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The formation constants of Li(I), Mg(II), Sr(II), Ca(II), Mn(II), Co(II), Ni(II), Cu(II), Zn(II), 
Cd(II), Ba(II), Pb(II), Al(III), Cr(III), Fe(III) and Th(IV) ions with ambroxol hydrochloride 
(AMB) were calculated using the half- n value. In presence of 0.1 M NaNO3, metal ions such as 
Zn(II), Cd(II), Ni(II), Cr(III), Li(I), Mg(II) and Al(III) forms three types of metal-ligand 
complexes (1:1, 1:2 and/or 1:3), while Sr(II) and Co(II) tend to form two types of metal 
complexes 1:1 and 1:2 (M:L). For ligand protonation constants, two logarithmic association 
constant values were calculated by the half- n method and are 10.7 and 7.6, respectively. The 
effect of ionic strength on stability constant of AMP, with different metal ions viz. Fe(III), 
Th(IV), Al(III), Cr(III) and Cu(II) was studied. Based on relationship between the ionic 
strength studied values and the 1st stability constants (Log 1

HK ), we can conclude that the 
stability constants of the formed metal-ligand complex (1:1) were decreased as the ionic 
strength increased. The stoichiometry of the formed complexes in solution were determined 
by conductometric method and it is found to be of 1:1, 1:2 and/or 1:3 (M:L) complex species 
is formed in alkaline media. Also, study the species distribution diagrams of AMP for the 
calculated mole fraction MLα and 2MLα were discussed.  
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1. Introduction 
 

Ambroxol hydrochloride (C13H19Br2N2OCl), is chemically 
known as trans-4-(2-amino-3,5-dibromobenzyl-amino)cyclo- 
hexanol hydrochloride, and its chemical structure is shown in 
Figure 1. AMB is a pharmacologically active metabolite of 
bromhexine and it is potent mycolytic activity. AMB is used in 
the treatment of bronchial asthma and chronic bronchitis. It is 
used as expectorant since it acts as an antiglue factor by 
reducing the adhesion of mucus to the bronchial wall, in 
improving its transport and in providing protection against 
infection and irritating agents. AMB is often used in adjuvant 
therapy of chronic obstructive pulmonary disease and other 
chronic respiratory disorders [1-3]. It increases the produc-
tion of surfactant by type II pneumocytes [4], accelerates the 
maturation of fetal lung [5], and therefore has also been used 
in the treatment of infant respiratory distress syndrome [6]. It 
is officially reported in British Pharmacopeia [7] and Indian 
Pharmacopeia [8].  
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Figure 1. Structure for AMB. 
 
The realization of the interaction between biologically 

active molecules and metals is extremely important. Such 
interactions occupy prominence in the field of medicinal 
inorganic chemistry where it is offer great possibilities in 
biomaterials preparation process, considering certain aspects 
of biocompatibility or even in design of therapeutic agents, 
which are not readily available to organic compounds [9-11]. 
Actually, therapeutic value of the metal-drug complexes has 
encouraged the researcher to improve on new alternative 
drugs [12,13]. 
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As an electrochemical method, the potentiometric method 
is considered as most applicable technique in many branches 
of solution chemistry since it is most simple, accurate and 
widely applicable technique in studies required accomplishing 
the required studies related to ionic equilibria of different 
complexes [14]. A wide application of potentiometric methods 
in study of binary and ternary complexes formed between 
molecules of biological and pharmaceutical interest (as ligand) 
and transition metals [15-28]. Potentiometric study of such 
complexes formed between drugs and metal ions supplies us 
how drug-metal interactions may affect drug delivery to target 
cell [29-31]. 

From our literature survey, we can conclude that little 
information about the determination of stability constants of 
formed complexes between AMB and several metal ions under 
investigation using potentiometric and conductometric 
methods were available. Mixed dissociation constants of five 
drug acids: AMB, antazoline, naphazoline, oxymetazoline and 
ranitidine, at various ionic strengths (I) of range 0.01 and 1.00 
and at temperatures of 25 and 37 °C were determined using 
SQUAD regression analysis of the pH-spectrophotometric 
titration data [32]. 

Herein, to the best of our knowledge, no attentions had 
been made to investigate the potentiometric and conducto-
metric behavior of AMB with studied metal ions viz; Li(I), 
Mg(II), Sr(II), Ca(II), Mn(II), Co(II), Ni(II), Cu(II), Zn(II), Cd(II), 
Ba(II), Pb(II), Al(III), Cr(III), Fe(III) and Th(IV). Complexation 
equilibria in solution were studied by potentiometric and 
conductometric methods. Experimental data were treated by 
both graphical and numerical calculation methods, which 
enabled the establishment of the species in solution and 
calculation of the respective stability constants. The study 
involves also, the effect of ionic strength on stability constants.  
 
2. Experimental 
 
2.1. Instrumentation 
 

All pH measurements were carried out on Jenway pH-
meter, using combined glass electrode (accurate total 0.01 pH 
units). Conductometric titration measurements were carried 
out using Jenway 4320 model conductivity meter, using an 
immersion cell. The electrode system was calibrated in terms 
of hydrogen ion concentrations instead of activities; thus, all 
constants determined in this work are concentration 
constants. The stoichiometry and stability constants were 
calculated using numerical and computerized programs (MS 
Excel) [33]. 
 
2.2. Chemicals and materials 
 

Ambroxol hydrochloride (AMB) (Al-Maya Pharmaceutical 
Factory, Tripoli, Libya) was purchased from Merck as 
biochemical grade reagents. All studied metal ions; (Li(I), 
Mg(II), Sr(II), Ca(II), Mn(II), Co(II), Ni(II), Cu(II), Zn(II), Cd(II), 
Ba(II), Pb(II), Al(III), Cr(III), Fe(III) and Th(IV) ions) were 
purchased as nitrates (BDH, UK, GENEVA or INDIA). Sodium 
hydroxide, sodium nitrates and nitric acid were analytical 
grades and were purchased from BDH and Carlo Erba. All 
solutions used in current article were prepared by using 
double-distilled CO2-free water and stored in the refrigerator. 
 
2.3. Procedures 
 
2.3.1. Potentiometric titrations 
 

The proposed method in current work consisted of making 
potentiometric measurments of hydrogen ion concentration 
solution of AMB in the presence and absence of the studied 
metal ions [30]. The titration was performed in the presence of 

0.1 M sodium nitrate. Generally, three sets of solutions; (a) 
0.01 M HNO3 + 0.09 M NaNO3, (b) Solution (a) + 0.001 M AMB, 
(c) Solution (b) + 0.001 M metal ion, were prepared and 
titrated against standared CO2-free NaOH solution at room 
temperature. In all titrations, the total volume was maintained 
constant at 50 mL and ionic strength 0.1 M NaNO3 and 25±0.1 
°C. Multiple titrations were carried out for each system. The 
pH-meter was calibrated before and after each titration using 
three standard buffer solutions at pH = 4.01, 7.00 and 10.00. 
 
2.3.2. Conductometric titrations 
 

Conductometric titrations were carried out at room 
temperature (25±0.1 °C) by titrating 25.0 mL of 1×10-3 M of 
each metal ion solution with 1×10-2 M of AMB solution in  0.5 
mL increments. Correction for the dilution effect is performed 
by multiplying the values of specific conductance by factor; 
25

25
V+  , where V is volume of titrant added. 

 
3. Results and discussion 
 
3.1. Potentiometric studies of AMB with some metal ions 
 
3.1.1. Determination of the proton-ligand stability 
constants of AMB 
 

Potentiometric titration of AMB in the presence of 0.01 M 
HNO3 was carried out. The protonation constant of AMB and 
stability constants of the formed complexes between AMB and 
studied metal ions have been calculated and tabulated at 
different ionic strengths; I = 0.1, 0.2 and 0.3 M NaNO3 aqueous 
solution which adjusted by addition of NaNO3 at 25±0.1 °C and 
using CO2-free NaOH solution as a titrant. The titration curves 
are shown in Figure 2a-d. 

According to Irving and Rossotti [34], calculations of 
proton-ligand formation constants was carried out by plotting 
nA against pH (plotted curves based on titration of solutions a 
and b). The average number of proton attached per ligand, nA  
was calculated at different pH values using Irving and Rossotti 
equations [34]. 
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where Y = 2 (number of dissociable protons in the AMB), Vo is 
the initial volume, V1 and V2 are the volume of alkali required 
to reach the same pH in (HNO3) and (HNO3 + AMB) solutions, 
respectively. TCL° is the total AMB concentration, No is the 
normality of the alkali and Eo is the initial concentration of free 
acid. Calculation of proton ligand dissociation constants were 
carried out by plotting nA against pH at 0.1 M NaNO3 ionic 
strength as shown in Figure 3. The reaction mechanism is 
shown in Scheme 1. 

The values of Log 1
HK and Log 2

HK (the first and second 
proton dissociation constants of the AMB) are the pH values 
corresponding to nA = 0.5 and 1.5, respectively. It is worth 
mentioning that the ligand do not hydrolyses under the 
experimental conditions. This is indicated by the rapid 
attainment of equilibrium during titration time. 
 
3.1.2. Determination of formation constants of metal-AMB 
complexes 
 

The pH-metric titration of sixteen metal salts viz; Li(I), Mg 
(II), Sr(II), Ca(II), Mn(II), Co(II), Ni(II), Cu(II), Zn(II), Cd(II), 
Ba(II), Pb(II), Al(III), Cr(III), Fe(III) and Th(IV) were selected 
to elucidate their interaction with AMB using potentiometric 
method.  
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Scheme 1. The reaction mechanism of AMB. 
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Figure 2. Potentiometric titration curves of AMB, at 0.1 M NaNO3 and 25±0.1 °C in presence of 1×10-3 M of studied metal ions. 

 
 
The protonation constant of the compound and stability 

constants of complexes formed were calculated using ionic 
strength, I = 0.1 M NaNO3 in aqueous solutions at 25±0.1 °C 
and using CO2-free NaOH solution as a titrant. 

In Figure 2a-d, it can be seen that the titration curves of 
the metal ion-AMB solutions (c) are well separated from that 
curves of free AMB solution (b). Thus, replacement of H+ ion is 
due to complexation. From these titration curves, n  (average 
number of AMB molecules attached per metal ion) and pL (free 
ligand exponent) values were calculated using Irving and 
Rossotti equations [34]. 
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where V1, V2, V3 are the amounts of alkali to reach the same pH 
in: free acid (curve a), free acid + AMB (curve b) and free acid 
+ AMB + metal ion (curves c-f), respectively. Vo is the original 
volume (50 mL) of the mixtures, TcM° denotes the total 
concentration of metal present in the solution. The n values 
were plotted against the corresponding pL values to get the 
formation curves of the metal complexation equilibria. The 
formation curves are shown in Figure 4a-d. From these 
formation curves, the values of stability constants at 0.1 M 
NaNO3 ionic strength listed in Table 1 were determined using 
the half-integral method [34]. 

Looking at the Table 1, we can conclude that the formed 
complexes between AMB and some metal ions viz; Ca(II), 
Mn(II), Cu(II), Ba(II), Pb(II), Fe(III) and Th(IV), the formation 
constants of the first complex was only obtained in pH range 
up to 12, since the formation of the second one is disturbed by 
hydrolyses and precipitation of the metal ion. Therefore, the 
experimental data in this pH range would not be useful in the 
numerical calculations.  
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Figure 3. Protonation constant curve of AMB at 0.1 M NaNO3 and 25±0.1 °C. 
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Figure 4. Formation curves of binary complexes formed between AMB at 0.1 M NaNO3 and 25±0.1 °C in presence of 1×10-3 M of studied metal ions. 

 
 
Moreover, these data cannot be considered to be at 

equilibrium, since the pH readings at this stage showed 
unsteady drift. 

Furthermore, some metal ions such as Zn(II), Cd(II), Ni(II), 
Cr(III), Li(I), Mg(II) and Al(III) have ability to form three types 
of metal-AMB complexes; 1:1, 1:2 and 1:3, at the ionic strength 
under investigation, but the other metal ions (Sr(II), and Co 
(II)) tend to form only two types of metal-AMB complexes; 1:1 

and 1:2 (M:L). This may be due to the concentration of AMB, 
ionic strength and the nature of metal ion. 

AMB has two sites, the first site is the deprotonation of 
protonated amino group (NH3) and the other site is the 
dissociation of proton in the imino group (NH3)+. These sites 
are shown as follow where (M:L) ratio is (1:1) (Figure 5). 
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Table 1. Protonation constants of AMB and stability constants of metal ion complexes using potentiometric and conductometric methods at 0.1 M NaNO3 and 
25±1 °C. 
Metal ion Log K1 (M:L) * Log K2 (M:L) * Log K3 (M:L) * 
H+ 10.70 7.60 - 
Al(III) 15.70 (1:1) 12.93 (1:2) 8.15 (1:3) 
Mn(II) 9.32 (1:1) - - 
Pb(II) 12.62 (1:1) - - 
Ba(II) 8.45 (1:1) - - 
Ca(II) 6.82 (1:1) - - 
Cd(II) 10.40 (1:1) 8.98 (1:2) 7.25 (1:3) 
Co(II) 9.12 (1:1) 8.48 (1:2) - 
Fe(III) 18.54 (1:1) - - 
Li(I) 7.18 (1:1) 6.70 (1:2) 5.90 (1:3) 
Mg(II) 9.57 (1:1) 7.20 (1:2) 5.92 (1:3) 
Ni(II) 8.79 (1:1) 7.77 (1:2) 5.60 (1:3) 
Cr(III) 14.21 (1:1) 10.83 (1:2) 7.89 (1:3) 
Sr(II) 8.60 (1:1) 6.47 (1:2) - 
Th(IV) 18.02 (1:1) - - 
Zn(II) 10.08 (1:1) 8.91 (1:2) 5.95 (1:3) 
Cu(II) 11.95 (1:1) - - 
* These ratios are from potentiometric and conductometric methods. 
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Figure 5. Structure of M–AMB complex. 
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Figure 6. Effect of ionic strength on the stability constant of AMB with several metal ions. 
 
 
The order of stability constants of the different binary 

complexes formed between AMB and bivalent metal ions 
investigated in this study shown an agreement with Irving-
Williams order [35] for (1:1) metal to ligand at I = 0.1 M 
NaNO3: Pb(II) > Cu(II) > Cd(II) > Zn(II) > Mg(II) > Mn(II) > 
Co(II) > Ni(II) > Sr(II) > Ba(II) > Ca(II). 

It was difficult to compare the results we had been 
obtained, due to the lack of data found in literature related to 
the formation constant of metal complexes formed between 
AMB and studied metal ions in current investigation. It is 
worth mentioning that the pH-metric determination of the 
formation constant for binuclear complex species was not 
possible. This is due to the formation of such complexes 
occurred at high pH values, i.e. beyond the precipitation point 
for each system. On the other hand, the weak tendency of 
binuclear complex formation for this ligand can be attributed 
to the electron with drawing character of the six-membered 

chelate ring formed. This behavior can also be attributed to the 
steric effect which results from the electrostatic repulsions 
between the protonated metal complex and the metal ion. The 
observed high stability of Fe(III) complexes may be attributed 
to the unique electronic configuration of Fe(III) ion (d5), which 
is capable of additional stabilization due to Jahn-Teller 
distortion and the formation of six-membered rings which 
increases the stability of the formed complexes [36,37]. 

The effect of ionic strength on stability constant of AMB 
with different metal ions viz. Fe(III), Th(IV), Al(III), Cr(III) and 
Cu(II) has been discussed. The studied ionic strength values 
were 0.1, 0.2 and 0.3 M NaNO3 at 25±0.1 °C. By plotting the 
relation between the studied ionic strength values and the first 
stability constants Log 1

HK , we can conclude that the stability 
constants of metal-ligand complex (1:1) were decreased as the 
ionic strength increased (Figure 6). 
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Figure 7. Conductometric titration curves of 25 mL of 1×10-3 M of studied metal ions with 1×10-2 M AMB. 
 
 
3.2. Conductometric studies on the metal complexes of AMB 
 

Conductometric measurements can be applied for tracing 
complex formation in solution. This method has useful 
application as a sensitive tool to test for decimal variations in 
ionic radii of transition metal ions investigated. The conduc-
tometric analysis is based on changes in the electrical 
conductivity values of solutions as a result of complex 
formation. These changes depend upon the number of ions 
present, and their motilities. In this work, conductivity 
measurements are employed to trace the different types of 
chelate species formed between studied metal ions viz. Li(I), 

Mg(II), Sr(II), Ca(II), Mn(II), Co(II), Ni(II), Cu(II), Zn(II), Cd(II), 
Ba(II), Pb(II), Al(III), Cr(III), Fe(III) and Th(IV) and AMB. 

The conductometric titrations are performed by titrating 
of 25 mL (1×10-3 M) of each metal ion with successive volumes 
of 1×10-2 M AMB solution. Generally, on plotting the specific 
conductance values as a function of the added volume of AMB, 
these graphs are shown in Figure 7a-c. The obtained relation-
ship shows a well-defined breaks corresponding to the 
stoichiometric ratios 1:1, 1:2 and 1:3 (M:L). These results 
show an excellent agreement with those obtained by potentio-
metric method (Table 1). 
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Figure 8. Ionic equilibria of AMB in different pHʼs range. 
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Figure 9. Ionic equilibria of Al(III)-AMB complex in different pHʼs range. 
 
 
The observed increase in conductivity during the titration 

of metal ion with AMB during the complex formation, clearly 
indicate liberation of high ionic mobile H+ ions. Thus chelation 
can take place through covalent bond between the metal ion 
and nitrogen atom of imino group (NH3)+ and liberation of 
hydrogen ions. 
 
3.3. Species distribution diagrams of AMB complexes 
 

Looking at the Figure 8, we can see that, in the pH range 
from 2.4 to 10.4, the major species of the ligand is α° = H2L 
species, but in the pH from 6.8 to 11.6, the α1 = HL- species is 
the major one, as well as, the α2 = L- species is the major in the 
pH range from 7.6 to 12.0. 

The mole fraction αML and αML2 can be calculated from 
potentiometric data using the obtained stability constant for 
ML and ML2 complexes and the initial concentrations of metal 
ions and ligand [38]. The species distribution curves can be 
obtained by plotting α (α = mole fraction of the species) vs. pH. 
Curves for α as function of pH are depicted in Figure 8. 
Representative closely related plots were obtained for other 
metal-ligand complexes Figure 9. 

 

On increasing the pH of medium, the concentration of 
metal ion tends to decrease, while that of ML species tends to 
developed at moderately acidic media (pH ≈ 6.4-7.0). The 
values of αM, αML and αML2 present in solution depends mainly 
on the pH of the medium. In alkaline media, complex 
hydrolysis might be account for the decrease in concentration 
of the Ba(II), Ca(II) and Sr(II) complexes. The distribution 
curves show that complexation begins at pH values ≈ 6.00, 
6.30, 6.40, 6.45, 6.50, 6.55, 6.60, 6.62, 6.70, 6.72, 6.75, 6.80, 
6.83, 6.85, 6.89, and 7.00 for Ca(II), Li(I), Ba(II), Mg(II), Cr(III), 
Mn(II), Fe(III), Al(III), Cd(II), Ni(II), Cu(II), Zn(II), Co(II), 
Th(IV), Pb(II) and Sr(II) complexes, respectively, as shown in 
Figure 9. 

At pH ≈ 7.1-11.8, the essential change is the increase in the 
concentration of ML2 with decrease in ML. Above this region 
almost all of M(II) ion remains in the form of ML and ML2 
species and their concentration increases on increasing the pH 
of solution. This demonstrates clearly that ML species are 
much more stable than ML2 in their solutions. This behavior is 
in line with stability constant values obtained for the chelates 
(Table 1). It is worth mentioning that with Sr(II), the ML 
species is dominant over the pH range of 7.0-11.6, with no 
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significant αML species of Li(I) and αML2 species of Al(III), 
Cd(II), Cr(III), Fe(III), Th(IV) and Zn(II) even at high pH values. 

 
4. Conclusion 
 

Herein, a potentiometric and conductometric studies of 
binary complexes of ambroxol hydrochloride and several 
important metal ions; Li(I), Mg(II), Sr(II), Ca(II), Mn(II), Co(II), 
Ni(II), Cu(II), Zn(II), Cd(II), Ba(II), Pb(II), Al(III), Cr(III), Fe(III) 
and Th(IV) were achieved in aqueous medium. The deter-
mination of proton ligand association constants of ambroxol 
hydrochloride and their metal complexes, in 0.01 M HNO3 and 
I = 0.1 M NaNO3 was investigated and the two logarithmic 
association constant values which calculated by the half-n  
method were 10.7 and 7.6, respectively. Both of potentio-
metric and conductometric methods proof that the formed 
metal complexes have a stiochiometric ratios of 1:1, 1:2 and 
1:3 (M:L). Finally, the species distribution of ambroxol 
hydrochloride and its metal complexes under investigated are 
variables during the pHʼs ranges. 
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