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 Abstract: The solubility and partition coefficient are essential physicochemical 
parameters in developing a pharmaceutical dosage form of medicine. In addition, these 
parameters help to predict the absorption of an active compound in oral or topical dosage 
forms. Salicylamide, an active ingredient available in oral and topical dosage forms, is a 
weak acid (pKa 8.2) and is sparingly soluble in water. Meanwhile, its solubility and 
partition coefficients are influenced by the pH of the environment. The Henderson-
Hasselbalch equation is used to predict solubility-pH and partition-pH profiles at various 
pH solutions. This study aims to determine salicylamide's solubility and partition 
coefficient in various pH (2–11). Both tests were carried out in various pH buffer solutions 
(at a concentration of 0.02 M and 0.2 ionic strength) in a water bath shaker at a 
temperature of 37 ± 0.5 °C. In addition, the salicylamide content was determined using 
the UV spectrophotometer method at the maximum wavelength at each pH. The results 
showed that the solubility increased at pH 2–10, while the partition coefficient value 
decreased. On the other hand, at pH 11, there was an increase in the number of ionized 
species, but the solubility decreased. 

Keywords: salicylamide; solubility; partition coefficient; Henderson-Hasselbalch; 
medicine 

 
■ INTRODUCTION 

Salicylamide is an amide obtained from the 
modification of the salicylic acid carboxyl group by 
substituting amine compounds. This modification is 
aimed at minimizing side effects. Furthermore, modifying 
the molecular structure of compounds with known 
biological activity is one of the strategies in drug 
development that aims to obtain new compounds with 
higher activity, lower half-life, higher levels of comfort, 
lower toxicity or side effects, and higher selectivity and 
stability [1-2]. 

Salicylamide is a weakly acidic compound (pKa 8.2) 
obtained from salicylate derivatives but not hydrolyzed to 
salicylates. The salicylamide molecular structure can be 
seen in Fig. 1. It has an analgesic and antipyretic effect 
similar to salicylic acetyl acid but the effects are weaker 
compared to salicylic acid. Salicylamide undergoes first-
pass metabolism in the intestinal mucosa to avoid causing 
inflammation and bleeding in the stomach [3-4]. 
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Fig 1. Molecular structure of salicylamide 

Salicylamide is safely used orally and topically, 
alone or in combination with other medicinal 
ingredients. When used orally, it transmits various 
enteral channels, starting from the oral cavity, 
esophagus, stomach, duodenum, jejunum, ileum, colon, 
and rectum. Different parts of the gastrointestinal tracts 
each have a specific acidity (pH), i.e., the oral cavity has 
a pH of about 7, the esophagus between 5–6, and the 
stomach around 2–6 during fasting and between 1.5–2 
with food. The lower gastrointestinal tract has pH values 
approaching neutral or base with the duodenum ranging 
between 6–6.5, the ileal around 7, the colon between 5.5–
7, while the rectum has a pH value of around 7. In 
regards to topical use, the skin has a pH of 4–6. 
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Therefore, environmental acidity (pH) affects the 
solubility and coefficient of a drug partition [5]. 

The solubility and partition coefficient data of a 
drug compound are useful for pharmaceutical 
preparations [1,6-7]. Solubility is the amount of solute of 
a compound in a saturated state at a specific temperature. 
In contrast, the partition coefficient states the lipophilicity 
of a compound at a specific temperature and is expressed 
as log P. A compound must be dissolved and absorbed 
across the biological membrane to have a 
pharmacological effect [5,8-9]. 

The solubility of a compound is determined from 
the compound concentration in equilibrium with the 
solid phase. The partition coefficient value is measured by 
determining the equilibrium concentration of the drug 
compound in the water and oil phases and is formulated 
in Eq. (1). 

[C oil]P
[C water]

=  (1) 

where P is the partition coefficient, [C oil] is the 
concentration of the drug compound in the oil phase, and 
[C water] is the concentration of the drug compound in 
the water phase. A drug compound with a high partition 
coefficient value will be more soluble in the oil phase, 
while a drug compound with a low partition coefficient 
value will be more soluble in water. The lipophilicity of a 
compound will affect the absorption of the compound 
through the lipid bilayer of the cellular membrane [5,9]. 

For weakly acidic or alkaline compounds, their 
solubility and partition coefficients are influenced by 
environmental pH [10-11]. Therefore, based on the pKa 
value of the compound and the pH of the medium, the 
solubility of a weak acid or base compound can be 
predicted using the Henderson-Hasselbalch equation. 
The Henderson-Hasselbalch's equation for weak acid 
compounds is as follows: 

0
a

0

S S
pH pK log

S
 −

− =  
 

 (2) 

Moreover, for weak base compounds is as follows: 

0
a

0

S
pH pK log

S S
 

− =  
− 

 (3) 

where S0 is the total saturation solubility of the compound 
(ionized and unionized forms), and S is its solubility in its 

unionized form. From this formula, the percentage of 
the ionized and unionized forms of a compound can be 
predicted. The ionized form is related to the ability to 
interact with water molecules, so that the greater the 
number of ionized molecules, the more soluble it is in 
water. From Eq. (2) and (3), it is known that a weakly 
acidic compound will dissolve easily in alkaline pH, 
whereas a weakly alkaline compound will dissolve more 
easily in acidic pH [5,8]. 

Drug bioavailability is influenced by solubility and 
membrane permeability. High solubility results in a 
higher diffuse drug concentration gradient [5,8,13], 
hence accelerating the matrix's dissolution or drug 
release process. Furthermore, the acidity (pH) of the 
environment also affects the penetration of drugs 
through the biological membrane, especially for weak 
acidic and alkaline drugs. A previous study reported that 
only the unionized drug fraction transits the biological 
membrane [5,9]. On the other hand, compounds with 
log partition coefficient (log P) values close to biological 
membranes tend to penetrate easily [14-16]. 

The log P value required for injection, oral, and 
transdermal preparations is ≤ 0, 0–3, and 1–3, 
respectively [5]. Identifying the drug partition 
coefficient is essential to predict the concentration of the 
compound that enters the body and causes 
pharmacological effects. Furthermore, drug absorption 
in each organ differs, influenced by the log P-value [17]. 
For example, optimal absorption in the colon requires a 
log P value of 1.32, 1.35 in the intestine, 2.6 for 
percutaneous absorption, and sublingual require a log P-
value of 1.6 to 3.3. Furthermore, the absorption of orally 
administered drugs is potentially optimized when the 
log P value is close to 1.8. Meanwhile, a value of around 
2 ± 0.7 is needed to penetrate the central nervous system. 
Higher log P values (4–7) tend to cause toxic effects as 
the drug compounds are stored in fat, which requires a 
longer time to be excreted from the body [5]. 

Several researchers have examined the solubility 
and partition coefficient of salicylamide. Blake et al. [18] 
examined the correlation of salicylamide solubility in 
various organic solvents with Abraham's parameter. 
Laube et al. [19] compared the partition coefficient of 
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salicylamide at 2 different temperatures (293.15 and 
323.15 °K) and 2 different pH values (pH 5.2 and 10.3) in 
various solvent systems. The results show that the 
partition coefficient value of salicylamide in n-
octanol/buffer is highly dependent on the temperature 
and pH of the environment. Mornar and Jasprica [20] 
determined the correlation of the log P value of 
salicylamide in various n-octanol/phosphate buffer levels 
at pH 7.4 with nine computer programs. The results 
showed that only one program was close to the actual 
conditions, namely the CSlogP program. Other programs 
showed an error of up to 25%. The experimental results of 
the partition coefficient value of salicylamide in various 
levels of n-octanol/phosphate buffer (1:20; 1: 30; 1:70: 
1:80) at pH 7.4 and temperature of 25 °C showed an 
average partition coefficient value (log P) of 1.38 ± 0.19. 

The novelty in this research is the availability of data 
of salicylamide regarding solubility-pH and partition-pH, 
which other researchers have not studied. Therefore, this 
study aims to determine the solubility and partition 
coefficient of salicylamide in the pH range of 2–11 
associated with the prediction of the Henderson-
Hasselbalch equation. The research was conducted 
experimentally by adjusting the buffer concentration of 
0.02 M and ionic strength of 0.2, where these two factors 
can affect the observed parameters [11]. The advantage of 
testing in experimental conditions is that the results 
obtained are following the actual conditions [19-20]. 

■ EXPERIMENTAL SECTION 

Materials 

This study was conducted using pharmaceutical 
grade salicylamide (from PT Riasima Abadi Farma batch 
XSLS2013P), distilled water, and pro analysis ingredients, 
including n-octanol, KCl, HCl, citric acid, sodium citrate, 
NaH2PO4·2H2O, Na2HPO4·7H2O, Na2B4O7·10H2O, and 
NaOH. 

Instrumentation 

The instruments used in this study were ultraviolet-
visible spectrophotometer (UV-Vis Cary 50 Conc), pH 
meter (GmbH Lab 850), water bath shaker (Memmertz), 
a set of laboratory glassware such as test tubes, volume 

pipettes, volumetric flasks, glass beakers, glass funnel, 
and stirrer. 

Procedure 

Determination of the maximum wavelength and 
standard curve equations of salicylamide at various 
pH 

The maximum wavelength of the salicylamide 
solution was determined using the UV 
spectrophotometry method in a working-standard 
solution of 10.0 and 20.0 µg/mL and different pH (2.0 to 
11.0) and measured with a pH meter. The maximum 
wavelength scanning was carried out between 200– 
400 nm, and the peak was determined from the highest 
absorbance value obtained at each pH. Furthermore, the 
standard curves of the solutions were determined at the 
level of 10.0; 16.0; 20.0; 30.0; and 40.0 µg/mL. The 
concentration of salicylamide solution was determined 
at the maximum wavelength of each pH, and a standard 
curve regression equation was made together with the 
correlation coefficient (rcount). 

Determination of the solubility of salicylamide in 
various pH buffer solutions 0.02 M with ionic 
strength of 0.2 at 37 ± 0.5 °C 

An excess amount of salicylamide was placed into 
a vial containing 5 mL of a buffer solution of 0.02 M with 
an ionic strength of 0.2. After that, the container was 
placed into a water bath shaker at 37 ± 0.5 °C and shaken 
at the speed of 150 times/min until a saturated solubility 
was formed. Afterward, the mixture was observed for  
10 min. After that, 2 mL of the sample was taken with an 
injection syringe while the solution was filtered with  
0.45 µm Whatman filter paper. The extracted filtrate was 
diluted using a buffer solution according to the 
respective pH, and the salicylamide levels were 
determined using a UV spectrophotometer at maximum 
wavelength. Meanwhile, for each pH, the solubility test 
was replicated 3 times. 

Determination of the partition coefficient of 
salicylamide in various pH buffer solutions 0.02 M 
with ionic strength of 0.2 at 37 ± 0.5 °C 

The saturated n-octanol buffer solution containing 
200 µg/mL salicylamide and the n-octanol saturated 
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buffer in equal proportions was mixed in a 5 mL vial 
container. The container was placed into a water bath 
shaker at 37 ± 0.5 °C and shaken at 150 times/min until 
equilibrium was attained between the salicylamide 
concentration in the water and the oil phase. After that, 
the aqueous phase of the solution was separated from the 
n-octanol oil phase. The salicylamide content in the buffer 
solution was determined by the UV spectrophotometer 
method at the maximum wavelength of each pH (2.0 to 
10.0). Meanwhile, the partition coefficient test was 
replicated 3 times for each pH. 

The mean solubility and the log value of the 
partition coefficient of salicylamide from three 
measurements at each pH were analyzed by one-way 
ANOVA statistic (α 0.05) followed by the Post-Hoc Least 
Significant Difference (LSD) test. 

■ RESULTS AND DISCUSSION 

The Maximum Wavelength and Standard Curve 
Equations of Salicylamide at Various pH 

Determining the effect of pH on salicylamide 
solubility and partition coefficient began with 
determining the maximum wavelength and preparing a 
regression equation from the standard curve. The results 
obtained are presented in Table 1. 

The maximum wavelength of the salicylamide 
solution from acidic to alkaline pH exhibits a shift to a 
longer wavelength. This shift is influenced by the presence 
of a chromophore group conjugated to a double bond. At 
alkaline pH, salicylamide undergoes ionization and 

produces a conjugated chromophore. Therefore, the 
energy required to transition from the inner electronic 
energy level to the external decreases, and the maximum 
wavelength becomes longer [21]. 

The standard curve regression equation (Table 1) 
was used to determine the salicylamide content in the 
water phase, solubility, and partition coefficient in the 
0.02 M buffer solution with pH ranging from 2.0 to 11.0. 
Based on the partition coefficient value (rcount) obtained 
and Vx0 value of less than 5%, there was a linear 
relationship between salicylamide concentrations at 
each pH in the range of 10–40 µg/mL and absorbance. 

The Solubility of Salicylamide in Various pH Buffer 
Solutions 

The solubility of salicylamide in various pH 
solutions was feasibly determined until the equilibrium 
between the solid and liquid phases was reached, after 7 
h of shaking in a water bath at 37 ± 0.5 °C, without 
increasing the concentration. Furthermore, the 
solubility test results are shown in Fig. 2. 

Based on the Bronsted-Lowry concept proposed in 
1923, acidic compounds give protons or H+, while basic 
compounds accept protons or H+ [22]. Salicylamide is a 
weak acidic compound with a pKa value of 8.2. 
Structurally, salicylamide has an –OH group capable of 
releasing protons or H+. Hence, it is classified as an 
acidic compound. Furthermore, in the aqueous solution, 
salicylamide undergoes dissociation depending on the 
pH value of the environment. The percentage of ionized  

Table 1. The maximum wavelength and standard curve regression equation of salicylamide solution in various pH  

Buffer solution 
Salicylamide solution 

in a pH buffer 
λmax 

(nm) 
Regression equation rcount Vx0 

KCl  2.0 298 Y = 0.025 X + 0.021 0.9987 0.17% 
citrate 3.0 299 Y = 0.026 X + 0.011 0.9994 0.10% 
citrate 4.0 299 Y = 0.025 X + 0.014 0.9996 0.12% 
citrate 5.0 299 Y = 0.026 X + 0.006 0.9996 0.06% 
citrate 6.0 299 Y = 0.025 X + 0.016 0.9992 0.14% 
phosphate 7.0 300 Y = 0.025 X + 0.018 0.9991 0.15% 
phosphate 8.0 305 Y = 0.022 X + 0.024 0.9985 0.21% 
boric 9.0 310 Y = 0.024 X + 0.017 0.9994 0.15% 
boric 10.0 327 Y = 0.035 X + 0.025 0.9997 0.22% 
phosphate 11.0 327 Y = 0.044 X + 0.015 0.9997 0.13% 
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Fig 2. Solubility-pH profile of salicylamide in various pH 
buffer solutions at a temperature of 37 ± 0.5 °C (n = 3) 

Table 2. The percentage of ionized and unionized 
salicylamide molecules in various pH buffer solutions based 
on the calculation of the Henderson-Hasselbalch equation 

pH 
Percentage of 

ionized molecules 
Percentage of unionized 

molecules 
2.0 0.01 99.99 
3.0 0.01 99.99 
4.0 0.01 99.99 
5.0 0.06 99.94 
6.0 0.63 99.37 
7.0 5.94 94.06 
8.0 38.69 61.31 
9.0 86.32 13.68 

10.0 98.44 1.56 
11.0 99.84 0.16 

and unionized forms of salicylamide molecules in the 
various pH buffer solutions calculated using the 
Henderson-Hasselbalch equation is presented in Table 2. 

Based on the Henderson-Hasselbalch equation's 
calculation at a pH value equal to pKa, a drug compound 
has the same percentage of the ionized and unionized 
forms. For a weak acid, when the pH of the solution is 2 
units below the pKa, 0.01% of the compound is in the 
ionized form. Whereas, when the pH is 2 units above the 
pKa, 99.99% is in the ionized form [8]. 

The theoretical calculation of the ionized and 
unionized forms of salicylamides molecules using the  
 

Henderson-Hasselbalch equation at a pH one unit below 
the pKa and a pH below or at 7.0 to 2.0, showed that the 
percentage of the unionized form of salicylamide was 
more significant than the ionized form. Conversely, at a 
pH one unit above the pKa and a pH above or at 9.0 to 
11.0, it showed that the percentage of the ionized form 
was more significant than the unionized form. 
Furthermore, the ionized salicylamide easily interacted 
with the water medium, increasing solubility with the 
increasing ionization. The ionized form easily dissolves 
in the aqueous phase because water is a polar compound. 
The positive ion (cation) attracts the partial negative end 
of the water molecule, while the negative ion (anion) 
attracts the positive end of the water molecule [23]. At 
pH 11.0, where the ionic percentage was 99.84%, the 
salicylamide solubility decreased due to the amide group 
in its structure. Compounds with an amide group are 
generally susceptible to hydrolysis catalyzed by specific 
bases (–OH). Moreover, at pH 11.0, salicylamide 
potentially underwent hydrolysis with a specific base 
catalyst, thereby decreasing its levels [24]. 

Based on the one-way ANOVA statistical test at α 
= 0.05, the significance value was 0.000. The statistical 
test was continued with the Post-Hoc LSD test, which 
indicated that the solubility of salicylamide at various pH 
values was significantly different except at pH 4.0 and 
5.0. The increase in solubility as the pH approached 10.0 
is related to the dissociation of salicylamide at each pH 
of the solution to form ionized and unionized molecules. 

The Partition Coefficient of Salicylamide in 
Various pH Buffer Solutions 

The partition coefficient was determined using 
water phases of the buffer solution at different pH and 
n-octanol as the oil phase. The latter is used for several 
reasons, including the presence of a long non-polar 
hydrocarbon chain and a polar hydroxyl group. 
Therefore, it is closer to the lipid bilayer biological 
membrane. In addition, n-octanol is inert and less toxic. 
Besides that, n-octanol provides no significant 
absorption at ultraviolet wavelengths [5,13]. The 
partition coefficient log value obtained in the pH of the 
buffer solution is shown in Fig. 3. 
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Fig 3. Partition-pH profile salicylamide in various pH 
buffer solutions at temperature of 37 ± 0.5 °C (n = 3) 

The partition coefficient value at each pH is 
influenced by the number of ionized and unionized 
molecular forms. At pH 2.0–6.0, the amount of 
salicylamide in the unionized form was almost the same. 
Hence, solubility in the water and oil phases was almost 
the same. Also, the log value of the partition coefficient at 
pH 2.0 to 6.0 had no significant difference. At pH 7.0, the 
number of unionized molecules dropped to 94.06%, 
whereas at 8.0, when the pH value of the solution 
approached the pKa value of salicylamide, the unionized 
molecules were nearly equal to the amount of the ionized 
molecules. Furthermore, as the pH of the solution became 
more alkaline at pH 9 and 10, the number of unionized 
forms decreased to 13.68% and 1.56%, respectively. When 
the number of unionized molecules decreases compared 
to the ionized molecules, the salicylamide compound 
ionizes completely (at 2 units above the pKa value, i.e., pH 
10.0), the partition coefficient gradually reduces due to 
the decreased solubility in the oil phase. 

Statistical analysis was carried out using the one-way 
ANOVA with α = 0.05, giving a significance value of 
0.000. A further test was done with the Post-Hoc Least 
Significant Difference (LSD) test and indicated the 
partition coefficient value in pH ranging from 2.0 to 6.0 
had no significant difference. Meanwhile, at pH 7.0–10.0, 
significant differences were recorded in log P values of the 
partition coefficient. 

The experimental results of the solubility and 
partition coefficient of salicylamide in buffer solutions 
of pH 2–10 correlated with the Henderson-Hasselbalch 
equation. Salicylamide is a weak acid compound with a 
pKa value of 8.2 that showed increased solubility at pH 
of above 8, while the partition coefficient (log P value) 
decreased due to the dominant ionic form of 
salicylamide under these conditions. The results of this 
study are in line with the findings of Laube et al. [19], 
who examined the salicylamide partition coefficient at 
pH 5.2 and 10.3. It was reported that increasing pH 
causes a decrease in the value of the partition coefficient. 
The decrease can be explained by observing the amount 
of ionized salicylamide at pH 10.3, which was higher than 
at pH 5.2. Thus, the increasing ionic form causes the 
solubility of salicylamide in water to increase. In 
contrast, it causes a decrease in the value of the partition 
coefficient. As a result, the partition coefficient value at 
pH 10.3 was less than 1, indicating that more 
compounds were in the water phase. 

When salicylamide compounds are taken orally, it 
transits the digestive tract in a pH range of around 1 to 
6. Meanwhile, when used topically, it is localized in the 
skin with pH ranging from around 4–6 [8,17]. Based on 
the results, salicylamide compounds at pH 6 have a 
4721.33 ± 63.45 µg/mL solubility and a log P value of 
1.04 ± 0.02. Salicylamide dissolved in the ionized and 
unionized forms in sufficient quantities at the 
absorption site is the driving force for absorption across 
the biological membrane by passive diffusion. The 
unionized form is the molecular form that can penetrate 
the membrane. At pH 6, salicylamide will be in the 
molecular form of about 99.37%. In the process of the 
absorption of drug compounds through biological 
membranes and the solubility of drug compounds, the 
value of the partition coefficient is also affected. The 
mucosa in the body is lipophilic, having a log partition 
coefficient value of about ± 2. Therefore, salicylamide 
with a partition coefficient value close to the log 
partition coefficient value at the absorption site will 
absorb well. Therefore, it is estimated that at this pH, 
salicylamide compounds are sufficiently absorbed in the 
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gastrointestinal tract when used orally or penetrate the 
skin membrane when used topically. 

■ CONCLUSION 

Salicylamide is a weak acid compound with a pKa 
value of 8.2, so its solubility is affected by the pH of the 
environment. Based on predictions using the Henderson-
Hasselbalch equation, at 2 pH units above the pKa value 
of salicylamide, more than 98% of salicylamide is in the 
ionized form, and the percentage of ionized salicylamide 
increases. The ionized form correlates with the ease of 
solubility in water. On the other hand, as the percentage 
of ionized salicylamide increases, the solubility of 
salicylamide in the oil phase decreases. Research shows 
that increasing the pH from pH 2 to pH 10 increases the 
solubility of salicylamide in water, but at pH 11, its 
solubility decreases. On the other hand, an increase in pH 
will decrease the log value of the partition coefficient. 
From this research, data on the solubility-pH and 
partition-pH profiles of salicylamide were obtained, 
which will be helpful in the development of salicylamide 
preparations and in predicting their bioavailability. 
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