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Abstract The electrocatalytic oxidation of hydrazine at
the aluminum electrode, modified by electroless deposi-
tion of nickel pentacyanonitrosylferrate (NiPCNF) on
the surface of the electrode has been studied by cyclic
voltammetry, chronoamperometry and rotating disk
electrode voltammetry and the kinetics of the catalytic
reaction were investigated. The results were explained
using the theory of electrocatalytic reactions at chemi-
cally modified electrodes. It was found that a one-elec-
tron charge-transfer process is rate limiting and that the
average values of the rate constant for the catalytic re-
action and the diffusion coefficient, evaluated by differ-
ent approaches, are 5.2x10> M 's ' and 8.5x10-¢ cm?s !,
respectively. Further examinations of the modified
electrodes show that the modifying layers (NiPCNF) on
the aluminum substrate have reproducible behavior and
a high level of stability, after exposing them in air and
hydrazine solutions for a long time.
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Introduction

Electrooxidation of hydrazine is the basis of an estab-
lished fuel cell and hence is a reaction of practical
importance owing to its high capacity and no contami-
nation [1]. The mechanism and kinetics of hydrazine
oxidation have been studied at several electrodes, in-
cluding silver [2], nickel [3], gold [2] mercury [2, 4, 5] and
platinum [5, 6, 7, 8]. Because of the large overpotential
of hydrazine at conventional electrodes, it is not suited
for oxidation via these electrodes. One promising
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approach for minimizing overvoltage effects is through
the use of an electrocatalytic process at chemically
modified electrodes.

One important group of inorganic compounds
utilized for electrode modification and used for electro-
catalytic purposes is the transition-metal hexacyanofer-
rates. The modification of the electrode surface by these
compounds is possible in different ways:

1. By electrodeposition of the transition metal on the
matrix and then electrochemical anodizing of the
resulting surface in the presence of hexacyanoferrate
[9, 10].

2. By immersing the electrode surface in a solution
containing cyanoferrate and transition-metal ions
and cycling the electrode, over a range of potentials
[11, 12].

3. By electrodeposition of the transition metal on the
matrix and then chemical derivatization of resulting
electrode in the presence of cyanoferrate ion [13, 14].

4. By immersing the transition-metal electrode surface
in a solution containing cyanoferrate ion and poten-
tiostating the electrode at a convenient value [15].

5. By electroless deposition of the transition metal on
the matrix and then chemical derivatization of the
resulting surface in the presence of cyanoferrate ion
[16, 17].

6. By mechanically immobilizing the transition-metal
cyanate, using a paraffin-impregnated graphite elec-
trode [18, 19, 20].

7. By an electrochemically driven insertion—substitution
mechanism [21, 22].

In all cases, the insoluble transition-metal cyanofer-
rate is formed by electrochemical or chemical oxidation
of the transition metal and subsequent reaction with
cyanoferrate ion. In most of these investigations, com-
mon substrates such as Pt [10], Au [11], glassy carbon
(GCQ) [10], Ni [12] or recently Al [16, 17] were utilized as
matrices for the preparation of modified electrodes.

The mediated and electrocatalytic oxidation of hy-
drazine at a GC modified electrode with mixed-valence



Prussian blue [23, 24] and its analogs ruthenium cyanide
[25], nickel and cobalt hexacyanoferrate [10, 26] films
was studied. Metal pentacyanonitrosylferrate films as
well as metal hexacyanoferrate on the glassy carbon
electrode are useful electron-transfer mediators. There
are some reports showing that the copper pentacyano-
nitrosylferrate film has electrocatalytic activity for the
oxidation of ascorbic acid, hydrogen peroxide and for
the reduction of hydrogen peroxide [27].

In order to extend the use of the aluminum matrix,
which is a low-cost metal and is suitable for electroless
preparation of transition-metal cyanoferrate film-modi-
fied electrodes [16], we reported recently the character-
istics of a nickel pentacyanonitrosylferrate (NiPCNF)
coated aluminum electrode in various solution compo-
sitions and its catalytic effect on the oxidation of
ascorbic acid [17, 28]. In the present work, we describe
the electrocatalytic properties of NiPCNF confined on
the aluminum electrode toward the electrocatalytic oxi-
dation of the hydrazine using various electrochemical
techniques. It is also intended to determine the kinetic
parameters of the catalytic oxidation of hydrazine at this
electrode.

Experimental

Chemicals and reagents

An aluminum bar with purity of 99.94+0.2% was used as the
substrate for the electrode matrix. Nickel chloride and ammonium
chloride were of analytical grade from Merck. Hydrazinium di-
chloride (99%) and sodium pentacyanonitrosylferrate (reagent
grade) were from Merck and Riedel, respectively, and were used as
received. All the solutions were prepared with distilled water.

Electrode preparation

The aluminum surface of 0.125 cm? fitted in a Teflon tube [16] was
polished to a mirror finish, first by sandpaper (P320) and then by
0.05-ym alumina powder. The polished surface was cleaned by
dipping it in concentrated HCI for about 1 min and was then rinsed
with distilled water. The electroless deposition of nickel was carried
out by dipping the cleaned surface of the aluminum electrode in a
solution containing 0.5 M NiCl, and 1.5 M NH,CI of pH 1
(plating solution) for about 10-15 min. The aluminum electrode
covered by metallic nickel was derivatized by immersing it in 0.5 M
NaNO; and 10 mM Na,[Fe(CN)s NOJ solution of pH 2-3 adjusted
by HNO; (derivatizing reagent) for about 3—4 h. In order to de-
crease the background current, the modified electrode was left in air
for at least 1 day. This may arise from a morphological stabiliza-
tion of the crystal lattice of the film or from the appearance of more
Ni?* cations in the crystal lattice, causing an increase in the elec-
tronic conductivity of the film. The surface concentration of the
mediator in the film per unit surface area of the electrode, I', was
determined from the area under the anodic part of the cyclic vol-
tammograms of the NiPCNF-coated aluminum electrode. By as-
suming that the density of Na,Ni[Fe(CN)s NO] is 1.79 gem > [29],
the thickness of the film, ¢, and the total volume concentration, cp"
were calculated.

Instrumentation

The electrochemical experiments were carried out using an EG&G
PAR model 273 potentiostat/galvanostat coupled with an IBM
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personal computer connected to a Hewlett-Packard Laser Jet 5L
printer. A conventional three-electrode cell was used at 25+1 °C.
A saturated calomel electrode, a platinum wire and the aluminum
disk modified electrode were used as reference, auxiliary and
working electrodes, respectively. A model 616 rotating electrode
system, from EG&G PAR, was employed.

Results and discussion
Voltammetric and chronoamperometric studies

The cyclic voltammograms of the bare and NiPCNF-
coated aluminum electrodes in the absence and the
presence of hydrazine are shown in Fig. 1. As seen in
Fig. 1, curve a, the NiPCNF-modified aluminum elec-
trode in the blank solution (0.5 M NaNO3;+0.25 M
phosphate buffer of pH 7.2) exhibits a well-behaved re-
dox reaction at 0.55 V (curve a). Upon the addition of
2.5 mM hydrazine, an enhancement in the anodic peak
current was observed and the cathodic peak current
tended to disappear (curve b). This behavior is typical of
that expected for mediated oxidation. It was also note-
worthy that hydrazine at the bare aluminum electrode
was electroinactive in this electrolytic solution (Fig. 1,
curve d).

The anodic peak current observed in the presence of
hydrazine increases with increasing hydrazine concen-
tration in the solution (Fig. 2). The inset of Fig. 2 shows
clearly that the plot of /,, versus hydrazine concentration
between 0.0-35 mM, constituted from two linear seg-
ments with different slopes, corresponds to two different
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Fig. 1 Cyclic voltammograms of the nickel pentacyanonitrosylfer-
rate (NiPCNF)/Al electrode (a, b) and the bare Al electrode (¢, d) in
the absence (a, ¢) and in the presence (b, d) of 2.5 mM hydrazine.
Inset: curves ¢, d from the main panel with a microampere scale.
Supporting electrolyte: 0.5 M NaNO; +0.25 M phosphate buffer
(pH 7.2), potential scan rate: 50 mVs '
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ranges of hydrazine concentration. We ascribe this to a
change in the catalytic reaction conditions arising from
the formation of nitrogen gas bubbles at the surface of
the film as has already been reported by others [24].
Indeed at low concentrations of hydrazine, the gas
formed being negligible has no effect on the diffusion of
hydrazine toward the electrode surface (gas evolution
unaffected zone), while at high concentrations of hy-
drazine, gas evolution at the electrode surface reduces to
some extent the normal diffusion of the substrate (gas
evolution affected zone).

The cyclic voltammograms of the NiPCNF-coated
aluminum electrode at various scan rates (25-300 m Vs ')
in the presence of 2.5 mM hydrazine reveal that the
catalytic effect of the NiPCNF film appeared at scan
rates of up to 100 mVs ' owing to a considerable cata-
lytic reaction rate (Fig. 3). It can be noted from the inset
of Fig. 3 that with increasing scan rate the peak poten-
tial for the catalytic oxidation of hydrazine shifts to
more positive potentials, suggesting a kinetic limitation
in the reaction between the redox sites of the NiPCNF
film and hydrazine. The oxidation current for hydrazine
increased linearly with the square root of the scan rate
(Fig. 4A), suggesting that the reaction is mass-transfer
controlled. Moreover a plot of the scan rate normalized
current (I/v'%) versus scan rate (Fig. 4B) exhibits an
indicative shape typical of an electrochemical chemical
(EC) catalytic process. Note that the cyclic voltammetry
of the NiPCNF/Al electrode in the absence of hydrazine
at scan rates between 10 and 300 mV s ' showed that the
peak potential did not shift and that the current function
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Fig. 2 Cyclic voltammograms of the NiPCNF/AI electrode in the
presence of different hydrazine concentrations: (/-20) 0, 0.5, 1, 1.5,
2,2.4,34,43,52,6.5,7.8,9.1,10.7, 12.7, 14.9, 17.4, 20, 23.1, 28.6
and 35 mM, respectively. Potential scan rates: 50 mVs '; support-
ing electrolyte as in Fig. 1. Inset: variations of the anodic peak
currents versus hydrazine concentrations
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Fig. 3 Cyclic voltammograms of the NiPCNF/Al electrode in the
absence (a) and in the presence (h—h) of 2.5 mM hydrazine at
various potential scan rates: 25, 50, 75, 100, 150, 200 and 300 mVs !,
respectively. Insets: variation of the anodic peak potential, E,,
versus logv. Supporting electrolyte as in Fig. 1
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Fig. 4 Variation of A anodic peak currents, I,,, versus v and

B anodic current function Ip/v”2 versus v for the cyclic
voltammograms of Fig. 3



always remained constant with scan rate [17]. These
confirm the absence of an ohmic drop effect on the shape
of the cyclic voltammogrames.

In order to obtain information on the rate-deter-
mining step, Tafel plots were drawn using the data from
the rising part of the current—voltage curves at a scan
rate of 10 mV s ' for three different concentrations of
hydrazine (Fig. 5) and a mean slope, b, of 0.184 V de-
cade ' or 5.4 (V decade ') ! was obtained, indicating a
one-electron process which was rate limiting, assuming a
transfer coefficient of o =0.68. Note that for most of the
electrode processes o ranges from 0.7 to 0.3 [30].

These results obtained from cyclic voltammetry lead
to the conclusion that the overall electrochemical oxi-
dation of hydrazine under these conditions might be
controlled by the diffusion of hydrazine in the solution
and a cross-exchange process between hydrazine and
redox sites of the NiPCNF film. Under solution condi-
tions (pH 7.2), where hydrazine is present in its proto-
nated form (pK, of hydrazine is 7.9), the process
according to an EC catalytic mechanism can be ex-
pressed as

Na Ni [Fe (CNNO ] — Ni[Fe™ (CN)sNO |+ Na™ + ¢ (E)
!
[

K
Ni[Fe' (CN);NOJ + Na' + N,H;" — Na Ni[Fe' (CN)sNOJ + N,H; + 2H' (C) slow

3 Ni[Fe" (CN)sNOJ + 3Na" + N,H; — 3Na Ni[Fe" (CN)sNO] + N, + 3H' Fast

The overall chemical reaction is shown as follows:
4Ni[Fe' (CN);NOJ + 4Na™ + NoHY
— 4NaNi[Fe (CN);NO] + N, + SH™.

In order to obtain information on the number of elec-
trons in the overall reaction, coulometry at a constant
potential on the plate aluminum modified electrode
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Fig. 5 Tafel plots derived from current—potential curves obtained
on the the NiPCNF/Al electrode in the presence of three different
hydrazine concentrations: (a) 1, (b) 2 and (¢) 3.5 mM, at a scan rate
of 10 mVs™!. Supporting electrolyte as in Fig. 1
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(approximately 2 cm?) was used and the number of
electrons was found to be 4.2.

Chronoamperometry as well as the other electro-
chemical methods may be used for the investigation of
electrode processes at chemically modified electrodes
[31]. Well-defined chronoamperomgrams for the
NiPCNF-film-modified aluminum electrode with a sur-
face coverage of 6x10°® mol cm ? in the absence and the
presence of hydrazine at applied potential steps of 0.80
and 0.00 V for forward and backward chronoampe-
rometry, respectively, are shown in Fig. 6. Inset of Fig. 6
shows the plots of currents sampled at fixed time as a
function of hydrazine concentrations. Comparison of
plots 1-6 in this inset suggests that for 1 <10 s (plots 4—
6) there are two linear regions with different slopes
owing to the effect of nitrogen gas bubble formation at
the surface of the electrode for high concentration of
hydrazine as mentioned in the cyclic voltammetric
measurements, whereas for 1> 10 s (plots 1-3), it seems
that the effect of nitrogen gas bubbles was removed and
only one linear region was obtained for the full hydra-
zine concentration range examined, but the slope de-
creased with the increase of the time elapsed after the
potential step application.

The forward and backward potential step chrono-
amperometry of the modified electrode in the blank
buffered solution showed very symmetrical chronoam-
perograms with an equal charge consumed for the oxi-
dation and reduction of surface-confined NiPCNF sites.
However, in the presence of hydrazine the charge value
associated with the forward chronoamperometry, Qr,
(potential step 1: 800 mV) is significantly greater than
that observed for the backward chronoamperometry,
Oy, (potential step 2: 0.0 mV). This behavior is typical
of that expected for mediated oxidation.

The electrocatalytic activity of the NiPCNF-film-
modified aluminum electrode toward oxidation of
hydrazine was also investigated by the rotating disk
electrode (RDE) voltammetry technique. The steady-
state I-E curves were recorded for the oxidation of hy-
drazine at a NiPCNF-film-modified rotating aluminum
disk electrode under various experimental conditions. A
typical example of the I-E curves (RDE voltammo-
grams) is shown in Fig. 7 for a 1.25 mM solution of
hydrazine and a surface coverage of 3x10°® mol cm?.

In the case that the oxidation of hydrazine at the
surface-modified aluminum electrode is controlled solely
by the mass-transfer process in the solution, the rela-
tionship between the limiting current and the rotation
speed should obey the Levich equation [32]:
I = Iey = 0.620nFAD>3y/001 ¢y | (1)
where D, v, w and ¢y are the diffusion coefficient, the
kinematic viscosity, the rotation speed and the bulk
concentration of the reactant in the solution respectively,
and all other parameters have their conventional
meanings. On the basis of Eq. (1), the plot of the limiting
current, /;. as a function of @!/2 should be a straight line.
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Fig. 6 Chronoamperograms obtained at the NiPCNF/Al electrode
in the absence (a) and in the presence (h—f) of various concentra-
tion of hydrazine: 1, 2, 3.3, 4, 6 and 5.7 mM respectively; the first
and second potential steps were 0.8 and 0.0 V, respectively. Inset:
plots of fixed-time currents versus hydrazine concentrations (/-6):
25, 15, 10, 6, 4 and 2 s (times elapsed after first potential step
application), respectively, derived from the data of the main panel.
Supporting electrolyte as in Fig. 1

For the NiPCNF|AI modified electrode this is true for a
surface coverage of 3x10°® mol cm 2 and a hydrazine
concentration lower than 1.25 mM. (Fig. 7 inset).

For a hydrazine concentration higher than 1.25 mM
(i.e. 7mM), according to the Levich plots shown in
Fig. 8, the current increases with increasing electrode
rotation speed, but was found to be nonlinear, including
kinetic limitations (Fig. 8 inset). In this case the catalytic
current, I ,, corresponding to the mediated reaction is a
function of Levich current, I;,, representing the mass
transfer of hydrazine in the solution and the kinetic
current, /.

Determination of diffusion coefficient
of hydrazine in the solution

Chronoamperometry was used for the estimation of the
diffusion coefficient of hydrazine in the solution. For an
electroactive material with diffusion coefficient D, the
current corresponding to the electrochemical reaction
(under diffusion control) is described by Cottrell’s law
[33]:

I = nFAD"?con™ 2712, (2)

where D and ¢( are the diffusion coefficient and bulk
concentration, respectively. The plot of 7 versus /> will

be linear, and from the slope, the value of D can be
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Fig. 7 Rotating disk voltammograms for 1.25 mM hydrazine
oxidation at a NiPCNF/Al electrode with different rotation speeds
(a—h): 100, 300, 600, 1000, 1500, 2000, 3000 and 4000 rpm,
respectively. [Inset: Levich plot. Supporting electrolyte as in
Fig. 1; potential sweep rate 10 mVs ™', T=3x10"° mol cm

obtained. In the presence of hydrazine at long times
(t>4 s or r2<0.5) the NaNi[Fe"(CN)sNO] oxidation
is complete and the rate of electrocatalyzed hydrazine
oxidation exceeds that of hydrazine diffusion from the
bulk to the film solution/interface. The plot of I versus
r 2 (r'%<0.5) with hydrazine concentration below
2 mM, gives a straight line (Fig. 9 inset) and the slope of
such lines can be used for the estimation of the diffusion
coefficient of hydrazine (D).The mean value of D was
found to be 8x10°° cm? s '. The diffusion coefficient of
hydrazine in the solution can also be obtained from the
slope of the Levich equation. The value of D in this
medium was found to be 8.1x 10°® cm? s™! for the hy-
drazine concentration range 1-2 mM.

Kinetic process of the electrocatalytic oxidation
of hydrazine

If the electron-exchange process at the electrode sub-
strate |NiPCNF film interface is assumed to be fast, on
the basis of the experimental conditions, the rate-deter-
mining step must be one of the following processes:

1. Diffusion of substrate (hydrazine) in the solution to
the electrode surface.

2. Diffusion of hydrazine through the film (NiPCNF).

3. Diffusion of the electrons within the film.

4. Electron cross-exchange between the Ni[Fe! (CN)s
NO)] redox sites and hydrazine.
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Fig. 8 Typical example of rotating disk voltammograms for
hydrazine concentration higher than 1.25 mM (i.e. 7 mM) on a
NiPCNF/ALI electrode with different rotation speeds (a—/h): 100,
300, 600, 1,000, 1,500, 2,000, 3,000 and 4,000 rpm, respectively.
Supporting electrolyte as in Fig. 1; potential sweep rate: 10 m Vs,
I'=3x10% mol ¢cm 2. Inser: Levich plots for various hydrazine
concentrations (a) 2.5, (b) 4.7 and (c) 7 mM

A detailed description of the kinetic process of the
catalytic reaction at the modified electrodes has been
given by Andrieux et al.[34], leading to an expanded
equation. When thin films and high substrate (hydra-
zine) concentrations are used, the contribution of hy-
drazine and electron diffusion within the NiPCNF film
(like Prussian blue and its analogs) are negligibly small
[24] and the mass-transport process in the solution and
the catalytic reaction become dominant.

The rate-determining step is given by reaction C with
a heterogeneous rate constant, k, which is representative
of the catalytic reaction rate between NiPCNF on the
electrode and hydrazine, diffused from the solution. The
value of k can be evaluated by two different approaches.

RDE voltammetry

When the mass-transfer process in the solution and the
catalytic reaction become dominant, the Koutecky—
Levich equation (Eq. 3) is used for kinetic analysis.

1 1 1

J— 3
I, nFAcokT + 0.62nFAD?/3y=1/6¢com!/2’ (3)

where A4, ¢y, k, I', D, v and w are the electrode area,
substrate concentration, catalytic rate constant, surface
coverage, diffusion coefficient, kinematic viscosity and
rotation speed. According to Eq. (3) a plot of ™' versus
w2 gives a straight line (as shown in Fig. 10A). The
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Fig. 9 Plots of I versus 7 '/* derived from the data of chronoam-

perograms h—f of Fig. 6. Inser: I versus ¢ '/ (for r/><0.5 portion

of curve b), derived from the data of chronoamperogram (b) at
long times, 10-30 s

value of the rate constant for the catalytic reaction, k, can
be obtained from the intercept of the Koutecky—Levich
plot. k was found to be in the range 3.4x103-4.6x10°

M's™' for hydrazine concentration in the range
2.5-7 mM, using I'=3x10" molem 2. The slope of the
Koutecky—Levich equation is dependent on the reactant
concentration ¢g. The reverse relationship between the
slope of the Koutecky—Levich plots and the hydrazine
concentrations (Fig. 10B) confirms that the catalytic
reaction is a first-order one versus the concentration of
hydrazine. The diffusion coefficient of hydrazine, D, may
also be obtained from the slope of the Koutecky—Levich
plots. The mean value of D was found to be 9x10 ¢ cm?
s !, which is in good agreement with those obtained from
the chronoamperometric measurements and slopes of
Levich plots and values reported by others [35].

Chronoamperometry

Chronoamperometry can used for the evaluation of the
catalytic rate constant. At intermediate times
(=250 ms- 6 s or r />=2-0.4, in the present work) the
catalytic current (I.,;) is dominated by the rate of
electrocatalyzed oxidation of hydrazine and the rate
constant for the chemical reaction between hydrazine
and redox sites of surface-confined NiPCNF is deter-
mined according to the method described in the litera-
ture [36]:

LeayIy = 9" [ Perf(y"/?) + exp(—y) /y"/2], (4)
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where I, and I are the currents of the NiPCNF-mod-
ified aluminum electrode in the presence and the absence
of hydrazine, respectively, and y=kcot (co is the bulk
concentration of hydrazine) is the argument of the error
function. In the cases that y exceeds 2, the error function
is almost equal to 1 and Eq. (4) can be reduced to

Leat/IL = 7"?7/? = nl/z(kcot)l/z, (5)

where k, co and ¢ are the catalytic rate constant, the
catalyst concentration and the time elapsed. From the
slope of the plot of I /I versus t'/? we can simply
calculate the value of k for a given concentration of
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Fig. 10 A Koutecky-Levich plots derived from the data of the
inset of Fig. 8. B Variation of the slope of the Koutecky—Levich
plots versus the reciprocal of the hydrazine concentrations.
C Dependence of I, /i, on 12, derived from the chronoampero-
gram data in the absence and the presence of 1| mM hydrazine

hydrazine. One such plot, constructed from the chrono-
amperograms of the NiPCNF-film-modified aluminum
electrode in the absence and the presence of 1 mM hy-
drazine is shown in Fig. 10C and value of k was found to
be 5.8x10° M 's .

Stability study

The electrode exposed in air at room temperature for
several months yielded good cyclic voltammogram
peaks and the capacitive current decreased. Our exper-
imental investigation indicates that NiPCNF film in the
buffered electrolyte solution is stable for several ma-
nipulations The peak height and peak potential of the
surface-immobilized film by cycling of the electrode
potential over the range 0.0-1.3 V remains nearly un-
changed (Fig. 11, curve a). The amount of degradation
after 40 cycles in electrolyte solution with a scan rate of
50 mVs ' was less than 2% (Fig. 11, curve b). Further-
more a negligible decrease in the height of the cyclic
voltamograms was observed after construction of a ten-
points calibration graph or after recording about 20
rotating disk voltammograms with a rotation speed of
50-4000 rpm. In addition the reproducibility of the
electrocatalytic effect of the modified electrode was
confirmed by repetitive recording of the cyclic voltam-
mograms in hydrazine solution.
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Fig. 11 Cyclic voltammograms of the NiPCNF/ALl electrodes: (a,
¢) first cycles in supporting electrolyte, (b) 100th cycle, (¢) after
construction of two 20-point calibration graphs for hydrazine and
(d) after 10 cycles over a potential range of —1.2-1.4 V. Supporting
electrolyte: 0.5 M NaNO;+0.25 M phosphate buffer (pH 7.2);
potential scan rate: 50 m Vs



Conclusion

The aluminum surface coated with NiPCNF film can
catalyze the oxidation of hydrazine via surface-layer-
mediated charge transfer. The charge-transfer step of the
rate-limiting reaction is found to be a one-electron ab-
straction step; however, the final product obtained is
nitrogen gas. The currents obtained in cyclic voltam-
metry, chronoamperometry and steady-state voltam-
metry are diffusion-controlled for low concentrations of
hydrazine, while at higher hydrazine concentrations the
slope of the currents versus the hydrazine concentration
are decrease significantly, most probably because of ni-
trogen gas evolution The kinetic process of the catalytic
reaction can be explained using chronoamperometry
and RDE voltammetry. The results obtained for the rate
constant and the diffusion coefficient of hydrazine in the
solution, by different approaches, are in good agree-
ment. The modified aluminum electrode prepared is
stable for several months, which makes it useful for
electrocatalytic oxidation of hydrazine.
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