
HAL Id: hal-02131953
https://hal.science/hal-02131953

Submitted on 16 May 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Nanotwinning in boron subphosphide B12P2
B. Kulnitskiy, I. Perezhogin, V. Blank, Vladimir Mukhanov, Vladimir

Solozhenko

To cite this version:
B. Kulnitskiy, I. Perezhogin, V. Blank, Vladimir Mukhanov, Vladimir Solozhenko. Nanotwin-
ning in boron subphosphide B12P2. Journal of Superhard Materials, 2019, 41 (2), pp.139-141.
�10.3103/S1063457619020102�. �hal-02131953�

https://hal.science/hal-02131953
https://hal.archives-ouvertes.fr


Nanotwinning in boron subphosphide B12P2 
  

BB..AA..  KKuullnniittsskkiiyy,,aa,,bb    II..AA..  PPeerreezzhhooggiinn,,aa,,bb,,cc    VV..DD..  BBllaannkk,,aa,,bb    VV..AA..  MMuukkhhaannoovv,,dd    aanndd    VV..LL..  SSoolloozzhheennkkoo  dd,,*  *

                                                           

 
a Technological Institute for Superhard and Novel Carbon Materials, 108840 Troitsk, Russia 

b Moscow Institute of Physics and Technology, 141700 Dolgoprudny, Russia 
c International Laser Center, Lomonosov Moscow State University, 119991 Moscow, Russia 

d LSPM–CNRS, Université Paris Nord, 93430 Villetaneuse, France 

 

 

Microstructure of boron subphosphide B12P2 produced by self-propagated high-temperature 

synthesis has been studied by high-resolution transmission electron microscopy. Two systems 

of twins have been found i.e. conventional twins on the (0003)h plane and nanotwins resulting 

from duplication of the rhombohedral unit cell of B12P2 along one of the basic vectors. 
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Boron subphosphide B12P2 is a hard refractory wide bandgap semiconductor with outstanding high-

temperature stability [1-4] and a promising material for a wide range of engineering applications 

[5]. Here we report the results of transmission electron microscopy studies of B12P2 produced by the 

recently developed method of self-propagated high-temperature synthesis that is characterized by 

the simplicity of implementation, high efficiency, low cost of the product, and good perspectives for 

large-scale production [6]. 

Microcrystalline powder of boron subphosphide has been synthesized by self-propagating high-

temperature reaction of boron phosphate, magnesium diboride and metallic magnesium according to 

the method described in detail elsewhere [6]. According to X-ray diffraction study (TEXT 3000 

Inel, CuKα1 radiation) the sample is well-crystallized single-phase B12P2 with lattice parameters 

a = 0.5992(4) nm, c = 1.1861(8) nm that are close to the literature data [7]. 

Microstructure of boron subphosphide has been studied by high-resolution transmission electron 

microscopy (HRTEM) using JEM-2010 microscope. According to TEM data, the B12P2 powder 

consists of thin flat hexagonal particles having dimensions from tens to several hundred 

nanometers; and a significant part of the particles contains twins. 

A characteristic HRTEM image of boron subphosphide particle is presented in Fig. 1a. The right 

part of the image is the perfectly ordered B12P2 structure without twins and stacking faults, while 

the left part clearly demonstrates the nanotwinned structure similar to that of B6O [8]. The 
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corresponding fast Fourier transform (FFT) images are shown in Fig. 1b and Fig. 1c. One can see 

that Fourier image of nanotwinned structure (Fig. 1b) contains extra spots caused by superstructure 

e.g. an additional spot corresponding to the 0.948 nm interplanar distance appears in the middle of 

the radius vector to the (0-111)h spot, which corresponds to the 0.474 nm interplanar distance of the 

B12P2 crystal lattice. 

The observed superstructure can be formed by the duplication of rhombohedral unit cell of pristine 

B12P2 along one of the basic vectors. Fragment of the B12P2 crystal lattice which corresponds to a 

nanotwin is presented in Fig. 2. The new lattice can be formally described as a triclinic one with the 

following parameters: a = b = 5.24 Å, c = 10.48 Å; α = β = γ = 69.6°, and allow us to explain the 

appearance of all additional spots in the Fourier image of nanotwinned structure (Fig. 1b). The 

(001) plane of the new triclinic lattice is parallel to the (01-11)h (or (100)r) plane of the crystal 

lattice of pristine B12P2. Such nanotwins (Fig. 1a) can also be considered as a result of the structural 

(rhombohedral to triclinic) transformation in B12P2 crystals. The presence of long streaks passing 

through spots in the Fourier images (Fig. 1b,c) is most likely due to the fine lamellar structure of the 

nanotwin fragments. It should be noted that experimentally observed structure of nanotwins in 

boron subphosphide completely differs from the nanotwinned structure theoretically predicted for 

B12P2 [9]. 

In addition to the nanotwins described above, the conventional twinning was also observed. Fig. 3 

shows the twin structure and corresponding Fourier image (the twin reflections are circled). The 

twin boundary is (0003)h plane (or (111) in rhombohedral coordinates). The same twinning plane 

was found for B12As2 [10], however, in general (0003)h twinning boundary is not typical for the 

boron-rich compounds with structure related to α-rhombohedral boron. 

Both nanotwins and conventional twins in B12P2 formed in the course of ultrafast (a few 

milliseconds) self-propagated high-temperature (> 3000 K) reaction may significantly improve the 

material strength by blocking dislocation movements which open new possibilities for creation and 

design of advanced materials based on boron subphosphide. 
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Fig. 1. (a) A representative HRTEM image displaying two B12P2 structures: the perfectly 

ordered one (right part) and the nanotwinned structure (left part). Fragment of a 

nanotwin is marked by white dashes.  (b) FFT image of the left part of (a);  (c) FFT 

image of the right part of (a) (the indices are given for the hexagonal system). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Fragment of the B12P2 triclinic lattice which corresponds to a nanotwin. 

Icosahedra are the B12 units, black circles show phosphorus atoms. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. HRTEM image displaying twins in B12P2 (a) and the corresponding 

FFT image (b) (the indices are given for the hexagonal system). 


