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Abstract: The stability constants for the complex formation of VO2
+ with 

methyliminodiacetic acid (MIDA) were determined in this study for various 
volume fractions of methanol (0–45 %, v/v) at T = 298 K, I = 0.1 mol dm-3 
(sodium perchlorate). Potentiometric and UV spectrophotometric methods 
were utilized for the collection of experimental data. Different species were 
investigated but the best model contained VO2HL and VO2L- for the employed 
data treatment. One-, two- and three-parameter Kamlet–Abboud–Taft (KAT) 
equations were applied for the determination and calculation of the solvato-
chromic regression coefficients for the KAT models. 

Keywords: vanadium(V); linear solvation energy relationships; solvent effects; 
methanol; methyliminodiacetic acid. 

INTRODUCTION 

Yamada and coworkers reported a value of the stability constant for the 
formation of only one species, VO2L– (L = MIDA) in the complexation of 
dioxovanadium(V) with MIDA at I = 1.0 mol dm–3 sodium perchlorate.1 The 
present study was performed in H2O + CH3OH medium with the aim of com-
paring the results with those of a previously published paper obtained at different 
ionic strengths.2 Vanadium(V) oxometalates have found application as analytical 
reagents for the determination of various pharmacologically active substances 
and biochemical parameters. The antitumoral effects of vanadium can be eva-
luated by the determination of different parameters, such as cell proliferation, 
morphology and disruption of cellular architecture. The biological effects of 
vanadium(V) vary greatly in different biological systems.3 Vanadium plays a 
catalytic role in metalloenzyme systems, such as nitrogenase and haloperoxi-
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dases.4 Aminopolycarboxylic acids complexes with metals are usually very stable 
and have been used in different fields, such as selective NMR line broadening, 
magnetic resonance imaging (MRI), chelation therapy and several other indus-
trial applications.5 In the present study, the aim was to clarify the role of various 
specific and nonspecific interactions in solution by application of the KAT equa-
tion, similarly to previous reports concerning the complexation of dioxovana-
dium(V) and molybdenum(VI) with ethylene glycol bis(2-aminoethyl ether)- 
-N,N,N΄,N´-tetraacetic acid (EGTA) and ethylenediamine-N,N΄-diacetic acid 
(EDDA).6–8  

EXPERIMENTAL  

MIDA, 99 % (Fig. 1) was obtained from Aldrich. Sodium perchlorate, 99%; sodium 
hydroxide titrisol solution (1 mol dm-3); anhydrous sodium monovanadate, minimum 99%; 
sodium carbonate anhydrous, 99.5%; perchloric acid, 60%; potassium hydrogen carbonate ≥ 
99.5%; hydrochloric acid, 37% and methanol, 99.8% were purchased from Merck as 
analytical reagent grade materials. The chemicals were used as were received. 

Fig. 1. The chemical structure of MIDA. 

Anhydrous sodium monovanadate was dissolved in perchloric acid solution for the 
preparation of the vanadium(V) stock solution and prevention of decavanadate formation.9 
Isopolyvanadates should not be present, therefore the solution was left overnight before use in 
order to obtain only the VO2

+.9,10 Titrisol solutions were used for the preparation of the NaOH 
solutions. Several titrations with standard HCl were performed to obtain their concentration. 
KHCO3 and sodium carbonate solutions were used for the standardization of dilute perchloric 
and hydrochloric acids solutions, respectively. The specific conductance of the double-
distilled water used for the preparation of the stock solutions was (1.3±0.1) µS cm-1. 

The medium for all measurements at T = 298 K had an ionic strength of 0.10 mol dm-3 of 
sodium perchlorate. The pH values were measured with a Metrohm pH-meter, 827. A 
Metrohm combination electrode, model 6.0228.010 was used for the hydrogen ion concen-
tration measurements. A standard solution of hydrogen ion concentration was employed 
which consists of a 0.01 mol dm-3 perchloric acid solution, and 0.09 mol dm-3 sodium per-
chlorate for the ionic strength adjustment to 0.10 mol dm-3. The liquid junction potential was 
calculated using Eq. (1):6  

 pH(real) pH(measured) [H ](measured)a b += + +  (1) 

Adjustment of the ionic medium was realized by hydrogen ion concentration measu-
rement of two different solutions of HClO4 with sufficient NaClO4 and in this way, the values 
of a and b were obtained.6 Literature survey shows the glass electrode calibration for various 
methanol mixtures.6,11 For an aqueous methanol solution, the value of pH is denoted by B 
(which was measured using the pH meter) and the following equation shows its relation to the 
hydrogen ion concentration:6  

 Hlog [H ] log B μ+− = +  (2) 
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Different aqueous methanol solutions containing a known concentrations of sodium 
perchlorate and perchloric acid were used to maintain a constant ionic strength of 0.10 mol 
dm-3 and for the calculation of the B values.6 The values of the correction term 

0
H Hlog log( )μ μ γ+= were obtained based on the difference between the logarithm of known 

hydrogen ion concentrations and the corresponding values of B.6 The value of 0
Hμ  is only 

dependent on the solvent composition.6 The mean activity coefficient of perchloric acid in the 
solvent mixtures is denoted by γ+.6 Three titrations have been performed for each volume 
fraction of methanol and approximately 200 points were used in the calculations at each 
volume fraction of methanol.2,12 

A flow type cell has been used for the spectrophotometric measurements, which were 
performed using a Varian Cary 300 UV–Vis spectrophotometer. The absorbance values were 
collected in the wavelength range 245–280 nm in a thermoregulated matched 10-mm quartz 
cells. The acquisition of the couple of data A versus λ (nm) was performed by means of the 
built in computer program of the UV–Vis spectrophotometer. Simultaneous measurement of 
pH and absorbance was enabled by using a Masterflux pump that circulated the solution 
between the potentiometric and spectrophotometric cells.  

Different metal and ligand concentrations and ligand–metal mole ratios were tested and 
finally cL = 2.0×10-2 and cVO2 = 5.0×10-4 mol dm-3 gave good fits and speciation patterns with 
minimum error functions. Thus, 50 ml acidic solutions of dioxovanadium(V) (5.0×10-4 mol 
dm-3) were titrated with basic solutions of MIDA (2.0×10-2 mol dm-3) at different volume 
fractions of methanol. The absorbance and pH of the solutions were measured simultaneously 
after each addition. VO2

+ is dominant when a large excess of ligand was present in the acidic 
solution (pH < 3.0).6,10 All experiments were repeated three times, and the average values of 
experimental dissociation and stability constants along with their deviations from the average 
are given. 

RESULTS AND DISCUSSION 

Dissociation constants 

The two dissociation constants for MIDA are given by the following equi-
libria: 

 ( )- ( 1 )
1H L H H Ln i n i

i i
− + + − −−+ , 

( 1- )
1

( )

[H ][H L ]

[H L ]

n i
i

i n i
i

K
+ + −−

− −=  (3) 

L2– represents the fully deprotonated ligand. The values of the dissociation 
constants were obtained using the potentiometric technique and Microsoft Excel 
2003 software.2,12 The experimental, calculated and literature data are gathered 
in Tables I–IV.2,5 The experimental data for 0 % methanol in the first lines of 
Tables I–IV were from the literature2 but all the calculated values were obtained 
in this work based on the KAT equation, which will be discussed later.  

Data treatment 

Various stoichiometric models were investigated in order to find the best 
one. Finally, two species were identified that allowed the attainment of suitable 
fitting and distribution diagrams, similar to a previous work pertaining to com-
plex formation of VO2+ with MIDA at different ionic strengths.2 The values of 
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stability constants can be calculated from the summation of dissociation and for-
mation constants. The two equations for complex formation of dioxovana-
dium(V) with MIDA are represented below: 

 2
2 2VO H L VO HL+ + −+ +  , 2

111 2
2

[VO HL]

[VO ][H ][L ]
β + + −=  (4) 

 2
2 2VO L VO L+ − −+  , 2

101 2
2

[VO L ]

[VO ][L ]
β

−

+ −=  (5) 

TABLE I. Average experimental and calculated values of log K1 at I = 0.1 mol dm-3 of 
NaClO4 and different aqueous solutions of CH3OH for MIDA, based on one and three 
solvatochromic parameters: α, hydrogen bond donor acidity; β, hydrogen bond acceptor 
basicity; π*, dipolarity/polarizability. T = 298 K 

Methanol content 
% (v/v) 

Experimental
Calculated 

α β π* α, β, π* 
0 2.54±0.04 2.54±0.02 2.53±0.03 2.53±0.02 2.54±0.01 
5 2.58±0.02 2.58±0.02 2.57±0.03 2.60±0.02 2.58±0.01 
10 2.64±0.03 2.61±0.02 2.61±0.03 2.61±0.02 2.62±0.01 
15 2.65±0.01 2.65±0.02 2.65±0.03 2.64±0.02 2.65±0.01 
20 2.67±0.02 2.69±0.02 2.70±0.03 2.69±0.02 2.69±0.01 
25 2.72±0.02 2.73±0.02 2.74±0.03 2.72±0.02 2.72±0.01 
30 2.76±0.01 2.77±0.02 2.78±0.03 2.77±0.02 2.76±0.01 
35 2.79±0.02 2.81±0.02 2.82±0.03 2.81±0.02 2.80±0.01 
40 2.85±0.01 2.85±0.02 2.86±0.03 2.86±0.02 2.84±0.01 
45 2.95±0.01 2.92±0.02 2.90±0.03 2.92±0.02 2.95±0.01 
0 2.12±0.09a – – – – 
0 2.28±0.02b – – – – 
0 2.32±0.03c – – – – 
0 2.40±0.10d – – – – 
aI = 0.1 mol dm-3 KCl, T = 298 K; bI = 0.5 mol dm-3 NaClO4, T = 298 K; cI = 0.5 mol dm-3 KNO3, T = 298 K; 
dI = 1.0 mol dm-3 NaClO4, T = 298 K (a, b, c and d data were taken from the literature5) 

The absorbance data in the UV range 255 to 280 nm were collected for 
minimizing the error function base on the Gauss–Newton nonlinear least squares 
method in the Microsoft Excel 2003 software based on the function A = f(pH). 
Error function calculation could be realized according to the following equation:2 

 2
calexp )( AAU −=  (6) 

Aexp values were obtained from the UV spectrophotometric measurements at 
different pH values, wavelengths and volume fractions of methanol. Acal values 
were determined for the model consisting of VO2HL and VO2L– species. Aexp 
and Acal values at T = 298 K, I = 0.10 mol dm–3, 5 % volume fraction of metha-
nol and 270 nm are shown in Fig. 2. After optimization of error function, the 
values of U = 0.00243 and standard error of y, SE(y) = 0.00834 were obtained for 
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Fig. 2, which shows a good fit. The other volume fractions of methanol showed 
similar fits. 

TABLE II. Average experimental and calculated values of log K1 at I = 0.1 mol dm-3 of 
NaClO4 and different aqueous solutions of CH3OH for MIDA, based on two solvatochromic 
parameters: α, hydrogen bond donor acidity; β, hydrogen bond acceptor basicity; π*, 
dipolarity/polarizability. T = 298 K 

Methanol content, % (v/v) Experimental 
Calculated 

α, β α, π* β, π* 
0 2.54±0.04 2.54±0.01 2.54±0.02 2.53±0.02 
5 2.58±0.02 2.58±0.01 2.57±0.02 2.60±0.02 
10 2.64±0.03 2.62±0.01 2.61±0.02 2.61±0.02 
15 2.65±0.01 2.65±0.01 2.65±0.02 2.64±0.02 
20 2.67±0.02 2.69±0.01 2.69±0.02 2.69±0.02 
25 2.72±0.02 2.72±0.01 2.73±0.02 2.72±0.02 
30 2.76±0.01 2.76±0.01 2.77±0.02 2.77±0.02 
35 2.79±0.02 2.80±0.01 2.81±0.02 2.80±0.02 
40 2.85±0.01 2.83±0.01 2.85±0.02 2.85±0.02 
45 2.95±0.01 2.95±0.01 2.92±0.02 2.93±0.02 

TABLE III. Average experimental and calculated values of log K2 at I = 0.1 mol dm-3 of 
NaClO4 and different aqueous solutions of CH3OH for MIDA, based on one and three 
solvatochromic parameters: α, hydrogen bond donor acidity; β, hydrogen bond acceptor 
basicity; π*, dipolarity/polarizability. T = 298 K 

Methanol content 
% (v/v) 

Experimental
Calculated 

α β π* α, β, π* 
0 9.67±0.10 9.63±0.02 9.62±0.03 9.62±0.02 9.63±0.03 
5 9.68±0.06 9.68±0.02 9.68±0.03 9.71±0.02 9.69±0.03 
10 9.70±0.06 9.73±0.02 9.73±0.03 9.73±0.02 9.73±0.03 
15 9.76±0.01 9.78±0.02 9.78±0.03 9.77±0.02 9.78±0.03 
20 9.83±0.08 9.83±0.02 9.84±0.03 9.83±0.02 9.83±0.03 
25 9.87±0.07 9.88±0.02 9.89±0.03 9.87±0.02 9.88±0.03 
30 9.95±0.12 9.93±0.02 9.94±0.03 9.94±0.02 9.94±0.03 
35 9.97±0.10 9.98±0.02 9.99±0.03 9.98±0.02 9.98±0.03 
40 10.06±0.07 10.03±0.02 10.05±0.03 10.04±0.02 10.04±0.03 
45 10.13±0.09 10.13±0.02 10.10±0.03 10.13±0.02 10.13±0.03 
0 9.65±0.07a – – – – 
0 9.59±0.02b – – – – 
0 9.43±0.03c – – – – 
0 9.46±0.03d – – – – 
0 9.48±0.06e     
aI = 0.1 mol dm-3 KCl, T = 293 K; bI = 0.1 mol dm-3 KCl/KNO3, T = 298 K; cI = 0.5 mol dm-3 NaClO4, T = 
298 K; d I = 0.5 mol dm-3 KNO3, T = 298 K; dI = 1.0 mol dm-3 NaClO4, T = 298 K (a, b, c, d and e data were 
taken from the literature5) 

The distribution diagrams are gathered in Fig. 3 for different volume frac-
tions of methanol. The combination of the formation constants, mass-balance and 
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the Lambert–Beer law enabled the determination of the Acal values for the model 
including VO2HL and VO2L– (L = MIDA):2 

 2 20 2 VO HL 2 2VO L[VO ] [VO HL] [VO L ]A ε ε ε −+ −= + +  (7) 

 
2 2 2 2VO [VO ] [VO HL] [VO L ]c + + −= + +  (8) 

 L 2 2 2[VO HL] [VO L ] [H L] [HL ]c − −= + + +  (9) 

2 2 2VO H L VO HL H+ ++ + , 2

+
2

VO HL +
2 2

[VO HL][H ]
=

[VO ][H L]
K  (10) 

 2 2VO HL VO L H− ++ , 
2

2
VO L

2

[VO L ][H ]

[VO HL]
K −

− +
=  (11) 

TABLE IV. Average experimental and calculated values of log K2 at I = 0.1 mol dm-3 of 
NaClO4 and different aqueous solutions of CH3OH for MIDA, based on two solvatochromic 
parameters: α, hydrogen bond donor acidity; β, hydrogen bond acceptor basicity; π*, 
dipolarity/polarizability. T = 298 K 

Methanol content, % (v/v) Experimental 
Calculated 

α, β α, π* β, π* 
0 9.67±0.10 9.63±0.02 9.63±0.02 9.62±0.02 
5 9.68±0.06 9.68±0.02 9.69±0.02 9.70±0.02 
10 9.70±0.06 9.73±0.02 9.73±0.02 9.73±0.02 
15 9.76±0.01 9.78±0.02 9.78±0.02 9.77±0.02 
20 9.83±0.08 9.83±0.02 9.83±0.02 9.83±0.02 
25 9.87±0.07 9.88±0.02 9.88±0.02 9.88±0.02 
30 9.95±0.12 9.93±0.02 9.94±0.02 9.94±0.02 
35 9.97±0.10 9.98±0.02 9.98±0.02 9.98±0.02 
40 10.06±0.07 10.03±0.02 10.04±0.02 10.04±0.02 
45 10.13±0.09 10.13±0.02 10.13±0.02 10.12±0.02 
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A

Fig. 2. Aexp and Acal values at T = 298 K, I = 0.10 
mol dm-3, 5 % (v/v) and 270 nm. ●, Acal; ▲, Aexp 
for the model including VO2HL, and VO2L-. 
SE(y) = 0.00834. 

Comparison with literature data 

Yamada and coworkers published the value of log β101 = 10.16 ± 0.12 at 
I = 1.0 mol dm–3 (NaClO4) for the formation of only one species VO2L–.1 On the 
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other hand, stability constants for the formation of two species, VO2HL and 
VO2L–, at different ionic strengths of sodium perchlorate in the range of 0.1 < I <  
< 1.0 mol dm–3 was previously reported.2 A difference exists between the stabi-
lity constants data (Tables V and VII) at 0 % methanol reported in this work and 
those presented in the previously published paper (1.00 < pH < 2.50, cL = 
= 5.18×10–2 and cVO2+ = 1.00×10–3 mol dm–3 ), especially for the values of log 
β101 (Tables V and VII).2 It seems that the main reason is due to the selection of 
different concentrations and pH range for the calculations, which was up to pH 
3.00 in the current work. Values of log β111 and log β101 from the literature 
together with the results of the present work are gathered in Tables V and VII. 
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Fig. 3. Distribution curves at T = 298 K, I = 0.10 
mol dm-3 (a) 5 % (b) 20 % and (c) 45 % (v/v) for 
the model including VO2HL and VO2L-. (CVO2

+ = 
5.0 × 10-4 and CL = 2.0 × 10-2) mol dm-3, ●, 
VO2

+; ▲, VO2L-; ■, VO2HL. 

Solvent effect investigation in the complex formation reaction using the KAT 
equation 

The Kamlet–Abboud–Taft equation is a subset of linear solvation energy 
relationships (LSER), which has been used for the interpretation of different 
interactions in solution:13–37 
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 0log ( * )K A p d a bπ δ α β= + + + +  (12) 

where A0 is the value for log K in the setup when α, β, and π* are all zero. α is the 
solvent hydrogen-bond donor (HBD) acidity. A solvent can give a proton to a 
solute and form a hydrogen bond. The α values are between zero for non-HBD 
solvents up to 1.0 for methanol.13 β is the solvent hydrogen-bond acceptor 
(HBA) basicity. A solvent can accept a proton from a solute during hydrogen 
bond formation. The β values vary from zero for non-HBA solvents up to 1 for 
hexamethylphosphoric acid triamide (HMPT).13 π* is an index of the solvent 
dipolarity/polarizability. In other words, it is the capability of a solvent regarding 
charge, dipole and dielectric contributions. The π* value is 0.00 and 1.00 for 
cyclohexane and dimethyl sulfoxide respectively.13 δ is discontinuous polarizabi-
lity correlation term. The value of δ is 0.0 for non-chloro-substituted aliphatic 
solvents, 0.5 for poly-chloro-substituted aliphatics, and 1.0 for aromatic sol-
vents.13 In the current work, δ is equal to zero. 
 

TABLE V. Average experimental and calculated values of log β111 at I = 0.1 mol dm-3 of 
NaClO4 and different aqueous solutions of CH3OH for MIDA, based on one and three 
solvatochromic parameters: α, hydrogen bond donor acidity; β, hydrogen bond acceptor 
basicity; π*, dipolarity/polarizability. T = 298 K 

Methanol content 
% (v/v) 

Experimental
Calculated 

α β π* α, β, π* 
0 12.50±0.04 12.43±0.07 12.41±0.06 12.40±0.07 12.41±0.07 
5 12.60±0.10 12.60±0.07 12.58±0.06 12.68±0.07 12.61±0.07 
10 12.75±0.06 12.77±0.07 12.76±0.06 12.75±0.07 12.76±0.07 
15 12.87±0.04 12.94±0.07 12.94±0.06 12.90±0.07 12.93±0.07 
20 13.01±0.20 13.10±0.07 13.12±0.06 13.11±0.07 13.11±0.07 
25 13.25±0.02 13.27±0.07 13.29±0.06 13.25±0.07 13.28±0.07 
30 13.51±0.10 13.44±0.07 13.47±0.06 13.46±0.07 13.46±0.07 
35 13.69±0.10 13.61±0.07 13.65±0.06 13.60±0.07 13.63±0.07 
40 13.82±0.15 13.77±0.07 13.82±0.06 13.81±0.07 13.81±0.07 
45 14.04±0.10 14.11±0.07 14.00±0.06 14.09±0.07 14.04±0.07 
0 12.79±0.152 – – – – 

TABLE VI. Average experimental and calculated values of log β111 at I = 0.1 mol dm-3 of 
NaClO4 and different aqueous solutions of CH3OH for MIDA, based on two solvatochromic 
parameters: α, hydrogen bond donor acidity; β, hydrogen bond acceptor basicity; π*, 
dipolarity/polarizability. T = 298 K 

Methanol content, % (v/v) Experimental 
Calculated 

α, β α, π* β, π* 
0 12.50±0.04 12.41±0.06 12.42±0.07 12.40±0.06 
5 12.60±0.10 12.59±0.06 12.63±0.07 12.62±0.06 
10 12.75±0.06 12.76±0.06 12.76±0.07 12.76±0.06 
15 12.87±0.04 12.94±0.06 12.92±0.07 12.92±0.06 
20 13.01±0.20 13.11±0.06 13.10±0.07 13.11±0.06 
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TABLE VI. Continued 

Methanol content, % (v/v) Experimental 
Calculated 

α, β α, π* β, π* 
25 13.25±0.02 13.29±0.06 13.26±0.07 13.28±0.06 
30 13.51±0.10 13.46±0.06 13.45±0.07 13.47±0.06 
35 13.69±0.10 13.63±0.06 13.60±0.07 13.63±0.06 
40 13.82±0.15 13.81±0.06 13.79±0.07 13.82±0.06 
45 14.04±0.10 14.04±0.06 14.10±0.07 14.03±0.06 

TABLE VII. Average experimental and calculated values of log β101 at I = 0.1 mol dm-3 of 
NaClO4 and different aqueous solutions of CH3OH for MIDA, based on one and three 
solvatochromic parameters: α, hydrogen bond donor acidity; β, hydrogen bond acceptor 
basicity; π*, dipolarity/polarizability. T = 298 K 

Methanol content 
% (v/v) 

Experimental
Calculated 

α β π* α, β, π* 
0 10.96±0.10 10.90±0.09 10.86±0.07 10.86±0.09 10.86±0.08 
5 11.08±0.20 11.09±0.09 11.07±0.07 11.18±0.09 11.10±0.08 
10 11.27±0.10 11.28±0.09 11.27±0.07 11.26±0.09 11.27±0.08 
15 11.45±0.05 11.47±0.09 11.47±0.07 11.42±0.09 11.46±0.08 
20 11.57±0.20 11.66±0.09 11.68±0.07 11.66±0.09 11.67±0.08 
25 11.77±0.20 11.85±0.09 11.88±0.07 11.83±0.09 11.87±0.08 
30 12.06±0.30 12.04±0.09 12.08±0.07 12.07±0.09 12.08±0.08 
35 12.33±0.20 12.24±0.09 12.28±0.07 12.23±0.09 12.28±0.08 
40 12.58±0.10 12.43±0.09 12.49±0.07 12.47±0.09 12.49±0.08 
45 12.70±0.10 12.81±0.09 12.69±0.07 12.79±0.09 12.70±0.08 
0 11.74±0.252 – – – – 
0 10.16±0.12a – – – – 
aI = 1.0 mol dm-3 NaClO4, T = 298 K (data were taken from the literature1) 

Different trends exist for the variation of solvatochromic parameters with the 
change in the concentration of various alcohols. Values of α, β and π* for various 
aqueous solutions of methanol are listed in Table IX.6 The α and π* values 
decrease but the β values increase with increasing methanol (Table IX). Several 
interactions exist in solution that are mainly classified as specific and non-
specific interactions. All of these interactions can be defined as solvent polarity 
or solvation power. The famous specific interactions include different kinds of 
hydrogen bonding. All the other interactions except hydrogen bonding have been 
classified as non-specific interactions. The main intention of this work was to 
determine the contributions of different interactions by calculation of the 
regression coefficients a, b and p. Different one and two parameters KAT 
equations for the dissociation and stability constants are gathered in Table X. 
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TABLE VIII. Average experimental and calculated values of log β101 at I = 0.1 mol dm-3 of 
NaClO4 and different aqueous solutions of CH3OH for MIDA, based on two solvatochromic 
parameters: α, hydrogen bond donor acidity; β, hydrogen bond acceptor basicity; π*, 
dipolarity/polarizability. T = 298 K 

Methanol content, % (v/v) Experimental 
Calculated 

α, β α, π* β, π* 
0 10.96±0.10 10.87±0.08 10.88±0.09 10.86±0.08 
5 11.08±0.20 11.07±0.08 11.14±0.09 11.09±0.08 
10 11.27±0.10 11.27±0.08 11.27±0.09 11.27±0.08 
15 11.45±0.05 11.47±0.08 11.45±0.09 11.46±0.08 
20 11.57±0.20 11.67±0.08 11.66±0.09 11.67±0.08 
25 11.77±0.20 11.88±0.08 11.84±0.09 11.87±0.08 
30 12.06±0.30 12.08±0.08 12.06±0.09 12.08±0.08 
35 12.33±0.20 12.28±0.08 12.23±0.09 12.27±0.08 
40 12.58±0.10 12.48±0.08 12.45±0.09 12.48±0.08 
45 12.70±0.10 12.70±0.08 12.80±0.09 12.71±0.08 

TABLE IX. Solvatochromic parameters for different aqueous solutions of methanol from the 
literature6 

Methanol content, % (v/v) α β π* 
0 1.17 0.47 1.09 
5 1.16 0.48 1.05 
10 1.15 0.49 1.04 
15 1.14 0.50 1.02 
20 1.13 0.51 0.99 
25 1.12 0.52 0.97 
30 1.11 0.53 0.94 
35 1.10 0.54 0.92 
40 1.09 0.55 0.89 
45 1.07 0.56 0.85 

TABLE X. Different KAT equations with one and two solvatochromic parameters together 
with their standard errors and square values of the correlation coefficients (r2) for the 
dissociation and stability constants at T = 298 K, I = 0.1 mol dm-3 of NaClO4 and different 
aqueous solutions of methanol: α, hydrogen bond donor acidity; , hydrogen bond acceptor 
basicity; π*, dipolarity/polarizability; n = 10 

KAT Equation r2 
log K1 = (7.08±0.20) – (3.88±0.18)α 0.98 
log K1 = (0.62±0.15) + (4.07±0.29)β  0.96 
log K1 = (4.30±0.08) – (1.63±0.09)π* 0.98 
log K1 = (13.86±2.79) – (7.94±1.67)α – (4.31±1.77)β 0.99 
log K1 = (7.22±1.99) – (4.08±2.77)α + (0.08±1.16)π* 0.98 
log K1 = (5.68±2.07) – (1.53±2.30)β – (2.23±0.91)π* 0.98 
log K2 = (15.52±0.27) – (5.03±0.24)α 0.98 
log K2 = (7.13±0.15) + (5.31±0.29)β 0.98 
log K2 = (11.92±0.10) – (2.11±0.10)π* 0.98 
log K2 = (14.54±5.13) – (4.44±3.07)α + (0.62±3.25)β 0.98 
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TABLE X. Continued 

KAT Equation r2 
log K2 = (13.78±2.61) – (2.60±3.65)α – (1.02±1.53)π* 0.98 
log K2 = (10.84±2.51) + (1.20±2.78)β – (1.64±1.10)π* 0.98 
log β111 = (32.02±0.80) – (16.74±0.71)α 0.99 
log β111 = (4.07±0.36) + (17.73±0.69)β 0.99 
log β111 = (20.06±0.30) – (7.02±0.31)π* 0.98 
log β111 = (13.75±13.37) – (5.81±8.02)α + (11.61±8.48)β 0.99 
log β111 = (27.45±7.69) – (10.34±10.75)α – (2.69±4.51)π* 0.99 
log β111 = (9.31±6.52) + (11.93±7.24)β – (2.31±2.87)π* 0.99 
log β101 = (33.27±1.05) – (19.12±0.93)α 0.98 
log β101 = (1.32±0.42) + (20.30±0.82)β 0.99 
log β101 = (19.61±0.38) – (8.03±0.39)π* 0.98 
log β101 = (3.78±16.33) – (1.47±9.79)α + (18.74±10.36)β 0.99 
log β101 = (26.35±10.02) – (9.42±14.00)α – (4.08±5.88)π* 0.98 
log β101 = (4.82±7.94) + (16.43±8.81)β – (1.54±3.49)π* 0.99 

CONCLUSIONS 

In general, it could be stated that increasing the methanol concentration 
(lower solvation and decrease in the polarity of the mixture) in the concentration 
range studied in this research cause an increase in the values of the dissociation 
and stability constants for the complexation of dioxovanadium(V) with amino-
polycarboxylic acids. The standard errors for three parameters KAT equations 
were too high due to the strong intercorrelation of the methanol parameters. The 
standard errors for the two-parameter KAT equation in Table X are relatively 
high in comparison to those of the one parameter KAT equation. Therefore only 
one and two parameters KAT equations are presented in Table X. Although rela-
tively good results were obtained with the one-parameter KAT equation, it could 
be concluded that KAT equation may not be applicable in the current research 
because the solvatochromic substances may be preferentially solvated to a greater 
or lesser degree than the substances involved in the studied chemical reaction. 
For the methanol + water system in the current work, it is very difficult to deter-
mine exactly the role of the KAT parameters because the variations in the stabi-
lity and dissociation constants with the methanol concentration are linear and 
strong correlation exist for the KAT parameters. 
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И З В О Д  

ИЗРАЧУНАВАЊЕ КОНСТАНТИ СТАБИЛНОСТИ ЗА ФОРМИРАЊЕ КОМПЛЕКСА 
ДИОКСОВАНАДИЈУМА(V) СА МЕТИЛИМИНОДИСИРЋЕТНОМ КИСЕЛИНОМ У 

РАЗЛИЧИТИМ H2O + CH3OH РАСТВОРИМА КОРИШЋЕЊЕМ 
KAMLET–ABBOUD–TAFT-ОВЕ ЈЕДНАЧИНЕ 

KAVOSH MAJLESI, SAGHAR REZAIENEJAD, NAZILA DOUSTMAND SARABI, MEHRDOKHT FAHMI 

и FERESHTEH TAHAMTAN 

Department of Chemistry, Science and Research Branch, Islamic Azad University, Tehran, Iran 

Константе стабилности за формирање комплекса VO2
+ са метилиминодисирћетном 

киселином (MIDA) су одређене у овом раду за различите запреминске уделе метанола 
(0–45 %, v/v) на T = 298 K, I = 0,1 mol dm-3 натријум-перхлората. Потенциоментријска и 
УЉ спектрофотометријска метода су примењене за прикупљање података. Различите 
врсте су испитиване, а најбољи модел садржи VO2HL и VO2L- (L = MIDA) за наш трет-
ман података. Једно-, дво- и тропараметарске Kamlet–Abboud–Taft-ове (KAT) једначине 
су примењене за одређивање и израчунавање КАТ модела солватохромних регресионих 
коефицијената. 

(Примљено 17. марта, ревидирано 21. јуна 2013) 

REFERENCES 

1. S. Yamada, J. Nagase, S. Funahashi, M. Tanaka, J. Inorg. Nucl. Chem. 38 (1976) 617 
2. K. Majlesi, S. Rezaienejad, J. Chem. Eng. Data 55 (2010) 882 
3. A. Tracey, G. Willsky, E. Takeuchi, Vanadium: Chemistry, Biochemistry, Pharmacology 

and Technical Applications, CRC Press, Boca Raton FL, USA, 2007 
4. D. Rehder, Bioinorganic Vanadium Chemistry, Wiley, New York, USA, 2008. 
5. G. Anderegg, F. A-Neu, R. Delgado, J. Felcman, K. Popov, Pure Appl. Chem. 77 (2005) 

1445 
6. K. Majlesi, S. Rezaienejad, J. Chem. Eng. Data 55 (2010) 4491 
7. K. Majlesi, N. Momeni, J. Chem. Eng. Data 54 (2009) 2479 
8. K. Majlesi, Chin. J. Chem. 28 (2010) 1973 
9. K. Majlesi, S. Rezaienejad, J. Solution Chem. 41 (2012) 937 

10. P. Lagrange, M. Schneider, J. Lagrange, J. Chim. Phys. 95 (1998) 2280 
11. R. G. Bates, Determination of pH, Wiley, New York, USA, 1964 
12. J. E. Billo, Excel for Chemists, 2nd ed., Wiley, New York, USA, 2001 
13. C. Reichardt, Solvents and Solvent Effects in Organic Chemistry, Wiley–VCH, Wein-

heim, Germany, 2004 
14. S. F. Hmuda, N. R. Banjac, N. P. Trišović, B. Đ. Božić, N. V. Valentić, G. S. Ušćumlić, 

J. Serb. Chem. Soc. 78 (2013) 627 
15. S. Ž. Drmanić, J. B. Nikolić, B. Ž. Jovanović, J. Serb. Chem. Soc. 77 (2012) 569 
16. S. Ž. Drmanić, J. B. Nikolić, A. D. Marinković, B. Ž. Jovanović, J. Serb. Chem. Soc. 77 

(2012) 1311 
17. A. S. Alimmari, A. D. Marinković, D. Ž. Mijin, N. V. Valentić, N. Todorović, G. S. 

Ušćumlić, J. Serb. Chem. Soc. 75 (2010) 1019 
18. N. D. Divjak, N. R. Banjac, N. V. Valentić, G. S. Ušćumlić, J. Serb. Chem. Soc. 74 

(2009) 1195 
19. G. S. Ušćumlić, J. B. Nikolić, J. Serb. Chem. Soc. 74 (2009) 1335 
20. S. Ž. Drmanić, A. D. Marinković, B. Ž. Jovanović, J. Serb. Chem. Soc. 74 (2009) 1359 
21. J. B. Nikolić, G. S. Ušćumlić, J. Serb. Chem. Soc. 72 (2007) 1217 



 COMPLEXATION IN WATER-METHANOL MIXTURES 1559 

22. J. B. Nikolić, G. S. Ušćumlić, V. Krstić, J. Serb. Chem. Soc. 69 (2004) 601 
23. G. S. Ušćumlić, A. A. Kshad, D. Ž. Mijin, J. Serb. Chem. Soc. 68 (2003) 699 
24. H. Uslu, J. Chem. Eng. Data 57 (2012) 3685 
25. W. E. Acree Jr., G. A. Baker, A. L. Revelli, J. C. Moise, F. Mutelet, J. Chem. Eng. Data 

57 (2012) 3510 
26. M. Prezhdo, V. Zubkova, V. Prezhdo, J. Chem. Eng. Data 57 (2012) 1945 
27. J. Planeta, P. Karásek, M. Roth, J. Chem. Eng. Data 57 (2012) 1064 
28. H. Uslu, J. Chem. Eng. Data 57 (2012) 902 
29. F. Mutelet, J. C. Moise, A. Skrzypczak, J. Chem. Eng. Data 57 (2012) 918 
30. S. Seifert, F. Simon, G. Baumann, M. Hietschold, A. Seifert, S. Spange, Langmuir 27 

(2011) 14279 
31. Y.-S. Shih, S.-M. Chou, Y.-H. Peng, M. Shih, J. Chem. Eng. Data 56 (2011) 4950 
32. K. Khimeche, P. Alessi, A. Dahmani, I. Kikic, A. Cortesi, J. Chem. Eng. Data 56 (2011) 

4651 
33. F. Mutelet, V. Ortega-Villa, J. C. Moise, J. N. Jaubert, W. E. Acree Jr., J. Chem. Eng. 

Data 56 (2011) 3598 
34. J. P. Hallett, T. Welton, Chem. Rev. 111 (2011) 3508 
35. K. Paduszynski, U. Domanska, J. Phys. Chem., B 115 (2011) 8207 
36. R. W. Taft, J. L. M. Abboud, M. J. Kamlet, J. Org. Chem. 49 (1984) 2001 
37. M. J. Kamlet, J. L. M. Abboud, M. H. Abraham, R. W. Taft, J. Org. Chem. 48 (1983) 

2877. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


