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Abstract 
Binary and ternary complexes of (Fe(III), Pb(II), Co(II), Al(III), La(III), Sr(II), 
Cr(III), Ti(II) and Zr(II)) with sulphathiazole (as primary ligand) and amino 
acid glycine (as secondary ligand) have been studied potentiometrically at 
25˚C ± 0.1˚C and I = 0.1 M NaClO4 in 25% (v/v) pure ethanol-water medium. 
Although there are many methods available to study the stability of metal-li- 
gand complexes, pH-metry is most frequently used. In extension of our study 
on solution equilibria, we used Calvin-Bjerrum method for the calculation of 
stability constants. Stoichiometries and stability constants of binary systems 
containing the above metal ions in a 1:1 and 1:2 and/or 1:3 ratios were also 
determined to compare the effect of the secondary ligand on (1:1) Metal:Sul- 
phathiazole system. The protonation constants of the complexes were eva-
luated for the system M:Sulphathiazole:Glycine = 1:1:1. The order of stability 
of the binary and ternary complexes was examined. It was found that glycine 
adds preferably [M-Sulfathiazole] rather than to the aqueous complexes of 
metal ions. In all cases 1:1:1 complex was formed. 
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1. Introduction 

Sulphonamide drugs have been used clinically since the 1930s in human medi-
cine and livestock production [1] [2]. The medical effect of sulphonamides is to 
prevent bacterial growth by acting as a competitive inhibitor of dihydropteroate 
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synthase (DHPS) during folate synthesis [3] [4] [5]. The metal chelates of sul-
phonamides have been found to be more potent bacteriostatic agents than the 
parent drugs themselves [6]. Sulphathiazole (4-amino-N-(1,3-thiazol-2-yl) ben-
zenesulfonamide, STZ) is one of the first sulfonamides used in humans after 
sulfa drug discovery, STZ structure is shown below: 
 

 
 

Due to its high toxicity, it is used with other sulfonamides such as sulfaben-
zamide and sulfacetamide in preparations for the topical treatment of vaginal 
infections. It is also used in combination with other drugs in the treatment of 
skin infections [7] [8]. Many metal complexes of STZ are reported in the litera-
ture. Some examples are the Co(II)-STZ [9] [10], Pt(II)-STZ [11], Hg(II)-STZ 
[12], Ag(I)-STZ [13]. Investigation of the binary and ternary complexes of STZ 
may, therefore, help understand the driving forces leading to the formation of 
mixed ligand complexes commonly found in biological systems. 

The potentiometric method has been used extensively in many branches of 
solution chemistry. Great attention has been paid to the use of potentiometric 
methods in the study of binary and ternary complexes of transition metals with 
molecules of biological and pharmaceutical interest [14] [15] [16]. The impor-
tance of potentiometric methods as the most accurate and widely applicable 
technique in studies related to the ionic equilibrium of different complexes [17]. 
It should be noted that the presence of metal ions in biological fluids could have 
a significant effect on the therapeutic action of such organic compounds [18]. 

As a continuation of our research into binary and ternary complexes of bio-
logical significance [19] [20] [21], the present article brings a complete potenti-
ometric and conductometric studies on binary and ternary complexes formed 
between different metal ions (Fe(III), Pb(II), Co(II), Al(III), La(III), Sr(II), 
Cr(III), Th(IV), Ti(II) and Zr(II)) with sulphathiazole (as primary ligand) and 
amino acid glycine (as secondary ligand). Potentiometric titrations curves, con-
ductometric titration curves and distribution curves of formed binary and ter-
nary complexes were constructed. The obtained curves were used in calculating 
stability constants of formed binary and ternary complexes. 

2. Experimental 
2.1. Apparatus 

All the potentiometric measurements were carried out on pH-meter model ELE 
international, using combined glass electrode (accurate total 0.01 pH units). 
Conductometric titration measurements were carried out using conductivity 
meter model 4320, Jenway, using an immersion cell. Before and after each titra-
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tion, the electrode was calibrated using standard buffer pH ≈ 4.01, pH ≈ 7.00 and 
pH ≈ 9.00. 

2.2. Materials and Methods 

All the reagents were of analytical grade. Pure ethanol and bidistilled water were 
used for the preparation of the solutions. Sulphathiazole (4-amino-N-(1,3-thia- 
zol-2-yl) benzenesulfonamide, STZ) was purchased from Sigma Chemical Com-
pany (USA). The salts of metallic nitrates (BDH, U.K, GENEVA or INDIA) will 
be prepared. The aqueous metal ion solution was standardized according to a 
well-known method [22]. Standard solutions of 0.1 M sodium hydroxide, 0.01 M 
perchloric acid and 0.09 M sodium perchlorate in aqueous solutions were pre-
pared as usual. An STZ stock solution (0. 1 M) was prepared by weighing direct-
ly in pure ethanol because it is insoluble in water, slightly soluble in ethanol 
(96%), in chloroform and in ether. The working solutions (0.001 M) were pre-
pared by accurate dilution using the same solvent. 

2.3. Procedure 
2.3.1. Potentiometric Studies 
This is based an the method of Irving and Rossoti equations [23]. For binary and 
ternary systems, the following solutions were prepared and titrated against 0.1 M 
of standared CO2-free NaOH solution at 25˚C ± 0.1˚C: 

(a) 0.01 M HClO4 + 0.09 M NaClO4. 
(b) Solution (a) + 0.001 M STZ. 
(c) Solution (b) + 0.001 M metal ion. 
(d) Solution (a) + 0.001 M Gly. 
(e) Solution (d) + 0.001 M metal ion. 
(f) Solution (a) + 0.001 M STZ + 0.001 M Gly + 0.001 M metalion. 
In all titrations, the total volume was maintained constant at 50 mL and 

different ionic strength of NaClO4 in 25% (v/v) aqueous ethanol solution. 

2.3.2. Conductometric Studies 
It was carried out at room temperature by titrating 25 mL of 0.001 M of each 
metal ion with 0.01 M of each ligand solution in 0.5 mL increment. Correction 
for the dilution effect is performed by multiplying the values of specific 
conductance by a factor (25 + V)/25, where V is the volume of the titrant added. 

3. Results and Discussion 
3.1. Proton-STZ System 

All pH measurements were performed at 25˚C ± 0.1˚C. The medium was 
aqueous acid and ionic strength 0.1 M NaClO4. For binary complexes studies, 
three types of mixtures (with total volume 50 mL for each) were used; (a) free 
acid, (b) STZ (as ligand) and (c) chelate produced from individual reaction of 
STZ with different metal ions; Ti(II), Zr(IV), Sr(II), Al(III), Cr(III), Fe(III), 
Th(IV), Pb(II), La(III) and Co(II). As shown in Figure 1, mixtures a, b and c  
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Figure 1. Representative potentiometric titration curve of STZ at 0.1 M NaClO4 and 25 ± 
0.1˚C: (a) 0.01 M HClO4; (b) a + 0.001 M STZ; (c) b + 0.001 M Sr(II); (d) b + 0.001 M 
Pb(II); (e) b + 0.001 M Co(II); (f) b + 0.001 M Al(III); and (g) b + 0.001 M Fe(III). 
 
were individually titrated against standard alkali and the plots of pH versus vo-
lume of alkali gave the titration curves. 
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where V2 and V1 are the volumes of alkali required to reach the same pH in acid 
and ligand titration curves. TcL˚ The total ligand concentration Y is the total 
number of protons free attached to the ligand molecule, N˚ is the normality of 
the alkali, E˚ is the initial concentration of the free acid and V0 is the total vo-
lume of the titrated solution. The titration curves were used to evaluate nH  
(average number of protons associated with STZ); calculations of proton ligand 
association constants were carried out by plotting a graph of nH  against pH, as 
we can see in Figure 2. The concentrations were: TcL˚ = 0.001 M, TcM˚ = 0.001 
M. From these data, the proton-ligand and metal-ligand stability constants were 
obtained as in Table 1. The maximum numbers of protons that can be released 
from STZ are two protons in the titration with diluted base (0.1 M) in the range 
of pH 2.20 - 11.20. STZ behaves as dibasic acid [H2-STZ]. The acid-base proper-
ties of STZ in 25% (v/v) EtOH medium at different ionic strengths of NaClO4 (I 
=0.1, 0.2, 0.3, 0.4 and 0.5 M) indicate that one proton from the protonated ami-
no group (NH2 → 3NH+ ) was deprotonated in the pH range (3.63 - 4.95). 

The ionic strength has an important effect in the electrolytic solutions. It also 
offers ionic atmosphere, which impacts the stability constant of metal complex-
es. No precipitates produced, indicating that there was no propensity to form 
hydroxo complexes as the number of moles of NaOH consumed was equivalent 
to the number of moles of NaClO4. 

It is observed that logka values inversely proportional with the concentration 
of ionic strength. 

The second site is the dissociation of proton in the amino group (NH) in pH 
range (7.10 - 9.40). The values of 1log HK  and 2log HK  (the first and second  
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Figure 2. Representative potentiometric constant curves of STZ at 0.1 M NaClO4 and 25 
± 0.1˚C. 
 
proton formation constants of STZ, respectively) are the pH values correspond-
ing to 0.5nH =  and 1.5, respectively. The values of 1log HK  (7.20) and 

2log HK  (3.80) are tabulated in Table 1. However, the reaction mechanism is 
show as follow: 
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Table 1. Formation constants of STZ and stability constants of metal ion complexes at 0.1 
M NaClO4 and 25˚C ± 0.1˚C. 

Metal Ion 1log K  (M: L)* 2log K  (M: L)* 3log K  (M:L)* 

H+ 7.20 3.80 – – – 

Al (III) 6.85 (1:1) 4.82 (1:2) 1.61 (1:3) 

Pb (II) 4.85 (1:1) 2.85 (1:2) ––– 

Co (II) 7.65 (1:1) ––– ––– 

Fe (III) 8.85 (1:1) 6.45 (1:2) ––– 

Ti (II) 7.25 (1:1) ––– ––– 

La (III) 6.05 (1:1) ––– ––– 

Cr (III) 5.64 (1:1) ––– ––– 

Sr (II) 5.45 (1:1) 3.49 (1:2) ––– 

Th (IV) 4.47 (1:1) 3.24 (1:2) ––– 

Zr (IV) 7.05 (1:1) 4.93 (1:2) 2.50 (1:3) 

*These ratios are from potentiometric and conductometric methods. 

3.2. Binary Metal-STZ Systems 

The formation curves of the complexation equilibrium as shown in Figure 3 is 
obtained by plotting the degree of the complex formation ( n ) against the nega-
tive logarithm of the concentration of non-protonated ligand (pL) using the Irv-
ing and Rossotti equations [23]. From these formation curves, the values of sta-
bility constants listed in Table 1 were determined using the half-integral method 
[23]. The obtained results shows that both Al(III) and Zr(IV) ions forms (1:1), 
(1:2) and (1:3) metal to ligand complexes. Also, some metal ions viz; Zr(IV), 
Sr(II), Al(III), Fe(III), Th(IV) and Pb(II) forms (1:1) and (1:2) metal to ligand 
complexes, but in the case of Co(II), Cr(III), Ti(II) and La(III) only one complex 
(1:1) metal to ligand was formed. This may be due to the nature of metal ion, 
concentration of ligand and ionic strength. 
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where Tcm˚ denotes the total concentration of metal present in solution, β is the 
proton ligand stability constant, the other terms have their usual meaning as 
mentioned before. The stability constants of the complexes formed with STZ 
were listed in Table 1 in the order of stability of the different binary complexes 
formed between STZ and the metal ions investigated in this study, is in the ex-
pected Irving-Williams order [23]: 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

Fe III Co II Ti II Zr IV Al III La III

Cr III Sr II Pb II Th IV

> > > > >
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Figure 3. Representative formation curves of binary metal ion complexes with STZ at I = 
0.1 MNaClO4: (a) Zr(IV); (b) Ti(II); (c) Sr(II); (d) La(III) and (e) Th(IV). 
 

STZ behavior may be based on the bidentate nature which coordinates 
through the oxygen atom of sulphonamide group and a sulphur atom in the 
thiazole ring, forming stable six-membered chelate ring: 
 

 
Ratio (1:1) metal: ligand 

 
Also, the study of ionic strength effect on the stability constant of STZ with 

Al(III), Th(IV), Cr(III), Pb(II) and Zr(IV) metal ions in aqueous solution at 
25˚C ± 0.1˚C was discussed. The relation between 1log K  and the ionic strength 
is shown in Figure 4. As we can see, the stability constants of metal-ligand com-
plex (1:1) were decreased as the ionic strength increase. 

3.3. Conductometric Titration of STZ 

The conductometric analysis shows a greater use in tracing the complex forma-
tion. This method finds its useful application as a sensitive tool to test for de-
cimal variations in ionic radii of transition metal ions investigated. The conduc-
tometric analysis is based on changes in the electrical conductivity values of so-
lutions as a result of complex formation. These changes depend on the number 
of ions present, and their mobility’s. Conductivity measurements are employed 
to trace the different types of chelate species formed between metal ions and 
STZ. Figure 5 shows the conductometric titration curve for the binary ligand 
system containing Ti(II), Zr(IV), Sr(II), Al(III), Cr(III), Fe(III), Th(IV), Pb(II), 
La(III) and Co(II) ions. As can be seen, an initial decrease in conductance and a 
minimum at (1:1).This may be due to the neutralization of H+ ions resulting 
from the formation of the (M (STZ)) complex. Furthermore, the conductance  
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Figure 4. Effect of ionic strength on the stability constants of STZ with metal ions. 

 

 
Figure 5. Representative conductometric titration curves of 25 mL 0.001 M metal ions 
with 0.001 M STZ: (a) Al(III); (b) Zr(IV); (c) Co(II); (d) Pb(II) and (e) Cr(III). 
 
increases slightly between (1:1), (1:2) and/or (1:3), probably due to the formation 
of the binary ligand complex and the release of H+ ions from STZ. 

3.4. Species Distribution Diagrams of STZ 

Distribution curves of STZ at I = 0.01M NaClO4 shown in Figure 6 observe the 
pH range (2.20 - 4.80) the major species is α ̥ (H2-STZ) and in the pH range (4.80 
- 6.00) the major one is α1 (H-STZ–1), but α2 (STZ–2) is major in the pH range 
(6.00 - 11.40). The species distribution curves can be obtained by plotting the 
mole fraction of metal species and pH. The curves are depicted in Figure 7. The 
analysis of these diagrams reveals that at low pH value, most of the metal ions 
are often present as free ions. This indicated that no complex occur in the acidic 
medium. On increasing the concentration of the ligand by increasing the pH of 
the solution during the titration, the mole fraction of the free metal ion tends to 
decrease, while that of ML species tend to develop at moderately acidic media. 
However, the value of 1 2log logK K>  indicates that there will be an appreciable  
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Figure 6. Ionic equilibria of STZ in different pH’s range. 

 

 
Figure 7. Representative ionic equilibria of Al(III)-STZ in different pH’s range. 

 
concentration of ML species in this pH region. Further increasing the pH of the 
solution, the essential change is the increase in ML2 concentration with decrease 
in ML. Above this region almost the entire metal ion remains in the form of ML 
or ML2 species on increasing the pH of the solution. Some fraction species at in-
tersection points and maximum pH, complexes are represented. 

3.5. Ternary Systems 

The stability constants for the ternary systems were computed from titrations in 
which the concentrations of metal ions: STZ: Gly were kept in the ratio 1:1:1, 
listed in Table 2. The experimental data shown in Figure 8 reveal that the for-
mation of the ternary complex M (STZ) (Gly) shifts the buffer region of the li-
gands to lower pH values, which indicates that the ternary complex is more sta-
ble than the binary complex. The horizontal distance between curves e and f  
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Figure 8. Representative potentiometric titration curve for Al (III)-STZ-Gly system, at 
0.1 M NaClO4 and 25˚C ± 0.1˚C: (a) 0.01 M HClO4; (b) a + 0.001 M STZ; (c) b + 0.001 M 
Al (III); (d) a + 0.001 M Gly; (e) d + 0.001 M Al (III) and (f) a + 0.001 M STZ + 0.001 M 
Gly + 0.001 M Al (III). 
 
Table 2. Proton ligand formation constants of STZ and stability constant of ternary com-
plexes formed in this study at 0.1 M NaClO4 and 25˚C ± 0.1˚C. 

Metal Ions 
M (STZ) M (STZ) M (Gly) 

( )( )
( )M STZ

M STZ Glylog K  log K∆  
1log HK  2log HK  3log HK  

H+ 7.20 3.80 10.30 ––– ––– 

Fe (III) 8.85 6.45 6.34 3.35 –2.99 

Al (III) 6.85 4.82 4.94 9.23 + 4.29 

Sr (II) 5.45 3.49 8.34 6.09 –2.25 

Th (IV) 4.47 3.24 5.94 8.15 + 2.21 

Pb (II) 4.85 2.85 9.14 8.93 –0.21 

La (III) 6.05 ––– 6.94 5.76 –1.18 

Ti (II) 7.25 ––– 9.54 9.13 –0.41 

Zr (IV) 7.05 4.93 8.53 7.47 –1.06 

Co (II) 7.65 ––– 7.14 4.04 –3.10 

Cr (III) 5.64 ––– 7.54 4.72 –2.82 

 
were measured and used for the calculation of mixn  (average number of sec-
ondary ligand (L) molecule attach edper (M-STZ) binary complex using Equa-
tion 4: 

( ) ( ) ( ) ( )
( )

4 3 2 1

3
mix

V V V V N E TcL Y nH
n

V V nHTcM

 − − − + + − =
+

� � �

�
�

          (4) 

where V1, V2, V3, and V4 are the volumes of NaOH required to reach the same 
pH values for solutions of (free acid), (free acid + STZ), (free acid + STZ + metal 
ion) and (free acid + STZ + metal ion + Gly), respectively. The difference 
( ) ( )4 3 2 1– – –V V V V  can be used for the calculation of mixn  (average number of 
secondary ligand molecules associated with one ( )M Gly

n

+
    ion. The free sec-
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ondary ligand exponent, pLmix was calculated using Equation (5): 

0 4

1
10log .

ni
H
n B

n
mix

mix

V VpL
VTcL n TcM

β
=

  
   +  =
 −
 
 

∑
�
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               (5) 

According to the obtained results, the complex equilibria of M-STZ-Gly can 
be represented by the following scheme: 

( )M STZ M STZ+ ↔                        (6) 

( ) ( )( )M STZ Gly M STZ Gly+ ↔                  (7) 

( )( )
( ) ( )( )

( ) [ ]
M STZ
M STZ Gly

M STZ Gly
M STZ Gly

K
  =
  

                   (8) 

In order to compare the stabilities of the ternary complex species with those of 
the parent binary complexes, the ∆logK value (the difference between the stabili-
ties of the binary and the ternary complexes) were determined. The parameter 
∆logK is determined by Equation (9): 

( )( )
( )

( )
M STZ M

M GlyM STZ Glylog log logK K K∆ = −                 (9) 

It was found that the difference was positive in terms of stability and showed a 
statistical increase in the value of stability constants of the mixed ligand com-
plex. As shown in Table 2, the values of ternary stability constants are found to 
decrease in this order: Al(III) > Ti(II) > Pb(II) > Th(IV) > Zr(IV) > Sr(II) > 
La(III) > Cr(III) > Co(II) > Fe(III) 

Formation curves corresponding to the various metal ions-STZ-Gly systems 
were obtained by plotting mixn  vs. pLmix, the results are shown in Figure 9. 
Values of the formation constant of the STZ ternary complexes (tabulated in 
Table 2) shows that, the metal ions such as Al(III) and Th(IV) used in M-STZ- 
Gly ternary complexes are more stable than the (1:1) M-STZ binary complex and 
 

 
Figure 9. Representative M-STZ-Gly formation curves: (a) Al(III); (b) Pb(II); (c) Zr(IV); 
(d) Th(IV) and (e) Sr(II). 
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the (1:1) M-Gly binary complexes. Thus, the (1:1) M-STZ complex has a greater 
tendency toward combination with Gly molecule to form ternary complexes. But 
some metal ions viz; Fe(III), Cr(III), La(III) and Co(II) forms less stable ternary 
complexes with STZ and Gly than the other corresponding binary complexes of 
them. Therefore, the binary complexes of the primary ligand (STZ) with these 
metal ions may be at odds with the combination with the Gly molecule to form 
ternary complexes. On the other hand, some metal ions like, Pb(II), Sr(II), Ti(II) 
and Zr(IV) have up-normal values. This behavior may be interpreted on the ba-
sis of statistical considerations and the nature of species formed in the solution. 

4. Conclusion 

In the present article, the protonation and complex formation constants of bi-
nary and ternary complexes of sulphathiazole end glycine with different metal 
ions were calculated using potentiometric and conductometric Methods in 25˚C 
± 0.1˚C and I = 0.1 M NaClO4 in 25% (v/v) pure ethanol-water medium. The 
order of stability of the formed binary and ternary complexes was presented. The 
experimental ∆logK parameters were calculated, showing the effect of the bound 
primary ligand toward an incoming secondary ligand. ∆logK values are positive; 
this indicates that the ternary complexes are more stable than the corresponding 
binary ones. The reported data in this study will make an important contribu-
tion to the literature. 
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