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ABSTRACT 

The reaction of chitosan with cinnamic acid gave the corresponding N-cinnamoyl chitosan (NCC) polymer. The 
chemical structure of the modified polymer was characterized by IR, 1H-NMR and elemental analysis. Thermogravim- 
etric analysis reveals that the thermal stability of chitosan polymer is greater than NCC polymer. The activation ener-
gies of thermal degradation of chitosan and NCC polymers were determined using Arrhenius relationship. Thermal 
degradation of NCC polymer was studied and the products of degradation were identified by GC-MS technique. It 
seems that the mechanism of degradation of NCC polymer is characterized by elimination of low-molecular weight 
radicals. Combination of these radicals and random scission mechanism along the backbone chain are the main source 
of the degradation products. 
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1. Introduction 

Chitosan is a kind of fine biomaterial obtained by deace-
tylation of naturally occurring polymer chitin. It consists 
of β-(1,4)-2-amino-2-deoxy-D-glucopyranose units (GKN) 
and a small amount of 2-acetamido-2-deoxy-D-glucopy- 
ranose or N-acetyl-D-glucosamine (GKNAc) residues. Fur- 
thermore, chitosan is also a non-toxic, biodegradable, and 
biocompatible polymer, which is reported to exhibit a 
great variety of useful biological properties. However, its 
biological activity appears only in acidic medium be- 
cause of its poor solubility in neutral and basic pH. To 
increase water solubility, the chemical modifications of 
chitosan have been applied [1]. The free amino groups of 
chitosan enable a veriety of chemical modifications and 
substitution process like carboxyalkylation, acylation, sul- 
fation, cyanoethylation, nitration, phosphorylation, enzy- 
matic substitution, metal chelation, Schiff’s base, etc [2- 
5]. Furthermore, various properties of the modified chi-
tosan have been used in many applications such as ab-
sorption enhancement in caco-2-merbane model [6], gene 
[7], drug or protein delivery [8,9], waste-water treatment 
[10], food industry [11], gel implants [12], scaffolding 
material [13] and in medicine as wound dressing and 
drug delivery [14,15]. It has been reported that chitosan 
is more stable than chitin to depolymerization due to sta-
bilizing effect of the free amino group [16]. In spit to that, 
it was found that chitosan at high temperature in air un- 

dergo degradation [17]. Thermal analysis with deriva-
tograph showed that this polymer can not withstand 
temperature higher that 200˚C - 220˚C. Diab et al. [18, 
19] was reported the reaction of chitosan with benzo- 
phenone and acetophenone. The thermal stability and de- 
gradation behaviours of these modified has been reported 
polymers. In this paper, N-cinnamoyl chitosan (NCC) 
polymer was synthesized via a Schiff reaction of chitosan 
with cinnamic acid. The formed modified polymer was 
characterized by elemental analysis (C, H, N), IR spec- 
troscopy and thermal gravimetric analysis. Thermal deg- 
radation of NCC polymer was studied and the products 
of degradation were identified by GC-MS technique. 
Mechanism of degradation is suggested. 

2. Experimental 

2.1. Materials 

Chitosan (Aldrich Chemical Co., Inc.) was used without 
further purification. Its degree of deacetylation (DDA) 
was determined to be 94% by 1H-NMR spectroscopic 
method [20,21]. The molecular weight distribution and 
subsequent characteristics were obtained in an AVS-350 
viscometer coupled to an automatic dilution device Scholl 
Gerate ViscoDoser AVS 20. The molecular weight of the 
chitosan was estimated based on the parameters de- 
scribed by Mark-Houwink equation [22]: 
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[η] = KmMa 

where Km = 0.076 and a = 0.76. The average viscometric 
molecular weight Mv = 69000 was estimated from the 
intrinsic viscosity determined in a 0.3 mol·L–1 acetic acid 
and 0.2 mol·L–1 sodium acetate buffer solution at 25 ± 
0.01˚C as the mean of five replicates. 

Cinnamic acid (BDH Chemical Ltd.) was purified by 
standard procedure. 

All other chemicals and solvents were purified by 
standard procedure. 

2.2. Preparation of the Polymer 

An equimolar ratio of chitosan and cinnamic acid was 
fused for 30 min, then 50 ml of glacial acetic acid was 
added to the reaction mixture and refluxed for 2 h. The 
excess acetic acid was removed by distillation. The reac- 
tion mixture was cooled to room temperature and washed 
with diethyl ether and methanol to remove the unreacted 
cinnamic acid. The formed solid polymer was filtered 
and dried in an oven at 40˚C for several days. 

2.3. Analytical Techniques 

2.3.1. Infrared Spectroscopy (IR) 

Spectra of the polymer samples in the form of KBr discs 
were recorded on Pye Unicam SP 2000 spectrometer. 

2.3.2. Nuclear Magnetic Resonance Spectroscopy 
(1H NMR) 

The 1H NMR spectrum of chitosan was measured on a 
Varian EM 390 90 MHz spectrometer with integration 
and 10 mg sample. The polymer was dissolved in D2O/ 
CF3COOD. The integral obtained was used for the de- 
termination of DDA. 

2.3.3. Microanalysis 

Elemental analysis of the modified polymer was per- 
formed by Microanalytical Unit at Cairo University. 

2.3.4. Thermal Gravimetric Analysis (TG) 

TG measurements were made with a Mettler TG 3000 
apparatus. Finely powdered (~10 mg) samples were he- 
ated at 10˚/min in a dynamic nitrogen atmosphere (30 
ml/min); the sample holder was boot-shaped, 10 mm × 5 
mm × 2.5 mm deep and the temperature measuring 
thermocouple was placed 1 mm from the sample holder. 

TG was also used for the determination of rates of 
degradation of the polymer in the initial stages of de- 
composition. The activation energies were calculated by 
application of the Arrhenius equation. 

2.3.5. Thermal Degradation of the Polymer 

Samples of ~50 mg were heated under vacuum from am- 
bient temperature to 500˚C. The volatile degradation pro- 
ducts were collected for qualitative analysis by GC-MS 
technique. A Saturn GC 3400 with a fused quartz capil- 
lary column of 30 m × 0.25 mm coated with methyl sili- 
con, using flame ionization analyzer was used for identi- 
fication of the condensable degradation products. The 
carrier gas was nitrogen at a flow rate 20 ml/min and the 
programmed heating rate of 10˚/min from 40˚C to 200˚C. 
The GC is interfaced with a Varian mass spectrometer 
equipped with the standard electron impact or chemical 
ionization (CI) source and a DS 55 data system scanned 
from m/e 200 to 20 at a scan rate of 10 s/decade. Per-
fluorokerosene (PFK) was used for computer calibration; 
the ion source was maintained at 200˚C. Accurate mass 
measurements in CI mass spectra were performed at 
10000 resolving power using PFK as internal reference 
and by computer interpolation data system. 

3. Results and Discussion 

3.1. Characterization of N-(Cinnamoyl) (NCC) 
Chitosan Polymer 

The IR spectrum of chitosan shows a broad band at 3423 
cm–1 due to OH and NH2 groups. The bands at 1655 and 
1321 cm–1 due to the amino group. There are bands at 
1458, 1423, 1379 and 1078 cm–1 due to O-C-O group. 
These bands are in good agreement with the IR spectrum 
of chitosan reported by Muzzorella et al. [23] and Bru- 
gnerotto et al. [14]. Microanalysis of C6H11O4N (Calcd. 
C, 44.7; H, 6.8; N, 8.7%. Found C, 44.62; H, 6.94; N, 
8.67%). 

The reaction of chitosan with cinnamic acid give the 
corresponding N-cinnamoyl chitosan (NCC) polymer. 
 

 
 

The IR spectrum of NCC polymer shows the presence 
of amidic carbonyl group at ~1700 cm–1 indicating the 
involvement of cinnamic acid in the modification of chi- 
tosan. The absorption at 711 cm–1 are due to the C = C 
stretching in the aromatic ring. Microanalysis of NCC 
polymer C15H17O4N (Calcd. C, 65.4; H, 6.2; N, 5.1%. 
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Found C, 64.81; H, 6.35; N, 4.81%). The elemental 
analysis results of chitosan and NCC polymers are quiet 
different from those expected for a 100% degree of sub- 
stitution (~90%), suggesting that the substitution is not 
complete. However the presence of cinnamic acid in chi- 
tosan modification caused an increase in the carbon and 
hydrogen content in the resulting material compared with 
the starting chitosan. A decrease in nitrogen/carbon ratio 
suggests that the substitution occurred. 

3.2. Thermal Methods of Analysis 

3.2.1. Thermogravimetry (TG) 

TG curve of chitosan is shown in Figure 1. There are 
two degradation stages in chitosan polymer. In the first 
stage, weight loss starts at ~220˚C and continues to 
~320˚C with ~50% weight loss. The maximum rate of 
weight loss, shown by derivative equipment associated 
with TG apparatus, occurs at ~295˚C. The second stage 
reaches a maximum at ~ 470˚C with a weight loss per-
centage of ~40%. 

There are two degradation stages in NCC polymer as 
shown in Figure 2. The first stage starts at ~145˚C with a 
weight loss percentage of ~50%. The maximum rate of 
weight loss at ~360˚C with a weight loss percentage of 
~44%. TG curves of NCC and chitosan polymers reveal 
that chitosan is more thermally stable than NCC polymer. 

The effective activation energies of the thermal deg- 
radation of chitosan and NCC polymers were determined 
from the temperature dependence of the chain repture 
rate. The rate constant of the thermal degradation plotted 
according to the Arrhenius relationship (Figure 3). The 
activation energies of the chitosan and NCC polymers 
 

 

Figure 1. TG curve of chitosan. 

 

Figure 2. TG curve of NCC polymer. 
 

 

Figure 3. Arrhinus plots of the rate constants of degrada-
tion of chitosan and NCC. 
 
were found to be 52.2 and 32.7 KJ/mol, respectively. The 
smaller value of the activation energy of NCC than chi- 
tosan polymers indicates that the stabilities are in the 
same order of activation energies. Therefore, NCC po- 
lymer should undergo decomposition more readily than 
chitosan. 

3.2.2. Thermal Degradation of NCC Polymer 

The liquid fraction of the degradation of NCC polymer 
was injected into the GC-MS apparatus. Figures 4 (a) 
and (b) shows the GC trace of the liquid product of deg-
radation of NCC polymer to 500˚C. Table 1 represents 
the results of degradation products which were identified 
by mass spectroscopy. From the degradation products it 
seems that the degradation of NCC polymer is character-
ized by the formation of low-molecular weight radicals, 
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(a) 

 
(b) 

Figure 4. GC curve of the degradation products of NCC 
polymer. 
 
Table 1. GC-MS of the degradation products of NCC poly-
mer 

Peak No. 
Retention 

Time, min. 
Major MS 
Fragments 

Suggested Structures 
(Most Probable) 

1 7.49 84, 61, 47 5-Hydroxy-1,3-Pentadiene

2 7.69 95, 70, 47 Cyclohex-1-en-6-ol 

3 8.70 102, 83, 61, 47 4,5-Dihydroxypent-1-ene

4 8.95 106, 91, 71, 48 1-Ethylbenzene 

5 9.44 112, 63, 56 6-Hydroxy-2,4-hexadinol

6 13.38 
148, 132, 114, 

61, 47 
3,5,6-Trihydroxyhexanol

7 14.33 
147, 132, 115, 

100, 75, 61 
cinnamide 

8 14.97 
150, 109, 75, 61, 

47 
3-phenylpropanoic acid 

 
followed by random scission mechanism along the back- 
bone chain. 

 
 

The radical I may abstract H٠ to produce cinnamide 
(Peak 7). 
 

 
 

The radical III may abstract 3 H٠ to produce 1-ethy- 
lbenzene as shown in peak 4 in Figure 4. 
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3-Phenylpropanoic acid was formed from the radical IV (Peak 8), which was confirmed by mass spectroscopy. 

 

 
 

The aldehydic radical II may abstract H٠ to form 3,5,6-trihydroxyhexanol (Peak 6). 
 

 
 

3,5,6-Ttrihydroxyherxanol may lose two molecules of water or formic acid forming 4,5-dihydroxypent-1-ene and 
6-hydroxy-2,4-hexadienol (Peaks 3 and 5, respectively). 4,5-Dihydroxypent-1-ene may lose a molecule of water to form 
5-hydroxy-1,3-pentadiene (Peak 1). 
 

 
 

The enolic form of 3,5,6-trihydroxyhexanol may cyclized to form cyclohex-1-en-6-ol as shown in peak 2. 
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4. Conclusion 

N-Cinnamoyl chitosan (NCC) polymer was synthesized 
via a Schiff reaction of chitosan with cinnamic acid. The 
formed modified polymer was characterized by elemen- 
tal analysis (C, H, N), IR spectyroscopy and the thermal 
stability was compared with chitosan. Thermal degrada- 
tion of the NCC polymer was studied and the degradation 
products were identified by GC-MS technique. 5-Hyd- 
roxy-1,3-pentadiene, cyclohex-1-en-6-ol, 4,5-dihydroxy- 
pent-1-ene, 1-ethylbenzene, 6-hydroxy-2, 4-hexadinol, 3, 
5,6-trihydroxyhexanol, cinnamide and 3-phenylpronoic 
acid were the main degradation products. Accordingly, it 
seems that the mechanism of degradation of NCC poly- 
mer is characterized by elimination of low-molecular 
weight radicals. Combination of these radicals and ran-
dom scission mechanism along the backbone chain are 
the main source of the degradation products.  
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