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Binary complexes of D-naproxen (HL) with several transition metal ions M(II) (M = Cd, Co, Ni,
Cu, and Zn) were studied potentiometrically in 60 vol. % methanol—water at 25◦C and I(KNO3)
= 0.2 mol dm−3. The stability constant of binary complexes was estimated by using the computer
programs MINIQUAD and MIQUV. For the ligand, the protonation constant increased, while the
content of methanol increased in mixed solvent. The results show that the stability constants of the
binary complexes ML2 for the different metal ions, which were found to be βCdL2 < βCoL2 < βNiL2
< βCuL2 > βZnL2 , have an Irving—Williams order.

As a nonsteroidal antiinflammatory analgesic, D-
naproxen (HL) was used extensively in the clinical
practice for treatment of arthritis and chronic and
acute pain states [1]. Many studies have shown that
metal ions play a vital role in a vast number of widely
different biological processes and some diseases are re-
lated to the lack of some metallic elements vital to life.
It has been observed that a copper supplement is de-
sirable in the treatment of rheumatoid arthritis [2].
Although the metal complexes of naproxen have been
investigated because of the application in medicine [3],
less attention has been paid in solution system to its
coordinative behaviour and the stability. In order to
understand the interaction between drug and metal
ion, it is worthwhile to undertake the ascertainment
of the complexes species and the estimation of the sta-
bility constants.
In the present research, the formation and stabil-

ity of the binary complexes of ligand naproxen with
several transition metal ions M(II) were considered by
potentiometry in 60 vol. % methanol—water at (25 ±
0.1)◦C and I(KNO3) = 0.2 mol dm−3.

EXPERIMENTAL

D-Naproxen (medically pure, Southwest Second
Pharmaceutical Factory, China) (Formula 1) was dis-
solved with an equimolar amount of NaOH solution
in water. The reaction mixture was stirred until clear,
and then acidified; the white product was separated
out by filtration and dried over a molecular sieve under
vacuum. M.p. = 153—155◦C (the literature [4] value
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Formula 1. Structural formula of D-naproxen.

is 155.3◦C). For C14H14O3 (Mr = 230.26) wi(calc.):
73.03 % C, 6.13 % H; wi(found): 72.92 % C, 6.12 %
H.
The other reagents, obtained from Shanghai Chem-

ical Reagents Supplier, were of anal. grade or high pu-
rity, and the water for preparing solutions was deion-
ized by means of ion-exchanger equipment. For the
stock solutions, the contents of metal ions M(II) (M
= Cd, Co, Ni, Cu, and Zn) in nitrate form were de-
termined by complexometric titration against EDTA.
The stock solution of naproxen was prepared by weigh-
ing and kept out of sunlight. Carbonate-free titrant
NaOH was prepared by diluting the saturated stock
solution, and then standardized with potassium hy-
drogen phthalate (dried at 120◦C for 4 h).
A model PXS-215 pH/mV-meter (accuracy: ± 0.2

mV) assembled with model 231 glass electrode and
model 232 calomel electrode (Shanghai Rex Instru-
ments Factory, China) was employed for all potentio-
metric measurements. A model DAB-1B digital auto-
matic burette (Jiangsu Electroanalytical Instruments
Factory, China, accuracy: ± 0.003 cm3) was used to
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deliver titrant base. Sample solutions were titrated in
a double-walled glass cell maintained at (25 ± 0.1)◦C
by means of water circulation from a water thermostat
(TB-85 Thermo Bath, Shimadzu) and were stirred
magnetically under a continuous flow of pure nitro-
gen.
The calibration of glass electrode was followed by

the procedure of our earlier works [5, 6] employing the
computer program MAGEC [7].
For the valuation of the protonation constant of

ligand, four sample solutions in which ϕm (the volume
fraction of methanol in mixed solvent) was changed
from 50 to 80 vol. % were used. The concentration of
naproxen was changed in the range of (1.0—3.0) ×
10−3 mol dm−3. Every sample solution was titrated
with a standard NaOH solution in the pH range 4.2—
6.5.
The pH titrations of the binary systems were car-

ried out with initial 50.0 cm3 sample solutions, which
had a content of 60 vol. % methanol and a ratio of
n(metal ion):n(ligand) = 1:1, 1:2, and 1:3, respec-
tively. The concentration of naproxen was fixed to 3.0
× 10−3 mol dm−3 and that of metal ions was changed.
The pH range for data collection was 4.2—7.1. All
the calculations were performed with the aid of com-
puter programs MINIQUAD and MIQUV [8], which
were based on the least squares. The procedure in-
cluded the preliminary refinement of the formation
constants with MINIQUAD, as well as the refinement
with MIQUV using the log β values obtained by MINI-
QUAD as starting values. With this cycle, the com-
puted result is more precise and reliable.
The notation βpqs (concentration constants) was

defined as follows (charges are omitted for simplicity)

pM+ qL + sH⇀↽MpLqHs

βpqs =
[MpLqHs]
[M]p [L]q [H]s

where p, q, and s denote the numbers of moles of M(II)
ions, deprotonated naproxen (L−), and proton (the
negative value of s denotes the hydroxyl-containing
complexes), respectively. The complexes species are
simply referred to as the combination of pqs and the
formation constant is expressed as βpqs.

Fig. 1. The relationship between the protonation constant
(pKa) of D-naproxen and the volume fraction of
methanol in mixed solvent (ϕm).

RESULTS AND DISCUSSION

The protonation constants pKa of naproxen were
estimated 5.351(2) (50 vol. %) (the first parenthesis
presents the standard deviation, the second one the
volume fraction of methanol), 5.604(2) (60 vol. %),
5.845(3) (70 vol. %), and 6.030(2) (80 vol. %), respec-
tively.
It is obvious that the pKa value of naproxen in-

creased with the increase of ϕm. In fact, the methanol
solvent has a relatively lower polarity than water, so
decreasing the polarity of mixed solvent will lead to
the increase of the bonding force between the ions with
different charge. That is to say that the deprotona-
tion ability of naproxen is decreased in a medium with
the higher ϕm. This result is similar to the reports by
Hosny et al. [9] about the effect of organic solvent on
the protonation constant of tetracycline.
A linear relationship between pKa and ϕm was

found (Fig. 1), and it can be expressed as an equation:
pKa = 4.227 + 0.0228{ϕm}. Based on this function
relationship, we can deduce the protonation constant
of naproxen with a random ϕm in the 50—80 vol. %
range.
For the binary systems M(II)—HL we fixed the

titration solutions in ϕm = 60 %, and the ascer-

Table 1. The Stability Constants of the Binary System M(II)—HL (ϕm = 60 %)

Stability constants Cd(II) Co(II) Ni(II) Zn(II) Cu(II)

log βML(log K1) 1.73(5)* 1.36(2) – – 2.29(1)
log βML2 4.72(2) 4.81(2) 4.91(5) 4.84(2) 5.35(1)
logK2 3.09(2) 3.45(2) – – 3.06(1)

log βML(OH) −5.22(3) −5.67(6) – – –
log βM2L4 – – 13.56(4) 12.63(6) –

pH range 4.7—6.9 4.7—7.1 4.7—6.3 4.4—6.7 4.2—5.3

*The standard deviation is in parenthesis.

88 Chem. Pap. 57 (2)87—90 (2003)



COMPLEXES OF TRANSITION METAL
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Formula 2. The structure of dimeric complex Cu2L4 · 3H2O (L = C14H13O−
3 ) (one water is the crystal).

tained complex species and estimated stability con-
stants in logarithm are shown in Table 1. Complex
species ML2 existed for all, whereas species ML also
for Cd(II), Co(II), and Cu(II). In addition, the com-
plex in dimeric form M2L4 was found in Ni(II)- and
Zn(II)-containing systems. These results suggest that
the complex M2L4 is the most stable while there is the
increase in pH of sample solutions.
Comparing the step stability constants of Cd(II),

Co(II), and Cu(II), they follow the order of log K2 >
log K1. According to this result, which conflicts with
the general rule, it can be concluded that the forma-
tion of complex species ML2 is easier than that of
ML. On one hand, the natural complex is more sta-
ble than the fundamentally charged one; on the other
hand, this could be attributed to the hydrophobic in-
teraction [10] between ligands of complex ML2. The
stability constants of the complexes ML2 have the or-
der βCdL2 < βCoL2 < βNiL2 < βCuL2 > βZnL2 , which is
also in accord with the order of Irving—Williams [11].
As mentioned above, complexes Ni2L4 and Zn2L4

are the dimeric forms of their parent complexes NiL2
and ZnL2. For the dimerization reaction 2ML2 ⇀↽
M2L4, the calculated equilibrium constant Ke (Ke =
βM2L4/β

2
ML2) for Ni(II) and Zn(II) is 5.5 × 103 and

8.9×102, respectively, and this suggests that the com-
plexes NiL2 and ZnL2 could be converted almost to
dimeric forms. Herein we assume that the hydropho-
bic interaction is still the main drive of dimerization.
For the binary system containing Cu(II) ion, a

large amount of green deposit formed when the pH
of titration solution was close to 5.3. The deposit was
separated, washed-up with methanol and then dried.
For Cu2L4 ·3H2O (C56H58O15Cu2, Mr = 1098.16)
wi(calc.): 61.25 % C, 5.32 % H, 11.57 % Cu; wi(found):
61.22 % C, 5.14 % H, 11.48 % Cu (obtained by
EDTA complexometry). The formation of solid com-
pound Cu2L4 · 3H2O is in accord with the early report
[3], and this implies that the dimerization is caused
by an extra interaction of intramolecular aromatic-
ring stacking or hydrophobic adducts, with a struc-
ture as shown in the formula, between ligands in the
complex (Formula 2). For the other systems, the de-
posit was also formed when the pH of titration so-
lutions was close to 7.0, and we assume that the de-
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Fig. 2. Comparison of experimental titration curves (� 1:1
(n(metal):n(ligand)), • 1:2, � 1:3 ) and simulated
ones (—) of the Ni(II)—HL system. cNi = (1.0—3.0) ×
10−3 mol dm−3, cHL = 3.0 × 10−3 mol dm−3.

Fig. 3. Species distribution curves for the Ni(II)—HL system
at a mole ratio of 1:3 (n(metal):n(ligand)). cNi = 1.0
× 10−3 mol dm−3, cHL = 3.0 × 10−3 mol dm−3. The
stability constants of species Ni(OH) and Ni(OH)2 were
from the literature [13].

posits are mixtures of complexes and hydrolysis prod-
ucts.
The experimental and simulated titration curves

of the Ni(II)-containing system are shown in Fig. 2.
It is obvious that the simulated curve is matchable to
the experimental one. This result supports the validity
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of species model selected in the Ni(II)—HL system.
In addition, the species distribution curves (Fig. 3)
of the system were also obtained by employing the
program HYSS [12]. By analyzing the species distri-
bution of M(II)—HL systems at a mole ratio of 1:3
(n(metal):n(ligand)), it is clear that the maximum
content of complex ML2 is about 27 % (CdL2), 29 %
(CoL2), 20 % (NiL2), 16 % (ZnL2), and 35 % (CuL2)
while pH ≈ 6.5, respectively. On the other hand, the
content of complex ML2 is almost unchanged in the
7.0—8.0 pH range.
Complex species ML(OH) was only ascertained in

the binary system containing Cd(II) and Co(II). The
formation of hydrolysis form may be explained by the
fact that the relatively higher pH than in the other
systems was achieved in experiment.

CONCLUSION

There is a linear relationship between the pro-
tonation constant (pKa) of naproxen and the con-
tent of methanol in methanol—water mixed solvent
(ϕm), which can be expressed as an equation: pKa =
4.227 + 0.0228{ϕm}. In the binary M(II)—HL sys-
tems, complexes species ML2 was found for investi-
gated transition metal ions, and its stability constants
coincide with the Irving—Williams order. The forma-
tion of complexes M2L4, the dimeric form of binary
species ML2, hints that the aromatic-ring stacking or
hydrophobic interaction exists between ligands in the
complexes.
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