in Scheme 1. *H NMR spectra indicate
that calix[4]arenes 2—4 keep the cone conformation.
From two doublets of the protons within the methylene
bridge of the caix[4]arene framework, and the separa-
tion of the aryl protons of calix[4]arene skeleton as well
as the separation of the protons of the tert-butyls, it is

Scheme 1
1) HoNNH, R R NaBH,
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suggested that 2—4 are in a “pinched” cone conforma
tion.

X-ray structureof 4

Crystals of 4 suitable for X-ray crystallography were
grown by slow evaporation from the CH,Cl,-MeOH
solution of 4, which was elucidated for determination
the structure of 4 (Figure 2).* As shown in Figure. 2, 4
isin a Cy. symmetric conformation in the solid state.
The adjacent four phenyls within the calix framework
form interplanar angles between 72.1° and 107.9°. The
two phenyls bearing hydroxy groups were tilted away
from the cavity with an interplanar angle of 88.9°. The
other two phenyls that linked the side arms form an in-
terplanlar angle of 42.4°. The torsion angles of O(1)-
C(23)-C(24)-C(25), C(23)-C(24)-C(25)-Se(1), C(25)-
Se(1)-C(26)-C(27) and Se(1)-C(26)-C(27)-C(28) are
58.5°, 67.0°, 14.1° and 144.7°, respectively. The O--O
separation of the adjacent four oxygen atoms on the
lower rim of the calix[4]arene is between 0.2740 and
0.2932 nm, indicating that there are strong hydrogen
bonds with O-H--O angle of 168.9° and strong OO
interactions between the four oxygen atoms. It is inter-
esting to note that compound 4 forms a CH/n complex
with dichloromethane (Figure 2). As shown in Figure 2,
one molecule of CH,Cl, imbedded within the cavity of
four aromatic groups as a guest via CH/x interactions.
Dichloromethane C(29) to the centroids of the four
aromatic rings are 0.3574, 0.4104, 0.3574 and 0.4104
nm, respectively. The two guest hydrogen atoms are
opposite to each other (Figure 2). The centroid---H
separation is 0.2629 nm, with the centroid---H-C(29)
angles of 168.3°.

Ag' selectivity

The Ag' selectivity of calix[4]arenes 2—4 were
evaluated by the potentiometric selectivity coefficients
(logk 3w ) determined for polymer membranes contain-
ing these ionophores. The polymer membrane is com-
posed of PVC as the matrix, dibutyl phthalate (DBP) as
the membrane solvent, and a calix[4]arene as the iono-

phore. The membrane contains 75 mol% of potassium
tetrakis(p-chlorophenyl)borate (KTCIPB) relative to the
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Figure2 Crystal structure of 4-CH,Cl,.

ionophore for the purpose of reducing membrane resis-
tance and suppressing permeation of counter anions in
the aqueous phase into the membrane phase. The poten-
tiometric selectivity coefficients for Ag', determined by
the fixed interference method (FIM), are illustrated in
Table 1. The selectivity coefficient (logk 3, ) represents
the preference of the ISE (or membrane) containing the
calix[4]arene for Ag" over the other cations. Therefore,
the coefficient logk 3y, defines the ability of an ISE (or
membrane) to recognize different ions under the same
conditions.

The potentiometric selectivity coefficient, Kf;,, de-
termined here is defined by the Nicolsky-Eisenman
equation [Eq. (1)].

E= E°+—2'303RT logla,, +KRow () «y
where E represents the experimentally observed poten-
tia, R the gas constant, T the thermodynamic tempera-
ture in K, F the Faraday constant, aaq the Ag' activity,
ay the activity of the interfering cation, and Zy the
charge of the interfering cation.

As can be seen from Table 1, polymer membrane
containing ionophores 2—4 gave excellent log Kigw
values (<—3.2) against Na', K', NHJ, ca', Mg*",
Ni*", cu®’, zn®", Cd*" and Pb®", which means that
2—A4-based I1SEs possess high Ag' selectivities and
only weakly respond to the above interfering ions. The
strong Hg?" interference of some ionophore-based 1SEs
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and traditional Ag,S-based ISE is largely eliminated in
2—A4-based 1SEs (log K2, = —1.0 for most of the pre-
sent ISEs). The possible explanation is that these ions,
such as Na", K, NHj , ca®*, Mg**, Pb** and most
divalent transition metal ions with high hydration ener-
gies, can not strongly interact with selenium donors in
the present ionophores, while less heavily hydrated soft
Ag' coordinates soft selenium donors selectively. As
we discussed in our previous work, the tweezer-like
structure of 2—4 will largely benefit the ionophores
using two points to coordinate silver ion in the most
stable trans-conformation of two coordinated silver
compounds. Although it is not exact to use the solid
state of ionophores to explain the complicate ISE be-
havior in the liquid membrane phase, the solid confor-
mation of the ionophore may provide us some important
information for further understanding the mechanisms
of the ionophore-based ISEs, at least we can predict the
tendency of the ISE behavior from the solid structure of
the ionophore. As can be seen from Figure 1, the two
propylselenopropoxy groups like the arms of a pair of
tweezer stretched along the lower-rim of calix[4]arene
skeleton. The intramolecular Se-- Se distance is 0.7214
nm. This conformation may favorite the ionophores us-
ing two points to coordinate with silver ion in the most
stable trans-conformation of two coordinated silver
compounds.

The fact that polymer membrane containing 3 gave
larger logKp%, values against Na', K" and NHj
ions than those of 2- and 4-based ISEs means that
3-based ISEs possess lower Ag' selectivity than those
of 2- and 4-based ISEs. As can be seen from Figure 1,
ionophore 3 possesses two hydroxys closed to the soft
selenium donors as secondary donor groups compared
with 2 and 4. With this structural feather in mind, the
lower Ag" selectivity of ionophore 3-based ISE than
those of 2- and 4-based | SEs can be rationalized that the
two extra oxygen atoms of the two hydroxys acting as
hard donors participate in the binding with these hard
ions with high hydration energies, such as Na',
K", NHS NHJ. As can be seen from Table 1, that
the selective coefficients of Pb?", Cu?*" and zn®" of
ionophore 4-based |1SEs are about one order of magni-
tude lower than those of ionophore 2-based 1SEs means
that 2-based ISEs possess higher binding abilities to-
wards Pb?", Cu®" and Zn**. The structura difference
between 2 and 4 is that there have two phenyls closed to
the soft selenium donors in the ionophore 2. Therefore,

Tablel Selectivity coefficients (log KR‘; wm ) of the electrodes based on ionophores 2—42

lons Ag~  Na' K* NHS  Mg*

Ca2+ Pb2+ Ni2+ Cu2+ Zn2+ Cd2+ H92+

og K 2 0 —43 —43 —45 —46
Aol 3 0 —35 —36 —32 —46
4 0 —43 —42 —40 —45

—45 —35 —39 —40 —-37 —41 —19
—-43 —39 —388 —38 —39 —40 —10
—45 —44 —42 —53 —46 —42 —22

& Selectivity coefficients (logk ,ngM ) of the electrodes based on ionophores 2—4 are mean data of two measurements using FIM.



Calix[4]arene

the lower selective coefficients of Pb?*, Cu®" and Zn**
of ionophore 4-based 1SEs than those of 2-based ISE
might be attributed to the m-systems of the branched
phenyls within compound 2 participating in the coordi-
nation with these cations via cation-n interactions.? In
addition, that the selective coefficient of Hg?" of 3-based
ISE is one order of magnitude larger than those of 2 and
4-based |SEs indicates that the stronger Hg?' interfer-
ence towards the silver cation is produced in 3-based
ISEs. It is well known that free Hg?" only exists in the
strong acidic medium (pH<C2). However, it exists usu-
dly in the form of Hg(OH)" when the medium pH
value is larger than 2. Therefore, the reason for the
stronger Hg?" interference towards the silver cation in
3-based ISE might be enhanced by the oxygen atoms
within the extra two hydroxys in the ionophore 3 via
O-H-+-O hydrogen bonds with Hg(OH) " ion.

Compared with the 1SEs behaviors of 2 and 4 with
their thio analogues of our previous reported results
25,27-dihydroxy-26,28-bis(propylthiaal koxy2—5,11,17,
23-tetra-tert-butylcalix[4]arene (5a—5c)™***" and 25,
27-dihydroxy-26,28-bis(hydroxyethylthiaalkoxy)-5,11,
17,23-tetra-tert-butylcalix[4]arene (6a—6b),*® drastic
differences exist between the thio analogues and the
seleno analogues. As can be seen from Figures 1 and
Figure 3, the main differences between the two types of
compounds are that the selenium atoms in ionophores 3
and 4 are replaced by the sulfur atoms in ionophores
5a—5c¢ and 6a—6b. By the comparison of the selective
coefficients of 4 with those of its thio anal ogues 5a—>5c,
we found that there is an order of magnitude increase in
the binding affinity of Na*, K* and Hg*" of thio ana-
logues 5a—5c over those of 3 and 4. From this results it
is suggested that the more soft selenium atom is super to
sulfur atom as donors in the same type of receptors as
silver sensors in ionophore based 1SEs. Comparing the
selective behavior of 3 with those of its thio analogues
6a—6b, we found that the strong Hg”' interferences in
6a—~6b based ISEs are amost eliminated. As depicted
above, sulfur donors give stronger binding abilities to-
wardsNa", K™ and Hg?" for it is relatively harder than
selenium atom from the widely accepted hard and
soft acid sand bases theory.

Besides the differences in the ion-selectivities, there
are some differences in the values of properties of
2—A4-based I1SEs. The response characteristics of silver
ISEs such as response slope, linear range and response
time are summarized in Table 2. the Nernstian slope of
2-based ISEsis (54.2+3.2) mVedecade  to the activity
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Figure3 Structures of compounds 5a—>5c and 6a—6b.

of Ag" within the activity range 10 *°—10 **molsL *
AgNOs. The relevant values of 3 and 4-based ISEs are
(45.441.3) and (54.0+1.3) mVedecade * to the activ-
ity of Ag" within the activity range 107>°—10"** and
10 ®°—10 **molsL * AgNOs;, respectively. The Nern-
stian dopes of 2- and 4-based ISEs are remarkably
higher than that of 3-based ISEs. One possible explana-
tion is that the oxygen atoms of the terminal hydroxy of
ionophore 3 participated in the ligation with silver
cation as the assistant donors. The extra binding with
oxygen atoms causes a relatively stronger binding with
the silver ion compared with that of 2- and 4-based | SEs.
The stronger binding of silver ion might interfere in the
rapid ion exchange of interfacial of membrane elec-
trodes. From the relative narrow linear range of 3-based
ISEs, it is also suggested that ionophore 3 causes arela
tively stronger binding towards silver ion than those of
2- and 4-based ISEs. The response time of 2—4-based
ISEsiswithin 12 s,

Conclusions

Tweezer-like receptor molecules 25,27-dihydroxy-
26,28-bis(3-benzylselenopropoxy)-5,11,17,23-tetra-tert-
butylcalix[4]arene (2) and its analogues 3 and 4 have
been synthesized for comparing the cation/n interactions
and hard donors on the influences of Ag' selectivity as
sensors for Ag'-selective electrodes. The polymer
membranes containing 2—4 gave good selectivity for
Ag' (logkp*, <—3.2) against most of the interfering
cations examined (i.e, Na“, K*, NH§ , Mg®", ca®',
Ni?*, cu®*, zn*", cd** and Pb®"). These ionophores

Table2 Properties of Ag'-ISEs based on ionophores 2—42

lonophores Slope®/(mVedec %) Linear range Response time tgsy,/S pH range R
2 542431 5.0X10%0—10713 <10 2—6 0.9889
3 454419 5.0%10 %°—10 13 <12 2—6 0.9947
4 54.0+1.3 5.0X10%0—10713 <12 2—6 0.9937

2 Slopes are calculated within their linear range and are mean data of four electrodes (standard deviations given at 95% confidence level)

for each ionophore.
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also gave good discrimination of Hg®" (log KRgm <
—1.0). The performance of the present ISEs is superior
to that displayed by traditional Ag,S-based electrode.
The n- systems closing to the soft selenium donors
within the ionophore 2 cause a relative stronger binding
with Pb®", Cu?" and Zn?" compared with those of the
ionophore 4 without n-systems closing to the soft do-
nors. However, while the hard donor group hydroxys
within the ionophore 3 closed to the soft selenium do-
nors, a stronger binding with Na', K*, NH} and
Hg?" was caused compared with those of the ionophore
4,

Experimental

Melting points were determined with a Boetius
Block apparatus. 'H NMR spectra were recorded on a
Bruker AC-P200 spectrometer at 200 MHz and on a
JEOL JNM-AL 300 spectrometer at 300 MHz in CDCl;
solution, using tetramethylsilane as an internal standard.
3C NMR spectra were recorded on a Bruker AC-P200
spectrometer at 50 MHz in CDCl; solution. Elemental
analyses were performed by Perkin-Elmer 2400C in-
strument. FAB/MS spectra were obtained on a VG
ZAB-HS spectrometer. X-ray crystallographic data were
obtained on a Bruker Smart 1000 instrument. Poly(vinyl
chloride) (PVC) and potassium tetrakis(4-chlorophenyl-
borate) (KTCIPB) were purchased from Fluka (Buchs,
Switzerland). Dibutyl phthalate (DBP) was obtained
from Shanghai Chemical Reagent Corporation (Shang-
hai, China). The silver nitrate (guaranteed reagent) and
analytical reagent grade nitrates of sodium, potassium,
ammonium, calcium, magnesium, cadmium, copper,
nickel, zinc, lead and mercury were supplied by Tianjin
Chemical Reagent Factory. All solutions were prepared
with distilled deionized water. Solvents were dried and
purified according to literature methods.?®> Compounds
dipropyl diselenide, dibenzyl diselenide and bis(2-hy-
droxyethyl)diselenide were prepared according to the
literature procedures.?’

25,27-Dihydroxy-26,28-bis(3-bromopropoxy)-5,11,17,
23-tetra-tert-butylcalix[4]arene (1)

A modified procedure of the literature” preparation
of 1 was carried out. A suspension of p-tert-butyl-
calix[4]arene (12.96 g, 20 mmol), K,CO; (6.5 g, 47
mmol) and 1,3-dibromopropane (100 mL) in CH;CN
(700 mL) was heated at reflux with stirring for 24 h.
After cooling to room temperature, the precipitate was
filtered and washed with 0.1 molsL > HCI (100 mL),
water (200 mL) and then ethyl ether (100 mL). Then the
solid was dried at 100 °‘C for 3 h. Compound 1 (7.8 g)
was obtained in 44% vyield, m.p. 334—335 C (lit.
288—290 C),” and it was pure enough for next reac-
tion without further purification.

25,27-Dihydroxy-26,28-bis(benzyl sel enopr opoxy)-5,
11,17,23-tetra-tert-butylcalix[4]arene (2)
Dibenzyl diselenide (425 mg, 1.25 mmol), prepared
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from benzyl chloride with Se;Na, in 85% yield, was
dissolved in anhydrous ethanol (30 mL) and benzene
(30 mL) in a 100 mL-round-bottom flask. Under an at-
mosphere of nitrogen, solid sodium borohydride (228
mg, 6 mmol) was added in small portions to the solution
until the orange color of the dibenzyldiselenide disap-
peared. Then, the rest sodium borohydride was added in
one portion. The colorless solution was heated to reflux.
Then, a solution of calix[4]arene dibromide (1 mmol) in
benzene (20 mL) was added. The reaction mixture was
heated at reflux for 1 h, cooled to room temperature, and
poured into water (100 mL). The mixture was extracted
three times with chloroform. The combined extracts
were washed thoroughly with water and then dried over
anhydrous sodium sulfate. The dry solution was filtered.
The filtrate was evaporated to dryness under vacuum.
The oily residue was purified by chromatography on
silica gel with dichloromethane and petroleum ether
(1:3, V:V). Compound 2 was synthesized as color-
less oil in 95% vyield. '"H NMR (CDCl; 200 MH2z) 6:
7.72 (s, 2H, OH), 7.34—7.21 (m, 10H, Ph-H), 7.03 (s,
4H, Ar-H), 6.82 (s, 4H, Ar-H), 4.24 (d, J=13.0 Hz, 4H,
ArCH,Ar), 3.99 (t, J=5.4 Hz, 4H, OCH,), 3.81 (s, 4H,
CH,Ph), 3.28 (d, J=13.0 Hz, 4H, ArCHAr), 2.97 (t,
J=6.2 Hz, 4H, SeCH,), 2.24—2.12 (m, 4H, OCH,CH,-
CH,Se), 1.27 (s, 18H, t-Bu-H), 0.98 (s, 18H, t-Bu-H);
FAB/MSm/z1072.2 (M ", calcd 1072.4). Anal. calcd for
CesHg004Sey: C 71.76 H, 7.53; found C 72.01 H 7.58.

25,27-Dihydroxy-26,28-bis(3-(2-hydr oxyethylseleno)-
propoxy)-5,11,17,23-tetr a-tert-butylcalix[4] arene (3)
By similar procedures, using 2,2'-dihydroxyethyl di-
selenide (422 mg, 1.25 mmol) instead of dibenzyldise-
lenide, compound 3 was obtained as colorless oil in
95% yield. '"H NMR (CDCls, 200 MHz) §: 7.46 (s, 2H,
OH), 7.03 (s, 4H, Ar-H), 6.80 (s, 4H, Ar-H), 4.25 (d, 4H,
J=12.9 Hz, ArCHAr), 4.05 (t, J=5.6 Hz, 4H, ArO-
CH,CHy), 3.83 (t, J=5.9 Hz, 4H, HOCH,CHy), 3.30 (d,
J=12.9 Hz, 4H, ArCH,Ar), 3.08 (t, J=5.9 Hz, 4H, Se-
CH2CH20H), 2.92 (t, J=58 Hz, 4H, SeCH2CH2CH2),
247 (s, 2H, OH), 2.45—2.30 (m, 4H, OCH,CH,CH>-
Se), 1.26 (s, 18H, t-Bu-H), 0.96 (s, 18H, t-Bu- H); FAB/
MS m/z 980.4 (M ", calcd 980.4). Anal. calcd for Csy-
H7606Se;: C 66.24, H 7.82; found C 65.99, H 7.85.

25,27-Dihydroxy-26,28-bis(3-pr opylselenopr opoxy)-
5,11,17,23-tetra-tert-butylcalix[4]arene (4)

By similar procedures, using 3,3'-dipropyl diselenide
instead of dibenzyldiselenide, the oily residue 4 was
obtained and purified by chromatography on silica gel
with dichloromethane and petroleum ether as an eluant.
After recrystallized from ethanol, 4 was obtained as a
white powder in 92% yield, m.p. 65—66 ‘C.'H NMR
(CDCl3, 200 MHz) : 7.04 (s, 2H, OH), 7.02 (s, 4H, Ar-
H), 6.74 (s, 4H, Ar-H), 4.29 (d, J=13.1 Hz, 4H, Ar-
CH3Ar), 4.15 (t, 4H, J=7.2 Hz, OCH,), 3.29 (d, J=
13.1 Hz, 4H, ArCH,Ar), 3.05 (t, J=7.2 Hz, 4H, SeCH,»-
CH,CH0), 2.66 (t, J=7.3 Hz, 4H, SeCH,CH,CHj3),
2.11—1.99 (m, 4H, OCH,CH,CH,Se), 1.50—1.37 (m,



Calix[4]arene

4H, Se- CH,CH,CH3), 1.28 (s, 18H, t-Bu-H), 1.18 (t,
J=6.2 Hz, 6H, CHg), 0.92 (s, 18H, t-Bu-H); *C NMR
(CDCl3, 50 MHz) &: 150.50, 149.64, 146.80, 141.46,
132.34, 127.90, 125.45, 125.02, 76.34, 33.84, 32.79,
31.69, 30.97, 24.45, 22.93, 22.08, 13.58. Anal. calcd for
CssHg004Se»CH,Cly: C 64.58, H 7.80; found C 64.29,
H 7.71.

Silver selectivity evaluated by potentiometric selec-
tivity coefficient and membrane electrode

The typical procedure for membrane preparation is
as follows: Poly(vinylchloride) (PVC) (132 mg, 32%—
33%), dibutyl phthalate (DBP) (264 mg, 64%—65%),
benzothiazolyl functionalized calix[4]arene (4 mg, 1%),
potassium tetrakis(p-chlorophenyl)borate (KTpCIPB)
(75 mol% relative to the ionophore) were dissolved in 5
mL of THF. This solution was then poured into a flat-
bottomed petri dish of 16 mm-inner diameter and 50
mm height. Gradual evaporation of the solvent at room
temperature gave a transparent, flexible membrane of
about 0.3 mm in thickness. A disk of 7 mm in diameter
was cut from the PV C membrane and incorporated into
a PVC tube tip with THF. After injection of 0.01 mole
Lt aqueous solution of AgNQO; as the internal solution,
the electrode was conditioned by soaking in 0.01 mole
L ! aqueous solution of AgNO; for 24 h. The external
reference electrode is a double junction type Ag/AgCl
glass electrode. The composition of electrochemical cell
is given as Ag|AgCI[0.001 molsL " AgNO;|PVC mem-
brane|sample solution|1 molsL ™ KNO3}4 molsL ™! KCl|
HgCl2|Hg.

EMF measurements

All EMF (electromotive force) measurements were
made at (25+1) °C, using a pH/mV meter. The sample
solution was magnetically stirred and kept in a thermo-
statted water bath. The EMF values were corrected by
subtracting the liquid-junction potential between the
external reference electrode and the sample solution in
the high Ag" concentration.®
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