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Abstract

:

The stability, mechanical and electronic properties of a BC2N monolayer and its potential use as an anode material for Li-ion batteries were explored using the density functional theory calculation. The proposed BC2N monolayer shows good thermal and dynamical stabilities, as indicated by the ab initio molecular dynamics simulations and phonon dispersion calculations. The BC2N monolayer exhibits highly anisotropic mechanical properties. The electronic structure calculation based on the hybrid functional suggests that the BC2N monolayer is an indirect bandgap (~1.8 eV) semiconductor. The BC2N monolayer shows linear dichroism and is able to harvest visible and ultraviolet light. To investigate the application of the BC2N monolayer as a potential anode material for Li-ion batteries, the Li adsorption and diffusion on the monolayer were studied. The BC2N monolayer exhibits a high theoretical capacity of 1098 mAh/g for Li-ion batteries. The calculated diffusion barrier of Li ion is 0.45 eV, suggesting a rapid Li-ion charge and discharge rate. The unique mechanical and optical properties of the BC2N monolayer also make it an attractive material for use in advanced nanomechanical and optoelectronic devices.
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1. Introduction


Two-dimensional (2D) layered materials with distinctive chemical and physical properties have garnered great interest in the scientific community over the past few decades. Graphene, a prominent member of the 2D materials family, possesses remarkable electronic and mechanical properties, making it a promising material in various applications [1,2]. For instance, graphene and its derivatives have been proven to be promising electrode materials for lithium-ion batteries (LIBs) [3,4]. The unique structure and large surface area of graphene and its derivatives provide a greater exposed surface and various active adsorption sites for Li ions, while reducing the diffusion distance of metal ions and increasing the interfacial interaction between the electrolyte and anode material [4].



It is widely recognized that carbon is capable of forming an extensive range of allotropes. Through recent advancements in experimental and theoretical techniques, several novel two-dimensional carbon allotropes, such as the planar C4 sheet, penta-graphene, phagraphene and graphdiyne, have been discovered [5]. The electron configuration of B and N resemble that of C. The difference lies in the fact that they have one electron less or one electron more than element C in their outermost shell. Additionally, their atomic radii are similar to that of element C, with element B having a slightly larger atomic radius and element N having a slightly smaller one. The combination of B, C and N atoms offers the potential for the formation of diverse compositions and allotropes of ternary boron-carbon-nitride (B-C-N) materials [6]. In fact, several B-C-N compounds with different compositions and properties, such as carbon-doped h-BN nanosheets, graphene-like B-C-N monolayers and carbon-rich BxCyNz, have been successfully prepared experimentally [7,8,9,10,11,12,13,14,15,16,17,18]. In addition, extensive theoretical studies have been conducted to investigate the stability and properties of novel 2D ternary B-C-N compounds [18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35]. However, the majority of them obtained experimentally were graphene/h-BN composites or graphene with modified edges, and the theoretically predicted 2D B-C-N allotropes have been found to be graphene-like nanosheets with a honeycomb lattice. Only a few 2D B-C-N allotropes, such as the T graphene-like (BN)nC8-2n (n = 0–4) monolayer and Penta BCN monolayer, which exhibit distinct structural arrangements from the honeycomb lattice, have been theoretically predicted [30,36]. The presence of diverse configurations of C-N, C-B and C-C bonds in 2D B-C-N nanosheets suggests the potential discovery of additional allotropes with diverse structural arrangements and extraordinary mechanical and electronic characteristics, which may exhibit a range of intriguing characteristics, including the efficient absorption of visible light, high stability and exceptional energy storage capabilities.



Additionally, the current anodes, predominantly graphite, have been widely used in LIBs due to their stability and relatively high capacity. However, they have inherent limitations that impede their suitability for future high-energy and high-power LIBs. These limitations include a limited theoretical capacity of 372 mAh/g and low rate capability [37,38]. Carbon nitrides, including a variety of nitrogen-rich graphite analogs, have been recognized for their high nitrogen content and the presence of porous defect sites, which make them suitable for lithium storage [37,39]. However, the practical application of carbon nitrides as anode materials is hindered by their poor electrical conductivity, chemical inertness, and inefficient intercalation/deintercalation processes [40]. To address these challenges, we propose the utilization of a 2D layered material, specifically the B-C-N monolayer, as an innovative anode material for LIBs. The incorporation of N and B atoms in the B-C-N monolayer may result in a high affinity for lithium atoms, enabling a significantly increased theoretical capacity for Li storage. Moreover, the B-C-N monolayer possesses a large surface area, which facilitates efficient Li adsorption and desorption processes. This feature may allow for enhanced lithium storage capacity and improved rate capability, addressing the limited theoretical capacity and low rate capability limitation of conventional graphite anodes.



Herein, we predicted a novel 2D BC2N monolayer with interesting mechanical, electronic and energy storage properties. The ab initio molecular dynamics simulations and phonon spectrum calculation indicate the excellent thermal and dynamical stabilities of the proposed BC2N monolayer. The BC2N monolayer can withstand a maximum stress of ~21 N/m, corresponding to a tensile strain of 17%, demonstrating its mechanical flexibility under tensile strain. The BC2N monolayer is an indirect bandgap semiconductor and shows strong visual and ultraviolet light absorbance. In addition, the BC2N monolayer exhibits a high theoretical capacity of 1098 mAh/g for Li-ion batteries. Furthermore, the low Li diffusion barrier points to a rapid charge and discharge rate for Li-ion batteries. Taking into account all of these properties, it can be inferred that the BC2N monolayer has the potential to be used as an Li-ion battery’s anode material. The distinctive optical and mechanical properties of BC2N render it highly attractive for applications in advanced optoelectronic and nanomechanical devices.




2. Stability of BC2N Monolayer


The proposed BC2N monolayer’s atomic structure is depicted in Figure 1a,b. The length of the sides of the BC2N in the plane of the monolayer are equal, with a = b = 4.93 Å. The angles between the sides in the plane of the monolayer are right angles, with α = β = 90°. Additionally, the angle between the sides in the plane of the monolayer and the out-of-plane direction is 86.56°, denoted by γ. All the N, C and B atoms in the BC2N monolayer are three-coordinated. Two distinct types of C atoms, namely C1 and C2, were observed. Each C1 atom forms chemical bonds with two C2 atoms and one N atom, whereas each C2 atom forms bonds with two C1 atoms and one B atom. Additionally, each N atom coordinates with two B atoms and one C1 atom. The bond lengths in BC2N monolayer are 1.46 Å for C1-C2, 1.32 Å for C1-N, 1.48 Å for C2-B and 1.50 Å for N-B. The atomic structure of the BC2N monolayer proposed in this study is distinct from previously reported experimental and theoretically predicted B-C-N monolayers, which typically exhibit a honeycomb lattice structure. In order to assess the dynamic stability of the BC2N monolayers, phonon dispersion calculations were conducted, and the results are presented in Figure 1c. The absence of any imaginary phonon frequencies across the Brillouin zone suggests the good dynamic stability of the BC2N monolayer. Additionally, we also conducted AIMD simulations at 600 K to investigate the thermal stability of the BC2N monolayer. A 3 × 3 × 1 supercell of the BC2N monolayer was used in the simulations to represent a large enough sample of the 2D material. The results of the simulations, including the structures of the BC2N monolayer and the overall energy variation, are displayed in Figure 1d. The N, B and C atoms within the BC2N monolayer were observed to oscillate around their equilibrium positions due to thermal energy; however, the C-N, C-B, B-N and C-C bonds within the BC2N monolayer remained intact after 10 ps of simulation time. Furthermore, the pair correlation function (g(r)) was also calculated and is shown in Figure S1. The peaks in the g(r) function remain distinct at 300 K, 450 K and 600 K, which suggests the absence of any phase transitions throughout the 10 ps simulation period. Thus, it can be concluded that the BC2N monolayer is thermally and dynamically stable.



In order to assess the bond strength in the BC2N monolayer, crystal orbital Hamilton population (COHP) calculations were performed. The ICOHP value is a quantity determined by performing an integration of the COHP up to the Fermi energy (Table S1). The ICOHP value for the interaction between C1 and C2 atoms in the BC2N monolayer is 8.78 eV. This value is significantly smaller than the ICOHP value for the C-C interaction in graphene, indicating that the bonding strength between C atoms in the BC2N monolayer is weaker than in graphene. The reason for the relatively weaker bonding strength between C atoms in the BC2N monolayer arises from its unique structural arrangement. Specifically, the four C atoms in the monolayer are arranged in a square, which is distinct from the hexagonal structure of graphene. The calculated -ICOHP value for the B-C bond is 8.25 eV, and for the N-B bond, it is 7.54 eV. In contrast, the -ICOHP value for C-N bond is 12.09 eV, which is substantially greater than that for the C-B, C-C and N-B bonds. The bond strengths in the BC2N monolayer follow the trend: C-N > C-C > B-C > N-B. Based on Bader charge analysis, the charges on the C1, C2, B and N atoms are 0.51, −0.48, 1.57 and −1.6 e−, respectively. This indicates that C1 and B atoms transfer electrons to nearby N atoms, while C2 atoms accept electrons from nearby B atoms. This can be understood from the electronegativity of N, B and C. The B atoms, which have higher electronegativity values than C and N, are expected to transfer electrons to nearby atoms. Additionally, the N atoms, which have lower electronegativity values than C and N, are expected to accept electrons from nearby atoms. The C1 atom coordinates with N atoms to show a positive charge, while the C2 atom coordinates with B atoms to show a negative charge.




3. Mechanical Properties


The elastic constants were calculated to further understand the mechanical stability of the BC2N monolayer. The elastic modulus    C  2 D     can be estimated by [41]


   C  2 D   =    (  E −  E 0   )     S 0    ×    (     l 0    Δ l    )   2   








where    E 0   ,    S 0    and    l 0    represent the total energy, lattice volume and lattice constant of the unstrained BC2N, respectively;   Δ l   denotes the deformation and E is the total energy of the strain BC2N.



Poisson’s ratio (ν) and Young’s modulus (Y) are key mechanical properties that characterize the behavior of materials. The Poisson’s ratio enables us to evaluate how the BC2N monolayer responds to transverse strain when subjected to external loads. Young’s modulus provides insights into the material’s stiffness or flexibility, allowing us to assess the rigidity of the BC2N monolayer. The Young’s modulus was calculated as follows:


   Y x  = (  C  11     C  22   −  C  12  2  ) /  C  22     










   Y y  = (  C  11     C  22   −  C  12  2  ) /  C  11     











Additionally, the Poisson’s ratio can be obtained using the following equations:


νx = C21/C22










νy = C12/C11











The results in Table 1 indicate the mechanical stability of BC2N. The C11, C12, C22, C26 and C66 are 198, 119, 200, −14 and 113 J/m2, respectively. The mechanical stability criteria of C11 × C22 > C12 × C12, C11 > 0 and C66 > 0 [42] are all satisfied. Table 1 shows that the Young’s modulus of BC2N is nearly identical in both the x and y directions, with a value of ~127 N/m. To investigate the directionally dependent mechanical properties of the BC2N monolayer, the dependence of Young’s modulus on the angle was calculated. BC2N has strong anisotropy in its mechanical properties, as demonstrated by the calculated angular dependency of its Young’s modulus (Figure 2a) and Poisson’s ratio (Figure 2b). As α increases from 0° to 45°, the Young’s modulus increases from ~127 to 245 N/m but decreases to 128 N/m as α increases from 45° to 90°, before increasing to its maximum value of 282 N/m when α increases from 90° to 135°. In contrast to the hexagonal BN sheet (270 N/m), the BC2N monolayer has a higher maximum Young’s modulus [43].



The Young’s modulus of BC2N can be explained through analyzing the structure and bonding strength of its constituent C-C, C-B, N-C and N-B bonds. In Figure 1a, we observe that the C-C and N-B bonds are aligned parallel to the x-axis, while the N-C and C-B bonds are oriented at angles of 45° and 135°, respectively, with the x-axis. Our calculations reveal that the bonding strengths of these bonds follow the following trend: N-C > C-C > C-B > N-B. The relatively low Young’s modulus observed at α = 0° and 180° arise from the relatively weak N-B bonds, which are oriented along the x-axis. Conversely, the highest Young’s modulus observed at α = 135° is due to the strong N-C bonding strength. The C-B bonding strength is found to be higher than that of C-C and N-B but lower than that of N-C. This explains why Young’s modulus at α = 45° is higher than that at α = 0° but lower than that at α = 135°. In terms of Poisson’s ratio, the BC2N monolayer exhibits a maximum value of 0.60 at α = 0° and 90° and a minimum value of 0.16 at α = 45° and 135°, further emphasizing its strong anisotropy. When a small amount of strain is applied to the BC2N sheet, Figure 2c demonstrates that it exhibits a linear stress–strain relationship. As the strain applied to the BC2N sheet increases, the stress–strain relationship becomes more nonlinear. The maximum stress is ~21 N/m, corresponding to a strain of 17% for BC2N. The previous report suggests a peak stress of 25 N/m for the B4N monolayer [44], which is comparable to the proposed BC2N monolayer. The stress levels abruptly fall after reaching the maximum tensile point.




4. Electronic and Optical Properties


We performed band structure and density of states (DOS) calculations by utilizing the HSE06 functional to obtain insights into the electronic properties of the BC2N monolayer. The calculated 3D band structure (Figure 3a) of the BC2N monolayer shows that the conduction band minimum (CBM) is located at (−0.220, 0.195, 0.000) and the valence band maximum (VBM) is located at (0.195, 0.171, 0.000) in reciprocal space, making BC2N an indirect bandgap semiconductor with a bandgap of 1.81 eV. The projected DOS (see Figure 3b) reveals that both the conduction band near the CBM and valence band near the Fermi level primarily originate from the p orbitals of carbon and nitrogen atoms. Hence, the bonding between N and C in the BC2N monolayer plays a significant role in determining its electronic properties.



Additionally, the optical absorbance of the BC2N monolayer was further evaluated. To account for the potential impact of the vacuum layer thickness on the optical properties of the 2D material, the normalized absorbance, which is not influenced by the vacuum layer, was calculated. As illustrated in Figure 3c, BC2N shows a strong optical anisotropy. For the x-polarized light, a broad visible spectrum absorption peak was observed, with its maximum occurring around 580 nm. However, the x-polarized light shows weaker absorption intensity in the same region. In the ultraviolet region, there is a significant absorption peak for y-polarized light, while x-polarized light exhibits comparatively weaker absorption intensity in the same region. The anisotropic absorption behavior of the BC2N monolayer arises from its distinct atomic structure and electronic properties. The absorption spectra of x-polarized and y-polarized light reflect the different orientations of the BC2N lattice. The intense absorption in the visible region for x-polarized light is due to the transition of electrons from the valence band to the conduction band, which is mainly contributed to by p orbitals of C and N atoms. Additionally, the significant transition of electrons from the deep-lying valence band to the conduction band is responsible for the substantial absorption of y-polarized light in the ultraviolet range. The strong optical anisotropy indicates that the BC2N monolayer can have applications in various optical devices such as polarizers, filters and detectors, where polarization sensitivity is important. The insights gained from our calculations provide a foundation for further experimental studies aimed at exploring the electronic and optical properties of BC2N and its potential applications in various fields.




5. Li Storage Properties


Our above calculation demonstrates the excellent thermal and dynamical stabilities of BC2N. The N and B atoms in BC2N may have a high affinity for Li atoms, which allows for a high storage capacity for Li. Moreover, the large surface area of the BC2N monolayer may provide ample space for Li adsorption and desorption, making it a promising candidate as an anode material. Hence, we further studied the use of the BC2N monolayer as a possible source for the anode in Li-ion batteries.



The results of our analysis indicate that BC2N has 16 different Li adsorption sites, including 4 top sites, 3 hollow sites, and 9 bridge sites. We first examined the adsorption of Li atoms on these sites by calculating the absorption energy defined as follows:


   E  a d s   = E  (  L i − B  C 2  N  )  − E  (  B  C 2  N  )  − E  (  L i  )   








where E(Li) denotes the energy of one Li atom from bulk state, and E(Li − BC2N) and E(BC2N) are the total energy of a 2 × 2 × 1 supercell of BC2N with and without one Li atom adsorption.



We found that the hollow site of the octagon formed by C, N and B and the hollow site of the quadrilateral of C atoms have negative adsorption energies for Li, with respective values of −0.62 eV and −0.32 eV. The hollow site of the octagon shows the lowest Li adsorption energy, indicating that this site is the most stable adsorption site. The Li atoms’ adsorption configurations on the hollow site of the octagon are shown in Figure 4a,c. As shown in Figure S2, the total DOS of Li adsorbed on BC2N crosses the fermi level, indicating the metallic feature of the Li adsorption system, which is a desirable property for anode materials in Li-ion batteries. The DOS around the Fermi level is of particular importance as it determines the electronic properties of the BC2N. As presented in Figure S2, the p orbitals of the C and B atoms are primary contributors to the density of states around the Fermi level. These orbitals likely play an important part in the electronic behavior of the material. Conversely, the N and Li atoms do not seem to significantly affect the density of states around the Fermi level.



The adsorption process of Li atoms on the BC2N monolayer can be studied in detail by analyzing the charge density difference using the following formula:


  ∆ ρ = ρ  (  L i − B  C 2  N  )  − ρ  (  B  C 2  N  )  − ρ  (  L i  )   











Here,   ρ  (  B  C 2  N  )    and   ρ  (  L i − B  C 2  N  )    refer to the total electron densities of the BC2N monolayer and Li adsorbed on the BC2N monolayer, respectively, and   ρ  (  L i  )    is the total electron density of the Li atom. The observed electron-accumulating region between the Li atoms and the BC2N monolayer, as well as the electron-depleting region around the Li atoms (Figure 4b,d), suggest that the adsorbed Li atoms act as electron donors, transferring electrons to the BC2N monolayer. The Bader charge before and after Li adsorption is shown in Table S1. The transfer of charge from Li to the BC2N monolayer is further supported by the Bader charge analysis, which reveals a total transfer of 0.75 e− from Li to BC2N. The C2 atom near Li accepts more electrons compared to that in BC2N. Intriguingly, away from the Li adsorption site, the charge density difference plots also show a small electron-accumulating region around the C1 atoms. On the other hand, the absence of charge transfer or electron-accumulating regions around the C2 atoms (away from the Li adsorption site) suggests that these atoms are not significantly affected by the adsorption of Li. This may be due to the specific electronic properties of the C2 atoms or their location within the BC2N monolayer.



The mobility of Li ions is important in determining the rate of charge/discharge, as well as the overall capacity and lifespan of the Li-ion battery. Hence, we further investigated the diffusion of Li within the BC2N monolayer using the CI-NEB method. Our study considered two possible diffusion paths, namely path 1 and path 2, as illustrated in Figure 5. The analysis aimed to shed light on how Li atoms may move from one adsorption site to another within the BC2N structure. As shown in Figure 5, for both path 1 and path 2, Li starts from the octagonal hollow site of BC2N, and then passes through the local minimum energy position near the carbon tetragonal hollow site and finally reaches the near octagonal hollow site. In both Li diffusion paths, the energy barriers are 0.45 eV, which suggests that the movement of Li is equally easy in both directions. The Li diffusion barriers in BC2N are similar to that of Θ-graphene (0.48 eV) [45] and lower than that of β12/χ3 borophene [46]. This suggests that the BC2N monolayer has the potential to be a promising candidate for use in lithium-ion batteries, as it allows for easy and efficient Li diffusion.



It is crucial to investigate the storage capacity and open-circuit voltages (OCVs) to evaluate the applications of BC2N as an anode material. The following equation is used to determine the maximum Li-ion storage capacity:


  C  (  m A h / g  )  =   n × F   m a s s  (  B  C 2  N  )     








where n is the maximum number of Li atoms that can adsorb on a 2 × 2 × 1 supercell of the BC2N monolayer, mass (BC2N) is the molecular weight of the 2 × 2 × 1 supercell of BC2N, and 𝐹 is the Faraday constant.



The average open-circuit voltages are calculated as


  V =   E  (  n L i − B  C 2  N  )  − E  (  B  C 2  N  )  − n E  (  L i  )   n   











E(Li) corresponds to the energy of a single Li atom in its bulk state. Additionally, the values of E(nLi − BC2N) and E(BC2N) represent the total energy of the BC2N supercell with and without the adsorption of n number of Li atoms, respectively.



To determine the maximum capacity of the BC2N monolayer as an anode material, we gradually increased the adsorption of Li on BC2N (see Figure 6b–f). We only considered two Li layers on either side of BC2N and used a 2 × 2 × 1 supercell for this purpose. First, we fully adsorbed the first layer of Li and then added subsequent Li atoms to BC2N on both sides by considering the second layer. The open-circuit voltages of a system generally reflect the energy required to initiate electrochemical reactions, with higher voltages indicating greater thermodynamic stability. In the case of Li atoms’ adsorption on the BC2N monolayer, Figure 6a shows that as the amount of adsorbed Li atoms grows from 1 to 16, the open-circuit voltages steadily fall from 0.63 V to 0.12 V. This indicates that the system becomes progressively less stable as more Li atoms are added, likely due to the increased Coulombic repulsion between the adsorbed Li atoms. However, the stability of the system takes a dramatic turn beyond the 16th Li atom, as further increasing the adsorbed Li atoms leads to a significant decrease in the open-circuit voltages to near zero. This implies that the system becomes increasingly unstable, with the added Li atoms destabilizing the adsorption site and potentially triggering undesired electrochemical reactions. Previous theoretical studies have identified the nitrogenated holey graphene C2N monolayer as an excellent candidate for Li-ion battery anodes [47]. In the case of the C2N monolayer, the open-circuit voltages (OCVs) consistently decrease from 1.2 V to 0.1 V as the number of adsorbed Li atoms increases [47], mirroring the trend observed in BC2N. At lower Li concentrations, the OCVs of BC2N are lower than those of C2N, potentially due to variances in elemental composition and atomic arrangement. However, at higher Li concentrations, both BC2N and C2N exhibit similar OCVs of 0.1 V. From the above calculation, it can be seen that the 2 × 2 × 1 supercell of BC2N can adsorb up to 16 Li atoms, corresponding to a maximum capacity of 1098 mAh/g, which is comparable to other 2D carbon anodes, including xgraphene, and is greater than the capacity of graphite (372 mAh/g) [48]. The results of high Li storage capacity and low OCVs suggest that BC2N can be a potential anode material for LIBs. Further experimental investigations are necessary to validate these findings and assess the feasibility of utilizing BC2N as an anode material in LIBs.




6. Conclusions


We proposed a novel 2D BC2N monolayer using DFT calculation. The ab initio molecular dynamics simulations and phonon spectrum indicate the excellent thermal and dynamical stabilities of the proposed BC2N monolayer. The BC2N monolayer monolayers can withstand a maximum tensile strain of 17%, corresponding to a stress of ~21 N/m, demonstrating its mechanical flexibility under tensile strain. The BC2N monolayer is an indirect bandgap (~1.8 eV) semiconductor and shows strong visual and ultraviolet light absorbance. Furthermore, the BC2N monolayer displays a remarkable theoretical capacity of 1098 mAh/g for Li-ion batteries, which is three times higher compared to graphite. This significant improvement in capacity highlights the potential of BC2N as a highly promising alternative for achieving higher energy storage capabilities in lithium-ion battery systems. Additionally, the diffusion barrier of Li is only 0.45 eV, which suggests a rapid charge and discharge rate for Li-ion batteries. All these desirable properties make the BC2N monolayer a potential anode material for Li-ion batteries. In addition, exceptional optical and mechanical properties exhibited by the BC2N monolayer render it highly attractive for utilization in cutting-edge optoelectronic and nanomechanical devices.
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Figure 1. The top view (a) and side view of the atomic arrangement in the BC2N monolayer (b); the phonon spectrum and its associated density of state of BC2N monolayer (c); fluctuation in total energy during AIMD simulation at 600 K (d). 
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Figure 2. The Young’s modulus (a), Possion’s ration (b) and strain–stress relationship (c) of BC2N monolayer. 
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Figure 3. The 3D band structure (a), density of state (b) and optical absorbance (c) of the BC2N monolayer. 
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Figure 4. The configuration of Li atoms’ adsorption with the lowest adsorption energy, as seen from the top (a) and side (c) view; the charge density difference of Li adsorbed on the BC2N monolayer, as seen from the top (b) and side (d) view. 
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Figure 5. The relative energy profile of Li diffusion path1 (a) and path2 (b). The insert represents the diffusion path of Li. The diffusion Li atom is denoted as yellow balls. 
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Figure 6. The open-circuit voltages (a) and the configuration for one (b), two (c), four (d), eight (e) and sixteen (f) Li atoms on the BC2N monolayer. 
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Table 1. Elastic constants, Poisson’s ratio (ν) and Young modulus (Y) of BC2N monolayer.
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	C11 (J/m2)
	C12 (J/m2)
	C22 (J/m2)
	C26 (J/m2)
	C66 (J/m2)
	Yx (N/m)
	Yy (N/m)
	νx
	νy





	BC2N
	198
	119
	200
	−14
	113
	127
	127
	0.60
	0.60
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