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B pesynbraTe KOHTAaKTHOTO B3aUMOJCHCTBHS METAJUTMYECKOM MeJM ¥ HUTpara cepedpa MoTy4eHbl KOMIIO3HLHOHHbIC
HaHo4acTHIbl, conepxkamue Cu, Cu,0 n Ag. MeTogamMu TpaHCMUCCHOHHON 3JIEKTPOHHOW MUKPOCKOIIMH U PEHTIeHO(a-
30BOr0 aHAJIM3a HUCCIIENOBaHBl MOpdonorus u (Ga3oBblil COCTAaB MOTYyYCHHBIX HaHOYACTUL. [loka3aHO, YTO B pe3ynbra-
T€ KOHTAKTHOTO B3aWMOJICHCTBYSI Ha OBEPXHOCTU HAHOYACTHI MEJIM OCAXKAAIOTCS TMCKPETHBIE HAHOYACTHUIIBI cepeldpa
quamMeTpoM 10 15 HM. B coOTBeTCTBUM ¢ JaHHBIMHU PEHTI€HO(A30BOr0 aHAIM3a MONTydYeHHbIe 00pasibl copepxar Cu,
Cu,0, Ag ¥ IPaKTHYECKH BCS METAIUTMYECKAS MEIb OKUCIIAETCS B PE3yJIbTaTe BOCCTAHOBJIECHUS MOHOB Ag .
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Composite nanoparticles, containing copper, copper (I) oxide and silver, were prepared by redox-transmetalation
interaction of metallic copper and silver nitrate. The morphology and phase composition of the prepared nanoparticles were
investigated by transmission electron microscopy (TEM) and powder X-ray diffraction (XRD). The TEM investigation
shows that discrete spherical silver nanoparticles with an average diameter of 15 nm are formed onto the surface of copper
nanoparticles as a result of the redox-transmetalation interaction of copper and silver nitrate. According to X-ray data the
prepared samples contain Cu, Cu,0, Ag and almost all amount of metallic copper are oxidized as a result of Ag” reduction.

Key words: redox-transmetalation; copper; silver; nanostructures.

Introduction

In recent years nanocomposites have been extensively investigated due to their practical applications in
diverse fields, such as optical and electronic nanodevices, catalysts and sensors for biomedical applications
[1-8]. To prepare composite copper/silver nanoparticles that may be used as a component of the effective
antimicrobial substances various routes were employed. Specifically, synthesis of Ag-coated copper powders
by silver coprecipitation in the presence of copper cores was described in [9; 10]. It was shown that prepared
Cu-Ag composite nanoparticles contain Cu,O phase, indicating that Cu was partially oxidized, but the ratio
of the phases Cu/Cu,O wasn’t determined. Another technique for Cu/Ag particles preparation was presented
in [11], where the redox-transmetalation reaction was used. At the first stage the aqueous dispersion of Cu NPs
was prepared by reduction with an excess of hydrazine hydrate in the presence of polyacrylic acid sodium salt
as a protective agent. At the second step, a silver salt was added, and the reduction of silver ions by the copper
metal took place directly on the surface of Cu nanoparticles. It was shown that prepared nanoparticles are free
of copper oxide.

The aim of this article was to prepare bimetallic nanoparticles containing copper and silver by redox-trans-
metalation reaction without using any protective agents and investigate their composition and morphology.

Experimental method

To achieve the core-shell structure at the first stage copper nanoparticles were prepared by a modified met-
hod described in [12]. To do this 2.98 g of copper (II) sulfate pentahydrate was dissolved in 150 ml of distilled
water and was vigorously stirred under argon atmosphere for 20 min. Thereafter 1.36 g of sodium borohydride
was dissolved in 15 ml of distilled water and was added dropwise with the rate of 1 ml/min to the copper (II)
sulfate pentahydrate solution. After the reaction ended, the mixture was vigorously stirred for 10 min, obtained
precipitate was washed by decantation until the negative reaction toward SO, ions. The precipitate was soni-
cated in 100 ml of distilled water in an ultrasonic bath for 15 min. Then, 61 ml of the obtained suspension
was placed on a magnetic stirrer under the flow of Ar and solution of 0.34 g AgNO, in 20 ml of distilled water
was added to the copper nanoparticles suspension. Intensive stirring was continued for 30 min. The color
of the supernatant turned bluish due to the formation of copper ions Cu*". Obtained black precipitate was
washed by decantation and dried in a desiccator over P,O..

Dispersion and phase composition of the prepared samples were investigated by transmission electron mic-
roscopy (TEM) and powder X-ray diffraction (XRD). Electron microscopic studies were performed with an
electron microscope LEO-906. Samples were prepared by the following manner: the obtained precipitate was
sonicated for 10 min in ethanol in an ultrasonic bath SONOREX RK-100H and then a drop of the resulting
dispersion was placed on a copper grid coated with carbon film and dried in the air.

XRD measurements were performed on a X-ray diffractometer DRON-3 employing CoK -radiation in the
angular range 20 = 10-90°. The content of metallic copper, copper oxide (I) and metallic silver in the samples
was calculated from corundum numbers in the PDF-2 database:
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where /., Loy os Ing — the intensity of the peaks of copper, copper (I) oxide and silver on X-ray spectrum,

containing 1 g of copper and 1 g of corundum (1); 1 g of copper (I) oxide and 1 g of corundum (2); 1 g of sil-
ver and 1 g of corundum (3).

Results and discussion

The results of the XRD investigation of the prepared nanoparticles are displayed in fig. 1, a. The particles
that were synthesized at the first stage and were used as a core contain the crystalline face-centered cubic
metal Cu (JCPDS No. 85-1326, the most intensive peak at 26 = 50.7°) and fcc copper (I) oxide Cu,O (JCPDF
No. 78-2076, the most intensive peak at 20 = 42.6°). Calculated contents of Cu and Cu,O were 71.9 and 28.1 %
of the total weight respectively.

After redox-transmetalation reaction (fig. 1, ) sample contains metallic fcc silver (JCPDS No. 87-0720)
with diffraction peaks at 26 value of 44.6°, 51.9° and 76.5°. The spectrum also shows Cu,O peaks (34.5°, 42.6°,

49.5°, 72.7° and 88.1°) and a Cu peak (50.7°). Calculated contents of Cu, Cu,O and Ag were 4.2, 55.0 and
40.8 % of the total weight respectively.
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Fig. 1. X-ray diffraction pattern of nanoparticles prepared at the first stage (a)
and after redox-transmetalation interaction ()

Fig. 2. TEM images of the nanoparticles prepared at the first stage (@)
and after redox-transmetalation interaction (b). Scale bar is equal 100 nm
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As it is clearly seen from a comparison of the TEM images displayed in fig. 2, a, b, both Cu/Cu,O and
Cu,Cu,O/Ag nanoparticles have spherical and rectangular shape in diameter up to 150 nm. As shown, small
spherical particles are occurred at the surface of the Cu/Cu,O nanoparticles after copper redox-transmetalation
interaction with silver nitrate (fig. 2, b). Their size varies from 7 to 15 nm. When taken into account that
redox-transmetalation reaction takes place onto the surface of the metallic core and according to results of
morphology and composition investigation it can be suggested that small particles at the surface of copper are
the silver nanoparticles. Evidently, the presence of copper (I) oxide on the metallic copper particles surface
prevents formation of the continuous silver shell at copper core.

Thus, the morphology and phase composition of nanoparticles prepared by redox-transmetalation interac-
tion of metallic copper and silver nitrate were investigated. It was shown that silver does not form a continuous
shell, but small discrete silver nanoparticles cover bigger copper nanoparticles. X-ray analysis shows that the
samples contain Cu, Cu,O and Ag.
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