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Abstract—Chitosan magnetic nanoparticles can be used as drugs carriers. Unlike the traditional particles, the 
novel magnetic Co0.5Zn0.5Fe2O4-chitosan nanoparticles were highly biodegradable. Such nanoparticles with 
core-shell structure were prepared efficiently. Transmission and scanning electron microscopies exhibited 
magnetic Co0.5Zn0.5Fe2O4 particles being encapsulated by spherical chitosan nanoparticles. Size of  
Co0.5Zn0.5Fe2O4-chitosan nanoparticles was below 100 nm. Those particles were characterized by saturated 
magnetization ca 80 emu/g and superparamagnetism. Release of bovine serum alumin entrapped in the particles 
was pH dependent.  
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1 The text was submitted by the authors in English.   

INTRODUCTION 

Chitosan has emerged as promising biopolymer in 
the synthesis of hydrogels to be used in advanced drug 
delivery systems [1–3]. There are some disadvantages 
associated with chitosan, for instance low solubility of 
at physiological pH 7.4, which limits its use as absorp-
tion enhancer in nasal or peroral delivery systems    
[4–8]. Chitosan based drugs delivery systems have high 
swelling capacity in aqueous environment, leading to 
rapid release of drugs. Such limitations led to develop-
ment of chemically modified chitosan derivatives. Due 
to rapid development of nanotechnology magnetic 
nanoparticles are being widely studied [9–13].  

In this paper, magnetic Co0.5Zn0.5Fe2O4-chitosan nano-
particles were obtained using Co0.5Zn0.5Fe2O4 as a core 
and chitosan as a polymeric shell. The size, structure 
and magnetic properties of the magnetic nanoparticles 
were characterized by TEM, SEM, XRD and vibrating 
sample magnetometry. Binding of chitosan to mag-
netic nanoparticles was confirmed by FT-IR spectro-
photometry. The effect of pH on swelling rate as well 
as drug release was studied. 

EXPERIMENTAL 

Reagents. Chitosan (Mw = 1.0 × 105, deacetylating 
degree 95.5%) was purchased from YuHuan Chemical 
Company, China. All other reagent grade chemicals 
were purchased from Kemel Chemical Reagent Co. 
Ltd. Deionized water was re-deionized (electrical 
resistivity ≥ 18.9 MΩ cm, 25°C) and deoxygenated by 
boiling for 1 h before use. 

Synthesis of magnetite. Co0.5Zn0.5Fe2O4 was 
prepared without an additional stabilizer. In a typical 
synthesis an aqueous mixture of Co(NO3)2, Zn(NO3)2, 
and Fe(NO3)3 was loaded into the three-necks flask in 
the stoichiometric ratio that corresponded the formula 
of Co0.5Zn0.5Fe2O4. The mixture was stirred at 70°C. 
NaOH solution (0.1 mol/L) was added to adjust pH to 
12, this was followed by refluxing for 1 h. Light black 
sedimentation appeared and crystal growth was 
progressing for 2 h with constant stirring to give a 
stable water-based suspension. The products were 
isolated from the solvent by an external magnetic field, 
dispersed again in deionized water and dried in the 
oven at room temperature. 

Preparation of magnetic chitosan nanoparticles. 
Co0.5Zn0.5Fe2O4, 0.5 g, magnetic particles was quickly 
added into the 40mL acetic acid solution (5% v/v) 
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which contained 2.0 g of chitosan. The solution was 
placed in the ultrasonic reactor for 10 min to disperse 
chitosan and magnetic particles uniformly at frequency 
of ultrasonic 22 kHz and power 1000 W. This was 
followed by addition of 40 mL of liquid paraffin and 
10 drops of Span-80 and the solution was placed in the 
ultrasonic reactor for 30 minutes (ultrasonic frequency 
22 kHz and power 500 W). For achieving better 
magnetic properties of Co0.5Zn0.5Fe2O4 the reaction 
system was stored at 60°C for 5 h in a water bath. The 
cross-linked magnetic chitosan nanoparticles were 
formed upon adding 2.0 mL of glutaraldehyde and 
maintaining the same conditions for 5 h. The prepared 
nanoparticles were concentrated by centrifugation 
(8000 rpm for 1 h), rinsed with ethanol and deionized 
water repeatedly and freeze dried for 24 h. 

Characterizations of magnetic chitosan nano-
particles. X-ray power diffraction (XRD) measure-
ment was performed by a Bruker D8 diffractometer 
with monochromatized CuKα radiation (λ = 1.5426 Å), 
40 kV, 30 mA. Co0.5Zn0.5Fe2O4-chitosan nanoparticles 
were characterized by FT-IR (IR Prestige-21, 
Shimadzu Inc.) and measured by transmission electron 
microscopy (TEM, H-7650, Hitachi Inc.). The sample 
for TEM analysis was obtained by placing a drop of 
nanoparticles dispersed onto a copper micro-grid and 
evaporated at 20°C. The surface of the magnetic 
particles was studied by the scanning electron 
microscope (SEM, Kyky-2800, Kyky technology Co., 
Ltd). The elemental analysis was performed by an 
elemental analyzer (Vario EL III, Elementar Inc.). 
Magnetic measurements were done by a vibrating 
sample magnetometer (VSM, PPMS-9, Quantum Design).  

Dissolution tests in vitro. Co0.5Mn0.5Fe2O4-
chitosan nanoparticles samples (0.5 ± 0.001 g) were 
accurately weighed and immersed in bovine serum 
albumin solution (BSA, 0.5 wt %) and stored at 0°C 
for 25 h. The swollen particles loaded with a drug were 
placed in a vacuum oven and dried at 37°C. The 
kinetics of drug release was recorded using a Distek 
TM dissolution 2100A paddle system (500 rpm, 37 ± 
0.5°C). The concentration of BSA in the samples was 
calculated based on average calibration curves (n = 6). 

RESULTS AND DISCUSSION 

FT-IR. The band of Co0.5Zn0.5Fe2O4-chitosan nano-
particles at 1635.5 cm–1 was attributed to the Schiff 
base and indicated that glutaraldehyde participated in 
the cross-linking process. The band at 580.5 cm–1 was 

characteristic to magnetic Co0.5Zn0.5Fe2O4 particles and 
indicated crosslinking between those and chitosan. So, 
Co0.5Zn0.5Fe2O4 magnetic particles were efficiently 
wrapped by chitosan particles. 

XRD results. All diffraction peaks exhibited presence 
of Co0.5Zn0.5Fe2O4-chitosan nanoparticles. XRD data of 
the magnetic chitosan particles and pure Co0.5Zn0.5Fe2O4 
particles were almost identical. The magnetic chitosan 
particles were binding with Co0.5Zn0.5Fe2O4. 

TEM. Size of the Co0.5Zn0.5Fe2O4 particles was 
between 10 and 30 nm. All magnetic chitosan particles 
had size below 100 nm (see figure).  

SEM. Co0.5Zn0.5Fe2O4 particles were about 20 nm 
and had spinel crystal structure. Diameter of the 
magnetic chitosan particles was about 20 nm and the 
form varied from spinel structure to egg-type shape. 
The surface of magnetic CS particle was tightly 
wrapped and did not exhibit Co0.5Zn0.5Fe2O4 particles 
indicating that the Co0.5Zn0.5Fe2O4 particles were 
wrapped by chitosan efficiently. 

Elemental analysis. The ratio of atoms Fe, Co, Zn 
was about 4 : 1 : 1 and it indicated that Co0.5Zn0.5Fe2O4 
magnetic particles were encapsulated by chitosan 
particles (see the table). 

100 nm 

TEM micrographs for the Co0.5Zn0.5Fe2O4-chitosan nano-
particles. 

Element, 
% C O N Co Zn Fe 

Content 54.37 28.41 2.23 2.59 2.58 9.82 

Elemantal analysis of magnetic chitosan particles 
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Magnetization tests. Magnetization of pure 
Co0.5Zn0.5Fe2O4 particles (130 emu/g) was higher than 
that of magnetic Co0.5Zn0.5Fe2O4-chitosan nanoparticles 
(80 emu/g). Both types of particles exhibited charac-
teristics of superparamagnetism. 

Co0.5Zn0.5Fe2O4-chitosan nanoparticles had high 
solubility and dispersibility in water and would not 
aggregate or precipitate for one month. When 
subjected to a strong magnetic field, the particles could 
be completely separated from the solution within seconds. 

Drug release from Co0.5Zn0.5Fe2O4-chitosan 
nano-particles at different pH. The drug loading 
rates were 8.001 × 10–5 , 7.487 × 10–5 , and 8.568 ×  
10–5 g/g, after immersing in 0.5% bovine serum 
albumin solution for 34 h at room temperature. At pH 
1.0 the system rapidly disintegrated, whereas at pH 7.4 
and 9.18 aqueous solutions remained intact. That was 
attributed to a hydrophobic barrier limiting access of 
water and dissolution of the drug. The composite 
membrane was tested as a carrier for colonic drug 
delivery and its function was pH dependent. 

CONCLUSIONS 

In summary, Co0.5Zn0.5Fe2O4-chitosan nanoparticles 
with optimum core/shell structure and magnetically 
responsive properties were constructed. Co0.5Zn0.5Fe2O4-
chitosan nanoparticles exhibited a certain potential as 
pH dependent drug delivery systems. 

REFERENCES 

 1.  Tharanthan, R.N., Trends Food Sci. Technol., 2003,    
 vol. 14, p. 71. 
 2.  Lin, C.C. and Metters, A.T., Adv. Drug Delivery Rev., 
 2006, vol. 58, p. 1379. 
 3.  Khademhosseini, A. and Langer, R., Biomater., 2007, 
 vol. 28, p. 5087. 
 4.  Ong, S.Y., Wu, J., Moochhala, S.M., Tan, M.H., and 
 Lu, J., Biomater., 2008, vol. 29, p. 4323. 
 5.  Ghaffari, A., Navaee, K., Oshoui, M., Bayati, K., and 
 Rafiee-Tehrani, M., Eur. J. Pharm. Biopharm., 2007, 
 vol. 67, p. 175. 
 6.  Roger, J., Pons, J.N., Massart, R., Halbreich, A., and 
 Bacri, J., Eur. Phys. J.: Appl. Phys., 1999, no. 5, p. 321. 
 7.  Banat, I.M., Makkar, R.S., and Cameotra, S.S., Appl. 
 Microbiol. Biotechnol., 2000, vol. 53, p. 495. 
 8.  Sing, A., Van Hamme, J.D., and Ward, O.P., 
 Biotechnol. Adv., 2007, vol. 25, p. 99. 
 9.  Desai, J.D. and Banat, I.M., Microbiol. Mol. Biol. Rev., 
 1997, vol. 61, p. 47. 
10.  Carrero, E., Queipo, N.V., and Pintos, S., J. Petrol. Sci. 
 Eng., 2007, vol. 58, no. 1, p. 30. 
11.  Nitschke, M., Costa, S., and Contiero, J., Biotechnol. 
 Progr., 2005, vol. 21, p. 1593. 
12.  Mukherjee, S., Das, P., and Sen, R., Trends Biotech., 
 2006, vol. 24, p. 509. 
13.  Wu, Y., Guo, J., Yang, W.L., Wang, C.C., and Fu, S.K., 
 Polymer, 2006, vol. 47, p. 5287. 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  85   No.  1   2015 

QI LIAN et al. 154 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


