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ABSTRACT

A glassy carbon electrode(GCE) modified with pafion-DTPA (dicthylene triamine-pentaacetic acid)-glycerol is used
for the highly selective and sensitive determination of a trace amount of Cu(Il). Various experimental parameters, which
influenced the response of nafion-DTPA-glycerol modified electrode to Cu(Il), are optimized. The Copper(Il) is accu-
mulated on the electrode surface by the formation of the complex in an open circuit, and the resulting surface is char-
acterized by medium exchange, electrochemical reduction, and differential pulse voltammetry(DPV). The electrochemical
response is evaluated with respect to concentration of modifier, pH and preconcentration time, quiet time, copper(Il)
concentration, and other variables. A linear range is obtained in the concentration range 1.0 x 10® M~1.0x 10°¢ M
Cu(Il) with 7 min preconcentration time. The detection limit(3s) is as low as 2.36 x 10° M (1.50 ppb).
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Fig. 1. SEM images of the glassy carbon electrode surface
(a) after modifying with nafion-DTPA-glycerol, (b) after
preconcentration, (c) after electrochemical detection.
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Fig. 2. Comparison of cyclic voltammograms with various
modified electrodes: (a) non-, (b) nafion(1%)-, (¢) nafion
(1%)-DTPA (5.0 10 M)-, (d) nafion(1%)-DTPA
(5.0 x 107 M)-glycerol(0.14 M)-modified in pH 4.0
buffer solution containing 5.0 x 10 M Cu(Il). Pre-
concentration time: 7 min; scan rate: 20 mV/sec; pulse
amplitude: 50 mV.

Step 1 : Preconcentration step(open circuit cell)
N-D-G +Cu** = N-D-G-Cu™* complex
Step 2 : Reduction step(closed circuit cell)
N-D-G-Cuw?* complex + 2™ — N-D-G-Cu® complex
Step 3 : Voltammetric determination step (closed circuit cell)
N-D-G-Cu° complex — N-D-G-Cu* complex + 2¢”
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Fig. 3. Dependence of differential pulse peak current for
various nafion concentrations in pH 4.0 buffer solution
containing 1.0x10° M Cu(ll). Each DTPA and
glycerol concentrations for the modified electrode are
5.0 x 10 M and 0.14 M. Preconcentration time: 7 min;
scan rate: 20 mV/sec; pulse amplitude: 50 mV.
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Fig. 4. Dependence of differential pulse peak current for
various DTPA concentrations in pH 4.0 buffer solution
containing 1.0x 10® M Cu(ll). Each nafion and
glycerol concentrations for the modified electrode are
1% and 0.14 M. Preconcentration time: 7 min; scan
rate: 20 mV/sec; pulse amplitude: 50 mV.
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solution containing 1.0 x 10 M Cu(lI). Each nafion
and DTPA concentrations for the modified electrode
are 1% and 5.0x10™* M. Preconcentration time:
7 min; scan rate: 20 mV/sec; pulse amplitude: 50 mV.
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Fig. 6. Dependence of differential pulse peak current for various
amounts of modifying solution in pH 4.0 buffer solution
containing 1.0 x 10 M Cu(ll) at nafion-DTPA-glycerol
modified electrodes. Preconcentration time: 7 min; scan
rate: 20 mV/sec; pulse amplitude: 50 mV.
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pulse amplitude: 50 mV,
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Fig. 9. Differential pulse voltammograms at various modified
electrodes: (a) bare GC (b) nafion(1%}-, {c¢) nafion{ { %})-
DTPA(S.0 x 107 M-, (d) nafion(1%)-DTPA (50 x 107
My-glycerol(0.14 M)-medified in pH 4.0 buffer solution
containing 1.0 % 10° M Cu(Il). Preconcentration time:
-7 min; scan rate: 20 mV/sec; pulse amplitude: 50 mV.
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Fig. 10. Calibration curve for determination of Cu(Il) at the
electrode modified with nafion-DTPA-glycerol by
differential pulse voltammogram. Preconcentration
time: 7 min; scan rate: 20 mV/sec; pulse amplitude:
50 mV.
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