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ABSTRACT 
 
Amberlite XAD-4 resin was functionalized by coupling through the –N=N- group (azo spacer arm) with p-toludine. 
Resulting intermediate products were characterized by FTIR method. The functionalized resin was characterized by 
elemental analysis and FTIR. Thermokinetic parameters were determined by Freeman-Carroll (FC) and Sharp-
Wentworth (SW) methods. Activation energies of the degradation were found to be 27.28 kJ (FC method) and 25.60 
kJ (SW method). Free energy change (∆G) and entropy change (∆S) of the degradation was calculated by both of 
these methods were found to be in good agreement. The order of degradation obtained by FC method was found to 
be zero which was further confirmed by SW method. 
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INTRODUCTION 
 

Amberlite XAD series resins with a polystyrene-divinyl benzene copolymer matrix have efficient support for 
anchoring chelating ligands due to their good porosity, uniform pore size distribution, high surface area, and 
excellent chemical and physical stability. Amberlite-XAD resins have superior physical properties like durability 
and chemical stability towards harsh environments [1].These resins, including XAD-2 and XAD-4 have been ideal 
for the preparation of functional resins based on their porosity and surface area [2-3]. Styrenic resins are excellent 
substrates for the preparation of functional polymers and recently more attempts have been made to modification of 
amberlite XAD-4 (AXAD-4) as per industrial importance by using various preconcentration methods such as ion-
exchange, liquid-liquid extraction, coprcipitation, solid-phase extraction (SPE) and flotation [4-14]. 
 
Two methodologies have been frequently adopted for designing such chelating functionalized amberlite XAD 
resins. First involves physical sorption of ligands onto a matrix and other is based on covalent coupling of a ligand 
with polymer backbone through a spacer arm, generally –N=N– or –CH2 group. Recently, amberlite XAD resins 
functionalized with allyl phenol [15], chronotropic acid [16], pyrocathecole [17]. styrene-divinylbenzene 
copolymers are the most popular sorbents for trace enrichment purposes [18]. Modified amberlite resins shows 
improved ion-exchange properties, thermal resistance properties, electrical conductivity properties and good storage 
stability [19]. Beiraghi et al were used functionalized amberlite resin to extract beryllium in water sample using 
micelle-mediated extraction and determined by inductively couples plasma-atomic emission spectrometry [20]. Al-
Blaty et al used N-methylfluorohydroxamic acid as the complexing agent and amberlite XAD-4 as the adsorbent for 
the sorption of insoluble metal complexes in water [21].  
 
Thermo gravimetric studies of polymer provide information about the degradation pattern during heating and 
thermal stability. Polymer degradation occurs throughout the life of the polymer both by oxidative and thermal 
degradation [22]. Degradation generally takes place by way of two major competing mechanisms: peeling-off, 
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which consists of the removal of monomers or oligomers, one at a time, and the random scission of the polymer 
backbone [23]. In general, the quality and quantity of ashes and the levels of off-gas during pyrolysis are 
significantly affected by the degree of cross-linking of the resins [24-25] and the environments of air or nitrogen gas 
[26, 27–30]. 
 
Herrera et al reported major species evolving from thermal degradation of polyamides and a kinetic study of the 
thermal degradation under dynamic conditions using discrimination method [31]. Simister et al studied thermal 
degradation rates and effect of different counter ions on the polystyrene-divinylbenzene ion exchange resins under 
the simulated conditions : temperature and high purity water [32]. Thermal analysis of functionalized amberlite 
XAD resins with nitrosonaphthol were studied by Memon and co-workers [33]. Kapse et al have reported 
thermodynamic parameters and order of thermal stabilities of terpolymers by using TGA [34].  Many co-workers 
determined various kinetic parameters such as ∆S, ∆F, Z, S* and G* by using Freeman- Carroll and Sharp-
Wentworth method [35,36] 
 
The present paper reports the synthesis of functionalized amberlite XAD-4 resin with p-toludine and its 
thermokinetic parameters of thermal degradation of resin using following methods [37-41]. 
 
A) Freeman-Carroll Method (FC) 
In this method thermokinetic parameters are determined by following expression (1) 
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Where 
dw/dt = rate of change of weight 
Wr = difference between weight loss at the completion of the reaction and at time t 
Ea = activation energy 
n = order of reaction 
 
B) Sharp-Wentworth method (SW) 
Following expression (2) has been used to evaluate the kinetic parameters. 
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Where 
dα/dt = fraction of weight loss with time 
n = order of reaction 
A = frequency factor 
β = linear heating rate 
α = fraction of amount of reactant 
 

EXPERIMENTAL SECTION 
 

Materials 
Chemicals used for the synthesis were pure and of analytical grade. Amberlite XAD-4, p-toludine, conc. HCl, conc. 
HNO3, conc. H2SO4 and NaOH were procured  from Merck, SD Fine Chemicals, India Ltd. 
 
Functionalization of Amberlite XAD-4 resin 
Amberlite XAD-4 (AXAD-4) was nitrated with the help of nitrating mixture by refluxing the mixture at 333 K for 
1.5 hrs. Reaction mixture was poured in ice cold water and nitrated resin (NO2-AXAD-4) was collected by filtration. 
The product was repeatedly washed with water and dried. In second step product was reduced with the help of 
SnCl2, conc. HCl  and ethanol at about 363 K for 12 hrs. Aminated resin (NH2-AXAD-4) was obtained and purified 
by washing with water to remove excessive HCl. Aminated resin was boiled with conc. HCl so as to for amine 
hydrochloride. The amine hydrochloride of resin was poured into ice cold water and then it was treated slowly with 
1M NaNO2 solution. Diazotized resin (Cl-N=N-AXAD-4) quickly filtered and washed with ice cold water 
repeatedly. Diazotized resin was coupled with p-toludine in presence of 10% NaOH at 273 K with constant stirring 
for 5-6 hrs. The final product, functionalized amberlite XAD-4 with p-toludine (p-TLDN -N=N-AXAD-4) so 
obtained was washed with water followed by dilute NaOH solution to remove unreacted p-toludine impurity then it 
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was washed with dilute HCl and getting yellowish brown colored product. It was repeatedly washed with water 
dried in air and stored in vacuum desiccator. The complete reaction scheme shown below. 
 

 
 
 
 

RESULTS AND DISCUSSION 
 

Elemental analysis of p-TLDN-N=N-AXAD-4 (C, H, N) 
Elemental analysis of functionalized Amberlite XAD-4 was carried out at Central Institute of Mining and Fuel 
Research (C.I.M.F.R.), Nagpur (M.S.) India. Elemental analysis data given in following Table 1. 
 
 
 

 C H N 

Found (%) 81.14 7.29 11.57 

Calculated (%) 81.89 7.08 11.03 

 
FTIR Spectra 
Product obtained in each step of synthesis was characterized by FTIR spectrum. NO2-AXAD-4 was confirmed by 
the prominent peaks at 1550 and 1349 cm-1 which were attributed to N-O asymmetric and N-O symmetric streching 
vibration respectively (Fig.1). The NH2-AXAD-4 was identified with IR absorption peaks at 3356, 3203 cm-1 for N-
H stretching. Peaks at 1623 and 1306 cm-1 N-H bending, C-N stretching respectively (Fig.2). Cl-N=N-AXAD-4 was 
confirmed by the prominent peak at 1524, 1487 cm-1 which is attributed to the presence of – N=N- (Fig. 3). 
Formation of p-TLDN-N=N-AXAD-4 was confirmed by peaks at 3600, 3610 cm-1 (doublet) N-H stretching in NH2 
group and C-N Streching at 1347 cm-1  for aromatic primary amine. The strong peak at 2929 cm-1 was due to 
aliphatic C-H stretch. The peaks obtained at 2000-1700 cm-1 was assign to overtone and combination bands. 1022, 
1082 cm-1 C-H bend (in plane) and 710 cm-1 C-H bend (out of plane).  
 

Scheme. Synthesis of p-TLDN-N=N-AXAD-4 

Table 1: Elemental analysis of p-TLDN-N=N-AXAD-4 
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Thermogravimetric analysis (TGA) 
TGA analysis of p-TLDN-N=N-AXAD-4 was carried out at the Department of Material Science, Vishvesharaya 
National Institute of Technology (V.N.I.T.), Nagpur (M.S.) India. 
 
Thermogram of p-TLDN-N=N-AXAD-4 (Fig. 5) was scanned up to 1273 K by Perkin Elmer Diamond TGA/DTA 
analyzer in argon environment at linear heating rate 283 K min-1. The thermokinetic parameter were determine by 
FC and SW methods. Activation energy and order of reaction have been calculated simultaneously by FC method. 
Weight loss up to 453 K was due to the water molecule in polymer. Major degradation starts from 638 K is due to 
the dissociation of chemically immobilized moiety and polymeric matrix. The order of degradation was found to be 
zero which was obtained from FC plot (Fig. 6a) further confirmed by SW method. SW plot shown in Fig. 6b. 

Thermokinetic parameters of resin in temperature range 543-823K shown in Table 2. 
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Fig. 1 -  FTIR Spectrum of  NO2-AXAD-4 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 450.0

40.0

42

44

46

48

50

52

54

56

58

60

62

64

66

68

70

72

74

76

78

80

82
82.9

cm-1

%T 

3358.13

3212.18

3023.45

2926.69

1935.85

1693.28

1623.30

1504.87

1448.39

1347.09

1307.55

1076.73

889.94

828.30

711.09

592.71

Fig. 2 - FTIR Spectrum of  NH2-AXAD-4 
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Fig. 3 - FTIR Spectrum of  Cl-N=N-AXAD-4 
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Fig. 4 - FTIR Spectrum of  p-TLDN-N=N-AXAD-4 
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Resin Parameters Freeman-Carroll method Sharp-Wentworth method 
p-TLDN-N=N-AXAD-4 Temperature range 543-823 K 543-823 K 

Activation energy Ea (kJ) 27.28 25.60 
Frequency factor A (min-1) 14.26 14.32 
Apparent entropy ∆S (JK-1) -271.60 -271.64 
Free energy ∆G (kJ) 218.42 216.75 
Order of reaction n 0.0 0.0 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2:  Thermokinetic parameters of p-TLDN-N=NAXAD-4 by different methods 

Fig. 5 - TG Curve of p-TLDN-N=N-AXAD-4 

Fig. 6(a) - Freeman-Carroll plot of p-TLDN-N=N-AXAD-4 Fig. 6(b) - Sharp-Wentworth plot of p-TLDN-N=N-AXAD-4 
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CONCLUSION 
 

Functionalized amberlite XAD-4 product (p-TLDN-N=N-AXAD-4) is confirmed by elemental analysis, FTIR 
spectra and thermogravimetric analysis is in good agreement with the reaction scheme shown above. However the 
position of attachment of p-toludine to the resin via azo group to the polymer matrix is not clear as per finger print 
region of FTIR spectrum. Low value of frequency factor suggests the slow degradation of resin. The values of 
activation energies, entropy change (∆S), free energy change (∆G) and frequency factor (A)  obtained by FC and SW 
method are in good agreement.  
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