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Abstract A new chemically modified carbon paste elec-

trode for Cd(II) ions based on 3,5-dinitro-N-(tri-2-pyridyl

methyl) benzamide (DNTPMBA) as an ionophore was

prepared. The electrode exhibits a Nernstian response for

Cd(II) ions over a wide concentration range (2.16 9 10-7–

1.00 9 10-1 mol L-1) with a slope of 30 ± 1 mV per

decade. It has a response time of about 50 s and can be used

for a period of 3 months with good reproducibility.

Detection limit obtained in the optimal conditions was

1.82 9 10-7 mol L-1. The electrode was successfully used

for potentiometric determination of Cd(II) in well water.

The pH influence and interference of some cations were

also studied.

Keywords Cd(II) � Carbon paste modified electrode �
Potentiometry � Tripodal ligand

Introduction

Cadmium represents one of the important toxic metals and

the effect of its acute poisoning is manifested in a variety

of symptoms, including high blood pressure, kidney dam-

age, anemia, hypertension, bone marrow disorders, cancer

and toxicity to aquatic biota [1]. In its ionic form, Cd(II)

(ionic radius 95 pm) shows great chemical similarity with

two biologically very important metal ions, viz., the lighter

homologue Zn(II) (ionic radius 74 pm), and Ca(II) (ionic

radius 100 pm) which comes very close in size. Accord-

ingly, cadmium as a softer and more thio philic metal may

displace cysteinate- coordinated zinc from its enzymes and

even replace it in special cases, while it can also substitute

for calcium, e.g., in bone tissue [2]. Even though its tox-

icity is well recognized this metal has important industrial

uses. So, controlling the levels of this pollutant in natural

waterways, potable waters, soils, air, and industrial wastes

is important.

Several analytical methods, including atomic absorption

spectrometry (AAS), cold vapor-AAS [3, 4], graphite

furnace-AAS [5], inductively coupled plasma-mass spec-

troscopy (ICP-MS) [6], anodic stripping voltammetry [7],

and electrothermal-AAS [8] have been utilized for Cd(II)

detection at low concentration levels. These methods give

accurate results, but are not much convenient for large scale

monitoring and require good infrastructure back up [9]. So

there is critical need for the development of selective,

portable, and inexpensive diagnostic tools for the detection

of cadmium. Analytical methods based on potentiometric

detection with ion-selective electrodes (ISEs) can be con-

sidered as an advantageous alternative, because they are

eco-friendly techniques, they provide easy construction and

manipulation, present good selectivity in a wide concen-

tration range of operatability, have a relatively low

detection limit, and show a fast response and non-destruc-

tive analysis. Carbon pastes are well known as useful

materials for the fabrication of various electrometric sen-

sors for analytical purposes [10–12]. The operation

mechanism of such chemically modified carbon paste

electrodes (CMCPEs) depends on the properties of the

modifier materials used to impart selectivity to the target

species [13]. In comparison with ion-selective electrodes

based on polymeric membranes, the CMCPEs possess
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advantages of much lower ohmic resistance, very stable

response, and easy renewal of their surface [14].

The present work describes the construction, potentio-

metric characterization, and analytical application of a

carbon paste modified electrode based on a new tripodal

receptor (DNTPMBA) as a potentiometric sensor in cad-

mium detection (Fig. 1).

DNTPMBA was chosen as a selective agent for Cd(II),

because the tripodal receptors constitute a special class of

acyclic ionophers, which consist of multi-armed ligands

with each arm bearing a functional group that can coordi-

nate with the target ion. The selectivity of a tripodal

receptor relates greatly to the rigidity of its arms and its

cavity size [15–17].Therefore, tripodal-based receptors

have been reported to be used successfully as recognition

components in ion selective electrode membranes [18–21].

The principal analytical parameters of the electrode

including linear response range, pH effect, response time,

detection limit, and selectivity to other ions are evaluated.

The electrode is successfully used for cadmium detection

in well water.

Experimental

Reagents

Solutions were prepared from a stock solution of

0.1 mol L-1 Cd(II), prepared from a sufficient quantity of

Cadmium(II) nitrate(Merck) in distilled deionized water.

The working solutions were prepared daily by suitable

dilution of stock solution. Potassium nitrate (1 mol L-1)

solution was prepared and used as supporting electrolyte, to

maintain constant ionic strength. All other solutions used in

interference studies were prepared from analytical grade

nitrate salts (all from Merck Company). Pure graphite

powder (Merck) and paraffin oil (Fluka) was used for the

preparation of carbon paste electrode. DNTPMBA as an

ionophore was synthesized and purified according to the

literature [22].

Preparation of CMCPE

About 0.047 g of pure graphite powder, 0.018 g of

DNTPMBA, and 7–10 mL tetrahydrofuran (THF) were

mixed together in a 25 mL beaker. The mixture was stirred

by sonication method or sometimes by a spatula for

20–25 min. After the complete evaporation of THF, 0.035 g

of liquid paraffin was added to the mixture and then mixed

well into a uniform paste. The electrode bodies were made

by pressing the mixture into (2.5 mm diameter) insulin

syringes the tips of which had been cut off with a razor blade.

Smooth surfaces were obtained by applying manual pressure

to the piston while holding the electrode surface against a

smooth solid support. A fresh electrode surface was obtained

by squeezing out a small amount of paste, scrapping off the

excess against a conventional paper and polishing the elec-

trode on a smooth paper to obtain a shiny appearance. The

electrical connection was made with a copper wire.

Unmodified carbon paste electrode was prepared in a similar

fashion, without the addition of DNTPMBA in graphite

powder.

Apparatus

A digital potentiometer (HIOKI 3256.50) was used for the

potentiometric measurement. The reference electrode was

a double junction saturated Ag/AgCl reference electrode. A

Metrohm pH meter (CRISON GLP 22) was used for pH

controlling, and a Heidolph type of MR 2,000 stirrer was

used for stirring the solutions.

Procedure

The electrodes were immersed directly in a test solution.

The pH of this solution was adjusted to 6. The solution was

stirred (150 rpm) until the response of the potentiometer

became stable (20–25 min). Then by means of a micropi-

pette (5–100 lL) the solutions of 0.001, 0.01 and

0.1 mol L-1 Cd(NO3)2 in 0.6 mol L-1KNO3 (with a pH

adjusted to 6) were added to the test solution in different

portions. Potential readings were recorded after each addi-

tion, when stable values had been obtained (usually after

50–70 s).

Results and discussion

The potential responses of chemically modified CPEs based

on DNTPMBA for various elements are shown in Fig. 2.

Fig. 1 Structure of DNTPMBA used in the construction of the

CMCPE
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The cadmium selective electrode exhibited linear response

to the logarithm of the activity of Cd(II) ions within the

concentration range of 2.16 9 10-7–1.00 9 10-1 mol -

L-1of Cd(II) with a Nernstian slope of 30 ± 1 (mV) per

decade and correlation coefficient of 0.991. The sensitivity

of a potentiometric CMCPE depends on the carbon paste

composition [23]. The influence of the modifier amount in

the carbon paste was studied. The obtained results are

presented in Table 1. These results show that the electrode

with 35% paraffin oil, 47% graphite and 18% DNTPMBA

has a good Nernstian slope.

The effect of ionic strength (0.1–1 mol L-1 KNO3) on

the calibration curve of cadmium electrodes was investi-

gated. The electrode response slightly changes within the

0.1–1 mol L-1 KNO3 electrolyte solution. However, we

chose an added amount of 0.6 mol L-1as an optimal value,

since in this ionic strength the linear range was wider than

for the other concentrations.

The influence of pH on the potential response of the

Cd(II)-selective electrode was tested at 1.0 9 10-3

mol L-1 Cd(II) concentration over the pH range 2–10, and

the results are shown in Fig. 3.

As seen, the potential remained constant from pH 5–7 and

the carbon paste electrode can be suitably used in this range

of pH. However, the observed potential decrease at higher

pH (C7) values could be due to the formation of some

hydroxy complexes of Cd(II) ion in the solution. On the other

hand, at pH values lower than 5, the electrode potential rises

sharply. This is probably due to the simultaneous response of

the electrode to H3O? and Cd(II) ions [24]. The contribution

of H3O? to the potential adds that of Cd(II) ion.

The average response time is defined [25] as the time

required for the electrode to reach a stable potential within

±1 mV of the final equilibrium value, after successive

immersion of the electrode in different cadmium solutions

each having a 10-fold difference in concentration or after

rapid 10-fold increase in concentration by addition of

cadmium nitrate. In this work, the response time in the

variation of concentration from 1 9 10-5 to 1 9 10-4

mol L-1 Cd(II) is measured. The measured response time

was 50(s).

Validity of the proposed method

Linearity

Linear curve fitting using IUPAC method has been used for

the determination of ISE characteristics. The electrode

shows a linear response (y = -30.598x ? 605.39, R2 =

0.991) to the activity of Cd(II) ion in the range of

2.16 9 10-7–1.00 9 10-1 mol L-1.

The Limit of detection (LOD)

The LOD was measured as the lowest amount of the ana-

lyte that may be detected to produce a response which isFig. 2 Schematic diagram of electrode response to various cations

Table 1 Optimization of the

amount of modifier in the

electrode

Number Paraffin (%) DNTPMBA (%) Graphite powder (%) Slope (mV/decade) R2

1 35 0 65 2 ± 1 0.995

2 35 3 62 5 ± 2 0.989

3 35 5 60 8 ± 2 0.996

4 35 10 55 14 ± 1 0.992

5 35 13 52 20 ± 1.5 0.997

6 35 16 49 24 ± 2 0.998

7 35 18 47 30 ± 1 0.991

8 35 20 45 25 ± 2.5 0.994

Fig. 3 Influene of pH on the potential response of the cadmium-

selective electrode 1.0 9 10-3 mol L-1 Cd(II)
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significantly different from that of a blank. The Limit of

detection was approved by calculations based on the

standard deviation of the response (d) and the slope (s) of

the calibration curve. The LOD for cadmium electrode was

1.82 9 10-7 mol L-1.

Precision and accuracy of the method

The precision of the method was checked by the analysis of

four replicates of the sample, expressed by R.S.D. % at the

limit of quantification range, which was \1%. Also, the

accuracy was expressed in terms of percentage deviation of

the measured concentration from the actual concentration.

The obtained results are within the acceptance range of

\1%.

Ruggedness

The ruggedness of the potentiometric method was evalu-

ated by caring out an analysis using a standard working

solution, the same electrodes, and the same conditions on

the different days. The R.S.D. of \1% was observed for

repetitive experiments in 3 day time periods. The result

indicates that the method is capable of producing results

with high precision on different days.

Selectivity and interference

The selectivity coefficients of the modified carbon paste

electrode were evaluated by the fixed interference concen-

tration method [26]. According this method, the

potentiometric selectivity coefficient, Kpot
Cd;M, can be evalu-

ated from the potential measerments of solutions containing

a fix concentration of interfering ion, Mn? (10-3 mol L-1

for all cations except for K? for which the concentration

was 0.6 mol L-1) and titration with Cd2? solution. The

potential values obtained were then plotted against the

activity of the cadmium ion. The intersecation of the

extrapolated linear portions of this curve will indicate the

activity of Cd(II), which is to be used to calculate Kpot
Cd;M

values from the equation:

K
pot
Cd;M ¼

aCdðDLÞ
a

2
n

M

The selectivity coefficients and analytical properties of

the present electrode are compared with some recently

reported cadmium electrodes in Table 2. This table shows

that all 14 cations would not affect the selectivity of the

present cadmium electrode, and have a very small value of

selectivity coefficient in most cases compared with the

previously reported cadmium electrodes.

Also and in a wider linear range, the Nernstian slope and

the lower detection limit of the proposed electrode are

somewhat similar to, or even better than, the recently

published papers in some cases.

Practical application

Cadmium concentrations in unpolluted natural waters are

usually below 1 lg/L [31]. Median concentrations of dis-

solved cadmium measured at 110 stations around the world

were\1 lg/L, the maximum value recorded being 100 lg/

L in the Rio Rimao in Peru [32]. Contamination of

drinking-water may occur as a result of the presence of

cadmium as an impurity in the zinc of galvanized pipes or

cadmium-containing solders in fittings, water heaters,

water coolers and taps.

The new cadmium selective electrode was successfully

applied to obtain recoveries of cadmium in well water. The

analysis was performed by using the standard addition

technique. The results are given in Table 3. Good recov-

eries were obtained in all samples. The electrode was also

Table 3 Results of the

cadmium recovery experiment

in well water by proposed

electrode

a Mean value ± standard

deviation (n = 3)

sample Added cadmium

(lgmL-1)

Found cadmium

(lgmL-1)

%Recovery = Found/

Added 9 100

Well water 0.768 0.730 (±0.08)a 95

2.012 1.950 (±0.11) 96.9

11.25 11.01 (±1.02) 97.8

25.9 25.6 (±2.2) 98.8

Table 4 Determination of

Cd(II) by the proposed electrode

in the real sample

a Mean value ± standard

deviation (n = 3)

sample Added cadmium

(lgmL-1)

Found cadmium by

proposed method (lgmL-1)

Found cadmium by

ICP method (lgmL-1)

Electroplating

waste water

0.0 3.1 (±0.12)a 3.3

14.5 16.1 (±1.9) 17.7

28.6 30 (±2.2) 31.9

36.4 39 (±3.1) 40.1
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successfully applied to the direct determination of cad-

mium in waste water sample from a near electroplating

factory in Tehran and the results were compared with those

obtained using inductively coupled plasma (ICP). Table 4

shows that the results obtained using the proposed elec-

trode are in fair agreement with those obtained by ICP.

Conclusion

The sensitivity and stability offered by this simple electrode

configuration are high enough to allow accurate determi-

nation of low levels of cadmium. The selectivity coefficient

data for cadmium relative to most of the interfering ions are

negligibly small. In conclusion, the developed 3,5-dinitro-

N-(tri-2-pyridyl methyl) benzamide modified carbon paste

electrode described in this work offers a reliable, sensitive,

and selective tool for the quantitative determination of

cadmium in some important matrices.
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