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Abstract: Chromium (III) oxide was used as a bulk mediator in carbon paste electrodes to improve the 
performance of the carbon electrodes for the detection of nitric oxide in comparison with unmodified electrodes. 
The sensor could be operated as a detector in a flow injection analytical setup under physiological conditions 
(pH 7.5, 0.1 M phosphate buffer) with an operating potential from 650 mV to 700 mV (vs. Ag/AgCl), a flow 
rate of the carrier of 0.4 mL/min and an injection volume of 200 μL. The amperometric response of the sensor 
showed good linearity up to 300 µM with a sensitivity of about 0.644 nA/µM. The relative standard deviation 
for the repeatability of measurements for 100 µM NO was 3.9 % (n = 10 measurements) and the reproducibility 
was 12 % (n = 5 sensors). The effect of all investigated interferences (nitrite and nitrate ion) was not fatal and at 
650 mV the signal ratio of NO/NO2

- is around 10. The new sensor was successfully applied to the determination 
of NO in car exhaust fumes. Copyright © 2015 IFSA Publishing, S. L. 
 
Keywords: Nitric oxide, Electrochemical sensor, Carbon paste, Chromium (III) oxide. 
 
  
 
1. Introduction 
 

Nitric oxide is the main component causing 
photochemical smog in atmosphere [1] and a lot of 
problems on human health and plants also [2, 3]. 

Its effect on environment is related to its 
oxidation products such as nitrogen dioxide and 
finally nitric acid. It plays a key role on ozone 
formation on ground level. Among all nitric oxide is 
implicated in a wide range of physiological and 
pathophysiological effects [4, 5]. In controlled lower 
concentration it is used for pulmonary vasodilatation 
and lung disease of prematuity [6]. 

In lower respiratory tract nitric oxide is produced 
by various cells and is detectable in the exhaled air of 

normal human subjects and an exhaled nitric oxide 
test can help with the diagnosis and treatment of 
asthma [7]. 

Determination of NO is not a simple task because 
of its high reactivity; the half-life of nitric oxide in 
physiological conditions is around 5 seconds; 
therefore the required analytical methods for its 
spatial detection have to have rapid response time [8]. 
Due to its short half-life because of unpaired electron, 
direct determination can be made using 
electrochemical sensors/biosensors because they do 
not suffer from different components which may be 
present in samples [9]. Electrochemical sensors can 
measure NO directly in real time also in vivo, 
because they can be implanted as micro-sized probes 
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[10]. Most of the investigations are focused on 
electrochemical sensors because of their easy 
applicability and low cost. Carbon paste electrode as 
an electrochemical sensing material has a lot of 
advantages including simple preparation and 
modification, as well as ease to handle. They also 
have a wide applicable potential range, which makes 
them very useful in electrochemical analysis for 
different analytes [11], and they are applicable for in 
vivo measurements [12]. Nitric oxide can be detected 
with chemically modified carbon paste electrodes at 
lower potentials than with unmodified ones which 
make them useful in different media without 
significant interference from the sample matrix. 
Different modifiers were investigated on their ability 
to decrease the overpotential of nitric oxide on 
different electrode materials, such as nickel 
phtalocyanine which has a catalytic effect on the NO 
oxidation [13, 14]. Decreasing the overpotential is 
important because at higher potentials possible 
interferents present in sample may be oxidized as 
well. The product of NO oxidation is nitrite and 
nitrate ions, from which the former may interfere 
with the determination of NO [15]. Using different 
polymers such as o-phenylendiamine [16], 
poly(thionine) and Nafion [17] the selectivity of 
sensors was increased and could be employed for NO 
monitoring in rat kidneys. Because of its catalytic 
effect on the oxidation of NO, a nickel 
hexacyanoferrate-modified electrode could be 
operated at a potential of +0.40 V vs. Ag/AgCl [18], 
and an indium hexacyanoferrate analogue at +0.75 V 
vs. SCE [19] and copper hexacyanoferrate [20]. Also 
RuO2 [21] and Cr2O3 [22] were found suitable for 
carbon paste modification for the quantification of 
NO. The study presented here is the optimization of 
working parameters for the sensor based on carbon 
heterogeneous electrodes modified with chromium 
(III) oxide for the determination of nitric oxide. The 
new sensor was successfully applied to the 
determination of NO in car exhaust fumes using a 
flow injection analysis (FIA) system. 

 
 

2. Experimental 
 

2.1. Chemicals, Reagent and Solutions 
 
All chemicals used were of analytical reagent 

grade. Sulfanilamide, N-(1-naphthyl)-
ethylenediamine was obtained from Sigma Aldrich 
and chromium (III) oxide was purchased from Fluka. 
Phosphate buffer solution (PBS) was prepared by 
mixing aqueous solutions of sodium dihydrogen 
phosphate (0.1 mol/L) and disodium hydrogen 
phosphate (0.1 mol/L) until the required pH was 
achieved. A nitric oxide stock solution was prepared 
by bubbling NO produced by the reaction of a 
saturated aqueous solution of sodium nitrite with 2 M 
sulfuric acid through a 4 M potassium hydroxide 
solution and finally collecting it in phosphate buffer 

solution (0.1 M, pH 7.5). All the apparatus for NO 
gas production first was deaerated with nitrogen gas 
for 30 minutes. The standard stock solution was 
freshly prepared before use. The concentration of NO 
in the stock solution was determined using 
sulfanilamide and N-(1-naphthyl)-ethylenediamine as 
described in [23]. Sodium nitrite and nitrate stock 
solution (0.1 M) were freshly prepared be- fore use. 
 
 
2.2. Apparatus 
 

For cyclic voltammetry and hydrodynamic 
amperometry, a potentiostat Autolab PSTAT 10 with 
software GPES version 4.9 and a potentiostat 
PalmSens with software PSTrace were used. The 
electrochemical cell consisted of a carbon paste 
electrode as the working electrode, an Ag/AgCl/3 M 
KCl reference electrode (Metrohm 6.0733.100), and a 
platinum wire as the counter electrode. Nitrogen was 
used for degassing the solutions. A magnetic stirrer 
provided convection of the solution. All potentials 
mentioned in this paper are referred to the Ag/AgCl 
reference electrode.  

The flow injection system was assembled from a 
potentiostat (PalmSens and the corresponding 
software, PSTrace) as the detector, a high 
performance liquid chromatographic pump (ICI 1100 
HPLC Pump), a sample injection valve  
(5020 Rheodyne, Cotati, CA, USA), and a thin layer 
electro- chemical detector (LC 4C, BAS, West 
Lafayette, Indiana, USA) with a flow through cell 
(spacer thickness 0.19 mm; CC-5, BAS). The 
working electrode was a carbon paste electrode (plain 
or modified with chromium (III) oxide), the reference 
electrode an Ag/AgCl (3 M NaCl) electrode, and the 
counter electrode was the steel back plate of the cell. 
All potentials mentioned in this paper are referred to 
the Ag/AgCl reference electrode. 
 
 
2.2.1. Preparation of Working Electrode 
 

Unmodified carbon paste was prepared by mixing 
1.000 g graphite powder and 360 μL paraffin oil 
(Uvasol®, 0.84-0.89 kg/L, Merck) in an agate mortar 
by gently stirring with a pestle until uniformity and 
proper compactness was obtained. The modified 
carbon paste was prepared by mixing 0.950 g 
graphite powder with 0.050 g Cr2O3 and 360 μL 
paraffin oil. The carbon pastes were transferred to 
glass vials and allowed to stand overnight in a 
refrigerator. The electrode surface in FIA mode was 
125 mm2. 

 
 

2.2.2. Procedures 
 
Cyclic voltammograms were scanned between -

400 mV and +1200 mV with a scan rate of 20 mV/s, 
unless stated otherwise. Experimental parameters 
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during differential pulse voltammetry measurements 
were recorded with pulse amplitude of 50 mV and 
scanned in two ways from 200 mV to-1300 mV and 
from -200 mV to-1200 mV. Measurements in flow 
injection analytical mode by injection of NO solution 
(freshly prepared) were made at operating potentials 
of +550 mV, 600 mV, 650 mV, 700mV and 750 mV 
if not mentioned otherwise. 
 
 
2.3. Sample Measurements 
 

The measurements for nitric oxide in car exhaust 
fume with the new sensor were made by collection of 
exhaust fumes in a plastic bag with a volume 5 L and 
after that the gas was bubbled through a0.1 M 
phosphate buffer solution with flow rate 0.10 L/min. 
The NO sample concentration was measured by 
injection on the flow injection system. 

The reference method for measurement of the NO 
concentration in the stock solution and in the car 
exhaust was spectrophotometric determination of an 
azo dye formed from the analyte and an amine and 
coupled to an activated aromate. Sample collection 
and treatment was similar to electrochemical sensor, 
but the gas sample was bubbled through 0.1 M 
phosphate buffer pH 7.5 containing sulfanilamide and 
N-(1-naphthyl)-ethylenediamine. The calculation for 
NO concentration were made based on molar 
absorptivity 12500 M-1cm-1and absorbance 
measurements at λ= 496 nm. The measurement for 
NO at 496 nm is specific for media of neutral pH. 
 
 
3. Results and Discussion 
 

The nitric oxide electrochemical sensor was 
designed on the basis of a carbon paste electrode 
modified with chromium (II) oxide in the electrode 
bulk. The electrochemical behavior of the modified 
carbon paste electrode towards nitric (II) oxide was 
studied primarily by cyclic voltammetry, 
quantitations were done with a flow injection system. 
In Fig. 1 cyclic voltammograms of a carbon paste 
electrode modified with chromium (III) oxide in 
phosphate buffer are shown before and after addition 
of nitric (II) oxide. At the modified electrode the 
voltammogram in anodic direction exhibits oxidation 
of nitrogen oxide starting at 0.6 V with a shoulder at 
0.7 V and a maximum at around 1.0 V. Thus, it may 
be concluded that chromium (III) oxide has a 
significant effect on the analytical signal of the 
analyte and is well suitable for its mediated detection. 

In previous studies [22] the suggested reaction 
mechanism of modifier Cr2O3 on NO detection  
(Fig. 2) was concluded upon electrochemical data 
obtained from cyclic voltammetry and differential 
pulse voltammetry measurements. In short, it is 
assumed that at potential above 0.3 V the oxidation 
of Cr(III) to Cr(IV) takes place. The formed chromate 
oxidized NO to nitrite, which is further oxidized to 

nitrate. This is somehow supported by the fact the 
detection potential corresponds to the potential for 
the direct oxidation of nitrite to nitrate at unmodified 
carbon paste electrodes [24, 25]. 

 
 

 
 
Fig. 1. Cyclic voltammograms of a modified CPE  

with Cr2O3 before and after the addition of 50 μmol/L NO 
(A)  and 100 μmol/L NO (B) scan rate 20 mV/s,  
Einit. = -0.40 V, Efinal = 1.20 V; phosphate buffer 0.1 M, 
pH 7.5. 

 
 

 
 

Fig. 2. Suggested reaction mechanism of the electro-
catalytic action of chromium (III) oxide on nitric oxide. 

 
 

3.1. Operating Potential 
 

The dependence of the peak currents on the 
operating potential is shown in Fig. 3. Suitable 
operating potentials for the sensor for nitric oxide 
were examined by injecting 100 µM NO at different 
potentials. Signal responses are detectable with 
positive operation potentials; the more positive the 
latter the higher the current. The sensor can operate 
in the positive potential range, near the potential of 
chromium (III) oxidation around 650 mV in which 
region the mediator effect seems to be most dominant 
on the nitric oxide detection. Based on results for 
different operating potentials, the more favorable 
potential is 650 mV because of lower background 
current. The latter parameter is closely related the 
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lifetime of the sensor; if its lower, the lifetime is 
longer. Going to more positive potentials, the sensor 
sensitivity becomes higher. For reasons displayed 
above already it is good to have high responses at 
relatively low operating potentials.  
 
 

 
 

Fig. 3. Flow injection analysis signal of nitric oxide at a 
chromium (III) oxide modified carbon paste electrode; 
signal intensity of 100 μmol/L NO; flow rate 0.40 mL/min., 
injection volume 200 μL, carrier phosphate buffer  
0.1 M pH 7.5. 
 
 

Based on these considerations a working potential 
of 650 mV was chosen, because according to 
experience the potential was considered as 
sufficiently low not to cause interferences from other 
compounds present in the sample matrix (exhaust 
gas) combined with a high signal response. At more 
positive potentials the risk for interferences of sample 
matrix to co-oxidize increases. 
 
 

3.2. Flow Rate 
 

The peak shape, in particular the peak width and 
the peak height, are dependent on the flow rate of the 
carrier solution in FIA mode. The peak width is 
indirectly proportional to the flow rate, because with 
small velocities of the carrier the analyte resides 
longer over the electrode surface.  

The choice of the proper flow rate was guided by 
a few considerations. Basically it was intended to 
select a slow flow rate in order to obtain high signal 
responses. From this point of view 0.1 mL/min or 
even slower would be the value of choice. At this rate 
the peaks are very broad and one injection lasts for 
about 4.1 min. A flow of 0.4 mL/min increases the 
speed of analysis considerably by more than the 
double, whereas the signal is only about 10 % lower 
than with 0.2 mL/min. In fact the detection limit is 
still sufficiently low and the sensitivity sufficiently 
high for unambiguous determination of nitric oxide in 
gas sample. 
 
 

3.3. Interferences 
 

The nitric oxide sensor was tested for its 
susceptibility to possible interfering ions which might 
possibly occur in sample as matrix component. 

Nitrite and nitrate ions were tested with the operating 
potential 650 mV (Fig. 4).As can be seen there is no 
influence from nitrate; the interference from nitrite 
may be regarded as small and negligible in case that 
the molar ratio NO/nitrite is not considerably  
above 1. The interference was not fatal and at  
650 mV the signal ratio for the same concentrations 
of NO and NO2

- is around 10. Nevertheless for 
avoiding matrix effects the standard addition method 
can be applied as long as the concentrations are 
within the dynamic range of the sensor. 
 
 

 
 

Fig. 4. Interference of sodium nitrite and sodium nitrate at 
different concentrations compared to signal of 100 µM NO, 
operating potential 0.65 V, flow rate 0.40 mL/min., 
injection volume 200 μL, carrier phosphate buffer  
0.1 M pH 7.5. 

 
 

3.4. Calibration Curve 
 

The calibration curve for NO is shown in Fig. 5, 
obtained by flow injection analysis. A quasi-linear 
relation between concentration and signal could be 
obtained for NO concentrations up to 300 µM with a 
sensitivity of 0.643 nA·L·µmol-1 (Equation 1) and a 
correlation factor R2=0.994. 
 
 ( ) 0.643* ( ) 5.647I nA C Mμ= +  (1)
 
 

 
 
Fig. 5. Calibration curve for NO at a carbon paste electrode 
modified with Cr2O3, operating potential 0.65 V, flow rate 
0.40 mL/min., injection volume 200 μL, carrier phosphate 
buffer 0.1 M pH 7.5. 
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The detection limit (3σ) estimated from the 
standard deviation of FIA peaks for 30 µM is  
5.3 µM. The relative standard deviation for the 
repeatability of measurements for 100 µM NO was 
3.9 % (n = 10 measurements), and corresponding 
reproducibility was 12 % (n=5 sensors). 
 
 
3.5. Samples 
 

The sensor was finally applied to measuring NO 
in car exhaust fumes. The sample collected in airbags 
(5L) was bubbled in 0.1 M phosphate buffer solution 
(pH 7.5) with a flow rate 0.1 L/min. The 
determination of the NO concentration was done in 
FIA mode using the calibration curve. The results are 
presented in Table 1. 
 
 

Table 1. Determination of NO in car exhaust fume. 
 

Sample 
ppm(NO)/CPE-

Cr2O3 
ppm (NO)/Reference 

method 
S1 0.273 ± 0.012 0.287 ± 0.009 
S2 0.198 ± 0.011 0.180 ± 0.006 

 
The gas samples were measured, and results 

between the method employing the new sensor and 
reference are in good agreement. 
 
 
4. Conclusions 

 
The work presented here has clearly demonstrated 

that heterogeneous carbon sensors with chromium 
(III) oxide as mediator exhibit improved the 
performance for the determination of nitric (II) oxide 
compared to the unmodified electrode because the 
modifier lowers the overpotential for the 
electrochemical oxidation of the analyte. 

The influence of possible interferents on the 
determination of nitric oxide was estimated; nitrate 
did not show any effect whereas nitrite interfers if it 
is present in concentrations higher than the analyte. 
The new sensor has been successfully applied to the 
determination of NO in car exhaust fumes.. 
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