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ABSTRACT 
Spectrophotometric technique is used to evaluate binding of the vanadium(III) ion to a water soluble 
calix[4] arene molecule in aqueous solution. On the basis of  the calculated value formation constant at 
25°C,we found that  the complexation of this metal ion is very favored towards 25, 26, 27, 28-
tetrahydroxy-5, 11, 17, 23-tetrasulphonalic acid-calix[4]arene. 
Gaussian 03 package. 
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INTRODUCTION 
Calixarenes are synthetic macrocycles obtained by the 
condensation of p-substituted phenol and formaldehyde in 
alkaline medium. Lower and upper rim functionalisation of  
the parent calixarenes had led to a large variety of 
derivatives. Their bowl-like structure allows them to form 
complexes with a variety of species[1] Fine control of the 
size of calix[n]arenes, by changing the value of n and the 
introduction of various functional groups makes it possible 
to prepare a variety of molecules with various applications. 
Calixarenes are of interest to chromatography, slow release 
of drugs, transport across membranes, ion channels, and 
many other applications [2-5] . 
      It has been shown recently, using rigidified 
calix[4]arenes, that its complexation properties depend 
not only on the nature of the donor groups but also on 
their stereo-chemical arrangement,can be characterized  
by the conformation of  the calixarenes [6-7] .  
      Depending upon the relative orientation of the para 
and phenolic sites, the tetramer can adopt four different 
conformations: cone, partial cone, conformer of 
calix[4]arenes shows usually the highest affinity for Na+, 
whereas the partial cone and 1,3-alternate conformers 
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show the best selectivity for K+ and Cs+[8] While 
several calixarene-metal cation complexes have 
been reported, most of them require that the 
hydroxyl groups of the calixarene be derivatized 
to esters or ethers[9] because of the poor 
solubility of the p-tertbutyl-calixarenes. The Cs+-
p-tertbutyl-calixarene complex is used for the 
recovery of cesium from nuclear waste solutions 
[10], and as a lanthanide complexing agent under 
basic conditions [11]  Derivatives other than 
ethers and esters have been examined: 
calixcrowns show a high Na+/Cs+ selectivity, and 
are used as carriers through supported liquid 
membranes [10] The conformation of the 
calixarene in these complexes is normally a cone, 
except when derivatization forces other 
conformations, as in the case of 1,3-calix[4]bis-
crown, which shows an alternate 1,3 
conformation [10] There is evidence of some 
conformational freedom for the metal complexes 
in solution [12] Alkyl ketone residues have been 
introduced in the lower rim of calix[5]arene and 
calyx [6]  arene [13]  which show affinity for  
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complexation of alkali metal cations. Phosphoryl 
and amide ligands, both at the lower and upper 
rim, facilitate extraction of lanthanides and 
actinides [14-15] . 
      In this work, stability constant of 
vanadium(III) cation and 25, 26, 27, 28-
tetrahydroxy-5, 11, 17, 23-tetrasulphonalic acid-
calix [4] arene were determined in aqueous 
solution at 25 °C using spectrophotometric 
technique. The structure of the studied calixarene 
is shown in Figure 1. The calixarene in this study 
was consistsed of four benzene rings which are 
arranged conically, so that hydroxyl and the 
sulphonato groups form a coordination sphere 
where metal cations can be bound.  
 
EXPERIMENTAL 
Chemicals. 25, 26, 27, 28-tetrahydroxy-5, 11, 
17, 23-tetrasulphonalic acid-calix[4]arene where 
obtained as a gift (from Professor Zare) and used 
without further purification. Vanadium(III) 
chloride was purchased from Merck as analytical 
reagent grade material and was dried under 
vacuum at room temperature for at least 72 hours 
before use. All dilute solutions were prepared 
from double distilled water with a specific 
conductance equal to 1.2 ± 0.1 µScm-1. 
Measurements. The M 350- double beam UV- 
Vis spectrophotometer model of campec 
equipped by Pentium (2) computer. In all cases, 
the procedure was repeated at least three times 
and the resulting average values and 
corresponding error from the average are shown 
in the text and Tables. 
Procedure. 2.5 cm3 solution of the ligand, 
1.0×10-3 mol dm-3, was titrated with stepwise 
addition of the vanadium(III) solution, (2.0-
8.0)×10-4 mol dm-3, both in aqueous solutions. 
 
RESULTS AND DISCUSSION 
Assuming that the absorbance of the ligand 
would change upon complexation with the V(III) 
metal ion, we performed spectrophotometric 
measurements. The complex MpLq formation was 
characterized by changing its stoichiometry, p 
and q, where M and L represent each metal ion 
and the ligand, respectively. Consideving that the 
formation constant of complexation, KS, is 
defined equation 1. 
pM + qL  ⇌  MpLq  KS = [MpLq] / [M]p[L]q     (1) 

     The method of determination of formation 
constant has been described before [16]  The 
absorbance, A, was measured for the solutions, 
as described in experimental section. For 
calculating of the formation constants, the 
spectrophotometric titration data were analysed 
at a wavelength in UV range that is given by 
  A = εM[metal ion] + εL[L] + εC[complex]     (2) 
where εM, εL, and εC are the molar absorptivities 
of the metal ion, ligand, and the formed complex, 
respectively. For the mass balance [metal ion] = 
CM – [complex]        (3) 
[L] = CL – [complex]                              (4) 
where CM and CL are the total concentration of 
the metal ion and the ligand, respectively. 
Substituting eqs 1 and 3-4 into eq 2 and 
rearranging and canceling like terms in a 
wavelength that the metal ion has actually no 
absorbance gives 
A=CLεL-CMεL-CLεM+CMεM+CLεC+CMεC-εL/KS-
εM/KS +εC/KS±εLB±εMB±εCB)/2                     (5) 
where B is equal to (1 + 2CLKS + 2CMKS 
+CL

2KS
2 – 2CLCMKS

2 + CM
2KS

2) / KS. Using a 
suitable computer program [17]  the data were 
fitted to eq 5 for estimating the formation 
constant of eq 1. We used the Gauss-Newton 
nonlinear least-squares method in the computer 
program to refine the absorbance by minimizing 
the error squares sum from eq 6, 
S = ∑(ai – bi)2   (i = 1, 2, 3, …)              (6) 
where ai is an experimental quantity and bi is a 
calculated one. The computer program consisted 
of two different kinds of fitting, graphical and 
numerical. The final selection of the species was 
based on both graphical and numerical methods, 
considering in addition the various statistical 
criteria, i.e. sums of squared residuals, 
differences of CM (experimental) and CL 
(experimental) from those of calculated one. 
Figure 2 shows a typical example of a graphical 
fitting for the observed and calculated 
absorbances (from the computer program). 
 It was checked for other proposed species 
existed in significant concentration over a 
reasonable range of data. As expected 
polynuclear complexes were systematically 
rejected by the computer program. Taking into 
account a binuclear complex alone or together 
with the mononuclear one does not improve the 
goodness of the fit and even leads to the rejection 
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of the model. The model finally chosen, formed 
by ML, resulted in a satisfactory numerical and 
graphical fitting. The average value of the 
formation constant for the 1:1 complex species of 
the various wavelengths used is listed in Table 1.  
      The interesting curve resulting from the 
spectrophotometric titration of the ligand by 
vanadium(III) ( Figure 3) shows a sharp break 
point when the concentration ratio of metal ion to 
the ligand reaches unity, indicating the formation 
of a stable complex for the metal ion.  
 

Table 1. Average value of log KS in different 
wavelengths for the calixarene and vanadium(III) ion 

at 25 °C 
 

metal ion log KS 

vanadium(III) 5.59 ± 0.15 
 

logKs wavelength  
6.13 280 
5.68 275 
5.45 270 
5.31 265 
5.44 260 
5.55 255 

 
      The average amount of calculated formation 
constant was 5:59. V(III) shows that electric charge 
effect on metal is more the electrostatic force is 
stronger so the formed complex is stronger. 
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 Fig. 1. The  shematic structure. 

 
25,26,27,28 tetrahydroxy- 5, 11, 17, 23 
thtrasulphonulic acid- calix (4) arene.  

The structure of the studied calix arene is show 
in figure 1. The calix arene in this study consists 
of four benzene rings which are arranged 
conically. So that hydroxyl and the sulphonato 
groups from a coordination sphere where metal 
cations can be bound. 
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Fig. 2. A typical graphical fitting for V(III) + L 
system at 25 °C and 280 nm, (a) experimental 

absorbance, (b) calculated absorbance from the 
computer program. 

0.00

0.50

1.00

1.50

2.00

0.0 0.5 1.0 1.5 2.0 2.5 3.0

CM / CL

A
co

m

Fig. 3. Spectrophotometric titration plot of the ligand 
by the metal ion at 25 °C and 280 nm. 

 
Average amounts of log ks of ligand and metal at 
different wave lengths are listed in fig.3. 
According ro figure3, the molar ratio of ligand ro 
meta lis 1:1. 

Table 2. The ratio of metal ion to ligand 
concentrations versus of complex absorbances at 257 

nm 
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Cm/CL AComplex 
0.0 0 
0.2 0.34 
0.4 0.64 
0.6 0.92 
0.8 1.15 
1.0 1.32 
1.1 1.38 
1.4 1.36 
1.5 1.32 
1.7 1.28 
1.9 1.24 
2.1 1.20 
2.3 1.17 
2.5 1.13 
2.7 1.10 
2.9 1.07 

 
CONCLUSION 

We concluded that , the molar ratio of ligand to 
metal was 1:1. The average amount of calculated 
formation constant was 5.59. the more electric 
charge effects on metal V(III) is the electrostatic 
force is stronger so the formed complex is 
stronger. 
      We found also is no proton at pH=3.2 and 
negative charge is settled in lattice. There are 
four negative head and there are has three 
positive charges also vanadium ion so stronger 
electrostatic bond is formed. The stability 
constants of obtained complexes depend on two 
groups of upper rim and lower rim as well as size 
of rings. Amounts of equilibrium constants in L1 
ligand indicate that phenyl rings of calix with π 
electrons are agent of complexing. 
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