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ABSTRACT

This work presents a novel organic-inorganic nanocomposite ion exchanger synthesized through
an in-situ approach that exhibits exceptional ion exchange capacities (IEC~1.95 meq g™). Through
solution casting, polycarbazole (PCz) Sn(IV) phosphate ion-exchange membranes were also pre-
pared. Several instruments were utilized to characterize membranes including scanning electron
microscopy with thermogravimetric analysis, Fourier-transform infrared spectroscopy, X-ray
diffraction, transmission electron microscopy, and energy-dispersive X-ray spectroscopy. A few
parameters, including the working pH range (5-8), the response time (20 s), the linear response
range (1.0 x 107 M to 1.0 x 10 M), and the detection limit (1.0 x 107 M), were measured follow-
ing fabrication of Cu* selective membrane electrodes. It also serves as an indicator electrode

during the Cu* potentiometric titration.
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1. Introduction

Ion-exchange materials have emerged to be the latest
area of interest during the last decade within the scientific
community which owes to their unique chemical, mag-
netic, optical, and electrical properties. These techniques
can be applied to electroanalytical [1], catalysis, water
treatment processes [2], and various other fields [3,4].
The ion exchangers’ efficiency can be enhanced consid-
erably through carrying out the commercially accessible
ion exchange polymeric materials’ desired modification

* Corresponding author.

using various techniques. A metal nanoparticle is used in
the present study for improving the properties of the ion
exchanger [5]. Synthesis of the metal nanoparticles is car-
ried out by uses of in-situ oxidative synthesis techniques
(IMS) [6]. These materials comprise of nanometer-sized
metallic clusters, surface protrusions materials separated
via nanometric distance, polycrystalline materials (with
nanometer-sized crystallites), or porous material (with
nanometer range porous size) [7]. In recent times, in the
cations’ determination and detection, organic-inorganic
composite ion exchanger materials have been employed
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effectively by effecting their ion-selective membrane elec-
trode [8-10]. The use of membranes for the separation of
substances has been of utmost importance in both indus-
trial as well as biological processes. In aqueous solution
ionic groups having electrolytes permeable ion-exchange
membranes are greatly utilized in various area such as
analytical chemistry, batteries” solid polymer electrolyte,
dialysis, etc. [11,12]. Nowadays, Nafion is one of the most
popular and effective ion-exchange membranes. Applied
as a conductive binder etc. The combination of all these
properties makes it ideal for analytical applications [13-20].

Environment monitoring using selective ion-exchange
membranes is the need of the hour for water purification
and vapor sensing. Some ion-exchange membranes selec-
tive for Pb*, Hg*, Cd*, Ni** have been reported previ-
ously [8,9,21-24].

In this research, work efforts were performed for pre-
paring Cu?* sensitive membrane electrode by utilizing PCz-
Sn(IV)phosphate nanocomposite cation exchanger and
apply it in electroanalytical studies.

2. Experimental
2.1. Chemicals, reagents and instruments

For the synthesis primary reagent utilized are; carba-
zole monomer, and iron(Ill)chloride (98%) were obtained
from Merck, Germany. HCl (35%) and chloroform (CHCI,)
were obtained from Rainchem; orthophosphoric acid
(H,PO,) from Thomas Baker; and copper nitrate (Cu(NO,),)
from E-Merck (India Ltd.). Every reagent as well as chem-
icals utilized of analytical reagent grade. Demineralized
water (DMW) was utilized for all the solutions and all
practical purposes preparation during the experiments.
For morphological and structural characterization, below
instruments were utilized: “1148/89 based diffractom-
eter with Cu Ka radiations, TGA (thermogravimetric
analysis) utilizing Rigaku X-ray powder diffractometer
and thermal analyzer-V2.2A DuPont 9900 with Cu anode
(Koo A = 1.54186 A) utilzing a PW, EDX (energy-disper-
sive X-ray spectroscopy) and SEM (scanning electron
microscopy) (LEO 435-VF), Fourier-transform infrared
(FTIR) spectrophotometer (Perkin-Elmer, USA, model
Spectrum-BX, range 4,000-400 nm). Furthermore, as refer-
ence electrode, having 1 mV accuracy, digital potentiome-
ter (Equiptronics EQ 609, India) with a saturated calomel
electrode” was utilized for analytical studies.

2.2. Synthesis of Sn(IV)phosphate inorganic precipitate

Sn(IV)phosphate was formulated by combining 0.1 M
orthophosphoric acid and 0.1 M stannic chloride (prepared

Table 1
Synthesis and IEC of Sn(IV)phosphate ion-exchange material
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in 1 M HCI) at room temperature (25°C +2°C). Solution’s pH
is maintained at 1 through constant stirring. Sn(IV)arseno-
tungstate’s white colored gel was acquired which was then
for 24 h is permitted to settle. Then, it was washed and fil-
tered under DMW suction till neutral pH is presented by
filtrate, and lastly at 80°C dried in an oven. The inorganic
ion exchanger’s different ratios were analyzed and pre-
sented in Table 1. Depending on a higher IEC (ion exchange
capacity) sample, for further studies S-2 was selected.

2.3. PCz-Sn(1V)phosphate nanocomposite ion exchanger synthesis

The nanocomposite ion exchangers PCz-Sn(IV)phos-
phate were formulated by carbazole’s in-situ oxidative
polymerization in the nanosized Sn(IV)phosphate (0.5,
1.0, 1.5, and 2.0 wt.%) presence using FeCl, as oxidizing
agents. The Sn(IV)phosphate different solutions in chlo-
roform were stirred up to 1 hour and fixed solutions of
carbazole prepared in chloroform were dropwise added.
These solutions were continuously stirred for 1 h and
after that fixed amount of FeCl, (in 50 mL chloroform) was
added for a 48 h period with constant stirring. The solu-
tion’s cream color was transformed to dark green color.
The prepared nanocomposite ion exchangers were washed
with chloroform to remove impurities. The prepared nano-
composite ion exchangers were dried in an oven at 50°C
as well as grounded to fine powders. Table 2 represents
nanocomposite ion exchangers’ preparation and electrical
conductivity.

2.4. Sorption studies

Metal ion selectivity is primarily dependent on metal
ion transport behaviour. The balance is more comfort-
ably expressed as regards the distribution coefficients of
counter-ions in some practical applications.

With several metal ions” distribution coefficients (K, val-
ues) on PCz-Sn(IV)phosphate composite, batch approaches
were employed to obtain 100 mg of exchanger beads in
an Erlenmeyer flask with several metal nitrate solutions.
20 mL each in the desired mediums. Further, for 24 h con-
tinuous stirring is provided to these solutions. Also, before
and after equilibrium, metal ions’ concentrations in the
solution can be established through titrating against the
standard EDTA 0.005 M solution [25] (Table 3).

The metal ion concentration ratio in the exchanger
phase as well as the solution phases gives the quantity for
distribution, or, the coefficient of distribution; which in a
solution is the metal ions’ fractional uptake measure oppos-
ing H* ions through an ion-exchange material as well as
following formula is utilized for calculating it mathemat-
ically as:

S. No. 0.1 M Stannic chloride (1 M HCl) (mL) 0.1 M Orthophosphoric acid (mL) pH IEC (Meq g™)
S-1 50 100 2.0
S-2 50 50 2.1
S-3 50 150 1 14
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K,= (U-F) X K(mL g") 1)
F M

where | represents metal ion’s initial amount in aqueous

phases, F represents the metal ion amount in the aqueous

phases, V represents the solution volume (mL) and M rep-

resents the nanocomposite cation exchanger amount (g).

2.5. Synthesis of PCz-Sn(IV)phosphate nanocomposite ion
exchanger membrane

PCz-Sn(IV)phosphate nanocomposite’s ion-exchange
membrane was developed through approach described in
our earlier studies [26]. Composite’s distinctive amounts
transformed into fine powder as well as combined com-
pletely with a calculated polyvinyl chloride (PVC) amount
were dissolved in THF for at least 24 h; for finding the
optimal membrane compositions which can be used for
further studies [27]. PCz-Sn(IV)phosphate composite
materials were consequently placed onto pure glass plate,
spread in PVC solution, and then maintained in room tem-
perature for 48 h, so that THF could completely evaporate.

Table 2
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The resulting membranes were carefully removed from
glass plate and washed at room temperature with DMW, on
both sides, and the composite ion exchanger membrane.

To evaluate the IEC of PCz-Sn(IV)phosphate, in a
beaker, they took 1 M NaNO, solution as well as H* form
chose membrane was immersed in it for 24 h. Afterwards,
effluent taken out as well as then utilizing a phenolphtha-
lein indicator, standard (0.1 M) NaOH solution is utilized
for titrating. Table 4 represents preparation conditions as
well as PCz-Sn(IV)phosphate nanocomposite ion-exchange
membrane IEC.

2.6. Nanocomposite ion-exchange membrane characterization

Several instrumentation methods are used for charac-
terizing the membrane. The elemental analysis was done
by EDX. The thermal behavior was studied by TGA. The
membrane’s surface morphology was examined with SEM
microscopy. The FTIR spectroscopy is utilized for iden-
tifying various functional groups within the membrane.
“PW 1148/89-based diffractometer with CuKow radiations”
is utilized for determining the degree of crystallinity and
molecular structure. Membrane’s physiochemical characters

Synthesis, IEC and conductivity of PCz-Sn(IV)phosphate nanocomposite cation exchanger

S.No. Sn(IV)phosphate inorganic ion exchanger (chloroform) (g) Carbazole (chloroform) (g) FeCl, (chloroform) (g) IEC (meq/g)

1 0.5 5 5 1.45

2 1 5 5 1.60

3 1.5 5 5 1.75

4 2 5 5 1.95

5 2.5 5 5 1.80

Table 3

K -values of some metal ions on PCz-Sn(IV)phosphate composite in different solvent systems

Solvents 01M  001M 0.001M 0I1IM 001M 0.00IM 01M 001M  0.001M  DMW

Metal ions HNO, HNO, HNO, HSO, H,SO, H,SO, HCI HCl HCl
Cu* 1,005 410 2,015 1,135 1,965 1,245 1,965 920 1,015 1,495
Ni* 545 505 365 960 705 585 565 1,005 495 795
Pb* 815 1,120 1,135 840 910 1,195 1,165 865 745 1,060
Hg* 415 265 605 402 405 315 260 295 280 290
Ba* 845 1,535 1,025 1,085 905 1,065 745 765 840 765
Cd» 805 695 915 880 615 690 765 485 520 565

Table 4

Condition of preparation and IEC of PCz-Sn(IV)phosphate ion-exchange membrane

S. No. Composites (g) Binder Stirring time (h) IEC of membrane (Meq g™)
Polyvinyl chloride (PVC) (g) THF (mL)

1 0.25 0.2 25 48 0.59

2 0.50 0.2 25 48 0.42

3 0.75 0.2 25 48 0.81

4 1.0 0.2 25 48 0.68
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which includes thickness, swelling, water content, and
porosity were also concluded as mentioned in Table 5.

2.7. lon-selective membrane electrode and its parameters

The membrane disc is cut out and joined to the glass
tube’s end, which contains the reference electrode con-
nected to a potentiometer. The electrodes were immersed in
a solution of Cu* with an external reference electrode and
a membrane electrode. Two electrodes’” potential difference
calculates the Cu* ions activity which in turn is related to
its concentration. Standard solutions of Cu*" of known con-
centration were developed as well as their potential were
calculated. Lastly, a concentration vs. potential graph was
plotted as well as unknown solution’s concentration was
measured by utilizing corresponding potential values.

Internal | Internal Ion-exchange | Sample | External

reference | electrolyte A Membrane solution | reference
electrode | 0.1 M Cu* electrode
(SCE) (SCE)

Following parameters were evaluated to study the char-
acteristics of the electrode:

Detection limit
Response time
Selectivity coefficient
Linear response range
Working pH range

In electrode potential (at 25°C + 2°C) terms, the elec-
trode response, consistent with 0.1 M Cu(NQO,), (10°-10"' M)
standard solutions series concentrations, was calculated
at “IUPAC Commission for Analytical Nomenclature”
described constant ionic strength [28]. A plot of potential
measurements of the ion-exchange membrane vs the respec-
tive ions selected ion concentration utilizing the electrode
assembly in an aqueous medium was analyzed and for
checking the system’s reproducibility, calibration graphs
were plotted 3 times. Response time is described as “the
time interval needed for cell potential to become equal to its
steady-state or limiting value when the activity of the ion of
interest in solution is changed in contact with ISE and ref-
erence electrode” [29]. The response time was measured

Table 5
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by electrode immersion in the Cu® ions” 1 x 10 M solution
as well as instantly shifting to same ion’s other solution
(10 fold high concentration). The solution potential mea-
sured at zero seconds as well as then measured at 5s inter-
vals. After that a graph is plotted for potential vs. time. For
calculating the electrode’s working pH range, Cu(NO,),
(1 x 10*M) solution with pH 1 to 10 were prepared as well
as then at every pH electrode potential is measured. A elec-
trode potential vs. pH graph was plotted. Further with
NaOH and dilute HCI] addition resulted in pH variations.

The potentiometric selectivity coefficients (K[T) were
stated through combining Nicolsky-Eisenman equation
dependent solution method: [30]

RT B ot z4/2
E =constant +| — |In aA+ZK§B(aA) ()
z,F BzA
Potentiometric selectivity coefficient describes the

ion-selective electrode abilities for distinguishing a specific
ion, that is, primary ion from others (interfering ions). The
coefficient of selectivity was measured utilizing the given
equation as:

KPOT _ a,
AB =

(aB )zA/zE

where a,a, and are a primary as well as interfering ion
activity respectively; z,z, represents charged on the pri-
mary as well as interfering ions. For primary ion, the K °7
small value indicates a higher preference. This membrane
electrode’s analytical utility was developed through using
it as an indicator electrode in 1 x 102 M Cu(NO,), poten-
tiometric titration solution against an EDTA as a titrant.
Further a complex is formed when Cu* ions and EDTA
reacts with one another. The sample’s ion concentration
is measured from the EDTA volume utilized in titration.
Further, a graph is plotted between potential values vs.
utilized EDTA volume.

®)

3. Result and discussion

In-situ polymerization helps in preparing PCz-Sn(IV)
phosphate nanocomposite ion exchanger. For Na* the PCz-
Sn(IV)phosphate nanocomposite ion exchanger possessed

Percent composition of PCz-Sn(IV)phosphate composite ion-exchange membrane

S.  Elements Percentage %

No. PCz-Sn(IV)phosphate ion-exchange membrane = Cu?" adsorbed PCz-Sn(IV)phosphate ion-exchange membrane
1 C 33.45 32.67

2 N 15.32 16.71

3 O 13.52 12.41

4 Fe 0.23 1.04

5 Sn 26.12 25.64

6 P 10.41 09.23

7 Cu 0.00 2.13
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the highest IEC that is discovered in 1.95 meq g™ under
similar conditions as presented in Table 2. This has been
clearly indicated by results that the IEC increases with the
number of inorganic groups incorporated in the polymer
chain, after the composite formation, there is increase in
IEC wherein there exists more exchangeable sites.

In order to understand the capability of the sub-
stance to isolate metal ions, we carried out distribution
experiments for metal ions in different solvent systems.
The results shown in Table 3 point to different K -values
depending on the solvent structure and composition. In
some solvent systems and specifically in DMW K -values
show that there is strong adsorption whereas Ni*, Hg*,
Cd*, Ca*, and Ba* show comparatively low adsorption
on composite ion-exchange material’s surface. The cat-
ion-exchanger’s ion-selective and adsorption characteris-
tics as well as ion-exchange properties are demonstrated
by certain metal ions” high uptake. The metal-exchanger
complexes’ stability constant is the key deciding factor for
the difference shown in the adsorption in different sol-
vents. Different material amounts along with fixed binder
amount (200 mg PVC) is utilized for preparing some sam-
ples of PCz-Sn(IV)phosphate nanocomposite ion-exchange
membranes as well as further “thickness, cracks, materi-
als distribution, surface uniformity, mechanical stability,
etc.” are measured. For Na' the highest IEC PCz-Sn(IV)
phosphate nanocomposite ion-exchange membranes were
discovered to be 0.81 meq g™. Table 4 provides condi-
tion of preparation and calculation of IEC of PCz-Sn(IV)
phosphate nanocomposite ion-exchange membrane.

Fig. 1a presents the Cu*" absorbed PCz-Sn(IV)phosphate
and PCz-Sn(IV)phosphate composite ion-exchange mem-
brane’s SEM images. Furthermore, it has been discovered
that prepared polymeric composite ion-exchange mem-
brane having porous nature as well as still has denser mor-
phology. Further, Fig. 1b represents Cu?* clear absorption in
PCz-Sn(IV)phosphate composite membrane’s pores.

Fig. 1. SEM images of (a) PCz-Sn(IV)phosphate nanocomposite
membrane and (b) Cu(II) adsorbed PCz-Sn(IV)phosphate nano-
composite membrane.

Also, elements like Cu, P, Sn, Fe, O, N, and C are pre-
sented in Cu®* absorbed PCz-Sn(IV)phosphate and PCz-
Sn(IV)phosphate composite ion-exchange membranes, as
well as in the ion-exchange membrane these elements’ per-
centage composition were verified from Table 5 as well as
is shown in Fig. 2. Fig. 3 presents the PCz-Sn(IV)phosphate
FTIR spectra that are immersed in ion solution of Cu(lII).
In PCz-Sn(IV)phosphate absorption peaks at 1,472 cm™
represents the PCz benzenoid ring’s C=C stretching, at
1,623 cm™ is because of quinoid rings ‘mode C=C stretch-
ing and FTIR spectra at 3,408 cm™ there exists some strong
band that indicates -NH stretching frequency. C-N stretch-
ing mode causes the peaks at 1,281 and 1,204 cm™ as well as
generally at 1,029 cm™ allocated to 4 substituted benzenoid
rings, C-H of 1 out-of-plane bending vibration that confirms
the PCz formation. The PCz-Sn(IV)phosphate nanocompos-
ite FTIR spectra dipped in Cu(Il) ion solution at 3,302 cm™
indicates a strong association that is acquired by -NH
stretching frequencies, the absorption peaks at 1,601 cm™
is because of quinoid rings’ mode C=C stretching as well
as 1,456 cm™ represents the polycarbazole benzenoid ring’s
C=C stretching which also shows that carbazole polymer-
ization is attained successfully on Sn(IV)phosphate par-
ticles” surface, where copper nitrate resulted in a peak at
1,183 cm™. And broadband between 902 and 738 cm™ with
a peak of intensity is because of ionic phosphate group’s
presence while M-O bonding attributes to peak at 753 cm™
as well as in PCz-Sn(IV)phosphate composite ion-exchange
membrane’s case 1,029 and 692 cm™ with a peak of inten-
sity is caused by ionic phosphate group presence while M-O
bonding attributes to peak at 763 cm™. Assemblies of peaks
at 756-534 cm™ were shifted to 714-483 cm™ [31]. The peaks
observed in the PCz-Sn(IV)phosphate nanocomposite mem-
brane dipped in Cu(lI) ion solution show a shift in frequen-
cies as compared to the PCz-Sn(IV)phosphate nanocompos-
ite membrane which shows that there has been interaction
with a component of nanocomposite ion-exchange material.

Based on the results of EDX and FTIR, formation of PCz-
Sn(IV)phosphate ion-exchange membrane’s schematic rep-
resentation is presented by Fig. 4a and b. From scheme 1,
in step, I, the monomer of carbazole is oxidized to radi-
cal cation through FeCl, use as an oxidant through one
electron removal for forming radical cations. Dimers are
formed by oxidative-aromatization reactions as compared
to monomers since dimers have more conjugation, and as
such, they can be easily oxidized as well as being immedi-
ately oxidized to cations until the monomers are all con-
sumed, it continues for advance olymerization reaction. It
resulted in production of polycarbazole. Polycarbazole oxi-
dation in an aqueous solution using FeCl, is followed by
polycarbazole binding to Sn(IV)phosphate matrix provided
in steps II and III. In Scheme 2, ion-exchange membrane
that were adsorbed in Cu(II) metal ion having interaction
with PCz-Sn(IV)phosphate and formed PCz-Sn(IV)phos-
phate ion-exchange membrane which is Cu(II)adsorbed.

The TGA curves in Fig. 5 indicate different weight
loss. Upto 200°C~5% weight loss has been indicated by
the TGA curve in PCz-Sn(IV)phosphate ion-exchange
membrane that might be attributed for water molecules
removal as well as later at 300°C~37% membrane decom-
position takes place. Further, up to 450°C~6% steady
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Fig. 2. EDX images of (a) PCz-Sn(IV)phosphate nanocomposite membrane (as prepared) and (b) Cu(ll) adsorbed composite

membrane.
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Fig. 3. FTIR photographs of PCz-Sn(IV)phosphate nanocompos-
ite membrane and Cu(Il) adsorbed composite membrane.

weight loss was noticed, also up to 500°C~7% weight
loss was noticed as well as up to 550°C~5% weight loss
was noticed. Further, TGA results clearly indicated that
stable up to 650°C PCz-Sn(IV)phosphate ion-exchange
membrane is stable thermally. The TGA curves for Cu(II)
adsorbed PCz-Sn(IV)phosphate ion-exchange membrane
up to 200°C~3% weight loss was indicated by TGA curve
resulted by water molecule as well as later at 300°C~42%
membrane decomposition is noticed. Similar to the for-
mer case up to 450°C~2% steady weight loss was discov-
ered, also, up to 500°C~3% weight loss was noticed as
well as ~10% weight loss was observed up to 550°C TGA
graph shows that up to 650°C, Cu(II) adsorbed PCz-Sn(IV)
phosphate ion-exchange membrane is stable thermally.

The PCz-Sn(IV)phosphate (as prepared) and Cu(II)
adsorbed PCz-Sn(IV)phosphate ion-exchange membrane
X-ray diffraction (XRD) investigations were performed
by utilizing “Rigaku X-ray powder diffractometer with
Cu anode (Ko A = 1.54186 A) at 30Kv in the 20° <20 < 80°
range. Fig. 6 at room temperature indicates the ion-ex-
change membrane’s typical XRD patterns. PCz-Sn(IV)
phosphate (as prepared) ion-exchange membrane’s XRD
pattern clearly shows that the membrane is amorphous as
in the pattern, there does not exist any sharp peak as well
as Cu(Ill) adsorbed PCz-Sn(IV)phosphate ion-exchange
membrane shows a peak at 25° that indicate the presence
of Cu(Il) ions [32]. The ion-exchange membrane’s physi-
cochemical characterizations are necessary to be stud-
ied before employing it as an “ion-selective electrode”.
Hence, properties which includes “water content capaci-
ties, porosity, thickness, and swelling” are listed in Table
6. For making ion-selective electrode, out of PCz-Sn(IV)
phosphate nanocomposite ion-exchange membranes with
thickness 0.23, 0.18, 0.16, 0.20 mm respectively, the ion-ex-
change membrane of thickness 0.16 was chosen. Therefore,
these membranes’ “less thickness, porosity, swelling,
and low water content” suggested that there exist neg-
ligible interstices as well as diffusion across membranes
are caused through the exchanger site. The ion-selective
electrode selectivity and sensitivity is dependent on elec-
tro-active material nature. When such materials’” nano-
composite ion-exchange membrane is situated among
same nature’s 2 electrolyte solutions, though having
metal ions’ varying concentrations, there is predominated
phenomenon of ion exchange diffusion. The H* ions on
membrane surface exchange selectively with metal ions
[Cu*] on nanocomposite ion-exchange membrane, so an
electrical potential difference is generated on the mem-
brane. Fig. S1 presents the nanocomposite ion-exchange
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Fig. 4. Schematic representation of (a) the formation of PCz-Sn(IV)phosphate ion-exchange membrane and (b) Cu(Il) absorbed

PCz-Sn(IV)phosphate composite membrane.
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Fig. 5. TGA image of PCz-Sn(IV)phosphate nanocomposite
membrane and Cu(II) adsorbed composite membrane.

membrane electrode responded to Potentiometric through
a broader concentration range of 1 x 10 M to 1 x 10 M.
Further, in 1 x 107M to 1 x 10" M range a linear response is

Dipped
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g
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20’

Fig. 6. XRD photographs of PCz-Sn(IV)phosphate nanocompos-
ite membrane and Cu(II) adsorbed composite membrane.

showed by PCz-Sn(IV)phosphate electrode. Therefore, the
ion-exchange membrane’s working concentration range
for Cu?*" is x107M to 1 x 10" M with a 28.25 mV Nerstian
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Table 6

Physiochemical characterizations of PCz-Sn(IV)phosphate ion-exchange membrane

S. No. Thickness of the membrane (mm) Porosity Water content as % weight of wet membrane Swelling

1 0.23 0.0445 0.2136 0.058

2 0.18 0.0580 0.2942 0.067

3 0.16 0.0305 0.1065 0.031

4 0.20 0.0485 0.3362 0.048
Table 7 Fig. S4. A sharp equivalence point will reliably measure

Selectivity coefficient of various interfering ions for Pb* selective
PCz-5n(IV)phosphate composite cation exchanger membrane

Interfering ions (M) Selectivity coefficients (K,,,)
Cu* 1

Ni* 1.17 x 10

Pb* 1.3 x 10"

Hg* 2.3 %107

Cd* 2.8 x10"

Ba? 2.9 x10"

Mg* 1.96 x 10

slope/decade concentrations changes. The pH influence
on electrode’s potential response was calculated for Cu*
ions’ fixed (1 x 107?) concentration in various pH value. The
5.0-8.0 pH range for the electrode was evident (as seen
in Fig. 52) as the operating pH range for the electrode is
known. An sudden transition over pH 8 is due to the Cu*
ions such as Cu(OH), precipitation. The ion-selective elec-
trode’s response time is another significant element. The
average response time is described as “time required for
the electrode to reach a stable potential after successive
immersion of the electrode in different ion solutions, each
having a 10-fold difference in concentration”. The response
time was measured in 1 x 102 Cu* ion solution contact
was measured and Fig. S3 shows the results. Figure clearly
showed that PCz-Sn(IV)phosphate electrode response
time is 20s. It has also been found that up to 12 months
with no significant potential variation at times of which
the potential pitch can be reproduced within a maximum
of +1 mV per concentration decade, can be successfully
used. Where a potential difference is found in the mem-
brane, 0.1 M Cu(NQO,), solutions are re-balanced for 3—4 d.
The ion-selective electrodes” most significant characteristic
is selectivity behavior which determines possibility of tar-
get sample’s reliable measurement. MSM (mixed solution
method) was utilized fir its determination. Table 7 clearly
shows that majority interfering ions exhibit low selectiv-
ity coefficient values, which indicates that PCz-Sn(IV)
phosphate membrane electrode assembly’s performance
is not affected. The membrane’s strong affinity towards
the Cu* reflected this extraordinary selectivity over other
ions. The Cu? selectivity means it was used as a selective
Cu? indicator electrode with the EDTA solution titrant for
the titration of a selective Cu®. Adding EDTA reduces the
potential due to the decrease of the concentration of free
metal ions that is Cu* because of its complication with EDTA

the sum of Cu* in a solution which is evident from resul-
tant neat titration curve. In this study, the analytical and
practical utility of a nanocomposite membrane electrode
designed for cation exchange was determined. Fig. S5 is a
graph of transport number vs. concentration that relates
to the electrode’s performance at 1 x 10°M to 1 x 10" M
concentration range.

4. Conclusion

Ion exchangers based on PCz-Sn(IV)phosphate nano-
composite materials are mechanically and thermally stable
and exhibit a excellent exchange capacity (1.95 meq g™).
It was found that the material was selective for Cu®.
The heterogeneous ion-exchange membrane was devel-
oped by solution casting method using nanocompsite ion
exchanger. The PCz-Sn(IV)phosphate and Cu?" absorbed
PCz-Sn(IV)phosphate composite ion-exchange membranes
were characterized by SEM with EDX, FTIR, TGA and
XRD. It is stated that the Cu* selective electrode showed
a linear response from 1 x 107M to 1 x 10 M with a pH
range of 5-8 and a response time of 20 s. The electrode
was successfully used as an indicator in Cu? ion titrations.
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Supplementary information
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Fig. S1. Calibration curve of PCz-Sn(IV)phosphate nanocompos-
ite membrane electrode in aqueous solution of Cu(NQO,),.
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Fig. S2. Effect of pH on the potential response of the PCz-Sn(IV)
phosphate nanocomposite membrane electrode.
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Fig. S3. Plot of transport no. of PCz-Sn(IV)phosphate
nanocomposite membrane electrode in aqueous solution of
Cu(NO,),.
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Fig. S4. Potentiometric titration of PCz-Sn(IV)phosphate
nanocomposite membrane electrode at 1 x 102 M Cu(ll)
concentration.
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Fig. S5. Plot of transport number of PCz-Sn(IV)phosphate
nanocomposite membrane electrode in aqueous solution of
Cu(NO,),.



