
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

POTENTIOMETRIC STUDIES OF 4-MONO(DIHYDROXYPHOSPHONYL)
METHYL PHENOL AND 2,6-BIS(DIHYDROXYPHOSPHONYL) METHYL
4-METHYL PHENOL COMPLEXES WITH COBALT(II), NICKEL (II),
COPPER (II), ZINC (II) AND CADMIUM (II)
Fatiha Benghanema; Salah Chafaaa; Gilles M. Bouetb; Mustayeen A. Khanb

a Chimie Électroanalytique et Physique des Composés Organométalliques, Institut de Chimie
Industrielle, Université Ferhat Abbas, Sétif, Algérie b Chimie de Coordination, Faculté de Pharmacie,
Angers, France

To cite this Article Benghanem, Fatiha , Chafaa, Salah , Bouet, Gilles M. and Khan, Mustayeen A.(2001)
'POTENTIOMETRIC STUDIES OF 4-MONO(DIHYDROXYPHOSPHONYL) METHYL PHENOL AND 2,6-
BIS(DIHYDROXYPHOSPHONYL) METHYL 4-METHYL PHENOL COMPLEXES WITH COBALT(II), NICKEL (II),
COPPER (II), ZINC (II) AND CADMIUM (II)', Phosphorus, Sulfur, and Silicon and the Related Elements, 170: 1, 159 —
169
To link to this Article: DOI: 10.1080/10426500108040592
URL: http://dx.doi.org/10.1080/10426500108040592

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426500108040592
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus. Sulfur and Siliron. 2001. Vol. 170. pp. 159-169 
Reprints nvailablc directly from the publisher 
Photocopying pcrmittcd by license only 

6 2Dol OPA (Overseas Publishen Association) 
Amaerdam N.V. Published under liccnrr by 

the Gordon and Bnuch Science Publishers imprint. 
F'rintcd in Malaysia 

POTENTIOMETRIC STUDIES 

METHYL PHENOL 
OF 4=MONO(DIHYDROXYPHOSPHONYL) 

AND 2,6=BIS(DIHYDROXYPHOSPHONYL) 
METHYL 4-METHYL PHENOL COMPLEXES 
WITH COBALT(II),NICKEL(II),COPPER(II), 

ZINC (1I)AND CADMIUM(I1) 

FATIHA BENGHANEM~, SALAH CHAFAA", GILLES M. BOUET~* 

and MUSTAYEEN A. KHANb 

"Chimie lhectmnalytique et Physique des Composbs Organomktalliques, Institut 
de Chimie Industrielle, Universitb Ferhat Abbas, 19ooo Set$ Algkrie and 
bChimie de Coordination, Facultb de Pharmacie, 16 Boulevard Daviers, 

49100 Angers, France 

(Received June 2 7 . 2 0 0 ;  In final fornr November 1 2 , 2 0 0 0 )  

The overall stability of the two acids: 4-mono(dihydroxy-phosphonyl) methyl phenol (L1) 
and 2,6-bis(dihydroxy hosphonyl methyl 4-methyl phenol (L2) complexes with five divalent 

ionic strength of 0.1 mo1.L-' and at 25.0 f 0.1 "C (298.0 f 0. I K) in water. The values are a$ 
follows. For LI: Ni", 5.27; Co", 5.65: Cu". 7.69; Zn", 7.39 and Cd", 5.75. For L2: Ni", 
7.24: Co", 7.47; Cu". 12.76; Zn". 11.39 and Cd", 7.94. 

Keywords: hydroxyphenyl phosphonates; complexes: aqueous solution; stability 

metd cations Co'', Ni  1 , Cu", Zn h and Cd" were determined potentiometrically at constant 

INTRODUCTION 

The analytical, biologic and medical interest in complexes formed with 
metal cations and phosphonic acid and its derivatives is of great impor- 
tance especially as they are widely used as antiviral drugs'''. In addition, 
phosphonic acid derivatives are involved in hypothalamus metabolism 
I2]as well as in William's disease [3941. 

* Author to whom correspondence should be directed. Phone (33) 241-22-6640, fax 
(33) 2 4 1  48-67-33, e-mail: gilles.bouet@univ-angers.fr. 
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1 60 FATIHA BENGHANEM et al. 

The substitution of a phosphonic group (PO(OH)2) in carboxylic acids 
increases the stability of their metal complexes [51. An earlier study has 
described the acid and complexing properties of ligands of the type 
R-PO(OH), and (HO)2PO-(CH,),-PO(OH)2 [61. Schwarzenbach et al. 
have shown that, in aminopolycarboxylates, the phosphonic group plays a 
role of a donor site more efficiently than the carboxylic group in the for- 
mation of complexes [71. For Plattenier and co-workers, the association of 
a phenolic group and phosphonic groups to the benzene r i g  increases the 
complexing power of the molecule [*I. 

Vogt er al. have synthesised a new series of phenol substituted with one 
or two methyl phosphonic groups [9*1"1. The presence of these methyl sub- 
stituent groups confers on these molecules a better flexibility as well as 
more favourable complexing sites. A study of the properties of these lig- 
ands allowed us to calculate the acidity constants of these molecules 
potentiometrically [']and spectrophotometrically [lo]. The stability con- 
stants of complexes obtained from four ligands with Ni(I1) and Zn(I1) have 
also been determined [I1]. 

In this work, we have studied the complexes of two acids: 4-mono(dihy- 
droxy-phosphonyl) methyl phenol (Ll) and the 2,6-bis(dihydroxyphos- 
phonyl)methyl4-methyl phenol (L2) (Fig. 1) with bivalent metal cations 
of Co(II), Ni(II), Cu(II), Zn(1I) and Cd(I1). 

OH 
I 

0 

,OH 

'OH 

L1 L2 
FIGURE I Chemical structures of the ligands 
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HYDROXYPHENYL PHOSPHONATES 161 

EXPERIMENTAL 

For all solutions, bi-distilled water was used. The ligands have been syn- 
thesized and characterized by Vogt and coll. as previously described ['*'O1. 

The ligands parent solutions of the ligands were prepared by dissolving 
calculated amounts of Ll  or L2. 

Supporting electrolyte solution was made from sodium perchlorate 
NaC1O4.H2O, 99 %. The stock solutions of metal cations were obtained 
from the hexahydrated perchlorates salts, except for zinc (11) where anhy- 
drous chloride was used. They were first titrated by complexometric titra- 
tion with EDTA for Co (10, Ni (11) and Cu (II)illl and the results were 
verified by atomic absorption spectroscopy (Pye Unicam SP9). The con- 
cen-trations of Zn (11) and Cd (11) solutions were only determined by com- 
plexometry '121. 

A stock solution of NaOH, used as titrant, was prepared and was cali- 
brated by using potassium hydrogenophtalate standard solution. A 

mo1.L-' working solution of the base was prepared by dilution. 

The complexation was studied in aqueous solution with identical con- 
centration for ligand and metal cations: lo4 mo1.L-'. The ionic strength 
was maintained constant at and equal to 0.1 mo1.L-') with the help of 
sodium perchlorate. 

All measurements were made, under an atmosphere of argon, in a dou- 
ble-jacketed glass cell of 100 mL, thermoregulated at 25.0 * 0.1 "C. The 
titrant solution was added with the help of a microburette (Metrohm, Dosi- 
mat E635, 1 mL) programmed with an automatic titrator, (Metrohm, Titro- 
processor 636) injecting volume of solution as low as 1 pL. The added 
volumes of sodium hydroxyde solution varied automatically with the slope 
of the titration curve, which consists of 80 to 120 experimental points. The 
logarithm of [H'J was measured with an accuracy of 0.001 pH units 
(Metrohm, Titroprocessor 636) using a combined glass electrode in which 
the reference solution was made with NaCl (0.01 mol.L-'), NaC104 
(0.09 mol.L-') and saturated AgCl in order to obtain the same ionic 
strength as in the solution and thus minimise the junction potential. 

The electrode was calibrated using the following experimental law: 

pHtrue = pHread + a + b.lO-pHread 
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I62 FATIHA BENGHANEM el nl. 

where a and b are two constants (determined from the standard solutions: 
[H'] = lo-* and mo1.L-' respectively) and in our case, a = - 
5.563.10-2 and b = 5.563. 

Each result is the average of 6 measurements. These experimental condi- 
tions were chosen in order to avoid the formation of polynuclear species. 

RESULTS AND DISCUSSION 

For the interpretation of the experimental data, different theoretical models 
were tested, taking into consideration the existence of all species in solu- 
tion and starting from the equilibrium: 

~ 2 +  + HiLi-n + M L H ; - ~ + ~  

[MLHidn+'] 
[M'+][HiLi-"] For which overall constant is Pj = 

The methodology is based on the optimisation of parameters and mod- 
elization in solution. The pH values corresponding to the volume of added 
NaOH were interpreted with the help of the program "Superquad" 
In all the calculations, the water ionic product K, was set at I.66.lO-l4 as 
proposed by to Martell for solutions of same ionic strength [16]. 

The titration curves of ligands L1 and L2, in the absence and in the pres- 
ence of metal cations in the ratio 1: 1 against NaOH mo1.L-I are given 
in figures 2 and 3 respectively. The curve for the ligand Ll  (Fig. 2) shows 
two points of inflexion corresponding to the two acidities of PO(OH)2 
group. Though the third inflexion was not observed, the curve was suffi- 
ciently precise for its numerical determination. The ligand L2 (Fig. 3) 
presents three of the five theoretical inflexion points, comsponding to the 
2"d, 3rd and 4'h acidities of the -PO(OH);! groups as explained earlier [ 101. 
The 2 other values of L2 were determined from the titration curves using 
SUPERQUAD program. The successive values of pK for Ll are I .9 I ,  7.43 
and 10.05 and for L2: 1.60,2.30,6.36, 8.08 and 11.86. 

Complexation of metal cations 

The neutralisation curves of the ligand in presence of metal ions show a 
significative diminution of pH values in comparison to the values of the 
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7 % - 
0.0 0.5 1 .o 1.5 2.0 

V(m0 

FIGURE 2 Neutralisation curves of LI (w4 mo1.L-I) by NaOH (lo-' mol.L-') in the 
absence and in presence of the metal cations (10-4mol.L-') at 25 "C and with 
I = 0. I mo1.L-l 
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0 0  0.5 1 .o 1.5 2.0 
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FIGURE 3 Neutralisation curves of L2 (w4 mo1.L-I) by NaOH ( 1 0 - 2  mol.L-') in the 
absence and in presence of the metal cations (lo-' mo1.L-I) at 25°C and with I = 0.1 mo1.L-l 
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164 FATIHA BENGHANEM cr al. 

ligand alone. In the case of LI , the divergence between the curve plus the 
metal cation and that for the ligand alone begins at pH z 4.2 for all the 
metal cations. This divergence is maximum between pH = 5.73 and 9.73 
for Co(I1); pH = 5.17 and 9.70 for Ni(I1); pH = 4.73 and 9.63 for Cu(I1); 
pH = 7.89 and 9.63 for Zn(I1) and pH = 5.60 and 8.99 for Cd(I1). On the 
other hand, for L2, the pH values are slightly more acidic than those per- 
taining to L1. The diminution begins at pH value of about 4.0. This diver- 
gence becomes more and more important between pH = 4.57 and 9.30 for 
Co(I1); pH = 4.93 and 9.07 for Ni(I1); pH = 5.07 and 9.50 for Cu(I1); 
pH = 6.87 and 9.49 for Zn(1I) and finally pH = 4.70 and 9.38 for Cd(I1). 

The decrease of the pH values is an indication of the eventual formation 
of one or more new species in solution. The most significant divergence is 
observed in the case of ligand and copper (11) which probably indicates the 
formation of cupric complexes in a medium more acidic than those of the 
other metal cations studied. 

The mathematical analysis of the potentiometric data pH = f(V) of the 
different shows the evidence of the complexes formed in solution. The sta- 
bility constants of these complexes have been determined and their values, 
expressed in log pj, are grouped in Table I. 

These values were used to calculate the degree of formation of all spe- 
cies in solution, which was done as a function of proton concentration, 
using the program “Haltafall”[’71. The corresponding distribution curves 
are given in Figures 5 and 6 respectively for Ll and L2 systems. The spe- 
cies ML(OH)2 are presented here but we may remark that at higher pH 
values (e.g. for Cu2+ at pH z 6.5 and pH 4 . 5  for L1 and L2 respectively) 
the ML(OH)2 species are not soluble and hydrolysis leads to correspond- 
ing dihydroxydes. 

The degree of formation of complexes of the type ML and MLH with the 
ligand Ll differs from one metal to the other and can be classified as fol- 
lows: 

for ML: CuL > NiL > CdL > CoL > ZnL 

for MLH: ZnLH > NiLH > CoLH > CdLH > CuLH 

The formation of the hydroxylated complex ML(OH)2 is preponderant 
and to the extent of about 99 % at pH 2 10, but .this species precipitates at 
higher concentrations. 
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HYDROXYPHENYL PHOSPHONATES 165 

m 

m 

a 

FIGURE 4 Distribution curves of the different species in solution for the system LI and 
metal cations (at I = 0.1 mol.L-', Cmeta1 = C1iean,j = mo1.L-' and T = 298 K) a : Co(ll); 
b : Ni(ll); c : Cu(1l); d : Zn(l1); e : Cd(ll) 

With the ligand L2, the formation of ML and MLH complexes follows 
the order: 

for ML: CuL > ZnL > CdL > CoL > NiL 
for MLH : ZnLH > CuLH > CdLH > CoLH > NiLH 

The stability constants of complexes CuL and ZnL are much higher than 
those of CdL, CoL and NiL. This indicates, in the cases of Cu(I1) and 
Zn(II), that the metal is totally engaged in the formation of the complex. 
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166 FATIHA BENGHANEM et 01. 

TABLE I Stability constants of metal complexes in aqueous solutions, with interval of 
confidence of at least 95 % ( I  = 0.1 mol.L-'. Cmrd = = lo4 mo1.L-' and T = 298K) 

L2 

Ligunil Metiil Contplex 1% P 
L1 co (11) ML 5.65 f 0.05 

MLH 14.30 f 0.04 

Ni (11) ML 5.27 f 0.09 

MLH 14.26 f 0.05 

cu (11) ML 7.69 f 0.07 

MLH 14.45 f 0.08 

Zn (11) ML 7.39 f 0.03 

MLH 15.32 f 0.02 

Cd (11) ML 5.75 f 0.04 

MLH 14.22 f 0.03 

co (11) ML 7.46 f 0.05 
MLH 16.19 f 0.04 

Ni (11) ML 7.24 f 0.07 
MLH 15.95 f 0.04 

c u  (11) ML 12.76 f 0.06 
MLH 20.48 f 0.07 

Zn (11) ML 11.39 f 0.07 
MLH 20.51 f 0.07 

MLH, 26.05 f 0.01 

Cd (11) ML 7.95 f 0.04 

MLH 16.49 f 0.03 

At higher concentrations for both ligand and metal ( lod3 mol.L-'), pre- 
cipitation occurred with LI and all the metals. However, when L2 is used 
as ligand, there was no precipitation and this indicated that the complexing 
ability of this series of ligands has increased with the presence of the sec- 
ond methyl phosphonic group in ortho position. 

The numerical analysis of the experimental data pH = f(V) of the ligand 
L2 with the five cations at mol.L-' shows, in addition to ML and 
MLH, the presence of MLH2. 

As it could be expected, the stability of the complexes of the two ligands 
is in accordance with the Irving-Williams series [189191: 

CuL > ZnL > CdL > NiL M CoL 
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PH 

I 

PH PH 

c 4 

. -  
PH . 

FIGURE 5 Distribution curves of the different species in solution for the system L2 and 
metal cations (at 1 = 0.1 mol.L-', Cmeral = Clipand = mol.L-' and T = 29R K) a : Co(l1); 
b : Ni(ll); c : Cu(I1); d : Zn(II); e : Cd(ll) 

The complexing ability of ligands studied has been compared with other 
ligands of the same family. The log p I l o  values of these complexes are 
assembled in Table 11. 

This table shows clearly that the complexes of L1 and L2 are weaker 
than those of EDTA* and EDTPO. The complexing ability of L2 is supe- 
rior to that of EDDPI, EDTPI and EDTPO. 

* The explanations of abbreviations are given at the bottom of Table 11. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
8
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



I68 FATIHA BENGHANEM er ul. 

TABLE 11 Comparison of stability constants (log pilo) of metal complexes with different 
ligands 

LiguniP Rt$ Co (11) Ni (11) Cu (11) Zn (I!) Cil(l1) 

EDDPI 16 5.95 7.52 10.72 6.16 

EDTPI 16 7.29 8.44 9.75 7.60 

EDTPO 20 8.48 9.03 7.99 8.34 

HBEDPO 21 18.00 17.9 24 

NPDA 22 9.00 8.5 

EDTA 23 18.50 18.70 16.1 16.4 

Glyphosate 5 

€2 24 

P2N4 24 

P26 24 

P26N4 24 

11.92 8.40 

5.20 11.50 

5.90 10.40 

6.YY 12.97 11.50 

6.5 I 1.80 9.80 

LI 5.65 5.27 7.69 7.39 5.75 

L2 7.46 7.24 12.76 11.39 7.95 

a. EDTA: ethylenediamine tetraacetic acid; EDDPI: ethylene diamine N,N’-di(methy1 phos- 
phonic) acid; EDTPI: ethylene diamine N. N. N’, N’-tetra(methy1 phosphonic) acid; EDTPO: 
ethylene diamine (tetramethylene phosphonic) acid; HBEDPO : N,N’-bis(o-hydroxyben- 
zyl)-ethylene diamine-N, N’-bis(methy1ene phosphonic) acid; Glyphosate : N- (phospho- 
nomethyl) glycin; EDTPO:ethylene diamine N. N. N’,N’-tetrakis (methylene phosphonic) 
acid; P2 : 2- niono(dihydroxyphosphony1)methyl phenol; P2N4 : 2-mono(dihydroxyphos- 
phonyl) methyl 4-nitrophenol; P26 : 2.6- bis(dihydroxy-phosphony1)methyl phenol; P26N4 : 
2.6-bis (dihydroxyphosphonyl) methyl 4-nitrophenol, 

In the same series of chelating agents, it is observed that the ligands L1 
and L2 have the same complexing property and it is diminished by the 
presence of NO2 [241. Finally, the complexes of this series are formed in a 
more acidic range than those for other nitrogen based ligands. This indi- 
cates that these ligands can be used as complexing agents for metals and as 
such this property may be used in the treatment of waste and as antiviral 
drugs. 
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