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Abstract: This study reports the synthesis of three phenolic Schiff bases derived from 4-aminobenzophenone 
with hydroxyl groups at ortho-, meta-, and para- positions. Structural characterization is performed using UV-
Vis, FT-IR, and 1H-NMR spectroscopy. The ionization constants (Ka) are determined over a temperature range 
of 293 - 333 K using electrical conductivity measurements. Results indicate that acidity increases with 
temperature while maintaining a consistent Ka order of magnitude. Thermodynamic analysis reveals that the 
ionization process is non-spontaneous (ΔG > 0), endothermic (ΔH > 0), and accompanied by a decrease in 
entropy (ΔS < 0). The effect of thermal variation on equivalent conductivity values at infinity dilution was also 
analyzed. The study shows a decrease in Ka values when water was replaced with absolute ethanol. Biological 
activity tests demonstrated effectiveness against both Gram-positive (Staphylococcus aureus and Streptomyces 
lavendulae) and Gram-negative (Escherichia coli), with compound 2-(((4-
aminophenyl)(phenyl)methylene)amino)phenol exhibiting the highest inhibition. Molecular docking analysis 
supports experimental findings by confirming favorable interactions between synthesized compounds and 
biological targets. 
Keywords: Schiff bases, conductivity, ionization constant Ka, thermodynamic, biological activity, molecular 
docking. 
 

Introduction 
 

Schiff bases are organic compounds characterized by the presence of an imine group (C=N), 
resulting from the condensation of aldehydes or ketones with primary amines [1]. An important 
feature of these compounds is their ability to coordinate with metal ions and form stable complexes 
with diverse physical and chemical properties [2]. Variations in the nature and location of substituents 
can greatly affect the spatial and electronic environment of the imine system, thereby affecting the 
chemical reactivity and biological performance of these derivatives [3]. As a result, Schiff bases have 
been subjected to extensive studies for their antibacterial, antifungal, anticancer, and antioxidant 
activities [4]. Their pharmaceutical relevance has been highlighted in recent studies that confirm its 
value as a promising biological structure [5]. In addition, advanced systems based on the Schiff base 
have demonstrated enhanced antimicrobial performance [6]. Among aromatic systems, 
benzophenone derivatives represent an important class characterized by photochemical stability and 
efficient light absorption [7]. These compounds also exhibit versatile behavior in functional 
applications [8]. Furthermore, benzophenone derivatives have attracted considerable attention 
because of their biological and environmental relevance [9]. The incorporation of aminophenol 
molecules can increase reactivity through hydrogen bonding and electronic delocalization [10]. This 
effect is supported by studies showing that Schiff bases of aminophenol have enhanced biological 
activity [11]. To quantify pKa values is not only a chemical need; it is an essential step in 
understanding the ways in which Schiff base derivatives interact with bioactive targets [12, 13]. pKa 
values can be determined under equilibrium conditions using conductivity measurements, a reliable 
approach for weak electrolytes [14]. In pharmaceutical systems, ionization properties become 
essential for drug absorption, distribution, metabolism, and excretion [15]. The acid dissociation 
constant (Ka) quantitatively describes the equilibrium between the ionized and non-ionized forms of 
a substance, reflecting its intrinsic tendency to donate or accept protons in solution. This parameter 
is particularly important for weak electrolytes, including Schiff bases, whose physicochemical and 



 
 

biological properties are strongly influenced by their ionization behavior [16, 17]. Since pKa is 
inherently temperature-dependent, its variation with temperature can be exploited to derive important 
thermodynamic parameters, including the Gibbs free energy (ΔG), enthalpy (ΔH), and entropy (ΔS) 
of ionization, thereby providing valuable insights into the energetics and mechanism of the ionization 
process [18]. Molecular docking technology has become an important computational method to 
predict interaction of protein compounds and to study biological activity at a molecular scale [19]. It 
helps identify key binding interactions, such as hydrogen bonding and hydrophobic contacts, which 
are required for stable ligand attachment at the active site [20].  

The present research emphasizes the preparation of Schiff bases (derived from benzophenone 
A1-A3), conductivity based measurement of pKa over the temperature range 293-333 K, 
thermodynamic analysis and solvent effect, biological activity, and molecular simulation studies of 
the target protein (PDB: 1KMZ). It serves to clarify the connection between molecular structure and 
ionization behavior, and biological activity. 

 
Experimental part 

 
Materials and Methods. All starting materials, including 4-aminobenzophenone, ortho-, meta-

, and para-aminophenol, and solvents (absolute ethanol and glacial acetic acid), were of analytical 
grade. They were purchased from Sigma-Aldrich, BDH, and Fluka and used as received without 
further purification. The progress of the reactions is monitored using Thin-Layer Chromatography 
(TLC). The melting points of the synthesized Schiff bases were determined using a Stuart SMP 
(Bibby Scientific Limited) digital device. Electronic spectra were recorded on a Shimadzu UV-
Visible 1601 spectrophotometer. FT-IR spectra are obtained using a Bruker Alpha spectrometer in 
the range of 4000–400 cm-1 via the Attenuated Total Reflectance (ATR) technique. The 1H-NMR 
spectra were recorded on a Varian Agilent 500 Technologies spectrometer (500 MHz, USA) using 
DMSO-d6 as a solvent. Electrical conductivity was measured using a Wissenschaftlich-Technische 
Werkstatten conductivity meter, and temperatures were precisely maintained using a Memmert water 
bath (model L200, Searle). 

Preparation of Schiff bases. Schiff bases are prepared by mixing equivalent molar amounts 
through the reaction of 1.97 g at a concentration of 0.01 M of 4-aminobenzophenone compound 
dissolved in 15 ml of absolute ethanol with 1.091 g at a concentration of 0.01 M of aminophenol 
derivatives (o, m, p-aminophenol) dissolved in the same solvent, then placed in a conical flask of 100 
ml equipped with a magnetic stirrer, and (2-3) drops of glacial acetic acid are added to the reaction 
mixture as a catalyst, and the mixture is stirred continuously for 10 hours at a temperature between 
70 and 80°C. The reaction is monitored by TLC using hexane 4: ethyl acetate 1. After the reaction 
was complete, the contents of the flask were transferred to a beaker, the reaction mixture was cooled 
with ice, and the resulting precipitate was filtered and washed several times with hot absolute ethanol 
to recrystallize and remove impurities [21, 22]. We include Scheme 1 as a typical example for 
preparing Schiff bases for the compounds under study (A1, A2, and A3). The main physicochemical 
properties of prepared compounds are listed in Table 1. 
 

Scheme 1. Preparation of the ketonic Schiff base derivative 
Table 1. Structural formulas, melting points and colour of the prepared compounds 



 
 

 
 

Symbol 
 

Compound  
 

Structural Formula 
Melting 

Point, C° 
 

Colour 
 
 

A1 

 
2-(((4-
aminophenyl)(phenyl) 
methylene)amino) 
phenol  

 
 

111-112 

 
 

Brown 

 
 

A2 

3-(((4-
aminophenyl)(phenyl) 
methylene)amino) 
phenol 

 

 
 

100-102 

 
Light 
purple 

 
A3 

4-(((4-
aminophenyl)(phenyl) 
methylene)amino) 
phenol  

 
115-116 

 
Dark 

purple 

 
Results and discussion 

 
The three prepared Schiff bases were studied, and their structural formulas were characterized 

and confirmed using various physicochemical techniques below. 
UV-Visible Spectra. UV-visible spectra were recorded in the (200 – 450 nm) range at a 

concentration of (10⁻⁴ M). Measurements were performed in a polar solvent, absolute ethanol, and in 
a weakly polar solvent, dichloromethane (CH₂Cl₂). The type of electronic transition was identified 
based on the molar absorptivity values (εmax), as summarized in Table 2. 
 

Table 2. Significant absorption maxima in the UV–Vis spectra of the Schiff bases measured in 
ethanol and dichloromethane 

Symbol Ethanol solvent dichloromethane 
solvent 

Transitio
n type 

𝜟𝒗തതതത 
(cm) 

λmax 
(nm) 

A εmax 
Lmol-¹ 
cm-¹ 

λmax 
(nm) 

A εmax 
Lmol-¹ 
cm-¹ 

A1 338 2.894 28940 316 1.465 14650 π  → π* -2059.7 
A2 322 2.527 25270 304 2.069 20690 π  → π* -1838.8 
A3 330 1.630 16300 366 1.803 18030 π  → π* +2980.6 

 
Table 2 shows that the values of the molar absorption coefficient were greater than 1000 Lmol⁻¹cm⁻¹, 
indicating that the electron transition was of the (π → π*) type. Although (C=N) and (NH₂) groups 
exist that allow (n → π*) transitions, the high absorption intensity (ε max) greater than (1000) indicates 
the dominance of (π → π*) transitions, while the weak (n → π*) transitions disappear due to spectral 
overlapping and the polar solvent effect [23, 24]. 

Infrared (IR) Spectra. IR spectra were recorded for the prepared compounds in the solid state. 
The results showed a broad absorption band in the region (3416–3418 cm⁻¹), attributed to hydroxyl 
(OH) group vibrations. The breadth of this band may indicate the presence of hydrogen bonds. A 
weak absorption band was also observed in the region (3043–3052 cm⁻¹), attributed to aromatic (C–
H) vibrations. Additionally, a distinct band appeared in the range (1626–1627 cm⁻¹), belonging to the 
imine (C=N) group, confirming the formation of Schiff bases. Furthermore, a characteristic pairing 
of symmetric and asymmetric (NH₂) absorption bands was observed in the studied compounds within 



 
 

the range (3302–3333 cm⁻¹). Overall, the UV and IR spectra were consistent with those reported in 
previous studies [23, 25]. As shown in Table 3 and Fig. 1. 

 
Table 3. Infrared (IR) spectra of the synthesized Schiff bases 

Positive peak numbers (cm-1) Symbol 
υ NH2  υ OH υ C-H υ C=N  

3333(W) 
3302(S) 

3416(m) 3052(W) 1627(S) A1 

3332(S) 
3218(m) 

3418(S) 3043(W) 1627(S) A2 

3333(S) 
3218(m) 

3417(m) 3050(W) 1626(S) A3 

                  S=Sharp, w =Weak, m =medium. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. IR spectra for compounds A1, A2, and A3 
  

H1-NMR Spectra. The proton nuclear magnetic resonance (1H-NMR) spectrum of compound 
(A2) was recorded in DMSO-d6 solvent at a frequency of 400 MHz. These spectra provide 
information about the chemical environment of the protons, including the aromatic and hydroxyl 
groups, for the prepared compound [26]. An illustrative example of the remaining rules is shown in 
the Figure 2. The spectrum gave δ=10.38 ppm (S, 1H, -OH); δ=8.91 ppm (S, 1H, -CH=N-); δ=6.03-
7.47 ppm (m, Ar-H); δ=4.93 ppm (2H, -NH₂); δ=3.51 ppm (H2O), and δ=2,51 ppm (DMSO-d6).



 
 

 
Fig. 2.  H1NMR spectrum for compound A2 

 
Method of electrical connection. For the purpose of measuring electrical conductivity, 

standard solutions of each Schiff base were prepared at a concentration of 10⁻³ M. This was done by 
adding (10 mL) of absolute ethanol to dissolve the Schiff base, then completing the volume with 
electrically conductive water until a final volume of 50 mL was reached for each solution. By dilution, 
four solutions were prepared at different concentrations (0.2×10⁻³ – 10⁻³ M) at different temperatures 
within the range of 293–333 K. Subsequently, sodium salts of the prepared Schiff bases were prepared 
using the conventional titration method with phenolphthalein indicator, to a concentration of 10⁻³ M 
of each prepared base. Further dilution was then carried out to obtain five solutions of different 
concentrations, with a final volume of 50 mL, and their electrical conductivity was measured. 
Temperatures were controlled within the range of 293–333 K using a water bath equipped with a 
thermostat. The electrical conductivity method was used to determine the ionization constants of the 
studied bases (A1, A2, and A3). For this purpose, the equivalent conductivity (Λ) of the electrolyte 
was calculated according to the following equation: 

 
Λ ൌ   1000 ൈ   K /C       ሺ1ሻ 

 
where Λ is equivalent electrolyte conductivity at any concentration, K is specific conductivity, and C 
is standard or molar concentration of the acids under study. 

Since the Schiff bases under study are weak electrolytes, it is not possible to directly find the 
equivalent conductivity value (Ʌₒ) at infinite dilution from the graph of the relationship between (Ʌ) 
and (√C). Therefore, these bases were converted to their corresponding sodium salts (NaA) by titration 
with the standard base NaOH. Because the resulting sodium salts are strong electrolytes, the 
Kohlrausch equation was applied to them to obtain the values of (ɅₒHA). 

 
Λ ൌ Λο െ   b √C       ሺ2ሻ 

 
Using  the (Λ₀) values of HCl and NaCl taken from reliable literature sources [27], the limiting 
equivalent conductivity of each weak Schiff base (A1, A2, and A3), denoted as (Λ₀HA), was 
determined by applying Kohlrausch’s law of independent ion migration, according to the following 
equation: 
 

ɅₒNaA+ɅₒHCl → ɅₒHA + ɅₒNaCl   (3) 



 
 

Where (ɅₒNaA) represents the limiting equivalent conductivity of the sodium salt of the acid, obtained 
from the graphical plot; (ɅₒHCl) is the limiting equivalent conductivity of the hydrochloric acid, also 
determined from the graphical plot. and (ɅₒNaCl) is the limiting equivalent conductivity of sodium 
chloride, obtained from the graphical plot; and (ɅₒHA) is the limiting equivalent conductivity of the 
weak Schiff base acids, which is the required value to be determined. After determining the value of 
(Ʌₒ) for the Weak base, the degree of dissociation (α) was calculated from the ratio of the equivalent 
conductivity at a given concentration to the limiting equivalent conductivity: 
 

α ൌ   Λ/Λₒ    ሺ4ሻ    
Where: 
α = degree of dissociation of the weak electrolytes. 
Ʌ = equivalent conductivity of the Schiff base at any concentration. 
Ʌₒ = limiting equivalent conductivity of the base at infinite dilution. 
Finally, the ionization constant (Ka) of the weak acid under study was determined using Ostwald’s 
dilution law, as follows: 
 

Ka ൌ   α²C /1 െ  α    ሺ5ሻ 
  

According to the literature reported by [28], electrolytes are generally classified into two categories. 
Strong electrolytes exhibit a linear relationship when the equivalent conductivity at constant 
temperature is plotted against the square root of concentration, whereas weak electrolytes show 
nonlinear curved behavior under the same conditions. Accordingly, and based on Equation (2), the 
following expression was expression was applied. As shown in Fig.s 3-5 and Tables 4-7. 
 

Table 4. Equivalent conductivity values of sodium chloride and hydrochloric acid solutions at 
different temperatures. 

Ʌₒ       (NaCl)   Ʌₒ (HCl) Temperatures, K   

116.530 344.4 293 

142.970 396.18 303 

170.280 441.01 313 

211.500 516.93 323 

242.970 569.74 333 

 
Table 5. Electrical conductivity, degree of dissociation (α), and ionization constant (Ka) of 

compound A1 in water 
Conc. 

Equivlit⁻¹×103 
Temp., 

K 
Λequiv 

ohm⁻¹cm²equiv⁻¹ 
Λₒ 

ohm⁻¹cm²equiv⁻¹ 
α Kaൈ 108 K̀a×108 

1  
 

293 

1.5  
 

375.15 

0.00399 1.6051  
 

3.775 
0.8 2 0.00533 2.2859 
0.6 2.66 0.00709 3.0385 
0.4 3.75 0.00999 4.0081 
0.2 7.4 0.01972 7.9384 
1  

 
303 

2  
 

416.74 

0.00479 2.3143  
 

4.928 
0.8 2.6 0.00624 3.1335 
0.6 3.5 0.00839 4.2527 
0.4 5 0.01199 5.8279 
0.2 8.8 0.02112 9.1103 



 
 

1  
 

313 

2.4  
 

460.66 
 

0.00521 2.7285  
 

5.153 
0.8 3 0.00651 3.4142 
0.6 4.1 0.00890 4.7953 
0.4 5.5 0.01194 5.7705 
0.2 9.7 0.02106 9.0586 
1  

 
323 

3  
 

551.34 

0.00544 2.9760  
 

5.446 
0.8 3.7 0.00671 3.6276 
0.6 4.9 0.00889 4.7813 
0.4 6.8 0.01233 6.1512 
0.2 12 0.02176 9.6847 
1  

 
333 

3.4  
 

603.13 

0.00564 3.2001  
 

6.298 
0.8 4.4 0.00729 4.2821 
0.6 5.5 0.00912 5.0357 
0.4 8 0.01326 7.1287 
0.2 14.5 0.02404 11.8430 

 
 

 
Fig. 3. Plot of (Ʌ) versus (√C) for compound A1 at different temperatures: (a) the weak acid 

exhibits a curved profile, (b) the sodium salt of the acid shows a linear behavior 
 

Table 6. Electrical conductivity, degree of dissociation (α), and ionization constant (Ka) of 
compound A2 in water 

Conc. 
Equivlit⁻¹×103 

Temp., 
K  

Λequiv 
ohm⁻¹cm²equiv⁻¹ 

Λₒ 
ohm⁻¹cm²equiv⁻¹ 

α Kaൈ108 K̀a×108 

1  
 

293 

3.1  
 

312.118 

0.00993 9.963  
 

17.621 
0.8 3.7 0.01185 11.377 
0.6 4.4 0.01409 12.846 
0.4 6.5 0.02083 17.717 
0.2 13 0.04165 36.204 
1  

 
303 

4.1  
 

398.68 

0.01053 11.205  
 

32.968 
0.8 5.625 0.01411 16.155 
0.6 8.5 0.02132 27.866 
0.4 12.25 0.03073 38.971 
0.2 23 0.05769 70.637 
1  

 
6.1  

 
0.01430 20.745  

 0.8 6.9 0.01617 21.261 



 
 

0.6 313 9.7 426.67 0.02273 31.719 40.115 
0.4 13.5 0.03164 41.351 
0.2 27 0.06328 85.497 
1  

 
323 

7.7  
 

475.39 

0.01619 26.665  
 

44.576 
0.8 8.33 0.01872 28.574 
0.6 10.4 0.02187 29.358 
0.4 15 0.03155 41.121 
0.2 32 0.06731 97.160 
1  

 
333 

9.5  
 

510.63 

0.01860 35.252  
 

58.266 
0.8 11.7 0.02291 42.974 
0.6 14.333 0.02807 48.641 
0.4 19 0.03721 57.523 
0.2 36 0.07050 106.945 

 

 
Fig. 4. Plot of (Ʌ) versus (√C) for compound A2 at different temperatures: (a) the weak acid 

exhibits a curved profile, (b) the sodium salt of the acid shows a linear behavior. 
 

Table 7. Electrical conductivity, degree of dissociation (α), and ionization constant (Ka) of 
compound A3 in water. 

Conc. 
Equivlit⁻¹×103 

k Λequiv 
ohm⁻¹cm²equiv⁻¹ 

Λₒ 
ohm⁻¹cm²equiv¯¹ 

α Kaൈ108 K̀a×108 

1  
 

293 

2.6  
 

364.66 

0.00713 5.121  
 

9.407 
0.8 3.3 0.00905 6.616 
0.6 4 0.01097 7.299 
0.4 5.5 0.01508 9.238 
0.2 11 0.03017 18.765 
1  

 
303 

3.7  
 

422.29 

0.00876 7.745  
 

14.219 
0.8 4.75 0.01125 10.236 
0.6 5.83 0.01381 11.596 
0.4 7.7 0.01823 13.546 
0.2 15.5 0.03671 27.971 
1  

 
313 

4.2  
 

440.9 

0.00953 9.161  
 

15.831 
0.8 4.9 0.01134 10.406 
0.6 6.1 0.01384 11.646 
0.4 9 0.02041 17.015 



 
 

0.2 17 0.03856 30.925 
1  

 
323 

5  
 

519.87 

0.00962 9.339  
 

17.797 
0.8 6.125 0.01178 11.237 
0.6 8 0.01539 14.430 
0.4 11 0.02116 18.295 
0.2 21.5 0.04136 35.683 
1  

 
333 

5.7  
 

581.11 

0.00981 9.716  
 

22.453 
0.8 7 0.01205 11.750 
0.6 9.8 0.01687 17.357 
0.4 14.25 0.02452 24.658 
0.2 28 0.04819 48.784 

 
Fig. 5. Plot of (Ʌ) versus (√C) for compound A3 at different temperatures: (a) the weak acid 

exhibits a curved profile, whereas (b) the sodium salt of the acid shows a linear behavior.
     
         The data listed in Tables 5-7 demonstrate that an increase in temperature leads to an enhanced 
degree of ionization for weak acids, resulting in a higher ionization constant (Ka). This observation 
indicates that the ionization process is endothermic. When comparing the acidity of the synthesized 
compounds at a constant temperature, a progressive increase in acidity is observed in the following 
order: (Km > Kp > Ko). The decrease in the ionization constant (Ka) at the ortho position is attributed 
to the formation of a strong and stable intramolecular hydrogen bond between the phenolic hydrogen 
and the azomethine nitrogen. This interaction stabilizes the proton and hinders its easy dissociation. 
In contrast, the para position exhibits moderate acidity, where the azomethine group withdraws 
electron density through both resonance and inductive effects, thereby stabilizing the phenoxide ion 
and facilitating proton loss. The highest ionization constant is recorded at the meta- position; this 
elevation is consistent with the absence of hydrogen bonding interference, allowing the strong 
inductive withdrawing effect of the azomethine group from a proximal position to effectively polarize 
the O-H bond and significantly enhance its dissociation [29, 30]. Since the acidity of the meta-isomer 
is higher than that of the para-isomer, this can be interpreted based on the sigma values in the 
Hammett equation. In the meta position, the hydroxyl group possesses a positive Hammett constant 
value (σ-meta = +0.12), indicating the dominance of the electron-withdrawing inductive effect in the 
absence of resonance participation. This reduces the electron density on the conjugated system, 
stabilizes the ionized state (phenoxide), and subsequently increases the Ka. Conversely, for the para 
isomer, the value (σ-para = ¯0.37) reflects the electron-donating resonance effect of the hydroxyl 
group, which increases the electron density and stabilizes the non-ionized form, leading to a decrease 
in the ionization constant compared to the meta position. This confirms that the position of the 
hydroxyl group determines the acidity through the competition between proton stabilization via 
intramolecular hydrogen bonding in the ortho position, and the inductive and resonance effects 



 
 

manifested in the meta and para positions. Ultimately, all the aforementioned factors contribute to the 
overall increase in the acidity of the studied compounds [31]. 

Study of Thermodynamic Parameters. The obtained results were encouraging for the 
thermodynamic analysis. The Gibbs free energy change (ΔG°) for the ionization reaction was 
calculated at five temperatures using the relation: 

 
∆G°= -RTLnKa  (6) 

 
The enthalpy of ionization (ΔH°) of the acids was determined from the integrated Van’t Hoff 
equation:  

Ln Ka = constant- ∆H / (RT )  (7) 
 

The entropy change (ΔS°) for the ionization of the acids was calculated using the Gibbs equation:  
 

∆G°= ∆H°- T∆S°  (8) 
 

Plotting LnKa versus 1/T yielded straight lines, as shown in Figure 6 for the acids under study, with 
correlation coefficients (R²) ranging from 0.9651 to 0.9991, indicating excellent linearity.
 

 
                           Fig. 6. Plot of lnKa versus 1/T for the compounds A1, A2 and A3 
 
Table 8. Thermodynamic parameters for the ionization reactions of the acids for the compounds at 

temperatures ranging from 293 to 333K. 
Symbol  Absolute K 

temperature 
ΔG 

J. mol⁻¹ 
ΔG̀  ̀ 

J. mol⁻¹ 
ΔH 

J. mol⁻¹ 
ΔH̀  ̀ 

J. mol⁻¹ 
ΔS 

J.mol⁻¹.K⁻¹ 
ΔS  ̀ 

J.mol⁻¹.K⁻¹ 
 
 

A1 

293 +41643.45  
 

+43704.81 

+8165.47  
 

+7941.65 

-114.25  
 

-114.25 
303 +42387.08 +7766.51 -114.25 
313 +43668.89 +7905.73 -114.25 
323 +44916.36 +8010.61 -114.25 
333 +45908.29 +7859.94 -114.25 

 
 

A2 

293 +37887.13  
 

+38565.19 

+23161.26  
 

+22834.13 

-50.25  
 

-50.25 
303 +37598.19 +22369.72 -50.25 
313 +38329.01 +22597.95 -50.25 
323 +39268.92 +23035.28 -50.25 
333 +39742.70 +23006.47 -50.25 

 
 

293 +39412.07  
 

+16212.81  
 

-79.17  
 303 +39716.79 +15725.74 -79.17 



 
 

A3 313 +40746.53 +40798.69 +15965.52 +16016.22 -79.17 -79.17 
323 +41734.14 +16159.52 -79.17 
333 +42383.91 +16017.51 -79.17 

 
From the results obtained in the above table 8, the following conclusions were drawn: The Gibbs free 
energy (ΔG°) for the ionization reactions is positive, indicating that the ionization processes are non-
spontaneous. This is attributed to the phenolic acidic groups in the compounds, which contain 
covalent bonds that are difficult to ionize in water. The enthalpy change of ionization (ΔH°) is 
positive, confirming that the process is endothermic. In contrast, the entropy change (ΔS°) is negative, 
contrary to the theoretical expectation, where the entropy of the products typically increases relative 
to the ionizing species. The negative ΔS° arises from solvent interactions with the products, leading 
to an ordering of the resulting ions, or due to hydrogen bonding, particularly intermolecular hydrogen 
bonds. These thermodynamic observations are consistent with previous studies [32, 33]. 

Analysis of the Effect of Thermal Variation on Limiting Equivalent Conductivity Values. 
This section deals with the investigation and analysis of the response of the limiting equivalent 
conductivity (Ʌₒ) to systematic variations within a temperature range of (20-60 C°). This analytical 
evaluation was based on the mathematical model adopted [23], represented by the following equation 
(9): 

Ʌₒ(t) = Ʌₒ(25)  +  BɅₒ(25)  (t -25) (9) 
  

Where ₒɅ(t) is limiting equivalent conductivity of the solution at any temperature; Ʌₒ(25) is limiting 
equivalent conductivity of the solution at 25 C°; B  is thermal stability coefficient. 

Upon plotting the relationship between Ʌₒ(t) and (t – 25), straight lines were obtained with 
correlation coefficients ranging from 0.9636 to 0.9801. The results revealed a direct proportional 
relationship between the limiting equivalent conductivity and temperature. By calculating the values 
of the thermal stability coefficients (B), which are associated with the nature of the solution and its 
physical properties, according to Equation (9), the following values were obtained. As shown in Table 
9 and Fig. 7. 
 

Table 9. Results obtained from the application of Equation (9) 
2R   B Ʌₒ(25) Compound 

0.9801  0.0150 392.8  1A  
0.9636  0.0134  353.69  2A  
0.9722  0.0137  386.21  3A  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7. Linear relationship between Ʌₒ(t) and (t -25) for the studied compounds 

 



 
 

Effect of Solvent on Ionization Behavior. Recent studies demonstrate [33] that water serves 
as an ideal medium for determining the ionization constants of acidic and basic compounds. This is 
primarily attributed to its high dielectric constant, which significantly diminishes the electrostatic 
attraction between oppositely charged ions, thereby facilitating. their separation in solution. This 
behavior is governed by the electrostatic interaction relationship (Coulomb’s Law):  
 

F =   
௤ଵ ௤ଶ 

𝜺 𝒓²
  (10) 

Here: 
 F represents the electrostatic force between the ions; 
 q1 and q₂ are the magnitudes of the charges; 
 ε  is the dielectric constant of the medium; 
 r is the inter-ionic distance. 
 

Thereby, according to this relationship, inversely proportional to the chemical bond, the 
reaction strength will be measured to the dielectric constant; therefore, increasing the value of (ε) 
results in a decrease in electrostatic attraction and is a beneficial factor to favor ionization. While 
water is effective on purpose as an ionizing medium, there are certain practical limitations because 
many acidic and basic organic compounds are poorly soluble. In order to avoid this, mixed solvent 
systems can be adopted, namely water-alcohol mixtures, which are employed to improve the 
solubility along the entire process without greatly impacting the ionization equilibrium. According to 
studies, the relative deviation caused by the presence of alcohol in the measured ionization constant 
(Ka) is negligible and almost constant, which is acceptable and relatively minor compared to the 
general trend and qualitative interpretation of the conclusions. Furthermore, specific solvation 
interactions, such as hydrogen bonding between the protic solvents and the azomethine nitrogen of 
Schiff bases, significantly contribute to the stabilization of the dissociated species alongside non-
specific dielectric effects. As shown in Table 10, compound A1 is presented as an illustrative example 
of the ionization behavior of the other compounds studied.  

 
Table 10. Electrical conductivity, degree of ionization (α), and ionization constant (Ka) of 

compound (A1) in alcohol 
Conc. 

Equivlit-¹×103 
 

K 
ΛEquiv 

Ohm-¹cm²equiv-¹ 
Λₒ 

Ohm-¹cm²equiv-¹ 
α Kaൈ109 K̀a×109 

1  
 

293 

0.75  
 

375.15 

0.000266 0.071  
 

0.481 
0.8 1.06 0.000479 0.184 
0.6 1.5 0.000826 0.410 
0.4 2.5 0.001332 0.713 
0.2 4.8 0.002266 1.028 
1  

 
303 

0.82  
 

416.74 

0.000384 0.148  
 

0.571 
0.8 1.175 0.000528 0.231 
0.6 1.83 0.000912 0.499 
0.4 3 0.001439 0.839 
0.2 5.75 0.002399 1.154 
1  

 
313 

1  
 

460.66 

0.000434 0.188  
 

0.732 
0.8 1.63 0.000608 0.296 
0.6 2.58 0.000977 0.573 
0.4 4 0.001368 0.749 
0.2 8 0.003039 1.853 
1  

 
323 

1.4  
 

551.34 

0.000453 0.206  
 

0.951 
0.8 2 0.000726 0.421 
0.6 3.2 0.001034 0.642 



 
 

0.4 5  
 

0.001451 0.843 
0.2 10 0.003628 2.642 
1  

 
333 

1.7  
 

603.13 

0.000663 0.440  
 

1.606 
0.8 2.2 0.001011 0.819 
0.6 3.5 0.001359 1.110 
0.4 5.7 0.001824 1.333 
0.2 12.8 0.004642 4.330 

 
The relative ionization constant (Kr) was calculated by a constant temperature and fixed molecular 
geometry for the acid. Here, the preference for alcohol molecules confirms the solvation of negative 
ions (conjugate base) over neutral species [34]. This means, quantitatively, the presence of a higher 
coordination number of solvent molecules surrounding the anionic species in addition to the non-
ionized molecules. The dielectric is chosen to take in thermal fluctuation. Constant (D) of 100% 
ethanol was adjusted in Table 11 using the following empirical equation: 
 

Log D = 1.3976 - 0.00264 (t - 20)     (11) 
 

The correlation between pKa and the dielectric constant (D) across the studied temperature 
range is illustrated in Fig. 8 [35]. The linear plots clearly demonstrate a direct proportional 
relationship between the pKa values and the dielectric properties of the medium at various 
temperatures. 
 

Table 11. Comparison of the relative ionization constant (Kr) of the studied compounds in water 
and absolute ethanol at different temperatures 

T, K 
𝐊𝐫` ൌ

𝐊𝐚 𝐞𝐭𝐡𝐚𝐧𝐨𝐥
𝐊𝐚 𝐰𝐚𝐭𝐞𝐫

 
Compound    

293  0.013   
 

A1 
303  0.012  
313  0.014  

323  0.017  
333  0.025  
293  0.0 25   

A2 303  0.0 39  
313  0.0 32  

323  0.032  
333  0.026  
293  0.099   

A3 303  0.131  
313  0.158   

323  0.152  
333  0.129   

 
 
 
 
 
 



 
 

 

 
Fig. 8. Variation of pKa with the dielectric constant (D) for the studied compounds 

 
The remarkable decrease in Ka and conductivity values in absolute ethanol compared to water 

is mainly attributed to its lower dielectric constant, which enhances the electrostatic attraction 
between ions and promotes ion-pair formation 

Biological Study of the Prepared Compounds. Due to the well-established biological 
significance of Schiff bases, the preliminary antibacterial activity of the prepared compounds was 
investigated. The bacteria were studied because they cause the majority of diseases in hospitals and 
communities [36, 37]. The results showed promising activity. The antibacterial activity of the 
prepared Schiff base compounds was evaluated against Escherichia coli (Gram-negative) and 
Staphylococcus aureus, Streptomyces lavendulae (Gram-positive) using the agar wall diffusion 
method. Muller- Hinton agar plates were inoculated with bacterial suspensions prepared in normal 
saline. Subsequently, 30 µL of each compound solution was introduced into the while DMSO and 
gentamicin were used as negative and positive controls, respectively. The plates were incubated at 37 
C° for 24 h, after which the diameters of the inhibition zones (mm) were measured [38, 39].  

The gentamicin control exhibited inhibition zones of 13 and 20 mm against Staphylococcus 
aureus and Streptomyces lavendulae and 11 mm against Escherichia coli. The synthesized 
compounds showed promising antibacterial activity, with compound A1 exhibiting the highest 
activity against both bacterial strains, giving inhibition zones of 30 mm and 28 mm, respectively. 
Compound A2 showed the lowest activity (15 and 12 mm), whereas compound A3 demonstrated 
strong inhibition against Staphylococcus aureus (25 mm) and moderate activity against Escherichia 
coli (14 mm). The variation in antibacterial activity may be attributed to the nature and position of 
the functional groups in the Schiff base derivatives. Compound A1 was evaluated against 
Streptomyces lavendulae and showed an inhibition zone of 30 mm. Compounds A2 and A3 were not 
tested against this bacterial strain. As shown in Table 12 and Fig. 9. 
 

Table 12. Inhibition zone diameters (mm) of the prepared Schiff bases against three bacterial 
strains 

E. coli S. lavendulae S. aureus Symbol 

28 mm 30mm 30 mm A1 
12 mm ------ 15 mm A2 
14 mm ------ 25 mm A3 
0 mm 0 mm 0mm DMSO 

 



 
 

 
Fig. 9. Biological activity, A1=1, A2=4, A3=3

 
Molecular Docking Study. Molecular docking studies were performed to evaluate the binding 

interaction of the synthesized Schiff base with the biological target. The mitomycin resistance protein 
(AMRD protein), derived from Streptomyces lavendulae, was selected as the molecular target for this 
investigation. The crystal structure of this protein (PDB ID: 1KMZ) was retrieved from the protein 
data bank to explore the inhibitory potential of the prepared compounds at the molecular level. This 
protein is essential for the transport and metabolic processes within the bacterial cell, making it a 
significant target for antibacterial drug design [40, 41]. Identifying the most probable interaction sites 
was achieved through the CB-Dock2 platform’s automated cavity detection.  

We conduct molecular docking simulations to evaluate the binding of Schiff base compounds 
(A1-A3) to the target protein (PDB ID: 1KMZ), using gentamicin as a reference. The results showed 
that all derivatives can stabilize within the protein's active site in a close binding pattern. Compounds 
A1, A2, and A3 showed uniform binding capacity of -7.8 kcal/mol, meaning strong interaction 
compared to gentamicin (-6.0 kcal/mol). The means of stabilizing the bonds differed widely. Whereas 
the Schiff base complexes are largely stabilized by strong interactions between the aromatic rings 
(π→π*) stacking with the aromatic tryptophan residue Trp 108 (Fig. 11), gentamicin is stabilized by 
a network of hydrogen bonds to Arg72, Lys17, and Ser18, in addition to hydrophobic interactions 
with Val10, Val11, and Val12 (Fig. 10). This interaction is reinforced by the hydrophobic nature of 
the bonding pocket. The homogeneity of the docking results is in accordance with the common 
structure and electron density of the derivatives. Indeed, the present computational results are in 
agreement with the UV-Vis spectroscopic evidence of high electron density necessary for the 
compaction of the active molecules as defined by the π→π* transitions.      

 
 
 
 
 
 
 
 
 
 
 

Fig.10. Molecular docking of the (Gentamicin) with protein (PDB: 1KMZ ) in  3D and 2D. 
 

 



 
 

 
 
 
 
 
 
 
 
 
 

 
Fig.11. Molecular docking of synthesized Schiff bases (A1-A3) the with the Trp 108 (3D and 2D) 

 
Correlation Analysis between Molecular Docking Scores and Biological Activity. The 

results of this study clearly show the correlation between the biological activity of prepared Schiff 
bases and molecular docking data and thermodynamic parameters. Despite the determined free energy 
values (ΔG+) showing that the ionization process is not spontaneous in the solution, the resulting 
compounds showed potent inhibition against the studied bacterial strains, especially compound A1, 
which had the highest inhibition rates. The difference is ascribed to the fact that biological activity 
does not directly depend on thermodynamic stability in solution but is more closely linked to the 
compound's ability to interact with the biomolecule. The analytical results of molecular docking 
confirmed the conclusion that the compounds possessed the best binding energy and the most 
compatibility with the active site of the protein, owing to their suppression activity. Meanwhile, the 
endothermic (ΔH>0) conditionality of the reaction and decrease in entropy (ΔS<0) at reaction 
temperatures lead to an increase in stability of the system due to increased ordering of the reaction 
structure of the complexes, reflecting, for example, a stable complex of ligand and protein formed for 
this binding process. Compound A1 is also much improved due to the hydroxyl group at an ortho 
position that enables the formation of intramolecular hydrogen bonds and stabilizes and enhances the 
spatial structure of the chemical group and lipophilicity to allow them to penetrate the bacterial cell 
wall and interact to activate the active site. In contrast, the meta-isomer A2 exhibits a weak 
electroeffect and a lack of resonance contribution, with an inactivation effect lower, whereas the para-
isomer A3 has a positive resonance effect, resulting in moderate biological activity. Hence, it is 
mainly determined by the molecular interaction with biological target structure and spatial and 
electronic parameters and not mainly their solution thermodynamic value; thus, they conclude that 
the biological activity of the Schiff bases studied cannot be defined by the properties of the substrate 
itself. This emphasizes the significance of intermingling experimental and computational studies in 
order to achieve clear explanations of the actions of these compounds. 

 
Conclusion 

 
The results showed that the ionization constants increased with temperature, indicating 

enhanced acidity, while thermodynamic analysis confirmed an endothermic and non-spontaneous 
ionization process with decreased entropy. Biological evaluation revealed that compound A1 
exhibited the highest antibacterial activity against both Staphylococcus aureus , Streptomyces 
lavendulae, and Escherichia coli, whereas docking results indicated strong binding interaction for all 
compounds. Overall, the results show that the produced Schiff bases possess promising physical, 
chemical, and biological properties, suggesting their potential use in further pharmaceutical research. 
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