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Abstract Multivariate optimized experimental conditions were established for the determination

of nickel(II) in 92 grape samples after complexation with ammonium piperidine dithiocarbamate

(APDC) and ammonium morpholine dithiocarbamate (AMDC). Differential pulse polarographic

(DPP) studies of the wave characteristics indicated that it is of the catalytic hydrogen wave

(CHW) type sensitive to pH, concentration and scan rates. A single, sharp peak obtained at

�1.22 V allowed for the trace determination of nickel(II) in the range of 3.2 · 10�6 to

1.17 · 10�3 M with a linear calibration and a detection limit of 1.8 · 10�6 and 2.7 · 10�6 M for

APDC and AMDC respectively. Mechanistic aspects between APDC/AMDC and nickel(II) were

confirmed with cyclic voltammetry and supported by theoretical calculations. The DFT calculations

of piperidine adduct reveal a smaller HOMO–LUMO energy gap than morpholine adduct, suggest-

ing that piperidine adduct has a greater tendency to act as an electron donor.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction

Nickel is one of many trace metals widely distributed in the
environment, being released from both natural sources and

anthropogenic activities. Natural sources of atmospheric nick-
el levels include wind-blown dust, derived from the weathering
of rocks and soils, volcanic emissions, forest fires and vegeta-
tion. Nickel finds its way into the ambient air as a result of

the combustion of coal, diesel oil & fuel oil, the incineration
of waste, sewage and miscellaneous sources (Bencko, 1983;
Grandjean, 1984; Clarkso, 1988; WHO, 1991; Von Burg,

1997; Spectrum, 1998). Nickel concentrations in ambient air
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vary considerably in the range of 0.01–770 lg L�1 depending
upon the areas. Drinking water generally contains nickel at
concentrations <10.0 lg L�1 (Bencko, 1983; Cott Fordsmand,

1997). Human exposure to highly polluted nickel-environ-
ments has the potential to produce a variety of pathological ef-
fects. Among them are skin allergies, lung fibrosis, cancer of

the respiratory tract and nickel poisoning (Kasprzak et al.,
2003).

Experimental design plays a significant role in the enhance-

ment of the quality of analytical data process for method
development and validation (Green, 1996; Thomposon et al.,
2002). At the same time the validation must be cost effective
and internationally acceptable in order to encourage all scien-

tists to make use of it (Thomposon et al., 2002). However, in
some cases it was found that the optimized analytical protocols
developed with standard samples did not include validation

and application of the method. As a consequence of this, the
un-validated methods are allowed to assume the aura of valid-
ity and authenticity, when, in practice, they may never be com-

pletely useful with samples that are typically encountered
(Swartz and Krull, 1997). More specifically, experimental de-
sign helps the researcher to verify changes in factor values in

relation to the observed response by a well-defined mathemat-
ical model. Hence, experimental design is considered as a valu-
able tool for the validation and optimization of variable
parameters in the multivariate experimental design systems

(Lewis et al., 1999; Montgomery, 1997).
These strategies can be achieved more effectively with the

help of a statistical design to monitor the traceability, valida-

tion and optimization process in all stages of the experiment
(Swartz and Krull, 1997). In particular, during method optimi-
zation some performance parameters should be investigated in

order to avoid serious problems during the validation step.
The performance parameters to evaluate, prior to the valida-
tion process include accuracy, precision, robustness, and the

evaluation of these parameters are often referred to as the
pre-validation stage (Montgomery, 1997; Carlson, 1992; Pie-
niaszek, 1999). Strategies used for the experimental optimiza-
tion studies include method precision (repeatability), Taguchi

approach (Mathieu et al., 1998), Box–Meyer approach
(Box and Meyer, 1986), artificial neural networks (Polaskova
et al., 2002) or experimental design methodology (Furlanetto

et al., 2003).
Several analytical techniques such as flame atomic absorp-

tion spectrometry (Khorrami et al., 2004; Baytak and Rehber

Turker, 2006; Dadfarnia et al., 2010; S�ahin et al., 2010; Ghaedi
et al., 2007), graphite furnace atomic absorption spectrometry
(Sun et al., 2006; Dobrowolski and Otto, 2012; Bidabadi et al.,
2009), electro-thermal atomic absorption spectrometry (Sade-

ghi et al., 2011), atomic fluorescence spectrometry (Zeng
et al., 2012), spectrophotometry (Amin et al., 2012; Fakhari
et al., 2005; Hussain Reddy et al., 2003; Deng et al., 2013;

Ramachandraiah et al., 2008; Loka et al., 2008) and induc-
tively coupled plasma optical emission spectrometry (Beiraghi
et al., 2012; Silva et al., 2009) have been proposed for the anal-

ysis of nickel(II), but most of these require expensive equip-
ment, time consuming sample preparation procedures.
However, the electrochemical analysis of trace amounts of

nickel(II) requires relatively inexpensive equipment and pre-
sents certain difficulties due to their irreversible reduction
behaviour (Armstrong et al., 1997; Flora and Nieboer, 1980).
Therefore it is needless to say, it has successfully been accom-
plished using a variety of electro-analytical techniques such as
stripping & voltammetric analysis (Sancho et al., 2000; Wang
et al., 2000; Economou and Fielden, 1998; Colombo and

Van der Berg, 1998; Korolczuk, 2000; González et al., 2002)
including polarography (Saraswathi et al., 2006).

In this paper, we present a modern eco-friendly method

that does not require elaborate clean-up procedures for the
extraction of APDC/AMDC-nickel(II) complexes into the
organic solvents, thus prohibiting the use of hazardous and

environmentally unfriendly chemicals such as chloroform
and carbon tetrachloride Merck and Co, 1983; Hemasunda-
ram, 2006). A literature survey revealed that this study is the
first of its kind to apply the Box Behnken experimental design

to the differential pulse polarographic catalytic hydrogen wave
(DPP-CHW) technique for the determination of nickel(II)
using dithiocarbamates (DCs) as ligands in grape samples.

Accordingly, we developed a more facile, sensitive, rapid and
robust method for the determination of nickel(II) in different
grape samples with APDC/AMDC resulting in catalytic

hydrogen currents generated at dropping mercury electrode
(DME) by differential pulse polarography (DPP). In this re-
gard the experimental design was convenient to evaluate the

statistical significance of the variation in current responses
due to factor variations and optimization of the related
parameters.

Additionally, the reliability of the proposed method with

the DPP results on both the piperidine and morpholine ad-
ducts with carbon disulphide (CS2) was validated with theoret-
ical calculations performed at the density functional (DFT)

level. The primary aim of these calculations was to compute
the HOMO–LUMO energy gaps of these adducts, and to re-
late them to their electron donating capacities during complex-

ation with the electron deficient metals.

2. Experimental

2.1. Apparatus

A Metrohm model 797 VA Computrace three electrode system
(Metrohm Herisau, Switzerland) consists of the hanging mer-
cury dropping electrode (HMDE) as the working electrode
for cyclic voltammetric measurements, while the dropping

mercury electrode (DME) was used as the working electrode
to obtain all the polarographic waves. The reference electrode
was Ag/AgCl and platinum wire was used as the counter elec-

trode. All pH measurements were carried out with Crison mi-
cro pH model 2000 pH meter. All grape samples were digested
with a temperature controllable 100 Teflon PFA vessel micro-

wave digester (CEM MARS-5, CEM Co., USA).

2.2. Chemicals and reagents

All the experiments were performed at 25 �C using freshly pre-
pared solutions. Double distilled mercury was supplied by
Metrohm (Durban, South Africa (SA)) and deionized water
was generated from an aqua MAX� – Basic 360 series water

purification system from TRILAB SUPPORT (Durban, SA).
The dissolved oxygen in the solutions was removed by passing
99.8% pure nitrogen gas (AFROX Durban, SA) for 15 min.

Nickel(II) standard solution was prepared by accurately
weighing 4.050 g L�1 of NiCl2. 6H2O (Merck Laboratory Sup-
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Figure 1 Shows the random distribution of the three factors pH

(X1), concentration of DCs (X2) and scan rate (X3).
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pliers Pty Ltd, RSA) to get approximately 1.0 lg L�1 and by
adding 3.0 mL of concentrated HNO3 corresponding to the

anions of the salts to suppress the hydrolysis. 1.0 M ammo-
nium chloride was prepared by weighing 53.49 g and dissolving
in 1.0 L with deionised water and the pH adjusted with 5% (v/

v) ammonium hydroxide and 1% (v/v) hydrochloric acid solu-
tions. Carbon disulphide, piperidine and morpholine were also
purchased from Merck Laboratory Suppliers Pty Ltd, SA.

2.2.1. Synthesis of ammonium piperidine/morpholine
dithiocarbamates (APDC/AMDC)

Carbon disulphide (80 g) was slowly added to each solution of

(85 g) piperidine and morpholine dissolved to 25 mL with dis-
tilled water at 5 �C under constant stirring, followed by addi-
tion of 20% (v/v) ammonium hydroxide for neutralization.

The resultant reaction mixture was warmed at room tempera-
ture and washed repeatedly with acetone of 99.5% purity. The
product was purified by recrystallization in acetone (Hemasun-

daram, 2006) with melting points ranging from 196–199 �C
and 182–185 �C for APDC and AMDC respectively, at
740 mm pressure as shown in Scheme 1.

2.3. DPP-CHW methodology

A measured volume of the NH4Cl-NH4OH buffer and ligands
(APDC/AMDC) was added to adequate amounts of electroac-
Table 1 Experimental design using APDC (experiment

ID pH Conc. of DTC/mM Scan rate (mV/s)

1 3.0 3.0 9.0

2 6.0 5.0 9.0

3 3.0 5.0 6.0

4 6.0 5.0 3.0

5 3.0 1.0 6.0

6 6.0 3.0 6.0

7 6.0 3.0 6.0

8 3.0 3.0 3.0

9 9.0 3.0 3.0

10 6.0 3.0 6.0

11 9.0 1.0 6.0

12 9.0 5.0 6.0

13 6.0 1.0 3.0

14 9.0 3.0 9.0

15 6.0 1.0 9.0

* The average current/potential reported for three replicates
tive species [nickel(II)]. Dissolved oxygen was removed by bub-
bling pure nitrogen through the solution in the polarographic
cell for 15 min. Polarograms of the solutions were recorded
using differential pulse polarography (DPP) at �1.22 V vs

Ag/AgCl in ammonium chloride-ammonium hydroxide med-
ium for APDC and AMDC respectively. All cyclic voltammo-
grams were recorded in HMDE mode.

2.4. Preparation of grape samples

A total of 92 grape samples (46 red and 46 white) were col-

lected from local markets and also directly from the farm
houses. The grapes were rinsed with 20% (v/v) HNO3 and
stored at 4 �C in plastic bags. Six of each type of grape samples

were used for recovery studies and the rest (10 red and 10 white
from one source) were subdivided into two sets. The first set
containing 5 red and 5 white was washed manually for 5 min
with deionized water while the other set was analysed without

any washing. The investigation was done in epicarp (grape
peel), endocarp (grape pulp) with seeds and whole grapes giv-
ing a total of 120 samples excluding the spiked samples.
1) and AMDC (experiment 2).

Experiment 1 Experiment 2

APDC AMDC

*Current/ nA *Potential/V *Current/nA *Potential/V

1260 �1.54 5.127 �1.38
171.9 �1.22 70.66 �1.22
641.0 �1.50 62.57 �1.32
390.1 �1.22 142.0 �1.22
2252 �1.59 71.74 �1.57
185.4 �1.22 71.74 �1.22
182.5 �1.21 70.16 �1.22
1131 �1.54 7456 �1.39
173.4 �1.23 75.38 �1.22
159.3 �1.22 61.99 �1.22
46.07 �1.22 17.86 �1.22
145.0 �1.22 58.01 �1.22
120.6 �1.22 43.25 �1.22
73.63 �1.22 25.60 �1.25
67.85 �1.22 28.85 �1.22
.
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Figure 2 Shows the standardized pareto charts for current response using (a) APDC and (b) AMDC.

Table 2 Estimated effects based on total error and interactions.

Experiment Source Sum of squares Mean square F-ratio P-value

1a pH (X1) 3.35 · 107 1.68 · 107 3.86 0.0672

Conc. of Ligand (X2) 5.14 · 106 2.57 · 106 0.59 0.5762

Scan rate (X3) 7.27 · 106 3.64 · 106 0.84 0.4679

2b pH (X1) 2.94 · 106 2.94 · 106 13.9 0.0034

Conc. of Ligand (X2) 1.62 · 105 1.62 · 105 0.76 0.4005

Scan rate (X3) 7.35 · 103 7.35 · 103 0.03 0.8557

a APDC.
b AMDC used as complexation ligands.
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Figure 3 (a) and (b) Interaction plots for current response at different combinations of the three variables. (c) and (d) show the estimated

response surfaces for experiment 1 and 2 respectively.
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The three sample sets were packed in a decontaminated
poly vinyl chloride tube and placed in a micro-wave oven sep-

arately at 60 �C for 10 h for epicarp, 12 h for endocarp along
with seeds, and 15 h for the whole grape samples. The dried
samples were powdered and transferred into a closed 50 mL

Teflon container for digestion process. Approximately 1.0 g
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Figure 4 (a) and (b) Show contours of estimated response surface, a clear indication of the relationships between pH (X1) and

concentration of DCs (X2) at optimum scan rates (X3).
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Figure 5 Cyclic voltammograms for (a) 5.0 mM APDC in 0.4 M NH4Cl at pH 3.0, (b) 1.0 mM AMDC in 0.3 M NH4Cl at pH 3.0, (c)
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of powdered sample was accurately weighed and transferred
into a closed Teflon container, to which 2.0 mL of HNO3,
1.0 mL of HCl and 0.5 mL of H2O2 were added. The whole

sample system was placed in a micro-wave oven at 90 �C for
2 h to complete the digestion process then transferred into a
decontaminated poly vinyl chloride tube and diluted

with deionized water up to 10 mL and used as a sample for
nickel(II) analysis as mentioned above.

2.5. Experimental design

A Box–Behnken design with fifteen runs, three independent
variables (pH, scan rate and concentration of ligand) and
three replicates at a centre point was used in this study.

The experiment was designed such that it was randomized
to reduce confounding variables by equalizing the three inde-
pendent variables that have not been accounted for in the
experimental design. Table 1 shows the experimental design
of the three factors pH, concentration of dithiocarbamates

(DCs) and scan rate. The maximum current signals and their
respective potentials due to nickel(II) were taken as the re-
sponse of the designed experiments per DC for the three rep-

licates. Since the two ligands (APDC/AMDC) were used in
the study, the design was therefore duplicated with experi-
ment 1 referring to the analysis performed in the presence

of APDC, while experiment 2 refers to AMDC. The statisti-
cal analysis on the response of the model was performed with
an analysis of variance (ANOVA), pareto charts, interaction
plots and surface responses. Interestingly, the design enabled

us to evaluate the responses with respect to the simultaneous
factor variations in all the experimental regions studied and
to optimize the experimental conditions for the detection of
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nickel(II), taking into account randomization for even distri-

bution, as illustrated in Fig. 1.

2.6. Data analysis

STATGRAPHICS Plus version 5.1 and Microsoft excel� 2010
were used for data evaluation and preparation of the experi-
mental design. Peak evaluation was performed with 797 PC
Software 1.3� 2008.

3. Results and discussion

3.1. Analysis of variance on analyte responses

The standardized pareto charts in Fig. 2a–b show the estimates

in a decreasing order of importance. The ANOVA results re-
ported in Table 2 describe the variability in current response
Table 3 DFT calculations results for (a) piperidine and (b) morpho

(a)b3lyp/6–31 g** (b)b3lyp/6–3

Total E (AU) �1086.4150964 �1122.2997
EHOMO(kcal/mol) �130.52 �134.58
ELUMO(kcal/mol) �16.70 �21.50
DE(kcal/mol) �113.82 �113.08
into separate pieces for each of the effects. The statistical signif-
icance of each effect shown in the pareto charts was tested by
comparing the mean square deviation against an estimate of
the experimental error. With regard to experiment 1 (APDC),

only one effect (scan rate) had a P-value <0.05, and the
85.59% of the variability in analyte was explained by the model
based on the R-squared value. In the case of experiment 2

(AMDC), three effects (pH, concentration of ligands, scan rate)
A: pH, AA and AB had P-values of 0.0028, 0.0225 and 0.0419
respectively, which were <0.05. This is a clear indication that

they are significantly different from zero at the 95.0% confi-
dence level, while the R-squared statistic indicated that the
model demonstrated a 90.89% of the variability in nickel(II) re-
sponses. Furthermore, a multifactor analysis of variance for the

current response was performed to test significant interactions
amongst the factors, using sufficient data obtained through the
Box–Beckhen experimental design. With regard to experiment

1, multifactor analysis of variance showed that all the tested
factors were statistically insignificant at the 90.0% confidence
level, with pH having the lowest P-values close to 0.05. The

highest P value was 0.546 belonging to the concentration of
AMDC, while in experiment 2 it was 0.856 from the scan rate.
Since the P-value in both the experiments was greater than 0.05,

there was no indication of serial autocorrelation in the residu-
als. Further analyses of the extent of the confounding variables
amongst the effects were evaluated by the correlation matrix of
the three pairs. For the highest scan rate and pH, the peaks
line adducts with CS2 using three different basis sets.

1 g** (a)b3lyp/6–311 g** (b)b3lyp/6–311 g**

245 �1086.52808894 �1122.42632949
�135.30 �139.44
�22.82 �27.24
�112.48 �112.20



Figure 8 Electron density of (a) HOMO and (b) LUMO for piperidine and electron density of (c) HOMO and (d) LUMO for

morpholine, adducts with CS2, computed at b3lyp/6–31 g** energy level.

Table 4 Combination of factor levels which maximizes

analyte over the indicated region.

Factor Low High Optimum

APDC AMDC

pH 3.0 9.0 3.0 3.0

Conc of DTCs/mM 1.0 5.0 5.0 1.0

Scan rate/(mV/s) 3.0 9.0 8.2 3.1
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were much broader and their potential was more positive as
shown in Table 1.

3.2. Analysis of Box–Behnken design

For each factor, the zone of the experimental domain corre-

sponding to a high value of peak heights deduced from the re-
sponse surfaces was selected as the proper experimental
domain. Thus the interaction plots for the nickel(II) current

signals presented in Fig. 3a–b, were based on (+) and (�) val-
ues showing the maximum and minimum values of each
parameter respectively (Rioa et al., 2005). These interaction
plots also showed the estimated variable as a function of pairs

of factors. In Fig. 3b, it can be seen that the important inter-
action exists between pH and concentration of AMDC (posi-
tive), which is more important than the effects of pH alone.

This is highlighted in Fig. 3d, where the lowering of the pH
leads to a better current response. However, when the same
experiment was conducted with the APDC, a marginable in-
crease in current was observed at a lower pH, as shown in
Fig. 3a. This result suggests the dependency of the mechanism
of detection of the protons from the ligands, due to the zero
valent metal complex at the electrode. Surface plots shown

in Fig. 3c–d represent the simultaneous effect of pH, concen-
tration of the ligand and scan rate on the current signal by
nickel(II). The scan rate was kept constant at 3.0 mV/s and

8.0 mV/s for experiments 1 and 2 respectively. Very little effect
of the concentration of APDC on the nickel(II) current signal
was observed (Fig. 3) within the selected range, however with a

decrease in pH, nickel(II) current signal improved to the high-
est value of approximately 2400 nA at pH 3.0 for a 1.0 ppm
standard. Furthermore, the models predicted that the path of

steepest decent for the analyte response was from pH 6.0 on-
wards. This is the path from the centre of the experimental re-
gion along which the estimated response changes rapidly for
the smallest change in the experimental factors. In both the

experiments, there are six points that were generated as the
path of steepest descent by changing the pH in increments of
1.0 (results not shown). Beyond the main effects on current re-

sponse by each factor, the experimental design further revealed
that there was a significant interaction between pH and con-
centration, and between pH and scan rate. These interactions

were more predominant in experiment 1 as can be seen in
the pareto charts shown in Fig. 2. Further analysis showing
the extent of the confounding variables is shown in Fig. 4a–

b. In these models there are three pairs of effects shown in
the interaction diagrams, and they show non-zero correlations.
However, we decided to focus on the concentration of the DCs
and pH, since they influenced prominently both experiments as

can be seen in the pareto chart in Fig. 2. Both the contours of



Table 5 Levels of nickel(II) in red and white grape samples obtained with APDC using the DPP-CHW technique.

Sample APDC

Red grapes White grapes

Nickel(II) found(lg L�1) Nickel(II) found(lg L�1)

Washed Unwashed Washed Unwashed

Epicarp(SD)a Endocarp(SD)a Epicarp(SD)a Endocarp(SD)a Epicarp(SD)a Endocarp(SD)a Epicarp(SD)a Endocarp(SD)a

Local market

1 2.32(0.25) 2.25(0.22) 6.45(0.13) 6.90(0.19) 3.48(0.15) 3.55(0.33) 8.05(0.20) 9.20(0.48)

2 2.46(0.13) 2.10(0.35) 5.98(0.25) 6.37(0.20) 2.95(0.24) 2.39(0.10) 8.23(0.15) 9.62(0.30)

3 2.05(0.30) 2.50(0.10) 6.33(0.05) 7.41(0.18) 3.06(0.38) 3.91(0.45) 8.46(0.40) 9.85(0.22)

4 2.17(0.15) 2.36(0.15) 7.05(0.27) 7.15(0.10) 3.29(0.35) 3.46(0.24) 7.88(0.15) 9.07(0.29)

5 2.28(0.33) 2.43(0.30) 6.52(0.20) 7.00(0.45) 3.13(0.10) 2.90(0.20) 8.69(0.30) 8.92(0.46)

Farm house

1 2.31(0.10) 2.90(0.25) 6.58(0.35) 7.00(0.41) 3.39(0.20) 3.50(0.10) 7.99(0.14) 9.15(0.36)

2 2.05(0.22) 2.45(0.39) 5.71(0.32) 6.55(0.28) 31.8(0.19) 2.65(0.05) 8.31(0.42) 9.64(0.30)

3 2.73(0.61) 2.84(0.20) 6.30(0.14) 7.36(0.26) 3.00(0.26) 3.86(0.17) 8.45(0.30) 9.90(0.40)

4 2.22(0.48) 2.13(0.19) 7.43(0.25) 7.05(0.44) 3.21(0.59) 3.46(0.25) 7.93(0.31) 9.10(0.10)

5 2.89(0.30) 2.20(0.28) 6.44(0.26) 7.10(0.13) 3.10(0.38) 2.94(0.29) 8.72(0.20) 8.95(0.35)

a Standard deviation (SD) average reported for three individual replicates; Epicarp: Grape peel, Endocarp: Grape pulp + seeds.

Table 6 Levels of nickel(II) in red and white grape samples obtained with AMDC using the DPP-CHW technique.

Sample AMDC

Red grapes White grapes

Nickel(II) found(lg L�1) Nickel(II) found(lg L�1)

Washed Unwashed Washed Unwashed

Epicarp(SD)a Endocarp(SD)a Epicarp(SD)a Endocarp(SD)a Epicarp(SD)a Endocarp(SD)a Epicarp(SD)a Endocarp(SD)a

Local market

1 2.32(0.25) 2.25(0.22) 6.45(0.13) 6.90(0.19) 3.48(0.15) 3.55(0.33) 8.05(0.20) 9.20(0.48)

2 2.46(0.13) 2.10(0.35) 5.98(0.25) 6.37(0.20) 2.95(0.24) 2.39(0.10) 8.23(0.15) 9.62(0.30)

3 2.05(0.30) 2.50(0.10) 6.33(0.05) 7.41(0.18) 3.06(0.38) 3.91(0.45) 8.46(0.40) 9.85(0.22)

4 2.17(0.15) 2.36(0.15) 7.05(0.27) 7.15(0.10) 3.29(0.35) 3.46(0.24) 7.88(0.15) 9.07(0.29)

5 2.28(0.33) 2.43(0.30) 6.52(0.20) 7.00(0.45) 3.13(0.10) 2.90(0.20) 8.69(0.30) 8.92(0.46)

Farm house

1 2.20(0.15) 2.63(0.10) 6.39(0.25) 7.12(0.48) 3.17(0.33) 3.36(0.21) 7.77(0.40) 8.90(0.38)

2 2.00(0.35) 2.26(0.30) 5.50(0.20) 6.33(0.06) 3.10(0.10) 2.44(0.25) 8.29(0.62) 9.52(0.39)

3 2.81(0.68) 2.63(0.42) 6.29(0.17) 7.25(0.10) 2.92(0.29) 3.60(0.43) 8.40(0.12) 9.86(0.30)

4 2.11(0.25) 1.99(0.32) 7.30(0.13) 7.14(0.28) 3.18(0.55) 3.31(0.15) 7.82(0.18) 9.02(0.34)

5 2.72(0.14) 2.00(0.20) 6.37(0.04) 7.06(0.22) 3.15(0.61) 3.05(0.23) 8.65(0.13) 8.82(0.48)

a Standard deviation(SD) average reported for three individual replicates; Epicarp: Grape peel, Endocarp: Grape pulp + seeds.

Multivariate optimization of DPP-CHW technique for nickel(II) determination S2267
the surface responses showed a diagonal matrix with 1’s on the
diagonal and 0’s off the diagonal for pH around 7.0. The dis-

tance between the diagonal lines tends to increase as the pH
increases; this justified the low optimum values of the pH
obtained.

3.3. Electrochemical studies

Scheme 1 shows the structures of the APDC/AMDC consid-

ered in this study. They form co-ordination with the sulphur
atoms of DCs, being noteworthy for their remarkable versatil-
ity as a strong chelating agent. In the DPP-CHW methodol-
ogy, nickel(II) forms a complex with APDC/AMDC, which

subsequently absorbs onto the DME working electrode during
the deposition step. During the polarographic scan, nickel(II)-
Dithiocarbamate [Ni+2 -DC]ads complex is reduced to [Ni0 -

DC]ads which undergoes protonation by accepting proton from
the solution [Ni0 –DCH+]ads in the adsorbed state, followed by
the reduction to liberate hydrogen in the presence of mercury

electrode, as shown in Eqs. 1–3 below:

M2þRSþ 2e� þHþ !M0RSHþ ð1Þ

M0RSHþ þH2O! Hþ þM0RS ð2Þ

Hþ þ e� ! 1=2H2 ð3Þ

M ¼Metal ion;RS ¼ Dithiocarbamate



Table 7 Analytical data for the nickel(II) present in whole grape sample(red and white) with APDC/AMDC using the DPP-CHW

technique.

Sample Whole grape

Nickel(II) found (lg L�1)

Red grape White grape

Local market(SD)a Farm(SD)a Local market(SD)a Farm(SD)a

APDC

1 8.23(0.260 9.28(0.16) 8.62(0.15) 9.73(0.36)

2 8.78(0.18) 9.93(0.25) 8.90(0.08) 9.80(0.14)

3 8.12(0.30) 9.59(0.41) 8.98(0.25) 9.98(0.30)

4 8.57(0.45) 9.70(0.62) 8.51(0.42) 9.35(0.15)

5 8.36(0.22) 8.99(0.10) 8.11(0.31) 9.52(0.26)

AMDC

1 8.00(0.42) 9.12(0.15) 8.34(0.30) 9.65(0.16)

2 8.53(0.18) 9.60(0.25) 8.76(0.45) 9.72(0.25)

3 7.94(0.21) 9.47(0.64) 8.70(0.18) 9.69(0.31)

4 8.40(0.14) 9.55(0.38) 8.45(0.10) 9.40(0.46)

5 8.05(0.48) 8.76(0.20) 8.10(0.25) 9.38(0.54)

a Standard deviation(SD) average reported for three individual replicates.

S2268 S. Kanchi et al.
Cyclic volammetry (CV) carried out at pH 3.0 was utilized to
confirm the possible complexation reaction between nickel and
APDC/AMDC as illustrated in Fig. 5a–d. The voltammetric
behaviour in the absence of nickel(II) is shown in Fig. 5a–b

for APDC and AMDC respectively. In the case of APDC,
two reversible peaks are predominant, where during a cathodic
scan one corresponds to a reduction at Ep = �0.43 V and a

sharper and more pronounced oxidation peak appeared during
the anodic scan at �0.5 V (vs. Ag/AgCl). Similar shaped vol-
tammograms were obtained for AMDC, except that both

peaks shifted to more negative peak potentials, as illustrated
in Fig. 5b. It is believed that this behaviour was mainly due
to the presence of ‘O’ in the morpholine ring (Kanchi et al.,

2013; Morsi et al., 2011). However evidence for the nickel-
complex formation of APDC and AMDC is depicted in
Fig. 5c–d respectively. Interestingly, nickel(II)-AMDC com-
plex yielded a more pronounced reduction peak and oxidation

peaks, in contrast to nickel(II)-APDC complex.
Therefore, oxidation of DCs at the HMDE is represented

as

RSHþHg! RSHgþ e� þHþ

RSH ¼ Dithiocarbamate

in agreement with the earlier reports in the literature (Stricks

and Chakravarthi, 1962). The typical polarograms were re-
corded at E1/2 = �1.22 V for both APDC/AMDC-nickel(II)
complex systems after optimization studies using DPP-CHW
as shown in Fig. 6a–b.

3.4. Computational studies

The electron-donating tendencies of piperidine (Fig. 7a) and

morpholine (Fig. 7b) adducts with carbon disulphide (CS2)
were monitored by performing their density functional theory
(DFT) calculations using the computer Gaussian program

(Frisch et al., 2003). The initial structures of both adducts were
geometrically optimized at the B3LYP (DFT) level using 6–
31 g** and 6–311 g** basis sets. The global minimum for each
optimized geometry was further confirmed by a frequency cal-
culation. The energy differences (DE) between the highest

occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO) are considered to be
an important parameter which defines the chemical activity

of any compound, with the smaller value indicating a stronger
tendency to donate electrons. Accordingly, the HOMO and
LUMO of both piperidine and morpholine adducts were gen-

erated, and the energy data are summarized in Table 3. The
HOMO–LUMO of structures, obtained using 6–31 g** basis
sets, are depicted in Fig. 8a–d. Generally, the distribution of
electrons in HOMO and LUMO of both complexes was almost

similar (Fig. 8a–d). As expected, the electron density of both
piperidine (Fig. 8a) and morpholine (Fig. 8c) adducts was
mostly localized on the sulphur atoms, suggesting a stronger

propensity of these atoms to participate in the complexation
with the electron deficient species including metals. However
in case of piperidine, the comparatively lower energy gaps

(DE) between HOMO and LUMO shown in Table 3, suggest
a better tendency to act as an electron donor and support
the DPP studies, where the intensity of current was observed
to be higher in case of piperidine-nickel(II) complex, than with

the morpholine-nickel(II) complex. It is believed that the neg-
ative inductive effect (-I effect) of the oxygen atom in the mor-
pholine adduct, reduces the electron density on its nitrogen

atom through the intervening electrons of the bonds, and
probably accounts for the higher DE values shown in Table 3.
Based on these results, it is believed that the energy barrier be-

tween HOMO and LUMO of ligands could be a very useful
parameter to predict their binding affinities in metal complex-
ation, and could therefore play a pivotal role in identifying the

more efficient and sensitive ligands in the field of electroanalyt-
ical chemistry.

3.5. Analytical applications

The proposed DPP-CHW technique was applied for the anal-
ysis of nickel(II) in different grape samples, using the optimum
parameters (shown in Table 4) obtained through the Box Behn-
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ken experimental design. Different grape samples were col-
lected from local markets and directly from the farm houses.
Samples were treated as described in the experimental section

before the quantification of nickel(II). The obtained data are
summarized in Tables 5–8.

In this study, 92 different forms of grape (red and white)

samples were analysed for the determination of nickel(II). Sig-
nificant differences of nickel(II) concentrations were observed
between the epicarp, endocarp and the whole grape samples

collected from local markets and farm houses. On the whole,
no significant differences between the samples (epicarp, endo-
carp and whole grape) were observed. Table 8, clearly shows
that the recoveries of nickel(II) were higher with APDC than

with AMDC, which was indicative of the sensitivity of APDC.
This study was carried out with three different concentrations
ranging from 10.0 to 20.0 lg L�1. Overall, for both ligands

(APDC/AMDC), recoveries obtained were always higher than
97.0% as shown in Table 8.

3.6. Comparison of the DPP-CHW method with reported
methods

Table 9 shows the comparison of multivariate optimization

voltammetric determination of nickel(II) in real samples with
other methods reported in the literature. The LOQ’s for APDC
& AMDC are 2.7 · 10�6 and 1.8 · 10�6 M respectively for the
determination of nickel(II) in different grape samples, that are

better than those reported in the literature (Dadfarnia et al.,
2010). Additionally, the APDC/AMDC could be considered
as more promising and also cost effective chelating agents

for the analysis of nickel(II), in contrast to those reported in
the literature [C4MIM][PF6] (Dadfarnia et al., 2010) MSOPD
(Khorrami et al., 2004) and Py-MCM-48 (Sadeghi et al., 2011).

Although previously reported chelating agents such as EDTA
(Baytak and Turker, 2006), MSOPD (Khorrami et al., 2004),
PAN (Bidabadi et al., 2009) and Py-MCM-48 (Sadeghi et al.,

2011) are sensitive than the current APDC/AMDC, the meth-
ods employed required more solvent (SPE, LLE) with an elab-
orate sampling procedure utilizing sophisticated
instrumentation such as FI-FAAS, ETAAS and GFAAS.

Accordingly, the present method for the determination of nick-
el(II) in real samples therefore is facile, sensitive, economical
and environmentally friendly.

3.7. Effect of foreign ions

In the present study, various heavy metal ions commonly asso-

ciated with nickel(II) such as aluminium(III), chromium(VI),
zinc(II), molybdenum(VI), selenium(IV), tellurium(IV), ceriu-
m(IV) and tin(II) have been evaluated for their impact in the

DPP-CHW of dithiocarbamate-nickel(II) system. In particu-
lar, the concentration of nickel(II) was maintained at
4.0 ppm with a 100 fold excess of foreign ions added. Among
the metal ions studied, iron(II) and coper(II) formed precipi-

tates with DCs in the conditions where nickel(II)-dithiocarba-
mate complex yielded a CHW. Aluminium(III) did not
interfere whereas chromium(VI) gave a CHW with peak poten-

tials at – 1.56 V and – 1.65 V vs Ag/AgCl, suggesting that a
simultaneous determination of nickel(II) & chromium(VI)
was feasible without any separation or adding masking agents.

Zinc(II) interfered in the determination of nickel(II), but were
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masked by adding 5.0 mL of 2% sodium tartrate solution.
Molybdenum(VI) severely interfered by increasing the peak
height of nickel(II) and shifting the peak potentials towards

a more negative value. The selenium(IV), tellurium(IV), ceriu-
m(IV) and tin(II) also did not interfere with the nickel(II)-
dithiocarbamate system. Anions such as fluoride, bromide, io-

dide, tartrate, sulphate, thiosulphate, phosphate, carbonate,
oxalate, nitrite and nitrate did not interfere with the CHW
of dithiocarbamates-nickel(II) system. Perchlorate and thiocy-

anate interfered with the wave by reducing the wave height by
approximately 40.0% and EDTA interferes severely by com-
pletely suppressing the nickel(II) catalytic hydrogen wave.

4. Conclusions

The DPP-CHW technique proved to be a facile, rapid, sensi-

tive and robust approach for the determination of nickel(II)
in different grape samples. The limit of detection for the deter-
mination of nickel(II) was 1.8 · 10�6 and 2.7 · 10�6 M for
APDC and AMDC respectively. They both act as unique li-

gands due to their free thiols and also the ease (one step) of
synthesis. In experiment 2, AMDC showed a greater flexibility
as three effects had a p < 0.05, in contrast to experiment 1 per-

formed with APDC, which had only a single effect. From the
optimization point of view, our results suggest that it is easier
to work with APDC, since one needs to be more conscious of

only the pH being the most effective parameter. In this regard,
the experimental design was therefore convenient to evaluate
the statistical significance of the variation in current responses
due to factor variations and optimization of the related param-

eters as confirmed by the interaction plots, contours and re-
sponse surface plots. Finally, the electron donating
tendencies of APDC and AMDC assessed in terms of their

HOMO–LUMO energy gaps calculated at DFT level strongly
supported our DPP experimental findings, and could therefore
be used as preliminary predictions for oxidation/reduction

capabilities of the new ligands.
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