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ABSTRACT 
The protonation constant values of different four triazole derivatives have been determined in 
ethanol %50 – water %50 mixtures by spectrophotometric methods. The electronic absorption 
spectra of different four triazole derivatives at various pH values at 190-400 nm intervals were 
recorded. The calibration of the electrode system was done potentiometrically by Gran’s 
method. Data were calculated using the linearization method with Henderson-Hasselbach 
equation. The obtained results are in good accordance with potentiometric values.  
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INTRODUCT İON 
 

Acidity measurements of organic compounds have a long history dating back to the end of the 
19th century, when the first pKa was measured. Since then a vast body of data on acidities in 
various solvents has been collected (1-4). The measurements have mostly been limited to polar 
solvents, however, with water being by far the most exploited medium, followed by alcohols 
and dipolar aprotic solvents. Several studies, involving the formation and investigation of 
biological activities of some 4,5-dihydro-1H-1,2,4-triazol-5-one derivatives, have been reported 
(5-16). It is known that these derivatives have weak acidic properties. 
 
A number of studies have been reported on the protonation constants of these derivatives in 
different media (17–20) however, very little information on the protonation constants of these 
derivatives in water and organic solvent-water mixtures has been published so far (21-23). In 
addition, 1,2,4-triazole and 4,5-dihydro-1H-1,2,4-triazol-5-one derivatives are reported to show 
a broad spectrum of biological activities such as  antifungal, antimicrobial, hypoglycemic, 
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antihypertensive, analgesic, antiparasitic, hypocholesteremic, antiviral, anti-inflammatory, 
antioxidant, antitumor and anti-HIV properties (24-29). 
 
Lambert Beer’s law has been tested extensively and in the absence of chemical complications, 
usually holds for concentrations below 10-2 M. At higher concentrations, the absorbance-
concentrations relation may be non-linear but the concentration can still be determined with the 
help of a calibration curve. A wide range of concentrations can be determined through 
appropriate choice of the optical path length and the measurement of wavelength (30). 
Protonation constant of weak acidic compounds can be determined by several different methods. 
The potentiometric, chromatographic, electrophoretic methods also have been used widely (31).   
 
In this work, the pKa values of some new 3-alkyl(aryl)-4-(p-carboxyphenyl)-4,5-dihydro-1H-
1,2,4-triazole-5-one derivatives in ethanol %50 – water %50 mixtures using spectrophotometric 
measurements in determined. New 3-alkyl(aryl)-4-(p-carboxyphenyl)-4,5-dihyd- ro-1H-1,2,4-
triazole-5-one derivatives were synthesized according to the reported reference 32. It is 
observed that the obtained results are in good accordance with potentiometric values.  
 

 
 
 
 
 
 
 
 
 
 

(1) 3-methyl-4-(p-carboxyphenyl)-4,5-
dihydro-1H-1,2,4-triazol-5-one 

 
 
 
 
 
 
 
 

(2) 3-phenyl-4-(p-carboxyphenyl)-4,5-
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1H-1,2,4-triazol-5-one 

N
N

N

O
H

CH 3

O

O H

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(4)  3-ethyl-4-(p-carboxyphenyl)-4,5-dihydro-
1H-1,2,4-triazol-5-one 
 

 
Fig: 1 Structural formulae of studied triazole derivatives 

 
EXPERIMENTAL SECTION 

 

In this study, four different triazole derivatives [ (1) 3-methyl-4-(p-carboxy phenyl)-4,5-
dihydro-1H-1,2,4-triazol-5-one,  (2) 3-phenyl-4-(p-carboxyphenyl)-4,5-di hydro-1H-1,2,4-
triazol-5-one, (3) 3-benzyl-4-(p-carboxyphenyl)-4,5-dihydro-1H-1,2,4-tri- azol-5-one and (4) 3-
ethyl-4-(p-carboxy phenyl)-4,5-dihydro-1H-1,2,4-triazol-5-one] were synthesized according to 
new method of microwave-assisted synthesis in Rize University Organic Chemistry Research 
Laboratory. These triazole derivatives studied are shown in Fig. 1. Doubly distilled conductivity 
water was used as aqueous medium as well as for the preparation of ethanol %50 – water %50 
mixtures. All other chemicals used in this investigation were reagent grade purity. Water 
conductivity lower than 0.05 S cm-1. Ethanol was supplied by Merck. Potassium hydroxide 
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(Merck), potassium chloride (Merck), hydrochloric acid (Merck) was used. While 
spectrophotometric measurements were done, solutions of individual triazole derivatives were 
prepared at a concentration of approximately 5.10-4 mol L-1. All the solutions were prepared in 
0.1 mol L-1 potassium chloride to adjust the ionic strength. The calibration of the electrode 
system was done potentiometrically by Gran’s method (33-34). 
 
Absorbance measurements were carried out by using a Shimadzu 2450 UV/Vis 
spectrophotometer. The absorbance measurements were carried out in two matching quartz 1.0 
cm cells with a 1 mm path length. The emf measurements to evaluate the pH of the solution 
were performed with a model HANNA 4521 meter with Ag/AgCl combined pH electrode 
system (± 0.1 mV). The pKa values of the different triazole derivatives were determined by 
means of the data obtained from spectrophotometric titrations in ethanol %50 – water %50 
mixtures at 25oC±0.1 and in 0.1 mol L-1 ionic strength (NaCl). A suitable amount of a solution 
containing the compound to be analyzed at the required conditions of temperature, ionic strength 
and solvent composition, was added to the pre-titrated background solution and small amounts 
of hydrochloric acid solutions were then added. The spectral data were obtained by adding 0.05 
mL NaOH change the pH in the range of 3.0-10.0. These amounts should be high enough to 
provoke a measurable change in the pH of the test solution. At each pH, UV/Vis spectra were 
recorder with 1 nm resolution in order to obtain different spectra around the maximum λ for 
each triazole derivatives. After each addition, the potential was allowed to stabilize and the 
potential value was used to calculate the pH of the solution using the value of Eo calculated in 
the calibration step. After each addition of titrant and after waiting for the potential reading to be 
stable, a spectrum was recorded, all relevant data were stored and new volume of titrant was 
added to restart the cycle. All data were calculated using the linearization method with 
Henderson-Hasselbach equation. 
 

 

 
 

 
Fig: 2 Henderson-Hasselbach equation 

 
RESULTS AND DİSCUSSİON 

 

The absorption spectra of four different triazole derivatives in ethanol %50 – water %50 
mixtures at various pH values 190 – 400 nm intervals were recorded. Spectra of all triazole 
derivatives at different pH values in studied media are shown in Fig. 3-6. 
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Fig: 3 Plot of experimental absorbance values of 3-methyl-4-(p-carboxyphenyl)-4,5-dihydro-1H-1,2,4-triazol-

5-one wavelength as a function of pH in ethanol %50 – water %50 mixtures 
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Fig: 4 Plot of experimental absorbance values of 3- phenyl-4-(p-carboxyphenyl)-4,5-dihydro-1H-1,2,4-triazol-

5-one wavelength as a function of pH in ethanol %50 – water %50 mixtures 
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Fig: 5 Plot of experimental absorbance values of 3-benzyl-4-(p-carboxyphenyl)-4,5 dihydro-1H-1,2,4-triazol-

5-one wavelength as a function of pH in ethanol %50 – water %50 mixtures 
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Fig: 6 Plot of experimental absorbance values of 3-ethyl-4-(p-carboxyphenyl)-4,5-dihydro-1H-1,2,4-triazol-5-

one wavelength as a function of pH in ethanol %50 – water %50 mixtures 
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Fig: 9 Plot of  calculated 
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Fig: 10 Plot of  calculated 
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All data were calculated using the linearization method with Henderson-Hasselbach equation. 
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derivatives as a function of pH in studied media are shown in Fig. 7-10. 
All the values presented are the average of at least 5 measurements and the standard deviations 
of each are listed. The corresponding pKa values for all compounds, obtained from the 
spectrophotometric methods using the linearization method with Henderson-Hasselbach 
equation in ethanol %50 – water %50 mixtures are given in Table 1. 
 

 
Table 1: Stoichiometric protonation constants of some 3-alkyl(aryl)- 4-(p-carboxyphenyl)-4,5-dihydro-1H-

1,2,4-triazol-5-one derivatives at 25oC in ethanol %50 – water %50 mixtures  (µ = 0.1 M NaCl) 
 

Compounds pK a 
(1) 3-methyl-4-(p-carboxyphenyl)-4,5- dihydro-1H-1,2,4-triazol-5-one 4.17±0.03 
(2)  3-phenyl-4-(p-carboxyphenyl)-4,5-dihydro-1H-1,2,4-triazol-5-one 4.12±0.02 
(3)  3-benzyl-4-(p-carboxyphenyl)-4,5-dihydro-1H-1,2,4-triazol-5-one 4.10±0.02 
(4)  3-ethyl-4-(p-carboxyphenyl)-4,5-dihydro-1H-1,2,4-triazol-5-one 4.17±0.04 

 

This study is also concerned with the effect of solvent composition on the stoichiometric 
protonation constants. The literature data indicate that the equilibrium constants are directly 
related to the solvent composition (35-36). The data we obtained in our study also verify this. It 
is well known that the acidity of a compound depends on several factors. The two most 
important factors are the solvent effect and molecular structure. Table 1 shows that the 
corresponding pKa values obtained from spectrophotometric titrations depend on the solvents 
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used and molecular structure of the compounds. As seen in Table 1, the acidic arrangement for 
compounds 1, 2, 3 and 4 (3-alkyl(aryl)-4-(p-carboxyphenyl)-4,5-dihydro-1H-1,2,4-triazole-5-
one) is: 3 > 2 > 1 = 4, Compound 3 shows the strongest acidic properties but compound 1 and 4 
shows the weakest acidic properties within 3-alkyl(aryl)-4-(p-tbutylbenzyliden amino)-4,5-
dihydro-1H-1, 2,4-triazole-5-one) in ethanol %50 – water %50 mixtures. This situation may be 
attributed to the hydrogen bonding between the negative ions formed and the solvent molecules 
in ethanol %50 – water %50 mixtures. As it is well known, the acidity of a compound depends 
on some factors. The two most important factors are the solvent effect and molecular structure. 
 

CONCLUSİON 
 

In this investigation, the determination of dissociation constants of 3-alkyl(aryl)-4-(p-
tbutylbenzylidenamino)-4,5-dihydro-1H-1,2,4-triazole-5-one derivatives by spectrophotometric 
method has been performed. Although spectrophotometric method requires a relatively high 
pure substance, at least one of the species must contain an absorbing group and the time and 
effort to calibrate the electrodic system, it provides excellent precision in the measurements, the 
true dissociation constant can be measured directly without inter-ionic effects having to be 
considered, the optical properties of the ions are virtually constant up to relatively high 
concentrations. 

 

Acknowledgements 
The authors gratefully thank  Rize University Scientific Research Project Unit for financial 
support of this project (project account number : 2008.102.02.3). 
 

REFERENCES 
 

 

[1] G. Kortüm, W. Vogel and K. Andrussow, Dissociation Constants of Organic Acids in 
Aqueous Solution, Plenum Press, New York, 1961; 79-81. 
[2] V.A. Palm (ed.), Tables of Rate and Equilibrium Constants of Heterolytic Organic 
Reactions, Viniti, Moscow, 1976; 20-23. 
[3] K. Izutsu, Acid-base Dissociation Constants in Dipolar Aprotic Solvents, IUPAC Chemical 
Data Series, Blackwells Scientific, Oxford, 1990; 38-41. 
[4] F.G. Bordwell, Acc. Chem. Res., 1988, 21; 456–463. 
[5] H.H. Takimoto, G.C. Denault and S. Hotta, J. Heterocycl. Chem., 1966, 3; 119–123. 
[6] R. Milcent and C. Redeuilh, J. Heterocycl. Chem., 1979, 16; 403–407. 
[7] R. Milcent and P. Vicart, J. Med. Chem.,1983, 18; 215–217. 
[8] A.R. Katritzky and K.S. Laurenzo, J. Org. Chem.,1988, 53; 3978–3982. 
[9] A.A. İkizler, A. İkizler and N. Yıldırım, Monatsh. Chem.,1991, 122; 557–563. 
[10] A.A. İkizler and H. Yüksek, Collect. Czech. Chem. Commun.,1994, 59; 731–735. 
[11] A.A. İkizler, N. Yıldırım and H. Yüksek, Modelling Measurement Control C, 1996, 54; 21–
30. 
[12] B. Dash, P.K. Mahapatra, D. Pand and J.M. Pattnaik, J. Indian Chem.,1984, 61; 1061–
1064. 
[13] B. Dash, M. Patra and P.K. Mahapatra, J. Indian Chem. Soc.,1983, 60; 772–781. 
[14] H. Emilsson, H. Selander and J. Gaarder, Eur. J. Med. Chem.– Chim. Ther., 1985, 20; 333–
337. 
[15] A.A. İkizler, F. Uçar, H. Yüksek, A. Aytin, I. Yasa and T. Gezer, Acta Polen. Pharm.–
Drug Res., 1997, 54; 135–140. 
[16] A.A. İkizler, A. İkizler, H. Yüksek and M. Serdar, Modelling Measurement Control C, 
1998, 57; 25–33. 
[17] S.H. Herbert and C.M. Birdsall, J. Am. Chem. Soc.,1943, 65; 54–57. 



F. İslamoğlu et al                                                    J. Chem. Pharm. Res., 2010, 2(3): 551-558 
_____________________________________________________________________________ 

558 
 

[18] B. Nowak and Z. Pawlak, J. Chem. Soc., Faraday Trans. I, 1982, 78; 2693–2700. 
[19] G. Wada, E. Tamura, M. Okina and M. Nakamura, Bull. Chem. Soc. Jpn., 1982, 55; 3064–
3067. 
[20] F. Köseoğlu, E. Kılıç and A. Doğan, Anal. Biochem., 2000, 277; 243–246. 
[21] D.L. Hughes, J.J. Bergan and E.J.J. Grabowski, J. Org. Chem.,1986, 51; 2579–2585. 
[22] E.R. Benesch and R. Benesch, J. Am. Chem. Soc., 1955, 77; 5877–5881. 
[23] J.T. Edsall and M.H. Blanchard, J. Am. Chem. Soc., 1933, 55; 2337–2353. 
[24] H. Yüksek,  A. Demibaş, A. Ikizler, C. B. Johansson,  C. Çelik, A. A. Ikizler, Arzneim.-
Forsch./Drug Res.,1997, 47; 405-409. 
[25] N. Demirbaş and  R. Uğurluoğlu, Turk J. Chem., 2004, 28; 679-690. 
[26] A. R. Bhat, G. V. Bhat, G. G. Shenoy, J. Pharm. Pharmacol., 2001, 53; 267-272. 
[27] H. Yüksek,  M. Küçük,  M. Alkan,  Ş. Bahçeci, S. Kolaylı, Z. Ocak, U. Ocak,  E. Şahinbaş, 
M. Ocak, Asian J. Chem., 2006, 18; 539-550. 
[28] H. Yüksek, S. Kolaylı, M. Küçük,  M. O. Yüksek,  U. Ocak, E. Şahinbaş,  E. Sivrikaya, M. 
Ocak, Indian J. Chem., 2006, 45; 715-718. 
[29] R. Levie, Quantitative Chemical Analysis, McGraw-Hill Company, Inc., 1997; 45-56. 
[30] G. Pekcan and A.H. Aktaş, Asian J. Chem., 2006, 18; 2168-2178. 
[31] G. Gran, Acta. Chem. Scand., 1950, 4; 559–571. 
[32] Ö. G. Kol, Doctoral Thesis, Kafkas University, Technique Science Institute, 2008. 
[33] G. Gran, Analyst, 1952, 77; 661–671. 
[34] C.C. Panichajakul and  E.M. Woolley, Anal. Chem., 1975, 47; 1860-1863. 
[35] H. Irving,  H.S. Rossotti, Analyst,1955, 80; 245-260 
[36] R.A. Robinson, R.H. Stokes, Electrolyte Solutions, Academic Pres, New York, 1959; 147-
150. 


