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Hydrogels are physically or chemically cross-
linked hydrophilic polymeric structures. They 

are absorb a large amount of water (or fluids) and 
swell [1]. The hydrogels are separated into two gro-
ups, natural (biopolymer based) and synthetically [2]. 
Today, there is growing interest to hydrogels due to 
their, biocompatibility, biodegradability and tissue 
mimicking properties. [3]. 

Biopolymers are derived from natural materials 
such as crustaceans, fungi and wood. Among the bio-
polymers, Chitosan has great potential in hydrogel pre-
paration. [4]. 

Chitosan biopolymer is an amino polysaccharide 
which is biocompatible, biodegradable, non-toxic and 

Article History: 
Received: 2018/02/26
Accepted: 2018/04/07

Synthesis, Characterization, Swelling Behavior and 
Metal Uptake Studies of Dichloroglyoxime Crosslinked 
Chitosan Derivative

Mahir Timur
Altinozu Vocational School, Mustafa Kemal University, Hatay, Turkey

Online: 2019/01/31

Correspondence to: Mahir Timur,
Altinozu Vocational School, 
Mustafa Kemal University, Hatay, 
Turkey
E-mail; mahirtimur@gmail.com
Phone: +90 505 545 13 72; 
Fax: +90 326 311 22 75

also antimicrobial. It is open to chemical and mecha-
nical modification in order to gain new features and 
functions [5,6].

Chitin and CS are important biopolymers because 
of the presence of the amino groups, they can be easy 
derivatized to desired reactive properties,  biological 
compounds and soluble polymers [7,8].

The derivatization of chitosan can increase the 
complexing capacity of chitosan with metals, which en-
hances the adsorption properties of chitosan. [9,10].

Cross-linked polymers with the ability to swell by 
holding more solvent than 20% of their mass are termed 
xerogel. When the solvent is water, these crosslinked 

A B S T R A C T

New crosslinked derivative of chitosan was prepared by the condensation reaction of
chitosan  (CS) and dichloro glyoxime.  Structural  analysis of chitosan derivative  (CSL) 

was performed by elemental analysis (C, H, N), SEM measurements, FT-IR, solid-state 
13C CP/MAS NMR, XRD-powder and TGA. Crosslinking ratio was determined from the 
elemental analysis by using the C/N and found to be 70%. The swelling behavior of 
derivative was investigated on pH 3-7 and 10 at 25 and 37°C. Metal ion uptake capacity was 
studied towards of selected transition metals Cu(II), Ni(II), Co(II), Fe(II) and (Cd(II)  
cations in aqueous medium. According to the results of the analyses; water retention 
capacity and metal uptake capacity of new cross-linked chitosan derivative is higher than 
chitosan and metal uptake sequence are Cu(II) > Fe(II) >Cd(II) > Co(II) > Ni(II) 
respectively.
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were reagent-grade quality and they were obtained from 
commercial suppliers and were purified before use.

Stock solutions of Cu(II), Ni(II), Co(II), Fe(II) and Cd(II) 
were prepared by dissolving the analytical grade metal salt 
in deionized water. 

C, H and N elemental analyses of the compounds were 
made with LECO-CHNS-932. FTIR analysis was carried 
out with Perkin Elmer spectrum two FTIR spectrophoto-
meter, equipped with a diamond tipped ATR accessory. 
The cell was cleaned with acetone after each spectrum. 13C 
NMR spectrum was obtained by a Bruker Superconducting 
FT/NMR Spectrometer Avance TM 300 MHz WB with CP/
MAS technique (cross-polarization, magic-angle-spinning). 
The X-ray diffraction patterns of sample were recorded at 
room temperature on a using a Rigaku System RadB X-Ray 
Diffractometer, using monochromated Cu Kα radiation in 
the range 2–40° (2θ), at 25 °C. Thermogravimetric analy-
sis (TGA) of the sample was performed with DuPont 951 
thermal analyzer under air atmosphere, heated from 20 oC 
to 800 oC at a heating rate of 10 oC min-1. Morphological 
analysis of images obtained by the scanning electron mic-
roscopy JEOL 5500 / OXFORD Inca-X (SEM). Metal analy-
ses were carried out by MP-AES: Agilent 4100.

Methods

Synthesis of Crosslinked Chitosan Derivative  (CSL)  

1 g Chitosan was stirred in a 1% solution of 100 ml of 
acetic acid at 60 °C for 1 hour to obtain a homogeneous 
mixture. To the resulting chitosan solution, solution of 
dichlorglioxime (5.83 mmol, 0.91 g) in 50 mL of ethanol 
was added and boiled under reflux for 12 hours. The tem-
perature of the solution was reduced to room tempera-
ture by stirring and at the end the mixture was precipi-
tated in the form of Chitosan derivative gel by adding 1 
M NaHCO3. The gel was filtered and dried at 70 °C in 
vacuum oven. The gel was purified by soxhlet extraction 
using ethanol as solvent.

structures take the name of hydrogel [11]. 

Hydrogels in the aqueous medium swell  by holding 
water. Due to this ability they are used in adsorbing on areas 
such as water purification, heavy metal removal, dewatering, 
controlled release of fertilizers and medicines, ion exchange 
applications, chromatographic applications, solvent extrac-
tion, removal of water from industrial wastes containing 
petroleum and oil, and prevention of corrosion in telecom-
munication [12,13].

It is important to examine swelling properties in the 
characterization of cross-linked polymers that exhibit swel-
ling behavior. For this purpose, it must first be created in the 
swelling curves. Swelling curves are formed by monitoring 
changes in the mass or volume of the polymer containing 
the appropriate solvent over time [14,15]. 

At acidic pH (3.5-5.5), the complex formation between 
the metal ion and the chitosan derivative reduce as the free 
amine groups of the chitosan are protonated [16]. Amino 
groups are present as free amines at pH 6.5-7.0 and the me-
tal retention capacity of the chitosan derivative increases as 
the phenolic OH groups which may be present in the chito-
san derivative at this pH value are deprotonated [16,17]. 

The aim of this work is crosslink of chitosan with dich-
loroglyoxime and characterization of this new crosslinked 
chitosan derivative. In addition, we aimed to investigate the-
ir metal ions uptake capacities and examination of swelling 
behaviors as application parts of this study.

MATERIALS AND METHODS

Materials

Dichloro glyoxime was synthesized and purified accor-
ding to reported literature procedure [18].

Crosslinked chitosan derivative was prepared from 
dichloroglyoxime and chitosan.  All reagents and solvents 

Figure 1. Synthesis of crosslinked chitosan derivative
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Elemental Analyses

The C, H and N elemental analysis results of CS and CSL 
were given in Table 1 and the C/N ratio was calculated 
and added to the chart. In the chitosan derivative, C%  
and H% content were remained constant and N% was 
increased due to the dioxime compound (include nitro-
gen atom) entering the reaction. This change is more ea-
sily detected by calculating C/N ratios. Therefore, it can 
be easily understood the reason of the decrease in the 
carbon to nitrogen ratio (C/N).

When the C/N ratios were examined, it was seen that 
the C/N ratio of CSL is lower than chitosan. This shows that 
the new chitosan derivative was obtained. 

We can determine the degree of cross-linking and the 
rate of realization by substitution degree. The number of 
carbonyls attached to each NH2 group in the chitosan was 
calculated as the binding degree (DS) by the following equ-
ation [20].

( ) ( )0m
a C N C N

DS
n
−

= (1)

(C/N) m is the derivatized chitosan C/N ratio, (C/N)o 
is the initial chitosan C/N ratio, ' a ' and 'n' are the number of 
nitrogen and carbon contained after the chitosan has been 
modified, respectively. The substitution degree (DS) of CSL 
was calculated as 72.11%. Table 1.

FT-IR spectra

In order to characterize the CSL, a spectrum of chito-
san was also recorded. The main bands appearing in the 
IR spectra of the oxime compounds, the C=N stretching 
vibrations in the range of 1600-1665 cm-1, the N-O vibra-
tion in the range of 940-885 cm-1 and the O-H vibration 
in the range of 3500-3200 cm-1 which were overlapped to 
the stretching vibration of  N-H [21,22]. The vibrations 
in the range of 1680–1480 cm−1 are attributed to amide 
(C=O),  the vibrations in the range from 1160 cm−1 to 
1000 cm−1, the bands near 1080–1025 cm-1 are attributed 
to etheric CO and the peak at ~890 cm-1 corresponds to 
wagging of the saccharide structure of chitosan  appear 
[23,24]. 

It was observed that the FTIR spectra of chitosan (CS) 
and  CSL were different from each other when they were 
compared. Despite the overlapping the peaks that the se-
condary amide band (1645 cm-1), stretching vibrations of 

The synthetic route is shown in Fig. 1. chitosan amine 
group displaced the chloride of dichloro glyoxime and gave 
the desired crosslinked product.

Metal Ion Uptake Studies

Study of metal ion uptake was performed at 25 oC by 
batch technique in aqueous metal solutions. The CSL 
powder was added to a known volume and concentration 
of the metal solution and the heterogeneous mixture was 
agitated two hours over orbital shaker.  pH of the solution 
was adjusted using acetic acid/sodium acetate buffer for 
pH 6.

The studies were carried out by shaking 50 mg of CSL 
in 50 ml of 100 ppm Cu(II), Ni(II), Cd(II), Co(II) and Fe(II) 
solutions on an orbital shaker in buffered medium for three 
hours at 25 oC. After that, the suspension was filtered and 
diluted (1:20) and amounts of metal ions in the filtrate were 
determined by MP-AES. 

As a result of MP-AES analysis the contents of Cu(II), 
Co(II), Ni(II), Cd(II) and Fe(II) in the diluted filtrate were 
found as 0.26; 2.86; 3.05; 1.65 and 1.10 ppm respectively.

According to the calculations, percent of the metal up-
take of Cu(II), Co(II), Ni(II), Cd(II) and Fe(II) were found as:  
94.80%; 42.80%; 39.00%; 67.00% and 78.00% and the amount 
of metal for per gram CSL was found as: 94.8; 42.8; 39.00; 
67.00 and 78.00 mg/g respectively.

Swelling Studies

The swelling experiments of the derivative were carri-
ed out in the water medium at 25 and 37 ºC and pH 3.0, 
7.0 and 10.0.  0.1 M NaOH and 0.1 M HCl were used to 
prepare the pH solutions. The samples were weighed at a 
sensitivity of 0.0001 g and placed in a water environment 
sensitive to ± 0.1 ºC. When the hydrogel was left in the 
solution, t=0 was taken and the hydrogel removed from 
the water at certain time intervals was dried and weighed. 
After 180 minutes, the experiment was terminated beca-
use of the swelling slowed.

RESULTS AND DISCUSSION

Solubility

Chitosan is insoluble in water, organic solvents and 
aqueous bases, but soluble in acids such as acetic, nitric, 
hydrochloric, perchloric and phosphoric acid. [8,19].

As a result of the derivatization, the solubility of the chi-
tosan derivative decrease due to the decrease of free amine 
groups by cross-linking of chitosan. Consequently, crosslin-
ked chitosan derivative lesser soluble in acids than chitosan. 

Table 1. Operating conditions of the gas turbine power plant at -1 °C

%C %H %N C/N DS a n

CS 40.95 6.96 7.41 5.53

CSL 39.67 6.63 7.46 5.31 72.11 2 7
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OH groups and primary amine (3500 - 3000 cm-1) and CH 
deformation of the β-glycosidic bond (~890 cm-1) of chito-
san with the C=N band (1600-1665 cm-1), the N-O vibration 
bands (940-885 cm-1) and the O-H vibration bands (3500-
3200 cm-1) of the glyoxime respectively. 

The FT-IR spectra of CS and CSL are shown in Fig. 2. 
In the spectrum of the CSL, the NH stretching vibrations 
of chitosan disappeared and OH stretching vibrations were 
observed as a broad band in the range from  3000 to 3600 
cm-1, and the 1651 band shifted to 1658 cm-1 which can be 
attributed to the C=N of azomethine group respectively. 
These changes in the peaks show that the synthesis takes 
place.

On the other hand, similar spectra are obtained for the 
CSL-metals. 

Morphology

The scanning electron micrographs (SEM) of chitosan (a) 
and CSL (b) were given in Fig. 3.

Chitosan film has a smooth surface. The SEM mic-
rographs were indicating to significant differences among 
morphologies of chitosan and CSL. Therefore, these diffe-
rences can be attributed to the formation of CSL.

X-Ray diffraction (XRD) study

The XRD spectra of pure chitosan (CS) and CSL were gi-
ven in Fig. 4. It was previously reported that, CS exhibits 

two sharp crystalline peaks at 2θ =10° and 2θ= 20° [25]. 
In the XRD patterns of CSL, the intensity of peaks dec-
reased and broadening of the peaks was observed when 
compared with the free chitosan. These results suggest 
that CSL has less crystalline and more amorphous struc-
ture than the pure chitosan. 

It is known that intermolecular and intramolecular 
hydrogen bondings which form between amino group and 
a hydroxyl group stabilize the crystalline structure of chi-
tosan.

 Crystallinity decreases by the deformation of some of 
inter and intramolecular hydrogen bonds, because of both 
the decreasing free amino group and steric hindrance   after 
crosslinking [26-28].

Figure 2. FT-IR spectra of CS and CSL

Figure 3. The scanning electron micrographs (SEM) of chitosan (a) and 
CSL (b)
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13C NMR analysis
13C CP-MAS solid-state NMR chemical shift values of 
chitosan were observed at 23 ppm (-CH3), 58 ppm (C2), 
61 ppm (C6), 76 ppm (C5,C3), 85 ppm (C4), 106 ppm C1), 
174 ppm (C=O) [29] and dichloroglyoxime azomethine 
(C=N) carbon were observed in the range 150-160 ppm 
[30,31].

When compared CSL with chitosan, in addition to the 
peaks of chitosan, observation of the azomethine peak of 
glyoxime at 160 ppm (azomethine C=N), confirming the 
formation of crosslinked chitosan derivative (Fig. 5.).

TGA analysis

The thermal property of the CSL was investigated by 
TGA techniques under air atmosphere. The TGA curve 
of CSL was given in Fig. 6. It is well known that chitosan 
have two mass loss stages as water elimination and the 
decomposition. These stages were observed at 40–100 °C 
range and 280–400 °C range, respectively [32]. Therefo-
re, in the thermogram of the CSL a weight loss of about 
7-8% in the range of 50-150 °C was observed by means
of the loss of water. In addition to the loss of water, CSL
also displays other significant weight losses (40.75%) in
the region 250-350 oC, attributable to the decomposition
of chitosan chains. On the other hand, another weight
loss (39.12%) was observed at 450-600 °C range, which
attributed to the degradation and interchain crosslink of
the chitosan as an exothermic process [33].

When the results of CSL compared with the results of 
the chitosan in terms of the thermal behaviors; there are 
many important differences can be observed might be 
due to the interaction between chitosan and dichlorogl-
yoxime. 

As a result, CSL exhibited a better final degradation tem-
perature than chitosan.

Figure 4. XRD Diffractograms of chitosan and its derivative

Figure 5. 13C CP-MAS NMR Spectrum of CSL
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Metal Ion Uptake Results

Metal retention capacity of CSL (mg/g) was calculated by 
the following equation.

C Wa Wp= (2)

Where C is the metal holding capacity in mg/g, the 
amount of metal retained as Wa  (mg), and Wp  is the mass 
of the derivative in grams.

The results of metal ion uptake studies were given in 
mg/g for metal ion bound on the CSL. CSL exhibit higher 
uptake capacity for Cu(II) ion (94.8 mg/g) than the other 
metal ions used in the study. The capacities for the other 
metal ions were found as Ni(II) (39.00 mg/g), Fe(II) (78.00 
mg/g), Cd(II) (67.00 mg/g) and Co(II) (42.8 mg/g). Thus, the 
obtained data showed that the order of the overall upta-
ke capacity of the CSL as Cu(II) > Fe(II) >Cd(II) > Co(II) > 
Ni(II). As a result of this study CSL shows selectivity toward 
Cu(II),  Fe(II)  and Cd(II) ions.

Swelling Behaviors

Percent Swelling

Swelling % (S %); is calculated by the following equation.

% 100t o

o

W WS
W
−

= × (3)

Where S%, Wt and Wo are percent of swelling, weight at 
different times and initial weight of the sample, respectively. 

At equilibrium, hydrogel has the greatest swelling value.

With the help of the obtained data, swelling kinetics of 
network polymers can be determined by calculating values 
such as equilibrium percent swelling, swelling rate, cons-
tant initial swelling rate and theoretical equilibrium percent 
swelling [34].

Percent swelling rate (S%) was calculated according to 
equation 3. The values of percent swelling of CSL are given 
in Table 2.

In chitosan films, as the cross-linker concentration inc-
reased, the water retention capacity and the release of active 
substance from the film decrease [35].  

The swelling curves at different temperatures and pH 
of CSL are given in Fig. 7 and 8.

Equilibrium Water Content (EWC)

Cross-linked polymers, after a certain time after ha-
ving been exposed to the solvent environment, the rate 
at which the solvent enters and leaves the structure be-
comes equal and the balance is reached. At this point, 
hydrogel has the greatest swelling value.

For hydrogels in equilibrium with solvent, the equilib-
rium water content is calculated by equation 4. [36]

e o

e

W WEWC
W
−

= (4)

In equation, We; At equilibrium (swollen) polymer 
mass, Wo; shows the mass of dry polymer

Figure 6. TGA curves of CSL

Table 2. The values of percent swelling of CSL at different temperature 
and pH.

25°C 37°C

pH 3 pH 7 pH 10 pH 3 pH 7 pH 10
CSL
(S%) 86.4 99.6 128.3 99.2 101.0 158.8

Figure 7. % Swelling values, at 25 °C and different pH values

Figure 8. % Swelling values, at 37 °C and different pH values



43

M
. T

im
ur

 / 
H

itt
ite

 J 
Sc

i E
ng

, 2
01

9,
 6

 (1
) 3

7–
44

The equilibrium liquid content is a parameter which is 
calculated for the hydrogel in this case and is very important 
for biocompatibility. The EWC values of hydrogel was given 
in Table 3.

Swelling Kinetics Studies

For calculation swelling of polymers, the following se-
cond order kinetics equation can be used [37].

t A Bt
s
= + (5)

Where t is time, S is swelling at t, B = 1/Smax is the inver-
se of the maximum or equilibrium swelling, A = 1/kS Smax2 
is the reciprocal of the initial swelling rate [(dS/dt)0] of the 
hydrogel, and kS is swelling rate constant.

The initial swelling rate, the swelling rate constant and 
the values of theoretical equilibrium swelling of the hydro-
gel was calculated from the slope and the intersection of the 
lines, respectively. (see the Supporting Information) (Fig. S9-
14) The results are presented in Table 4.

CONCLUSIONS

In this work, a crosslinked chitosan derivative (CSL) was 
synthesized by using chitosan and dichloroglyoxime. 
The all data support that the chitosan is crosslinked with 
dichloro glyoxime.

Also, we have investigated swelling behaviors and 
Cu(II), Ni(II), Co(II), Cd(II), and Fe(II) metal uptake proper-
ties of the new derivative. 

Highly croslinked hydrogels have a tighter structure, 
and swell less than lower crosslinked hydrogels. Crosslin-
king hinders the mobility of polymer chain, hence lowering 
the swelling ratio.

 It can be said that Chitosan was cross-linked too much 
when considering the swelling ratios. This is supported by 

the DS. Increasing the degree of crosslinking of the system 
will result in a stronger gel and a higher degree of crosslin-
king creates a more brittle structure. 

EWC value (0.61) of CSL at 37 ºC and pH 10 is close to 
the percent water content values of the body 0.60 (or 60%).  
Accordingly, CSL exhibits liquid contents similar to living 
tissues and it can be use as hydrogel.

The CSL metal uptake order is Cu(II)> Fe(II)> Cd(II)> 
Co(II)> Ni(II). As a result of this study CSL shows selectivity 
toward Cu(II),  Fe(II)  and Cd(II) ions.
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