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Abstract — A series of chitosan based material with 

nanoparticles of some metals and metal oxides has been 

synthesized and characterized. Chitosan was used to obtain 

nanoparticles as a reaction medium, as a dispersion medium for 

already obtained nanoparticles, and as a substrate (metals can be 

incorporated into the surface chitosan film). The obtained 

materials have antimicrobial activity caused by the presence of 

nanoparticles. 
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I.  INTRODUCTION 

Nanoparticles metals and metal oxides due to their 
interesting properties, low cost preparation and many potential 
applications in different areas (catalysis, cooling fluid or 
conductive inks, antibacterial materials for medicine, textiles) 
have attracted a lot of interest in recent years [1-9, 17-22]. 
Their antimicrobial activity is of special interest [10-16, 23]. 

 

Fig. 1. A summary of the mechanisms associated with the antimicrobial 

behaviour of metal nanoparticles: (1) “Trojan-horse effect” due to endocytosis 

processes; (2) attachment to the membrane surface; (3) catalyzed radical 
formation; and (4) release of metal ions [14]. 

Chitosan is a biologically active natural polymer widely 
used in various fields of industry and medicine. It can be used 
to obtain nanoparticles as a reaction medium (chitosan works 
both as a size controller and as capping agent), as a dispersion 
medium for already obtained nanoparticles (functioning as a 
stabilizer), and as a substrate (metals can be incorporated into 
the surface chitosan film) [15]. 

In our work, all three variants are presented, the 
physicochemical properties and antibacterial activity of the 
obtained materials are investigated. 

II. CHITOSAN AND BIOMATERIALS ON ITS BASE 

A wide range of materials for different applications can be 
created on the basis of chitosan, its derivatives and composite 
structures [23]. Chitin, the precursor of chitosan, is the second 
after cellulose most abundant natural polysaccharide. It forms 
the skeletal system of arthropoda and is also present in cell 
walls of fungi and bacteria. Chitosan is a derivative of chitin, 
which can be obtained by chitin deacetylation.  

 

Fig. 2. The chemical structure of chitosan. 

Chitin and chitosan are polymorphous uncrystalline or 
partly crystalline biopolymers. Both of them contain same 
monomers, N-acetyl-2-amino-2-deoxy-D-glucopyranose and 2-
amino-2-deoxy-D-glucopyranose, differing in the proportion of 
acetylated and deacetylated monomers. Chitin and chitosan are 
promising materials for medical applications due to their 
bacteriostatic/bactericide properties, biocompatibility with 
human tissues, and ability to facilitate regenerative processes in 
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wound healing [24]. In our work, chitosan (degree of 
deacetylation 82% (80-90%) and molecular weight 300 kDa 
(200-500)) was purchased from YuDa Chemicals, Qindao, 
PRC, “Bioprogress”, Moscow, and used without further 
purification. All other reagents were of analytical grade. 

2-5% solutions of chitosan in mineral and organic acids 
(acetic, lactic, ascorbic, oxalic, HI) have a number of useful 
properties, including bacterial activity, and can be used 
directly. In addition, such solutions can be used to produce 
metal or metal oxide nanoparticles, or as a dispersion medium 
for pre-formed metal nanoparticles and metal oxides. 

From the initial 2-5% solution of chitosan in 1-5% organic 
acids, it is possible to obtain various medical materials 
(hemostatic sponges, wound healing films, porous sponges 
with hydroxyapatite (HAP) and tricalciumphosphate (TCP) 
nanoparticles, to replace bone defects (Fig. 3). 

   

    

Fig. 3. Hemostatic sponge, obtained from a 2% solution of chitosan in 1% 

lactic acid with the addition of hemostatic tranexamic acid. 

  

      

Fig. 4. Granules and a dense disk of HAP/TCP/chitosan. 

 

 

Fig. 5. Chitosan film with silver. 

All materials (films, sponges, HAP/TCP/chitosan 
composites can be modified by magnetron sputtering of metals 
and metal oxides. 

III. CHITOSAN MODIFIED BY NANOPARTICLES OF METALS OR 

METAL OXIDES 

 
Fig. 6. General scheme of producing antimicrobial polymer/metal 

nanocomposites: (a) polymer as reaction medium for in-situ synthesis of 

nanoparticles; (b) polymer as a dispersion medium of pre-synthesized 

nanoparticles; (c) polymer as a substrate for vacuum deposition of 
nanoparticles and nanolayers (according to [14, 22]). 

A. Variant 1. Cu, Ag, CaO, ZnO, MgO. 

For the synthesis of copper nanoparticles, copper sulfate 
(II) five-water (CuSO4·5H2O), ascorbic acid, acetic acid, lactic 
acid, chitosan with a molecular weight of 500 kDa and a degree 
of deacetylation of 80.5% (Bioprogress, Moscow) were used. 
Chitosan solution (3%) was prepared by dissolving chitosan in 
1% acetic or lactic acid for 24 hours until complete dissolution 
of chitosan. For the synthesis of copper nanoparticles, a 
solution of ascorbic acid (10%) was first added to the chitosan 
solution in acids to reach the final concentration of 0.1% 
(ChCuNp1, 3, 4) or 1% (ChCuNp2). Then copper sulfate 
solution (50 mM) was added, the final concentration of copper 
was 150 μg/ml (ChCuNp4), 300 μg/ml (ChCuNp3) and 600 
μg/ml (ChCuNp1, 2, 5). The resulting mixture was initially 
incubated for 3 hours (60 °C) and then 24 hours at 37 °C for 
complete copper reduction, and used for further research. For 
the preparation of samples ChCuNp1, 2, 3, 4, acetic acid was 
used as a solvent of chitosan, and lactic acid in the case of 
ChCuNp5. Also, we used in experiments copper sulfate 
solution (copper concentration 600 μg/ml), 3% solution of 
chitosan in acetic and lactic acids (Ch and ChLA).  

To obtain the chitosan gel containing Ag nanoparticles 
(0.24 µg/ml), 1 mg/ml glucose solution (glucose was used as 
an additional reductant) containing necessary amount of Ag 
nitrate (1 mg/ml) was added to 3% solution of 500 kDa 
chitosan in 1% acetic acid or 1% solution of 200 kDa chitosan 
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in 2% acetic acid. The mixtures were stirred during 15 min and 
incubated 24h at room temperature. 

After 24h of incubation of 500 kDa chitosan with glucose, 
the silver nitrate reduced to silver nanoparticles that was 
demonstrated by the change of color from yellow to brown. At 
that point the change of color in the samples was read by UV-
vis spectrophotometry from 350 to 800 nm. The most 
prominent broad peak was observed at 400-430 nm.  

To the solution of chitosan in acid, oxides of metals CaO, 
ZnO, MgO were added in the amount of 10% of the mass of 
chitosan (3% suspension in chitosan). Ultrasound treatment 
was performed for 25 minutes. Sodium hydroxide was added. 

B. Variant 2. Metal oxides TiO2, SiO2. 

The metal oxides were added to the solution of chitosan: 
highly disperse silica (Aerosil-300, Institute of Surface 
Chemistry), titanium dioxide nanoparticles (anatase, 
Dnipropetrovsk Chemical Technology University) in the 
amount of 10% of the mass of chitosan (3% suspension in 
chitosan). Ultrasound treatment was performed for 5 minutes. 

C. Variant 3. Magnetron sputtering. 

For deposition of thin copper films, a magnetron sputtering 
method has been chosen which differs in such advantages as 
the possibility of deposition of films on a cold substrate, high 
adhesion of the film to the substrate, uniformity of the films 
along the thickness when grown on large substrates. 

Copper films were deposited by the method of high-
frequency magnetron sputtering on chitosan substrates. 
Experiments on the deposition of films were carried out at a 
high frequency discharge power of ~ 200 W at a frequency of 
13.5 MHz in an argon medium. The argon pressure was 
maintained within 1 Pa. As a target, a disk of 80 mm in 
diameter was made of copper grade M1. The deposited 
polymeric material was located on a rotating substrate holder. 
The sputtering time and the target-substrate distance were 
selected in a way to minimize the effect of heating the substrate 
during copper sputtering. 

IV. RESULTS AND DISCUSSION 

A. Variant 1. Ag. 

 
Fig. 7. UV-vis absorbance spectra of chitosan gel (500 kDa) and chitosan gel 

with Ag nanoparticles. 

 
Fig. 8. TEM and electron diffraction of Ag nanoparticles in chitosan. 

From solutions, it is possible to obtain silver-containing 
films. 

 

Fig. 9. SEM of Ag containing chitosan film. 

B. Variant1. Cu. 

 

Fig. 10. TEM and electron diffraction of Cu nanoparticles in chitosan. 
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Fig. 11. . SEM of Cu containing chitosan film. 

Microbiology. 

Fifteen multi-resistant strains (S. aureus, E. coli and 
P.aeruginosae) isolated from patients with acute respiratory 
diseases were used as test cultures. Study of microorganisms 
sensitivity to the different sample of chitosan solution was 
carried out by tube serial dilutions method. At first, we had 
mixed investigated samples of chitosan solution with nutrient 
broth in the ratio from 1:40 to 1:10 in the test tubes. 
Microorganisms were routinely cultivated overnight in nutrient 
broth at 37 °C. Then the cultures were diluted with cultivation 
media to the turbidity equivalent to McFarland 0.5 standard 
(1.5x108CFU/ml). It was used as an inoculum. Then, 100 μl of 
microbial suspensions were inoculated into each tube. The 
tubes containing growth medium and tested samples without 
inoculums were used as controls. The tubes were incubated 
aerobically at 37 °C for 24 h. The tube with the lowest 
concentration that completely inhibits visual growth of bacteria 
(no turbidity) was considered as the MIC. All the measures 
were triplicate. 

Assessment of the chitosan films antibacterial activity was 
carry out on nutrient agar with use application of the films onto 
surfaces of the media that was previously inoculated by 
investigated cultures. Plates were incubated at 37 °C for 24 h. 
Examination of the cultures included the detection of presence 
or absence of the bacterial growth in the place of film 
application. The size of inhibition zone was measured in mm. 

Statistical processing of the results was carried out by 
determining the error of relative values and Student's 
coefficient using the GraphPad program. The difference 
between the groups was considered statistically significant at 
t≥2 and p<0.05. 

Pure copper sulphate, even in high concentrations, does not 
affect the strains under study. The chitosan solution suppresses 
the growth of the studied microorganisms at a concentration of 
3 mg/ml and above. With the addition of copper nanoparticles, 
growth of Staphylococci is already suppressed at a 
concentration of chitosan 1.5 mg/ml. 

When used as a lactic acid solvent, the action of copper 
nanoparticles is particularly effective. 

C. Variant 2. СаО, MgO, ZnO. 

 

Fig. 12.  TEM of CaO nanoparticles in chitosan 

 

Fig. 13. TEM of MgO nanoparticles in chitosan 

 

 

Fig. 14.  TEM of ZnO nanoparticles in chitosan 

Microbiology. 

TABLE I.  ANTIBACTERIAL ACTIVITY OF METAL OXIDES CONTAING 

CHITOSAN MATERIALS 

Sample 

Amounts of sensitive strains/ effective 

concentration of substances 

1:40 1:20 1:10 

3% 500 Сh
a
 

(ultrasonic) 

Сh 

0% 

 

0.75 mg/ml 

66.7% 

 

1.5mg/ml 

100% 

 

3.0 mg/ml 

3% 500 Сh SiO2 

 

Сh 

SiO2 

0% 

 

0.75 mg/ml 

0.075 mg/ml 

26.7% 

 

1.5mg/ml 

0.15 mg/ml 

100% 

 

3.0 mg/ml 

0.3 mg/ml 
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Sample 

Amounts of sensitive strains/ effective 

concentration of substances 

1:40 1:20 1:10 

3% 500 Сh TiO2 

 

Сh 

TiO2 

0% 

 

0.75 mg/ml 

0.075 mg/ml 

13.3% 

 

1.5 mg/ml 

0.15 mg/ml 

100% 

 

3.0 mg/ml 

0.3 mg/ml 

3% 500 Сh Zn 

 

Сh 

ZnO 

0% 

 

0.75 mg/ml 

0.075 mg/ml 

26.7% 

 

1.5 mg/ml 

0.15 mg/ml 

100% 

 

3.0 mg/ml 

0.3 mg/ml 

3% 500 Сh MgO 

 

Сh 

MgO 

0% 

 

0.75 mg/ml 

0.075 mg/ml 

0% 

 

1.5 mg/ml 

0.15 mg/ml 

26.7% 

 

3.0 mg/ml 

0.3 mg/ml 

3% 500 Сh CaO 

 

Сh 

CaO 

0% 

 

0.75 mg/ml 

0.075 mg/ml 

0% 

 

1.5 mg/ml 

0.15 mg/ml 

6.7% 

 

3.0 mg/ml 

0.3 mg/ml 

aCh – chitosan, 

Under addition to the solution of high-disperse zinc oxide 
(0.15 mg/ml), Staphylococci show 100% sensitivity at a 
concentration of chitosan 1.5 mg/ml. Adding calcium oxide 
and especially magnesium oxide contributes to the growth of 
gram-negative strains. 

D. Variant 2. SiO2, TiO2. 

The metal oxides were added to the chitosan solution: 
highly disperse silica (Aerosil-300, Institute of Surface 
Chemistry), titanium dioxide nanoparticles (anatase, 
Dnipropetrovsk Chemical-Technological University). 

 

Fig. 15. TEM of SiO2 nanoparticles in chitosan 

 

 

Fig. 16. TEM of TiO2 nanoparticles in chitosan 

Microbiology. 

When high-disperse silica (0.15 mg/ml) is added to a 
solution, Staphylococci show 100% sensitivity at a 
concentration of chitosan 1.5 mg/ml. With the addition of 
titanium dioxide, 87% of all strains show sensitivity. 

E. Variant 3. Magnetron sputtering of Cu. 

 

Fig. 17.  Chitosan film with sputtered Cu layer. 

TABLE II.  ANTIBACTERIAL PROPERTIES 

Samples Pseudomonas 

aeruginosa 

Staphylococcus 

aureus  

Escherichia 

coli 

24 h 48 h* 24 h 48 h 24 h 48 h 

ChCu 

20 s film 

±  ± + +  

ChCu 

15 s film 

±  -  +  

ChCu 

10 s film 

±  -  +  

+  - the growth of bacteria around the sample (partly on it) is identical to the growth on nutrient 
medium; 

±  - the growth of bacteria around the sample was significantly less than on nutrient medium; 
-  the growth of bacteria under the sample and within about 1-2 mm around is not observed; 

* - data shown in case of changes in the growth of bacteria. 

Antibacterial activity summary:  

- films coated during 10 and 15 s exhibit the 
antibacterial effect on S. aureus, 

- films coated in 20 seconds exhibit bacteriostatic effect 
on S. aureus, 



NAP-2018, 2018 IEEE 8th International Conference on “Nanomaterials: Applications & Properties” 

04NNLS08-6 

- all samples exhibit bacteriostatic effect on P. 
aeruginosa, 

- no one sample exhibit neither antibacterial nor 
bacteriostatic effect on E. coli. 

Copper sputtering does not significantly affect the complex 
of the physicochemical properties of chitosan films, but 
imparts their antibacterial properties significantly; in particular 
the films suppress the growth of St. aureus. 

V. CONCLUSIONS 

A series of chitosan-based materials containing 
nanoparticles of metals and metal oxides have been 
synthesized, as well as metal nanolayers on the surface of the 
material. The obtained materials prove to have antimicrobial 
activity caused by the presence of nanoparticles. 

 

REFERENCES 

[1] H. Zhu, G. John, and B. Wei, “Synthesis of assembled copper 

nanoparticles from copper-chelating glycolipid nanotubes,” Chem. Phys. 
Lett., vol. 405, pp. 49–52, 2005. 

[2] Y. Kobayashi, T. Shirochi, Y. Yasuda, and T. Morita, “Synthesis of 
silver/copper nanoparticles and their metal-metal bonding property,”  

J. Min. Metall. Sect. B-Metall., vol. 49, no. 1 B, pp. 65-70, 2013. 

[3] A. Umer, S. Naveed, N. Ramzan, M.S. Rafique, and M. Imran, “A green 
method for the synthesis of Copper Nanoparticles using L-ascorbic 

acid,” Revista Matéria, vol. 19, no. 3, pp. 197 -203, 2014. 

[4] N.V. Borisova, E.P. Surovoy, and I.V. Titov, “Zakonomernosti 
izmeneniya svoystv plenok medi v protsesse termoobrabotki,” Izvestiya 

Tomskogo politehnicheskogo universiteta, vol. 309, no. 1, pp. 86-90, 
2006. 

[5] A.V. Vegera and A.D. Zimon, “Sintez i fiziko-himicheskie svoystva 

nanochastits serebra, stabilizirovannyih zhelatinom,” Izvestiya 
Tomskogo politehnicheskogo universiteta, vol. 309, no. 5, pp. 60-64, 

2006. 

[6] Thi My Dung Dang, Thi Tuyet Thu Le, E. Fribourg-Blanc, and Mau 
Chien Dang, “ Synthesis and optical properties of copper nanoparticles 

prepared by a chemical reduction method,” Adv. Nat. Sci.: Nanosci. 
Nanotechnol., vol. 2, pp. 015009-015015, 2011. 

[7] H.X. Bai, X.Z. Shen, X.H. Liu, and S.Y. Liu, “Synthesis of porous CaO 

microsphere and its application in catalyzing transesterification reaction 
for biodiesel,” Trans. Nonferrous Met. Soc. China, vol. 19,  

pp. s674−s677, 2009. 

[8] R.A. Soomro, S.T.H.S. Sirajuddin, N. Memon, M.R. Shah, N.H. Kalwar, 

K.R. Hallam, and A. Shah, “Synthesis of air stable copper nanoparticles 
and their use in catalysis,” Adv. Mat. Lett. , vol. 5, no. 4, pp. 191-198, 

2014. 

[9] A. Farouk, S. Moussa, M. Ulbricht, and T. Textor, “ZnO nanoparticles-
chitosan composite as antibacterial finish for textiles,” International 

Journal of Carbohydrate Chemistry, vol. 2012,  pp. 1-8, 2012. 

[10] M.M. AbdElhady, “Preparation and characterization of chitosan/zinc 

oxide nanoparticles for imparting antimicrobial and UV protection to 
cotton fabric,” International Journal of Carbohydrate Chemistry,  

vol. 2012,  pp. 1-6 , 2012. 

[11] S.M. Dizaj, F. Lotfipour, M. Barzegar-Jalali, M.H. Zarrintana,  

and K. Adibkia, “Antimicrobial activity of the metals and metal oxide 
nanoparticles,” Materials Science and Engineering C, vol. 44, pp. 278–

284, 2014. 

[12] T.M. Budnyak, I.V. Pylypchuk, V.A. Tertykh, E.S. Yanovska,  
and D. Kolodynska, “Synthesis and adsorption properties of chitosan-

silica nanocomposite prepared by sol-gel method,” Nanoscale Research 
Letters, vol. 10:87, 10 pp., 2015. 

[13] A. Manikandan and M. Sathiyabama, “Green synthesis of copper-

chitosan nanoparticles and study of its antibacterial activity,”  
J. Nanomed. Nanotechnol., vol. 6, no. 1, pp. 1-5, 2015. 

[14] H. Palza, “Antimicrobial polymers with metal nanoparticles,” Int. J. 

Mol. Sci., vol. 16, pp. 2099-2116, 2015. 

[15] M. Ishihara, V.Q. Nguyen, Y. Mori, S. Nakamura, and H. Hattori, 
“Adsorption of silver nanoparticles onto different surface structures of 

chitin/chitosan and correlations with antimicrobial activities,” Int. J. 
Mol. Sci., vol. 16, pp. 13973-13988, 2015. 

[16] I.V. Babushkina, V.B. Borodulin, G.V. Korshunov, and  

D.M. Puchinyan, “Comparative study of antibacterial action of iron and 
copper nanoparticles on clinical Staphylococcus aureus,” Saratovskiy 

nauchno-meditsinskiy zhurnal, vol. 6, no. 1, pp. 11–14, 2010. 

[17] T.O. Berestok, D.I. Kurbatov, N.M. Opanasyuk, A.D. Pogrebnjak,  

O.P. Manzhos, and S.M. Danilchenko, “Structural properties of ZnO 
thin films obtained by chemical bath deposition technique,” J. Nano.-

electron. Phys., vol. 5, pp. 01009-01013, 2013. 

[18] M. Thirumavalavan, Kai-Lin Huang, and Jiunn-Fwu Lee, “Preparation 
and morphology studies of nano zinc oxide,” Materials, vol. 6, pp. 4198-

4212, 2013. 

[19] M.S. Usman, N.A. Ibrahim, K. Shameli, N. Zainuddin, Wan Md Zin 
Wan Yunus, “Copper nanoparticles mediated by chitosan: synthesis and 

characterization via chemical methods,” Molecules, vol. 17, pp. 14928-
14936, 2012. 

[20] U. Kathad and H.P. Gajera, “Synthesis of copper nanoparticles by two 

different methods and size comparision,” Int. J. Pharm. Bio. Sci.,  
vol. 5, no. 3, pp. 533-540, 2014. 

[21] A. Umer, S. Naveed, N. Ramzan, and M.S. Rafique, “Selection of a 

suitable method for the synthesis of copper nanoparticles,” NANO: Brief 
Reports and Reviews, vol. 7,  no. 5, 1230005 (18 pp.), 2012. 

[22] Sh. Li, et al., “Surface molecularly imprinted polymer film with poly(p-

aminothiophenol) outer layer coated on gold nanoparticles inner layer 
for highly sensitive and selective sensing paraoxon,” Polymers, vol. 9, 

pp. 359-372, 2017. 

[23] VM Golubnicha, Ya.V. Trofimenko, O.V. Kalinkevich, V.V. Kornienko, 

and AM Sklyar, “Antibacterial action of complex preparations based on 
chitosan and copper nanoparticles,ˮ Biomedical and biosocial 

anthropology, vol. 26, pp. 74-76, 2016. 

[24] S.N. Danilchenko, et al., “Characterization and in vivo evaluation of 
chitosan-hydroxyapatite bone scaffolds made by one step coprecipitation 

method,” J. Biomed. Mater. Res. Part A, vol. 96A, pp. 639–647, 2011.  

 


	NAP-2018_Part_4
	NAP-2018_Part_4
	2380-5569-1-SM



