ISSN : 0974 - 7427

Volume 5 Issue 5

BioCHEMISTRY
An Indian Journal

Trade Science Inc.

Regular Paper
BCAIJ, 5(5), 2011 [289-295]

Electrochemical Study on complexation of the antitumor
1,3-dihydroxy thioxanthone with aluminum(III) ion in a mixed solution
Abdollah Yari1 , Fatemeh Norouzi
Department of Chemistry, Faculty of Science, Lorestan University, Falakalaflak Street 68137–17133, Khorramabad, (IRAN)
E-mail : a.yari@ymail.com
Received: 20th August, 2011 ; Accepted: 20th September, 2011

ABSTRACT
This work presents the results of investigating the complexation of 1,3dihydroxy-9H-thioxanthen-9-one (DTX) with Al(III) by electrochemical techniques, cyclic voltammetry (CV), square wave voltammetry (SWV), and
differential pulse voltammetry (DPV). To determine the nature and stoichiometry of the complexes, tetrabutylammonium chloride (n-Bu)4NCl.H2O
(TBAC) 0.01 M was found to be a suitable supporting electrolyte in a 1:1
ratio mixed acetonitrile:water solution as solvent. The results showed that
reaction of the formed 1:1 and 1:2 (metal:ligand) complexes of Al(ÉÉÉ) are
electrochemically irreversible. The modified DeFord-Hume’s method was
used to evaluate the stability constants and the composition of the formed
complexes. The overall stability constants  1 and  2 values for the abovementioned complexes were of 4.17 × 101 and 1.86 × 104, respectively.
 2011 Trade Science Inc. - INDIA
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Recently, the study of complexation of TXs with
proper metal ions has been introduced in literature[15Thioxanthone (TX) and its derivatives are an im- 18]. Many electrochemical and spectroscopic techniques
portant class of sulfunated heterocycles that they pos- have been used to study the behavior of these comsess a number of interesting chemical activities includ- pounds towards other reactants[19-24].
ing two useful properties such as medical and
Voltammetry has been applied to the trace and ulphotoinitiation. They have attracted much attention in tra-trace determination of both organic and inorganic
recent years owing to their broad spectrum of antitu- electroactive species. Voltammetric techniques are fast
mor activities[1-6]. In addition, TXs are hydrogen-ab- and sensitive analytical tools to study formation of a
stracting photoinitiators, which can exist in a multitude complex. Application of voltammetric methods to the
of conformations each having potential for its own elec- study of the metal-ligand interactions has also been
trochemical[7, 8] and spectroscopic properties[9, 10]. They widely explored[25-27].
have the most widely applications in photochemical proHere, in order to obtain detailed information on the
cesses[11-14].
interaction of the ligand 1,3-dihydroxy-9H-thioxanthen-
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9-one (DTX) toward Al(III) ion, we are reporting our
electrochemical studies on the system carried out by
using voltammetric techniques to determine the stability
constants and the composition of the DTX/Al(III) complexes in acetonitrile-water mixed solution.
EXPERIMENTAL
Reagents
Al(NO3)3.9H2O, acetonitrile (AN), supporting electrolyte tetrabutylammonium chloride (n-Bu)4NCl.H2O
(TBAC) (all from Merck) were used directly without
any further purification. DTX (Figure 1) was prepared
as described in the literature[28]. Double-distilled and
deionized water was used throughout.

Synthesis of the ligand
The ligand DTX was synthesized and purified as
follows: salicylic acid (0.138 g, 1 mmol) and 3-hydroxy5-methyl phenol (0.124 g, 2 mmol) was added to a
mixture of alumina (0.3 g, 3 mmol) and methane sulfonic acid (2 mL) in an oil-bath, at 150 ºC. After 5 min,
the reaction mixture was transferred into a backer containing 150 mL water, extracted with ethyl acetate (2 ×
100 mL), washed with 150 mL water and 100 mL sodium bicarbonate saturated solution. Then the mixture
was dried over Na2SO4 and evaporated to give DTX
in 80.1% yield and mp= 138.4 ºC. The following spectral data confirmed the formation of the product: FT-IR
(KBr): ímax(cm–1) 1660 (s); 1613 (s); 1568 (w); 1493
(s); 1470 (m); 1380 (w); 1340 (w); 1235 (s); 1215
(s); 760 (s). MS (from GC-Mass): m/z 244 (M+, 100,
base peak); 227 (40.6); 77 (23.2); 51 (8.9). UV-Vis
(max, nm): 408.5 (s); 323.5 (s); 223.0 (s).
RESULTS AND DISCUSSION

Figure 1 : 1,3-dihydroxy-9H-thioxanthen-9-one (DTX).

Instrumentation

Cyclic voltammetry

Differential pulse voltammetry (DPV), Square-wave
voltammetry (SWV) and Cyclic voltammetry (CV) measurements were performed on a three–electrode system provided by an EG&G Princeton applied research
263A polarographic analyzer potentiostat (Perkin Elmer,
USA). A Glassy carbon (GC) and a platinum (Pt) wire
were used as working electrodes (WEs) for DPV and
SWV. A standard calomel electrode (SCE) was used
as a reference electrode and a platinum wire fitted, as
an auxiliary electrode (AE), with the working electrode.

The CV of DTX (1.0 mM) in AN was performed
at a Pt wire as WE. Trying to test some different compounds, TBAC (0.1 M) was found to be the best supporting electrolyte with no interfering voltammogram in
the applied potential range. Under this condition, as
shown in Figure 2, DTX revealed two oxidation peaks
at –1.05, 0.45 and a weaker reduction peak at –0.3 V.
There was a linear relationship between the peak current intensities and the increase in scan rate, so construction a plot for the oxidation peak currents (at Ep=
–1.05 V) against the (1/2) resulted in a linear function
indicative the system is governed by diffusion-controlled
process (the inset in Figure 2). The optimized scan rate
50.0 mV/s was selected for subsequent studies.
As shown in Figure 3, addition of increasing amounts
of Al(III) solution (0.01 M) to the DTX (1.0 × 10–3 M)
solution resulted in increasing in ip at Ep= –0.76 V (solid
lines) that confirms the formation of new species in the
solution. This new peak shifts from –1.05 V for DTX
(dashed line) toward –0.76 V, about 0.24 V more positive than the un-complexed ligand. The dotted line indicates the CV for the case in which TBAC was the only
component in the solvent.

General procedure
The SWV voltammograms were recorded at pulse
amplitude of 600 mV, scan rate of 2 mV/s and frequency of 100 Hz. The DPV were also recorded at
pulse height of 50 mV, pulse width of 0.02 s, scan increment of 4 mV, and scan rate of 20 mV/s. For CV,
the instrument settings were as follows: equilibrium time
of 5 s, scan rate () of 50 mV/s and applied potential
from –1.5 to 1.0 V. The temperatures of all experiments were kept constant at 20.0 ± 0.1 ºC by using a
water-circulating thermostat system.
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potential range has been used to advantage by researchers. The shift of peak potentials dependent on the concentrations of ligand, the equilibrium constants and the
compositions of complexes.
Mn+ +qL  MLq

(1)

whose overall conditional stability constant is:
q= [MLq]/([Mn+][L]q)
 q= 1 + â1[L] + â2[L]2 + â3[L]3 + ...

(2)
(3)

The value of q can be obtained by the following
equation[29]:
Figure 2 : The CV voltammograms of 1.0 × 10–3 M DTX in the
presence of 0.1 M TBAC in AN. A plot for the oxidation peak
currents (at Ep= –1.05 V) against 1/2 is shown in the inset.

Figure 3 : The CV voltammograms for titration of the DTX
(1.0 × 10–3 M) solution with Al(III) (1.0 × 10–2 M). The dotted
line indicates the CV for the case in which TBAC was the
only component in the solution. The graph demonstrated in
the inset shows that the peak current (ip) increases linearly
as function of 1/2 at Ep= –0.76 V.

A mixture solution of equal amounts of DTX and
Al(III) (1.0 × 10–3 M) was examined at different increasing scan rates. The peak current (ip) increased as
the potential scan rate () increased from 10.0 to 100.0
mV/s. The corresponding graph for ip against 1/2 is demonstrated as an inset in Figure 3. This straight-line also
shows that the electrochemical reaction occurs under
diffusion controlled phenomena at the surface of the
electrode. When the scan rate increased, the peak potential (Ep) shifted in the negative direction, which confirms the irreversibility of the electrode process.
Square wave voltammetry
SWV has received growing attention as a
voltammetric technique for routine quantitave analysis.
In addition, the ability of SWV to fast scan of a wide

Ep= (Ep)M – (Ep)C= (2.303RT/nF) × [log(l +
q

 q  0q [L]q) + log{(ip)M/(ip)C}]

(4)

where Ep denotes the difference between the peak
potentials measured in metal solutions without and with
the ligand; (Ep)M, (ip)M and (Ep)C, (ip)C are the peak potentials and current for the metal in the presence and in
the absence of the ligand, respectively; n, R, T and F
have their usual meaning.
DeFord-Hume’s method[30] has been used for determination of stability constants of metal complexes by
voltammetric techniques. The DeFord-Hume’s method
was originally developed for reversible electrochemical
systems. It has been shown that this method can be
successfully applied to non-reversible systems in which
the reversibility does not change during metal titration
with the ligand[31-34].
Here, we are reporting the application of the modified DeFord-Hume method[35] to determine the stoichiometry and stability constants of irreversible DTXAl(ÉÉÉ) complexes. According to the following equation
(5), this is the modified form of equation (4):
(0.434 ánF/RT) ÄEp + log[(ip)M/(ip)C] = log (âq) + qlog(CL)
(5)

where CL is the concentration of the ligand in the
solution.
From equation (5), it follows that a polynomial fits
the experimental data (titrations of metal solutions with
the ligand solution). Its degree gives the number of complexes and the coefficients correspond to the overall
formation constants.
The SWV voltammograms of the complexation process are shown in Figure 4. The applied potential varied from –1.0 to 1.4 V (vs. SCE). In a typical run, the
first voltammogram was recorded for a solution containing 1.96 × 10–4 M of Al(ÉÉÉ) in 0.01 M electrolyte in
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Figure 4 : The SWV voltammograms of the complexation
process (vs. SCE) when a solution containing 1.96 × 10–4 M of
Al(ÉÉÉ) in the presence of TBAC (0.01 M) in 1:1 AN:H2O solution titrated with DTX (1.0 × 10–3 M) solution. The peaks (a),
(b) and (c) are for free Al(ÉÉÉ) ion, Al(III)/DTX complex and
DTX, respectively.

Figure 5 : The plot of –log[(ip)M/(ip)C] vs. –logCL according to
the Deford-Hume’s method. This plot demonstrates two
straight lines indicative formation of 1:1 and 1:2 (metal:ligand)
complexes.

Figure 6 : The SWV voltammograms of the complexation
process (vs. SCE) when a solution containing 1.96 × 10–4 M of
Al(ÉÉÉ) in the presence of TBAC (0.01 M) in 1:1 AN:H2O solution titrated with DTX (1.0 × 10–3 M) solution on a different
WE, GC. All conditions were the same as designed for the
previous experiment on the platinum electrode.

1:1 AN:H2O solvent (dashed line), in which a new reduction peak has been appeared for Al3+ (a). Addition
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Figure 7 : (a) The DeFord-Hume’s plot for the SWV
voltammograms of titration 2.91 × 10–4 M Al(Ø) with
5.0 × 10–3 M of DTX in the presence of TBAC (0.01 M) as
electrolyte in H2O:AN (1:1) solution. The following conditions were used: pulse height 30 mV, frequency= 10 Hz, scan
increment= 3 mV WE= glassy carbon, CE= Pt and RE= SCE.
(b) ip vs. metal/ligand molar ratio (circles) and KINFIT-study
curve plot (solid line).

of excess DTX (1.0 × 10–3 M) resulted in peaks (b)
and (c). Extra examinations were performed to determine the origin of peaks b and c, from which they could
be attributed to the resulted complexes and DTX, respectively. Since no shift was observed in the peak
potential (–0.4 V) of the complexes of DTX with Al3+
ions (where ÄEp is constant), q values were calculated
from the slopes of the plots of ?log[(ip)M/(ip)C] versus –
log(CL). This plot is shown in Figure 5 that demonstrates two straight lines indicative formation of ML (1:1)
and ML2 (1:2) (metal:ligand) complexes. From the
slopes of these lines, the corresponding q values are
1.05 (~1) and 2.07 (~2), respectively. The stability
constants â= 4.17 × 101 and â2= 1.86 × 104 were
calculated for the resulted complexes, respectively.
In order to investigate the influence of type of WE
on DTX complexation of Al(III), another SWV measurement was carried out on a different WE, GC. All
conditions were the same as designed for the previous
experiment, on the platinum electrode. Figure 6 displays the corresponding oxidation peaks of the complexes. Using the modified DeFord-Hume’s method
(Figure 7, a) led nearly the same results for stability
constants and stoichiometry of the complexes as were
obtained on the Pt WE. Here, metal adsorption on GC
electrode was considerable, while this process was not
seen on the platinum electrode. This is the reason for
the fact that the inflection points of plot of peak current,
ip, vs. metal/ligand molar ratio are not distinguishable,
as shown in Figure 7 (b, circles). Based on the SWV
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studies on GC it was concluded that DTX complexes
Al(III) ion in two forms 1:1 and 2:1 (DTX:Al(III)) in
the solution, â= 4.22 × 101 and â2= 1.81 × 104. KINFIT
(will be described in the next section) method (Figure 7
b, solid line) was also performed to find the complexation parameters, in which the above-mentioned stoichiometry was confirmed and 4.20 × 101 and 1.88 ×
104 were obtained for â1 and â2, respectively.
Differential pulse voltammetry
The primary advantage of pulse voltammetric techniques, such as normal or differential pulse voltammetry,
is their ability to discriminate against capacitance current. Therefore, these techniques are more sensitive to
faradaic currents than conventional DC voltammetry.
We investigated the electrochemical behavior of in-

teraction of DTX with Al(ÉÉÉ) by DPV. A set of differential pulse voltammograms showed well-shaped DPV
peaks for Al(ÉÉÉ)-DTX system in which the intensities
of each peak increase after increasing addition of A(III)
concentrations (1.95 × –105 to 1.98 ×– 104 M) to a
solution of DTX (1.96 × 10–4 M) solution containing
0.01 M TBAC. As shown in Figure 8, the growth of a
new voltammogram at –1.35 V is indicative the formation of new species in the solution. As shown in Figure
9 (circles), the plot of ip as a function of [Al3+]/[DTX] at
Ep= –1.35 V showed a distinct inflection point at ligand/
metal molar ratio 1 (ML). The minor curvature in the
curve plot at about mole ratio 0.5 could be attributed
to the formation the weak 1:2 (ML2) complex. There is
no separated current peak for this type of complex, so
the current is sum of the currents of two possible complexes formed by the reaction between DTX and Al(III)
in the solution.
(ip)= (ip)ML + (ip)ML2 (6) When the ligand, DTX, reacts with Al(III), M, it may form a ML, ML2 or both
ML + ML2 complexes or any other possible forms.
According to the experimental results, we only encountered one type of complexation, ML + ML2 (following
model) in the solution.
(ip)= (ip)ML + (ip)ML2

Figure 8 : A set of differential pulse voltammograms for Al(ÉÉÉ)DTX system in which the intensities of each peak increase
after increasing addition of Al(III) concentrations (1.95 × –
105 to 1.98 × – 104 M) to a solution of DTX (1.96 × 10–4 M)
containing 0.01 M TBAC.

(6)

When the ligand, DTX, reacts with Al(III), M, it
may form a ML, ML2 or both ML + ML2 complexes
or any other possible forms. According to the experimental results, we only encountered one type of complexation, ML + ML2 (following model) in the solution.
M + L ? ML, K1 = [ML]/[M][L]
ML + L ? ML2, K2 = [ML2]/[ML][L]

(7)
(8)

The mass balances of this possible model in the solution can be solved to obtain the required equations for
the concentration of free metal [M] or free ligand [L]:
CM = [M] + [ML] + [ML2], CL = [L] + [ML] + 2[ML2]
2[L]3 + K1(1 + K2(2CM – CL))[L]2 + (1 + K1(CM – CL))[L] – CL=
0
(9)

Figure 9 : The DPV plot of (ip)C vs. metal/ligand to determine
the stoichiometry of the interaction of DTX with Al(III) ion in
the solution from the DPV data of the titration curves at E = –
1.35 V. The circles show the experimental values while the
line indicates the theoretical predicted data from the proposed complexation model (ML+ML2).

where CM, CL and 2(= K1.K2) denote the initial
metal ion concentration, the initial ligand concentration
and the overall stability constant, respectively. The following equation (10) can interpret the predictable current values for this case:
(i p )= K£½[ML] + K£½£½[ML 2 ]= K£½ 1 [M][L] +
K£½£½2[M][L]2
(10)

where K£½ and K” values are DPV constants for
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the relationship between current intensities and the concentration of the measuring species in the solution.
To evaluate the stepwise stability constants from
the calculated current values the non-linear least-squares
curve-fitting program KINFIT [36] was used, in which
the predicted current intensities of the solution are given
by equation (10). The program is based on the iterative
adjustment of calculated values of current intensities to
the observed values by using the Wentworth matrix
technique[37] or the Pawell procedure[38]. Adjustable parameters are the stepwise stability constants of the complexes present in solution and the corresponding current intensities depending on the model adopted. The
free ligand concentrations, [L], were calculated by using the Newton–Raphson procedure. Once the values
of [L] had been obtained by using the estimated values
of the stability constants at the current iteration step of
the program, the refinement of the parameters was continued until the sum-of-squares of the residuals between
calculated and observed values of the current intensities for all experimental points were minimized. The
output of the program KINFIT comprises the refined
parameters, the sum-of-squares, and the standard deviations of the data.
All the resulting current/molar ratio data (circles, in
Figure 9) were best fitted to the corresponding model
(solid line) with sum-of-squares of the residuals less
than 0.002, which further supports the formation of the
species in the solution and confirm the proposed complexation model, ML+ML2 (see Figure 9 for details).
Thus, the stepwise formation constants of the complex
species were evaluated as 4.30×101 and 1.92 × 104
for ML and ML2 complexes, respectively. These values are near to the previously evaluated formation constants obtained in SWV study.
CONCLUSION
The complexation reaction between Al(ÉÉÉ) ion and 1,3dihydroxy-9H-thioxanthen-9-one can be followed by
using CV, SWV and DPV, which allow the identification of the complexes formed as well as the determination of their stability constants .In addition, the results
show that the DeFord-Hume’s method is applicable
even in the presence of electrochemically irreversible
complexes. It has shown that the methodology based
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on the DeFord-Hume’s principle can successfully be
applied to treat data obtained from irreversible
voltammograms, from which complexation parameters
such as complex(es) molar ratio and stepwise stability
constant(s) could be evaluated.
REFERENCES
[1] Y.Na; J.Pharm.Pharmacol., 61, 707 (2009).
[2] P.M.L.Russo, B.J.Foster, A.Wozniak, L.K.Heilbrun,
J.I.McCormick, P.E.Ruble, M.A.Graham, J.Purvis,
J.Rake, M.Drozd, G.F.Lockwood, T.H.Corbett;
Clin.Cancer Res., 6, 3088 (2000).
[3] V.Marasanapalle, X.Li, L.Polin, B.R.Jasti;
Invest.New Drugs, 24, 111 (2006).
[4] M.P.Wentland, R.B.Perni, J.I.Huang, R.G.Powles,
S.C.Aldous, K.M.Klingbeil, A.D.Peverly,
R.G.Robinson, T.H.Corbett, J.L.Jones, J.B.Rake,
S.A.Coughlin; Bioorg.Medicin.Chem.Lett., 6, 1345
(1996).
[5] N.Pouli, P.Marakos; Anti-Cancer Agents in
Medicin.Chem., 9, 77 (2009).
[6] A.Varvaresou, K.Iakovou, E.Gikas, I.Fichtner,
H.H.Fiebig, L.R.Kelland, J.A.Double, M.C.Bibby,
H.R.Hendriks; Anticancer Res., 24, 907 (2004).
[7] A.ECarvalho, G.B.Alcantara; Electrochim.Acta,
54, 2290 (2009).
[8] K.DKwak, M.L.Seo; Korean Chem.Soc., 19, 527
(1998).
[9] L.Shen, H.Ji; Int.J.Mol.Sci., 10, 4284 (2009).
[10] G.Angulo, J.Grilj, E.Vauthey, L.Serrano-Andres,
S.Rubio-Pons, P.Jacques; Chem.Phys.Chem., 11,
480 (2010).
[11] N.Arsu, M.Aydin, Y.Yagci, S.Jockusch, N.J.Turro;
One component thioxanthone based type II
photoinitiators photochemistry and UV curing: new
trends (Ed. J.P. Fouassier) Photochemistry and
Photobiology Research Signpost, Trivandrum,
Chapt. 3, pp. 17-29 (2006).
[12] T.Corrales, F.Catalina, N.SAllen, C.Peinado;
J.Photochem.Photobiol., 169, 95 (2005).
[13] I.Okabayashi, H.J.Fujiwara; Heterocyclic Chem.,
31, 733 (1994).
[14] T.Corrales, F.Catalina, N.S.Allen C.Peinado; Photochemistry and photoinduced polymerisation activity
of thioxanthone initiators: An overview on recent
advances, Photochemistry and UV Curing: New
Trends, Research Signpost, Trivandrum, Kerala,
India, pp. 31-44 (2006).

BCAIJ, 5(5) 2011

Abdollah Yari and Fatemeh Norouzi

295

Regular Paper
[15] M.Shamsipur, S.Ershad, A.Yari, H.Sharghi,
A.R.Salimi; Anal.Sci., 20, 301(2004).
[16] L.T.Okano, T.C.Barros, D.T.H.Chou, A.J.Bennet,
C.Bohne; J.Phys.Chem.B, 105, 2122 (2001).
[17] L.W.Yang, Q.K.Gao, X.L.Lu, J.X.Wu; Guang Pu
Xue Yu Guang Pu Fen Xi, 28, 366 (2008).
[18] D.K.Balta, E.Bagdatli, N.Arsu, N.Ocal, Y.Yagci;
J.Photochem.Photobiol.A, 196, 33 (2008).
[19] A.Economou, S.D.Bolis, C.E.Efstathiou;
Anal.Chim.Acta, 467, 179 (2002).
[20] P.T.Kissinger, P.T.Holt, C.N.Reilley; J.Electroanal.
Chem.Interfacial Electrochem., 33, 1 (1971).
[21] E.W.Tsai, L.Throckmorton, R.McKellar, M.Baar,
M.Kluba, D.S.Marynick, K.Rajeshwar, A.L.Ternay
Jr.; J.Electroanal.Chem.Interfacial Electrochem.,
210, 45 (1986).
[22] T.Corrales, F.Catalina, C.Peinado, N.S.Allen,
A.M.Rufs, C.Bueno, M.V.Encinas; Polymer, 43,
4591 (2002).
[23] A.Yari, N.Afshari; Sens.Actuators B, 119, 531
(2006).
[24] F.Catalina, C.Peinado, N.S.Allen; J.Photochem.
Photobiol.A, 67, 255 (1992).

[25] A.E.Maali, A.H.Osman, A.A.M.Aly, G.A.A.AlHazmi; Bioelectrochem., 65, 95 (2005).
[26] I.Cukrowski, D.M.Mogano, J.R.Zeevaart;
J.Inorg.Biochem., 99, 2308 (2005).
[27] M.Esteban, C.Ariño, J.M.Diaz-Cruz, E.Casassas;
Trends in Anal.Chem., 12, 276 (1993).
[28] H.Sharghi, A.R.Salimi Beni; Synthesis, 17, 2900
(2004).
[29] H.M.V.MSoares, M.T.S.D.Vasconcelos; Talanta,
42, 621 (1995).
[30] D.D.DeFord, D.N.Hume; J.Am.Chem.Soc., 73,
5321 (1951).
[31] M.Zelic; Croat.Chem.Acta, 76, 241 (2003).
[32] D.Omanovic; Croat.Chem.Acta, 79, 67 (2006).
[33] J.J.Dytrtov, I.Sestakov, M.Jakl, T.Navratil; Electroanalysis, 21, 573 (2009).
[34] G.W.Luther, S.M.Theberge, D.Rickard; Talanta, 51,
11 (2000).
[35] K.Lovri, M.Lovir, M.Branica; J.Electroanal.Chem.,
214, 37 (1986).
[36] V.A.Nicely, J.L.Dye; J.Chem.Educ., 48, 443
(1971).
[37] W.E.Wentworth; J.Chem.Edu., 42, 96 and 162 (1965).
[38] M.J.D.Powell; Computer J., 7, 155 (1964).

BioCHEMISTRY
An Indian Journal

