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ABSTRACT 

 
 Superparamagnetic iron oxide nanoparticles (SPIONs) 

with appropriate surface chemistry have been used for a 
great number of biomedical applications including 
magnetic resonance imaging contrast enhancement, drug 
delivery, hypothermia, and in vitro bioseparation. The 
purpose of this study was to synthesize biocompatible 
carboxymethyl starch (CMS) coated SPIONs by the binding 
of CMS onto the surface of Fe3O4 magnetic nanoparticles, 
which was developed by using coprecipitating method, for 
drug delivery approach. CMS with DS = 0.26 was prepared 
under the optimized conditions. CMS-SPIONs were 
characterized by TEM, FT-IR, and magnetic properties by 
using vibrating sample magnetometer (VSM). The 
magnetic nanoparticles prepared in this study were 
spherical with a relatively mono-dispersed size distribution. 
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1 INTRODUCTION 
 
Superparamagnetic nanoparticles based on iron oxide 

are of increasing importance in the fields of bioanalytics 
and medicine. The advantage in using iron oxide as 
magnetic material is its known low cytotoxicity and high 
biocompatibility [1]. As a consequence, magnetic 
nanoparticles can potentially be used in a wide range of 
biomedical applications. The advances in the field of 
magnetic nanoparticle design for medical purposes have 
been reviewed recently [2]. Shell materials for magnetic 
nanoparticles mainly used in these applications were 
polysaccharides, for example, dextran or derivatives thereof 
[3].   
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Starch is a natural polysaccharide (made of repeating 
units of glucose) and glucose is a monosaccharide. It has 
been used experimentally as a drug carrier because of its 
biocompatibility, biodegradability, and nontoxicity. 
Carboxymethylated starch has been paid more and more 
attention because of its good water solubility, and it is more 
convenient to be applied in medicine because it fits the 
neutral environment of the human body [4-5]. Thus, in the 
present study, we tried to synthezise and optimize 
functionalized superparamagnetic iron oxide nanoparticles 
using carboxymethyl starch. The morphology and sized of 
these carboxymethyl starch coated superparamagnetic iron 
nanoparticles were characterized by TEM, FT-IR, and 
VSM.  
 

2 MATERIALS AND METHODS 
 
2.1 Materials  

Sodium hydroxide and monochloroacetic acid were 
purchased Sigma-Aldrich (Steinheim, Germany). Starch 
(molecular weight range 2.64 x 106 to 4.62 x 106 g/mol) 
was purchased from the National Starch and Chemical 
Company (Food innovation, Singapore). Ferrous chloride 
tetrahydrate (FeCl2·4H2O) and ferric chloride hexahydrate 
(FeCl3·6H2O) were purchased from Fluka, Acros and 
Aldrich (Singapore). All the chemicals used in the 
experiments were analytical grade.  

        
2.2 Synthesis of carboxymethyl starch  

Carboxymethyl reaction of starch was carried out in 
aqueous-organic liquid media. Organic solvent used in this 
experiment was isopropanol. Each starch sample was 
converted into a carboxymethyl derivative according to the 
procedure of Sangseethong et al. (2005) [6] with some 
modification. Starch (10%, w/w) was dispersed in 
isopropanol/H2O (85/15). While the slurry was vigorously 
stirred, the desired amount of NaOH (1 mole/mole of AGU) 
and monochloroacetic acid (0.5 mole/mole AGU) were 
added to the mixture. The reaction was then carried out at 
40°C for 3 hr at which time the pH of the reaction mixture 
was adjusted to 5.5-6.5. The resulting CMS was purified by 
filtration and washing with 90% ethanol until the filtrate 
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gave negative response to silver nitrate solution. The 
obtained starch was then dried in vacuum oven at 37°C.  

 
2.3 Determination of degree of substitution   

The degree of substitution (DS) of carboxymethyl starch 
(CMS) was determined by back titration [7]. The CMS 
weighed sample was dissolved in 40 mL of standard 0.1 M 
NaOH. The solution was then diluted in 100 mL of distilled 
water. The excess of NaOH contained in 25 mL of the 
solution was back-titrated with standard 0.05 M HCl using 
phenolphthalein as indicator. A blank (without starch) was 
also titrated. The amount of carboxymethyl (CM) group  
groups is given by 

 
nCOOH = 4(Vb - V)CHCL (1) 

 
where Vb is the volume of HCl used for the titration of 

the blank, V is the volume of titration of the sample, CHCl is 
the concentration of the HCl and 4 is the ratio of the total 
solution volume over the volume sampled for titration. The 
DS was calculated from the following equation: 
 
DS  = 162 x nCOOH / (mdry – 58) x nCOOH                          (2) 
 

where 162 g/mol is the molecular weight of a glucose 
unit, 58 g/mol is the increase in molecular weight 
accounted for each CM group substitution and mdry is the 
mass of the dry sample. 

 
2.4 Synthesis of CMS-SPIONs  

A dispersion of SPIONs was prepared by alkalinizing an 
aqueous mixture of ferric and ferrous salts with NaOH at 
room temperature. N2 gas was bubbled through the reaction 
medium during synthesis in a closed system. The detailed 
procedure of this controlled coprecipitation approach has 
been reported elsewhere [8].  

 
A specific amount of the Fe stock solutions was poured 

into a prepared carboxymethyl starch solution under 
vigorous stirring. A 25-mL portion of the starch and iron 
mixture was then added dropwise into 200 mL of 1.0 M 
NaOH under vigorous mechanical stirring (2000 min-1) at 
60°C for 2 h. Around 50 wt% of water was evaporated 
during the boiling. The remaining suspension was cooled to 
room temperature within 12 h. The gels formed were 
washed with deionized water until the pH was lowered to 
less than 8.5. Carboxymethyl starch-coated iron oxide 
nanoparticles were dialyzed for the removal of excess 
unreacted starch at 37°C for 2-3 days while being 
continuously stirred.  

 
 
 

 

2.5 Fourier transform infrared (FT-IR) 
spectroscopy  

FT-IR analysis of carboxymethyl starches and CMS-
SPIONs was performed at 2 cm-1 resolution in transmission 
mode on a Nicolet 6700 FT-IR spectrometer (Thermo 
Fisher Scientific Inc., USA). Typically, 64 scans were 
signalaveraged to reduce spectral noise. 

 
2.6 Transmission electron microscopy (TEM)  

A TEM study was carried out on a JEOL JEM-2010 
microscope with an electron kinetic energy of 200 kV. The 
specimen for TEM imaging was prepared from the SPION 
suspension in deionized water by using sonication for 3 
min. After sonication, 1 mL of the SPION suspension was 
centrifuged for 5 min at 14000 min-1. A drop of well 
dispersed supernatant was placed on a carbon-coated 200 
mesh copper grid, followed by drying the sample at ambient 
conditions before it was attached to the sample holder on 
the microscope. The particle size and size distribution were 
calculated from TEM images for all prepared samples using 
an image analysis program by measuring the diameters of at 
least 500 particles. 

 
2.7 Megnatic properties 

The magnetic properties of CMS-SPIONs was measured 
at 300K on a vibrating sample magnetometer (LakeShore 
Model7407) with the magnetic field set at 1.0 T. 

 
3 RESULTS AND DISCUSSION 

 
The IR spectra of CMS, are shown in the Fig. 1. The 

broad band between 3600 and 3000 cm-1 is assigned to O–H 
stretching and it is due to hydrogen bonding involving the 
hydroxyl groups on the starch molecules. The band at 2922 
cm-1 is assigned to CH2 symmetrical stretching vibrations. 
The band at 1597 cm-1 is attributed to the scissoring of two 
O–H bonds of water molecules, while the bands at m = 860 
and 767 cm-1 are due to skeletal stretching vibrations of 
starch. The band at 1612, 1415, and 1324 cm-1 are confirm 
that carboxymethylation took place on the starch molecules, 
compare with the IR sprectra of native starch. Similar 
observations were reported for carboxymethylated potato 
starch, corn starch, and maize starch [9-10].  

 
FTIR spectral patterns of CMS-SPIONs show four 

peaks at 3137, 1628, 1397, and 1020 cm-1. The absorption 
regions observed at 3137 and 1628 cm-1 were due to the 
presence of water molecules, and the peak at 1397 cm-1 
reflects the bending modes of O-C-H, C-C-H, and C-O-H 
angles. The absorption region at 1020 cm-1 relates to C-C 
and C-O stretching modes of the polysaccharide backbone. 
Appearance of the peaks at 1628 cm-1 and 1397 cm-1 shows 
that binding of carboxymethyl starch with Fe3O4 was 
occurred. Taking into account the results of Xu et al. (2004) 
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[11], it is possible to assign those bands to a formation of 
the iron carboxylate.  

 
 

 

Figure 1: FT-IR sprectrum of starch, charboxymethyl starch 
(CMS), and carboxymethyl starch-coated  

superparamagnetic nanoparticles (CMS-SPIONs). 

 
The results from TEM (data not show) of dried 

magnetic nanoparticles taken from the corresponding 
colloidal particles prepared at room temperature were used 
to determine particle size distribution and morphology. 
Typical, spherical shapes were formed. A roughly spherical 
or ellipsoidal shaped particles with some irregularities has 
the characteristic crystalline order of magnetic and a 
diameter around 10 nm. After coating with carboxymethyl 
starch (data not show) the particles remained discrete with a 
mean diameter of about 8-15 nm. However, it was evident 
that the SPIONs were distributed homogeneously in the 
polymeric matrix. This reveared that the coating process did 
not significantly result in the agglomeration and the change 
in size of the particles [12]. 

 
The magnetization of Fe3O4 is very sensitive to the 

microstructure. When the Fe3O4 particles are smaller than 
the critical size they are called single-domain particles. As 
the particle size continues to decrease below the critical 
single-domain size, the particles exhibit superparamagnetic 
properties. However, when the magnetizations of the 
particles are random, without a fixed direction, each 
particle suppresses the exchange interaction between the 
particles. This lack of hysteresis is one of the criteria 
requirements for identification of a product with 
superparamagnetic attributes [13]. Magnetization increased 
with an increase in the magnetic field. The saturation 

megnetism (σs) was 34.29 emu/g when considering the 
carboxymethyl starch content. While magnetite has 
saturated magnetization (σs) about 53.19 emu/g. The 
remanence (σr) and coercivity (Hc) of CMS megnetite 
nanoparticles were 0.12 emu/g and 0.889 Oe, respectively. 
CMS-Fe3O4 nanoparticles exhibited an extremely small 
hysteresis loop and low coercivity, which was typically 
characteristic of superparamagnetic particles [13-14]. Based 
on magnetization result, it can be concluded that, 
carboxymethyl starch-Fe3O4 with superparamagnetic 
properties would therefore be promissing in biological 
engineering, as well as in many biomedical drug-delivery 
systems.  

 
4 CONCLUSION 

 
Carboxymethyl starch-Fe3O4 was obtained by controlled 

chemical coprecipitation of magnetite phase from aqueous 
solution containing suitable salst of Fe2+ and Fe3+. CMS 
bound Fe3O4 nanoparticles prepared in this study has a 
diameter size around 8-15 nm. The saturated magnetization 
of CMS-Fe3O4 nanoparticles could reach 34.29 emu/g. By 
using the technique described in this study, first and 
foremost, carboxymethyl starch films can be enforced with 
magnetic properties, because the hybrid can form interfacial 
interactions with other hydrophilic matrices.  
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