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Abstract: PV C based membranes of disodium salt of porphyrin 37,12, 17-tetramethyl-8, 13-
divinyl 2,18-porphine dipropionic acid (I) as ionophae with sodium tetra phenyl borate
(NaTPB) as anion excluder and dbutyl phthalate (DBP), dioctyl phthaate (DOP), dibutyl
butyl phosphonate (DBBP), tris(2- ethyl hexyl)phosphate (TEP), tri-n-butylphosphate (TBP)
and 1- chloronaphthalene (CN) as plasticizing solvent mediators were prepared and
constructed for determination of Zn(Il). The PVC based membrane of (I) with DBBP as
plasticizer and having anion excluder, NaTPB in the ratio PVC: |: NaTPB: DBBP (15C 10:
2: 200) gave the best results in terms of working concentration range (1.3x10°-1.0 x10™*M)
with a Nernstian slope (30.0 mV/decade of activity). The useful pH range of the sensor is
3.0 —7.4, beyond which a drift in paential was observed. The response time of the sensor is
10s and the lifetime was abou 2 months during which it could be used without any
measurable divergence. It had good stability and reproducibility. The membrane worked
satisfactorily in nornraqueous medium up to 40% (v/v) non-agqueous content. The selectivity
coefficient values indicae that the electrode is highly selective for Zn** over a number of
other cations except Na“ and Cd**. Although Na' and Cd** are likely to cause some
interference, they would nat interfere if present at the mncentrations < 1 x10° and < 5 x10°
M, respectively. The electrode has been used as an indicator electrode to determine the end
point in the potentiometric titration o Zn** with EDTA.
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I ntroduction

lon Selective Electrodes are being widely used in the fields of environmental, industrial,
agricultural and medicinal as they offer several advantages over other methods of analysis. The most
attractive feaures of this technique ae the speed with which samples can be analyzed, portability of
the device, sample non-destruction, online monitoring, cost eff ediveness and large measuring range.
Some commercialized sensors for alkali and alkaline earth metals, halides, etc. are available, however
more eff orts are required to develop ion-seledive eectrodes of commercia standards for heavy meta
ions, which are toxic beyonda certain concentration level.

Besides its carcinogens and mutagens nature the toxicity of zinc arises from its
synergistic/antagonistic interadion with ather heavy metals, particularly its homologue cadmium [1].
Its compounds are widely used in electroplating, pharmaceuticals, paint, rubber, dye, wood
preservatives, ointments and betteries so the waste from these industries need to be frequently
analyzed. Common zinc compound found at hazardous waste sites include znc chloride, zinc oxide,
zinc sulfate and zinc sulfide. Besides, it is also present in high protein foods and its large doses can
cause fever, chills, pumonary manifestation, gastroenteritis, vomiting, nausea, anemia and renal
failure. In view of itstoxicity, the determination d zinc becomes important.

Only few zinc selective electrodes [2-13] are reported in literature and most of them have poar
sensitivity, selectivity, long resporse time and short life time [2-9]. An electrode was fabricated by
incorporating zinc salts of bi(4-octylphenyl)hydrogen phasphate in PVC matrix [2] but the dectrode
showed serious interference from some metals. Linnersund and Bhatti [3] tried zinc complex of bis(2-
ethylhexyl)phasphate, an extractant, as electroadive materia for preparing Zn**-seledive dectrodes
but it had a very narrow working pH of range 4.5-6.0. Liquid membrane eledrodes [4,5] have dso
been reported.

Lebedeva and Jansons prepared Zn**-seledive electrodes using saturated solutions of Zn-
quindline-8-carbodthioate in chloroform [4]. Kojima and Kamata [5] used tetrabutylthiuram disulfide
as the arrier in PVC based membrane dectrode. Zinc orthophasphate and zinc mercuric thiocyanate
[6] were used by Rocheleaw and Purdy as electroactive material on a carbon support for the fabrication
of Zn*"-seledive sensors. The dectrode worked well but suffered interference from Cu?*, Cd** and
Pb*. Another electrode, based on salicylaldoxime-formaldehyde resin, for zinc [7] exhibited a
working concentration range of 3.0 nM-0.1 M with a near Nernstian slope. A zinc-seledive electrode
was used by Obmetho et a.[8] for the determination d zinc in Zinc aloys. Srivastava et a.[9] used a
cryptand for the fabricaion d zinc selective sensor but it exhibited a non-Nernstian response.

Zn-bis(2,4,4-trimethylpentyl) thiophasphinic acid complex was also used for fabricating Zn*-
seledive sensor [10] but it suff ers interference from copper. Crown ether based electrode has also been
reported [11] in literature for zinc. It exhibited a working concentration range of 70 nM-0.1M with a
Nernstian slope of 29.5 mV/decade of activity. Shamsipur et a. [12] reported a anc-seledive sensor
based onbenzo substituted maaocyclic diamides. An electrode based on5,6,14,15-dibenzo-1,4-dioxo-
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8,12-diazacyclopentadecane-5,14-diene showed resporse for zinc [13]. It has a working concentration
range of 5mM-100mM in the pH range of 1.5-7.0.

Porphyrins are a class of naturally occuring macrocyclic compounds, which pay an important
role in the metabolism of living organisms [14]. Recently these have been fourd to bind selectively to
metal ions and are being wsed to develop selective sensors for diff erent caions. Here we successully
tried dsodium salt of 3,7,12,17-Tetramethyl-8,13-divinyl-2,18-porphine-dipropionic acid (I) as an
active material in PVC matrix for the fabrication o Zn*'-seledive sensor and the results of the
investigations are presented in this communication.

Experimental

Reagents

3,7,1217-Tetramethyl-8,13-divinyl-2,18-porphine-dipropionic  acid (disodium sat) was
obtained from Aldrich Chemica Company, USA. All reagents used in the investigations were of
analytical reagent grade (Merck,India). Doully distilled water was used for preparing al agueous
solutions. Anion excluder, Sodium tetra phenyl borate (NaTPB) and tri-n-butylphosphate (TBP) from
BDH (England), Dibutyl phthalate (DBP) and Dioctyl phthalate (DOP) from Reidal, India,
Dibutyl(butyl) phosphorete (DBBP) from Mohil (USA), 1-Chloro naphthalene (CN) and Tris(2-ethyl
hexyl) phasphate (TEP) from Merck (Germany) were used.

CH=CH, CH,

H.C CH=CH,

H,C CH,

CH, CH, C 0O Na CH, CH, C 0O Na

Protoporphyrin (1X)
3,7,12,17-Tetramethyl-8,13-divinyl-2,18-porphine-dipropionic ecid dsodium salt

Apparatus

The potentidl measurements were arried ou a 25+0.1°C on a pH 5652 dgita pH
meter/millivoltmeter (ECIL, Hyderabad, India) and CVM 301 Century microvoltmeter (Century
Instruments, Chandigarh, India). pH measurements were made on a digital pH meter (model pH 5652,
ECIL, Hyderabad, India; Glasselectrodes as pH electrode and calomel as reference dectrode).



Sensors 2003 3 22€

Electrode preparation

The method reported by Craggs et a. was adopted for the preparation d membranes [15]. A
number of membranes incorporating the active ingredient, anion excluder and dasticizer in dfferent
compasitions in PVC matrix were fabricated (Table-1). Varying amounts of the ion adive phase (1)
and an appropriate anourt of PVC were dissolved in a minimum amourt of THF. The anion excluder,
NaTPB and solvent mediators, DBBP, DOP, DBP, CN, TEP and TBP were dso added to get
membranes of different compositions. The solutions thus obtained, after complete dissolution d
various components, were poured into aaylic rings placed on a smocth glass and allowed to evaporate
at room temperature. After 48 haurs, transparent membranes of 0.5 mm thicknesswere obtained which
were then cut to size and attached to a Pyrex tube with the help of Aradite. The ratio of various
membrane ingredients, time of contact and the concentration of equilibrating solution were optimized
first so that the membranes develop reproducible, stable and nadseless potentials. Membrane to
membrane and betch to batch reproduwibility was assured by carefully following the optimum
conditions of fabrication.

Potential Measurements

The membranes were equilibrated for 3 daysin 0.5 M Zn?" solution. Potentials were measured
by direct potentiometry at 25 + 0.1°C with the help of ceramic junction calomel eledrodes by setting
up the following assembly.

Internal reference dectrode (SCE)
Internal solution (0.1M Zn*")
Membrane

Test solution

External reference eectrode (SCE)

A fixed concentration of Zn?* solution was taken as internal solution (0.1M) and saturated calomel
electrodes (SCE) were used as reference éectrodes.

Results and Discussion

Membrane Characteristics

Potentia studies on the membrane sensors were arried ou with the varying zZn*
concentration (1.0 © 10°to 1.0 © 10* M). Table-1 depicts the results of the working concentration
range, sope and response time of each membrane. Potentials generated with (blank) membranes
(containing only PVC, NaTPB and solvent mediators at [Zn®'] varying from 10° to 10%) were
insignificant (5-10 mV). As such, the paentias generated in the proposed sensor are ascribed to the
uptake of Zinc ions on the disodium sat of 3,7,1217-Tetramethyl-8,13-divinyl-2,18-porphine-
dipropionic ecid.
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Table 1: Composition and resporse characteristics of Zn?*- selective dectrode

- Worki ng Slope Response
Electrode Components in membranes (% w/w) Concentration mV/decade Time
No. (I) PVC NaTPB TEP DOP CN TBP DBP DBBP rg\n/lg);e of adivity ©
1 10 150 - - - - - 79" 10* to 10" 10* 382 40
2, 10 150 2 - - - - - 2w 13" 10° to 10~ 10™ 30.0 10
3. 10 150 2 - 150 - - - - 17 10* to 10" 10* 33.0 15
4. 10 150 2 - - - - 150 - 797 10°to 10° 10T 35.0 20
5. 10 150 2 - - 1% - - - 31" 10°to 10" 10T 34.0 2
6. 10 150 2 165 - - - - 39 10%to 10~ 101 40.0 32
7. 10 150 2 - - - 170 - 7.0° 10% to L0~ 10? 39.0 35
Effect of Plasticizer

The membrane withou plasticizer (Electrode no.1) exhibited a narrow working concentration
range (7.9° 10 to 10" 10™ M) with aslope of 38.2 mV/decade of activity and a resporse time of 40
seconds. Since the nature of plasticizer influences the dielectric constant of the membrane phase, the
mobility of the ionophare and state of ligand [16], it was expected to play a key role in determining the
ion-seledive characteristics. So various plasticizers (DBBP, DOP, DBP, CN, TEP, TBP) were alded
in varying amourts to the membranes and ion-seledive daracteristics were studied. Also, the
optimization o permselectivity of the membrane sensor is known to be highly dependent on the
incorporation d additiona membrane wmporents, therefore Sodium tetra phenyl borate (NaTPB) was
also added to the membrane comporents to increase the conductivity and minimize interference from
lipophilic anions [17]. The adition d solvent mediators DBP and CN (Electrode no4 and 5
improved the working concentration rangeto 7.9~ 10°-1.0° 10*M and 31~ 10°1.0" 10'M and
the slopes to 350 and 340 mV/decade of activity, respectively. For the membrane @ntaining DOP as
plasticizer (Electrode no.3), the potential remained linear in the mncentration range 1.7~ 10%-1.0 "
101 M with slope 33.0 mV//decade of activity. However, the aldition o the solvent mediators TEP and
TBP (Electrode no.6 and 7) did na improve the performance of the dectrodes (Fig.1).
The membrane having DBBP as plasticizer exhibited best results (Electrode no.2). This sensor gave a
Nernstian response (slope 30.0 + 1.0 mV/ decade of activity) in the concentration range 1.3~ 10°-1.0
* 10 M of Zn*" and a response time as fast as 10 seconds. Different amourts of (1) were tried with
this membrane to get the optimum compasition (Fig.2).
The results are summarised in Table-2. It is clear from this table that the increase in the amount of (1)
did na improve any of the characteristics of the sensor. Therefore, electrode no. 2 with the optimum
composition PVC:(1):NaTPB:DBBP (150:10:2:200 was chaosen for al further studies. Repeated
monitoring of potentials (20 measurements) on the same portion of the sample with this electrode gave
a standard deviation d + 1.0 mV. The sensing behavior of the membranes did na change when the
potentials were recorded from lower to higher concentrations or vice versa. The membrane an be used
for over two months, at a stretch, without observing any change in resporse time, slope and detection
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limit of the eledrode. The difference in pdentia could be @rrected by re-equilibrating the membrane
with 0.5 M Zn?* solution for 2-3 days. When nd in use the sensor was kept stored in air.

Potential (-mV)
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Figure.l: Variation of patential of PVC based membrane of (1) (no.1) withou solvent mediator and

(nos. 2,3,4,5,6 and 7) with solvent mediators DBBP, DOP, DBP, CN, TEP and TBP, respectively with
Zn** concentration.

Table 2: Resporse tharacteristics of the PV C based membranes with different amounts of lonoghore

EIe’t\:lt(r)ode Compmerz;c;)(s\tlvtvt;e membranes Working cor;:'\jr)wtratlon range m\%ggce de R(_ersipn?gse
' () PVC NaTPB DBBP of activity (9
A. 8 180 2 200 537 10°to1.0" 10° 28.2 15
B. 95 150 2 200 15" 10°t0o1.0" 10" 29.0 12
C. 10 150 2 200 13" 10° to 10~ 10% 30.0 10
D. 11 1850 2 200 1.3° 10°to 1.0~ 10* 30.2 10
E. 12 150 2 200 137 10°t0o1.0" 10" 30.0 10
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Fig.2: Variation d potential of PVC based membranes with varying amount of ionophae (A-8.0,
B-9.5, C-10.0, D-11.0, E-12.0 (% w/w)

pH Dependence and Non-aqueous Effect

One of the ions present in aqueous solution is the hydrogen ion. It interferes, in many

instances, with the functioning. In view of this, it is necessary to find the optimum pH range where the
electrode withou interference from the hydrogen ions. pH dependence of the membrane dectrode
works has been tested by using 1.0 “ 10%and 10" 10°M Zn*" solutions over apH range 1 to 8(Fig.3).
pH was adjusted by the addition d small drops of hydrochloric add (0.1 M) and/or sodium hydroxide
(0.1 M). As could be seen from fig.3, the potentials day constant from pH 3.0 to 7.4. Beyondthis pH,
a drift in pdential is observed which is due to the formation o some hydroxy complexes of Zn?* at
higher pH while & lower pH, there could be protonetion of (I) in the membrane which results in aloss
of their complexing ability with the metal ion. Thus the working pH range of the propaosed assembly
may be taken from 3.0 -7.4.
The functioning of the sensor was aso investigated in partially medium using methand-water,
ethanol-water and acetone-water mixture (Table-3). It was found that the sensor assembly works well
in non-aqueous media having a 40% (v/v) adcohdic content without showing any appreciable change
in the working concentration range or slope. However, above 40% potentials show drift with time. It is
worth mentioning that the lifetime of the membrane did na ater in nonagueous solutions.
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Figure 3: Effed of pH on patential; [Zn?']=1.0" 10°M (a) and 1.0° 10°M (b) for sensor no.2.

Table 3: Effed of partially non-agqueous medium on the working of Zn?* sensor (Electrode no. 2)

Non- aqueous Slope Working
Content (mV/decade of | Concentration Range
(% VIV) adivity) (M)

0 30.0 1.3 10°t01.0" 10"

Methanol

30 30.2 13" 10°t01.0" 10"
40 29.3 15" 10°to1.0" 10*
45 25.2 25" 10*t0 1.0 10*
Ethand
30 29.6 15" 10°t01.0" 10*
2(5) gg-g 16" 10°t01.0" 10
. . 4 . 1
Acetorne 36" 10"to1.0" 10
® Sy 13" 10°t010° 10
. e 5 4 1
45 246 1.4, 104t0 1.0, 10l
16" 10"to1.0" 10

Potentiometric Selectivity

The seledivity coefficient values K7, = for the proposed sensor were evaluated by the
modified form of the Fixed Interference Method [18] as well as by the Matched Potential Method [19]
a 1.0 10% M concentration of interfering ions (B). The selectivity coefficient values (Table-4)
clearly indicate that the dectrode is moderatly selective to Zn?* over anumber of cations (except for
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Na" and Cd®"). As the seledivity coefficient values are higher for Na" and Cd?*, they are likely to
cause some interference but these ions may also na cause any interference at low concentrations. To
determine the maximum interfering concentration level of these two metal ions in the estimation o
Zn**, some mixed run studies were carried ott. It can be seen from Fig.4 that Na' at concentration £
1.0" 10° M does not cause any deviationin the original plot of pure Zn?* solution. Thus, electrode can
tolerate Na" up to concentration £ 1.0~ 10° M over the entire working concentration range. If Na*
concentration exceeds this limit, the sensor can be used to determine Zn* in the reduced concentration
ranges of 5.6~ 10°-1.0° 10' and 31" 10%1.0 " 10%in the presence of Na" at 1.0~ 10*and 10~
10° M respectively. Similarly Cd** can be tolerated upto concentration £ 5.0~ 10° M over the whale
working concentration ranges of 6.3~ 10°- 1.0~ 10 and 50~ 10%1.0~ 10" M in the presence of
1.0° 10%*and 10" 10°M Cd?**, respectively (Fig.5).

Fig.4: Variation o potential with Zn*" concentrationin presence of diff erent concentration of Na'.
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Fig.5: Variation o potential with Zn*" concentrationin presence of diff erent concentration of Cd*".
Analytical Applications

The analytical applicability of the sensor was tested by using it as an indicator electrode in the
potentiometric titration o Zn*" solution. 10 ml of 1.0~ 10° M Zn** solution was titrated against 1.0 °
102 M EDTA solution. The curve is not a standard sigmoid shaped (Fig.6) which may be due to Na"
interference as disodium salt of EDTA was used. However, a very good inflection point, corresponds
to Zn-EDTA stoichiometry is observed which shows that this sensor can be used for the determination
of Zn?* patentiometrically.

Fig.6: Potentometric titration of Zn*" ions (1.0~ 10° M, 10 ml) with EDTA (1.0" 102 M).
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Table4: Potentiometric selectivity coefficient values K% _, inthe presence of 1.0" 10% mol dm™®

concentration of interfering ions (B), observed for Zn?* (sensor no. 2) using Fixed Interference and
Matched Potential Method

Selectivity Coefficient K ZP:;'B
Interfering Fixed Interference Method Matched Potential Method
ions (B) With exponent Without exponent
Li* 316 10° 31 10° 0.17
Na 251 25 10° 0.65
K* 251 10° 25 10° 0.20
NH," 316 10" 31 107 0.16
Cs' 281 10" 28 10° 0.18
TI* 17.7 10" 1.7 10° 0.10
Ag’ 446 10° 44 10° 0.20
Ca™ 1.2 10° 1.2 10° 0.13
St 6.3 10° 6.3 10° 0.25
cu* 59 107 59 10° 0.22
Ni%* 56 10° 56 10° 0.20
Cd** 31 10° 31 107 0.60
Hg™* 6.3 10° 6.3 10° 0.24
Co** 44 10° 44 10° 0.20
Pb* 7.0 10° 7.0 10° 0.25
Fe’* 1.7 10° 79 10° 0.25
Al 1.9 10° 89 10° 0.31
cr* 19 10° 89 10° 0.28
Conclusion

The plasticized PV C-based membrane incorporating disodium salt of 3,7,12,17-Tetramethyl-
8,13-divinyl-2,18-porphine-dipropionic ecid as an iongphore, DBBP as lvent mediator and NaTPB
as anion excluder in a PVC matrix in the ratio of 10:150:2:200 (w/w) (lonoghore:PVC:NaTPB:DBBP)
could be used to determine Zn** in the concentration range 1.3~ 10°to 10~ 10* M with a Slope of
30.0 mV/decade of activity. The sensor works in a wide pH range 3.0-7.4 with a resporse time of 10
seconds. The selectivity of the electrode towards Zn?* is quite good ower other cations and the lifetime
of the asembly is more than 2 months in agueous and non-aqueous medium also. In addition, the
membrane sensor can be used as an indicator electrode in pdentiometric titration involving Zinc (11)
ions against EDTA.
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