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The successive formation constants of copper(II) and proton complexes of the Schiff base, 2-(4-

dimethylaminocinnamalamino)phenol (DACAP) formed by condensation reaction of 4-dimethylaminocinnamaldehyde 

and 2-aminophenol were determined in the aqueous solutions of acetone and dioxane at 25 ± 0.1°C and an ionic 

strength of 0.1 M by potentiometric pH measurements. Calculations were performed with the weighted least square 

method by means of the PKAS and BEST computer programs. The distribution diagram of the complex species was 

drawn as a function of the pH. The solvent effect on different protonation sites of the ligand was discussed. Some 

characteristic specifications of the ligand and the copper(II) complex were also described. Together with the formation 

of [CuL]+ and CuL2 complexes, the presence of ( 1)–CuL(OH) ,n
n

−  hydroxo complexes were also observed at rather basic 

region and their corresponding formation constants were determined. 

INTRODUCTION 

Schiff bases and their metal complexes have attracted an increasing interest in their application. They 

have been produced from intermediate products in enzymatic reactions and used as antitumor agents.1 

Cinnamaldehyde derivatives were recently screened as anticancer drug candidates. Inhibitory effects of 

cinnamaldehyde and some of its derivatives on some induced lung carcinogenesis were reported.2 Such 

compounds have also wide applications in performing quantitative determinations in analytical chemistry, in 

dyestuff production, pharmacology and liquid crystal industries.3,4 However, there are limited analytical 

data about cinnamaldimines.5–7 The determination of the stability constants of our ligand with proton and 

metal ions is required in understanding its chemical and biochemical behaviors. But in determining the 

stability constants we are facing some problems, such as low solubility in aqueous solutions. Therefore, we 

are forced to choose mixed solvents. Solvent mixtures in different compositions are interesting because 

systematic variations in acid-base properties of different protonation sites of ligand and the stability of metal 

complexes can be studied. This allows us to check the reliability of the method and the constants with a 

suitable extrapolation procedure to desired solvent composition. 

EXPERIMENTAL 

Synthesis of the ligand 

Equimolar solutions of 4-dimethylaminocinnamaldehyde (Merck) and 2-aminophenol (Merck) in absolute alcohol (Merck) 

were mixed. This solution was refluxed for half an hour on a water bath under a nitrogen atmosphere (99.99% purity, obtained from 
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Habas in Turkey) and kept overnight at room temperature. Shiny red-brown crystals were filtered and dried in a desiccator over P2O5, 

followed by recrystallization from carbon tetrachloride (Merck); yield: 75%, melting point: 142–143°C. Elemental analysis calcd (%) 

for C17H18N2O: C 76.05, H 6.88, N 10.45; found: C 76.69, H 6.77, N 10.53. FTIR bands (cm–1) in KBr disc: 3420, 1630, 1565, 

1475, 1150–1060, 755. 

OH

NCHCHCHN
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3
C

H
3
C
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Synthesis of the Copper(II) complex 

A solution of the ligand (0.02 mole) and the acetate salt of copper ion (0.01 mole, Merck) in a suitable amount of absolute 

ethyl alcohol were refluxed together for 1 to 1.5 hours and kept overnight at room temperature. The reddish brown crystals were 

obtained upon standing at room temperature; yield: 67%, melting point: 244–245°C. Elemental analysis calcd (%) for C34H34N4O2Cu: 

C 68.74, H 5.73, N 9.43; found: C 68.06, H 5.76, N 9.40. FTIR bands (cm–1) in KBr disc: 3405, 1580, 1467, 1150–1120, 732. 

Potentiometric experiments 

Solutions of HClO4 (0.1 M), NaClO4 (2.0 M) and copper(II) nitrate (0.01 M) were prepared from analytical grade Merck and 

Riedel-de Haen chemicals. HClO4 solution was standardized using Gran’s method8 by titration against tetrabutylammoniumhydroxyde 

(TBAH) (0.1 M in methanol-isopropyl alcohol, Merck) under the same conditions of solvent composition carried out at 25 ±€0.1°C 

and 0.1 M ionic strength. The solution of copper(II) ion was standardized with EDTA according to the usual complexometric 

method. The ligand solution (5 ×€10–3 M) was prepared by dissolving the ligand in acetone (Merck) and dioxane (Merck). In the 

preparation of all aqueous solutions doubly distilled and deionized water was used. Nitrogen was passed through sodium hydroxide 

solution before it was introduced in to the reaction vessel. 

Potentiometric measurements were performed with a Metrohm 654 pH meter employing a Metrohm (6.0202.000) combined 

glass electrode in a Metrohm double walled glass vessel. Standardized base solution was added from a Metrohm E 415 automatic 

burette under nitrogen atmosphere. The temperature was kept constant at 25 ± 0.1°C using a Grant W14 thermostatted water bath. 

A magnetic stirrer was used during the titrations. 

Procedure 

To calibrate the pH meter in terms of hydrogen ion concentration (pH= –log[H+]) in various binary solvent mixtures used, 

various quantities of HClO4 solutions (3 ×€10–3–6 ×€10–3 M) containing different proportions of acetone or dioxane were titrated 

against TBAH solution at constant ionic strength (0.1 M) and at 25 ± 0.1°C. The linear pH-meter responses were obtained for all 

solvent compositions. To obtain true calibration parameters in basic region, it is necessary to have the true value of Kw, the 

autoprotolysis constant of water.9,10 PKAS program allows the simultaneous refinements of both the acidity constants of ligand and 

pKw by minimizing the discrepancy between the measured and calculated pH values. The carbonate constituent in the base solution 

was found using Gran’s method8 and it was entered into the program. Thus, pKw values calculated from strong acid-strong base 

titrations were further refined by PKAS program. We obtained well-fitting points, i.e. even few highest differences between 

measured and calculated pH values were less than 0.1 pH unit. 

The solutions of 0.1 M HClO4 (1.5 mL), 2 M NaClO4 (2.5 mL) and 5 × 10–3 M DACAP (5.0 mL) were mixed with the required 

volume of acetone or dioxane and diluted to 50.0 mL with water. These solutions were slowly titrated with progressive addition of 0.05 

mL of 0.1 M TBAH solution and the results obtained were entered into the programs. In the case of the copper complexes, a mixture of 

0.1 M HClO4 (1.5 mL), 2 M NaClO4 (2.5 mL), 5 × 10–3 M DACAP (5 mL) and 0.01 M copper (II) nitrate (1 mL) solution were mixed 

with 20 mL of acetone and diluted with water into 50.0 mL. This mixture having 1:2.5 mole ratio of metal:ligand was titrated with 

progressive addition of 0.05 mL of TBAH solution. When the titration was repeated with the mixtures that contain different metal: ligand 

ratios, the absence of polynuclear complexes was established. 

Evaluation of the stability constants 

The successive protonation equilibria of a 1- charged ligand could be given as: 

L– + H+ € HL  H
1K  = [HL]/ [L–][H+]   (1) 

HL + H+ € H2L
+  H

2K  = [H2L
+]/ [HL][H+]   (2) 

H2L
+ + H+ € H3L

2+  H
3K  = [H3L

2+]/ [H2L
+][H+]   (3) 

Hq – 1L
(q – 2)+ + H+ € HqL

(q – 1)+  H
qK  = [Hq + 1L

q + ]/ [HqL (q – 1)+][H+]   (4) 
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The formation equilibria of metal-ligand-proton complexes can be described by the general equation: 

 pM2+ + qH+ + rL– €  MpHqLr
(2p + q –  r)±  (5) 

The overall stability constant for each complex is given by the following equation: 

 βpqr = [MpHqLr]
 (2p + q – r)± / [M2+]p [H+]q [L– ]r  (6) 

The PKAS and BEST programs were used for calculating the formation constants of the ligand-proton and ligand-metal 

complexes from the potentiometric data. The variable measured is –log[H+] and it is therefore appropriate to carry out the calculations for 

each component with an algorithm which calculates pH directly and minimizes the sum of the weighted squares of –log[H+] residuals. 

The details of these programs were given elsewhere.11 

RESULTS  AND  DISCUSSION 

The results of the elemental analysis have confirmed the structure. When the characteristic IR bands of 

DACAP in the region 4000–400 cm–1 are compared with the spectra obtained for the other Schiff bases, it 

becomes evident that they are similar.12,13 However, due to the conjugated double bonds in the structure it was 

difficult to determine the -CH=N- peak. In the ligand that appears like tridentant, because of the size of the 

molecule and the steric hindrance effects, the electron donor nitrogen atom in the para substituted (CH3)2N- 

group probably does not take part in the complex formation. The elemental analysis revealed that DACAP 

forms CuL2 parent complex. Evaluations of the IR spectrum have shown that the symmetric stretching 

frequency of the -CH=CH-CH=N- group (1475 cm–1) falls to a lower frequency (1467 cm–1) with complex 

formation. The free ligand bands at 1610 and 1565 cm–1 may be assigned to the ν(C=N) and ν(C=C), 

respectively and the existence of a single band at 1580 cm–1 in the copper complex may be attributed to the 

coordination of the copper ion through the C=N group and induction of the π-electron delocalization. We could 

not observe distinguishable bands for Cu-N and Cu-O bonds in the above mentioned region of the spectrum. 

The Cu(DACAP)2 complex has a high melting point, dark colour and low solubility in water. 

The titration curves of the mixtures containing HClO4 and ligand in the presence and in the absence of 

copper ion are shown in Fig. 1. The formation constants belonging to the protonation of the ligand with 

standard deviations of the pH values are given in Table 1. H
1 ,K  H

2K  and H
3K  sign the protonation constants of 

the OH, (CH3)2N and CH=N groups, respectively. 

Due to the low solubility of the ligand in water, its protonation equilibrium was studied in solutions 

containing 30, 50 and 70% by volume of acetone or dioxane. This eradicated the problem of insolubility while 

enabling the estimation of the constants that correspond to pure aqueous solution. With this aim, the variations 

of the log H
1K  values with pKw were plotted and it was seen that the values of log H

1K  increased with the pKw, 

i.e. increase of the amount of acetone and dioxane (Fig. 2). It means that the lowering of the dielectric constant 

value of the medium suppresses the dissociation of the phenolic proton. 
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Fig. 1 – Potentiometric titration curves with 0.1 N TBAH at 25°C 

and µ = 0.1 (NaClO4). (Solid line): HClO4 (0.150 mole), DACAP 

(0.025 mole) in 50%(v/v) acetone. (Dashed line): HClO4 (0.150 

mole), DACAP (0.025 mole) and Cu(II) nitrate (0.01 mole) in 

50%(v/v)  

                                                   acetone. 

Table1 

Protonation constants of DACAP ( Log values) in solutions containing different ratios of  acetone and dioxane at 25°C and µ = 0.1 

(NaClO4)
a 

Solvent System (volume %) pKw 
H
1LogK  H

2LogK  H
3LogK  b

fitσ  

Acetone-Water      

30–70 14.65 10.34(1) 4.68(1) 2.95(0) 0.07366 ± 0.05227 

50–50 15.25 10.90(7) 4.37(11) 3.08(21) 0.04450 ± 0.00133 

70–30 15.75 12.22(8) 4.06(6) 2.64(3) 0.04614 ± 0.00800 

Dioxane-Water      

30–70 14.85 10.54(5) 4.75(16) 2.84(5) 0.00978 ± 0.00139 

50–50 15.45 11.04(3) 4.55(10) 2.66(10) 0.02362 ± 0.01414 

70–30 16.00 13.45(10) 4.26(6) – 0.04549 ± 0.00295 

a Values in parentheses are errors in the last two significant digits. 
b Average standard deviation that represents a fitting parameter between measured and calculated pH values. 

 

 

 

Fig. 2 – Variation of the first protonation constants of DACAP

with autoprotolysis constants of the medium. O Acetone,  

                                     G Dioxane. 

 
Fig. 3 – Variation of the second protonation constants of 

DACAP with autoprotolysis constants of the medium.  

                              O Acetone, G Dioxane. 
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Water is a solvent of high solvating ability (i.e. donor number = 33 and dielectric constant ε = 7814) that 

can dissociate the uncharged acid and stabilize the produced anion and proton. Therefore, it is expected that 

addition of acetone and dioxane with lower donor number and dielectric constant into water decreases the 

interaction of the acid anion and proton with solvent. Our results are in agreement with this discussion. On the 

other hand, it has been reasonably assumed that preferential solvation of the uncharged and basic 

dimethylamino and azomethine groups by protophobic acetone and dioxane prevents the protonation of these 

groups. In accordance with this assumption, the log H
2K  values appeared to have a tendency to decrease 

(increase in acidity) with the increasing ratio of acetone and dioxane (Fig. 3). The results for H
3K  did not seem 

to be accurate due to the high rate of hydrolysis of the azomethine group in acidic media and lowering of the 

solvation of the doubly positively charged ligand by acetone and dioxane and the effect of the mixed solvent 

composition on this phenomenon. Similar results for the imine group in dioxane-water medium were given by 

Motekaitis et al.10 

At low acetone and dioxane content (30–50%), a linear relationship (r = 0.99849) existed between the log 
H
1K  and the pKw values. Log H

1K  was obtained to be 9.59 by extrapolation to 13.78, the pKw value of the pure 

aqueous medium.15 This protonation constant of the phenol group of DACAP is consistent with the constants 

of similar phenolic compounds in water.16,17 The protonation constant of the dimethylamino group and its 

decreasing with the decreasing of the dielectric constant of the solution is in accordance with the behaviors 

reported for N-alkylated amine compounds.17 With a second order regression through data only for both 

acetone and dioxane, and then graphical extrapolations to y axis, log H
2K  value in water was found to be 5.01. 

This is identical with the acidity constant of dimethylaniline in water given by Gutbezahl et al.18 A good 

correlation between log H
1K  and pKw values (Fig. 2) shows that acetone and dioxane have similar solvent effect 

on the phenol group in their aqueous mixtures. We obtained a linear relationship between the volume ratios of a 

solvent in the mixture and pKw values in 0–70% acetone and dioxane contents (see Table 1). Therefore, the 

deviation from linearity at higher contents of acetone and dioxane than 50% is related to a sharp decrease in the 

solvating capacities of the solvent mixtures towards the phenolic site. Similar deviations for the second 

protonation constant, however in lower contents of acetone and dioxane, may be attributed to a decrease in the 

solvating capacities of water towards the (CH3)2N site. Fig. 3 also indicates that the different steric hindrance 

effects in solvation of the (CH3)2N group by acetone and dioxane are also crucial for its acid-base properties. In 

the case of the phenol group, this effect does not seem to be important. Fig. 4 shows the protonation equilibria 

to justify the constants. 
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Fig. 4 – Protonation equilibria of DACAP. 
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DACAP formed [CuL]+ and CuL2 complex species in large proportions and its hydroxo complexes 

appeared at rather high pH values in the solution containing 50% by volume of acetone. The corresponding 

stability constants and the pH-dependent distribution curves of the complex species are given in Table 2 and 

Fig. 5, respectively. The relative concentrations of the complex species in all titration points have been 

obtained from the output data file of BEST program. 

 

Fig. 5 – The relative abundance of the complex species as a function of pH. 

[CuL]+ species appears above pH 4 and reaches a 

maximum (more than 25%) around pH 6.5. CuL2 complex begins to form at pH 5.0 and has a maximum 

concentration (40%) around pH 10.5. Thus, it is clear that the formation of the uncharged CuL2 species is 

almost quantitative at pH 10.5. CuLOH and [CuL(OH)2]– hydroxo species are minor products and their total 

concentrations are less than 10% at pH 12.0. 
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Table 2 

Overall stability constants (log β) of Copper(II) 

complexes of DACAP in acetone-water (1:1) 

        medium at 25°C and µ = 0.1 (NaClO4) 

Species logβ 

[CuL]+ 8.32 

[CuLH]2+ 0.78 

CuL2 15.69 

CuLOH –0.90 

[CuL(OH)2]
– –12.53 

sfit : 0.01953 

 


