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Chitosan is the product of N-deacetylation of chitin. For its innocuous, renewable,
biocompatible property chitosan is applied in many fields e.g., pharmaceutical,
food, catalysis, material. In this work, three chitosan-based Schiff-based (CSB)

compounds with aromatic substituent groups were synthesized from the reaction of 
chitosan with different aromatic aldehydes i.e., salicylaldehyde, 4-hexadecyloxy-2-
hydroxybenzaldehyde and 2-hydroxy-1-naphthaldehyde. The chitosan-based Schiff
base copper (II) complexes (CSBCu) were subsequently obtained through the reaction
of relative Schiff bases with copper acetate. These products were characterized by 
elementary analysis (EA), Fourier transform infrared (FTIR) spectroscopy, thermal
analysis (TG-DSC, TG-DTA), and X-ray diffraction (XRD) spectra, respectively.
Generally, elemental analysis data may confirm the formation of chitosan-Schiff base
as well as the coordination reaction of CSB with copper ions. FTIR analysis indicated
that Schiff base and coordination reaction take place in Schiff base skeleton. Moreover,
with the difference in substituent groups and spacer, FTIR spectra showed the clear
variety. Thermal analysis showed that the thermal stability of CSB increased slightly,
while that of the copper complexes was reduced significantly in comparison with 
chitosan. The XRD results demonstrated the appearance of a new crystallization peak
of CSB in the vicinity of five degree and the lower crystallinity of CSBCu. The 
differences in crystallinity and thermal stability are mainly attributed to the formation of
Schiff base group and complexation with copper ions, as well as spatially partial 
hindrance and hydrophobic forces in the aromatic substituent groups. The present
results show that the specific properties of chitosan-based Schiff base derivatives can
be altered by modifying the molecular structures of objective compounds with proper
substituent groups.

INTRODUCTION

Chitosan (CS), the product of N-
deacetylation of widely existing
chitin in shell fish and cell walls of
fungi or plants, is an important
renewable natural resource [1,2]. It
is well-known that CS has a high
biocompatibility, biodegradation
and antifungal activity because of

its unusual biological activity and
chemico-physical properties which
have been applied to pharmaceuti-
cal, food, catalysis, material, etc.
[3-6]. Generally speaking, CS is
mainly composed of glucosamine
(GlcN) and less of N-acetylglu-
cosamine (GlcNAc). Now, many
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researchers are making efforts to find the modi-
fication methods to investigate the special properties
owing to the presence of hydroxyl and amino groups. 
In addition, Schiff base containing imine groups can
be prepared from the reaction between active 
carbonyl groups and amino groups. Some reports
show that they have better physiological activities
and applications in antibacterial, antiphlogistic and
antiviral domains [7]. Additionally, some Schiff base
metal complexes also have catalytic property in some
degree. Therefore, a considerable work on chitosan-
based Schiff bases and their complexes have been
accomplished. For example, Guo et al. studied the
antioxidant activity of five Schiff bases of chitosan
and carboxymethyl chitosan which was related to the
concentrations of active hydroxyl and amino groups
in the molecular chains [8]. Guinesi et al. carried out
research work on the influence of chitosan Schiff
base on the kinetics of thermal decomposition by
non-isothermal procedure whose results showed that
there was a non-linear growing relationship upon the
degree of substitution in the chitosan-based Schiff
base versus activation energy and the pre-exponential
factor [9]. 

Furthermore, making use of the chelating ability
of chitosan with metal ion, researchers have studied a
kind of new catalyst with more catalytic activity and
reusable features. For example, Tong et al. reported
that some chitosan-based Schiff base Co(II) and
Pd(II) complexes had highly catalytic efficiency on
aerobic oxidation of cyclohexane in the absence of
reductants or solvents [10]. They found that high
turnover and selectivity could be obtained in 
catalytic reaction, and their complexes were also
effective on oxidation of bulky cyclic alkane and 
linear alkane. Leonhardt et al. have reported the
preparation of four different chitosan-surported 
palladium catalysts [11]. They suggested that 
chitosan-supported palladium catalysts resulted in
high yields for microwave-assisted Suzuki reaction
and excellent selectivity concerning cross-coupling
product. In addition, Santos et al. have investigated
not only the Schiff base reaction with chitosan and
salicylaldehyde, but also the substitution degree of
chitosan Schiff base using 1H NMR [12]. These
achievements make a bright future in the application
of chitosan-based derivatives catalysts. In addition,

Donia et al. also studied the adsorption function on
metal ion of magnetic chitosan resin modified by a
Schiff base derived from thiourea and glutaraldehyde
[13]. They found that Hg(II) ions can be selectively
separated from some metallic ions at pH 1 and the
resin may be recovered from 0.1 M potassium iodide.
The result shows that the adsorption and sorption 
follow Langmuir isotherm and display an efficient
uptake behaviour towards Hg(II) ions. In this respect,
Krishnapriya et al. have explained the reason of more
adsorption for the additional coordination sites [14]. 

Up to now, although researchers have reported
some Schiff bases derivatives of chitosan, there are
few reports on the systematic study of the variety 
and influence of substituent groups on chitosan 
derivatives [1,12]. In this study, we report the design
and synthesis of three chitosan-based Schiff base
compounds and the corresponding copper complexes.
They have different aromatic substituent groups
and/or long hydrophobic alkyl chains. These 
compounds were characterized by various methods,
such as Fourier transform infrared (FTIR) spec-
troscopy, thermal analysis (TG-DSC, TG-DTA), and
X-ray diffraction (XRD) spectroscopy. The experi-
mental results show that the desirable properties of
chitosan-based Schiff base derivatives, e.g., thermal
stability and crystallinity, can be obtained by 
modifying the molecular structures of compounds
with proper substituent groups. The present work
may give some key information to the design of new
functional chitosan derivatives.

EXPERIMENTAL

Materials
1-Bromohexadecane, 2,4-dihydroxybenzaldehyde, 2-
hydroxy-1-naphthaldehyde, and salicylaldehyde were
obtained commercially from Aldrich (UK), Alfa
Aesar (USA), Acros Chemicals (USA) and used as
received. Chitosan with more than 90% degree of
deacetylation were purchased from Sinopharm
Chemical Reagent Co., Ltd, China. All reagents were
analytical grades. The solvents were obtained from
Beijing Chemicals (China) and they were distilled
before use. De-ionized water was used in all the 
syntheses and experiments.
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Synthesis of Intermediate 4-Hexadecyloxy-2-
Hydroxybenzaldehyde 
Generally, 2,4-dihydroxybenzaldehyde and potassium
hydroxide were dissolved in distilled anhydrous
ethanol. After refluxing for 2 h, 1.05 mol equiv. of 
1-bromohexadecane was successively added into the
reaction system and reflux continued for further 35 h.
After removal of ethanol, the resulting intermediate 
4-hexadecyloxy-2-hydroxybenzaldehyde was pre-
dominantly synthesized owing to substitution effect
of para OH group [15]. Then, the intermediate was
subsequently purified by decompressed column 
chromatography (light petroleum/ethyl acetate/
chloroform 30/8/6 %v/v) as a pale solid. The structure
of intermediate was confirmed by 1H NMR analysis.
The spectral data were obtained as follows. 1H NMR
(400 MHz, CDC13), δ (ppm): 0.88 (t, CH3, 3H), 1.24-
1.57 (m, CH2, 26H), 1.79 (m, CH2, 2H), 4.00 (t,
CH2O, 2H), 6.41-7.52 (m, C6H3, 3H), 9.73 (s, CHO,
1H), and 11.42 (s, OH, 1H).

Synthesis of Chitosan Schiff Bases (CSB) 
Chitosan was dissolved in a mixed solution of ethanol
with a small amount of acetic acid and stirred at 
room temperature for 30 min. Then, an aromatic 
aldehyde was added to the mixture. The mixture 
was stirred and heated at 60°C for 12 h under 
water bath heating. After cooling, the crude product
was washed with ethanol to the point of colorless 
filtrate. The product was dried at 60°C in vacuum for
24 h whose yield was computed as the following
equation [16]: 

(1)

where,
Δm : CSB-chitosan mass difference; 
M   : molar mass of aromatic aldehyde; 
ncs  : mole of chitosan.

The synthetic route of target compounds is shown in
Scheme I. The chitosan-based Schiff bases (abbreviat-
ed as CSB-1, CSB-2, and CSB-3) were similarly 
prepared as the given order from different aromatic
aldehydes (salicylaldehyde, 4-hexadecyloxy-2-
hydroxybenzaldehyde and 2-hydroxy-1-naphthalde-
hyde). The yield of CSB is shown in Table 1.

Synthesis of Chitosan Schiff Base of Copper (II)
Complexes (CSB-Cu)
Different Schiff base molecules each mixed with
excess 1.2 mol equiv. of copper acetate was dissolved
in ethanol solution, and stirred and heated at 60°C for
12 h under water bath heating. After cooling, the
crude complex was washed with proper ethanol, 
subsequently washed to colourlessness by excess

Table 1. The yields of CSB samples.
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Scheme I. The synthetic route of chitosan-based Schiff bases and their copper (II) complexes.

Sample code Yield (%)

CSB-1
CSB-2
CSB-3

69.56
85.96
63.42



amounts of water, and then dried at 60°C in vacuum
for 24 h. The above mentioned purification process
was repeated again. At the same time, the influence of
pH on the reaction was investigated which showed
that the decomposition of CSBCu will happen in 
pH < 7.

Characterization
FTIR spectra were recorded with Nicolet IS/O FTIR
spectrophotometer from Thermo Fisher Scientific
Inc. (UK) with 4 cm-1 resolution. TG-DTA curves
and TG-DSC were recorded by DTA-60A Apparatus
of Shimadzu (Japan) (temperature rate 10°C/min, 
temperature range 0~600°C) and STA449C thermal
apparatus by Netzsch Machinery and Instruments
Co., Ltd. (Germany). XRD measurements were 
carried out on RIGAKU D/MAX-rB X-ray 
diffractometer (Japan) with CuKα radiation λ =
0.154056 nm, 40 kV, 100 mA, scanning rate 4°/min
and step length 0.02°. The elemental analysis was
carried out with a Flash EA Carlo-Erba-1106
Thermo-Quest (Italy). 

Calculation of Degree of Deacetylation 
Due to low solubility of the products in most sol-
vents, the NMR and UV data were difficult to obtain
[12]. Thus, the elemental analysis data was used to
confirm the products in combination with DSC and
FTIR spectral data. Up to now, researchers have pro-
posed many methods to calculate degree of deacety-
lation (DD), i.e., elemental analysis, FTIR, etc. [17].
Through analysis on the experimental data, the DD
value of CS was obtained. The calculation of DD

value by elemental analysis and FTIR was carried out
by the following respective relationships given as
eqns (2) and (3): 

(2)

(3)

The data of elemental analysis are shown in Table 2,
in which the theoretical values are calculated 
according to the molecular formula under the 
condition of complete deacetylation. The DD values
obtained by eqns (2) and (3) were 85.90% and
88.53% as the given order. In view of the parameters
in the calculation equations, the DD value based on
elemental analysis seems to be more accurate than
FTIR analysis. 

RESULTS AND DISCUSSION

FTIR Spectra Studies
Firstly, CS and the target productions were character-
ized by FTIR spectra, as shown in Figure 1. The 
corresponding characteristic vibrational peaks are
listed in Table 3. In Figure 1a, the spectra of CS show
a strong broad vibration at around 3442 cm-1 which
can be assigned to the stretching vibration of O-H 
and N-H groups [16]. In addition, some obvious 
shifts are shown in the spectra of Schiff base and its
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Sample
code

Experimental value Theoretical value

C H N C H N

CS
CSB-1
CSBCu-1
CSB-2
CSBCu-2
CSB-3
CSBCu-3

40.67
54.54
46.76
66.26
53.50
59.66
50.13

6.94
5.64
5.06
8.99
7.35
5.45
4.74

7.55
5.03
4.55
3.02
2.41
4.35
3.59

44.72
58.86
51.77
68.88
64.93
64.75
58.99

6.88
5.70
4.87
9.37
8.64
5.43
4.66

8.69
5.28
4.83
2.77
2.61
4.44
4.05

Table 2. The elemental analysis data of CS and its complexes.
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Sample
code

Infrared (cm-1)

νOH and νNH

(hydroxy and amino groups)
νC=N

(imine)
νC=C

(aromatic ring)
νC-O

(phenolic)

CS
CSB-1
CSBCu-1
CSB-2
CSBCu-2
CSB-3
CSBCu-3

3442
3446
3406
3446
3440
3423
3417

-
1631
1624
1628
1611
1626
1618

-
1581
1541
1579

-
1547
1539

-
1498
1500
1516
1527
1517
1512

-
-
-

1489
1489
1491

-

-
1277
1277
1296
1284
1315
1306

Table 3. Infrared data of CS, CSB and CSBCu complexes.

 

 

 
(a) (c)

(b) (d)

Figure 1. FTIR Spectra of chitosan and the relative Schiff base compounds: (a) CS; (b) CSB-1
and CSBCu-1; (c) CSB-2 and CSBCu-2; (d) CSB-3 and CSBCu-3.



corresponding complexes. Comparing with the 
vibrations of O-H and N-H groups of three CSB 
compounds, CSBCu-1, CSBCu-2 and CSBCu-3 
complexes show red shifts in the given order of 40, 6
and 6 cm-1. The characteristic band of Schiff base,
that is, strong stretching vibration of imine (C=N), has
similarly appeared in the spectra of CSB-1, CSB-2
and CSB-3. However, the relative copper complexes
show a little red shift at wavenumbers 1631, 1628 and
1626 cm-1. Moreover, there exists benzene skeleton
vibration and C-O stretching vibration. In this part, 
C-O vibrations of CSBs show peaks at 1277, 1296
and 1250 cm-1, respectively. Compared with νC-O of
copper complex from salicylaldehyde, we do not find
red shift but weaker νC-O peak in CSBCu-1.
Surprisingly, the spectra of CSB-2 and CSB-3 show
red shifts of 12 and 9 cm-1, respectively. 

There might be two main reasons for the obvious
difference occurring in CSBCu-1 [18]. On the one
hand, the imine and phenolic groups are involved in
the formation of intramolecular hydrogen bonds in
CSB-1 and formation of its corresponding complex. It
is well known that infrared spectra of a complex con-
taining hydrogen bonds can show obvious red shift,
which may be probably for the presence of imine and
phenolic groups. On the other hand, it shows no 
obvious shift related to the loading deficiency of 
copper to chitosan units, which can be proved by
XRD spectra. In addition, the red shift in CSBCu-1 is
larger than those of CSBCu-2 and CSBCu-3 which
may be mainly attributed to the differences of their
molecular structures. For the case of CSB-2, the 
possible entanglement of alkoxyl long chains may
cause obstacles in the formation of Schiff base 
complex units. Therefore, the degree of coordination
cannot be as good as the case in CSB-2. Furthermore,
the strong π-π stacking of naphthalene units in 
CSB-3 also causes steric hindrance which shows less
coordination ability in comparison to hydrogen bond
formation. 

Thermal Analysis
The TG-DTA curves of CS, CSB and CSBCu were
obtained under air atmosphere (Figures 2a and 3a-3f)
and the detailed data are shown in Table 4. The TG
curve of CS displays three steps of losses. The first
step, accompanied by the weight loss of 8.7% at 

Figure 2. The plots of: (a) TG-DTA and (b) TG-DSC of CS.

206.7°C shows the greatest endothermic peak at
72.6°C. The possible reason for appearance of this
step is the release of typical strong hydrogen-bonded
water [19]. The preliminary decomposition happened
within the range of 206.7-339.6°C. The loss of 40.0%
for CS is observed at maximum exothermic peak of
313.2°C. The greatest exothermic peak appeared at
567.3°C of temperature range of 339.6~575.3°C, as
the further decomposition range of CS. 

Similarly, the TG curves of CSBs also show 
three mass losses, as seen in Figures 3a-3f. For CSB-
1, the loss of 4.9% happened at 21.0-225.4°C but its 
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(a) (d)

(b) (e)

Figure 3. The TG-DTA curves of: Schiff base compounds (a) CSB-1; (b) CSB-2; (c) CSB-3
and their relative copper complexes: (d) CSBCu-1; (e) CSBCu-2; (f) CSBCu-3.

(c) (f)

 

 

 

 

 



corresponding endothermic peak is not observed in
DTA curve. At 224.5-351.1°C, the partial loss of
CSB-1, the maximum exothermic peak at 322.6°C is
accompanied by the mass loss of 41.1%. The decom-
position loss of molecular skeleton of CS at the range
of 351.1-577.8°C is about 54.0%, with the greatest
exothermic peak of skeleton decomposition at
514.0°C. From the Figure 3a, the TG curve of CSB-1
does not show any obvious variation compared with
that of CS. This might be attributed to their similar
thermal stability [20]. For CSBCu-1 (Figure 3d), the
endothermic peak at 80.2°C appeared in the primary
loss of about 7.0%. The TG curve in the range of
172.5-345.4°C suggests not only the cleavage of

imine band, but also the cleavage of coordinating
band. At the same time, the loss is 30.9%, with its cor-
responding exothermic peaks at 250.4°C and
310.1°C. The skeleton decomposition of CSBCu-1
happened at range of 345.4-600.0°C and mass loss of
45.0%. The residue of the complex was about 17.0%.
Compared with the curve of CSB-1, this peak of DTA
has shifted to lower temperature [21]. 

In CSB-2 curve (Figure 3b), there are found 
obvious differences with that of CS. The primary step
shows no clear loss but an endothermic peak corres-
ponding to the decomposition of imine groups. CSB-
2 is accompanied by the loss of 43.4%, which is an 
indication of partially decomposed complex at the

130 Iranian Polymer Journal / Volume 20 Number 2 (2011)
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Sample
code

Temperature range
(°C)

Mass loss 
(wt%)

Total mass loss 
(wt%)

DTA peak 
(°C)

CS
18.8-206.7

206.7-339.6
339.6-575.3

8.7
40.0
49.8

97.8
72.6

314.2
567.3

CSB-1
21.0-225.4

225.4-351.1
351.1-577.8

4.9
41.1
54.0

100.0
80.2

322.6
401.7, 514.0

CSBCu-1
23.4-172.5

172.5-345.4
345.4-600.0

7.0
30.9
45.0

82.9
-

250.4, 310.1
407.4

CSB-2
31.5-214.3

214.3-351.3
351.3-600.0

0.7
43.4
54.5

98.6
-

323.5
368.6

CSBCu-2
20.2-183.6

183.6-283.3
283.3-600.0

4.9
42.3
40.8

88.0
-

272.3
312.2, 337.5, 364.6

CSB-3
19.6-220.2

220.2-348.3
348.3-600.0

2.9
39.6
56.1

98.6
64.1

328.2
513.8, 564.0

CSBCu-3
29.4-173.3

173.3-325.9
325.9-599.6

4.5
33.5
44.5

82.5
-

293.6
404.0

Table 4. The data of TG-DTA analyses.
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(a) (d)

(b) (e)

Figure 4. The TG-DSC curves of: Schiff base compounds (a) CSB-1; (b) CSB-2; (c) CSB-3)
and their relative copper complexes: (d) CSBCu-1; (e) CSBCu-2; (f) CSBCu-3.

(c) (f)

 

 

 

 

 



range of 214.3-351.3°C, corresponding to a broad
exothermic peak of Schiff base decomposition at
323.5°C as well as the partial alkoxyl long chain. The
sequential skeleton decomposition at 351.3-600.0°C
shows the loss of 54.5% and the corresponding
exothermic peak at 368.6°C [22]. In the TG curve of
CSBCu-2 (Figure 3e), there is an indication of water
loss of 4.9% in the initial step. The loss of 30.9% has
appeared within the temperature range of 183.6-
283.3°C, and the DTA curve shows an exothermic
shoulder peak at 272.3°C, accompanied by the
decomposition of imine groups. In the temperature
range of 283.3-600.0°C, the loss of 40.8% suggests
not the decomposition of coordinating bond but the
skeleton decomposition, with the corresponding
exothermic peaks of the decomposition of coordina-
tion bond at 312.2 and 337.5°C, as well as the 
skeleton decomposition at 364.6°C. In the end, the
residue of the complex was about 12.0%.

For the TG of CSB-3 (Figure 3c), the endothermic
peak corresponds to 64.1°C, with the water loss of
2.9% at 19.6-220.2°C. It is then followed by the 
partial loss of CSB-3 of about 39.6% and an exother-
mic peak at 293.6°C in the temperature process of
220.2-348.3°C. In the sequential part, the skeleton
decomposition is 56.1%, and the greatest exothermic
peaks appear at 513.8 and 564.0°C in which the latter
shows narrower peak. For the TG curve of CSBCu-3
(Figure 3f), there is a water loss of 4.5% in the 
primary stage, and the loss of 33.5% in the process of

the cleavage of imine groups and coordinating groups
within the range of 173.3-325.9°C. At the same time,
a corresponding exothermic peak appeared at
293.6°C. In addition, the loss is 44.5% in the stage of
skeleton decomposition in temperature range of
325.9-599.6°C with an exothermic peak at 404.0°C.
The residue of the complex was about 17.5%.

In order to proceed further with the thermal 
stability investigation of these compounds, the TG-
DSC curves of CS, CSB and CSBCu were obtained
under Ar atmosphere, as seen in Figures 2b and 4a-4f.
The detailed data are shown in Table 5. Analyzing the 
TG-DSC data, a similar conclusion in comparison
with DTA was obtained. CS shows a good thermal 
stability below 206.7°C, while the Schiff base 
compounds show it up to 214.3°C. However, the 
corresponding CSBCu may be stable below 172.5°C.
The present data give indication of higher thermal 
stability of CSB compared to CS. In addition, the 
thermal stability of CSBCu is severely lower than that
of CSB. It is owing to the change of substituent
groups and stacking orders in CSB compounds.
Moreover, it is well known that crystallinity can be
calculated by DSC data. The calculation equation of
crystallinity can be expressed as follows:

(4)

where, ΔHf is the melting enthalpy and ΔH*f is the
melting enthalpy in 100% crystallinty. In the present
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Sample
code

TR
(°C)

Total loss
(%)

Decomposition
(°C)

CS

CSB-1

CSBCu-1

CSB-2

CSBCu-2

CSB-3

CSBCu-3

29.2-599.4

29.3-599.2

29.2-599.1

29.3-599.4

27.8-599.3

29.2-599.4

29.2-599.4

61.91

57.63

49.32

76.3

60.63

65.27

54.64

82.2
307.8

326.2
266.3
320.5

349.4
264.3
318.3

343.7
241.1
274.5

Table 5. The data of TG-DSC analyses.



case, it seems very difficult to obtain the right 
melting enthalpy with negative value. At the same
time, ΔH*f with non-standard substance is more 
difficult to obtain. 

Powder XRD Study
The XRD data of all compounds are shown in Figure
5. In the spectrum of CS, as seen in Figure 5a, it is
obvious that CS is a crystal polymer to some degree.
The spectra of CS show the characteristic peaks at

10.78° and 19.84°, which suggest the formation of
inter- and intra-molecular hydrogen bonds in the 
presence of free amino groups in CS. For CSB
(Figure 5b), the peak in the vicinity of 10.78° seems
to be disappeared, and the peak at 19.84° is stronger
than that of CS [23]. Most important of all, the new
crystallinity has happened at 5.88°, 4.76° and 4.82°
for corresponding Schiff bases of CSB-1, CSB-2 and
CSB-3, in that order, which is mainly attributed to the
formation of imine groups and the cleavage of 
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(a) (c)

(b) (d)

Figure 5. X-ray diffraction patterns of samples: (a) CS; (b) CSB-1 and CSBCu-1;
(c) CSB-2 and CSBCu-2; (d) CSB-3 and CSBCu-3.

 

 

 



intra-molecular hydrogen bond of CS. However, a
sharp reduction of crystallization peak is observed in
Figure 5b, when CSB is coordinated with copper
ions.

In addition, the degree of crystallinity can be 
calculated according to the relative reports [24].
Therein, the computed formula of crystallinity is
based on the parameter of crystalline index. The 
crystalline index is determined as follows:

(5)

where I110 is the maximum intensity at ~20° and Iam
is the intensity of amorphous diffraction at 16°. The
detailed values are listed in Table 6. It can be easily
observed in Figure 6 that the crystallinity of CSB has 

Figure 6. The variation of crystallinity of CS and Schiff
base compounds.

increased significantly compared to that of CS. In
addition, after coordinating with copper ion, CSBCu
has shown an obvious reduction tendency. Moreover,
it should be noted that the ratio of relative intensities
of diffraction peaks at around 20° and 5° in CSB-1
and CSB-2 are larger than those of CSB-3. At the
same time, the change in relative intensity of CSB
and its corresponding CSBCu compelex is obvious.

These results can be reasonably explained as 
follows: The change of crystallinity is mainly 
dependent on the formation of Schiff base and to
some extent on other factors, such as spacial 
hindrance, hydrophobic force and π-π stacking [25].
In the present case, these chitosan-based Schiff base
compounds have different aromatic substituent
groups and/or long hydrophobic alkyl chain. Thus, it
seems that the crystallinity and designed structures
can be regulated by the modification of substituent
groups in chitosan molecule.

CONCLUSION

Three chitosan-based Schiff bases with aromatic 
substituent groups and their copper complexes have
been synthesized and characterized by conventional
methods. The thermal stability of CSB has increased
slightly, while that of the copper complexes has
reduced significantly in comparison with chitosan. In
addition, the crystallinity of Schiff bases is quite 
different from that of their corresponding complexes.
The difference of crystallinity and thermal stability is
mainly attributed to the formation of Schiff base
groups and complexation with copper ions, as well as
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Sample
code

2 Theta
(degre)

d (spacer value)
(nm)

Crystalline index

% Error (±)

CS
CSB-1
CSBCu-1
CSB-2
CSBCu-2
CSB-3
CSBCu-3

-
5.88
6.98
4.76

-
4.82
5.14

10.78
-

9.68
-

10.38
13.96

-

19.84
20.34
20.38
20.44
20.46
20.72
20.78

-
1.5018
1.2654
1.8549

-
1.8318
1.7178

0.8200
-

0.9129
-

0.8515
0.6339

-

0.4471
0.4362
0.4354
0.4341
0.4337
0.4283
0.4271

52.94
61.18
35.16
68.02
41.40
54.99
39.95

2.6470
3.0590
1.7580
3.4010
2.0700
1.9975
2.7495

Table 6. The calculated results of crystallinity.

100)((%)
110

110 ×−=
I

IIindexeCrystallin am



partial, the spatial hindrance and hydrophobic forces
in the aromatic substituent groups. The present results
show that the special properties of chitosan-based
Schiff base derivatives can be changed by modifying
the molecular structures of objective compounds with
proper substituents groups.
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