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e stoichiometric ionization constants of N,N-dialkyl-𝑁𝑁� -(4-substituted benzoyl) thiourea (Substitutes: H, Cl, and Br; alkyl
groups: ethyl, n-propyl, n-butyl, and phenyl) derivatives have been determined potentiometrically in dioxane-water (v:v, 50:50)
mixture at ionic strength of 0.1 M and 25.0 ± 0.1∘ C. e ionization constants were calculated with the BEST computer program and
the formation curves using the data obtained from the potentiometric titrations. e eﬀects of substituents and alkyl groups on the
ionization constants of the benzoyl thiourea derivatives have been investigated. A comparison of the basicities of ethyl, n-propyl, and
n-butyl thiourea derivatives (−C2 H5 < −C3 H7 < −C4 H9 ) shows that the n-butyl group is a more powerful electron-releasing group
than the other groups in 50% dioxane-50% water mixture (v:v). So, the acidity of benzoyl thiourea derivative compounds decreases,
while the length of alkyl chain increases. e orders of p𝐾𝐾𝑎𝑎 values for all thiourea derivatives are as expected in the light of steric,
resonance and inductive eﬀects of substituents. Furthermore, when the basicities of halogen derivatives of the same substitution
pattern are compared, orders obtained (4-Br < 4-Cl < 4-H) can be explained by considering the total electronic substituent eﬀect
(electron-withdrawing and electron-donating eﬀects) except the 4-Br_Ph derivative.

1. Introduction
iourea derivatives and their transition metal complexes
have been known since the beginning of the 20th century.
e syntheses of the thiourea derivatives are easily with
good yields [1]. iourea and its derivatives represent a wellknown important group of organic compounds due to the
diverse application in �elds such as medicine, agriculture,
coordination, and analytical chemistry [2]. e benzoyl
thiourea derivatives have a wide range of biological activities
including antiviral [3], antibacterial [4–6], antifungal [7],
antitubercular [8, 9], herbicidal [10], insecticidal [11], and
pharmacological properties [12] and acting as chelating
agents [13, 14].
Although the synthesis, characterization, and applications of many benzoyl thiourea derivatives were reported in
the literature [15–25]; to the best of our knowledge, there

is no report on the determination of ionization constants of
substitute benzoyl thiourea derivatives. On the continuation
of our research on the determination of ionization constants
of some industrial useful organic compounds in this study, we
report the stoichiometric ionization constants of some substituted benzoyl thioureas in dioxane : water mixture (v : v,
50 : 50). Various techniques can be used to determine ionization constants, such as potentiometry, conductometry, and
spectrophotometry [26]. For more bene�t, in this research,
we select the potentiometric titration technique. Since the
solubility of these compounds in water is too low, dioxanewater mixtures were used as medium in the experiments.
e stoichiometric ionization constants have been measured
by the potentiometric titration, and calculations were performed by the BEST computer soware [27, 28]. In addition,
in this research, the eﬀects of substituents and alkyl groups on
the ionization constants of the benzoyl thiourea derivatives
have been discussed.
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2. Experimental
2.1. Chemicals and Standard Solutions. All of the reagentgrade quality chemicals and solvents (acetone, 1,4-dioxane,
and dichloromethane) were purchased from Merck and
used without further puri�cation. Double-distilled deionized
water free of CO2 was used throughout the experimental.
e benzoyl thiourea derivatives were prepared by a
procedure similar to that reported in the literature [29, 30].
e benzoyl thiourea derivates were puri�ed by recrystallization from ethanol : dichloromethane (1 : 2) mixture.
e synthesized compounds were characterized by infrared
spectroscopy, nuclear magnetic resonance, and elemental
analysis. All the compounds were checked for purity by
chromatography. e stock solutions of the synthesized compounds were prepared in dioxane. e standard substitute
benzoyl thiourea solutions (0.030 M) were prepared in 50%
dioxane-50% water mixture (v : v) [31].
Stock solutions of strong acid and strong base were
prepared using analytical reagent-grade hydrochloric acid
and sodium hydroxide, respectively. e solution of the
sodium hydroxide (0.10 M) containing 0.10 M NaCl was
prepared in 50% aqueous dioxane solutions (v : v) and was
standardized by titration against primary standard potassium
hydrogen phthalate. e hydrochloric acid (0.10 M) solution
was prepared in water which was potentiometrically standardized against standard base solutions by the use of Gran’s
plot techniques, allowing the determination of dissolved
carbonate impurities [32]. Chemically pure sodium chloride
was used to maintain a constant ionic strength.
2.2. Potentiometric Apparatus and Procedure. All potentiometric experiments were carried out in an 80 mL jacketed titration cell thermostated at 25.0 ± 0.1∘ C. e cell
electromotive force (e.m.f.) was measured using an Orion
960 automatic titrator, equipped with a combined glass pH
electrode (Ingold) containing a �lling solution of 0.10 M
NaCl. e potentiometric cell was calibrated before each
experiment, so that the hydrogen ion concentration rather
than the activity was measured [33, 34]. e reproducible
values of the autoprotolysis constants 𝐾𝐾𝑤𝑤 were calculated
from several series of [H+ ] and [OH− ] measurements at
0.10 M NaCl [35, 36]. e following solution prepared in
water and each of the solvent mixtures studied (total volume
= 50.0 mL) were titrated potentiometrically with carbonatefree standard 0.10 M sodium hydroxide dissolved in the
corresponding solvents: (i) 2.00 × 10−3 M HCl (for cell
calibration), (ii) 2.00 × 10−3 M HCl + 1.50 × 10−3 M benzoyl
thiourea derivatives. During each titration, the ionic strength
was maintained at 0.10 M NaCl, and the cell potential was
read aer waiting to establish the equilibrium throughout the
titrations.
2.3. Calculation Techniques. e stoichiometric ionization
constants of the benzoyl thiourea derivatives was calculated
in two diﬀerent ways. e �rst method were the computer
program (BEST) developed by Motekaitis and Martell [27,
28]. e program BEST was used to minimize the standard
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T 1: Calibration constants for the potentiometric cell and p𝐾𝐾𝑤𝑤
values for various 50% dioxane-50% water (v : v) medium.
𝐸𝐸∘cell (mV)
k (slope)
p𝐾𝐾𝑤𝑤

329.97 ± 3.58
59.14 ± 0.02
15.17 ± 0.07

deviation of the �t (𝜎𝜎�t ) between the observed and calculated
pH values for overall titration data.
e second method employed to calculate the ionization
constants was formation curves (𝑗𝑗-pH) [28]. e experimental curves �t reasonably well to the theoretical curves, that is
why the pH at 𝑗𝑗 𝑗 𝑗𝑗𝑗 was accepted as being equal to the
negative logarithm of the ionization constant (p𝐾𝐾𝑎𝑎 ) of each
compound.

3. Results and Discussion
Substitute benzoyl thiourea derivatives were produced by the
reaction of 4-substitue benzoyl chloride with an equimolar
amount of potassium thiocyanate in dry acetone. Twelve benzoyl thiourea derivatives were synthesized from 4-substitue
benzoyl isothiocyanate and secondary amines in dry acetone. Scheme 1 outlines the synthesis of the series of
thiourea derivatives. e ligands were puri�ed by recrystallization from an ethanol : dichloromethane mixture (1 : 2)
and obtained in yields ranging from 70 to 95%. 1 H-NMR
spectra, FT-IR spectra, and elemental analysis data of all
synthesized compounds con�rm the proposed structures.
Benzoyl thiourea derivatives were oen used in analytical
and biological applications [2–14, 37]. For an eﬀective use
of these compounds, the value of the ionization constants
must be known, because this is an important parameter to
determine the application �elds.
e stoichiometric ionization constants were determined
with an electrochemical cell calibrated in 50% dioxane50% water (v : v) medium to measure the hydrogen ion
concentration. For this purpose, the hydrochloric acid solutions prepared in each medium were titrated with sodium
hydroxide solutions, and the potential values were plotted
against the logarithm of the hydrogen ion concentration to
determine calibration constants (𝐸𝐸∘cell and 𝑘𝑘). e calibration
constants obtained from these curves are tabulated in Table
1. e combined glass pH electrode has a slope of 59 mV, the
same as the Nernstian value. It was therefore concluded that
the electrode could be used to determine the potentiometric
constants for 50% dioxane-50% water (v : v) media. e
electrode which exhibited Nernstian behavior in acidic media
was found to show the same behavior in alkaline media [38].
e ion products (𝐾𝐾𝑤𝑤 =[H+ ][OH− ]) were also calculated at a
constant ionic strength of 0.10 M with NaCl in 50% dioxane50% water mixture, based on measurements of [OH− ] and pH
in several experiments. e p𝐾𝐾𝑤𝑤 value obtained is 15.17±0.2.
ese data are in agreement with previous studies [39].
e titration and formation curves (𝑗𝑗-pH) of N,Ndimetil-N� -(4-chloroethyl)benzoyl thiourea were shown in
Figure 1 as an example. Considering the consumption of
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F 1: (a) e titration curve in presence of HCl and (b) the formation curve (𝑗𝑗-pH) of N,N-dimetil-N� -(4-chloroethyl)benzoyl thiourea)
in 50% dioxan-50% water medium.
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NaOH in the titration, two end points were observed in
Figure 1(a); the �rst of them was corresponding to the
added HCl in the medium. e second one is related with
separation of one mole proton from the compound. is
proton was considered to the N–H group. e stoichometric
calculations also show that only one mole proton per one
mole benzoyl thiourea compound dissociates. e same case
was also observed in other benzoyl thioureas studied. e
formation curve (𝑗𝑗-pH) of N,N-dimetil-N� -(4-chloroethyl)
benzoyl thiourea was given in Figure 1(b). e values of 𝑗𝑗
for the substituted benzoyl thiourea derivative compounds
are between 0 and 1 and are related with the second end
point. is means that these compounds have one dissociable
proton (the hydrogen ion of the N–H group in structure).
e ionization equilibrium for the investigated derivatives is described by (1) and Scheme 2. Also, Scheme 2 shows
the resonance structures of the ligand
H+  L− ]
(1)
,
HL
where HL is the ligand; 𝐾𝐾𝑎𝑎 is the ionization constant; [H+ ]
and [L− ] are the ionic species.
Table 2 shows the stoichiometric ionization constant
values determined using the BEST program and 𝑗𝑗-pH plot for
HL ⇌

H+ + L−

𝐾𝐾𝑎𝑎 =

the substituted benzoyl thiourea derivatives in 50% dioxane50% water mixture (v : v). e ones obtained by using the
BEST soware with the p𝐾𝐾𝑎𝑎 values obtained from 𝑗𝑗-pH plots
are very close to each other. is shows to us that the use of
𝑗𝑗-pH plots is suitable to calculate the ionization constants of
this type of compounds. Each value given in Table 2 is the
mean value of at least three experiments. e values given to
the right of the ± symbols are the deviations from the mean
values.
e orders of p𝐾𝐾𝑎𝑎 values for all thiourea derivatives are as
expected in the light of steric, resonance and inductive eﬀects
of substituents. Furthermore, when the basicities of halogen
derivatives of the same substitution pattern are compared,
orders obtained (4-Br < 4-Cl < 4-H) can be explained
by considering total electronic substituent eﬀect (electronwithdrawing and electron-donating eﬀects) except the 4Br_Ph derivative [34, 40].
e eﬀect of the substituents in benzoyl thiourea derivatives on ionization constants has been examined. e most
important factor which aﬀects the basicity and therefore the
ionization constant of a compound is the structural eﬀect.
is eﬀect can be explained by taking the electronic and
sterical eﬀects of the alkyl groups investigated into account.
Since alkyl groups are electron donating, one can expect
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T 2: Ionization constants (p𝐾𝐾𝑎𝑎 ) determined by potentiometric method in 50% dioxane-50% water (v : v) mixture at 25.0 ± 0.1∘ C (𝜇𝜇 =
0.10 M NaCl) of some benzoyl thiourea derivatives (𝜎𝜎�t ≤ ±0.03).
Group No
I

II

III

Sample No
1
2
3
4
5
6
7
8
9
10
11
12

Code
4-H_Ph
4-H_Et
4-H_Pr
4-H_Bu
4-Cl_Ph
4-Cl_Et
4-Cl_Pr
4-Cl_Bu
4-Br_Ph
4-Br_Et
4-Br_Pr
4-Br_Bu

Compounds
N, N-diphenyl-𝑁𝑁� -benzoylthiourea
N, N-diethyl-𝑁𝑁� -benzoylthiourea
N, N-di-n-propyl-𝑁𝑁� -benzoylthiourea
N, N-di-n-buthyl-𝑁𝑁� -benzoylthiourea
N, N-diphenyl-𝑁𝑁� -(4-chlorobenzoyl)thiourea
N, N-diethyl-𝑁𝑁� -(4-chlorobenzoyl)thiourea
N, N-di-n-propyl-𝑁𝑁� -(4-chlorobenzoyl)thiourea
N, N-di-n-buthyl-𝑁𝑁� -(4-chlorobenzoyl)thiourea
N, N-diphenyl-𝑁𝑁� -(4-bromobenzoyl)thiourea
N, N-diethyl-𝑁𝑁� -(4-bromobenzoyl)thiourea
N, N-di-n-propyl-𝑁𝑁� -(4-bromobenzoyl)thiourea
N, N-di-n-buthyl-𝑁𝑁� -(4-bromobenzoyl)thiourea

BEST
9.23 ± 0.06
9.62 ± 0.05
9.80 ± 0.04
9.84 ± 0.06
8.79 ± 0.02
9.10 ± 0.03
9.33 ± 0.02
9.39 ± 0.01
8.91 ± 0.02
9.09 ± 0.01
9.24 ± 0.01
9.31 ± 0.01

𝑗𝑗 𝑗 pH
9.23 ± 0.08
9.62 ± 0.04
9.79 ± 0.09
9.84 ± 0.06
8.80 ± 0.07
9.09 ± 0.03
9.31 ± 0.02
9.37 ± 0.01
8.93 ± 0.04
9.08 ± 0.01
9.23 ± 0.01
9.30 ± 0.01
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F 2: e relationship between the mean p𝐾𝐾𝑎𝑎 values calculated by using BEST soware and 1 H-NMR chemical shi values of NH group
for (a) group I, (b) group II and (c) group III (some benzoyl thiourea derivatives).

them to increase the ionization constant. As shown in Table
2, the acidity of the investigated compounds substituted
with phenyl groups is greater than the other compounds
attached with alkyl groups. A comparison of the basicities of ethyl, n-propyl, and n-butyl thiourea derivatives
(–C2 H5 <–C3 H7 <–C4 H9 ) (Scheme 3) shows that the nbuthyl group is a more powerful electron-releasing group
than the other groups in 50% dioxane-50% water mixture
(v : v). is means that the acidity of benzoyl thiourea
derivative compounds decreases, while the length of alkyl
chain increases (Figure 2).
e variation of the acidity with chain length of alkyl
groups can also be con�rmed by 1 H-NMR spectra of the
compounds because chemical shi value of N–H group gets
greater if the alkyl chain gets shorter (see Figure 2).

4. Conclusion
Benzoyl thiourea derivatives are a class of compounds
used for various analytical and biological applications. A
good knowledge of the ionization of some benzoyl thiourea
derivatives in dioxane-water media is highly desirable. For
this reason, knowledge of the constants for the thiourea

derivatives is a prerequisite to gaining an understanding of
their mechanisms of action in both chemical and biological
processes. So, the ionization constants of some benzoyl
thiourea derivatives were determined potentiometrically in
50% dioxane-50% water mixture. Also, the eﬀect of structure
on their ionization constants was discussed.

Acknowledgment
is study is a part of G. Binzet’s Ph. D. thesis and was
supported by Mersin University Research Fund (Project no.
BAP-FBE KB (GB) 2006-1 DR).

References
[1] K. R. Koch, “New chemistry with old ligands: N-alkyl- and N,Ndialkyl-𝑁𝑁� -acyl(aroyl)thioureas in co-ordination, analytical
and process chemistry of the platinum group metals,” Coordination Chemistry Reviews, vol. 216-217, pp. 473–488, 2001.
[2] S. Saeed, N. Rashid, M. H. Bhatti, and P. G. Jones, “Synthesis, spectroscopic characterization, mass spectrometry, and
crystal structure of N-[(4-bromophenyl)amino]carbonothioylbenzamide,” Turkish Journal of Chemistry, vol. 34, no. 5, pp.
761–770, 2010.

6
[3] C. W. Sun and X. D. Zhang, “Synthesis and crystal structure of S-(+)-𝑁𝑁� -tertbutylaminocarbonyl-N-[3-methyl-2-(4chlorophenyl)butyryl] thiourea,” Chinese Journal of Structural
Chemistry, vol. 26, no. 2, pp. 153–156, 2007.
[4] A. Saeed, R. A. Khera, N. Abbas, M. Latif, I. Sajid, and
U. Flörke, “Synthesis, characterization, crystal structures, and
antibacterial activity of some new 1-(3,4,5-trimethoxybenzoyl)3-aryl thioureas,” Turkish Journal of Chemistry, vol. 34, no. 3, pp.
335–345, 2010.
[5] H. M. Hassan, “Synthesis and antibacterial activity of some
novel p-(N-benzoyl)aminobenzoic acid derivatives,” Journal of
the Serbian Chemical Society, vol. 63, no. 2, pp. 117–123, 1998.
[6] S. Saeed, N. Rashid, M. Ali, and R. Hussain, “Synthesis, characterization and antibacterial activity of nickel (II)
and copper (II) complexes of N-(alkyl(aryl)carbamothioyl)-4nitrobenzamide,” European Journal of Chemistry, vol. 1, no. 3,
pp. 200–205, 2010.
[7] M. Eweis, S. S. Elkholy, and M. Z. Elsabee, “Antifungal eﬃcacy
of chitosan and its thiourea derivatives upon the growth of
some sugar-beet pathogens,” International Journal of Biological
Macromolecules, vol. 38, no. 1, pp. 1–8, 2006.
[8] D. Sriram, P. Yogeeswari, M. Dinakaran, and R. irumurugan,
“Antimycobacterial activity of novel 1-(5-cyclobutyl-1,3oxazol-2-yl)-3-(sub)phenyl/pyridylthiourea
compounds
endowed with high activity toward multidrug-resistant
Mycobacterium tuberculosis,” Journal of Antimicrobial
Chemotherapy, vol. 59, no. 6, pp. 1194–1196, 2007.
[9] B. K. Kaymakcioglu, S. Rollas, and F. Kartal-Aricioglu, “In
vivo metabolism of N-phenyl-𝑁𝑁� -(3,5-dimethylpyrazole-4-yl)
thiourea in rats,” European Journal of Drug Metabolism and
Pharmacokinetics, vol. 28, no. 4, pp. 273–278, 2003.
[10] M. G. Soung, K. Y. Park, J. H. Song, and N. D. Sung, “Herbicidal
activity and molecular similarity of 1-(4-chloro-2-�uoro-5propargyloxyphenyl)-3-thiourea derivatives,” Journal of the
Korean Society for Applied Biological Chemistry, vol. 51, no. 3,
pp. 219–222, 2008.
[11] A. Saeed and M. Batool, “Synthesis and bioactivity of some new
1-tolyl-3-aryl-4-methylimidazole-2-thiones,” Medicinal Chemistry Research, vol. 16, no. 3, pp. 143–154, 2007.
[12] S. Saeed, N. Rashid, M. Ali, R. Hussain, and P. G. Jones,
“Synthesis, spectroscopic characterization, crystal structure and
pharmacological properties of some novel thiophene-thiourea
core derivatives,” European Journal of Chemistry, vol. 1, no. 3,
pp. 221–227, 2010.
[13] D. K. Das, “N-𝛼𝛼-(5-bromopyridyl)-𝑁𝑁� -benzoyl thiourea
(BrPBT) as a new chelating agent for the spectrophotometric
determination of rhodium(III),” Fresenius Journal of Analytical
Chemistry, vol. 318, no. 8, p. 612, 1984.
[14] S. C. Shome, M. Mazumdar, and P. K. Haldar, “N-Alphapyridyl-𝑁𝑁� -benzoyl thiourea as a chelating agent for the determination of iridium,” Journal of the Indian Chemical Society, vol.
57, no. 2, pp. 139–141, 1980.
[15] D. K. Das, M. Mazumdar, and S. C. Shome, “N-Alpha-pyridyl𝑁𝑁� -benzoyl thiourea as a chelating agent for the determination
of rhodium,” Journal of the Indian Chemical Society, vol. 54, no.
8, pp. 779–782, 1977.
[16] N. Selvakumaran, S. W. Ng, E. R. T. Tiekink, and R. Karvembu,
“Versatile coordination behavior of N,N-di(alkyl/aryl)-𝑁𝑁� benzoylthiourea ligands: synthesis, crystal structure and cytotoxicity of palladium(II) complexes,” Inorganica Chimica Acta,
vol. 376, no. 1, pp. 278–284, 2011.

Journal of Chemistry
[17] M. Ilis, M. Bucos, F. Dumitrascu, and V. Circu, “Mesomorphic
behaviour of N-benzoyl-𝑁𝑁� -aryl thioureas liquid crystalline
compounds,” Journal of Molecular Structure, vol. 987, no. 1–3,
pp. 11–36, 2011.
[18] C. Limban, A. V. Missir, I. C. Chirita et al., “Synthesis and
antimicrobial properties of new 2-((4-ethylphenoxy)methyl)
benzoylthioureas,” Chemical Papers, vol. 65, no. 1, pp. 60–69,
2011.
[19] S. Ayata, I. Kaynak, and M. Merdivan, “Solid phase extractive
preconcentration of silver from aqueous samples,” Environmental Monitoring and Assessment, vol. 153, no. 1–4, pp. 333–338,
2009.
[20] M. S. M. Yusof, R. H. Jusoh, W. M. Khairul, and B.
M. Yamin, “Synthesis and characterisation a series of N(3,4-dichlorophenyl)-𝑁𝑁� -(2,3 and 4-methylbenzoyl)thiourea
derivatives,” Journal of Molecular Structure, vol. 975, no. 1–3,
pp. 280–284, 2010.
[21] A. C. Tenchiu, M. Iliş, F. Dumitraşcu, A. C. Whitwood,
and V. Cîrcu, “Synthesis, characterization and thermal
behaviour of ortho-metallated Pd(II) complexes containing
N-benzoylthiourea derivatives,” Polyhedron, vol. 27, no. 18, pp.
3537–3544, 2008.
[22] H. Arslan, U. Florke, and N. Kulcu, “e crystal and molecular
structure of 1-(2-chloro-benzoyl)-3-p-tolyl-thiourea,” Turkish
Journal of Chemistry, vol. 28, no. 6, pp. 673–678, 2004.
[23] T. Yesilkaynak, G. Binzet, F. M. Emen, U. Flörke, N. Külcü,
and H. Arslan, “eoretical and experimental studies on N-(6methylpyridin-2-yl-carbamothioyl)biphenyl-4-carboxamid,”
European Journal of Chemistry, vol. 1, no. 1, pp. 1–5, 2010.
[24] S. Saeed, N. Rashid, P. Jones, and R. Hussain, “ermomechanical studies of thermally stable metal-containing epoxy polymers
from diglycidyl ether of bisphenol A and amino-thiourea metal
complexes,” European Journal of Chemistry, vol. 2, no. 1, pp.
77–82, 2011.
[25] A. Saeed, A. Mumtaz, and U. Flörke, “Synthesis, characterization and crystal structure of 1-(4-methylbenzoyl)-3-(4
aminosulfonylphenyl)thiourea,” European Journal of Chemistry,
vol. 1, no. 2, pp. 73–75, 2010.
[26] R. Aydın, U. Ozer, and N. Turkel, “Potentiometric and spectroscopic determinaton of acid dissociation constants of some
phenols and salicylic acids,” Turkish Journal of Chemistry, vol.
21, pp. 428–436, 1997.
[27] A. E. Martell and R. J. Motekaitis, e Determination and Use of
Stability Constants, VCH, New York, NY, USA, 1988.
[28] R. J. Motekaitis and A. E. Martell, “BEST—a new program
for rigorous calculation of equilibrium parameters of complex
multicomponent systems,” Canadian Journal of Chemistry, vol.
60, no. 19, pp. 2403–2409, 1982.
[29] G. Binzet, N. Kulcu, U. Florke, and H. Arslan, “Synthesis
and characterization of Cu(II) and Ni(II) complexes of some
4-bromo-N -(di(alkyl/aryl)carbamothioyl) benzamide derivatives,” Journal of Coordination Chemistry, vol. 62, no. 21, pp.
3454–3462, 2009.
[30] H. Arslan, U. Florke, and N. Kulcu, “Synthesis, characterization,
and crystal structure of 1-(4-chloro-benzoyl)-3-naphthalen-1yl-thiourea,” Journal of Chemical Crystallography, vol. 33, no. 12,
pp. 919–924, 2003.
[31] D. D. Perin, Armerago, ��� Puri�cation of�aboratory Chemicals, Pergamon Press, Oxford, UK, 1966.
[32] G. Gran, “Determination of the equivalence point in potentiometric titrations. Part II,” e Analyst, vol. 77, no. 920, pp.
661–670, 1952.

Journal of Chemistry
[33] M. Meloun, J. Havel, and H. Hogfeldt, Computation of Solution
Equilibria, John Wiley & Sons, New York, NY, USA, 1988.
[34] F. Koseoglu, E. Kiliç, E. Canel, and N. Yilmaz, “Protonation
constants of some substituted salicylideneanilines in ethanolwater mixtures,” Analytica Chimica Acta, vol. 293, no. 1-2, pp.
87–94, 1994.
[35] E. M. Woolley, D. G. Hurkot, and L. G. Hepler, “Ionization
constants for water in aqueous organic mixtures by earl,” e
Journal of Physical Chemistry, vol. 74, no. 22, pp. 3908–3913,
1970.
[36] E. P. Serjeant, Potentiometry and Potentiometric Titrations, John
Wiley & Sons, New York, NY, USA, 1984.
[37] J. Liu, S. Yang, X. Li et al., “Synthesis and antiviral bioactivity of
chiral thioureas containing leucine and phosphonate moieties,”
Molecules, vol. 15, no. 8, pp. 5112–5123, 2010.
[38] S. Alkan, B. Zeybek, A. Dogan, R. Kasimogullari, Y. Erdogan,
and E. Kilic, “Medium and structural eﬀects on the ionization
constants of some pyrazole carboxylic acid derivatives,” Monatshee für Chemie, vol. 140, no. 4, pp. 381–386, 2009.
[39] A. Dogan, F. Koseoglu, and E. Kilic, “e stability constants of
copper(II) complexes with some 𝛼𝛼-amino acids in dioxan-water
mixtures,” Analytical Biochemistry, vol. 295, no. 2, pp. 237–239,
2001.
[40] N. S. Isaacs, Physical Organic Chemistry, Longman, New York,
NY, USA, 1986.

7

International Journal of

Medicinal Chemistry
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Photoenergy
International Journal of

Organic Chemistry
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Analytical Chemistry
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Advances in

Physical Chemistry
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Carbohydrate
Chemistry
Hindawi Publishing Corporation
http://www.hindawi.com

Journal of

Quantum Chemistry
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
Journal of

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com

Journal of

International Journal of

Inorganic Chemistry
Volume 2014

Journal of

Theoretical Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Spectroscopy
Hindawi Publishing Corporation
http://www.hindawi.com

Analytical Methods
in Chemistry

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Chromatography
Research International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Electrochemistry
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Catalysts
Hindawi Publishing Corporation
http://www.hindawi.com

Journal of

Applied Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com

Bioinorganic Chemistry
and Applications
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Chemistry
Volume 2014

Volume 2014

Spectroscopy
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

