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A carbon-paste electrode modified with 2,7-bis(ferrocenyl ethyl)fluoren-9-one (2,7-BF) and carbon nan-
otubes (CNTs) was used for the sensitive and selective voltammetric determination of N-acetylcysteine
(NAC). The mediated oxidation of NAC at the modified electrode was investigated by cyclic voltammetry
(CV). Also, the values of catalytic rate constant (k), and diffusion coefficient (D) for NAC were calculated.
Differential pulse voltammetry (DPV) of NAC at the modified electrode exhibited two linear dynamic
ranges with a detection limit (30') of 52.0 nmol L-'. DPV was used for simultaneous determination of NAC
and acetaminophen (AC) at the modified electrode, and quantitation of NAC and AC in some real samples
by the standard addition method.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

N-acetylcysteine (NAC), is a pharmaceutical drug and nutritional
supplement with numerous uses. Its primary use is as a samucolytic
agent. It has also found applications in the management of parac-
etamol (acetaminophen) overdose and sulfate repletion as may
occur in a utism, which is associated with the depletion of cysteine
and related sulfur amino acids [1]. The drug rapidly metabolizes to
intracellular glutathione which acts as a powerful antioxidant in the
body. NAC has been reported to detoxify heavy metals (lead, mer-
cury and arsenic) and remove them from the body. When taken
for long periods, however, it increases the excretion of zinc and
other essential minerals. To overcome this, NAC is usually supple-
mented with zinc, copper, and other trace minerals. Studies have
indicated that it reduces the proliferation of certain cells lining the
colon and may thus reduce the risk of colon cancer in people with
recurrent polyps in the colon. Finally, it has been claimed to have a
protective effect against cancer for its action as an antioxidant and
a glutathione precursor [2]. Several methods for the determination
of NAC have been described in literature including chromatogra-
phy [3], spectrophotometry [4], fluorimetry [5], flow injection [6]
and electrochemical methods [7-11].

Acetaminophen (N-acetyl-p-aminophenol or Paracetamol, AC)
is a long-established substance being one of the most extensively
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employed drugs in the world. It is an antipyretic and analgesic drug
commonly used against mild to moderate pain or for reduction of
fevers. It is also non-carcinogenic and an effective substitute for
aspirin for the patients who are sensitive to aspirin and safe up
to therapeutic doses. AC is metabolized predominantly in the liver
where it generates toxic metabolites. Overdose ingestions of AC
leads to accumulation of toxic metabolites, which may cause severe
and sometimes fatal hepatotoxicity and nephrotoxicity, in some
cases associate with renal failure. The large scale therapeutic use
of this drug generated the need for the development of fast, sim-
ple and accurate methodologies for the detection of AC; for quality
control analysis (in pharmaceutical formulations) and for medical
control (in biological fluids such as urine, blood and plasma) [12,13].

Several methods have been used for the determination of
AC in pharmaceutical formulations and biological fluids includ-
ing titrimetry [14], UV-vis spectrophotometry [15], flow-injection
[16,17] and chromatographic methods [18,19]. Among these meth-
ods, electrochemical methods maybe the most widely applied
because of high sensitivity, simplicity and reproducibility of this
approach [20-23].

Intravenous NAC is typically administered for the treatment
of AC overdose. Large quantities of paracetamol cause a minor
metabolite called N-acetyl-p-benzoquinone imine (NAPQI) that
accumulates in the body and is normally conjugated by glutathione.
When taken in excess, the body’s limited glutathione reserves fail
to inactivate the toxic NAPQI. The metabolite thus produced is then
free to react with key hepatic enzymes, damaging hepatocytes. This
may lead to severe liver damage and even to death by fulminant
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liver failure [24]. Due to this fatal effect, simultaneous determina-
tion of these compounds (NAC and AC) is very important. However,
a major problem is that at bare electrodes, the anodic peak poten-
tials for NAC and AC are almost the same, which results in their
overlapped current responses and makes their discrimination very
difficult.

Carbon nanotube (CNT) is a new material [25] and has been
widely recognized as an important nano-material for the design of
electrochemical sensors and biosensors [26-31] since its discovery
in 1991. CNT possesses a strong electrocatalytic effect, fast electron
transferrate, high conductance, tensile strength, good chemical sta-
bility, and excellent biocompatibility. The poor solubility of CNTs,
however, partially impairs the fabrication of CNT-based electronic
devices. With an aim to immobilize CNTs on electrode surfaces
without dissolving the CNTs in solvents, several types of modified
electrodes have been reported recently. They include CNT paste
electrode [32-34], CNT film-coated electrode [35], CNT powder
microelectrode [36], CNT paper electrode [37], and polymer/CNT
modified electrodes [38].

To the best of our knowledge, most previously published elec-
trochemical studies have dealt with individual determination of
NAC or AC utilizing carbon paste electrodes or other kinds of
modified electrode. Only one study has been reported on the
simultaneous determination of NAC and AC using modified carbon
nanotube paste electrodes [9], which is the focus of the present
study. Therefore, in continuation of our recently studies concern-
ing the preparation of modified electrodes [39-43], in the present
work, we describe the preparation of a new electrode composed of
CNPE modified with 2,7-bis(ferrocenyl ethyl) fluoren-9-one (2,7-
BFCNPE) and investigate its performance for the electrocatalytic
determination of NAC in aqueous solutions. We also evaluate the
analytical performance of the modified electrode for quantification
of NAC in the presence of AC.

2. Experimental
2.1. Apparatus and chemicals

The electrochemical measurements were performed with an
Autolab potentiostat/galvanostat (PGSTAT-302 N, Eco Chemie, The
Netherlands). The experimental conditions were controlled with
General Purpose Electrochemical System (GPES) software. A con-
ventional three electrode cell was used at 25 + 1 °C. An Ag/AgCl/KCl
(3.0 M) electrode, a platinum wire, and the 2,7-BFCNPE were used
as the reference, auxiliary and working electrodes, respectively. A
Metrohm 691 pH/Ion Meter was used for pH measurements.

All solutions were freshly prepared with double distilled water.
NAC, AC and all other reagents were of analytical grade from
Merck (Darmstadt, Germany). Graphite powder and paraffin oil
(DC 350, density=0.88 gcm~3) as the binding agent (both from
Merck) were used for preparing the pastes. Multiwalled carbon
nanotubes (purity more than 95%) with o.d. between 10 and 20 nm,
i.d. between 5 and 10 nm, and tube length from 10 to 30 wm were
prepared from Nanostructured & Amorphous Materials, Inc. The
buffer solutions were prepared from orthophosphoric acid and its
salts in the pH range of 2.0-11.0. 2,7-BF was synthesized in our
laboratory as reported previously [41].

2.2. Preparation of the electrode

The 2,7-BFCNPEs were prepared by hand mixing 0.01 g of 2,7-
BF with 0.89 g graphite powder and 0.1 g CNTs with a mortar and
pestle. Then, ~0.7 mL of paraffin was added to the above mixture
and mixed for 20 min until a uniformly wetted paste was obtained.
The paste was then packed into the end of a glass tube (ca. 3.4 mm

i.d. and 10 cm long). A copper wire inserted into the carbon paste
provided the electrical contact. When necessary, a new surface was
obtained by pushing an excess of the paste out of the tube and
polishing with a weighing paper.

For comparison, 2,7-BF modified CPE electrode (2,7-BFCPE)
without CNTs, CNT paste electrode (CNPE) without 2,7-BF, and
unmodified CPE in the absence of both 2,7-BF and CNTs were also
prepared in the same way.

2.3. Procedure of real samples preparation

Five NAC tablets (labeled 600 mg) were grinding. Then, the
tablet solution was prepared by dissolving 600 mg of the pow-
der in 100 mL water by ultrasonication. Then, different volume of
the diluted solution was transferred into a 10 mL volumetric flask
and diluted to the mark with phosphate buffer (pH 7.0). The NAC
content was analyzed by the proposed method using the standard
addition method.

The AC oral solution was diluted 1000 times with water; then,
different volume of the diluted solution was transferred into a
10mL volumetric flask and diluted to the mark with phosphate
buffer (pH 7.0).

Urine samples were stored in a refrigerator immediately after
collection. Ten milliliters of the sample was centrifuged for 15 min
at2000 rpm. The supernatant was filtered out using a 0.45 pm filter.
Then, different volume of the solution was transferred into a 10 mL
volumetric flask and diluted to the mark with phosphate buffer (pH
7.0). The diluted urine sample was spiked with different amounts
of NAC and AC.

The serum sample was centrifuged and then after filtering,
diluted with phosphate buffer (pH 7.0) without any further treat-
ment. The diluted serum sample was spiked with different amounts
of NAC and AC.

3. Results and discussion
3.1. Electrochemical behavior of 2,7-BFCNPE

We have previously shown that a carbon paste electrode
spiked with 2,7-BF can be constructed by the incorporation
of 2,7-BF in a graphite powder-paraffin oil matrix [41]. The
experimental results show well-defined and reproducible anodic
and cathodic peaks related to 2,7-bis(ferrocenyl ethyl)fluoren-
9-one/2,7-bis(ferricenium ethyl)fluoren-9-one (Fc/Fc*) redox sys-
tem, which show a quasireversible behavior in an aqueous medium
[44]. The electrode capability for the generation of a reproducible
surface was examined by cyclic voltammetric data obtained in opti-
mum solution pH 7.0 from five separately prepared 2,7-BFCNPEs
(Table 1). The calculated RSD for various parameters accepted as
the criteria for a satisfactory surface reproducibility (about 1-4%),
which is virtually the same as that expected for the renewal or
ordinary carbon paste surface [40,41]. However we regenerated
the surface of 2,7-BFCNPE before each experiment according to our
previous results [41].

In addition, the longterm stability of the 2,7-BFCNPE was tested
over a 3-week period. When CVs were recorded after the modified
electrode was stored in atmosphere at room temperature, the peak
potential for NAC oxidation was unchanged and the current signals
showed less than 2.1% decrease relative to the initial response. The
antifouling properties of the modified electrode toward NAC oxida-
tion and its oxidation products were investigated by recording the
cyclic voltammograms of the modified electrode before and after
use in the presence of NAC. Cyclic voltammograms were recorded
in the presence of NAC after having cycled the potential 20 times at
a scan rate of 10mV s~!. The peak potentials were unchanged and
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Table 1

Cyclic voltammetric data obtained for constructed 2,7-BFCNPE in 0.1 M phosphate buffer solution (pH 7.0) at 10mVs~1.
Epa (V)2 Epc V) EI/Z V) AEp V) Ipa (nA) Ipc (pA)
0.320+1.1° 0.255+1.2 0.287+1.0 0.065+1.1 0.79+1.8 0.77+1.9

aVersus Ag/AgCl/KCl (3.0 M) as reference electrode.
bAJl the ‘+’ values are RSD% (n=5).

the currents decreased by less than 2.4%. Therefore, at the surface of
2,7-BFCNPE, not only the sensitivity increase, but the fouling effect
of the analyte and its oxidation product also decreases.

3.2. Electrocatalytic oxidation of NAC at a 2,7-BFCNPE

The electrochemical behavior of NAC is dependent on the pH
value of the aqueous solution, whereas the electrochemical prop-
erties of Fc/Fc* redox couple are independent on pH. Therefore,
pH optimization of the solution seems to be necessary in order to
obtain the electrocatalytic oxidation of NAC. Thus the electrochemi-
cal behavior of NAC was studied in 0.1 M phosphate buffer solutions
in different pH values (2.0 <pH < 11.0) at the surface of 2,7-BFCNPE
by cyclic voltammetry. It was found that the electrocatalytic oxida-
tion of NAC at the surface of 2,7-BFCNPE was more favored under
neutral conditions than in acidic or basic medium. This appears as
a gradual growth in the anodic peak current and a simultaneous
decrease in the cathodic peak current in the cyclic voltammograms
of 2,7-BFCNPE. Thus, the pH 7.0 was chosen as the optimum pH for
electrocatalysis of NAC oxidation at the surface of 2,7-BFCNPE.

Fig. 1 depicts the CV responses for the electrochemical oxidation
of 50.0 umolL~! NAC at unmodified CPE (curve b), CNPE (curve
d), 2,7-BFCPE (curve e) and 2,7-BFCNPE (curve f). As it is seen,
while the anodic peak potential for NAC oxidation at the CNPE,
and unmodified CPE are 740 and 790 mV, respectively, the corre-
sponding potential at 2,7-BFCNPE and 2,7-BFCPE is ~320 mV. These
results indicate that the peak potential for NAC oxidation at the 2,7-
BFCNPE and 2,7-BFCPE electrodes shift by ~420 and 470 mV toward
negative values compared to CNPE and unmodified CPE, respec-
tively. However, 2,7-BFCNPE shows higher anodic peak current for
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Fig. 1. CVs of (a) unmodified CPE in 0.1 M phosphate buffer solution (pH 7.0) at
scan rate of 10mVs~!; (b) as (a) + 50.0 pmol L1 NAC; (c) as (a) at the surface of
2,7-BFCNPE; (d) as (b) at the surface of CNPE; (e) as (b) at the surface of 2,7-BFCPE;
(f) as (b) at the surface of 2,7-BFCNPE.

the oxidation of NAC compared to 2,7-BFCPE, indicating that the
combination of CNTs and the mediator (2,7-BF) has significantly
improved the performance of the electrode toward NAC oxidation.
In fact, 2,7-BFCNPE in the absence of NAC exhibited a well-behaved
redox reaction (Fig. 1, curve c) in 0.1 M phosphate buffer (pH 7.0).
However, there was a drastic increase in the anodic peak current in
the presence of 50.0 wmol L~! NAC (curve f), which can be related
to the strong electrocatalytic effect of the 2,7-BFCNPE toward this
compound [44].

The effect of scan rate on the electrocatalytic oxidation of NAC
at the 2,7-BFCNPE was investigated by linear sweep voltammetry
(Fig. 2). As can be observed in Fig. 2, the oxidation peak potential
shifted to more positive potentials with increasing scan rate, con-
firming the kinetic limitation in the electrochemical reaction. Also,
a plot of peak height (Ip) vs. the square root of scan rate (v'/2) was
found to be linear in the range of 10-70 mV s~!, suggesting that, at
sufficient overpotential, the process is diffusion rather than surface
controlled. A plot of the scan rate-normalized current (I,/v!/?) vs.
scan rate (Fig. 2B) exhibits the characteristic shape typical of an EC’
process [44].

The Tafel slope (b) can be obtained from the slope of E, vs. log v
using Eq. (1) [45]:

Ep= g logv + constant (1)

The Tafel slope was found to be 103.0 mV (Fig. 2, inset C), which
indicates that a one-electron transfer process is the rate limiting
step assuming a transfer coefficient («) is about 0.43.

3.3. Chronoamperometric measurements

Chronoamperometric measurements of NAC at 2,7-BFCNPE
were carried out by setting the working electrode potential at 0.4V
vs. Ag/AgCl/KCI (3.0 M) for the various concentration of NAC in
buffered aqueous solutions (pH 7.0) (Fig. 3). For an electroactive
material (NAC in this case) with a diffusion coefficient of D, the cur-
rent observed for the electrochemical reaction at the mass transport
limited condition is described by the Cottrell equation [44]. Exper-
imental plots of I vs. t~1/2 were employed, with the best fits for
different concentrations of NAC (Fig. 3A). The slopes of the result-
ing straight lines were then plotted vs. NAC concentration (Fig. 4B).
From the resulting slope and Cottrell equation the mean value of
the D was found to be 2.87 x 10> cm?/s.

Chronoamperometry can also be employed to evalu-
ate the catalytic rate constant, k, for the reaction between
NAC and the 2,7-BFCNPE according to the method of
Galus [46]:

I —
==y |22 erf(y!/?) + exp (%)] (2)

where I¢ is the catalytic current of NAC at the 2,7-BFCNPE, I;
is the limited current in the absence of NAC and y =kCyt is the
argument of the error function (C, is the bulk concentration of
NAC). In cases where y exceeds the value of 2, the error func-
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Fig. 2. Linear sweep voltammograms of 2,7-BFCNPE in 0.1 M phosphate buffer solution (pH 7.0) containing 50.0 pumol L~! NAC at various scan rates; From inner to outer scan
rates of 10, 20, 30, 40, 50, 60 and 70 mV s~!, respectively. Insets: Variation of (A) anodic peak current vs. v'/2; (B) normalized current (I,/v'?) vs. v; (C) anodic peak potential

vs. log v.

tion is almost equal to 1 and therefore, the above equation can be
reduced to:

;£ _ 7T1/2)/1/2 _ ﬂl/Z(kat)l/z
L

(3)

where t is the time elapsed. The above equation can be used to
calculate the rate constant, k, of the catalytic process from the slope

of I¢/I; vs. t1/2 at a given NAC concentration. From the values of the
slopes, the average value of k was found to be 2.6 x 103 mol~1 Ls~1.

3.4. Calibration plot and limit of detection

DPV method was used to determine the concentration
of NAC (Fig. 4). The plot of peak current vs. NAC con-
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Fig. 3. (A) Chronoamperograms obtained at 2,7-BFCNPE in 0.1 M phosphate buffer solution (pH 7.0) for different concentration of NAC. The numbers 1-6 correspond to

0.0,0.1,0.3,0.7, 1.0 and 1.5 mmol L' of NAC. Insets: (A) Plots of I vs. t-'/2 obtained from chronoamperograms 2-6. (B) Plot of the slope of the straight lines against NAC
concentration; (C) dependence of Ic,/I; on t'/2 derived from the data of chronoamperograms 1-6.
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Fig. 4. Differential pulse voltammograms of 2,7-BFCNPE in 0.1 M phosphate buffer
solution (pH 7.0) containing different concentrations of NAC. From inner to outer
correspond to 0.07, 2.0, 4.0, 6.5, 9.5, 11.5, 14.0, 16.0, 20.0, 35.0, 60.0, 75.0, 100.0,
125.0, 150.0, 175.0, 225.0 and 300.0 wmol L-! of NAC. Inset show the plots of the
electrocatalytic peak current as a function of NAC concentration in the range of
0.07-300.0 pmol L.

centration consisted of two linear segments with slopes of
0.4216 and 0.0617 wA/pwmolL~! in the concentration ranges of
0.07-20.0 pmol L~! and 20.0-300.0 wmol L~1, respectively. The
decrease in sensitivity (slope) of the second linear segment is likely
due to kinetic limitation. The detection limit (30) of NAC was
found to be 52.0nmolL-!. These values are compared with val-
ues reported by other research groups for electrocatalytic oxidation
of NAC at the surface of chemically modified electrodes by other
mediators (Table 2).

3.5. Simultaneous determination of NAC and AC

To our knowledge, there is no report on the simultaneous deter-
mination of NAC and AC using 2,7-BFCNPE. Therefore, the main
object of this study was to detect NAC and AC simultaneously
using 2,7-BFCNPE. This was performed by simultaneously chang-
ing the concentrations of NAC and AC, and recording the DPVs.
The voltammetric results showed well-defined anodic peaks at
potentials of 290 and 470 mV, corresponding to the oxidation of
NAC and AC, respectively, indicating that simultaneous determi-
nation of these compounds is feasible at the 2,7-BFCNPE as shown
in Fig. 5.

The sensitivity of the modified electrode toward the oxidation
of NAC was found to be 0.4275 pwA/wmol L1, This is very close
to the value obtained in the absence of AC (0.4216 pA/pwmol L1,
see Section 3.4), indicating that the oxidation processes of these
compounds at the 2,7-BFCNPE are independent and therefore,
simultaneous determination of their mixtures is possible without
significant interferences.

3.6. Real sample analysis

3.6.1. Determination of NAC and AC in pharmaceutical
preparations

In order to evaluate the analytical applicability of the pro-
posed method, also it was applied to the determination of
NAC and AC in NAC tablets and AC oral solution respectively.

Table 2

Comparison of the efficiency of some modified electrodes used in the electrocatalysis of NAC.

Ref.

Dynamic

Limit of

Scan rate

Peak

pH

Method

Modifier

Electrode

(mVs1) detection range (M)

potential

shift (mV)

400

[71
[9]

3.0x107°-2.0x 103
5.0x1077-2.0x 104

1.0x10°°
2.0x 1077

20
20

6.0

Voltammetry

Catechol
N-(3,4-

Carbon paste
Carbon paste

576

7.0

Voltammetry

Dihydroxyphenethyl)-

3,5-

dinitrobenzamide

Cobalt

[11]

1.0x10°7-1.0x 10~*

5.0x 1078

50

7.0

Voltammetry

Carbon paste

salophen

[47]

40x106-1.3x10*

8.0x 1077

20
20

600

7.0
2.0

Voltammetry

Naphthoquinone
Prussian blue

film

Glassy carbon

[48]

2.0x10°6-4.0x 105

5.4 %1077

Amperometry

Palladized aluminum

This work

7.0x1078-3.0x 10~*

52x1078

10

470

7.0

2,7-BF Voltammetry

Carbon nanotube paste
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Fig. 5. DPVs of 2,7-BFCNPE in 0.1 M phosphate buffer solution (pH 7.0) containing different concentrations of NAC+AC in wmol L~1, from inner to outer: 3.0+ 10.0, 10.0 +50.0,
20.0+125.0,100.0+225.0, 175.0+300.0 and 275.0 + 450, respectively. Insets (A), (B) and (C) are plots of I, vs. NAC and AC concentrations, respectively.

Table 3

The application of 2,7-BFCNPE for simultaneous determination of NAC and AC. All concentrations are in wmol L~! (n=5).

Sample Spiked (pmolL-1) Found (pwmol L") Recovery (%) RSD (%)
NAC AC NAC AC NAC AC NAC AC
Acetylcysteine tablet 0 0 25.0 ND? - - 29 -
5.0 15.0 30.4 14.8 101.3 98.7 3.1 1.9
7.5 20.0 319 20.7 98.1 103.5 2.1 1.7
10.0 25.0 36.1 249 103.1 99.6 1.6 29
Oral solution of AC 0 0 ND 16.0 - - - 3.2
10.0 10.0 9.8 26.4 98.0 101.5 22 2.8
15.0 20.0 15.4 354 102.7 98.3 3.1 1.7
20.0 30.0 19.7 46.6 98.5 101.3 24 33
2 Not detected.
Table 4

Based on the repeated differential pulse voltammetric responses
(n=5) of the diluted analytes and the samples that were spiked
with specified concentration of NAC and AC, measurements
were made for determination of NAC and AC concentrations
in the pharmaceutical preparations. The results are listed in
Table 3.

The reliability of the proposed modified electrode was also eval-
uated by comparing the obtained results with those declared in
the label of the pharmaceutical preparations (Table 4). The results
in Table 3 show the relative standard derivations (RSD%) and the
recovery rates of the spiked samples are acceptable. Also, the data
in Table 4 indicate that the results obtained by utilizing 2,7-BFCNPE

Comparison of the total values of NAC and AC of some pharmaceutical preparations
obtained using 2,7-BFCNPE with declared values in the lable of the samples (n=5).

Samples Declared value Found value RSD%
NAC tablet (mg per tablet) 600.0 598.0 2.2
Oral solution of AC (mgmL~') 24.0 241 2.6

are in good agreement with those declared in the label of the prepa-
rations. Thus, the modified electrode can be efficiently used for
individual or simultaneous determination of NAC and AC in phar-
maceutical preparations.

Table 5
The application of 2,7-BFCNPE for simultaneous determination of NAC and AC in urine and human blood serum samples (n=5).
Sample Spiked (pmolL-1) Found (pmol L") Recovery (%) RSD (%)
NAC AC NAC AC NAC AC NAC AC
Urine 5.0 15.0 49 15.2 98.0 101.3 2.4 33
10.0 20.0 10.1 19.7 101.0 98.5 1.9 2.1
15.0 25.0 149 25.6 99.3 102.4 2.7 23
Human blood serum 7.5 15.0 7.7 14.8 102.7 98.7 34 1.7
10.0 17.5 9.9 17.9 99.0 102.3 1.8 2.6
12.5 20.0 12.9 19.9 103.2 99.5 2.9 3.1
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3.6.2. Determination of NAC and AC in urine and human blood
serum samples

In order to evaluate the analytical applicability of the proposed
method, also it was applied to the determination of NAC and AC
in urine and human blood serum samples. The results for deter-
mination of the two species in real samples are given in Table 5.
Satisfactory recovery of the experimental results was found for NAC
and AC. The reproducibility of the method was demonstrated by the
mean relative standard deviation (RSD).

4. Conclusions

In the present study, carbon-paste electrode modified with 2,7-
BF and CNTs was used for the determination of NAC in the presence
of AC. The CV and DPV investigations showed effective electrocat-
alytic activity of the modified electrode in lowering the anodic over
potential for the oxidation of NAC and complete resolution of its
anodic wave from AC. The detected potential differences of 180 mV
between NAC-AGC, is large enough to allow simultaneous determi-
nation of NAC and AC in mixtures without significant interferences.
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