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ABSTRACT: The acido-basic and the complexation
properties of di-, tri-, and tetra-phosphonic acids
(H6L1, H8L2, and H10L3) toward Fe(III) and Cu(II)
were determined by potentiometric titration in aque-
ous media at 25.0 ± 0.1◦C with constant ionic strength
(0.1 M, NaClO4). We have determined six, ten, and
eight pKa values for the di, tri, and tetra-phosphonic
acids, respectively. In acidic conditions, e.g., 0 ≤ pH
≤ 5; iron and copper presented a high affinity toward
these ligands to give complex species. With the lig-
and H10L3, [FeL3H7], and [CuL3H6]2− were easily ob-
tained at pH 1.8 and 2.7, respectively. We have deter-
mined ten stability constants for the H10L3/Fe system
and nine for the H10L3/Cu one; six and four in the
cases of H8L2/Fe and H8L2/Cu systems, respectively.
Finally, five stability constants were calculated for the
H6L1/Fe system and four for the H6L1/Cu one. We
have not observed any insoluble species in these com-
plexes in acidic medium as well as in alkaline solu-
tions. C© 2010 Wiley Periodicals, Inc. Heteroatom Chem
21:51–62, 2010; Published online in Wiley InterScience
(www.interscience.wiley.com). DOI 10.1002/hc.20575
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INTRODUCTION

Polyphosphonic acids contain several groups
R-PO(OH)2, and these compounds are well known
for their complexing properties. Their high chem-
ical stability and their high solubility in water al-
low their use in detergents [1–3], industrial water
treatment [4,5], industrial cleaners, enhanced oil re-
covery operations, and in corrosion control [6–11].
They also find applications in medicinal chemistry
as antiviral agents, acting as analogues of natural
pyrophosphates [12,13]. They are also used to treat
hypercalcemia [14].

Many iron chelators are already described and
are commonly used to treat iron overload [15,16].
Although iron is involved in the control of the re-
activity of oxygen species, it may also be a strong
catalyst for oxidative reaction involving very reactive
radical species [16,17]. Cu(II) derivatives are able to
form very stable complexes with phosphonate lig-
ands [18,19], and this cation was found to play an
important role in the metabolism [20,21].

Some Fe(III) complexes with methylphosphonic
acid and aminomethylphosphonic acid have been
described [22]. These two ligands were found to
form 1:1 Fe(III) to ligand ratio complexes. These
complexes are [FeO–PO(OH)CH3]2+ (monodentate
protonated) and [FeO2-POCH2NH3]2+ (deprotonated
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chelate), respectively. Chruscinski et al. determined
the stability constants of Cu(II) complexes with
phosphonic acid deriving from pyridine, imida-
zole, and pyrazole [23]. More recently, the study
of intramolecular stacking interactions in ternary
Cu(II) complexes formed with an heteroaromatic
amine and 9-[2-(2-phosphonoethoxy)ethyl]adenine
was published [24].

Chafaa et al. [25,26] have reported the acid–
base properties of a series of (o-hydroxyphenyl)
methylenephosphonic acids synthesized by Vogt
et al. The stability constants of the complexes ob-
tained from these ligands and bivalent transition
metals cations [27,28] and a wide variety of lan-
thanide(III) cations and thorium(IV) were deter-
mined [29–31].

The stability of phosphonic acids metal com-
plexes increases with increasing phosphonic groups
in the ligand. In this way, we have previously de-
scribed the synthesis, the purification, and the struc-
tural determinations of three new polyphosphonic
acids: methylenebis[(2-hydroxy-5,1,3- phenylene)-
bismethylene] tetraphosphonic acid (H6L1) [27]
[6–8,10,11]phosphonic acid (H8L2), and H10L3:
{[2-hydroxy-5-(4-hydroxybenzyl)-1,3-phenylene]bis-
(methylene)}bis(phosphonic acid) whose structures
are given in Table 1 [32]. In this paper, we report
a detailed potentiometric study of the acido-basic
and the complexation properties of these three new
ligands with Fe(III) and Cu(II) cations in aqueous
medium, at 25◦C.

EXPERIMENTAL

Materials

The polyphosphonates acids were obtained accord-
ing to the previously described procedures. Their
identity and purity were confirmed using ES-MS
spectrometry and NMR spectra [32].

Potentiometric Measurements

The determination of pKai and log β11i values by po-
tentiometric titration was carried out at 25.0 ± 0.1◦C
with 0.1 Mionic strength (NaClO4). The acid solution
was 10−2 M, and 20 mL of this solution was then neu-
tralized with 1 M NaOH solution up to pH 14. The
complexation was studied in aqueous solutions with
equal analytical concentrations (10−4 M) of the lig-
and and of the cation (FeCl3·6H2O or CuCl2·2H2O).
The titrating agent (NaOH, 10−2 M) was stored in
a glass container. All measurements were made in
a thermostated 100-mL double-jacketed glass cell.
The titrating solution was added with the help of
a microburette (ABU901) driven by an automatic

TABLE 1 Chemical Structures of the Ligands [32]
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titrator Tim 900 (Titralab 90), able to injected vol-
umes as low as 1 μL. The dynamic mode (variable
addition of titrant, smaller in the steep equivalence
regions) was used to establish the titration curve,
the first derivative and to collect the numerical data.
The logarithm of H+ concentration was measured
with a combined glass electrode (filled with NaCl
(0.01 M) + NaClO4(0.09 M)) saturated with AgCl
solution at the same ionic strength than the stud-
ied solution. This electrode was calibrated using the
experimental law given in the following equation
[33], where a and b are experimentally determined
constants with HCl calibrations solutions (10−2 and
10−3 M) with I = 0.1 M (NaClO4):

pHtrue = pHread + a + b · 10−pHread

All measurements were made in bidistilled water.
The experimental values are the arithmetic mean
resulting of five independent experiments. The Su-
perquad [34] program was used for calculations of
all protonation and stability constants. The distribu-
tion curves were drawn with Haltafall program [35].

Determination of Equilibrium Constants

The overall apparent protonation constants βi are
relative to the equilibrium:

Ln− + iH+ ⇀↽ HiL(n−i)− (0 ≤ i ≤ n)

Heteroatom Chemistry DOI 10.1002/hc
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and they are defined according to Eq. (1):

βi = [HiL(n−i)−]/[H+]i · [Ln−] (1)

They are linked to the stepwise protonation con-
stants Ki (Eq. (2)):

Ki = βi/βi−1 (2)

and are obtained from acidity constants pKa

log Ki = −pKa(n−i+1) (1 ≤ i ≤ n) (3)

The apparent overall stability constants βxyz of the
complexes, corresponding to the following equilib-
rium:

xMm+ + yLn− + zH+ ⇀↽ MxLyH(xm− yn+ z)
z (4)

are given by the following equation:

βxyz = [MxLyH(xm−yn+z)
z ]/[Mm+]x[Ln−]y[H+]z (5)

where x pertains to metal (M), y to ligand (L), and z to
proton; in the case of hydroxo species, z is negative.

RESULTS AND DISCUSSION

Compounds Acidity and Determination
of their pKa

The titration curves of the di, tri, and tetra-
phosphonic acid (L1, L2, and L3) with NaOH are
given in Fig. 1.

First of all, there is a neat difference in the acid-
ity of the three compounds showed by a decrease of
pH values during titration. These values allow us to
point out that the acidic power of these compounds
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FIGURE 1 Titration curves of the acids (Cacids = 10−2 M,
I = 0.1 M, NaClO4, and t = 25◦C) in aqueous solution.

followed the sequence: L1 > L2 > L3. The values
given by Superquad program [34] are the best fit
between theoretical values derived from our mod-
els and the experimental data. The arithmetic mean
of pKai values reported in Table 2 was determined
through five independent experiments.

These values were used for the determination
of the species distribution curves using the Haltafall
program. The species distribution diagram as a func-
tion of pH (Fig. 2) shows that the deprotonation of
L3 occurs at pH 0 and leads to the successive forma-
tion of different protonated species; the deprotona-
tion is completed at pH >10. Similar diagrams were
obtained for L2 and L1.

Deprotonation Process

Starting from the above-determined pKai values and
using the method described by Chafaa et al. for re-
lated compounds, the deprotonation pathway of 3 is
as follows (Scheme 1):

• The first step corresponds to the sum of the first
two pKa values of the ligand, according to the fol-
lowing equilibrium: H10L ⇀↽ H8L2− + 2H+.

• The second and the third steps are the first depro-
tonation of the two other phosphonic acid groups
with pKa = 2.10 and 2.26, respectively. The dif-
ference between these two values is not signifi-
cant and characterizes the same acidity, because
of the symmetry of the molecule. This fact can
occur only when the involved protons belong to
two aromatic rings and are located at the same
position on these rings. So, each phosphonic acid
group has lost one proton and the anion H6L4−

remains symmetrical.

• The fourth step leads to the deprotonation of one
of the phosphonate groups (second OH function
of the starting phosphonic acid) from the tetrava-
lent anion. The pKa value (3.26) is very weak com-
pared to the second acidity of the orthophosphoric
acid (pKa = 7.2) because of the strong protonation
of this anion H6L4−.

• In the fifth step occurs the deprotonation of the
second phosphonate group located on the same
aromatic ring. This pathway could justify the
jump of the pKa values from 3.26 to 6.14.

• The sixth and the seventh steps correspond to the
deprotonation of the last two OH groups from
each remaining phosphonate group on the sec-
ond aromatic ring. The negative charges of the
obtained anions (−7 and −8) lead to a less easy
deprotonation, with pKa values of 6.54 and 7.42,
respectively.

Heteroatom Chemistry DOI 10.1002/hc
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TABLE 2 pKai Values for the Different Acidities in Aqueous Solution (Cacid = 10−2 M, I = 0.1 M NaClO4, and t = 25◦C)

Compound Species log βai pKai pH Range

L1 H6L1/H5L1− 38.70 ± 0.07 2.12 2.00–11.00
H5L1−/H4L12− 36.58 ± 0.04 2.39
H4L12−/H3L13− 34.19 ± 0.03 6.13
H3L13−/H2L14− 28.06 ± 0.03 7.67
H2L14−/HL15− 20.39 ± 0.02 9.51

HL15−/L16− 10.88 ± 0.02 10.88
L2 H8L2/H72L− 38.01 ± 0.01 1.94 1.85–9.50

H7L2−/H6L22− 36.06 ± 0.01 1.94
H6L22−/H5L23− 34.11 ± 0.03 2.20
H5L23−/H4L24− 32.09 ± 0.02 2.98
H4L24−/H3L25− 29.12 ± 0.02 6.16
H3L25−/H2L26− 22.96 ± 0.02 6.54
H2L26−/HL27− 16.42 ± 0.02 7.57

HL27−/L28− 8.85 ± 0.02 8.85
L3 H10L3/H9L3− 48.48 ± 0.03 1.77 1.70–10.00

H9L3−/H8L32− 46.64 ± 0.03 1.77
H8L32−/H7L33− 44.94 ± 0.03 2.10
H7L33−/H6L34− 42.86 ± 0.03 2.26
H6L34−/H5L35− 40.60 ± 0.02 3.26
H5L35−/H4L36− 37.34 ± 0.02 6.14
H4L36−/H3L37− 31.20 ± 0.02 6.54
H3L37−/H2L38− 24.66 ± 0.02 7.42
H2L38−/HL39− 17.24 ± 0.02 8.38
HL39−/L310− 8.92 ± 0.01 8.92

• At last, the eighth and the ninth steps are
due to the deprotonation of the two phenolic
groups successively with 8.38 and 8.92 pKa values,
respectively.

The behavior of the asymmetric compound L2 is
the same than in the case of L3. The three first pKa

values are slightly higher than those of L3 but remain
in the same order of magnitude. This corresponds
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FIGURE 2 Distribution curves of different acids species of the ligand L3 (Cacids = 10−2 M, I = 0.1 M, NaClO4, and t = 25◦C).
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SCHEME 1

to the first deprotonation of each phosphonic acid
group. The pKa = 2.98 for the fourth deprotonation
is quite identical to the value obtained for the fifth de-
protonation of L3. The last two constants relative to
the phosphonic acid groups are the same for the two
acids. Finally, the pKa values for the phenolic groups
are quite identical even though the first one is lower
(7.57 instead of 8.38). The first two acidities for com-
pound L1 are slightly higher (2.12 and 2.39, respec-
tively) than those of the two preceding compounds.
The second deprotonation of each phosphonic acid
group leads to pKa values of 6.13 and 7.67, respec-
tively. These values are close to those of orthophos-
phoric acid and higher than in the cases of the two
other compounds. Finally, the phenolic group on
the ring bearing phosphonate groups exhibits a pKa

value of 9.51 whereas the last phenolic function has
a pKa = 10.88, slightly higher than the phenol itself
(9.9). These results show that the acidic potency de-
creases in the following order: L3 > L2 > L1.

The comparison of these results with those ob-
tained with 2-hydroxy 5-methyl phenyl 1,3-dimethyl-
phosphonic acid [25] (pKa1 = 1.46, pKa2 = 2.47,
pKa3 = 6.51, pKa4 = 8.31, pKa5 = 11.88) indicates
that these values are higher (pKa1excepted) than
those given in this paper. This shows that our lig-
ands, with two aromatic moieties, are very powerful
acids.

STUDY OF THE COMPLEXATION OF METAL
CATIONS

Fe(III) Complexes

The titration curves of the ligand L3 alone and in the
presence of Fe(III) are given in Fig. 3. The pH values
at the beginning and along the titration are lower
with Fe(III) than in the case of the free ligand. This
suggests that the complex formation occurs through
a competition reaction between iron ions and ligand

Heteroatom Chemistry DOI 10.1002/hc
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FIGURE 3 Titration curves of the ligand L3 with and without Fe(III).

protons. This is due to the formation of hydroxy-
lated species in the presence of sodium hydroxide
excess. Similar curves were obtained for L2 and L1
(not shown).

The treatment of the potentiometric data with
Superquad program [34] starting from different sys-
tems allows us to determine the nature of the Fe(III)
complexes in solution and their stability constants.
The calculated apparent overall stability constants
βxyz are listed in Table 3.

All complexes correspond to a 1:1 metal to lig-
and molar ratio. The ligands L3, L2, and L1 lead to
10, 6, and 5 complex species, respectively. Among
them, two hydroxylated compounds (with one and
two OH−, respectively) appear in the cases of the
two last ligands. In the case of the first one, there
is only one hydroxylated species: [FeL1(OH)]4−. The
decreasing order for stability constants of nonproto-
nated complexes is [FeL1]3− > [FeL2]5− > [FeL3]7−.
This may be explained by the steric hindrance due
to the presence of 2, 3, and 4 phosphonates groups,
respectively. The decimal logarithm of the stabil-
ity constant for [FeL2]5− and [FeL3]7− is 8.00, but
for the ligand L1 this value is nearly 9.00. This re-
sult is explained by the charge effect: The nega-
tive charge becomes higher and higher along this
series.

Starting from the values reported in Table 3 and
protonation constants of the free ligands, it is pos-
sible to determine the protonation constants of the

complexes and calculated values of log β11z are pre-
sented in Table 4.

Whatever the number of bounded protons, the
overall protonation constants are always higher for

TABLE 3 Stability Constants for Fe(III) Complexes.
(Cligand = CMetal 10−4 M, I = 0.1 M NaClO4, and t = 25◦C)

Ligand Species log β11i pH Range

L1 [FeL1]3− 8.99 ± 0.01 3.2–9.3
[FeL1H]2− 18.14 ± 0.01
[FeL1H2]− 26.15 ± 0.01
[FeL1H3] 32.42 ± 0.01

[FeL1(OH)]4− −0.53 ± 0.01
L2 [FeL2]5− 8.12 ± 0.01 3.3–8.0

[FeL2H]4− 15.59 ± 0.01
[FeL2H2]3− 22.77 ± 0.01
[FeL2H3]2− 28.20 ± 0.01

[FeL2(OH)]6− −0.90 ± 0.13
[FeL2(OH)2]7− −10.55 ± 0.12

L3 [FeL3]7− 8.08 ± 0.01 3.5–10.2
[FeL3H]6− 16.47 ± 0.01
[FeL3H2]5− 23.88 ± 0.01
[FeL3H3]4− 30.58 ± 0.01
[FeL3H4]3− 36.63 ± 0.01
[FeL3H5]2− 41.41 ± 0.01
[FeL3H6]− 47.05 ± 0.01
[FeL3H7] 50.76 ± 0.01

[FeL3(OH)]8− −5.43 ± 0.02
[FeL3(OH)2]9− −15.49 ± 0.04

Heteroatom Chemistry DOI 10.1002/hc
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TABLE 4 Protonation Constants for Fe(III) and Cu(II) Complexes

Metal Ligand log β111 log β112 log β113 log β114 log β115 log β116 log β117

Fe(III) L1 9.15 8.01 6.27 – – – –
L2 7.47 7.18 5.43 – – – –
L3 8.39 7.41 6.70 6.05 4.78 5.48 3.71

Cu(II) L1 8.96 7.12 – – – – –
L2 7.72 6.39 – – – – –
L3 7.15 7.08 6.45 5.75 5.24 5.25 –

L1 and L2 than for L3. In all cases, the values of log
β11z diminish when passing from log β111 to log β115.
This fact was already observed and explained on the
basis of charge effect [29,36].

The hydrolysis constants log β11−1 for Fe(III)
complexes are −0.53, −0.50, and −0.85 for L1, L2,
and L3, respectively. In the case of log β11−2, the val-
ues are −9.83 for L1 and −10.62 for L3.

The complex species distribution curves from
pH 1 to pH 12 or 14 are shown in Fig. 4. These curves
are quite similar for L1 and L2. The order of pre-
dominance is the same: [FeLH3], [FeLH2], [FeLH],
and [FeL], respectively, but the pH values for their
maxima are slightly different. In both cases, the com-
plexation of the Fe3+ occurs very soon at the initial
pH value. The complex with the higher hydroxyl ions
reaches 100% at pH 11.

In the case of L3, the Fe(III) cation is quickly co-
ordinated and its percentage is near zero at pH 2. In
the meantime, the first complex compound [FeL3H7]
is more stable with a 95% formation at pH 1.83. So,
this ligand will be able to complex Fe(III) ions at
this pH value without competitive species. Starting
from pH 4, various complexes from [FeL3H6]− to
[FeL3H]6− appear successively until pH 9. In this
case, the [FeL3]7− complex is stable around pH 10.2.
With the two other ligands, this species reaches its
maximum at pH 9.4 (L1) and 8.2 (L2). Finally, for-
mation of [FeL3(OH)2]9− is completed at pH values
higher than 13.

Some authors have shown that it is useful to
take into account both soluble and insoluble hydrox-
ylated species for trivalent metal ions as they can
modify the complexation reactions [37]. But, in all
cases, with a 1:1 molar ratio, we have not observed
any insoluble species up to pH 13. Our polyphospho-
nic ligands show a higher complexing power than
aliphatic ones [38].

Cu(II) Complexes

The titration curves of the ligand L3 are given in
Fig. 5. They show lower pH values with Cu(II) than in
the case of the ligand alone. This is typical of stable

complexes: as the metal bounds to the various an-
ionic forms of the ligand, protons are released into
the solution and then the pH diminishes. The pH
values remain lower after the equivalence point, and
this fact corresponds to the formation of hydrox-
ylated complexes as observed with Fe(III). Similar
curves were obtained for the two other systems.

The overall stability constants β11z of Cu(II) com-
plexes are given in Table 5. They were determined in
the same way than with Fe(III). The ligands L3, L2,
and L1 lead to 9, 4, and 4 complex species, respec-
tively for pH < 10. The ligands L1 and L2 give one
hydroxylated compound: the first ligand with one
OH− and the second two OH−. In the case of L3, two
hydroxylated complexes are obtained: [CuL3(OH)]9−

and [CuL3(OH)2]10−.
The stability order for nonprotonated complexes

is [CuL1]4− > [CuL3]8− > [CuL2]6−. The ligands L1
and L3 with a symmetrical structure favored square
planar complexes. In the case of L2, the third phos-
phonic group leads to unsymmetrical ligand and the

TABLE 5 Stability Constants for Cu(II) Complexes.
(Cligand = CMetal = 10−4 M, I = 0.1 M, NaClO4, and t =
25◦C)

Ligands Species log β11i pH Range

L1 [CuL1]4− 11.51 ± 0.01
[CuL1H]3− 20.47 ± 0.01 3.75–10.03
[CuL1H2]2− 27.59 ± 0.01

[CuL1(OH)]5− −0.53 ± 0.01
L2 [CuL2]6− 8.03 ± 0.06

[CuL2H]5− 15.75 ± 0.03 3.61–9.30
[CuL2H2]4− 22.14 ± 0.03

[CuL2(OH)2]8− −11.23 ± 0.12
L3 [CuL3]8− 10.68 ± 0.06

[CuL3H]7− 17.83 ± 0.06 3.44–8.50
[CuL3H2]6− 24.91 ± 0.06
[CuL3H3]5− 31.36 ± 0.17
[CuL3H4]4− 37.11 ± 0.11
[CuL3H5]3− 42.35 ± 0.06
[CuL3H6]2− 47.60 ± 0.12

[CuL3(OH)]9− −0.67 ± 0.15
[CuL3(OH)2]10− −6.00 ± 0.15
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FIGURE 4 Species distribution for Fe(III) complexes with L3 (a), L2 (b), and L1 (c).
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FIGURE 5 Titration curves of the ligand L3 with and without Cu(II).

stability constant of the first complex is lower than
with the symmetrical ones. As it has been observed
with Fe(III) compounds, the higher stability is ob-
tained with the ligand L1. The complex [CuL3]8−

is more stable than [CuL2]6−, whereas [FeL1]5− is
more stable than [FeL3]7−. This change is due to the
ability of Cu(II) to coordinate in a square planar ge-
ometry in the cases of symmetrical ligands like L1
and L3. Finally, these stability constants follow the
Irving–Williams series [39,40], with higher stability
for Cu(II) complexes than for iron complexes.

The protonation constants of the Cu(II) com-
plexes are reported in Table 4. The values of log β111

and log β112 are lower for L2 than for L1 and L3.
The distribution curves for Cu(II) complexes are

given in Fig. 6. As it has been observed for iron
complexes, it is possible to obtain complex species
with a high yield for determined pH ranges. In the
0–4 pH range, the ligands L1 and L2 remain sta-
ble and the complexation occurs starting from pH
4 but the yields are not so high than is the case
of Fe(III) compounds. The third ligand L3 shows
another behavior. From pH 1.38 to pH 5.25, the
main complex species is [CuL3H6]2− with nearly
100% yield. It starts to decompose for pH > 3,
giving first free Cu(II) ions and second new com-
plexes such as [CuL3H3]5−, [CuL3H4]4−, [CuL3H5]3−,
and [CuL3H6]2−. In alkaline medium, two complexes
are mainly obtained: [CuL3]8− (80% at pH 8) and
[CuL3(OH)2]11−, which is the only stable complex

compound starting from pH 10. As reported for sim-
ple diphosphonic acids [41], we have not observed
any insoluble hydroxylated species in aqueous
solution.

TABLE 6 Stability Constants for Cu(II) Complexes with
Various Phosphonic Acids

Ligands Reference Complex log β

4-Mono(dihydroxy-
phosphonyl) methyl
phenol

[33] ML 7.69

MLH 14.45
2,6-Bis(dihydroxy-

phosphonyl)methyl
4-methyl phenol

[28] ML 12.76

MLH 20.48
Ethylene diamine

(tetramethylene
phosphonic) acid

[42] ML 7.99

2-Mono(dihydroxy-
phosphonyl) methyl
phenol

[27] ML 11.50

1-Phenyl-1-
hydroxymethylene
bisphophonate

[43] ML 10.98

MLH 20.20
1-Phenyl-1-

hydroxymethylene
bisphophonate
diester

[43] ML 4.18
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FIGURE 6 Species distribution for Cu(II) complexes with L3 (a), L2 (b), and L1 (c).
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The presence of several phosphonic acid groups
enhances the stability of the corresponding Cu(II)
complexes. Some overall stability constants are
given in Table 6. In all cases, the log β values are
higher with two phosphonic acid groups than with
one group only. The three new ligands described
in this paper appear to be better chelating agents,
mainly L3 for which a very stable complex com-
pound is obtained with high yield, even in acidic
medium, with Fe(III) and Cu(II) ions.

In both cases, the protonation constants of the
complexes decrease as the stability constant in-
crease. A high stability constant corresponds to high
coordination bond strength. So, when the metal ion
is strongly bound to the ligand, the proton is not able
to remove this cation and the protonation constant
is feeble.

CONCLUSION

These three new polyphosphonic acids, such as
{methylenebis[(2-hydroxy-5,1,3-phenylene) bisme-
thylene]} tetraphosphonic acid L3, {5-[4-hydroxy-3,
5 -bis(phosphonomethyl)benzyl] -2 -hydroxybenzyl}
phosphonic acid L2, and {[2-hydroxy-5-(4-hydro-
xybenzyl)-1,3-phenylene] bis (methylene)} bis(phos-
phonic acid) L1, were found to be very powerful
acids and effective ligands for both Fe(III) and Cu(II)
ions. The acidic properties decrease in the follow-
ing order: H10L3 > H8L2 > H6L1. Even in alka-
line medium, there is only soluble species without
any precipitation of the corresponding hydroxides.
These ligands could be used to remove Fe(III) and
Cu(II) ions from waste water for instance, because
of their high affinity for Fe(III) and Cu(II) ions even
at low or high pH values.
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