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Abstract: New silicon allotropes, variants of bct-Si4, formed by Si4 rings, and Si8 cubes, have been derived, 

observing several allotropes of graphene, such as: C4 - 10I, C4 -12, and C4 - 8R1. The first two forms are 

composed of two and three flat, fused C4 rings:  C 6 and C 8; joined to four other groups C6, in the first, and C8, 

in the second, allotrope variant. The C4 - 8 - R phase would be dormant by diatomic carbon chains, linked to 

C6 groups, formed by two fused carbon rings, C4. These sp3 three-dimensional allotropes, show variants of the 

bct - C 4, formed by flat rings, C 4 and cubes, C 8, independent and fused, are possible, to form new variants or 

allotropes Bct, of silicon, semiconductors, which could then have some application in component electronics. 

Its basic properties will also be studied in nonlinear optics; trying to provide a complete study on these new 

allotropes, variants of Bct - C4. 
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Introduction 

Sp hybridizations, in carbon atoms and, to a lesser extent, silicon, are very versatile; hosting a 

large number of allotropic forms, with sp, sp2 and sp3 hybridized bonds, which acquire physical 

properties, such as hardness and electronics, different from each other. Among the most common are 

graphite and diamond. Subsequently, nanotubes, fullerenes, and nanosheets, such as graphene and 

its allotropes, have been synthesized or manufactured. It has also been possible, applying modern 

computational methods, to theorize new forms of carbon, such as the already mentioned, bct-C4 [1], 

the forms: C, F, M, O, P, T12, W and Z2. 

In this work, new variants of the bct - C4 phase are proposed, composed of several fused Si4 rings; 

as well as others that combine Si4 rings with other Si8 cubes[ 5, also fused. Forming new bct, silicon 

variants. 

1. Structures 

To define the possible bct - C4 variants, we have based ourselves on the results of some works [ 3, 

4, which predict graphene allotropes, of sp2 hybridization, based on the Demsity Function Theory 

(DFT). Specifically, the structures C4 -10 -I, C4 - 8 - R and C4 - 12- These results have been translated 

into a three-dimensional sp3 hybridization, corresponding to a bct-type structure, composed of flat 

square rings, C4 or Si4. 
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The first of these new structures, derived from the simpler bct - Si4 phase, is formed by two fused 

Si4 rings, with single and double bonds; in the two atoms of the two rings, (Figure 1) 

 

Figure 1. Allotrope bct - Si12 ( a ). 

Another variant phase would be composed of three flat square rings, Si4. The ends of the central 

ring would be formed by two simple links, at the top and bottom of it; and two double bonds, on the 

sides of the central ring. (Figure 2) 

 

Figure 2. Allotrope, bct - Si16. 

Both phases form 8 tetrahedra, 5 silicon atoms, adjacent, at the ends (Figures 1 and 2, right). 

The next phase would be composed of a Si8 cube, centered, and eight Si4 rings on the edges of a 

tetrahedron (Figure 3). 
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Figure 3. Allotrope bct - Si12 (b). 

The tetrahedra, at the top, are separated from those at the bottom, by dense bonds of the Si atoms, 

of the central cbo, Si8 (Figure 3b). 

The following variants would be formed by two cubes of Si8, and two rings, Si4, fused together. 

The 2 central atoms, Si, form double and single bonds.  (Figure 4) 

 

Figure 4. bct-Si18 allotrope (a). 

Another variant, of the previous one, would be formed by three flat rings, Si4, fused; and three 

cubes, also composed of silicon atoms, Si8, fused, in this case, in the form of a double prism. (Figure 

5). 
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Figure 5. Allotrope Bct - Si24. 

It is also possible to form a Bct phase, composed of two fused Si8 cubes, at the edges of a 

tetrahedron; and two flat rings, centered on the body (Figure 6). The central atoms, of the double 

rings, fused, form single and double bonds. 

 

Figure 6. Allotrope bct - Si18 (b). 

The tetrahedrons that form between the planes and cubes of Si4 and Si8, fused, will be separated 

by single bonds, which form the silicon cubes, Si8. 

A new Bct phase, a variant of the previous one, would be composed of fused prisms, with three 

cubes, Si8; located at the edges and in the center of the tetrahedron ( Figure 7 ) . All the atoms of Si, , 

form simple bonds in it. 
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Figure 7. Allotrope bct - Si32. 

All these new Bct phases form 8 octahedrons, with other Si atoms adjacent; located on the edges 

of the tetrahedron. The difference between them would lie in the direct contact between them, in the 

case of being composed of fused flat rings (Figures 1 and 2 ). Or because they are separated by a 

simple link, as in Figures 3–7. 

2. Calculation Model 

2.1. Electronic Properties 

The electrons that move freely through the solid, from the electrons of density, were established 

by the free electron gas model of Drude and Sommerfeld [4], [5]. 

 

NA, is Avogadro's number or constant, Z indicates the electronic valence number, A is the atomic 

mass of the chemical element (in g/mol), ρm, is the mass density (mass, divided by volume) and ne, 

They are the conduction electrons, or number of free electrons. This is the basic equation to calculate 

its concentration. 

For a unit cell, we can simplify the equation to the form: 

 

In this equation, we replace the mass density, ρm, with nºA, which is the number of atoms that 

make up the unit cell [6]. 

The effective or dynamic mass of the electron is defined by the formula: 

 

where, m*, is the effective mass of the electrons, σ, is the electronic conductivity, e, is the charge 

of an electron, and τ, is the Relaxation Time; which is the average time between consecutive collisions 

of an electron. It is an average value, since not all collisions occur at regular intervals. 

There is a relationship between this effective or dynamic mass of free electrons in motion, and 

the forbidden energy gap or band gap [7]. 

 

And between these and electronic mobility [7], which measures the efficiency of semiconductors. 
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2.2. Optical Properties 

To begin to study the optical properties of these allotropes, variants of the bct - Si4, we must 

begin to calculate the atomic or electron polarity[10]. of the silicon atoms, which compose them. 

 

where, aR, the Bohr radius of the components[11] and 4πε0, the inverse of Coulomb's constant, 1/k. 

From this, we can define the linear refractive index, n0[12], as: 

 
In this equation, N is the number of atoms per unit volume in the material or unit cell. 

Under these circumstances, we can already calculate the linear, or first-order, susceptibility χ(1) 

of the solid medium[13]. 
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And, from this, we can derive third-order susceptibility[13]. 

 

The strength of the electric field, atomic (Eat), is determined by the charge of the electron[14], and 

the Bohr radius of silicon[11], in the form: 

 

The charge of the electron (e = 1.602 x 10-19 C), comes in coulombs. 

The impedance, the vacuum, has a value of η0 = 377 ohms (Ω ). That will allow us to calculate the 

refractive index, of second order, n2. This nonlinear refractive index, n2, relates the vacuum 

impedance, η0 , with the third-order susceptibility χ(3), with a directly proportional relationship, 

between them; and with the linear refractive index, n0, in this case inversely proportional, with respect 

to the first two. 

 

Light intensity, at the atomic level, is related to the amplitude of the electric field, atomic; with 

equation [15].  

 
Also called Kerr's optical coefficient. Finally, we can calculate the optical Kerr effect, using the 

equation[16]: 
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Conclusions 

New theoretical variants of bct, (tetraphonal allotropes, centered on the body), derived from flat 

square rings and cbos, of Si4 and Si8, fused or not, have been obtained; as in Figure 3. 

As we have seen, in electronic properties, the energy gap, or band gap, increases proportionally 

with the number of atoms that make up a unit cell. The value closest to a diamente-type structure, 

and to a bct - C4 , will be the allotrope bct - Si12, with an Eg of 4, 5276 eV, From there, this energy gap 

increases from 6, 7914 eV, of the bct - Si18; up to 12, 0736 eV, of the bct - Si32 ( Figure 7 ). 

Electronic mobilities, on the other hand, are inversely proportional to the number of atoms 

present in a unit cell; since a greater presence of atoms would hinder or slow down the flock of 

electrons through a crystal lattice; and a smaller number would facilitate the flow of these electrons. 

Thus, the lowest values will be for allotropes. Thus, the lowest values will be for the allotropes bct - 

Si32 and bct - Si24. And those closest to bct - C4, the variants bct - Si12 and bct - Si18; As expected. 

As for the optical properties, the values are increasing, proportionally to the number of 

nanotomes that make up a unit cell. Those with the lowest value in the Kerr index, n, correspond to 

the theoretical allotropes, bct - Si12 and bct - Si18, whit, 3, 63901 and 4, 45299, respectively; Greater than 

3, 02082 of the diamente and bct - C4 forms, with 8 atoms per unit cell. This figure reaches higher 

values in allotropes formed by a greater number of silicon atoms, such as bct - Si24, with 5, 056, and 

bct - Si32, with 5, 74273; which could be interesting or attractive, in this regard, for possible 

applications in nonlinear optics. 
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