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Abstract

Zinc Sulphide nanoparticles (NPs) has been prepared from raw material by microwave method. ZnS NPs were
characterized by X-ray Diffraction (XRD) and Scanning Electron Microscopy (SEM), The size of ZnS NPs were
about (3.15nm) calculated from the Scherer formula from the most intense XRD peak, The calculated product
for ZnS was about 94.4%.Zn*"-selective electrode based on poly vinyl chloride (PVC) was prepared by using
ZnS Nanoparticles (NPs) powders and di-butyl phthalate, and were compared The analytical specifications of
ZnS NPs and ZnS Microparticles (Non- NPs ) electrode. ZnS NPs electrode and ZnS Non- NPs electrode give
linear range upon (10°-10%)M and (10*-10%)M, Nernstain slope of (30.35 mV/decade) and (30.84 mV/decade),
correlation coefficient of (0.9999) and (0.9995), detection limit of (1.733x10")M and (2.486x10°)M,
quantitative limit of (5.77x107)M and (7.07x10°)M, the response time of (9-39) second and (13-36) second,
respectively. The lifetime for each electrode was 15 days. The optimum conditions for each electrode were (5-7),
(20-30°C) and (10 M for pH, temperature and concentration of filling solution respectively. The selectivity of
electrodes were measured using mixed solutions method, the results showed that the selectivity coefficient

values for all interferences ions are less than one.
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1. Introduction

In the last years, synthesis of materials at nanometric
scale has become an important due to the strong
dependency of the size of the material particles over
their  properties:  optical,  mechanical  and
electrical[1].The term nanotechnology was defined,
the matters have at least one dimension sized from (1-
100) nm [2]. Sulphides nonmaterial’s (NMs) have a
special physical and chemical properties are not
available when they are in the normal size [3]. There
are serval methods for the preparation of ZnS
nanoparticles such as hydrothermal method,
sonochemical method, microwave irradiation, and
solvothermal method[4-7]. They are used in solar
cells, light-emitting diodes, optoelectronic devices,
photocatalysis, environmental sensors, and biological
Sensors

[8]. ZnS has exhibitted various of nanostructures
including nanobelts, nanoneedles, nanoflowers,
nanorods, nanonails, nanoparticles, nanowires and
nanobows [10]. An ion-selective electrodes (ISEs) are
defined as an electroanalytical sensor with a
membrane whose potential indicates the activity of
the ion to be determined in a solution. ISEs have
certain undoubted advantages: they do not affect the
test solution, they are portable, suitable for direct
determinations and as sensors for titrations, and they
are not expensive [11]. In this paper, aimed to the
preparation of ZnS NPs using microwave method
because it is fast, simple, energy-efficient and less
time-consuming [12]. And ion selective electrodes of
ZnS NPs and ZnS non- NPs were prepared and
compared between the analytical specification of
these electrodes.

2. Experimental

2.1. Apparatus

Microwave oven (Russell Hobbs-RHM 1714B-
England). X-ray Diffraction (XRD) (Shimadzu-6000
Japan). Scanning Electron Microscopy (SEM)
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(TESCAN-VEGA Easy probe- USA). pH meter
(HANNA pH meter-211 Germany). Calomel
Electrode.  Silver/Silver ~ Chloride  Electrode.
Electronic Balance (Sartorius Germany). Rdry8i-
Ultrasonic bath (DAIHAN Labtech- LUC 405
Korea). Dry oven (Termaks-TS8056 Norway).
Muffle (Carbolite-CWF 12/5 England).

2.2. Chemicals

All chemicals used were of high purity and were
obtained from BDH, Fluka, GCC, Merck and Riedel-
dehaen.

2.3. Stock and Working Solutions

For preparation of solutions, deionized water (DiW)
was used. (0.05, 0.1, 0.2, 0.3, 0.4)M of Zinc acetate
dehydrate, (0.06)M of thioacetamide, 0.1M of
Hydrochloric acid, 0.01M of Potassium chloride,
0.01M of Sodium chloride, 0.01M of Nickel nitrate
hexahydrate, 0.01M of Copper chloride, 0.01M of
Cadmium sulphate, (10°10%M of Zinc chloride
dehydrate  were prepared by dissolving accurate
weight in suitable volume of DW in volumetric
flasks.

2.4. Preparation of ZnS NPs

For preparation of ZnS NPs, 50 ml of 0.06
thioacetamide solution and 50 ml of 0.05M Zinc
acetate dehydrate solution were mixed slowly, put in
microwave, irradiated for 30 min is 560 W, cooled at
room temperature and filtered. The obtained white
precipitate was washed with ethanol and DW (2-3)
times, dried at 110 C for 12 h, after complete drying,
powder was crushed using mortar pestle. A
precipitate of ZnS NPs was characterized using SEM
and XRD Cu Kc (A = 0.15405nm ) incident radiation.
XRD patterns were recorded from 30°to 80°(26).
2.4.1. Optimum Conditions of 2ZnS NPs
Preparation

Inorder to get optimum conditions to prepar of ZnS
NPs, several variables were investigated
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(concentration of raw material (Zn** ions), force of
radiation and time of radiation).

2.5. Preparation of Electrodes

For preparation of ZnS NPs and ZnS Non- NPs
electrodes, a 0.4 gm of PVC dissolved in a mixture
composed of 8 ml acetone and 8 ml tetrahydrofuran
(THF), then 0.1 gm of ZnS NPs or ZnS Non- NPs
were mixed thoroughly for 5 min, and 0.45 ml of di-
butyl phthalate as plasticizer material was added and
mixed, (dissolution and mixing obtained via
ultrasonic bath). The mixture was transferred to the
glass petri dish (60 mm diameter) and kept at room
temperature for about 24h. The solvent was
evaporated slowly until a membrane of about 0.3 mm
thick was formed. A desired piece of the membrane
was cut and then glued to one end of a Perspex tube
(15 mm internal diameter and 9 cm long) using THF
solvent. Then, the Perspex tube was filled with an
internal filling solution 0.01M of Zinc acetate
dehydrates (Zn®* ions). The electrode was finally
conditioned for 24h by soaking in a 0.01M of zZn**
ions. A silver/silver chloride electrode was used as
the internal reference electrode.

2.6. Construction of Calibration Curve of ZnS
Electrodes

Twenty ml of different concentration of Zn** ions
solutions in the range (10°-10") M were placed in
series often of 40 ml beakers. Then, the potentials
were measured by using the prepared membrane
electrodes of ZnS NPs and ZnS Non- NPs at
concentration of filling solution of 10*M, pH (5-7)
and T (20 =307C) for each of ZnS NPs membrane
electrode and ZnS Non- NPs membrane electrode.

3. Results and Discussion

3.1. Optimum Conditions of ZnS NPs Preparation
Results Showed that the optimum conditions to
prepare of ZnS NPs were (0.05M) Zn** ions, (30 min)
time for radiation (at 560 W), as in figure 1.

3.2. XRD and SEM of ZnS NPs Prepared at the
Optimum Conditions

Fig.1 shows XRD pattern of ZnS NPs prepared at the
optimum conditions. The mean particles size (D) in
nm is calculated by using Scherrer formula [13]:

092
B COS6 Eq. (1)

Where A is the X-ray wavelength (A = 0.15405nm), 3
is the full width at half maximum (FWHM — in
radian) at a selected 20. The XRD results of ZnS NPs
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were: the peaks at 20 = 26.5207, 43.8680, 51.9873 at

FWHM = (0.5619, 0.7133 and 0.7200) at a selected
20 respectively. The mean particles size of ZnS NPs
was about 3.15 nm. Fig.2 shows SEM of ZnS NPs
prepared at the optimum conditions.
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Fig. 1: XRD pattern of ZnS NPs
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Fig. 2: SEM of ZnS NPs

3.3. Optimum Conditions of ZnS NPs and Non-
NPs Electrodes Working

Figures 3-5 and table 1 show the effect concentration
of filling solution, pH, temperature and time on the
response of electrodes. The optimum concentration of
filling solution was 10* M for two electrodes. pH
range (5-7) for to electrodes and the observed
potential drift at low pH (<5) may be attributed to the
membrane response to H™ ions and at higher pH
values (>7. The effect of temperature was small and
not affect the electrodes responses so the temperature
range (20-30)C was adapted. The response times
were (9-39) second at concentration (10°-10%)M and
(13-36) second at concentration (10-10%)M for ZnS
NPs and ZnS Non- NPs respectively.
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Fig. 3: effect of filling solution Concentration on: (a) ZnS NPs electrode response and (b) ZnS Non- NPs
electrode response
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Table 1: Concentration effect of filling solution of electrodes response for ZnS NPs and Non- NPs
parameters ZnS NPs electrode ZnS Non- NPs electrode

Filling solution (M) | 10° | 10° | 10® | 10° | 10° [ 10° 10™

Slope (mV/decade) | 25.1 | 26.6 | 28.86 | 22.51 | 24.5 | 24.35 | 28.65
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Fig. 4: pH effect on electrode response of: (a) ZnS NPs and (b) ZnS Non- NPs
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Fig. 5: Temperature effect on electrode response of: (a) ZnS NPs and (b) ZnS Non- NPs
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Fig. 6: Response time of: (a) ZnS NPs electrode and (b) ZnS Non- NPs electrode
3.5. Calibration Curve of ZnS Electrodes

Figures 7(a) and 7(b) showed the linearity of ZnS for ZnS NPs electrode and ZnS Non- NPs electrode
NPs electrode (10°-10%)M was best than of ZnS respectively. That's to say the nernstian slope of ZnS
Non- NPs electrode (10*-10%)M and the nernstian NPs electrode is nearest to real value (29.58
slopes were 30.35 mV/decade and 30.84 mV/decade mV/decade).
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Fig. 7: Calibration curve of: (a) ZnS NPs electrode for [Zn?*] (10°-10?) M and (b) ZnS Non- NPs
electrode for [Zn?*] (10*-10%)M
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Table 2 shows the accuracy and precision of the calibration curves.

Table 2: The accuracy and precision of the calibration curves

Tvoe electrode Conc. of Zn?* | Potential® | Conc. found | RSD RE Rec
yp (M) (mV) (M) % | % %
107 222 0.998x107% | 0.625 | -0.16 | 99.84
ZnS NPs electrode 10° 192 1.025x10° | 0.314 | 253 | 102.53
107 220 1.055x107 | 0.556 | 5.58 | 105.58
ZnS Non- NPs electrode 10° 188 0.968x10° | 0.651 | -3.15 | 96.85

& Average of seven determinations.

The results showed the recovery percentages and
RSD of 102 and 10°M by using ZnS NPs electrode
were 99.84%, 0.625 and 102.53%, 0.314 while for
ZnS Non- NPs electrode were 105.53%, 0.556 and
105.58%, 0.651 respectively. The detection limit and
quantitative limit for ZnS NPs electrode were
1.733x10'M and 5.77x10'M while for ZnS Non-
NPs electrode were 2.486x10°M and 7.07x10°M
respectively, these results give advantage to the ZnS
NPs electrode.

3.6. Selectivity of ZnS Electrodes

The selectivity coefficient (K;%) of ZnS NPs and
ZnS Non- NPs electrodes for determination of Zn?*
ions in presence of different cations and anions were
determined by using mixed solution method. The

Table 3: Values of selectivit

concentrations of Zn* ions were (102,10)M and the
concentrations of interfering ions were 10°M. The
calculation formula of (K;%) is as follows when the
concentration of Zn** ion and interfering ion are
equal [14]:

KR = o Amn B

Where , K;% is selectivity coefficient of sample ion
(A) towards interfering ion (B) , Ca min IS alower
concentration of sample ion, Cg max IS @ higher
concentration of interfering ion, P is the relative error
of ion sample (A) towards interfering ion (B). Table 3
shows the values of selectivity coefficient (K;%) of
ZnS electrodes for determination of Zn* ions.

coefficient of ZnS electrodes for determination Zn?" ions

Values of K, %
Interfering ion | ZnS NPs electrode | ZnS Non- NPs electrode
of 102 M Conc. of Zn*" (M) Conc. of Zn* (M)
107 107 107 107
K* 0.0067 | 0.0002 0.009 0.0005
Na™ 0.0022 | 0.0010 0.0068 0.0012
Ni*? -0.0067 | 0.0020- | 0.018 -0.0010
Cd* -0.009 | -0.0013 0.015 0.0021
Cu*® -0.0135 | -0.0010 0.090 -0.0029

According to values of selectivity coefficient which
was less than one, the interfering of cations and
anions could not affect on the selectivity of ZnS
electrodes, and the ZnS NPs electrode give better
selectivity than ZnS Non- NPs electrode as in table3.
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3.7. Lifetime of ZnS Electrodes

Figures 8(a) and 8(b) show the lifetime of ZnS NPs
and ZnS Non- NPs electrodes. The lifetime for each
of ZnS NPs electrode and ZnS Non- NPs electrode
were 15 days.
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Fig. 8: Lifetime of : (a) ZnS NPs electrode and (b) ZnS Non- NPs electrode

3.8. Analytical Applications of ZnS Electrodes

The concentrations (10, 10) M of the unknown
(Zn** ions in Zinc chloride dehydrate solution) by
using direct method was calculated throw linear

equation of the calibration curve for each of ZnS NPs
electrode and ZnS Non- NPs electrode, as in table 4,
and The concentration 10™*M of the unknown (Zn**
ions in Zinc chloride dehydrate solution) by using
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multiple standard addition method was calculated by
the following equation [15]:

Cy Vyx= =V, C; Eq. (3)

Where, C, is the concentration of unknown, C; is the
added concentration of Zinc acetate dehydrate (10

ISSN: 1813 — 1662 (Print)
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M), Vy is the volume of unknown (20 ml), V. is the
value (ml) at intercept with X axis (V. calculated
from linear equation of calibration curve of multiple
standard addition method when y = 0). As in table 5
and figures 9(a) and 9(b).

Table 4: Application results using direct method for determination Zn®* ions in Zinc chloride dehydrate

Tvpe electrode Conc. of Zn®* | Potential® | Conc. Found | RSD RE Rec.
yp (M) (mV) (M) % % %
ZnS NPs electrode 103 191.61 0.9957x10° | 0.4207 | —0.43 | 99.57
10* 161.4 1.0060x10* | 0.4683 | 0.60 | 100.60
103 188.2 0.9831x10° | 0.6376 | —1.69 | 98.31
ZnS Non-NPs  electrode 107 157.4 | 0.9863x107 | 0.7714 | —1.37 | 98.63
# Average of seven determination
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Fig. 9: Calibration curve by multiple standard addition method for determination Zn* ions in Zinc
chloride dihydrate (10“M) by using: (a) ZnS NPs electrode and (b) ZnS Non- NPs electrode

Table 5: Application results using multiple standard addition method for determination Zn®* ions in Zinc
chloride dihydrate (10M)

Type electrode Conc. of Zn®* | Conc. found | RSD | RE | Rec
(M) (M) % % %

ZnS NPs electrode 10" 1.007x10* [ 0.432 | +0.7 | 100.7

ZnS Non- NPs electrode | 10 1.015x10* | 0.6232 [ +1.5 | 101.5

In two methods the accuracy and precision of ZnS
NPs electrode were best than ZnS Non- NPs
electrode, these results may be due to the properties
of NPs are not in Non- NPs .

4. Conclusion

ZnS NPs have been successfully prepared by using
microwave method. The average particles size of ZnS
NPs was about 3.15 nm. ZnS NPs electrode and ZnS
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