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DETERMINATION OF THE DISSOCIATION CONSTANTS
OF SOME p-SUBSTITUTED AROMATIC HYDRAZONES

Mirjana Jankulovska', Ilinka Spirevska', Katica Cholancheska Ragjenovikj’

A b s trac t The acid-base behavior of five p-substituted
aromatic hydrazones has been studied, using UV spectrophoto-
metric method. The influence of the acidity of the medium on the
absorption spectra is followed in aqueous sodium hydroxide
solutions in pH region from 7 to 14. The measurements are
performed at room temperature, and at ionic strength of 0.1, 0.25
and 0.5 mol dm™. A batochromic shift of the absorption band that
appears in neutral media is observed, when pH is up to 7. It
suggests that the dissociation process of the amide and hydroxyl
group takes place. Deprotonation enthalpies and total energy
values are calculated by using the semiempirical methods AM1
and PM3. Using the changes in the UV spectra with pH of the
solution, the determination of dissociation constants, pKpy, at
three different ionic strengths, as well as, the thermodynamic
dissociation constants at zero ionic strength, is performed. In order
to obtain more precise results, the calculations are made from the
absorbance values at four selected wavelengths. Furthermore, the
pKgy values were determined graphically from the intercept of the
dependence of log/ on pH. The results showed that the numerical-
ly calculated pKpy values are identical to those graphically
obtained.

Key words: p-substituted aromatic hydrazones, dissociation, UV
spectrophotometry, dissociation constants, thermodynamic disso-
ciation constants, semiempirical methods AM1 and PM3
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INTRODUCTION

The importance of hydrazones and their derivatives arises from their
wide use in many scientific fields. This use is due to presence of azometine
group (-NH-N=CH-) in their molecule. Some hydrazones are used as quanti-
tative analytical reagents in colorimetric, fluorimetric [1, 2], and especially in
spectrophotometric determinations of metal ions, because they act as mul-
tidentate ligands with transition metal ions forming colored chelates [3]. Hy-
drazone complexes have been of interest for many authors from aspect of coor-
dination chemistry [4]. The knowledge of behavior of hydrazones in solution
with different acidity is important in order to achieve higher sensitivity and se-
lectivity for the metal determination [5].

In addition, hydrazones are useful as preferred derivatives for the iden-
tification and characterization of carbonyl compounds, which can be regener-
ated from phenyl hydrazones using the method well known from the literature
[6, 7]. Hydrazones have also been used for different purposes such as: herbi-
cides, insecticides, nematocides, rodenticides, plant growth regulators, steri-
lants for houseflies, among other applications [8]. Furthermore, the hydrazones
are important for their use as plasticizers and stabilizers for polymers, polym-
erization initiators and antioxidants [9, 10]. On the other hand, tautomerism and
isomerism phenomena for these compounds are of particular chemical and
theoretical interest. The hydrazo tautomer exists in neutral solutions whereas
the azo tautomer exists in strong acidic or alkaline solutions [11].

However, the most valuable property of hydrazones is their great
physiological activity. It is well known that the hydrazone group provides a
wide range of applications in biological and pharmaceutical fields. Therefore, a
number of hydrazone derivatives have been claimed to possess interesting anti-
convulsant, antidepressant, analgesic, antiinflammatory, antiplatelet, antima-
larial, antimicrobial, antitumoral and antiviral activities [12—19]. Furthermore,
hydrazones can display antitubercular effects based on their tendency to form
stable metal chelates with transition metal ions [20], which catalyze the physio-
logical processes [21].

The biological activity of the organic compounds like investigated
ones, depends on the pH values of the media, thus the behavior of these com-
pounds in acidic and basic media is very significant. Because of that the
behaviour of the investigated hydrazones was previously followed in perchloric
acid medium [22]. On the other hand, the dissociation constants are important
parameters for understanding and quantifying chemical phenomena such as re-
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action rates, biological activity, biological uptake and biological transport [23].
Proton transfer reactions are very important in chemistry and knowledge of pro-
ton affinities of bases and deprotonation enthalpies (DPE) of acids is therefore
essential. The results for the deprotonation enthalpies obtained using the ex-
perimental techniques are limited to the gas phase and are available only for a
limited number of ions and molecules. Therefore, the calculations of the DPE
theoretically, using semiempirical methods, could be carried out more quickly
and they are not limited by the physical properties of the molecules.

In this study, using the UV spectrophotometry method, we followed the
behavior in basic media of five p-substituted aromatic hydrazones. Our aim was
to determine the dissociation constants, as well as, thermodynamic dissociation
constants of these compounds. In addition, we calculated total energy and de-
protonation enthalpy values in order to determine the site of dissociation of the
investigated hydrazones.

The structure of the hydrazones under study is presented in the Table 1.

Table 1

Nomenclature and formulas of the studied hydrazones

R@C ( © III
et

Compound R Name Molecular formula
H, —H  N-benzaldehydebenzoilhydrazone C,4sH;,0ON,
H, —CH; N-benzaldehyde-p-methylbenzoilhydrazone C,sH14N,O
H; —OCHj; N-benzaldehyde-p-methoxybenzoilhydrazone CsH;,0,N,
H, —Cl  N-benzaldehyde-p-chlorobenzoilhydrazone C4H;;ON,C1
H; —OH N-benzaldehyde-p-hydroxybenzoilhydrazone C4sH;,0,N,

The investigated hydrazones are synthesized in our laboratory and
structurally characterized by UV spectroscopy, infrared spectroscopy (IR), nu-
clear magnetic resonance (‘"H NMR and *C NMR), as well as, by elemental
analysis (the results are in preparation for publication).

Ipuaosu, O00. maiu. iiex. Hayku, XXXII, 1-2 (2011), cTp. 23-43



26 M. Jankulovska, I. Spirevska, K. Cholancheska Ragjenovikj

EXPERIMENTAL

Preparation of a stock and test solutions

A stock solution of the hydrazones is prepared by dissolving about 60
mg of the compound in 96% ethanol in a volumetric flask of 250 cm’. The vol-
ume of 0.75 cm’ of this solution is transferred into 25 cm’® volumetric flask, and
after adding appropriate volume of NaOH (¢ = 0.5 mol dm™) and NaClO, (¢ =
1 mol dm™) the flask is diluted up to the mark with deionized water. The degree
of dilution of the stock solutions is chosen to obtain concentration of the hydra-
zones in the test solution of about 3-10° mol dm i.e. the absorbances to have a
value between 0.1 and 1 at the studied wavelengths. The pH of the test solu-
tions is adjusted with NaOH, while the ionic strength is maintained constant
(0.1, 0.25 and 0.5 mol dm™) using the solution of NaClO,. The UV spectra are
taken immediately after preparation of the test solutions, at room temperature.
After that the pH of each test solution is measured. The solution which does not
contain the investigated hydrazone, but has the same composition as tested one,
is used as a blank. The stock solutions were stable a long period of time under
ordinary conditions, while the stability of the working solution was satisfactory
only 24 hours of time.

Equipment and chemicals

The aromatic hydrazones are purified by twice recrystalization from
ethanol or diluted ethanol. The purity of the hydrazones is tested by measuring
of melting point, as well as, by the data of elemental analysis. The other chemi-
cals (NaOH, NaClO, and ethanol) were of analytical grade p.a. (Alkaloid), and
they are used without further purification.

A digital pH meter with glass electrode (pH range from 1 to 14) is used
for measurements of the pH values of the solutions. The spectral measurements
are carried out on a Varian Cary 50 spectrophotometer controlled by a com-
puter and equipped with a 1 ¢cm path length quartz cell, in the wavelength re-
gion from 190 nm to 400 nm. The maximum scan rate is 24 000 nm/min and
resolution is 1.5 nm.

Excel program is applied for calculation of the dissociation constants,
while the UV spectra are obtained with computer program Grams Version 4.10.
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Procedure for determination of dissociation constants

The hydrazones in basic media behaved as weak acids [24], hence their
acid dissociation constants could be calculated using the changes in the UV
spectra with pH of the medium. The dissociation of a weak acid could be de-
fined as follows (Eq. (1)):

BH,=B" +nH" (1)

At constant ionic strength, the equilibrium constant of the dissociation
reaction expressed using the concentration values is given with the Eq. (2),
while Eq. (3) is used for calculations of the pKgy.

e S0 1 ®
o c(BH) c’

pKpu=pH + log/ 3

In Eq. (3) / is ionization ratio i.e. ratio between concentration of disso-
ciated and neutral form of the hydrazone molecule, / = ¢(B")/c(BH), pKgy is
stoichiometric dissociation constant. The concentration of these two forms of
the hydrazone presented in the solution are determined by resolving the over-
determined system of four equations (referred to the absorbance values at the
analytical wavelengths) with two unknown parameters (the concentration of
neutral and dissociated form). At the other hand, the calculations could be made
from the absorbance values of a wavelength at maximum absorption, but the
results obtained in this way are less precise. All the calculations are performed
using the computer program Excel.

The pKpy values are obtained graphically, too. In fact, when ¢(B") =
c(BH), logl = 0, and the graphically dissociation constant is equal to the pH
value of solution (pKpy = pH), i.e. the weak acid is half dissociated [25]. The
thermodynamic dissociation constants are evaluated with extrapolation to zero
ionic strength of the dependence pKgy (at ionic strength of 0.1, 0.25 and 0.5

mol dm ™) on\/;.
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RESULT AND DISSCISION
Experimental spectra

The influence of the acidity of the medium on the investigated hydra-
zones have been studied using the electronic absorption spectra recorded in so-
lutions covering the range of pH from 7 to 14, at wavelength intervals between
190 and 400 nm. The spectra are recorded at ionic strength of 0.1, 0.25 and 0.5
mol dm. The obtained spectra at ionic strength of 0.1 mol dm™ for the hydra-
zones Hy and Hs are shown on the Fig. 1. The spectra for the hydrazones Hj,
H, and Hj; are dropped out, because they are similar to those of the hydrazone
H,.

Fig. 1. UV spectra of hydrazones H, and Hs (¢ = 3.00-10° mol dm ) in solution
with varying pH (7—14) and ionic strength of 0.1 mol dm™

The electronic absorption spectra of the hydrazone Hy display one ab-
sorption band in the wavelength region from 230 to 400 nm (See Fig. 1). Its
maximum in solution with pH = 7.5 appears at around 300 nm wavelength. This
band is a result of a low energy n—7 electron transition of the azometine
group, and characterizes the neutral form of the compound. When the pH value
of the solution increases (up to pH 9), the absorption band of the hydrazone H,4
shifts towards longer wavelengths (around 320 nm) and its intensity decrease
(Fig. 1). At pH value around 11.6 its position and intensity does not change
anymore. These changes in the UV spectra of hydrazone Hy, probably are a re-
sult of dissociation of amide group.
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As it is expected, the changes in the experimental UV spectra of the
hydrazone Hs are different than those mentioned above (See Fig. 1). When the
pH of the solution increases from 7.9 to 10.2 the absorption band that appears
in neutral media at 302 nm shiftes batochromic to 327 nm, and its intensity in-
creases. There are no changes in the position and intensity of this band up to pH
value of the 10.3 and until 11.4. However, when the investigated solution be-
comes more basic (pH between 11.7 and 13.2) another batochromic shift to 340
nm is observed, and in this case the intensity of the absorption band decreased.
There are no changes in the experimental spectra of the hydrazone Hs up to pH
values of 13.2. According to the more acidic character of the hydroxyl group
than amide group, the first band shift is due to dissociation of hydroxyl group,
while the second one can be a result of dissociation of amide group.

The described changes in the UV spectra of the investigated hydra-
zones show that the dissociation reaction takes place in basic media. The posi-
tions of absorption band in neutral and in basic media, as well as, the molar
absorption coefficient values (&) are given in Table 2.

Table 2

Amaxs Emax and pH range of dissociation of the absorption band in neutral and
basic media for the hydrazones Hi—Hs (1 = 0.1 mol dm™)

Compound Newralform  Dissociatedform  pH range of
pH 7 o108 pH A £10° dissociation

H, 79 297 289.7 11.9 318 161.3 9.8-11.6

H, 7.8 298 274.8 112 320 163.9 9.5-11.2

H; 7.4 302 361.1 113 325 182.2 9.9-11.3

H, 72 298 260.7 11.3 317 2135 9.8-11.3

9.8 327 354.8 9.4-10.2

H; 7.9 302 331.4
132 340 203.6 11.7-13.2

* — —
dm® mol™! em™!
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Sigmoidal ,,S” curves

The changes in the absorbance values with the changes of the pH val-
ues of the solution could be better seen from the dependence of the absorbance
of selected wavelengths on pH. This dependence has sigmoidal form (,,S”
curve) and it allows evaluating the pH region in which the dissociation process
takes place. The ,,S” curves obtained for the hydrazones Hy and Hs are shown
in Fig 2.

130 1.00 -
4 4 ¢ ¢ ¢
110 ot 0.90 -
Py e %
* L 2
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* * 'S
0.70 * *
. * 0.70 -
. .
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Fig. 2. The absorbance vs. pH plots at 430 nm for hydrazone Hy (¢ = 3.00-10° mol dm )
and 435 nm for hydrazone Hs (¢ = 3.00-107 mol dm’3) at ionic strength of 0.1 mol dm’?
(reconstructed spectra)

From the Fig. 2 it can be seen that the absorbance values are constant
between pH values of 7 and 9.5, and in the solution probably the molecular
form of the investigated compound is dominant. Furthermore, the absorbance
values increase in the pH range from 9.5 to 11.5, and in this range the dissocia-
tion process of the hydrazone H, occurs. Above pH of 11.5 the absorbance
value of the dissociated form is higher than that of the molecular form. The
curve A;mx = fipH) of the hydrazone H4 (Fig. 2) displays one step, which
means that the dissociation process take place in one step. The same situation is
observed for the hydrazones H;, H, and Hj. As it is mentioned before, the dis-
sociated proton belongs to the amide group.

In addition, as it is expected ,the ,,S” curve of the hydrazone Hs has
two steps. The first step is observed in the pH range from 9.4 and 10.2 (first
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step of dissociation) and the second one between 11.7 and 13.2 (second step of
dissociation).

These two clear steps on the ,,S” curve of the hydrazone Hs (Fig. 2) in-
dicate the establishment of two acid-base equilibriums over the used pH range.
Ionization of the hydroxyl group occurs first, than follows ionization of the am-
ide group.

Semiempirical data

In order to confirm the conclusions that are obtained from the experi-
mental spectra and sigmoidal ,,S” curves, we made some semiempirical calcula-
tions. The deprotonation enthalpy (DPE) of compound HB is the heat of reac-
tion for loss of a proton to form the conjugate base as it is given with the Eq.
(1). DPE is the characteristic of a neutral molecule and it could be calculated
according to Eq. (4).

DPE(BH) = AH(H") + AH(B") — AH/(BH) “)

In the Eq. (4), AH(H") is the heat of formation of H' and its experi-
mental value is 367.2 kcal mol ' [26], while AH(BH) and AH(B") are the heats
of formation of neutral and dissociated forms, respectively. The heats of for-
mation, total energies and the calculated DPE values of the investigated hydra-
zones are presented in Table 3.

The obtained semiemirical data show that the DPE values of the amide
group are similar for the investigated hydrazones H—Hj3, and theirs values are
around 333 kcal mol ' (Table 3). It suggests that the substituents —CH; and
—OCH; have no important influence of the dissociation reaction. The hydra-
zones H, and Hs have a little lower values of DPE compared to the hydrazones
H,—Hj;, probably due to the presence of the —Cl and —OH group in their mole-
cule, but still these differences are not significant. The situation is different for
the hydrazone Hs which has two dissociable groups (Table 3). The DPE values
of the hydroxyl group are higher than the DPE values of the amide group. It
shows that the deprotonation of the hydroxyl group occurs first, which is in ac-
cordance with the above performed conclusions. This is also in agreement with
the experimental data (Table 3) and the data known from the literature [27].
Furthermore, the values of the total energy are similar for the neutral and disso-
ciated form for all investigated hydrazones. It means that the both forms exist in
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equilibrium in the solution. On the other hand, the total energy value of the hy-
drazone Hs when the both groups (-NH and —OH) are dissociated is lower
compared to the neutral form, suggesting that these dissociated form are more
stable. The experimental results obtained for the investigated hydrazones, as
well as the calculated DPE values suggest the following sites of deprotonation:

Table 3
Semiempirical data (E, AHyand DPE) of hydrazones H,—Hs

AM1
Compound E«(BH) E(B) AH(BH) AH(B") DPE
H, —62028.4  —61747.5 59.42 25.44 333.21
H, —65623.1  —65341.8 51.54 17.94 333.59
H; —73003.1  -72722.0 20.74 —-13.04 333.42
H, —70332.7  =70054.5 52.49 15.82 330.52
H; ' 694225 —69141.9 14.49 —-19.86 332.85
? —68796.9 10.28 362.99

PM3
H, -56718.2  —56405.7 55.76 14.71 326.15
H, -60170.9  —59858.1 46.18 5.473 326.48
H; —66932.1  —66620.1 17.07 —24.48 325.64
H, —63669.1  —63358.5 49.02 6.036 324.22
H; '63496.1 —63184.4 9.931 -31.86 325.40
’ —62803.5 —4.547 352.72

Units for £y, AH,and DPE are kcal/mol

As it is already mentioned, the Scheme 1 shows that hydrazones H—H,
possess one site of dissociation i.e. amide group in their molecule. On the other
hand, hydrazone Hs has two sites of dissociation. In spite of amide group, the
hydroxyl group dissociates, too.

Contributions, Sec. Math. Tech. Sci., XXXII, 1-2 (2011), p. 2343



Determination of the dissociation constants of some p-substituted aromatic hydrazones 33

0 H

disociation site

0 H
HO@C< |
\ NH—N=C @

dissociation sites/

Scheme 1. Possible sites of dissociation of hydrazone molecule

Determination of the dissociation constants, pKpy

The dissociation constants of investigated hydrazones are determined
by varying pH (up to 7) in aqueous sodium hydroxide media. Another impor-
tant factor which has influence on the determination of the pKgy values is the
ionic strength of the solution. It affects the activity coefficients of the ionic
species in equilibrium. Hence, the procedure of determination is performed at
constant ionic strength of 0.1, 0.25 and 0.5 mol dm?, as it is mentioned before.
The measurements are done at different strengths in order to determine the
thermodynamic dissociation constants. Furthermore, the measurements are re-
peated twice in order to confirm the obtained results.

The variation of absorbance with pH of the solutions is utilized for cal-
culation of the pKgy. In order to achieve more precise results the absorbance
values at four analytical wavelengths are used. The absorbance values at 290,
295, 300 and 305 nm of the band that appears at about 300 nm wavelength for
the hydrazones H—H, and the absorbance values at 315, 320, 325 and 330 nm
of the band that appears at 325 nm for the hydrazone Hs are chosen as the ana-
lytical ones for determining the pKgy values. The changes in the absorbance
values with increasing the basicity of the solutions are bigger around the ab-
sorption maximum i.e. the ,,S” curves are the best when these absorbance val-
ues are used. The absorbances used for the calculation of the pKpy values and
ionization ratio (log/) values at ionic strength of 0.1 mol dm™ are shown in Ta-
bles 4, 5 and 6.
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Table 4

The absorbance values at the selected wavelength and ionization ratio (1)
values of the hydrazones Hy and H,

H; H,

pH logl Ay Ayos Az Asos pH logl Ay Ayos Asp0 Asos

7.98 0.7654 :0.7994 : 0.7959 : 0.7502 : 7.88 0.7905 : 0.8381 : 0.8446 : 0.8091
8.41 0.7500 : 0.7804 : 0.7776 : 0.7320 : 8.22 0.7813 : 0.8266 : 0.8322 : 0.7981
8.82 0.7693 - 0.8004 - 0.7967 - 0.7486 - 8.31 0.7789 - 0.8232:0.8302 : 0.7940
9.18 0.7679 :0.7977:0.7926 : 0.7454 : 8.59 0.7859 : 0.8331:0.8391 : 0.8035
9.36 0.7516 :0.7824 :0.7770 : 0.7289 : 8.82 0.7867 :0.8333 :0.8395 : 0.8058
9.61 0.7599 10.7898 10.7841 1 0.7352 ¢ 9.18 0.7859 10.8336 1 0.8379 1 0.8038

9.88 :0.7841 1 0.7299 :0.7577 : 0.7428 : 0.7158 : 9.48 :1.0328 1 0.7343 : 0.7755 : 0.7809 : 0.7496

10.19 :0.4223 0.7099 - 0.7377 :0.7328 : 0.7055 = 9.71 - 0.8598 - 0.6943 - 0.7355:0.7409 = 0.7115

10.28 :10.3292 0.6932:0.7198 : 0.7157 : 0.6922 : 9.97 : 0.5883  0.6599 : 0.6976 : 0.7004 : 0.6795

10.60 1 0.0759 0.6627 : 0.6889 : 0.6852 : 0.6736 : 10.29 - 0.2487  0.6148 - 0.6504 : 0.6598 | 0.6409

10.89 —0.2421 0.6211 - 0.6474 - 0.6490 - 0.6494 - 10.58 —0.1045 0.5813 0.6161 - 0.6270 - 0.6179

11.22 -0.5863 0.5696 : 0.5969 : 0.6029 : 0.6152 : 10.95 —0.3967 0.5453 : 0.5782:0.5931 : 0.5901

11.41 -0.8056 0.5107 :0.5363 : 0.5452 : 0.5609 : 11.24 :-0.6704 0.4800: 0.5120: 0.5314 : 0.5288

11.63 -0.9626 0.4732 10.5003 £0.5137 10.5258 | 11.62 0.4264 1 0.4556 1 0.4767 £ 0.4907
11.94 0.4077:0.4324 :0.4485:0.4552 : 11.91 0.4059 : 0.4344 :0.4571: 0.4741
12.24 0.3922 - 0.4234:0.4395 : 0.4528 - 12.18 0.3974 - 0.4245 © 0.4445 ° 0.4651
12.45 0.3858 :0.4167 : 0.4322 : 0.4534 : 12.54 0.3875:0.4118:0.4320: 0.4516
12.66 0.3809 :0.4113:0.4374 : 0.4591 . 12.81 0.3596  0.3908 : 0.4173 : 0.4442
12.94 0.3720 0.4003  0.4245 0.4460 13.16 0.3396 0.3708 0.3973 : 0.4242
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Table 5

The absorbance values at the selected wavelength and ionization ratio (1)
values of the hydrazones Hs and H,

H; H,
pH | logl | Ao | Aws | s Ass | pH | logl | Ay | Aws | Aso | Asos
7.48 0.8794 109815 1.0335] 1.0338 | 7.23 0.8600 ] 0.9126 [ 0.9204 | 0.8818
7.74 0.8849 :0.9864 : 1.0374 1 1.0377 ; 7.88 0.8679:0.9204 : 0.9291 : 0.8898
8.05 0.8569 :0.9539 : 1.0028 | 1.0025 ; 8.39 0.8690: 0.9198 1 0.9293  0.8880
8.27 0.8842 :0.9825:1.0329  1.0338 ; 8.93 0.8715:0.9237 1 0.9314 { 0.8917
8.56 0.8731:0.9667 : 1.0115 | 1.0074 ; 9.42 0.8846:0.9347 1 0.9417 1 0.9020
8.8 0.8750:0.9682 i 1.0139  1.0115; 9.85 0.6036 ; 0.8232 ; 0.8711 ; 0.8862 : 0.8513
9.01 0.8647 :0.9592 : 1.0024 1 0.9968 ; 10.28 ; 0.1801 ; 0.7815 ; 0.8288 : 0.8437 : 0.8255
9.21 0.8658 :0.9554 1 0.9978 | 0.9926 ; 10.48 i-0.0818; 0.7370 ; 0.7889 : 0.8085 : 0.7965
9.54 0.8837:0.9767 i 1.0164 | 1.0145 {1 10.67 i-0.1625; 0.6995 ; 0.7481 ; 0.7693 ; 0.7604
9.72 0.8698 :0.9620 ; 1.0051 | 1.0019 ; 10.91 i-0.4613; 0.6508 : 0.6977 : 0.7238 ; 0.7251
9.91 10.5079 : 0.8433:0.9284 : 0.9691 | 0.9551 ; 11.22 i-0.7872; 0.5865 ; 0.6310 ; 0.6591 ; 0.6688
10.15:0.3636 : 0.8096 ; 0.8950 ; 0.9341 { 0.9291 : 11.35 i-0.8949; 0.5208 : 0.5636 ; 0.5968 : 0.5993
10.34 1 0.0067 ; 0.7585: 0.8330 : 0.8710 ; 0.8729 i 11.47 0.5061 :0.5525 ;1 0.5849  0.5907
10.59 -0.1405: 0.7106 : 0.7772 1 0.8107 ; 0.8149 i 11.66 0.4953:0.5398 1 0.5759 1 0.5839
10.87 -0.4114; 0.6399 ; 0.6988 : 0.7286 : 0.7427 : 11.81 0.4667 : 0.5084 : 0.5440: 0.5758
11.08 -0.6303; 0.5844 : 0.6328 : 0.6606 | 0.6752 ; 12.02 0.4689 :0.5054 1 0.5381 0.5710
11.31 -0.8937; 0.5015 ; 0.5358 : 0.5596 ; 0.5702 ; 12.21 0.4658 : 0.5040 : 0.5367 : 0.5675
11.63 0.4473 :0.4722 1 0.4928  0.5092 ; 12.57 0.4661:0.5108 ; 0.5490 : 0.5822
11.94 0.4373:0.4721 1 0.5039  0.5299 ; 12.82 0.4659 1 0.5092 ; 0.5481 ; 0.5827
12.28 0.4418 | 0.4699 | 0.4954 | 0.5217 | 13.25 0.4586 | 0.5025 | 0.5435 | 0.5807
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Table 6

The absorbance values at the selected wavelength and ionization ratio (1)
values of the hydrazone Hs

H; first dissociatin H; second dissociation
pH = logl = Asg = Asps | Ao @ Aps  pH o ogl  Asp 0 Ass | Aszp Asss
7.91 0.5850:0.4068 : 0.2259 :0.0974 : 11.05 1.0305: 1.0898 : 1.0864 : 1.0223
8.28 0.575210.405410.2302 1 0.1069 | 11.31 0.9870:1.0433 1 1.0381 1 0.9807
8.45 0.564310.3880:0.2116 1 0.0873 | 11.43 0.9781:1.0361 | 1.0346 | 0.9737
8.68 0.555410.3800:0.2061 1 0.0839 1 11.71 1 0.9217:10.9692 | 1.0269 | 1.0259 1 0.9712
8.97 0.56111:0.392410.2203 1 0.0986 | 12.02 1 0.6251 1 0.9021 1 0.9558 1 0.9583 1 0.9115
9.29 0.564610.3912:0.2178 1 0.0968 | 12.33 10.2904 1 0.8273 1 0.8765 | 0.8864 | 0.8495

9.44 10.5804:0.6061 10.4737:0.3401 1 0.2797 1 12.51 1 0.1193 : 0.7669  0.8157 : 0.8257 0.7983
9.67 10.4147:0.6566 1 0.5309 | 0.4087 : 0.3465 | 12.74 -0.1659: 0.6873 { 0.7296 | 0.7448  0.7319
9.77 10.3219:0.7477 1 0.6325 1 0.5198 1 0.4097 | 12.96 —0.3891: 0.5995 1 0.6370 : 0.6583 0.6513
9.86 10.2042:0.793910.6925 1 0.5798 1 0.4827 | 13.18 —0.4842: 0.5434 1 0.5784 | 0.5858  0.5965

9.94 10.0757:0.879310.7983 1 0.6969 : 0.5802 | 13.32 0.5204 : 0.5546 | 0.5844 | 0.6029
10.05 -0.0152 0.9346 1 0.9411 : 0.7567 : 0.6757 | 13.61 0.5226 1 0.5569 | 0.5866 | 0.6051
10.16 -0.1007: 0.9994 1 0.9985 : 0.8712 1 0.7361 | 13.85 0.5233:0.5575 1 0.5873 ' 0.6058
10.30 1.012711.0612 : 1.0468 : 0.9785
10.47 1.0196 1 1.0761 : 1.0655 1 1.0011
10.71 1.0203  1.0800  1.0744 1.0132

Using the absorbance values at the selected wavelengths the molar ab-
sorption coefficients are calculated according to Beer’s low. To achieve that,
the UV spectra are recorded at three different concentrations of the investigated
hydrazones: 2.40-10”° mol dm™, 3.00-10° mol dm” and 3.60-10° mol dm.
The measurements are performed at pH values in which the investigated hydra-
zones H;—Hj; exist in neutral and dissociated form. Next step is the calculation
of the ionization ratio (/) values using the absorbances and molar absorption
coefficients. The pKgy values of the investigated hydrazones are calculated by
using the Eq. (3), given in the experimental section. The obtained pKgy values
determined with this procedure and their confidence interval at 95% confidence
levels, standard deviation values (s), variances (}) and correlation coefficients
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(R) are presented in Table 7. All the calculations are performed using the com-
puter program Excel.

Table 7

Stoichiometric pKgy values (numerically and graphically), thermodynamic
dissociation constant of hydrazones Hi—Hs and statistical data (s, V%, R)

1=0.1 u=0.25 ©=0.5 #=0.1 u=0.25 ©=0.5
Kol 10.*63i0.02 10.66+0.01 | 10.70+0.01 | 10.53+0.02 | 10.56+0.02 | 10.60+0.02
PRan n=38 n=38 n=38 n=7 n=38 n=38
K 10.63 10.65 10.68 10.47 10.50 10.54
s 0.028 0.014 0.020 0.034 0.036 0.031
V% 0.26 0.13 0.19 0.33 0.34 0.29
R 0998 = 0999 = 0.999 0.998  0.998 = 0.998
Thermodynamic pKpy
Numerically 10.58 10.47
Graphically 10.58 10.40
H3 H4
Kol 10.43+0.04 {1 10.45+0.03  10.49+0.02  10.45+0.02 : 10.47+0.01 | 10.50+0.02
PRaH n=7 n=7 n=7 n=7 n=7 n=7
K 10.44 10.46 10.50 10.47 10.49 10.52
s 0.051 0.035 0.025 0.033 0.012 0.032
% 0.48 0.34 0.24 0.31 0.11 0.31
R 0.995 0.997 0.998 0.998 0.999 0.999
Thermodynamic pKgy
Numerically 10.38 10.40
Graphically 10.39 10.43
: Hj; First dissociation constant Hs Second dissociation constant
- 10.05+0.02 : 10.07+£0.01 - 10.12+0.01 = 12.62+0.03 : 12.64+0.01 : 12.67+0.02
n=7 n=7 n=7 n=7 n=7 n=7
K 10.06 10.08 10.13 12.65 12.68 12.72
s 0.030 0.01 0.01 0.043 0.014 0.022
% 0.30 0.09 0.08 0.34 0.11 0.17
R 0.992 0.999 0.999 0.996 0.999 0.999
Thermodynamic pKpy
Numerically 9.99 12.57
Graphically 10.00 12.58

pKgy numerically, pKgy” graphically, s — standard deviation, 7% — variances, R — correlation
coefficient, ‘number of data used for calculations

Ipuaosu, O00. maiu. iiex. Hayku, XXXII, 1-2 (2011), cTp. 23-43



38 M. Jankulovska, I. Spirevska, K. Cholancheska Ragjenovikj

When we arranged the pKgy value of the studied hydrazones H;—H, for
the first dissociation constant, and second one for hydrazone Hs, we got the
following order: H;, H,, H;, Hy and Hs (Table 7). The hydrazone Hs has higher
pKgy value for the dissociation of the amide group compared to the pKgy of the
other hydrazones, probably as a result of the influence of the hydroxyl group in
their molecule. At the other hand, the pKgy values of hydrazones H—Hj are
similar. Even more, the hydrazones H; and H, have identical pKgy values.
These results suggest that the influence of —CH;, -OCHj3 and —C1 compared to —
H is insignificant. At higher ionic strength of the solutions, the pKpy values are
higher, too, for all investigated hydrazones. The graphically evaluated pKpy
values are in agreement with calculated ones (See Table 7). In the Fig. 3 are
presented the graphically obtained pKgy values of the hydrazone Hs for the first
and second dissociation step.

08 - 12 -
y = -1.001x+10.06
log/ R® = 0.984 logl y=-1.001x+12.64
0.8 Rf = 0.993
0.4 -
0 T 1
116 132 136

0 . : . . 04 -
ol4 96 9.8 10 '\'m_z

0.2 pH .08 - pH

Fig. 3. Dependence of log/ on pH of first (9.44-10.16) and second (11.71-13.18)
dissociation step for hydrazone Hs (¢ = 3.00-10° mol dm ™) —
ionic strength of 0.1 mol dm™

The statistical data (s and V) suggest that the used method for calcula-
tion of the pKgy is correct. The correlation between log/ and pH is satisfactory
(Ris close to 1).
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Thermodynamic dissociation constants

Determination of the thermodynamic dissociation constants is done
graphically. Namely, the curve of the dependence of pKpy (obtained for differ-
ent ionic strength 0.1, 0.25 and 0.5 mol dm™) on square root of 4 is extrapo-
lated to zero ionic strength. The intercept of this dependence is equal to the
thermodynamic dissociation constant.

The dependence of calculated pKpy at ionic strengths of 0.1, 0.25 and
0.5 mol dm on \/; for hydrazone Hs, is presented on Fig. 4.

10.16 - 12.72 ~

a b
pKeH pKau
10.12
12.68
10.08 +
12.64
10.04 -
12.6
10 1
y=0177Tx+ 9.992 y=0.141x+ 12,57
R? = 0.967 R?=0.999
9.96 T T 12.56 T T T ]
0 0.2 0.4 0.6 CI.B\/; 0 0.2 0.4 0.6 08 VH

Fig. 4. Thermodynamic dissociation constant of hydrazone Hs (¢ = 3.00-10"° mol dm™),
first (a) and second dissociation constant (b)

The evaluated thermodynamic pKgy values for all investigated hydra-
zones are shown in Table 5.

CONCLUSION

This study is carried out in order to determine the pKgy values of five
p-substituted aromatic hydrazones. For that purpose, the spectrophotometric
method is applied. The spectral behavior of the investigated aromatic hydra-
zones is followed in basic media i.e. in pH region from 7 to 14. It is found that
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in aqueous sodium hydroxide solutions, the electronic absorption spectra are
sensitive to pH variation. The ,,S” curves as well as, the isosbestic points ob-
served in the spectra, indicated that one acid-base reaction for the hydrazones
H,—H,, which involved the dissociation of the amide group, take place. On the
other hand, for the hydrazone Hs two acid-base equilibriums are observed i.e. in
spite of amide group, dissociation process occurrs in the hydroxyl group. The
semiempirical methods (AM1 and PM3) are useful for studying processes that
involve deprotonation of neutral molecules. The obtained semiempirical data
show the deprotonation site and suggest that the substituents present in the in-
vestigated hydrazone molecules have no significant influence on the derotona-
tion processes. The changes in the absorbance vs. pH are used for determination
of the acid dissociation constants at ionic strength of 0.1, 0.25 and 0.5 mol dm.
From these values the thermodynamic dissociation constants of hydrazones H;—
H, are evaluated.
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Peszume

OINNPEJEJTYBAIBE HA KOHCTAHTUTE HA TUCOLIUJALINJA
HA HEKOH p-CYIICTUTYUPAHU APOMATHYHHU XUJIPA3OHHU

Kucenuncko-0a3HOTO OIHECYBambe Ha 5 p-CyNCTUTYHPAaHH apOMATHYHH XUIPA3OHU €
ucnurano co npumena Ha UV crekTpoOTOMETPUCKHOT MeTOH. BiujaHueTo Ha KHCenocTa Ha
CpeliMHaTa BP3 alCOPILUOHNUTE CIIEKTPU € CIEAECHO BO BOJHU PACTBOPH O HATPHYM XHUAPOKCHI
Bo pH nogpadje ox 7 no 14. Mepemara ce HanpaBeHH Ha cOOHa TemIieparypa, 10eKa BpeJHOCTa
Ha joHCKaTa cua m3HecyBa 0,1, 0,25 i 0,5 mol dm™. 3abenexano e GATOXPOMHO MOMECTYBAESE
Ha ancopluuoHaTa JeHTa Bo 0a3zHa cpenuna, npu pH BpenHocT moronema o 7. Toa mokaxysa
JieKa ce OJIBUBA IPOILEC Ha AMCOLMjallMja Ha aMU/IHATa U XUIPOKCUIIHATA Tpyna. EHTanmnuuTe Ha
JICIPOTOHUpAkEe M BPEJHOCTUTE HA BKYIIHATA CHEPruja ce IPECMETaHH CO IPUMEHa Ha CEeMH-
emnupuckute merond AM1 u PM3.
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[Ipomenute Bo UV cnekrpure co npomeHa Ha pH Ha pacTBOpOT ce MCKOPHCTEHH 3a
omnpeJielyBalbe Ha KOHCTAaHTUTE Ha AMCOLMjauuja, pKpy, NPH TPH Pa3IUYHU BPEAHOCTH Ha
jOHCKaTa CHja, Kako M TePMOAMHAMHYKHTE KOHCTAHTH Ha IHCOLMjalja, TIPH jOHCKa CHiIa HyJa.
[IpecmerkuTe ce HampaBeHM OJ BPEJHOCTUTE Ha ancopOaHIaTa Ha 4eTHpH H30paHu OpaHOBU
JIOJDKUHH, O] eKCIIEPUMCHTAIHUTE U PEKOHCTPYMPAHHUTE CHEKTPH CO KApPaKTEPUCTUYHA BEKTOP
ananm3a (CVA). I'paduukure pKpy BpeAHOCTH ce TOOUESHH CO JIMHEapHa PerpecuoHa aHaIn3a.

Kityunu 360poBu: p-cyncTuTynpanu apoMaTuuHu xuapasonu, UV cnekrpodoromerpuja,
KOHCTaHTH Ha AWCOLMjalnja, TePMOANHAMUYKYA KOHCTAHTH Ha AUCOLHUALIH]a,
cemuemnupucku Meroau AM1 u PM3
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