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Abstract

The stability constants of the complexes which were formed N-acetyl-L-cysteine (NAC) with chrome(III), nickel(II), cobalt(II),
iron(III) were determined using Irwing–Rossotti method, in this work. The protonation constants and dissociation constants of
the ligand were found as log k1=pk2=9.60; log k2=pk1=2.70 at 25°C and for I=0.12 and log k1=pk2=9.30; log k2=pk1=
2.70 at 37°C and for I=0.12. Also the overall formation constants of complexes were found as log b2=7.80 for cobalt(II); as
log b2=15.00 for chrome(III); as log b2=9.34 for nickel(II); and as log b2=18.80 for iron(III); at 37°C and I=0.12. The
conditional formation constants and the formation pH ranges of complexes were determined. Relative abundance was plotted
using conditional formation constant and the steps of the formation of the complexes were shown in graphs. As can be seen from
the results, the formation constants of the complexes of Cr(III) and Fe(III) with NAC are considerably higher than those of Ni(II)
and Co(II) complexes. © 1998 Elsevier Science S.A. All rights reserved.
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1. Introduction

N-acetyl-L-cysteine (NAC) is being used for the treat-
ment of congestive and obstructive heart diseases and
in the treatment of paracetamol intoxication [1,2].

To prevent the development of nitrate tolerance and
use as an immunomodulating agent are the potential
usages of the drug [3]. It has also been shown to inhibit
HIV-1 replication in infected cells [4], thus treatment
with NAC may be considered for HIV-1-infected pa-
tients [5]. The mechanism of action of NAC is as a
supplier of cysteine for glutathione, acting as an antiox-
idant or scavenger of electrophiles [6].

On the other hand, it has been previously reported
that cysteine residues and some derivatives of it are
very effective ligands for many heavy metals like
Cd(II), Zn(II) and Ni(II) [7–9].

It is also reported that NAC is incompatible with
some metals like copper, nickel and iron [10]. We
consider it would be worthwhile illuminating the inter-
action of NAC which has a potent therapeutic impor-
tance for the future, with some metals which exist as
trace elements in the organism. To achieve this, the
stability constants of the complexes of NAC with
Ni(II), Co(II), Cr(III) and Fe(III) were determined
using the Irwing–Rossotti method.

2. Experimental

2.1. Materials

The stock solution of metal ions were prepared from
nitrate salts. Other chemicals used were sodium hydrox-
ide, sodium perchlorate and perchloric acid.

All chemicals were analytical reagent grade from
Merck. Metrohm 654 digital pH-meter with a combined* Corresponding author.
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Fig. 1. Potentiometric titration curves of Cr(III) and Fe(III) at 37°C.

Fig. 2. Mole fraction diagram of Cr(III) at 37°C.
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glass electrode assembly was used for pH measure-
ments. ‘Metrohm Multi-Burette E-485’ was used as the
burette. The temperature was fixed at 37°C with IKA-
TRON ETS D2, H-37. The calculations on the pH-met-
ric data were carried out by a computer.

2.2. Procedure

NAC has dissolved in water. The ionic strength was
kept at I=0.12 using NaClO4 during the experiment.
Solutions were made up under a N2 atmosphere in H2O
which was decarbonated and triply distilled. The stan-
dard solutions of 0.100 M NaOH and 0.100 M HClO4

were kept for no longer than 3 weeks. Stock solutions
of the ligands (0.006 M) were prepared prior to use.

The end of the burette was always dipped into the
titration solutions. The exact calibration was done daily
by using commercial buffer solutions (Merck) of pH 4
and 7. Exact concentrations of the Fe(III), Co(II), and
Ni(II) salt solutions were determined titrimetrically by
standard EDTA solutions. The concentration of Cr(III)
salt solution was determined titrimetrically by standard
Fe(II) and K2Cr2O7 solutions.

In order to determine the protonation constants,
each of the solutions including 0.010 M HClO4 and
0.006 M ligand+0.010 M HClO4 were titrated poten-
tiometrically with 0.100 M NaOH solution at 37 and
25°C. Average ñA values were calculated from the titra-
tion curves. For this, the following equation was used:

ñA=y+
(V1−V2)(N+Eo)

(V0+V1)TL
o

where V0 is volume at the beginning (50.0 ml), M is
molarity of base (0.100 M), TL

o is concentration of total
ligand (0.006 M), Eo is concentration of acid (0.010 M)
and y is the number of protons given (2). The mixtures
which also contain metal ions were titrated with 0.100
M NaOH potentiometrically and the titration curves
were plotted in Fig. 1.

The ñA values corresponding to several pH values for
NAC by the use of V1 and V2 volumes from Fig. 1 were
calculated. The figure of ñA= f(pH) was plotted by
using the values obtained. The protonation constants’
corresponding acid constants were found. The results
are given in Tables 1 and 2. The stability constants of
the complexes were determined potentiometrically using
the Irwing–Rossotti method.

ñL values were calculated using ñA values, pL values
were calculated using ñL values to calculate the stability
constants of metal complexes.

The following equation was used to calculate ñL

values:

pL= log
1+b1[H+]+b2[H+]2

TL
o − ñL×TM

o

Where V0 is volume at the beginning (50.0 ml); M is
molarity of base (0.100 M); TL

o is concentration of total
ligand (0.006 M); Eo is concentration of acid (0.100 M);
Y is the number of protons given (2); and TM

o is
concentration of total metal (0.005 M).

pL values were calculated using b-values (Table 2).
ñL= f(pL) Graphs were plotted using ñL and pL values
which were calculated for each metal ligand complex.
The formation constants of complexes were found from
pL values which corresponded to ñL=0.5 and ñL=1.5
values. In addition, the changes in mole fractions of the
molecular and ionic species derived from complexes
with the pH of solution were calculated (Figs. 2 and 3).

3. Results and discussion

The solution which has a final NAC concentration of
0.006 mol l−1 and HClO4 concentration of 0.010 mol
l−1 and an ionic strength of 0.120 was titrated with
0.100 mol l−1 NaOH solution. The protonation con-
stants of NAC were found graphically by using the
Irwing–Rossotti method. The results are shown in Fig.
1. Acid constants of NAC which were calculated from
the protonation constants are in accordance with the
ones reported in the previous studies [7,8]. For finding
the stability constants of the complexes of metals with
NAC, the solutions which contain Ni(II), Co(II),
Cr(III) and Fe(III) salts in certain concentrations were
titrated with NaOH solution potentiometrically in 25
and 37°C. Titration curves were obtained by plotting
the pH changes versus the 0.100 mol l−1 NaOH vol-
umes. The resulting titration curves, belonging to
Cr(III) and Fe(III), are shown in Fig. 1. The graphs of
ñ= f(pL) are plotted by using these titration curves for
25 and 37°C. The formation constants for the metal
complexes which were found from the related ñ= f(pL)
graphs for 25 and 37°C are shown in Tables 3 and 4.
The conditional formation constants of the complexes
are calculated and they were plotted versus the related

Table 1
Constants of NAC protonation (I=0.12, NaClO4, 25 and 37°C)

pk2Ligand pk1

9.62 (SH)NAC 3.08 (COOH)

Table 2
b-values (I=0.12)

25°C 37°C

b1=k1=3.98×109 b1=k1=1.99×109

b2=k1×k2 b2=k1×k2

= (1.99×109)×(5.01×102)= (3.98×109)×(5.01×102)

=1.99×1012 =1.00×1011
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Fig. 3. Mole fraction diagram of Fe(III) at 37°C.

pH changes. In calculating the conditional formation
constants, it is accepted that the only competitive lig-
and is the hydronium ion in the reaction medium. The
pH ranges in which the complexation occurs, the
maximum values of conditional formation constants
and the pH values related to these conditional forma-
tion constants for 25 and 37°C are shown in Tables 5
and 6.

As it can be seen from the results, the formation
constants of the complexes of Cr(III) and Fe(III) with
NAC are quite high with the values log b2=14.95 and
log b2=17.42. On the other hand, the ones for Ni(II)
and Co(II) complexes are low with the values log b2=
9.22 and log b2=7.94 for 37°C.

Table 5
The conditional formation constants for the metal complexes (I=
0.12, t=25°C)

pH (Kc is max)pH range of the max KcMetal
metal complexes

7.006–8Chrome(III) 8.105

9.10610.009–11Cobalt(II)
Nickel(II) 8.5–10.5 1.1089.50

5–9 7.00Iron(III) 2.5×106

Table 3
The formation constants for the metal complexes (I=0.12, t=25°C)

log k1Metal log b2log k2

15.00Chrome(III) 8.26 6.74
3.624.18Cobalt(II) 7.80

5.02Nickel(II) 4.32 9.34
Iron(III) 18.8010.58 8.22

Table 6
The conditional formation constants for the metal complexes (I=
0.12, t=37°C)

Metal pH range of the max KcpH (Kc is max)
metal complexes

6–8Chrome(III) 7.00 3.106

8.5–11Cobalt(II) 9.50 2.107

Nickel(II) 8.5–10.5 9.50 1.5×108

Iron(III) 4.5×1057.005–8.5

Table 4
The formation constants for the metal complexes (I=0.12, t=37°C)

Metal log k1 log k2 log b2

8.11 14.95Chrome(III) 6.84
3.72 7.944.22Cobalt(II)

4.84 4.38 9.22Nickel(II)
9.66 7.76 17.42Iron(III)
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It is reported that NAC itself reacts with Zn(II) in the
organism and also its metabolite cysteine, so its uriner
excretion is enhanced when NAC is administrated in high
doses in paracetamol intoxication [11].

Taking into consideration that the uriner excretion of
Zn(II) is enhanced by forming NAC and cysteine complex
with it which has a quite low log b2 value 11.48 (7), one
must be careful about the interaction of NAC with Cr(III)
and Fe(III), because of their high stability constants.
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