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1. Introduction 
During the past few years, natural aluminosilicate minerals (e.g. clay minerals) have received a great interest in 

industrial and environmental chemistry because of their abundance, important physicochemical and adsorptive 

properties (high surface area, large cation exchange capacity, high chemical and mechanical stability,…) [1]. 

These properties confer them high sorption ability, even for the heavy organic molecules [1]. Bentonite is widely 

used as an adsorbent material to remove metals [2,3], organic molecules [4], pesticides [5] and radionuclides [6].    

Natural Bentonite, which is inexpensive and environmental friendly material, is abundant and exists in several 

deposits around the world, particularly in the Northeast of Morocco [7]. Bentonite, which is predominantly 

montmorillonite, is dioctahedral clay of smectite group and is composed of stacked interconnected sheets 

containing one sheet of alumina octahedral (O) (Al
3+

 in octahedral coordination with O
2-

) sandwiched between 

two sheets of silica tetrahedra (T) (Si
4+

 in tetrahedral coordination with O
2-

) [8]. The interconnection is ensured by 

the sharing of O
2-

 at polyhedral corners and edges leading to a T-O-T composition [9,10]. An isomorphic 

substitution within the octahedral sheets (Al
3+ 

by Mg
2+

 and/or Fe
2+

/Fe
3+

) and tetrahedral sheets (Si
4+

 by Al
3+

) can 

occur in natural clays. Because of this substitution, the surface of the T-O-T layers becomes negatively charged 

and the interlayers are occupied by exchangeable cations (Na
+
, Ca

2+
, K

+
) to neutralize the excess of charge [10]. 

The adsorptive properties of clay minerals are closely related to their interfacial electrochemical properties that 

are a result of interactions between electrically charged particles and molecules of solvent. It has been reported 

that montmorillonite particles carry two kinds of electrical charges [11-13]. The first one is variable and depends 

on the pH of the solution, and results from the adsorption/desorption reactions on surface hydroxyl groups. These 

hydroxyl groups originating from broken and hydrolyzed Al-O and Si-O bonds are located at the edge surface of 

the particles [11,14]. The second one is negative and is caused by the isomorphic substitution in the octahedral 

alumina layer [13,15]. They are the main responsible of the electrical, sorptive, and coagulative properties of the 

bentonite minerals [15]. Several investigations have been carried out to study the adsorption of ions on 

montmorillonite [16-21]. They showed that montmorillonite displays a particular acid-base behavior in which no 
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common intersection point between the titration curves at different ionic strengths was observed [16-18,20,21]. In 

their study concerning the adsorption of H
+
 on Argentinean Na

+
-montmorillonite, Avena et al. [17] reported the 

presence of structural negative charges in the clay particle, and variable charge sites and cation exchange sites at 

the surface. Leroy et al. [19] have proposed an electrochemical model to describe the electrochemical properties 

of clay minerals and colloidal suspensions of the mineral surface. Their model included a speciation model of the 

active crystallographic surface sites plus a classical description of the Stern and diffuses layers. The use of the 

surface titration of minerals in aqueous electrolyte solutions is one way to investigate the sorptive and electrical 

behavior of minerals. The data are generally collected from acid-base potentiomentric and conductometric 

titrations [17,22-30]. The main goal of this work is to study the interfacial electrochemical properties of a natural 

Moroccan bentonite by using acid-base potentiometric and conductometric titrations at 25°C. These properties 

concerned the determination of the insolubility state of the dispersed phase in the dispersing phase, the point of 

zero charge (pHpzc), the total number of surface sites (Ns), the action’s nature of the dispersed phase on the 

dispersing phase, and the surface ionization and complexation constants. The adsorption studies were carried out 

in the presence of various ions such as Li
+
, Na

+
, Cs

+
, F

-
, Cl

- 
and Br

-
. 

 

2. Materials and Methods 

2.1. Materials 
The natural bentonite used in this work was taken from a deposit in the Northeast of Morocco (region of Nador). 

The bentonite sample was purified by sedimentation following the experimental procedure described previously 

[31]. As reported in our previous work [31], the chemical composition of the bentonite sample determined by X-

Ray Fluorescence (XRF) analysis (Table 1) indicated the presence of large amounts of silica and alumina while 

Fe2O3 and MgO were present in the solid with less amounts. It has been suggested that some of Fe
3+

 and Mg
2+

 

cations replaced Al
3+

 cations in octahedral sites [31]. The exchangeable interlayer cations (Na
+
, Ca

2+
 and K

+
) as 

well as other oxides existed in the form of traces in the solid. The obtained cation exchange capacity and specific 

surface area for this clay were 88.82 meq/100g and 74.02 m
2
/g, respectively [31].  

 

Table 1: Chemical composition, surface area and CEC of the bentonite sample 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
a: Other oxides in trace 

b: Loss on ignition at 900°C 

c: Cation exchange capacity determined by using a method based on cobaltihexamine chloride absorbance [31]. 

d: Specific surface area determined by N2 adsorption at -196°C according to the standard Brunauer-Emmett-Teller [31]. 

 

As reported in our previous work [31], the X-Ray Diffraction (XRD) results showed that the bentonite sample 

was constituted almost exclusively of montmorillonite phase in addition to traces of quartz and cristobalite. The 

alkali-halide electrolytes NaCl (99.9 %), CsCl (99.9 %), NaF (99.5%), NaBr (99.5 %) and LiCl (99.9 %) used in 

this work were of analytical grade and supplied by Sigma Aldrich Company. In all experiments, the used distilled 

water was filtered through a column of mixed resin such a way that its specific conductivity was of 0.510
-6

 (
-

1
.cm

-1
). 

 

Sample Chemical composition (wt%) 

SiO2 54.80 

Al2O3 18.00 

Fe2O3 6.00 

MgO 5.12 

Na2O 1.75 

CaO 0.35 

K2O 0.25 
OO

 a 3.53 

LI
b 10.20 

Total 100 
CEC

c
 (meq/100g) 88.82 

SBET
d 
(m²/g) 74.02 
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2.2. Potentiometric and conductometric titrations 

2.2.1. Experimental device 
Potentiometric and conductometric titrations were performed at 25°C using the same experimental device able to 

measure a surface charge of a solid with a volume fraction of minimal specific surface area of 5 m
2
/g. All 

electrolyte solutions were freshly used. Before acid-base titration experiments were started, an aqueous 

suspension (100  1 mL) containing 0.5 g of bentonite was stirred for 20 hours to establish the equilibrium of the 

ionic exchange between the dispersing and dispersed phases. Figure 1 shows the evolution of pH according to the 

contact time between bentonite and aqueous solution. A slower equilibration is observed, and about 10 hours 

were required for equilibrating the bentonite dispersion. Analogous results were observed by Avena et al. [17] 

with an Argentinean montmorillonite. They explained this behavior, among others, by the edge-to-face 

interactions between positively charged edges and negatively charged faces. 
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Figure 1: Evolution of pH with contact time of dispersing and dispersed phases 

 

2.2.2. Determination of the surface charge density 
It has been reported that when immersed in aqueous solutions, natural clays develop surface charges that originate 

from the clay and from other species naturally contained in clays [30,32]. The surface charge density is a result of 

the unequal potential adsorption of H
+
 and OH

-
 [23]. The experimental data of the surface charges were obtained 

by potentiometric titrations of aqueous suspensions containing a fixed concentration of an electrolyte [22] in the 

presence and the absence of bentonite.  

The experimental acid-base titration procedure was as follows: 100  1 mL of a blank solution or aqueous 

bentonite suspension was introduced in a thermostatic bath adjusted at 251 °C. The blank solution was 

constituted of an aqueous solution containing a fixed concentration of an electrolyte (i.e. 10
-2

 mol/L of NaBr) and 

0.5 mL of HCl at 0.494 mol/L. The aqueous bentonite suspension was identical to the blank solution in which 5 

g/L of bentonite were added. The homogenization of the suspension was provided by using a mechanical stirrer 

motor equipped with a propeller stirrer. The titrant solution (0.2 mol/L of NaOH) was added as 50 ±0.005 µL 

increments after no pH and specific conductivity were observed (about 15 min). The titration experiments were 

stopped when the pH was around 12. In all cases, the titrant additions were performed with a micropipette, and 

the pH and conductivity were measured with a pH meter Type Microcomputer pH/mV/TEMP METER 6171 and 

a conductometer Type Inolab cond 730, respectively. Figure 2 shows an example of the obtained acid-base 

potentiometric titration curves for the blank solution and the aqueous suspension containing 5 g/L of bentonite.  

The surface charge density σ0 was calculated by comparing the titration curves obtained for the blank solution and 

the aqueous solution containing 5 g/L of bentonite. 

σ0 can be calculated by using the following equation: 

σ0 =
 NAv .n i .qi

S
                                           (eq.1) 

where : qi = Zi.e (e =1,602.10
-19

 C), S the surface of the solid, ni the mole number of H
+
 and OH

-
, NAv the 

Avogadro constant. 
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σ0 =
 n i .NAv .Zi .ei

S
=  F. Zi . Γii                     (eq.2) 

where F = NAv . e is the Faraday constant and Γi =
n i

S
 the analytical excess of the surface ion “i” 

Since H
+
 and OH

-
 are the ions determining the potential hence, 

σ0 = F(ΓH+ − ΓOH−)                                   (eq.3) 

- if OH
-
 <H

+ 
  0 > 0: the H

+
 surface ions are in excess with respect to OH

-
 ions.  

- if OH
-
>H

+
   0< 0: the OH

-
 surface ions are in excess with respect to H

+
 ions.  

- if OH
-
 = H

+ 
  0 = 0: corresponds to the pH of the point of zero charge. 

The Eq. 2 expressing 0 becomes: 

σ0 =
 n i .NAv .Zi .e

S
=

F.neq

S
                                (eq.4) 

where neq = ni.Zi ;  

The specific surface area of the solid is A =
S

ms
  (m

2
/g), where ms is the mass of the solid (g) and S its surface 

(m
2
). 

σ0 =
F.

A.
.

neq

ms
    (C/m

2
)                                     (eq.5) 

 ZH+ =  ZOH− = 1 

neq = ni = CB  . ∆V. 10−6 

0 200 400 600 800 1000 1200 1400 1600 1800 2000
1

2

3

4

5

6

7

8

9

10

11

12

V= V
NaOH

(Blank) - V
NaOH

(solid) 

V
NaOH

(Blank)

pH

VNaOH (µL)

 Blank solution 

  Aqueous bentonite suspension

 

 

V
NaOH

(solid)

 
Figure 2: Acid-base potentiometric titrations for the blank solution and the aqueous suspension containing 5 g/L 

of bentonite. 

 

For a fixed pH value, ΔV = VNaOH(blank)- VNaOH(solid)  (µL)     (see Figure 2) 

CB is the concentration of the titrant (NaOH)  

σ0 =
106 .F.CB .ΔV.10−6

104 .A.ms
= 10−4.

F.CB

A.ms
. ΔV     (C/cm

2
)            (eq.6) 

For each oxide and at a fixed concentration of the titrant, 10−4.
F.CB

A.ms
= Cst and σ0 depends on the pH of the 

colloidal solution 

σ0 = Cste . ΔV                                    (eq.7) 

In this work, CB= 0.2 mol/L, ms=0.5 g, A=74 m
2
/g and the Cst = 0.05216.  

Figure 3 shows the obtained curve corresponding to σ0 according to the pH. It was deduced from Figure 2 data by 

using a Matlab language program developed in our laboratory. 
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Figure 3: σ0 vs pH curve deduced from acid-base potentiometric titrations presented in Figure 2. 

 

3. Results and discussions 

3.1. Solubility of bentonite particles in dispersing phase 
For a colloidal sol, such as natural bentonite in aqueous suspension, the determination of the interfacial 

electrochemical properties requires the preliminary identification of the insolubility domains of the dispersant 

phase in the dispersing phase. This study was carried out by using conductometric titrations according to the pH. 

The principle of these measurements was based on the comparison of two types of conductometric titration curves 

(Figure 4). The first ones are recorded for the blank titrations of aqueous solutions containing various electrolytes 

(LiCl, NaCl, CsCl, NaBr and NaF) and 0.5 mL of HCl (0.494 mol/L). The second curves concern the 

conductometric titrations recorded, in the same experimental conditions, in the presence of bentonite (5 g/L) [33]. 

At a given pH, the difference in specific conductivity between the two recorded conductometric titrations curves 

corresponds to the conductivity provided both by the determinant ions of the potential (H
+
 and OH

-
) and the 

soluble ionic species provided from the solubility of the particles in the dispersing phase. Figure 4 shows 

examples of specific conductometric titration curves obtained for blank aqueous solutions and aqueous bentonite 

suspension in the presence of 10
-3

 M of LiCl (minimum solubility corresponding to a non-specific adsorption : 

Figure 4A) and 10
-1

 M of CsCl (maximum solubility corresponding to a specific adsorption: Figure 4B). From 

these figures, we can observe that the difference in conductivity depends on the nature and the ionic strength of 

the used electrolyte. So, the solubility of the studied bentonite in the dispersing phase depends on the nature and 

the ionic strength of the used electrolyte. From Figures 4A and 4B, it can be observed that the differences 

between the specific conductivity recorded for blank solutions (Blank) and that of aqueous bentonite suspensions 

(bentonite) range from 40 to 170 µS/cm, indicating a low concentration of soluble species from bentonite. So, it can 

be concluded that the studied bentonite sample can be considered stable in aqueous phase in the studied pH range. 

 

3.2. The point of zero charge pH (pHpzc). Effect of the ionic strength  
One of the most important parameters used to describe the surface properties of variable charge of minerals is the 

point of zero charge (PZC). This point corresponds to the pH at which the net total particle surface charge density 

is zero (pHpzc) [34,35]. This is also the pH at which the total net particle charge density (σ0) equals to zero. A 

mineral carries a net negative charge if the solution pH is greater than its PZC and a net positive charge occurs at 

pH values lower than the PZC [35,36]. Several methods can be used to determine experimentally the point of zero 

charge of a colloidal suspension. They generally rely on ion adsorption, potentiometric titration or electrophoretic 

mobility measurements [37-42]. The traditional experimental approaches use acid-base potentiometric titrations. 

In this case, the pHpzc can be obtained from the acid-base potentiometric titration curves vs pH. It corresponds 

to the pH where titration curves cross with those of the corresponding blank solutions. The potentiometric 

titration curves involve also the measurement of the point of zero salt effect (PZSE), corresponding to the pH at 

which salt concentration has no effect on the adsorption of ions [35]. The  vs pH curves plotted for various 

concentrations of an electrolyte intersect at this point. Figure 5 shows an example of potentiometric titration 
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curves vs pH obtained, in this work, in the presence of various concentrations of a non-specifically adsorbed 

electrolyte (NaBr) and bentonite (5 g/L). Two important conclusions can be drawn from the analysis of these 

curves. 1) The vs pH titration curves didn’t display a clear common intersection point in the studied pH range. 
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Figure 4: Specific conductometric titration curves obtained for blank aqueous solution and aqueous suspension 

containing 5 g/L of bentonite in the presence of 10
-3

 M of LiCl (A) and 10
-1

 M of CsCl (B). 

 

This behavior has been observed also by many authors for the titration curves of 2:1 clays [17,26,27,30]. Some 

theoretical studies [43-45] have explained this behavior by the direct or indirect effects of the structural charge on 

the dissociation of the edge sites. 2) The point of zero charge shifted to lower pH values by increasing electrolyte 

concentrations. Their values were 9.29, 9.24 and 8.79 for titrations performed at 10
-1

, 10
-2

 and 10
-3

 mol/L of 

NaBr, respectively (Figure 5). These results were in good agreement with those reported by many authors [17,46-

51] for other montmorillonite and clay samples carrying structural negative charge as the main behavior source of 

charge and potential. This behavior that is not exhibited by simple oxides has been attributed to the combined 

effect of both variable charges and structural negative charges. It is noteworthy that this behavior reveals the 

studied particles carry a net negative charge at the point of zero charge.  

However, for a specific adsorption of an electrolyte, Figures 6 and 7 show examples of potentiometric titration 

curves vs pH obtained in the presence of bentonite, and various ionic strengths of a specifically adsorbed CsCl 

and NaF, respectively. Figure 6 shows that the pHpzc shifted towards the lowest pH values when the ionic strength 
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of CsCl was increased from 10
-3

 to 10
-1 

mol/L, indicating that CsCl is indifferent to the HCl existing in the 

solution. In contrast, Figure 7 shows that the pHpzc shifted towards the highest pH values when the ionic strength 

of NaF was increased. On the other hand, the vs pH potentiometric titration curve obtained for NaF at 10
-3 

mol/L (Figure 7) shows that F
-
 was specifically adsorbed but NaF was indifferent to HCl present in the solution. 

The titration equations can be expressed as follows: 

HCl  + NaF ⇾ HCl  +  NaF                                          (I) 

HCl  + NaF + NaOH ⇾ H2O  +  NaF  +  NaCl             (II) 

At NaF ionic strength superior to 10
-3

mol/L, the obtained vs pH potentiometric titration curves (curves 

corresponding to CNaF = 10
-2

 and 10
-1

mol/L, Figure 7) indicate that F
-
 was adsorbed but NaF was no longer 

indifferent against HCl present in the solution. The titration equations in this case can be expressed as follows: 

HCl  +  NaF ⇾  HF +  NaCl                                      (III) 

HF  +  NaCl + NaOH ⇾ H2O  +  NaF  +  NaCl          (IV) 
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Figure 5: Potentiometric titration curves vs pH obtained in the presence of various concentrations of a non-

specific adsorption (NaBr) and 5 g/L of bentonite 
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Figure 6: Potentiometric titration curves vs pH obtained in the presence of various concentrations of a specific 

adsorption (CsCl) and 5 g/L of bentonite 
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Figure 7: Potentiometric titration curves vs pH obtained in the presence of various concentration of a specific 

adsorption (NaF) and 5 g/L of bentonite 

 

3.3. Action’s nature of the dispersed phase on the dispersing phase 
The determination of the action’s nature of the dispersed phase on the dispersing phase is essential to study the 

stability of a colloidal suspension. In fact, the presence of a permanent hydration layer on the particle surfaces 

increases considerably the stability of the studied hydrosol [52]. In this work, the adsorption studies of Li
+
, Na

+
 

and Cs
+ 

cations have been carried out for pH values superior to pHpzc. For pH values below the pHpzc, the 

adsorption studies were carried out in the presence of F
-
, Cl

- 
and Br

- 
anions. 

Figure 8 shows the observed cationic adsorption sequence (for Cs
+
, Na

+
 and Li

+ 
cations) in the presence of 

bentonite samples at pH range superior to pHpzc. Generally, at a given pH value, more an ion is adsorbed on a 

surface, more the developed surface charge density is larger. So, the observed sequence of the adsorption of the 

three studied cations on bentonite can be expressed as follows: Cs
+
> Na

+
> Li

+
. An analogous study carried out at 

pH range below pHpzc in the presence of various anionic strengths (F
-
, Cl

- 
and Br

-
 anions).  
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Figure 8: Cationic adsorption’s sequence in the presence of bentonite samples at pH range superior to pHpzc 

 

Figure 9 shows that the anionic adsorption sequence of the three studied anions can be classified as follows:  

  F
-    

>   Cl
-   

>  Br
-
, suggesting that F

-
 was more adsorbed than Cl

-
 and Br

-
 ions. 

The observed sequence of the ionic adsorption on the studied bentonite samples requires the determination of the 

interactions between the surface of the solid and water, the surface of the solid and the ions, and between the ions 

and water. According to Evans, Gurney and Gierst’s theoretical models [22,53,54], more an ion is adsorbed into 

an interface, more its action on the structure of the water is similar to that of this interface. Consequently, Cs
+
, 
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which was the most adsorbed ion into the surface negatively charged, was classed as a structure breaker of the 

water [55]. In contrast, F
-
, which was the most adsorbed ion on the positively charged surface, was classed as a 

structure promoter in aqueous solutions. Therefore, the studied natural bentonite particles in aqueous phase have a 

dual behavior: at pH below pHpzc, they behave as a water structure organizer whereas at pH range superior to 

pHpzc, they behave as a water structure disorganizer. 
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Figure 9: Anionic adsorption’s sequence in the presence of bentonite samples at pH range below pHpzc  

 

3.4. Total number of surface sites 
The total number of surface sites (Ns) has been determined in this work by using the graphical extrapolation 

method based on the application of the amphoteric sites' model reported by Stumm, Huang and Jenkins (SHJ) 

[28,56]. This model is based on the choice of the electrolytes depending on the action’s nature of the solid in 

dispersing phase. 

The graphic extrapolation corresponding to the F
-
, which was the most adsorbed ion on the positively charged 

surface, determines the positively charged sites number (Ns
+), while that corresponding to the Cs

+
, which was the 

most adsorbed ion on the negatively charged surface, gives the negatively charged sites number (Ns
−). The total 

sites’ number is Ns = Ns
+ + Ns

−. Following the SHJ’s model [28,56] and Huang and Stumm [57], the obtained 

linear equations were:  

 
1

Hs
+ =  

Ns
+

σ0
.

1

K int
+ −

1

K int
+              (eq. 8)      for pH below pHpzc 

And  

Hs
+ = −

Ns
−

σ0
. Kint

− − Kint
−         (eq. 9)      for pH superior to pHpzc 

where Kint
+  and Kint

− were the intrinsic acidity constants corresponding to the positively and negatively charged 

surfaces, respectively. 

Figures 10A and 10B show that the experimental data fitted linear plots with acceptable coefficients of 

determination (>0.97). Ns
− and Ns

+ calculated from the slopes and the intercepts were 97.15 and 21.13 µC/cm
2
, 

respectively and the total density of surface sites of the bentonite was: 

Ns = Ns
− +  Ns

+ =  118.28 µC/cm2 

To determine the maximal exchange capacity of adsorbat-adsorbent, it is necessary to convert the number Ns to 

the number of OH group by nm
2
 of the solid, denoted Ds and defined as [58]: 

Ds =
Surface  sites  number

Surface  unit
=

ns .NAv

A.ms
       (eq. 10) 

where ns is the equivalent number of mole of titrated sites, A the surface specific area, ms the mass of the solid 

and NAv the Avogadro’s number. 

The obtained value of Ds was 6.24 10
-2

.Ns OH/nm
2
 = 7.4 OH/nm

2
. 
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Figure 10: Determination of the total density of surface sites by using the graphical extrapolation method 

[28,56,59]. 

 

3.5. Ionization and complexation constants of bentonite sample 
The ionization and complexation constants have been determined by applying the Davis, James and Leckie’s 

(DJL) site-binding model [59,60]. 

3.5.1. Ionization constants 
- In the pH range below the pHpzc, the surface particles are positively charged: 

pKint
+ = pH + log  

α+

1−α+ +
eΨ0

2.303kT
− log  1 + Kint

An  An− exp  
eΨβ

2.303kT
         (eq. 11) 

pKint
+ = pQ+ +

eΨ0

2.303kT
− log  1 + Kint

An  An− exp  
eΨβ

2.303kT
                             (eq. 12) 

Where: 
+ 

is the fraction of the positively charged sites  

Ψ0 ;  Ψβ  are the mean potentials in the plane of surface charge 0 and the specifically adsorbed counter-ions , 

respectively  

k is the Boltzman constant 

T  is the temperature 

Kint
An  is the intrinsic complexation constant surface of the anion  

The pKint
+  constant can be determined by using the D.J.L’s double extrapolation graphic method [59,60]  (α+ ⇾ 0 

and Cs ⇾0 mol/L) of the plot of pQ
+ 

vs 10α+ +  Cs .  

- In the pH range above the pHpzc, the surface particles are negatively charged: 

pKint
− = pH − log  

α−

1−α−
 +

eΨ0

2.303kT
+ log  1 + Kint

Ca  Ca+ exp  −
eΨβ

2.303kT
             (eq. 13) 

pKint
− = pQ− +

eΨ0

2.303kT
+ log  1 + Kint

Ca  Ca+ exp  −
eΨβ

2.303kT
            (eq. 14) 

The pKint
− constant can be determined by using the D.J.L’s double extrapolation graphic method [59,60]  (α

-⇾ 0 

and Cs⇾ 0 mol/L) of the plot of pQ
-
 vs 10α− +  Cs . 

The obtained pKint
+  and pKint

− values for the aqueous suspension of bentonite in the presence of various 

electrolytes are presented in Table 2. It is clearly shown that pKint
−  Cs+ < 𝑝Kint

−  Na+ < 𝑝Kint
− (Li+). This 

observation is in good agreement with the sequence of the adsorption of these cations, early observed in the 

presence of the betonite samples for pH > pHpzc. Table 2 shows that the obtained pKint
+  values corresponding to 

the non-specifically adsorption of LiCl and NaCl electrolytes were equals to 7.6. So, only the obtained 

pKint
+  values of F

-
, Cl

-
 and Br

-
 ions were compared. Table 2 shows also that pKint

+  F− > 𝑝Kint
+  Cl− >

𝑝Kint
+ (Br−). These results are in agreement with the classification of these three anions deduced from Figure 7 (F

-

>Cl
-
>Br

-
) which suggested that F

-
 was more adsorbed than Cl

-
 and Br

-
 ions. 

 

Table 2: pKint
+  and pKint

− values for the aqueous suspension of bentonite in the presence of various electrolytes 

Electrolyte LiCl NaCl CsCl NaF NaBr 
pKint

−  12.2 11.7 9 12 11.5 

pKint
+  7.6 7.6 4.75 8.5 7 
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3.5.2. Complexation constants 
- In the pH range below the pHpzc, the surface particles are positively charged: 

p∗Kint
An = pKint

+ − pKint
An = pH + log 

α+

1 − α+ − log An−  +
e(Ψ0 −Ψβ)

2.303kT
 

                                      = p∗QAn +  
e(Ψ0−Ψβ )

2.303kT
                      (eq. 14) 

The p∗Kint
An  constant can be determined by using the D.J.L’s double extrapolation graphic method [59,60] (α

+⇾ 0 

and Cs⇾ 1 mol/L) of the plot of p∗QAn  according to 10α+ −  logCs , using the data of surface charges 

corresponding to high ionic forces. 

- In the pH range above the pHpzc, the surface particles are negatively charged: 

p∗Kint
Ca = pKint

+ − pKint
Ca = pH + log  

α−

1 − α−
 + log Ca+  +

e(Ψ0 −Ψβ)

2.303kT
 

                                      = p∗QCa +  
e(Ψ0−Ψβ )

2.303kT
                        (eq. 15) 

The p∗Kint
Ca  constant can be determined by using the D.J.L’s double extrapolation graphic method [59,60] (α

+⇾ 0 

and Cs⇾ 1 mol/L) of the plot of p∗QCa  vs 10α− −  logCs , using the data of surface charges corresponding to high 

ionic forces. This choice was based on the Davis-James and Leckie’s studies [59,61]. These authors have 

determined the intrinsic constants of complexation assuming that at higher electrolyte concentrations (> 10
-3

 

mol/L), the surface charges were essentially due to the formation of the complexes on the surface. Table 3 

presents the obtained p∗Kint
Ca  and p∗Kint

An  values for the aqueous suspension of bentonite in the presence of various 

electrolytes 

Physically, they are the Kint
Ca  and Kint

An  constants which express the complexation phenomenon occurring on the 

surface solid [62]. The similar values of log⁡(Kint
Ca ) obtained for Li

+
 and Na

+ 
(Table 3) suggest that the adsorption 

of these cations on the negatively charged surface of bentonite was exclusively electrostatic in nature. In contrast, 

the very different value of log⁡(Kint
Cs +

), compared to those of log⁡(Kint
Li+

) and log⁡(Kint
Na +

), indicates that the 

complexation phenomenon of the negatively charged surface by Cs
+
 was both electrostatic and specific in nature. 

Analogously, the comparison of the obtained values of pKint
An  (Table 3) for Cl

-
, Br

- 
and F

-
 anions suggests that the 

adsorption of Cl
-
 and Br

-
 on the positively charged surface of bentonite was exclusively electrostatic, while that of 

F
-
 was both electrostatic and specific in nature. 

 

Table 3: p∗Kint
Ca  and p∗Kint

An  values for the aqueous suspension of bentonite in the presence of various electrolytes 

 

Nature of electrolyte LiCl NaCl CsCl NaF NaBr 

p∗Kint
Ca  10.6 10.5 3.5 - - 

p∗Kint
An  - 7.2 - 7.5 6.8 

log Kint
Ca  = pKint

− − p∗Kint
Ca  1.6 1.2 5.5 - - 

pKint
An = pKint

+ − p∗Kint
An  - 0.4 - 1 0.2 

 

Conclusion 
In this work, the interfacial electrochemical properties of a purified Moroccan bentonite sample were studied. The 

conductometric studies showed that the studied samples can be considered stable in aqueous phase in the studied 

pH range (3-12). The potentiometric titration results obtained in the presence of various concentrations of non-

specifically adsorbed electrolytes showed that the point of zero charge shifted to lower pH values by increasing 

electrolyte concentrations. This behavior was attributed to the combined effect of both variable charges and 

structural negative charges. The adsorption sequence’s study carried out at various ionic strengths showed that the 

bentonite particles in aqueous phase behave as a water structure organizer at pH below pHpzc, while at pH range 

superior to pHpzc they behave as a water structure disorganizer. The total number of surface sites was 7.4 OH/nm
2
. 

The analysis of the obtained complexation constant values corresponding to the non-specifically adsorbed ions 

showed that their adsorption mechanism on the solid was exclusively electrostatic in nature. In contrast, the 

specific adsorption of ions was both electrostatic and specific in nature. 
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