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Introduction 
The development on novel electrode materials 

having high corrosion stability and high 
electrochemical activity is an actual problem. 
Preliminary studies have shown [1] that 
polycrystalline semiconductor diamonds are 
promising for such purposes. To obtain 
conductivity, diamond is doped in the course of 
growth by electrically active impurities, in 
particular, by boron.  

In this paper microcrystalline structure and 
electron properties of boron-doped diamond micro 
crystals and pressure sintered polycrystalline 
compacts were studied using EPR and Raman 
scattering spectroscopy.  
 
Results and discussion  

Diamond micro crystals were synthesized in the 
Mg−Zn−B−C system at pressure about 8 GPa and 
temperature of 1700 °С. Boron concentration in 
the charge was 0.33 at. %. Thermodynamic 
parameters of synthesis provided the maximum 
growth velocity of diamonds. Diamond micro 
powders with grain size of 60-140 μm were 
selected for further sintering. Sintering of 
polycrystalline compacts were carried out in the 
temperature range of 1300−1900 °С during 
15−60 s. The specific density of the compacts was 
about 3.3 g/cm3, and electrical resistivity − 
2−6 ohm⋅sm.  

Raman spectra were obtained at room 
temperature in the range of 1000−2000 cm-1 using 
Ar+ laser (λ = 488 nm) and diode pumping solid 
state laser (λ = 532 nm). Neither in diamond single 
crystals nor in polycrystalline compacts studied 
any traces of sp2-bonded carbon were detected. In 
the single crystals the narrow symmetrical 
diamond peak which corresponds to the zone 
center mode of T2g symmetry were observed. The 
peak position was shifted to low frequencies as 
compared to its position in a natural diamond 
(Fig.1). This fact evidences presence of tensile 
stress in the boron-doped diamond crystals due to 

shorter length of B–C bond comparison with C–C 
bond. 
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Fig.1. Typical Raman spectra of boron-doped 
diamonds at room temperature: the single crystals 
(size of ~ 80 μm) and the sintered polycrystalline 
compacts. The peak position for a natural diamond 
is 1332.3 cm-1. 

 
In the polycrystalline compacts the diamond 

peaks were up shifted as compared to its position 
in a natural diamond and its line width were 
increased. Probable reason of the up shift is 
residual compressive stresses in the compacted 
crystals caused by external compression during 
sintering process. Using the pressure coefficient 
for diamond α=1.9 cm-1/GPa [2], stress magnitudes 
σ in the microdiamond compacts were evaluated 
(Fig 2.). 

Magnetic resonance measurements were carried 
out at room temperature using X-band (microwave 
frequency ν ≅ 9.4 GHz) EPR spectrometer 
Radiopan X-2244 with 100 kHz modulation of 
magnetic field. Estimated accuracy in the 
determination of the g-factor was ± 2×10-4 for the 
observed EPR lines.  

The microdiamond powders and the 
polycrystalline compacts demonstrate EPR spectra 
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which are typical for isolated nitrogen centers in 
powder diamonds [3] The spectra are characterized 
by the narrow (ΔHpp~1 G) slightly asymmetrical 
(in doped samples) central line with 
g=2.0024+0.0002 and the weak hyperfine structure 
(Fig.3). Concentration of nitrogen paramagnetic 
centers observed is essentially lower (line 2 in 
Fig.3) comparison with that in the diamonds 
synthesized in the Ni−Mn−B−C system and 
investigated by us earlier (line 1 in Fig.3). It is 
evidence that diamonds crystallized in Mg−Zn 
alloy have essentially lower concentration of 
nitrogen impurities. It occurs probably because 
nitrogen is bonded by Mg in the process of 
synthesis with formation of nitride of magnesium. 
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Fig.2. Evaluated residual stress in boron-doped 
diamond compacts sintered at different 
temperatures. 
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Fig.3. EPR spectra of synthetic diamonds 
investigated. (1) non-doped microcrystal powders 
synthesized in Ni−Mn−B−C system; (2) boron-doped 
microcrystal powders (~80 μm) synthesized in  
Mg–Zn–В–C system at P≈8 GPa ant T=1650 °С;  
(3) polycrystal compact sintered at 1750 °С from the 
micropowder which presented by line 2. 

In the compacts, intensities of nitrogen EPR 
lines decrease also with increasing sintering 
temperature and duration so in compacts sintered 
at temperatures above 1600 °С EPR spectra of 
nitrogen centers become unobservable practically 
(line 3 in Fig.3). 
 
Conclusions 

In boron-doped diamond single crystals and 
polycrystalline compacts studied any traces of sp2-
bonded carbon were not detected.  

Boron doping causes occurrence of tensile 
stress in diamond crystal lattice possibly because 
of, shorter B−C bond in comparison with C−C 
bond.  

On the contrary, in polycrystalline compacts 
sintered from diamond micropowders at high 
pressure, lattices of crystallites are strongly 
compressed, possibly, owing to the residual 
pressure caused by external pressure in the course 
of sintering.  

Use of Mg–Zn–В–C synthesis system leads to 
essential decrease of nitrogen content in 
synthesized diamonds that allows to raise 
efficiency of boron doping and to improve 
electrical and electrochemical characteristics of 
diamond electrodes 
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