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The electrochemical reduction of nitrite and nitrate in alkaline solution has been studied on glassy
carbon electrodes modified with phthalocyanine complexes of Mn, Fe, Co, Ni, Cu and Zn (MnPc,
FePc, CoPc, NiPc, CuPc and ZnPc, respectively, and Pc(-2) is phthalocyanine dianion). Voltammetry
shows that the reduction of nitrite occurs at potentials slightly less negative than for nitrate reduc-
tion. The MPc complexes lower the overpotential for the reduction of nitrite and nitrate as follows:
CuPc > FePc > NiPc > CoPc > MnPc > ZnPc > glassy carbon electrode. The main product for the
reduction of nitrite and nitrate is ammonia, with high yields of ammonia being obtained, depending

on the choices of the electrolysis potential and MPc complex.

1. Introduction

The contamination of water by nitrate ions is an in-
creasing environmental concern due to the extensive
use of nitrates in detergents and fertilizers. There is
currently an interest in the development of techniques
for the reduction of nitrates and nitrites and for the
sensitive and selective analysis of these species [1-8].
Efficient reduction of nitrates and nitrites to harmless
products would be useful in the treatment of radio-
active solutions which contain high concentrations of
these species, and would allow the recycling of basic

electrolysis solutions used in neutralizing nitric acid -

containing waste. The mechanism for the chemical
and electrochemical reduction of nitrates and nitrites
is very complex. The reduction potential and the
nature of the products of reduction of these species
strongly depend on experimental conditions such as
pH, coexisting ions and the choice of the electrode
material. Also, the quality of the current-potential
curves is highly dependent on the electrode surface.

The products of the reduction of nitrate and nitrite
in alkaline media include industrially useful chemicals
such as ammeonia, nitrogen gas and hydroxide ions,
Equations 1 to 6 (with E° values obtained from [9]
and corrected to the Ag/AgCl reference).

NO; + H,0 +2¢~ — NO; +20H™  —0.19V
(1)
NOj +3H,0 +5¢~ — 1/2N, + 60H™  0.06V
2
NO; + 6H,0 + 8¢~ — NH; + 90H™ —0.32V
(3)
NO; +2H,0 + 3¢~ — 1/2N, +40H™ 023V
4)

* Author to whom correspondence should be addressed.
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NO; + 5H,0 +6e~ — NH; +70H™ - 0.36V
(5)

NO; +4H,0 + 4e~ — NH,OH + SOH™ — 0.65V
(6)

However, research into the reduction of nitrates in
alkaline media has received less attention compared
to studies in acid media. With a proper choice of
electrode material and applied reduction potential,
good selectivity of the various products may be ob-
tained. For example, Cattarin [1] has shown that ni-
trite is the main product of reduction of nitrate in
basic media at a Ag cathode. Whereas reduction at a
Ni cathode gave nitrogen gas [1, 10], the use of Cu
and Zn cathodes gave mainly ammonia [1].
Reductions of both nitrite and nitrate in acid
media occurs at more positive potentials [9], hence
are more favourable, than reductions in basic media.
It is thus important to lower the overvoltage required
for the reduction of nitrate and nitrite in basic media.
One way of achieving this is by modifying the sur-
faces of conventional electrodes with catalytic mat-
erials. Metallopthalocyanine (MPc, Pc(-2) = phthalo-
cyanine dianion) complexes are well known in-
expensive catalysts for many reactions [3]. Electrodes
modified ‘with MPc complexes have been used suc-
cessfully in lowering the overpotential for the oxida-
tion or reduction of a variety of electroactive species
[3, 11-21]. Reduction of nitrate ions in basic media
and on iron phthalocyanine (Fe(m)Pc) modified Ni or
Fe clectrodes has been reported [4]. Coating of Ni
electrodes with FePc rendered it less active towards
pitrate reduction, while the activity of the Fe elec-
trode was unchanged by coating with FePc [4].
However, corrosion of the Fe cathode was greatly
diminished when coated with FePc. No mechanism
has been provided for the reduction of nitrate on
MPc modified electrodes. To our knowledge, there
have been no reports on the reduction of nitrite on

975



976

N. CHEBOTAREVA AND T. NYOKONG

MPc modified electrodes. Nitrite is known to co-
ordinate to the central metal in some metal por-
phyrins {6, 8] and to be readily reduced to mainly
ammonia ‘and hydroxylamine in acidic and basic
media [8]. Cobalt phthalocyanine (CoPc) complexes
have been used in the selective determination of ni-
trite ion and there is some evidence for the co-
ordination of the nitrite ion to the central- metal in
CoPc¢ derivatives during the analysis [19]. In this work
we compare the catalytic efficiencies of the phthalo-
cyanine complexes: Fe(mPc, Co(mPc, Ni(i)Pc,
Cu(m)Pc, MnPc, and ZnPc for the reduction of ni-
trate and nitrite ions. We study the correlation be-
tween the nature of the central metal ion in MPc and
the efficiency of nitrite and nitrate reduction on MPc
modified carbon electrodes.

2. Experimental details
2.1. Materials

Metallophthalocyanine complexes, Fe(ir)Pc, Co(mr)Pc,
Ni(m)Pc, Cu(m)Pc, ZnPc, and MnPc were purchased
from Eastman or Kodak and used without further
purification. Tetrasulfonated phthalocyanine com-
plexes of Fe(11) and Cu(1r) ([FeTSPc]* and [CuTSPc]*,
respectively) were synthesized and purified according
to published procedures [22]. Triply distilled water was
used for all electrochemical experiments. Certified
A.C.S grade KOH, KNO; and KNO, were used for
preparing solutions. For pH studies, phosphate and
phthalate buffers were employed.

2.2. Methods

Cyclic voltammetry was carried out in a three-elec-
trode, two-compartment cell. Silver/silver chloride
(saturated KCl) and platinum wire were used as re-
ference and counter electrodes, respectively. The
working electrode was the MPc-modified glassy car-
bon electrode (MPc-GCE). The adsorbed M(u)Pc
films were prepared by a drop dry method in which a
drop of a saturated (~1x 107> moldm™) solution of
MPc in pyridine were placed on the glassy carbon
electrode (4=0.07cm?) and dried in air. Prior to
coating with MPc complexes, the glassy carbon
electrode was polished with alumina on a Buehler felt
pad, followed by soaking in dilute nitric acid and
rinsing in water. For some experiments an un-
modified Cu electrode of 0.07 cm? area was employed
as a working electrode.

Controlled potential coulometry experiments were
also performed in a two compartment cell, a platinum
plate of area 2.2 cm” was employed as a counter elec-
trode and a Ag/AgCl (saturated KCl) as a reference.
The working electrode consisted of a carbon rod
(4=0.2cm?) coated with the MPc complexes by the
drop dry method. Flectrical contact with the working
electrode was established via a copper wire. The var-
iations in the nitrite concentrations were assessed by
measuring the absorbance at 354 nm, using the Cary

1E u.v. / vis. spectrophotometer. An alternative ana-
lysis of the nitrite ion was performed by treatment with
sulfanilic acid to form the diazonium salt, followed by
coupling to N-(l1-naphthyl)-ethylenediamine dihydr-
oxide and the monitoring of the absorption spectra at
550 nm. Amimonia yields were determined by the
Nessler method [23] and monitoring the absorbance
400 nm. Hydroxylamine was determined qualitatively
using the Nessler reagent. Voltammetry and constant
potential electrolysis were performed with the Bio-
Analytical Systems (BAS) CV 27 voltammograph,
connected to the HP 7047A X-Y recorder.

3. Results and discussion

The catalytic effects of adsorbed MPc complexes are
strongly dependent on the electrode material. For
example, Co(mPc and Fe(m)Pc films adsorbed on
carbon electrodes showed catalytic activity for oxy-
gen reduction, but both complexes impeded the cat-
alytic effect of platinum electrodes [24]. MPc
adsorbed on carbon electrodes show catalytic activity
for a number of reactions including the oxidation of
sulfhydryl compounds [12]. We thus chose carbon
electrodes for the modification with MPc complexes
and the study of the reduction of nitrites and nitrates.

3.1. Cyclic voltammetry

Nitrite is known to disproportionate to form nitric

-oxide and nitrate [6]. In strongly basic media, the

nitric oxide contribution is negligible [6] and its re-
duction at the MPc-GCE may be ignored. The cyclic
voltammogram of NO; on CuPc-GCE in the pre-

‘sence of 0.1 moldm™ KOH shows a sharp peak at

—1.35V vs Ag/AgCl and a broader peak near -1.5V,
Fig. 1(a), on the second and subsequent scans. A
much weaker peak was observed at -0.6V. The
~1.35V and -1.5V peaks represent a shift, to more
positive potentials, of the peaks observed, respec-
tively, at —1.45 and 1.7 V during the first scan, Fig. 2.
The peak observed at -0.6V represent a shift to a
more negative potential after the first scan. These
shifts imply a change of the electrode surface. Similar
reduction peaks have been observed for the reduction
of nitrates and nitrites on copper electrodes [1]. The
smaller reduction peak observed near 0.6V was at-
tributed to the involvement of copper oxides in the
reduction process [1]. On FePc~GCE, only one peak
due to the reduction of nitrite was observed at -1.6 'V,
Fig. 1(b). Both NiPc-GCE and CoPc-GCE, Fig. 1(c)
and Fig. 1(d), respectively, showed an onset of the
reduction of NO; at potentials more negative than
those observed for FePc and CuPc. However, no
peaks for nitrite reduction were observed on CoPc-
GCE and NiPc-GCE. The observation of peaks for
the reduction of nitrite on FePc-GCE and CuPc-
GCE is a consequence of the lowering of the potential
for the reduction of NO; by FePc and CuPc. The
onset for the reduction of nitrite on unmodified glassy
carbon electrode, Fig. 1(e), was observed at potentials
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Current

Potential/V (Ag/AgCl)

Fig. 1. Cychc voltaminograms (second scans) for the reduction of
0.1 moldm™ NO; on (a) — CuPc, (b) - — - FePc, (c) ——— NiPe,
(d)------ CoPc modified glassy carbon electrode, and on (g) — - —
unmodified glassy carbon electrode. Electrolyte: 0.1moldm™
KOH. Scan rate: 20mVs™

more negative than observed on FePc, CuPc, CoPc
and NiPc. The cyclic voltammograms for the reduc-
tion of nitrite on MnPc-GCE and ZnPc-GCE gave
reduction potentials that were more positive than
observed for the reduction of this species on the un-
modified glassy carbon electrode, but more negative
than for the other MPc—GCE.

Current

N

The voltammograms for the reduction of NO3 on
CuPc-GCE, Fig. 3, are similar to those observed
above for the reduction of NO;, in that three peaks
are observed. On the first scan only one peak is ob-
served near —1.6V, Fig. 3(a). On second and sub-
sequent scan, this peak shifts to -1.35V, and two
other peaks are observed at —0.5V and -1.55V, Fig.
3(b). This observation confirms reports on the re-
duction of nitrate and nitrite on unmodified Cu metal
electrodes, where the voltammograms for the reduc-
tion of these species showed similar patterns {1]. No
peaks were observed for the reduction of NO; on
FePc~GCE, contrary to the observation for NOy
reduction, Fig. 1(b). As observed for NOj, the onset
of the reduction of NO3 on NiPc, FePc, MnPc, ZnPc
and CoPc modified glassy carbon electrodes occurred
at potentials more negative than observed for CuPc~
CGE, Fig. 3.

Thus, the potentials for the reduction of NOj or
NO;3 in basic media and on MPc-GCE shift to po-
sitive potentials depending on MPc complexes as
follows:

CuPc > FePc > NiPc > CoPc > MnPc >
ZnPc > glassy carbon electrode

CuPc lowers the overpotential for the reduction of
NO; and NOj to a larger extent compared to the
other MPc complexes. It is important to note that the
catalytic currents for the reduction of NO; and NO3
increased significantly for each following scan, Fig. 2,
thus indicating the formation of a new, more cata-
lytic, surface on the electrode. The peak current, as
well as the current at the linear section of the cathodic

curve, increased linearly with the increase in con-

Potential/V (Ag/AgCl)

Fig. 2. Cyclic yoltammograms for the reduction of 0.1 mol dm™ NO2 on CuPc modified glassy carbon electrode. (a) First scan (dotted line)
and (b) subsequent scans (undotted lines; showing an increase in current with increase in scan number). Electrolyte: 0.1 mol dm™ KOH.
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Fig. 3. Cyclic voltammograms for the reduction of 0.05mol dm™ NOj on (a) - - - - CuP, (b) — CuPc, (¢) -~ - FePe, ) ——— NiPc,
(€ - CoPc and (f) — - — unmodified glassy carbon electrode. Electrolyte: 0.10 mol dm™> KOH. Scan rate: 20mV s, (a) First scan and

(b) second scan for the reduction of NO3 on CuPc-GCE.

centration of NO; or NOj, Fig. 4, confirming that
these species are indeed reducible on MPc—GCEs.
Fig. 4 also shows that the relative catalytic activities
of CuPc and FePc complexes depend on the con-
centration of NO; and NO; with FePc showing
higher catalytic currents than CuPc at low con-
centrations of NO; or NOj. The slopes of the plots
in Fig. 4 are a measure of the relative catalytic effi-
ciencies -of the MPc complexes for the reduction of
nitrates and nitrites. CuPc modified glassy carbon
electrodes show the highest catalytic activity when
compared to the other MPc-GCE, implying that the
rate constant [25] for the electrochemical reaction is
larger for the CuPc—GCE surface.

Figure 4 shows a very small increase in current
with increase in concentration for the reduction of
pitrite or nitrate on unmodified GCE when compared
to currents observed on MPc modified GCE. The
peak currents for the reduction of NO; or NOj in-
creased with increase in scan rate, v, but were not
linear with v”, suggesting the presence of catalytic
phenomena, as confirmed by current-time curves
below. '

Differences between the reduction potentials of
NOj; or NO; on unmodified glassy carbon electrode
and on MPc-GCE (AE) varied with pH as shown in
Fig. 5. The value of AE represents the extent to which
the overpotential of the reduction of these species on
unmodified glassy carbon is lowered by modification
with MPc complexes. Figure, 5(a) shows that AE for
the reduction of NOj; is generally higher in basic
media. At low pH, a significant concentration of NO
is present in solution from the disproportionation of
nitrite, thus NO may contribute to the observed vol-
tammetric behaviour of NO; at low pH. For both
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Fig. 4. Variation of the cathodic currents with (a) NO5 and (b)
NOj concentration. Reduction on (i) CuPc~GCE, (ii) FePc-GCE,
(iif) CoPc—~GCE and (iv) unmodified glassy carbon electrode. Scan
rate: 20mV s™'. Electrolyte 0.1 moldm™ KOH. Cathode potentials:
-2.0V.



METALLOPHTHALOCYANINE REDUCTION OF NITRATE AND NITRITE IONS 979

700

soo| @
500 @

4004

(i)
3001 P
oo /\/ o
100 ,—._/

0
600

®)
500
400+
S\

200

AE/mV (Ag/AgCl)

0 14

AE/mV (Ag/AgCD

100+

pH

Fig. 5. The plot of 3pH against AE (V vs Ag/AgCl) for the reduction

of (a) 0.1 moldm™ NOj and (b) 0.1 mol dmi™ NO3 on (i) CuPc-

GCE (i1) FePc—GCE and (iii) CoPc-GCE. Current density,
=10mA cm™

NO; and NOj, the largest increase in AE with pH
was observed for the reduction of these species on
CuPc-GCE. AE for the reduction of NO; on the
other MPc-GCE decreased slightly with increase in
pH, Fig. 5(b). This is not surprising since the reduc-
tion of nitrates and nitrites is more favoured in acid
media, as discussed in the introduction. Increasing the
concentration -on the MPc complex deposited onto
the electrode resulted in an increase in the reduction
currents for fixed concentrations of NO; or NOj .

The MPc catalysed reduction of oxygen is one of
the few well studied catalytic reactions of MPc com-
plexes. It has been suggested [3] that the metal ion of
the MPc complex is electrochemically oxidized during
the catalytic process, thereby reducing the oxygen
molecule. Thus, MPc complexes such as FePc, CoPc
and MnPe¢, which showed redox activity at the central
metal exhibited higher catalytic activity than MPc
complexes with ring based redox processes such as
CuPc, ZnPc and NiPc [3]. Our results show CuPc to
be more efficient than FePc, CoPc, NiPc, ZnPc and
MnPe. CuPc does not show metal based redox ac-
tivity in solution; as such the mechanism for the re-
duction of nitrates and nitrites on MPc modified
electrodes is likely to be different from the mechanism
suggested for oxygen reduction. However, it is im-
portant to note that solution electrochemistry of
CuPc complexes may differ from that of adsorbed
species.

MPc complexes that can bind both the reactant
and the product reversibly are expected to show a
high catalytic activity for the formation of the re-
levant products [26]. Nitrite ions have been shown to
bind weakly to ring substituted CoPc complexes [19],
and not to ring substituted CuPc complexes, the
former shows selectivity towards nitrite ion detection
[19]. The low catalytic activities of MnPc and ZnPc
for the reduction of nitrite or nitrate as compared to
CuPc, CoPc, FePc and NiPc implies that the products
(mainly NHsj, as will be shown below) and the re-
actants (NO; or NOj) bind reversibly to CuPc and
FePc and to a lesser extent, CoPc and NiPc. It is thus
likely that axial binding of the reactants and/or pro-
ducts to either MnPc or ZnPc is not favourable.
Unsubstituted MPc complexes employed for the
catalysis reactions are insoluble in water; we were
thus unable to confirm, using spectroscopic methods,
the possible binding of NO; or NO; to the un-
substituted MPc complexes. Addition of nitrite or
nitrate to water soluble of [CuTSPc]* (TSPc(-2)=
tetrasulfonated phthalocyanine dianion) complex re-
sulted in the shift in electronic absorption spectra as
shown in Fig. 6. This shift indicates that some co-
ordination of the nitrate and nitrite to the [CuTSPc]*
complexes occurs. It is thus also likely that both ni-
trite and nitrate coordinate to unsubstituted CuPc.
No significant spectral changes were observed on
addition of nitrate or nitrite to solutions of
[FeTSPc]* in water. For many reactions, Co(u)Pc
and FePc species show higher catalytic activity than
Cu(m)Pc [3]. As discussed above, the central metal ion
plays an important role in the catalytic activities of
MPc complexes. Copper cathodes are known to be

relatively efficient catalysts for the reduction of ni-

trates [9]. Also, we observed lower overpotentials for
nitrate reduction on copper electrodes than on iron or
nickel electrodes. This observation may explain the
higher catalytic activity of Cu(i)Pc.

4.0 @
o
3]
8
£ 2.0 ()
S
0
8
<
400 500 600 700 800
Wavelength/nm

Fig. 6. Electronic absorption spectral changes observed on gradual
addition of NOj to solution of [CuTSPc]*” in water. (a) Before and
(b) after the final addition of NO;.
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3.2. Constant potential electrolysis

The results of the constant potential electrolysis of
nitrate and nitrite on MPc-CGE and other electrodes
are shown in Table 1. The products of the reduction
of nitrite and nitrate depend on factors that include
(1) the type of electrode and electrode treatment, (ii)
pH, (i) applied potential and (iv) coexisting ions.
The main product of the reduction of NO3 on FePc
modified Fe electrodes was ammonia [4]. As Table 1
shows, the main product of the reduction of NO3 and
NO; on glassy carbon electrodes modified with MPc
complexes is also ammonia. No NO; was detected
following the electrolysis of NO3 . This observation is
contrary to the observed reduction of NOj on Ag,
Fe, Cu and Zn electrodes [1, 4], where significant
amounts of NO; were formed. It is important to note
that the formation of NO; from the reduction of
NO3 was found [1, 4] to be strongly dependent on the
electrolysis potential, Table 1. For example, reduc-
tion of NO3 on Cu at -1.1V gave mainly NOj,
whereas reduction at ~1.4V gave mainly ammonia,
Table 1. It is possible that the amount of NO;
formed under our experimental conditions is too low
for detection using methods explained in the experi-
mental section. There was some gas liberated during
the electrolysis of NO; and NO;. One of the main
products of the electrolysis of NOj and NO; on Ni,
Pt and platinized Ni electrodes is nitrogen gas [26]. It
is thus likely that the gas liberated during the elec-
trolysis of NOy and NO; under the present experi-
mental conditions is nitrogen and at high negative
potentials a mixture of H, and N, may be obtained.
Hydroxylamine has been reported as one of the
products of the reduction of nitrite [7], especially at
more positive potentials. This species was detected
following the electrolysis of NO; on MPc-GCE. No
hydroxylamine was detected following the electrolysis
of NOy on MPc-GCE. The reduction of NO3 on
MPc-GCE may thus be assumed to occur according
to Equations 2 and 3, whereas the reduction of NO;
may occur according to Equations 4 and 6. It is in-

B

teresting to note that hydroxylamine was not detected
on electrolysis of NO; or NOj on Cu or Ag elec-
trodes and in basic media [1].

The amount of ammonia produced during the
electrolysis of NOj3 varied with applied potential as
shown in Fig. 7. Ammonia production decreased as
the potential became more negative than —1.7V, due
to the contribution of the hydrogen evolution reac-
tion. Generally, CuPc—GCE showed the highest ac-
tivity for the production of NH3, but at potentials less
negative than —1.8V, the ammonia production on
FePc became higher than that of all the other MPc—
GCE. The unmodified glassy carbon -electrode
showed lower yields for ammonia production than
observed for the MPc~GCE, at potentials more ne-
gative than —1.6V, but the ammonia yields for NO3
reduction on the unmodified GCE increased con-
siderably at more positive potentials.

The current—time curves for the electrolysis (at
~1.3 V) of NO3y and NO; on CuPc-GCE, Fig. 8,
showed that the process proceeds in at least two
stages for these species. A gradual increase in current

Yield (%)

1.5 1.6 1.7 18 -1.9 2
Potential/V (Ag/AgCl)

Fig. 7. Variation of the per cent yield of ammonia with electrolysis
potential for the reduction of NO; on (a) CuPc-GCE, (b) FePo-
GCE, () NiPc—GCE and (d) CoPc—GCE. Electrolyte: 0.1 mol dm™
KOH.

Table 1. Results of the controlled potential electrolysis of NOj and N (0%

Electrode® Starting Electrolyte nl%* 0!/ %" Eopp IV Reference
species /moldm™ NO; NH; (AglAgCht
CuPc-GCE NOjy 0.1 (KOH) - 64 -1.5 this work
CoPc-GCE NO3y 0.1 (KOH) - 80 -14 this work
FePc-GCE NOy 0.1(KOH) - 55 -1.5 this work
NiPc-GCE NO3y 0.1 (KOH) - 85 -1.3 this work
CuPc-GCE NO; 0.1(KOH) - 78 -1.5 this work
GCE NOy 0.1 (KOH) - 99 -1.5 this work
Cu NO3y 1(NaOH) 90-95 4-7 -1.1 1
Cu NO; 1(NaOH) 4-8 80-88 -1.4 1
Zn NO3y 3(NaOH) 93 -1.5 4
Fe-FePc NOjy 3 (NaOH) 71 -1.5 4
Ag NO; 1(NaOH) 90-94 1-3 ~1.4 1

* GCE: glassy carbon electrode.

7, current efficiency: charge used to generate product over total charge.
¥ E,pp, applied potential which gave the maximum per cent yield of ammonia for the particular electrode.
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Fig. 8. The variation of the peak current versus time (min) for the
reduction at —1.3V vs Ag/AgCl of (a) NO; and (b) NO3 on CuPc-
GCE; (c) shows the reduction of NO3 on an unmodified Cu elec-
trode. Electrolyte: 0.1 moldm™ KOH.

with time was observed for nitrite reduction, with a
plateau being reached after 60 min of electrolysis, Fig.
8(a). The electrode activity remained high even after
8h of electrolysis. For the reduction of NOj, the
electrolysis current showed an increase during the
first 15min before decreasing, Fig. 8(b), as has been
observed for the reduction of this species on Pb
electrodes [4]. The shape of the current-time curves
reflects the autocatalytic nature of the reduction of
NO; and NO3 on MPc modified glassy carbon
electrodes. Fig. 8(c) shows that the reduction NO; on
an uncoated Cu electrode followed the expected ex-
ponential behaviour.

4. Conclusion

Nitrite or nitrate ions are electrochemically reduced
on MPc modified glassy carbon electrodes to mainly
ammonia and, probably, nitrogen gas. Hydro-
xylamine was obtained on reduction of NO;. Also
the reduction of NOj3 did not give nitrite ions. MPc~
GCE are more selective towards the production of
ammonia under appropriate electrolysis conditions.
Even though the efficiencies for the reduction of NO;
or NO3 on MPc-GCE are not superior to the re-
duction of these species on unmodified metal elec-
trodes, the MPc—-GCE do not suffer the corrosion
effects that affect metallic electrodes. The present
work shows an improvement on the catalytic beha-
viour of glassy carbon electrode, for the reduction of
NO; to NH;, on modification with FeP¢, CuPc,

.

CoPc and NiPc complexes. We have shown that the
catalytic activity of CuPc~GCE for the reduction of
NOj; or NOj is much higher in basic than in acid
media, this is a very useful observation that may be of
use for the treatment of nitrate and nitrite in alkaline
waste.
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