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Clindamycin is used in the treatment of bacterial in-
fections. The protonation constant of this drug was de-
termined in mixed solvents of water and methanol as 
well as water and ethanol in the volume range 0–50 
(% v/v) at 298.15 K and 0.1 M NaClO4 as the inert 
electrolyte. The results show that in both mixed sol-
vents, pKa decreases when the volume fraction of  
alcohols increases. We considered the effect of the sol-
vent on equilibrium constants using the electrostatic 
model of Born and the linear solvation energy rela-
tionship model developed by Kamlet and Taft. The re-
sults indicate that both hydrogen-bonding interactions 
and electrostatic interactions give rise to the observed 
changes. Using the derived equations, it is possible to 
determine pKa of clindamycin in the desired composi-
tion throughout the studied range. 
 
Keywords: Antibiotic drugs, ethanol, methanol, proto-
nation constant, solvent effect. 
 
CLINDAMYCIN is used as an antibiotic drug to treat several 
bacterial infections1. It is used in the treatment of acne 
and malaria in addition to quinine. The drug can be taken 
orally, or as an injection or applied as a cream on the 
skin2. The common side effects of clindamycin are nau-
sea, diarrhoea, rash and pain at the site of injection3. This 
drug can be used instead of penicillin for the treatment of 
dental abscesses4. It is also effective in the treatment of 
various skin and soft tissue infection because the drug is 
active against streptococci, anaerobes and Staphylococcus 
aureus1.  
 It is well known that solvents can considerably affect 
on the physico-chemical properties of a solute during a 
chemical process5–8. Therefore, chemists show interest in 
the study of interactions between solutes and solvents, as 
well as between solvents molecules. The solvent effects 
depend on the nature as well as extent of solute–solvent 
interactions occurring in the solvation shell of the  
solutes9. In recent years, many studies have been done in 
mixed solvents to examine the effect of solvent–solvent 

interactions on the solvation process of solutes. The re-
sults of these studies are important in physical chemistry 
and relevant subjects. Also, this is an important topic to 
study because the medium can influence the kinetics and 
thermodynamic properties of most reactions10. Further-
more, in mixed solvents, interactions between the solute 
and solvent molecules, as well as between solvent mole-
cules, are more complex than those of the pure solvent 
because of preferential solvation11. These interactions can 
result in new mixed solvent units in the solvation shell. 
The properties and structures of these new mixed solvent 
units can be distinct and different from those in the pure 
solvent. In this case, the solute molecules can usually  
interact at different degrees, with each molecule of the 
solvent. It is important to note that the combination of 
solvation layers, around solute molecules (local composi-
tion), varies from that of the bulk combination of mixed 
solvents. Preferential solvation is a special feature that 
appears in a mixture of solvents12,13. 
 In the process to determine the physico-chemical prop-
erties for a drug, the first step is to dissolve it in a  
solvent. So, information about the solubility of a drug, in 
a solvent is important, especially at different tempera-
tures and ionic strengths. These data can provide a ther-
modynamic description (including enthalpy and entropy 
changes of the dissolution process) of the system. Most 
drugs have agents or groups with acidic or basic property. 
Depending on the pH value of the solution and protona-
tion constant of the drug, various chemical species may 
be formed in the solution. These species can have catio-
nic, anionic or neutral structures, and usually differ with 
regard to their solubility, UV absorption, etc. It is clear 
that the ionized species have more solubility in water, 
while the neutral form is more lipophilic14,15. Following 
from previous works16,17, in the present study, the proto-
nation constant of clindamycin has been determined in 
different aqueous solutions of methanol and ethanol at 
298.15 K temperature and atmospheric pressure. 
 Methanol, ethanol and clindamycin were procured 
from Sigma-Aldrich Company, USA. All other reagents 
were purchased from Merck. Stock solutions of NaOH 
and HCl (0.1 M) were prepared from titrisol ampoules. 
NaClO4 was dried in an oven at 180°C under vacuum for 
24 h before use. Double-distilled water was used for dilu-
tion and preparation of mixed solvents (aqueous solvents 
of methanol and ethanol). The purity of all chemical was 
greater than 98%. 
 The potentiometric measurements were done using a 
pH-meter (Metrohm model 781, USA). All potentio-
metric titrations were carried out in an 80 ml double-
walled glass vessel which was thermostated at 298.15 K 
by a circulating water bath.  
 Next, 25 ml of HCl solution (0.01 M) was titrated  
using 0.1 M NaOH solution at 298.15 K for potentiome-
tric calibration of each mixed solvent. The process of  
titration was continued until 2 ml of NaOH solution was 
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Table 1. Calibration parameters, Ea (the specific constant of the potentiometric cell in the acidic region) and k (Nernst’s slope),  
  also, protonation constant of clindamycin (pKa) in aqueous solutions of methanol and ethanol at 25°C and 0.1 M NaClO4 

(alcohol)

(water)

Volume
%

Volume
 

Water + methanol Water + ethanol 

E′a (mV) k (mV) pKa E′a (mV) k (mV) pKa 

0 411.33 59.265 7.89 411.33 59.265 7.89 
10 406.52 59.144 7.66 408.93 59.143 7.62 
20 406.72 59.229 7.46 407.30 58.735 7.47 
30 406.46 59.866 7.15 411.56 58.999 7.23 
40 401.69 58.764 6.87 406.79 59.197 7.06 
50 397.69 58.931 6.75 400.07 59.388 6.95 

 
 
added at intervals of 0.1 ml. In this step, the recorded  
potential of the electrode was used to calculate calibra-
tion parameters using Gran’s method18–20. In the second 
step, 40 mg of clindamycin was dissolved in mixed sol-
vents of water + methanol and water + ethanol to deter-
mine protonation constants of the drug at a given 
temperature. After completing solubilization, the solution 
was titrated using NaOH solution up to pH j 11. All titra-
tions were repeated at least thrice at 298.15 K and con-
stant ionic strength of 0.1 M NaClO4.  
 The potential of the glass electrode, E, for the pH-
meter can be represented according to the Nernst equa-
tion21 as the below 
 
 E = E0 + k log [H+] + k log γH+ + ELJ, (1) 
 
where E0, ELJ, k and γH+ are the standard potential, liquid 
junction potential, Nernst’s slope and the proton activity 
coefficient respectively. At constant ionic strength, the 
values of γH+ and ELJ will be constant. Therefore, eq. (1) 
can be rewritten as follows 
 
 E = E′a – kp[H+], (2) 
 
where E′a is the sum of E0

cell, k logγH+ and ELJ. In the  
calibration step, the values of E′a and k can be easily  
obtained using eq. (2). The graph of E versus p[H+] is a 
linear plot. The slope and y-intercept of this linear plot 
are k and E′a respectively. Table 1 shows the results of the  
calibration step. 
 In the second step to determine the protonation con-
stant, calibration parameters were used for determination 
of hydrogen ion concentration during the titration process.  
 In the pH range used in this study, clindamycin reacts 
as a monoacid. For constant ionic strength, stoichiometric 
deprotonation constant of a monoacid (L– + H+ Ö HL) 
can be expressed as follows 
 

 a
[HL] .

[L ][H ]
K − +=  (3) 

 
With reference to Bjerrum’s method, the fraction of pro-
tons bound to ligand, ,n  is obtained using the following 
equation22 

 H

L

[H ] [HL] ,
[L ] [HL]

C
n

C

+

−
−

= =
+
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where CH and CL show the total concentration of proton 
and clindamycin respectively. Equations (3) and (4) can 
be combined as given below 
 

 
a

a

pH p
a

pH p
a

[H ] 10 .
1 [H ] 1 10

K

K
K

n
K

+ −

+ −= =
+ +

 (5) 

 
On the other hand, during titration, n  can be calculated 
according to the electrical neutrality of the solution as 
follows 
 

 L 4

L

[ClO ] [Na ] [H ] [OH ]
.

C
n

C

− + + −+ − − +
=  (6) 

 
In eq. (6) the concentration of [OH–] is calculated using 
autoprotolysis constant, Kap, of water ([OH–] = Kap/[H+]). 
The values of Kap are available in the literature23,24. Finally, 
protonation constant was determined by fitting experi-
mental data in eqs (5) and (6). In this study, the fitting 
was done with Microsoft Excel Solver using nonlinear 
least-squares method25. For clindamycin dissolved in dif-
ferent aqueous solutions of methanol and ethanol, Table 1 
shows the measured pKa values. In some studies, the pKa 
values for clindamycin in water have been reported as 
7.77 and 7.66 respectively26,27. As it can be seen from 
Table 1, there is a little difference between these values 
and our measured pKa of clindamycin in water  
at 298.15 K temperature. This can be due to the different 
methods of determination and experimental conditions. 
 Table 1 shows that in both mixed solvents, viz. water +  
methanol and water + ethanol, the pKa values decrease 
when the volume fraction of alcohol in the mixed sol-
vents increases. For any reaction, the Gibbs free energy is 
related to non-specific electrostatic interactions and spe-
cific interactions like hydrogen-bonding. The Born model 
can predict electrostatic interactions28,29 and the non-
electrostatic term which includes specific solute–solvent 
interactions. Therefore, a linear relationship can exist  
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between pKa and dielectric constant of the medium ε, as 
given below 
 
 pKa = A + (B/ε), (7) 
 
where A and B are model constants. 
 The values of dielectric constant are available in the  
literature. Using these data, the following equations were 
obtained for mixed solvents of water + methanol and  
water + ethanol respectively30 
 

 a
283.10 27.90p (11.42 0.41) ,K

ε
±⎛ ⎞= ± − ⎜ ⎟

⎝ ⎠
 R2 = 0.96, (8) 

 

 a
145.98 20.44p (9.62 0.32) ,K

ε
±⎛ ⎞= ± − ⎜ ⎟

⎝ ⎠
 R2 = 0.93.  (9) 

 
Equations (8) and (9) show that the pKa value of clinda-
mycin, in mixed solvents of water + methanol and  
water + ethanol, decreases with decrease in the dielectric 
constant of aqueous solutions of methanol and ethanol 
(mixed solvents). 
 To obtain more information on the type and extent of 
interactions, solvent effect was considered by linear sol-
vation energy relationship model developed by Kamlet 
and Taft (KAT)9,31,32. Both non-specific and specific  
solute–solvent interactions are separately considered by 
the KAT equation in a linear solvation energy relation-
ship framework 
 
 pKa = A0 + aα + bβ + pπ*, (10) 
 
where α, β and π* are the solvent hydrogen-bond donor 
(HBD) acidity, hydrogen-bond acceptor (HBA) basicity 
and dipolarity/polarizability respectively. A0, a, b and p 
are values of regression which show the sensitivity of 
protonation constant to each parameter of the solvent.  
 The values of α, β and π* are available in the litera-
ture33. The multiple linear regression can result in the 
best KAJ equation representing the experimental pKa val-
ues for clindamycin in mixed solvents of water + 
methanol and water + ethanol34. The results of multiple 
linear regressions are shown in eqs (11) and (12) below 
for mixed solvents of water + methanol and water + 
ethanol respectively 
 
 pKa

 = (21.79 ± 0.95) ‒ (9.13 ± 0.37)β ‒ (8.84 ± 0.71)π*,  
    R2 = 0.96, (11) 
 
 pKa = (3.98 ± 0.44) + (4.97 ± 0.23)α ‒ (1.78 ± 0.40)π*, 
    R2 = 0.96. (12) 
 
The results show that the pKa values of clindamycin  
increase as dipolarity/polarizability of the solvent  
decreases. Also, the solvent effect is sensitive to specific 

hydrogen bonding interactions. In the water–methanol 
mixed solvent, the pKa value of clindamycin decreases 
with an increase in the hydrogen bonding basicity of the 
solvent. On the other hand, in water–ethanol mixed  
solvent, the pKa value of clindamycin decreases with the  
decrease in hydrogen bonding acidity of the solvent. 
 The protonation constant of clindamycin was deter-
mined in mixed solvents of water + methanol and water + 
ethanol at 298.15 K temperature. The pKa value of clin-
damycin decreases when the volume fraction of alcohols 
(methanol and ethanol) increases in the mixed solvents. 
The protonation constant was correlated with dielectric 
constant and KAT parameters. The electrostatic interac-
tions contribute to variation of the protonation equilibria. 
Also, the KAT model shows that pKa of clindamycin is 
sensitive to the solvent HBD acidity and the HBA basicity 
in the mixed solvents of water + methanol and water + 
ethanol. The derived KAT equations allow us to estimate 
pKa of clindamycin in the desired composition throughout 
the 0–50% v/v range at 298.15 K and 0.1 M NaClO4.  
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Visible–near infrared (VNIR) spectroscopy is a rela-
tively fast and cost-effective analytical technique for 
estimating soil organic carbon (SOC). The present 
study was undertaken for predicting SOC using VNIR 
reflectance spectroscopy employing artificial neural 
network (ANN). Surface soil samples (0–15 cm) were 
collected from 75 georeferenced locations through 
grid sampling approach in a hilly watershed of Hima-
chal Pradesh, India, and analysed for SOC. The ref-
lectance spectra of soil samples was measured using a 
spectroradiometer in the wavelength range of 350–
2500 nm. Various spectral indices were generated  
using the sensitive bands in the visible region. The 
SOC-sensitive spectral indices and reflectance trans-
formations were utilized for predictive modelling of 
SOC using the ANN model. This model could predict 
SOC values with R2 of 0.92 and MSE value of 0.24,  
indicating that this technique can be used to predict 
SOC in a spatial domain when coupled with high-
resolution hyperspectral satellite/airborne data.  
 
Keywords: Artificial neural network model, reflectance 
spectroscopy, soil organic carbon, visible and near infra-
red region. 
 
SOIL organic carbon (SOC) plays a fundamental role in 
determining the physical, chemical and biological proper-
ties of the soil. It is beneficial for maintaining soil prod-
uctivity, water-holding capacity as well as carbon 
sequestration for alleviating the ill-effects of greenhouse 
gases and thus climate change1–3. SOC holds about 4.5 
times the amount of the biotic carbon pool and 3.3 times 
the amount of atmospheric carbon pool4. Thus reliable  
estimation of SOC is vital for understanding the human-
induced effects on the global carbon cycle and associated 
climate change5. Conventional methods for SOC deter-
mination in soil laboratories are costly, time-consuming 
and may be environmentally hazardous6. Thus there is an 
urgent need for the development of fast, accurate and 
non-destructive methods (thus reducing the number of 
soil chemical analyses) for SOC estimation, which will 
help in generating high-resolution soil property maps of 
large areas at modest costs. 
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