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Abstract
Novel potentiometric el ectrodes were assembled with the carbon paste by nickel nanoparticles. Nickel nanoparticles were produced in
acidic reducing solutions. Resulted product characterized by scanning electron microscopy (SEM) and X-ray diffraction (XRD). The
properties of the modified electrodes at different concentrations were studied by e ectrochemical impedance spectroscopy (EIS) and
potentiometry. Our results showed that Nickel nanoparticles increase the eectrode/solution interface capacitance, constant phase
element (CPE) and also increase the interface resistance. These electrodes that showed good sensitivity, reproducibility and stability
can potentiometricaly determine Nickel ions. We studied thermodynamic parameters of fabricated el ectrodes.
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1. INTRODUCTION

In recent years, increasing interest has been éacas the
synthesizing nanoscale particles and clusters [1Hje
physical and chemical properties vary drasticaliithwize and
the use of ultra-fine particles represents a piiytfertile
field for materials research[6,7]. Ni nanoparticee® one of
the interesting materials for advanced technoldfly Ih this
investigation, we described a process for preparig
nanoparticles by reducing metal salt from aquealstisn
with reducing agent and use of this product to tranton of
a modified potentiometric carbon paste electrodmn8ing
electron microscopy (SEM) showed the cluster shafphli.
We determined grain size by XRD spectrum of nartoges
using scherrer equation. The factors affecting etextrode
usage due to nanoparticle properties were studieatder to
establish the optimum operating conditions and xplare
practical applications of the technique. At thestfistep, five
different nanoparticles ratios than the other ebel's
components (graphite powder and nujol oil) werengrad.
At the next, with this accepted ratio, we study #tectrode
response to 21 of Rli concentration points. In addition, the

2. EXPERIMENTAL METHODS
2.1 Materials

Materials used in this work were nickel acetate,
Ni(CH;COO).4H,0, acetic acid, sodium hypophosphite,
NaH,PO,.H,O, graphite powder and nujol oil that all of these
materials were reagent grade.

2.2 Electrochemical Measurements

A saturated calomel electrode (SCE) was used asergfe.
Potentiometric measurements were carried out with a
Metrohm 645 Potentiometer. A Pentium 4 CPU 1.7 GHz
computer processed data. Electrochemical impedance
spectroscopy (EIS) were carried out with an
AUTOLAB/PGSTAT30 system equipped to frequency
response analysis (FRA2) program at range of 10 toH0

kHz with 5 mV perturbation signal at equilibrium tpatial.
Each of measurements repeated 10 times.

2.3 Micrographic Analysis

electrodes were characterized by thermodynamicdy sat
temperature range from 298 to 338 K by 5 degreepsst
Electrochemical impedance spectroscopy (EIS) ssudiere
conducted with 6 different concentrations of Ni SorEIS
studies showed good agreements to
applications.

potentiometric

The surface and morphology of the nickel nhanopagievas
characterized by model Stereo Scan 360 of scarglggiron
microscope (SEM).

2.4 X-Ray Diffraction Study

XRD spectrum of Ni nanoparticles that used to deteation
of particle's size and crystallinity were carrieat &y Btuker
axs D8 of X-ray diffractometer.
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2.5 Preparation of Ni nanoparticles

Preparation of Ni nanoparticles is highly sensitite
conditions[8-10]. Solutions containing nickel ionsere
prepared by dissolving analytical grade nickel aieet
Ni(CH3COO).4H,0, in distilled water. The pH values of the
solutions were adjusted by addition of acetic atitk were
used no surfactants. Sodium hypophosphite solutions
NaH,PO,.H,O, were used as the reducing agent. The mixture
was heated to 85 + 1 °C. Conditions of Ni ions oiuly bath
are listed in table 1. The black powder was sepdriibm the
solution by centrifugal separation, and washed wlistilled
water followed by ethanol and acetone. The powdes w
finally dried in a vacuum oven at 40 °C for 24 toufigure 1
shows SEM micrograph of powder. This figure used in
morphological studies of nanoparticles that seemsbé
cluster. We determined grain size using scherreaton [11-

13] by XRD spectrum of nanoparticles that showfigare 2.
This method gives 3.14 nm of grain size.

Table-1: Conditions of Ni nanoparticles producing bath.

subject description
Ni(CH;COO).4H,0 16.9 gr/lit
NaH,PG,.H,O 25.4 gr/lit
Acetic acid Adjustment of pH value
pH 4
Temperature 85+1°C

Fig -1: photo of Ni nanoparticles that shows the partigeow
to clusters.
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Fig -2: XRD spectrum of Ni nanopatrticles that used to
determination of particle's size and crystallin{tyote that the
sharp peak at®?= 18 is due to PTFE sample holder).

2.6 Construction of Modified Carbon Paste Electrode

A 6~7 cm long polyethylene tube (a piece of Insitijection
syringe) used as electrode wall. About 0.1 gr &f paste
prepared by exactly weighted Ni nanoparticles, kitap
powder and nujol oil put into one end of the tuBeom the
other side of the tube, a copper wire inserted fh&paste, as
shown in figure 3. This wire, make electrically cestion
between the paste and the potentiometer instrument.

Polyethylene tube Nickel nanoparticles paste
+

\ Electrode face
T
‘ to solution

Cu wire j
4 |
|

Fig- 3: Compartments of electrode assembly

3. RESULTS AND DISCUSSION

3.1 Optimization of Electrode Components

In our electrodes, Ni nanoparticles are the actipes and
therefore the ratio of Ni to the other contamingtépices must
be adjusted. We examine five ratios, shown in fgdir of Ni
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to graphite powder (in figure 4 abbreviated to @) found
that 36% of paste must be nujol oil to maintainpiéste form.
According to flatten, wide spread and low slope;
Ni/graphite/nujol oil ratio same to 20/44/36 acesptfor
continued studies.

—+— Ni/C-10/54 —o— NilC-20/44
290 1 —a— Ni/C-30/34 —x— Ni/C-40/24
—a— Ni/C-50/14
280 O
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logINi”"]

Fig- 4: Variation of electrode potential vs. logfNifor
different Ni/C ratio (C synonyms to graphite). lhairves
nujol oil fixed to 36%.

3-2 Electrode Response to [Kii] And Temperature

We measured electrode potentials vs. SCE fof TNirom
0.0115 to 0.1113 mol/lit by 21 steps proposed teecdhe
linear range of electrode. The measurement apptied
temperatures from 298 to 338 K by 4 steps. Resejitsrted in
Table 2. Each of points measured 5 times, and tegpoesults
are the confident averages. These results are dbis tfor
thermodynamics study on modified electrode and dtso
estimate its performance to determination of{NiFigure 5
shows variations of electrode potentials vs. loif N

Table 2.Electrode potentials for [Ki] = 0.0115 to 0.1113
mol/lit at different temperatures from 298 to 338 K

Potential (mV)

[Ni2+] T=298K | T=308K | T=318K | T=328K | T=338K
0.0115 206 192 162 144 119
0.0165 208 196 166 146 122
0.0214 210 201 169 148 128
0.0264 211 200 172 151 132
0.0314 213 202 174 153 135
0.0364 214 204 177 156 139
0.0414 215 207 178 158 142
0.0464 216 208 180 160 145
0.0514 217 209 182 162 148

0.0564 217 210 184 164 150
0.0614 218 212 185 167 152
0.0664 218 212 186 169 153
0.0714 219 215 187 171 155
0.0763 220 215 189 173 157
0.0813 223 215 190 176 158
0.0863 223 216 191 177 159
0.0913 224 217 192 178 160
0.0963 226 217 193 179 161
0.1013 226 218 193 180 162
0.1063 227 218 194 180 162
0.1113 227 218 195 180 163

Plot of electrode potentials vs. logfNifor each temperatures,
(shown in figure 5), indicate that: a) it has diéfet slopes that
means it has different values of n (transferredctsede
number); b) however, slope of curves for each of
temperatures, shows that electrode has low dewiatiod
behaves quasi-Nernstian[14]; c) good values of etatipn
coefficient for each temperatures make the cureesable,
therefore we can study this electrode in the rarigeg[Ni*‘]=
-0.9to -1.9.
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Fig- 5: Electrode potentials vs. log [N] at different
temperatures from 298 to 338 K and the fitted csirve

Figure 6 shows experimental transferred electrombar
(nexp) at various temperatures. Values for this figuptamed
from slope of curves in figure 5; Slope =(2.303)RH./ This
values to be used in calculation of thermodynamiantities
(AG, AH andAS).

Volume: 02 Issue: 11 | Nov-2013, Available @ httguwwe.ijret.org 663



IJRET: International Journal of Research in Engineaing and Technology

elSSN: 2319-1163 | pISSN: 2321-7308

1.3

1.2 *

1.1+

0.9
081 \
0.7
0.6 \
05 ‘ ‘ ‘

290 300 310 320 330 340

T(K)

Nexp

Fig- 6: Experimental transferred electron number at wario
temperatures.

Among the more number of [N that we have studied, the
compositions symbolized in figure 7, have been show
figures 8 to 10. Also, for more clearance in edghres, we
sketch average of studied object vs [Nin.

—&—0.0214 mol/lit
—B—0.0364 molflit
---%-- 0.0514 molflit
---¢-- 0.0664 molflit
—-+—-0.0813 mol/lit
—-%—-0.0963 molflit

—=—0.0165 molflit
——0.0314 mol/lit
---+-- 0.0464 mol/lit
---%-- 0.0614 molflit
---&:-- 00763 molflit
—-a4—-0.0913 molflit

——0.0115 molflit
—x—0.0264 molflit
——0.0414 molflit
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----- 0.0714 molflit
—-m—- 0.0863 moll/lit

—-¢—-0.1013 molflit  —-B--0.1063 molflit  —-2—-0.1113 molflit

Fig. 7. Compositions and symbols that have been shown in
figures 8 to 12.

Plot of electrode potentials vs. temperatures &mheof [NF*],
(shown in figure 8), indicates that electrode alimoshaves
identical for all of studied [Nf{]. Slope in each regions of any
curves is similar to each others. On the other bamdot
behavior of each [Ni] is uniform to others.

230

310 320 330 349
T(K)

290 300

145 T
290 300 310 320 330 340

T(K)

Fig-8: Electrode potentials vs. temperatures: up) foiNaF];
down) average of all curves of right.

Figure 9 shows electrode temperature coefficieAET),)
at various temperatures. Low slope values for sldes is one
of the conditions that must accomplish to other ditions
such as high impedance and high capacitive effeitds;
synonymies the electrode as potentiometric elenfgrtigher
temperatures electrode reaches equilibrium and Ibagr
value of temperature coefficient. We discuss abthis
characteristic in continua.
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Fig- 9: Temperature coefficient vs. temperatures: agfor
[Ni?"]; b) average of all curves of right.

For an electrochemical reaction, at thermal equilib, Gibbs
free energy could be determined using equatiGe-nFE. For
temperatures' stepAT, we can determine entropy of reaction,
using AS=nFQAE/AT), and then enthalpy bfH=AG+TAS =-
nF[E+T(AE/AT). We calculate Gibbs free energy variation for
the electrode reaction using potentials (tablee2perimental
electron transfer numbers (figure 5). Thesis vakasulated
and shown in figure 10. This Figure shows thateéase in
temperature causes increase in free energy. Slothesfe
variation decrease at higher temperatures. Thisnsehat
reaction, Ni-Ni?* + 2e, goes to run spontaneously at higher
temperatures.
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principles[15] and using FRA2 program result tocodted
-8000 values reported in table 3.
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Fig. 10 Variation of electrode reaction Gibbs free energy
entropy and enthalpy vs. temperatures: a, b, GIfgNi*"]; d, . = ‘ ‘ ‘ ‘
e, f) average of all curves of [N]. ° 3K > ohm 8K oK
By figure 10, it seems the same rules for variaiohenthalpy
and entropy. Temperature and concentration, bddctafon 70K
the system entropy. In aqueous solutiong, Mins hydrated Ni: 0.05 moll
by some solvent molecules. At a constant\by increasing a
of temperature to 308 K, system is more regularA®d0 due ok
to higher effect of ions hydration than the thermmation of
them. But at higher temperatures mobility of iorss the .
influential factor and\S>0. S
=
For determination of solution resistanceg)(Rpolarization 20K+
resistance (F) and constant phase element (CPE) of electrode; 1
we have done electrochemical impedance study (BIS) 1o
electrode in different [Ni]. Nyquist diagrams shown in figure 0 ‘ ‘ ‘ ‘
11. Interpretation of these diagrams done baseBakamp oo e e e e e e
Volume: 02 Issue: 11 | Nov-2013, Available @ httguwwe.ijret.org 666




IJRET: International Journal of Research in Engineaing and Technology

elSSN: 2319-1163 | pISSN: 2321-7308

70K
60K .
Ni .01 mol/l
50K 1
£
S 40K+
N 30k
20K+
10K
0 ‘ ‘ ‘ ‘ ;
0 10K 20K 50K 60K 70K

3K 40K
Z'/ohm

Fig-11: Electrochemical impedance (Nyquist ) diagrams for
the studied electrode in different fii

We determined that equivalent circuit for curvedigfire 11,
is [Rs— R, || CPE]. This means that R in series with Rand
both are in parallel to CPE. Low values of;, R table 3, is
due to low electrolyte resistance. Semi-circle dghh
frequency is related to electron transfer procdsgs semi-
circle has high diameter that shows the slow rateaso high
resistance for electron transfer[15].

Table-3: Values of OCP, resistance and CPE for electrnde i
various amounts of [Ki] calculated from Fig. 11.

=
(r[nNoII/Ii]t) (?n(\:g R,Sn(;)h R?g())h CPE (F)| R?
0.1 999 1.E§8e 1.f26e 8.6979e— 0.?83
005 | 240 1.34110e 132,228 6.4}&4& o.slage
001 | 250 5.S§3e 4'3?47158 1.934e- o.slage
0.005 | 248 8.J228e 7.ig0e 3.?1485& 0.299
0.001 | 257 Z.E:l)’le 4'iige 4.31%3e- 0.399
0.0001 | 257 5.2§8e 2.-(:26e 6.8$3e- 0.298

This results show that electrode act as quasi-NamsLow
values for CPE indicates that the electrode surigemiform
and has good roughness. High values phRd CPE reduces
current flow from electrode [16,17]. This reducedoe of
potentiometric measurements and make our electesdea
potentiometric element.

CONCLUSIONS

Nickel nanoparticles were produced in acidic redgci
solutions. Resulted product characterized by scanelectron
microscopy (SEM) shows that the product grow instgu
shape and X-ray diffraction (XRD) gives 3.14 nm fygain

size. Novel potentiometric electrode were assembli¢ga the
Ni/graphite/nujol oil ratio same to 20/44/36. Themerties of
the modified electrodes at different concentrationsre
studied by electrochemical impedance spectroscB|f) (and
potentiometry. Our results showed that Nickel nambgles
increase the electrode/solution interface capawitaoonstant
phase element (CPE) and also increase the intendatstance.
These electrodes that showed good sensitivityorepibility
and stability can potentiometricaly determine Nidkas. For
this electrode We determined experimental transferr
electron number @), electrode temperature coefficient
(AE/AT),, Gibbs free energy\G), enthalpy AH) and entropy
(AS). The best response of this electrode acceptable
temperature 308 K.
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