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Nanotwinning in boron subphosphide B12P2 

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. 

Keywords: boron subphosphide, transmission electron microscopy, 
nanotwinning. 

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. 
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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. 1, a. 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 corresponding fast Fourier 
transform (FFT) images are shown in Figs. 1, b and c. One can see that Fourier 
image of nanotwinned structure (see Fig. 1, b) contains extra spots caused by su-
perstructure e.g. an additional spot corresponding to the 0.948 nm interplanar dis-
tance appears in the middle of the radius vector to the (0-111)h spot, which corre-
sponds to the 0.474 nm interplanar distance of the B12P2 crystal lattice. 
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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). 

 
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°, which allows us to explain the ap-
pearance of all additional spots in the Fourier image of nanotwinned structure (see 
Fig. 1, b). 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 (see Fig. 1, a) 
can also be considered as a result of the structural (rhombohedral to triclinic) trans-
formation in B12P2 crystals. The presence of long streaks passing through spots in 
the Fourier images (see Figs. 1, b, c) is most likely due to the fine lamellar struc-
ture 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 al-
so 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 rhom-
bohedral coordinates). The same twinning plane was found for B12As2 [10], how-
ever, in general (0003)h twinning boundary is not typical for the boron-rich com-
pounds with structure related to α-rhombohedral boron. 
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Fig. 2. Fragment of the B12P2 triclinic lattice which corresponds to a nanotwin. Icosahedra are the 
B12 units, black circles show phosphorus atoms. 
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Fig. 3. HRTEM image displaying twins in B12P2 (a) and the corresponding FFT image (b) (the 
indices are given for the hexagonal system). 

 
Both nanotwins and conventional twins in B12P2 formed in the course of ul-

trafast (a few milliseconds) self-propagated high-temperature (> 3000 K) reaction 
may significantly improve the material strength by blocking dislocation move-
ments which open new possibilities for creation and design of advanced materials 
based on boron subphosphide. 
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Методом трансмісійної електронної мікроскопії високої роздільної 

здатності вивчено структуру субфосфіда бору B12P2, отриманого методом високотем-
пературного синтезу. Виявлено два типи двійників: традиційні двійники по площині 
(0003)h і нанодвойнікі, що утворюються як результат подвоєння ромбоедричної 
елементарної комірки B12P2 в напрямку однієї з її осей. 

Ключові слова: субфосфід бору, трансмісійна електронна мікроскопія, 
нанотвінінг. 
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Методом трансмиссионной электронной микроскопии высокого разре-
шения изучена структура субфосфида бора B12P2, полученного методом самораспрост-
раняющегося высокотемпературного синтеза. Обнаружены два типа двойников: тради-
ционные двойники по плоскости (0003)h и нанодвойники, которые образуются как резуль-
тат удвоения ромбоэдрической элементарной ячейки B12P2 в направлении одной из ее 
осей.  

Ключевые слова: субфосфид бора, трансмиссионная электронная мик-
роскопия, нанотвиннинг. 
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