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ABSTRACT 
 

In this work cobalt nanopowders and nanowires,as well 

TiO2 micro- and nanopowders coated by Co nanoclusters 

have been prepared by the original electroless deposition 

method. The magnetism of Co nanoclusters in 

nanopowders and nanowires and on the surface of TiO2 

grains was studied by the resonant magnetometry and EPR 

measurements. Optical spectroscopy measurements 

showed significant increase of light absorption in Co-

coated TiO2 nanopowders. Magnetic properties of TiO2/Co 

powder were studied with Electron Paramagnetic 

Resonance spectroscopy. 

Keywords: renewable energy, nanotechnology, 

photocatalysis, titanium oxide, cobalt nanoclusters, cobalt 

nanowires, magnetometry, optical spectrometry. 

 

1 INTRODUCTION 
 

The development of experimental approaches for 

production of nanostructural materials is one of the pivotal 

problems of nanotechnology and modern materials 

science. The ability of controlling the materials properties 

by using nanoparticles as their building blocks is the key 

for the fabrication of new functional materials. For these 

aims core-shell nanoparticles and combined micro-nano 

objects have definite advantages [1]. 

In this work we present the original electroless 

technology developed for synthesis of magnetic and 

photocatalytic nanopowders with similar structures [2]. 

Using this technology with additional outer magnetic field 

makes it possible to produce magnetic nanowires due to 

self-organization processes of nanoparticles under the 

action of magnetic field during solution reduction. 

Magnetic nanowires are one-dimensial (ID) ferromagnetic 

nanostructures attracting significant attention due to their 

large magnetic anisotropy important for applications in 

permanent magnets and high density magnetic storage 

media [1]. 

The developed electroless technology allows also the 

deposition of magnetic nanoclusters on the surface of TiO2 

nanopowders for improving their photocatalytic properties.  

The specific feature of this method is that the 

deposition proceeds at low temperature. Therefore, the 

method is simple and low-cost, it changes neither the 

properties of the matrix nor those of the material to be 

deposited. With this method cobalt nanopowders and 

nanowires were produced and Co nanoclusters were 

deposited on TiO2 micro- (44 m) and nano- (10 nm) 

powders for modification of photocatalytic TiO2 powders. 

The magnetometry and optical spectroscopy measurements 

of the photocatalytic activity of these micro- and 

nanopowders coated by Co nanoclusters were carried out. 

It was found that the TiO2 nanopowders are more suitable 

for TiO2 photocatalysis not only because they have a larger 

specific surface area but also the specific efficiency of 

nanopowders is much higher than that of micropowder.  

Cobalt nanopowders and nanowires are of a great scientific 

and technology importance due to their unique properties 

different from the bulk [1]. Simple magnetometry and EPR 

methods are proposed to control their magnetic properties 

[3]. 

 

2 EXPERIMENTAL RESULTS AND 

DISCUSSIONS 
 

An improved variant of electroless method is 

developed in this work. The method consists in the 

separating of metallic cobalt from a chemical solution. 

This is a simple and cheap method that does not use 

expensive catalysts. 

The solution of the following composition is most 

effective from the tested ones:  

CoSO4 ∙ 7H2O – 10 g/l,  KNaC4H4O6·4H2O – 40 g/l,   

N2H4- 17-20 mg/l. 

By mixing these components, we get a thick muddy 

mass and then by adding 2 g/l NaOH - we get a violet 

solution that is stable. 

Heating the solution up to 800C and adding again 

several granules ≈ 2g / l NaOH it starts the process of 

decomposition of the solution, which is expressed in the 

Co particles separation from the solution. 

Since the process is carried out with the help of 

magnetic mixer, the particles are collected on vessel's 

bottom and their growing is underway. Our goal is to make 
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this powder  nano-sized. For this aim we use surface active 

substances that do not allow each granule to grow, since 

this granule will be coated by this organic substance. In 

our case this substance is toluene. 

We also worked on establishing the technology of 

obtaining nanowire from this solution. We use the 

chemical solutions described above. We put 50 ml 

chemical vessel with a chemical solution of 30 ml heated 

up to 800C between the magnet poles (magnetic field 

value is 500 Oe). 

We added in this solution 5 ml toluene. When the 

process of isolation of ions began, it was observed that the 

cobalt particles were arranged in the magnetic field in one 

line. Depending on how long time the cobalt wires were 

assembled, their sizes differed from each other. We 

separated obtained cobalt wires from the solution using 

magnet and removed the organic compounds with ethyl 

alcohol by ultrasound. The received powder was 

thoroughly washed in the distillate, dried in drying 

cupboard and given for the further physical research.  

An interesting and simple electroless method of 

obtaining a magnetic photocatalytic nanopowder based on 

TiO2 (anatase) on the surface of which are chemically 

deposited cobalt nanoclusters is also proposed. We start 

with TiO2 nanopowder with a size of ~ 4–10 nm, which is 

placed in a cobalt solution. Acting as catalysts, without 

adding any additional activation and catalysts, they are 

coated with cobalt as a result of an intensive process. We 

prepared a solution of the following composition: CoSO4 ∙ 

7H2O – 5 g/l; C10H11Na2O10-35 g/l; NaOH – 40 g/l; 

NaBH4 is added before the experiment. The amount of 

borohydride determines the thickness of the coating 

nanopowder, which becomes magnetic. 

The RF resonant magnetometry measurements of 

samples placed in the coil of resonant LC contour under 

magnetic field up to 1.5 T were performed as in work [3]. 

This method based on a home-made device provides 

possibility for the simple and fast assessments of 

superparamagnetic properties of samples under study as 

compared with the VSM magnetometry measurements. 

EPR spectra were recorded by spectrometer EPR-V 

(Russia), with microwave frequency 9.1 GHz and 

magnetic field modulation frequency 100 KHz. 

Experiments were carried out with microwave power 15 

mW. As an EPR standard MgO doped with Mn2+ ions 

was used. The values of hyperfine splitting and g-factor 

were measured by means of EPR standard. 

Optical absorption spectra of the distillate suspensions 

of the photocatalyst powders were measured. First, the 

light absorption of distilled water over the entire working 

spectral range was preliminarily studied. It appeared to be 

rather low. However, in order to exclude the distortion of 

the absorption spectra of the powders under study as a 

result of the distillate effect, we recorded the absorption 

spectra of the powders dissolved in the distillate in 

reference to pure distillate. For this purpose a cell with a 

solution of the powder under study was placed in one 

compartment of the 4-compartment spectrophotometer F-

46 and an identical cell with pure distillate – in other 

compartment. To check the validity of the procedure, we 

prepared several similar reference aqueous suspensions of 

the same powder. Then their absorption curves were taken. 

The obtained spectra coincided very closely with the 

maximum difference of  5 %. 

Fig. 1 shows the results of RF resonant magnetometry 

study of cobalt nanopowders and nanowires in magnetic 

field up to 1.2 T, correspondingly. 

The superparamagnetic behaviour of nanopowder (a) is 

seen from curve Fig. 1a, due to the absence of hysteresis at 

field up-down sweeps, while nanowire (Fig. 1b) shows 

ferromagnetic behaviour apparently due to appearance of 

domain walls in 1D structure. 

NMR measurements of obtained powders were carried 

out as in [4]. The shapes of NMR spectra points to the fact 

that both powders consist of FCC phases, Fig. 2. The 

NMR spectrum of Co nanowire is narrower as compared 

with nanopowder’s one, apparently reflecting an influence 

of self-organization processes of Co nanoparticles during 

the formation of nanowires. 

 

 

 

Figure 1. RF resonant magnetometer frequency f 

dependence at room temperature on the magnetic field 

strength (() and () mark up and down magnetic field 

sweeps) for: a – Co nanopowder and b – Co nanowire. 
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Figure 2. NMR spectra of Co nanopowder (1) and 

nanowire (2) at T=77 K. 

Fig. 3(a) shows optical absorption spectra in TiO2 

powder with grain size 44 µm where curve 1 corresponds 

to the absorption spectrum of the TiO2 powder without Co 

clusters, and curve 2 – with deposited Co clusters.  As can 

be seen from Fig. 3(a) the optical absorption only slightly 

increases as a result of clusters deposition. This indicates 

that the majority of created electrons and holes annihilate 

before they reach the TiO2 grain surface, i.e. the 

annihilation occurs in the powder particle volume, and 

hence the deposition of clusters on the surface has no 

significant effect. Thus, we can conclude that micron-sized 

powders not only have a small specific area, but also the 

specific efficiency (efficiency per area unit) of the surface 

itself is low. Therefore the micron-sized TiO2 powder is 

not efficient photocatalyst. The nanosize Co coated TiO2 

powders can be more effective for photocatalytic 

applications. To check this possibility, we deposited Co 

clusters on nanosize (5-10 nm) TiO2 powders. 

 Fig. 3(b) shows optical absorption spectra in TiO2 

nanopowder with and without Co cluster coating. As can 

be seen by comparison of Figs. 3(a-b), the light absorption 

of TiO2 without Co coating in nanopowder is much 

smaller than in micropowder. However, deposition of Co 

clusters leads to a huge increase of the light absorption in 

nanopowder sample, while the effect as we have seen was 

small in micropowder. Obtained results show that 

TiO2nanopowder with Co cluster coating is more suitable 

for photocatalysis, not only because of the larger specific 

surface area, but also due to the higher specific efficiency 

of surface compared to micropowder. 

Fig. 4 shows the results of EPR measurements of Co 

deposited TiO2. Nanopowders are presented depending on 

the Co deposition time in solution. 

At short deposition time Fig. 6 could see apparently 

two resonances: one corresponding to oxygen vacances 

(g=1.9650) and other one to Co nanoclasters. At long 

deposition time one could see apparently a strong 

ferromagnetic resonance line corresponding to the room 

temperature ferromagnetic state formed by Co clusters and 

oxygen vacances [5]. 

 

Figure 3. The effect of Co nanoclusters on the optical 

absorption spectra of TiO2 powders with different grain 

sizes 44 µm (a) and 5-10 nm (b). Curves 1 corresponds to 

the absorption spectrum of the TiO2 powder without Co 

clusters, and curves 2 – with deposited Co clusters. 

 

Figure 4. EPR measurements of Co deposited TiO2: a – 

Co cluster deposition time 30 sec. b - Co cluster deposition 

time 5 min.   
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3 SUMMARY AND CONCLUSIONS 
 

The cobalt nanopowders and nanowires, as well as 

TiO2 micro- and nanopowders coated by Co nanoclusters 

have been prepared by original electroless deposition 

method. The magnetism of Co nanoclusters of 

nanopowders and nanowires and on the surface of TiO2 

grains was studied by carrying out the resonant 

magnetometry and EPR measurements. Optical 

spectroscopy measurements showed significant increase of 

light absorption in Co-coated TiO2 nanopowders. Magnetic 

properties of TiO2/Co powder were studied with Electron 

Paramagnetic Resonance spectroscopy.  

The facile and fast method presented in the present 

work can be generally applied to coat different materials 

with transition metal nanoclusters to develop efficient sun 

light driven photocatalysts. 
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