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Editorial 

The acid-base dissociation constant (pKa) of a drug is a 
major physicochemical parameter that influences 
biopharmaceutical characteristics of drugs and other 
chemical substances [1]. The pKa distributions of drugs 
are influenced by two main factors namely; (i) the nature 
and frequency of occurrence of the functional groups 
commonly seen in drug molecules and the typical range of 
pKa values involved, (ii).the biological targets the drug 
molecules are designed to interact. Since many of the 
drugs are weak acids and/or bases, knowledge of the pKa 
provides understanding the ionic form of the drug 
molecule across a range of pH values. This is of vital 
importance in physiological systems where ionization 
state affects the pharmacokinetic characteristics 
(absorption, distribution, metabolism and excretion 
(ADME) of drug molecules [2]. Due to the importance of 
this parameter to biological system, a number of 
analytical methods have been investigated to measure or 
estimate the pKa values of pharmaceutical active agents 
(drugs). Such analytical methods include: potentiometric 
[3], UV spectrometric [4], conductometric [5], proton 
magnetic resonance spectroscopic [6], partitioning [7], 
solubility [8], chromatographic [9], voltammetric [10], 
calorimetric [11], electrophoretic [12], fluorometric [13], 
polarimetric [14], kinetic [15] and computational [16] 
methods. In this paper, it was of interest to examine few 
of these methods on the basis of their simplicity, accuracy 
and reproducibility in determining pKa values of 
pharmaceutical active agents. 

 
The potentiometric method is the most common and 

useful technique for accurate and reproducible 

determination of aqueous ionization constant (pKa) of 
drugs or other organic chemical substances. It is not 
applicable for the determination of ionization constant of 
poorly-water soluble drugs because reliable titration 
curves are not obtained. However, the use of cosolvent 
systems [17] and surfactants [18], have made it possible 
to determine the pKa values of such water insoluble drugs. 
The plot of potential versus volume of titrant gives rise to 
a sigmoid curve, where the inflection point indicates the 
potential at equilibrium. With the use of standards with 
known pH, this potential can be linearly converted into a 
pH, equaling pKa. Alternatively, the pKa can be evaluated 
using Henderson-Hasselbalch equation. 

 
In ultraviolet spectroscopic method, the presence of a 

chromophore close to the ionization site in the drug 
molecule is required in order that the spectra of the 
dissociated and the non-dissociated form can differ. It is 
one of the methods suitable for poorly aqueous soluble 
drugs. Any wavelength can be used for the determination 
of pKa, except at the isosbestic point at which wavelength 
of both forms have the same molar absorptivity. An 
improved spectroscopic method involves absorption 
measurement at two different wavelengths as a function 
of pH and plotting the ratio in absorption at those two 
wavelengths against the pH. A sigmoid curve is obtained 
and the pKa can be determined from the inflection point 
as normal. One of the wavelengths has to be assigned to 
the chromophore and the other wavelength should be 
invariant under change of pH. 

 
The proton magnetic resonance (H-NMR) is useful for 

drugs whose UV spectra do not change upon ionization; 
however, the drug has to be water soluble. The method 
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requires one proton to show a significant chemical shift (δ) 
when going from the unionized to ionized species. Since 
the equilibrium is pH dependent, the chemical shift will 
also change with the pH level. For this situation, the pKa 
can be obtained using the equation below. 

pKa = pH + log [(δA - δobs)/(δA - δHA)] 
 
In the partitioning method, measurement of the 

partition coefficient between water and immiscible 
organic solvent at various pH values of the aqueous phase 
is carried out. 

 
The equation relating partition coefficient and 

hydrogen ion concentration (pH) is usually employed for 
pKa calculation. 

 
The solubility method requires maintaining a constant 

pH during the solubilization process to avoid 
underestimation of saturation solubility at a known pH 
value. A derivation of the Henderson-Hasselbalch 
equation allows the determination of the pKa from 
solubility data, in chromatographic method, poorly-water 
soluble and impure drug samples can be accurately 
analyzed and the method also requires small quantities of 
drug samples. The chromatographic method could be 
paper chromatography (requires impregnation of the 
paper with aqueous solutions with known pH values), 
thin layer chromatography (requires impregnating the 
plates with mineral oil), gas chromatography (limited 
method because drugs are in the vapor phase rather than 
aqueous solution) and high performance liquid 
chromatography (ion-exchange or reverse phase type). 
Plotting capacity factor (k) versus pH gives a sigmoid 
curve with the inflection point of degree of dissociation (α) 
= 0.5 at pH = pKa. 

 
The polarimetric method depends on the difference in 

optical rotation between the ionized and non-ionized 
forms of an analyte. Determination of pKa involves the 
measurement of the optical rotation of plane polarized 
light by the sample solution as a function of pH. The 
optical rotation of the sample is taken as the sum of the 
optical rotation of the ionic fractions derived from the 
analyte. The pKa value may be determined by plotting the 
optical rotation against the pH. Although, the method is a 
reasonably sensitive, one of the limitations is that only 
optically active analytes can be analyzed. 

 
In calorimetric method, isothermal titration is used to 

measure pKa values. The technique requires a regular 
acid-base titration to be carried out inside the calorimeter 
while the energy needed to keep the temperature 
constant is measured. The pKa is obtained indirectly from 

a measured enthalpy change ΔH or directly from the 
inflection point of a sigmoid curve when the minima or 
maxima is plotted against pH. 

 
In conclusion, it has been found that a variety of 

analytical methods are available for the determination of 
pKa values of pharmaceutical active agents. Potentiometry 
and ultraviolet–visible spectrometry appear to be the 
most used because of their accuracy and reproducibility. 
However, separation techniques such as thin layer 
chromatography, high performance liquid 
chromatography and capillary electrophoresis, currently 
are strongly recommended for pKa evaluation because 
none requires pure samples for measurements. Finally, 
despite all the analytical methods available for pKa 
determination, the analytical method of choice might 
depend mostly on the physicochemical properties of the 
analyte, method of analysis available to the analyst, 
duration of analysis and the cost-effectiveness. 
 

References 

1. Babič S, Horvat AJM, Pavlović DM, Kaštelan-Macan M 
(2007) Determination of pKa values of active 
pharmaceutical ingredients. Trends Anal Chem 
26(11): 1043-1061. 

2. Wan H, Ulander J (2006) High-throughput pK(a) 
screening and prediction amenable for ADME 
profiling. Expert Opin Drug Metab Toxicol 2(1): 139-
55. 

3. Benet LZ, Goyan JE (1967) Potentiometric 
determination of dissociation constants. J Pharm Sci 
56(6): 665-680. 

4. Wigler PW, Wilson LE (1966) Spectrophotometric 
determination of the acid dissociation constants of 3-
hydroxypyridine. Anal Biochem 15(3): 421-425. 

5. Kroflič A, Apelblat A, Bešter-Rogač M (2012) 
Dissociation constants of parabens and limiting 
conductance’s of their ions in water. J Phys Chem B 
116(4): 1385-1392. 

6. Rabenstein DL, Sayer TL (1976) Determination of 
microscopic acid dissociation constants by nuclear 
magnetic resonance spectroscopy. Anal Chem 48(8): 
1141-1146. 

7. Hasegawa J, Fujita T, Hayashi Y, Iwamoto K, 
Watanaba J (1984) pKa determination of verapamil 
by liquid-liquid partition. J Pharm Sci 73(4): 442-445. 

https://www.sciencedirect.com/science/article/abs/pii/S0165993607001884
https://www.sciencedirect.com/science/article/abs/pii/S0165993607001884
https://www.sciencedirect.com/science/article/abs/pii/S0165993607001884
https://www.sciencedirect.com/science/article/abs/pii/S0165993607001884
https://www.ncbi.nlm.nih.gov/pubmed/16863474
https://www.ncbi.nlm.nih.gov/pubmed/16863474
https://www.ncbi.nlm.nih.gov/pubmed/16863474
https://www.ncbi.nlm.nih.gov/pubmed/16863474
https://www.sciencedirect.com/science/article/pii/S0022354915358329
https://www.sciencedirect.com/science/article/pii/S0022354915358329
https://www.sciencedirect.com/science/article/pii/S0022354915358329
https://www.sciencedirect.com/science/article/pii/0003269766901023
https://www.sciencedirect.com/science/article/pii/0003269766901023
https://www.sciencedirect.com/science/article/pii/0003269766901023
https://www.ncbi.nlm.nih.gov/pubmed/22220814
https://www.ncbi.nlm.nih.gov/pubmed/22220814
https://www.ncbi.nlm.nih.gov/pubmed/22220814
https://www.ncbi.nlm.nih.gov/pubmed/22220814
https://pubs.acs.org/doi/abs/10.1021/ac50002a019
https://pubs.acs.org/doi/abs/10.1021/ac50002a019
https://pubs.acs.org/doi/abs/10.1021/ac50002a019
https://pubs.acs.org/doi/abs/10.1021/ac50002a019
https://www.sciencedirect.com/science/article/pii/S0022354915460836
https://www.sciencedirect.com/science/article/pii/S0022354915460836
https://www.sciencedirect.com/science/article/pii/S0022354915460836


Medicinal & Analytical Chemistry International Journal  
 

 

Mbah CJ. pKa Determination of Pharmaceutical Active Agents: The Analytical 
Method of Choice. Med & Analy Chem Int J 2018, 2(4): 000127. 

            Copyright© Mbah CJ. 

 

3 

8. Zimmerman I (1982) Determination of pKa values 
from solubility data. Int J Pharm 13(1): 57-65. 

9. Horváth C, Melander W, Molnár I (1977) Liquid 
chromatography of ionogenic substances with 
nonpolar stationary phases (Solvophobic Theory of 
Reversed Phase Chromatography, Part II). Anal Chem 
49(1): 142-154. 

10. Kim H-s, Chung TD, Kim H (2001) Voltammetric 
determination of the pKa of various acids in polar 
aprotic solvents using 1,4-benzoquinone. J 
Electroanalytical Chem 498(1-2): 209-215. 

11. Tajc SG, Tolbert BS, Basavappa R, Miller BL (2004) 
Direct determination of thiol pKa by isothermal 
titration microcalorimetry. J Am Chem Soc 126(34): 
10508-10509. 

12. Fuguet E, Ràfols C, Bosch E, Roses M (2009) Fast high-
throughput method for the determination of acidity 
constants by capillary electrophoresis. J Chromatogr 
A 1216(17): 3646-3651. 

13. Rosenberg LS, Simons J, Schulman SG (1979) 
Determination of pKa values of N-heterocyclic bases 

by fluorescence spectrophotometry. Talanta 26(9): 
867-871. 

14. Katzin LI, Gulyas E (1960) Dissociation constants of 
tartaric acid with the aid of polarimetry. J Phys Chem 
64(11): 1739-1741. 

15. Bunnett JF, Nudelman NS (1969) ndependent, Kinetic 
Method for Determining Acid Dissociation Constants 
in Methanol. J Org Chem 34(7): 2043-2046. 

16. Tehan BG, Lloyd EJ, Wong MG, Pitt WR, Montana JG, et 
al. (2002) Estimation of pKa using semi empirical 
molecular orbital methods. Part 1: Application to 
phenols and carboxylic acids. QSAR 21(5): 457-472. 

17. Avdeef A, Comer JEA, Thomson SJ (1993) pH-Metric 
log P. 3. Glass electrode calibration in methanol-
water, applied to pKa determination of water-
insoluble substances. Anal Chem 65(1): 42-49. 

18. Ravichandiran V, Devajaran V, Masilamani K (2011) 
Determination of ionization constant (pKa) for poorly 
soluble drugs by using surfactants: a novel approach. 
Der Pharmacia Lettre 3(4): 183-192. 

 
 

https://www.sciencedirect.com/science/article/pii/0378517382901429
https://www.sciencedirect.com/science/article/pii/0378517382901429
https://pubs.acs.org/doi/abs/10.1021/ac50009a044
https://pubs.acs.org/doi/abs/10.1021/ac50009a044
https://pubs.acs.org/doi/abs/10.1021/ac50009a044
https://pubs.acs.org/doi/abs/10.1021/ac50009a044
https://pubs.acs.org/doi/abs/10.1021/ac50009a044
https://www.sciencedirect.com/science/article/pii/S0022072800004137
https://www.sciencedirect.com/science/article/pii/S0022072800004137
https://www.sciencedirect.com/science/article/pii/S0022072800004137
https://www.sciencedirect.com/science/article/pii/S0022072800004137
https://www.ncbi.nlm.nih.gov/pubmed/15327286
https://www.ncbi.nlm.nih.gov/pubmed/15327286
https://www.ncbi.nlm.nih.gov/pubmed/15327286
https://www.ncbi.nlm.nih.gov/pubmed/15327286
https://www.ncbi.nlm.nih.gov/pubmed/19168179
https://www.ncbi.nlm.nih.gov/pubmed/19168179
https://www.ncbi.nlm.nih.gov/pubmed/19168179
https://www.ncbi.nlm.nih.gov/pubmed/19168179
https://www.sciencedirect.com/science/article/pii/0039914079802672
https://www.sciencedirect.com/science/article/pii/0039914079802672
https://www.sciencedirect.com/science/article/pii/0039914079802672
https://www.sciencedirect.com/science/article/pii/0039914079802672
https://pubs.acs.org/doi/abs/10.1021/j100840a033?journalCode=jpchax
https://pubs.acs.org/doi/abs/10.1021/j100840a033?journalCode=jpchax
https://pubs.acs.org/doi/abs/10.1021/j100840a033?journalCode=jpchax
https://pubs.acs.org/doi/abs/10.1021/jo01259a003?journalCode=joceah
https://pubs.acs.org/doi/abs/10.1021/jo01259a003?journalCode=joceah
https://pubs.acs.org/doi/abs/10.1021/jo01259a003?journalCode=joceah
https://onlinelibrary.wiley.com/doi/abs/10.1002/1521-3838%28200211%2921%3A5%3C457%3A%3AAID-QSAR457%3E3.0.CO%3B2-5
https://onlinelibrary.wiley.com/doi/abs/10.1002/1521-3838%28200211%2921%3A5%3C457%3A%3AAID-QSAR457%3E3.0.CO%3B2-5
https://onlinelibrary.wiley.com/doi/abs/10.1002/1521-3838%28200211%2921%3A5%3C457%3A%3AAID-QSAR457%3E3.0.CO%3B2-5
https://onlinelibrary.wiley.com/doi/abs/10.1002/1521-3838%28200211%2921%3A5%3C457%3A%3AAID-QSAR457%3E3.0.CO%3B2-5
https://pubs.acs.org/doi/abs/10.1021/ac00049a010
https://pubs.acs.org/doi/abs/10.1021/ac00049a010
https://pubs.acs.org/doi/abs/10.1021/ac00049a010
https://pubs.acs.org/doi/abs/10.1021/ac00049a010
https://docplayer.net/20772244-Determination-of-ionization-constant-pk-a-for-poorly-soluble-drugs-by-using-surfactants-a-novel-approach.html
https://docplayer.net/20772244-Determination-of-ionization-constant-pk-a-for-poorly-soluble-drugs-by-using-surfactants-a-novel-approach.html
https://docplayer.net/20772244-Determination-of-ionization-constant-pk-a-for-poorly-soluble-drugs-by-using-surfactants-a-novel-approach.html
https://docplayer.net/20772244-Determination-of-ionization-constant-pk-a-for-poorly-soluble-drugs-by-using-surfactants-a-novel-approach.html
https://creativecommons.org/licenses/by/4.0/

	Editorial
	References

