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Abstract: 
Interaction of para-tert-Bu-Calix[4] arene (1), di (2) and tri(3) benzyloxy-para-

tert-Bu-Calix[4]arene with iodine have been examined spectrophotometrically in 
chloroform solution. The observed time dependence of the charge transfer band in 
solution was investigated. The pseudo first order rate constants at various temperatures 
for transformation process were evaluated from the absorbance-time data. The 
activation parameters (Ea. ∆H# and ∆S#) were obtained from the corresponding 
Arrhenius plots and the Eyring Transition-State theory. 
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Introduction: 

Calix[4]arenes are emerging as a new class of synthetic hosts that have attracted 
interest in several areas of bioorganic and biomimetic chemistry. It is structurally well 
defined macrocyclic molecule that is readily available in large quantities and easily 
modified by chemical reactions1. Calix[4]arenes have attracted considerable interest as 
building blocks for constructing selective host molecules2. 

    The intense interest in the macrocyclic ligands centers on the extraordinary 
stability of their cation complexes and their peculiar ability to selectively bind certain 
cations in preference to other3-5. However, studies on neutral molecule-Calixarene 
interactions have been far fewer in number than those on cation-Calixarene 
complexes6. Interest in such molecular complexes has been strongly simulated by the 
possibility of their applications in such broad areas as separation science, catalysis of 
chemical reactions, biomimetic receptors and the conversion of chemical reactions into 
electronic or optical signals. 

    Iodine has been found to form with a variety of donor charge-transfer 
complexes whose properties have been thoroughly studied7-10. Some papers have been 
published in respect to the molecular complexes of iodine with various macrocyclics in 
solvents.11-21 

    In this paper we report the results of kinetic and spectral studies of interactions 
of benzyloxy ether derivatives of Calix[4]arene  in solution and the capability of such 
interaction compare with p-tert-buthyl calix[4]arene22 
 

Results and Discussion: 

   The calix[4]arene 1-3 (shown in Fig 1.) were synthesised in our synthetic 
group23,24.  The electronic absorption spectra of mixture calixarenes with an excess 
amount of iodine (I2/Calixarene molar ration of 10) were recorded as a function of 
time at various temperatures. Sample spectra for the I2-Calixarene 2 system in 
chloroform at 25˚ C is shown in Fig.2. In all cases, the spectrum obtained immediately 
after mixing iodine with the calixarene derivations resulted in the 220-320 nm region 
(241 and 279 ). In order to obtain further information about the kinetics of the 
interaction of iodine with calixarene derivatives, the absorbance at 279 nm was 
monitored as a function of time in solutions of chloroform. Sample absorbance- time 
plots for the I2 /Calixarene 3 system in chloroform at different temperatures is shown 
in Fig.3. 

    All of the resulting rate constants at various temperatures are summarized in 
Table 1. Using the corresponding Arrhenius plot (Fig.4.) and Eyring transition state 
theory 25, the activation parameters (Ea, ∆Η# and ∆S#) were Calculated. The results are 
also included in Table 1. 

    The data given in Table.1 indicate that, the pseudo-first-order rate constants 
increase with increasing temperature. The influence of temperature on the 
I2/Calixarene 1 system being more pronounced than that of other complexes and this 
behavior decreases for 2 and 3 in substitution of phenolic proton with benzyloxy 
groups in calixarene cavities. The activation energy for complex formation is increased 

www.SID.ir



Arc
hi

ve
 o

f S
ID

J. Sci. I . A . U (JSIAU),Vol 16, No . 60 summer 2006 
 

  

8

with increasing of benzyloxy substituents at the lower rim. This correlation shows that 
the Iodie cation is entered from lower rim and recognized at middle rim. The data 
given in Table 1. shows also that the observed trend in complexation of  1 could be 
due to its more convenient conformational arrangement for the process of charge 
transfer system. 

   Table 1. shows that the entropies of activation for complexation are high and 
negative. The negative ∆S# values are indeed what we should expect in reactions 
involving the ionization of neutral molecules. Since the complexation involves 
ionization, the activated complex maybe an ion pair stabilized by solvation to a greater 
extent than the initial reactants. 
Experimental: 

   The calix[4]arene 1-3 (shown in Fig 1.) were synthesised in our synthetic 
group23,24. Resublimed iodine of analytical grade (Merck) was used as received. 
Reagent-grade chloroform (Merck) was used without any further purification. 

    All UV-VIS spectra were recorded on a Camspec M350 Double Beam 
spectrophotometer and absorbance measurements were made with a spectrophotometer 
equipped with a temperature controlled cell holder.  

    The temperature was kept constant at the desired temperature of ±0.1˚C using a 
MLW-UH thermostat. 
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Table 1. Calculated Rate Constant at Various Temperatures and Activation Parameters 
for Calix[4]aren/s(1-3/I2) complexes. 
Macrocycle    Temp             k1                      Ea               ∆Η#          ∆S#             ∆G# 

                         ºC               s-1                  kJ mol-1        kJ mol-1    J mol-1 K-1     kJ mol-1 
        
       1                25          2.80 Χ 10-5 
                         30          3.14 Χ  10-5 

                         35          3.62 Χ  10-5  
                         40          3.81 Χ  10-5 
                         45          4.06 Χ  10-5            16                 14           -282         100.8±2.1 
                                                                                                                                                                               
 
2  25           1.07Χ 10-5   
 30           1.21Χ 10-5   
                35           1.49 Χ 10-5   
                40           1.54 Χ 10-5   
                45           1.70 Χ 10-5            21.27            18.8        -277          104.0±2.1 
 
 
3  25           1.40Χ 10-5   
 30           1.67Χ 10-5   
                35           1.80Χ 10-5   
                40           2.20Χ 10-5   
                45           2.60Χ 10-5            27.68             25.2        -253.5       103.1±2.1 
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Fig 1. Structure of Calix[4]arene derivatives. 

 

 

 

 
Fig.2. UV-VIS spectra of a mixture of I2 (1 * 10-3 moldm-3 ) and Calix[4]arene 2 

immediately after mixing;  time intervals: 15min; 30min; 45min;                                             
60min; 75min; 90min; 105min; 120min. 
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Fig.3. Absorbance-time plots at 282 nm for mix of I2 
(1 * 10-3 moldm3) and Calix[4]arene 3 (1 * 10-4 mol dm-3) in 

choloroform at different temperatures:♦, 25º C; ■, 35º C; ▲, 45º C. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.4.Arrhenius plots of ln k vs. 1/T for 

Calix [4] arene 3/I2 Complex. 
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