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Although the use of two-dimensional materials for hydrogen storage has been intensively studied, finding
reversible hydrogen storage material with high hydrogen gravimetric density under environmental conditions
remains challenging. In this study, a new two-dimensional BN-biphenylene with Li decoration is systematically
investigated through density functional theory (DFT) and grand canonical Monte Carlo (GCMC) simulations.
The DFT results reveal that the average binding energy between Li and BN-biphenylene monolayers can be
significantly improved from −0.9 eV to −3.34 eV by doping two C atoms at N sites. In this sense, each Li atom
can adsorb three H2 molecules, yielding a high H2 weight density of 12.54 wt%. Meanwhile, considering the
corresponding H2 desorption temperature at the ideal environmental condition of 323.89 K, Li-modified C-doped
BN-biphenylene monolayer can be treated as a promising reversible candidate for high-density hydrogen storage.
In addition, GCMC simulation results also prove that the H2 storage capacity of Li-modified C-doped BN-
biphenylene can reach an ultrahigh 13.28 wt% under 298 K and 1 bar. The present study provides a positive and
valuable reference for exploring ultrahigh-capacity reversible hydrogen storage materials under environmental
conditions.
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I. INTRODUCTION

Energy issues have always been of great concern. On one
hand, the use of fossil fuels, such as coal and oil, has con-
tributed to economic development, but on the other hand, the
use of fossil fuels has indeed led to serious environmental
pollution, including air and water pollution, as well as prob-
lems related to climate change [1,2]. Therefore, the search
for environmentally friendly and efficient clean energy has
become a hot research topic. Hydrogen, as a green and highly
efficient secondary energy source, is considered to be an ideal
candidate material for realizing carbon-free energy because
of its numerous advantages, such as abundant resources, high
calorific value and no harmful emissions [3]. Currently, the
hydrogen storage target of gravimetric density set by the U.S.
Department of Energy (DOE) is 5.5 wt% before 2025 [4,5].
Here, the 5.5 wt% value is the DOE target for the entire
hydrogen storage system, not just for the active hydrogen
storage material. Meanwhile, the average hydrogen adsorp-
tion energy should be in the range of −0.2 ∼ −0.6 eV/H2 to
realize reversible hydrogen storage [6,7].

However, efficient storage and safe transportation of hy-
drogen remain challenges for the development of hydrogen
economy [8]. Traditional hydrogen storage methods, such
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as high-pressure gasification and low-temperature liquefac-
tion, require extremely stringent safety measures and are
often accompanied by heavy energy consumption and seri-
ous evaporation losses, severely limiting the development and
application of hydrogen energy [9,10]. On the contrary, solid-
state physical storage, where hydrogen is physically adsorbed
onto the surface of a material for storage and release [11], is
expected to be the major method of hydrogen storage in the fu-
ture, as it can meet the safety, reversibility, and high efficiency
that are urgently needed for hydrogen energy applications.

In general, stable and efficient physical hydrogen storage
primarily involves two key steps: (i) selection of suitable
substrate materials and (ii) enhancement of hydrogen stor-
age capacity by metal modification, strain effect, and doping
effect. Over the past few years, most previous works on hydro-
gen storage were based on the carbon-based two-dimensional
(2D) materials, such as graphdiyne [12], graphyne [13], and
Irida-graphene [14], because of their excellent properties of
large specific surface area, exceptional chemical stability, and
light weight. However, carbon-based materials are highly sus-
ceptible to oxidation or even combustion at high temperature
[15], which is not conducive to the practical application of
hydrogen storage. Recently, some studies have shown that
B-N-based 2D materials are more advantageous for hydrogen
storage than carbon-based counterparts [16,17]. First, B-N-
based 2D materials possess superior thermal stability and
are more suitable for hydrogen storage at ambient tempera-
tures [18]. Second, pure B-N-based 2D materials have better
hydrogen storage capacity than pure carbon-based materials
with the same geometrical configuration [19,20]. Therefore,
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B-N-based 2D materials may be promising candidates for
high-performance hydrogen storage.

To improve the binding energy between H2 and 2D ma-
terials, the metal decoration strategy is usually used as the
first option [21,22], which can construct an effective inter-
nal electric field. Among all metal atoms, the alkali metal
Li is often used as the first candidate for metal modifica-
tion because its lightest atomic mass allows for the highest
storage mass ratio to some extent. For example, Paramita
et al. found that the average H2 adsorption energy of Li-
decorated hydrogenated h-BN nanosheet can reach a desirable
range of −0.18 to −0.3 eV/H2 [23]. Yong et al. reported that
12.31 wt% of the hydrogen storage mass ratio can be achieved
for Li-modified T-BN [24]. Nevertheless, for some 2D sys-
tems modified by metal atoms, a natural but obligatory
problem, i.e., the phenomenon of metal clustering on the sub-
strate surface, will be frequently encountered. For example,
the binding energies of Li on B6N6 and BN fullerene are
0.80 eV and 0.725 eV, respectively [25,26], both of which are
smaller than the cohesion energy of Li (1.63 eV), implying
the easy formation of Li clusters. To avoid metal-clustering
behavior on the surface of 2D materials and improve the hy-
drogen storage capacity, doping methods are often preferred
because their remarkable effects have been repeatedly demon-
strated [27]. For example, for Li-modified phagraphene, the
binding energy after doping B atoms is 0.8 eV higher than
that of the undoped structure, and the corresponding hydro-
gen storage capacity reaches 13.07 wt% [28]. Similarly, for
Li-modified biphenylene, doping with N atoms increased the
storage density from 9.58 wt% to 10.59 wt% [29].

Recently, Ma et al. theoretically predicted a new stable 2D
B-N counterpart of biphenylene structure (bi-BN) consisting
of 4-, 6-, and 8-membered rings [30]. Its excellent structural
stability and unique symmetric voids are very favorable for
metal modification and atomic doping, and thus may exhibit
high-performance hydrogen storage behavior. In this study,
using density-functional theory (DFT) and grand canonical
Monte Carlo (GCMC) simulation methods, the hydrogen ad-
sorption/release capacity of Li-modified 2D bi-BN material
has been investigated systematically. To prevent Li atoms
clustering and further enhance the binding energy between
Li and bi-BN monolayer, carbon atoms are introduced to the
bi-BN structure. The DFT results reveal that the hydrogen
storage weight ratio of Li-modified C-doped bi-BN can reach
12.54 wt% with ideal H2 desorption temperature (TD) of
∼323.89 K. In addition, according to the GCMC simulations,
the hydrogen storage capacity of Li-modified C-doped bi-BN
can reach an ultrahigh 13.28 wt% under 298 K and 1 bar (en-
vironmental conditions). These findings will further enrich the
application of BN-based 2D materials in hydrogen storage and
encourage more theoretical and experimental studies to ex-
plore the high-performance of bi-BN materials for reversible
hydrogen storage under environmental conditions.

II. METHODS

The structural optimization and electronic property calcu-
lations were performed using the Vienna ab initio simulation
package (VASP) code based on the generalized gradient
approximation (GGA) with Perdew-Burke-Ernzerhof (PBE)

potentials [31,32]. For the 2D bi-BN monolayer, a vacuum
space of 25 Å along the c-axis direction was introduced to
avoid layer interactions. The cutoff energy of the plane wave
was fixed to 550 eV. Monkhorst-Pack k-point meshes of
9 × 7 × 1 and 11 × 9 × 1 centered at the � point were
adopted for structural optimization and static calculations,
respectively. To better describe the van der Waals (vdW) in-
teraction during hydrogen adsorption, the correction DFT-D2
method of Grimme is applied [33]. The energy convergence
criterion was set to be 1 × 10−6 eV. The in-plane lattice con-
stants and atomic positions were fully optimized until the
force on each atom was less than 0.01 eV/Å.

To illustrate the interactions within the system, CP2K pro-
gram package was employed to optimize the structure after
H2 adsorption and output the wavefunction (molden) files
[34]. Then, the Multiwfn program [35] was used to analyze
the molden files and generate an independent gradient model
based on Hirschfeld partitioning (IGMH) [36]. At last, the vi-
sualization of system interactions through the IGMH method
can be achieved by using the VMD software package [37].

To test the structural stability at room temperature (i.e.,
∼300 K), the ab initio molecular dynamics (AIMD) simula-
tions were carried out under NVT conditions (where N, V,
and T represent particle number, system volume, and system
temperature, respectively) [38]. The total simulation time was
10 ps with a time step of 1 fs. In addition, to verify and further
enrich the results of DFT, GCMC simulations of hydrogen
adsorption were performed using the Dreiding force field with
5 000 000 steps for both equilibrium and production [39–41].

In this work, the average binding energy (Eb) between Li
atoms and the bi-BN substrate can be written as

Eb = (EmLi-substrate − mELi − Esubstrate )/m, (1)

where m represents the number of Li atoms. EmLi-substrate, ELi,
and Esubstrate are the energies of the Li-modified substrate,
the Li atom, and the substrate, respectively. The average ad-
sorption energy (Eads) and consecutive adsorption energy (Ec)
of hydrogen molecules can be obtained using the following
equations:

Eads = (EnH2-mLi-substrate − nEH2 − Esubstrate )/n, (2)

Ec = (EnH2-mLi-substrate − E(n-2)H2-mLi-substrate − 2EH2)/2, (3)

where n represents the number of H2 molecules.
EnH2-mLi-substrate, E(n−2)H2-mLi-substrate, and EH2 are the energies
of Li-modified substrate with n H2 molecules, Li-modified
substrate with n-2 H2 molecules, and one H2 molecule,
respectively. The H2 gravimetric percentage (G) can be
obtained based on the following equation:

G(wt%) = nMH2/(nMH2 + MmLi-substrate ), (4)

where MH2 and MmLi-substrate are the total mass of H2 and the
Li-modified substrate, respectively.

III. RESULTS AND DISCUSSION

The optimized structure of pure bi-BN monolayer is shown
in Fig. 1(a), which includes 12 B atoms and 12 N atoms. It
can be clearly seen that all B and N atoms remain in the same
plane without folding, qualitatively indicating the structural
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FIG. 1. (a) Top and side views for the optimized structure of pure BN-biphenylene. The possible adsorption sites, including three hollow
sites (H1, H2, H3), three bridge sites (B1, B2, B3), and two top sites (T1, T2), are indicated. (b) One B atom is replaced by one C atom in
a six-membered ring, defined as BNCB. (c) Two B atoms replaced by two individual C atoms in a six-membered ring, defined as BNCBB.
(d) One N atom replaced by one C atom in a six-membered ring, defined as BNCN. (e) Two N atoms replaced by two individual C atoms in a
six-membered ring, defined as BNCNN.

stability of the bi-BN monolayer. The optimized structure
gives a = 7.656 Å and b = 9.091 Å, which are consistent with
the results of previous studies [42,43].

As the first step, the hydrogen storage performance of pure
bi-BN monolayer is studied. Here, the adsorption energy of
individual H2 molecules on various adsorption positions of bi-
BN substrate [including the hollow sites of the eight-, six-, and
four-membered rings: H1, H2, and H3; The top sites of three
different B-N bonds: B1, B2, and B3; the top sites of B and N
atoms: T1 and T2, see Fig. 1(a)] was checked and compared.
According to our calculation, the H2 molecule adsorbed at
the H2 site (i.e., the hollow site of the six-membered ring)
of bi-BN substrate is the most stable state. The corresponding
distance between the H2 molecule and the bi-BN substrate is
2.79 Å, yielding a small adsorption energy of −0.09 eV/H2,
which is far from the practical application criterion of H2

adsorption.
To increase H2 adsorption energy, Li atom modification

is considered. Clearly, there are three most likely metal ad-
sorption sites on bi-BN monolayer, i.e., H1, H2, and H3.
However, the calculated binding energies of these three sites
are −0.94 eV, −0.91 eV, and −0.72 eV, respectively, which
are all less than the cohesive energy of bulk Li (1.63 eV),
suggesting that Li atoms are very likely to form clusters on
the BN surface. To avoid this scenario, doping effect is per-
formed. Here, we introduce carbon (C) atoms into the bi-BN
monolayer to enhance the binding energy.

As shown in Figs. 1(b)–1(e), the sites and proportions of
C doping in the bi-BN monolayer have been investigated. Fo-
cusing on the B3N3 six-membered ring, there are four possible
doping modes: (1) one B atom replaced by one C atom (de-
fined as BNCB); (2) two B atoms replaced by two individual
C atoms (defined as BNCBB); (3) one N atom replaced by
one C atom (defined as BNCN); (4) two N atoms replaced by
two individual C atoms (defined as BNCNN). Here, to obtain
the highest hydrogen storage capacity, double-side Li atoms
modified symmetrically at the H2 site of the C-doped bi-BN
monolayer are employed. The calculated average binding en-
ergies of Li atoms on BNCB, BNCBB, BNCN, and BNCNN are
−1.22 eV, −1.16 eV, −2.83 eV, and −3.34 eV, respectively
(details about adsorption structures can be found in Fig. 2(a)
and the Supplemental Material [44]). By comparing these
values, it can be seen that the structure with C atoms instead
of N atoms (i.e., BNCN and BNCNN) is more stable than the
structure with C atoms instead of B atoms (i.e., BNCB and
BNCBB). The physical mechanism is that replacing N atoms
with C atoms will introduce electron vacancies, thereby more
significantly increasing the charge transfer and interaction
between Li and the substrate. As shown in Fig. 2(c) and
Fig. S1 [44], more charges are obviously gathered around
C than around N and B. In this sense, Li-modified BNCNN

structure [including 8 Li, 12 B, 8 C, and 4 N atoms,
see Fig. 2(a)] is more suitable as a hydrogen storage
substrate than the other three doping structures, and is
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FIG. 2. (a) Top and side views of optimized Li-decorated BNCNN monolayer. (b) Fluctuations of the total energy and temperature as a
function of simulation time for Li-decorated BNCNN at 300 K by using AIMD simulations. (c) Top and side views of charge density differences
for Li-decorated BNCNN monolayer. Yellow and cyan represent charge accumulation and depletion, respectively.

therefore adopted as the default structure in the following
calculations.

Before discussing the hydrogen storage performance of
Li-modified BNCNN monolayer, it is necessary to check the
structural stability. As shown in Fig. 2(b), AIMD simulations
were performed at room temperature of 300 K. It can be seen
that the energy and temperature fluctuated little throughout
the 10 ps simulation, and no significant metal displacement
as well as structural breakage was observed, indicating that
the Li-modified BNCNN structure is thermodynamically sta-
ble. In fact, such structural stability can also be qualitatively
confirmed by the charge density difference �ρ (defined as
�ρ = ρLi-substrate − ρLi − ρsubstrate, where ρLi-substrate, ρLi, and
ρsubstrate are the charge densities of the Li-modified substrate,
the Li atoms, and the substrate, respectively), the projected
density of state (PDOS), and Bader charge. As shown in
Fig. 2(c) and Fig. S1(a) [44], the amount of charge trans-
ferred from Li to the BNCNN is significantly more than that
transferred from Li to the pure BN, implying that C doping
effectively strengthens the interaction between Li and the sub-
strate, in agreement with previous studies [45]. Such increased
charge transfer can also be analyzed from the Bader charge.
As listed in Table S1 [44], the number of transferred electrons
between Li and the substrate increased from 0.644 e−/atom
to 0.823 e−/atom after C doping. In addition, the high overlap
between C and BN (as well as between Li and the substrate)
over a wide energy range implies strong orbital hybridization
among these atoms (see Fig. S2 [44]), which ensures the
stability of the structure and avoids the clustering of Li atoms.

Then, the hydrogen storage performance of Li-modified
BNCNN monolayer has been investigated in detail. In our
calculated unit cell, a total of 8 Li atoms are used for mod-
ification on both sides of the substrate, and H2 molecules are
introduced into the system one by one. The optimized struc-
tures with different numbers of H2 molecule adsorption are
sketched in Fig. 3. In general, the adsorption site of the first H2

molecule is crucial because it largely determines the position
of subsequent H2 molecules and the maximum hydrogen stor-
age capacity of the material. Here, we try to place the first H2

molecule on top of B atom, C atom, N atom, and B-C bonds,
respectively. The structural optimization shows that the first
H2 molecule preferentially occupies the adsorption site near
the top of the C atom and tilts toward the metal Li atom [see
Fig. 3(a)], which can be understood from the strength distribu-
tion of the internal electric field. In this Li-modified BNCNN

structure, the charge accumulation and depletion between Li
and C atoms are significantly more than that between Li and
B atoms as well as between Li and N atoms [see Fig. 2(c)],
leading to a stronger vertically oriented internal electric field,
which makes the H2 molecules more willing to adsorb near
the top of the C atoms. The corresponding adsorption energy
of H2 is −0.33 eV/H2 (see Table I), which is much higher than
that of the system without Li modification (∼ − 0.08 eV/H2,
see Fig. S3 [44]), confirming once again that Li modification
is very effective in enhancing the hydrogen storage capacity.
Meanwhile, the bond length of H-H (dH-H) increases slightly
from 0.740 Å in the isolated state to 0.774 Å in the adsorbed
state due to the adsorption of Li-modified substrate.
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FIG. 3. The optimized structures of (a) 8H2 (1H2 per Li), (b) 16H2 (2H2 per Li), (c) 24H2 (3H2 per Li), and (d) 32H2 (4H2 per Li) adsorbed
on Li-decorated BNCNN monolayer.

Next, the second, third, and fourth H2 molecules
are sequentially placed into the system. As shown in
Figs. 3(b)–3(d), the detailed adsorption positions are as fol-
lows: the second H2 molecule is symmetrically attached to
the top of another C atom in the six-membered ring; the
third H2 molecule is adsorbed on top of the N atom, form-
ing a planar triangular structure with the previous two H2

molecules. However, when the fourth H2 molecule is initially
placed in the same plane as the previous three H2 molecules,
its position would be optimized above the Li atom, suggesting
that the previously mentioned planar space may be too narrow
to store the fourth H2 molecule. In this sense, the fourth H2

molecule placed directly above the Li atom is considered, and
the optimized structure is shown in Fig. 3(d).

We now move our attention to the calculation data,
which include the average distance dLi-substrate between Li
and the substrate, average distance dLi-H2 between Li and H2

molecule, bond length dH-H of H-H, and average (or consecu-
tive) adsorption energy Eads (or Ec). As summarized in Table I,

in terms of the average properties of H2 adsorption, as the
number of H2 molecules increases (from 1H2/Li to 4H2/Li),
the distance between Li and H2 molecules gradually increases
from 1.913 Å to 2.394 Å, while the average adsorption energy
(Eads) decreases from −0.33 eV/H2 to −0.21 eV/H2, which
is still in the effective range (−0.2 eV to −0.6 eV/H2) for
stable hydrogen storage. Meanwhile, the value of dH-H is al-
ways around 0.76 Å, indicating that H2 molecules are indeed
gathered around Li atoms through physical adsorption, which
is beneficial for the rapid release of H2 molecules.

However, when we focus on the adsorption of each H2

molecule independently, it is found that when the number of
adsorbed H2 molecules increases from three to four, the cor-
responding distance between Li and the fourth H2 molecule
increased dramatically to 3.5 Å [see Fig. 3(d)], resulting in
the consecutive adsorption energy (Ec) of H2 molecules un-
dergoing an abrupt decrease from −0.20 eV to −0.07 eV (see
Table I). The underlying mechanism is that in the process
of physical adsorption, the H2 adsorption is mainly based on

TABLE I. The average distance between Li and H2 molecules (dLi-H2), the average H-H bond length (dH-H), the average adsorption energy
per H2 (Eads ), the consecutive adsorption energy (Ec ), the desorption temperature (TD), and the corresponding hydrogen storage capacity.

Systems n dLi-H2/dH-H(Å) Eads (eV) Ec (eV) TD Gravimetric density

8Li-BNCNN 8H2 1.913/0.774 −0.33 −0.33 422.89 4.56 wt%
16H2 1.984/0.768 −0.28 −0.23 355.99 8.73 wt%
24H2 1.992/0.764 −0.25 −0.20 323.89 12.54 wt%
32H2 2.394/0.758 −0.21 −0.07 256.61 16.05 wt%
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FIG. 4. (a) Comparison of the DFT calculations and fitted force field between H2 and Li-decorated BNCNN. (b) Calculated H2 adsorption
gravimetric for Li decorated BNCNN at 77 K, 233 K, and 298 K with the pressure ranged from 1 bar to 100 bar.

the internal electric field between Li atoms and the substrate
(see polarized H2 molecules and weak orbital hybridization
in Fig. S4 [44]). Once the distance between the H2 molecule
and Li atom exceeds a certain limit, the H2 molecule can
easily diffuse away under thermal perturbation, thus leading
to a substantial decrease in adsorption energy. According
to previous studies, both the dLi-H2 greater than 2.5 Å and
Ec less than 0.1 eV imply that H2 adsorption is ineffective
[46,47]. Therefore, the 8Li-modified BNCNN monolayer ad-
sorbed with 24 H2 molecules is considered to be the most
reasonable hydrogen storage system, and its thermodynamic
stability has been confirmed by AIMD. As shown in Fig. S5
[44], the fluctuations in temperature and total energy over time
are within reasonable ranges, indicating that the Li-modified
BNCNN monolayer with the presence of H2 is thermodynam-
ically stable. In addition, all the Li atoms are independently
located in the six-membered ring and no aggregation occurs.
Therefore, the H2 adsorption has no obvious effect on the
stability of Li-modified BNCNN monolayer and does not lead
to the aggregation of Li atoms.

Meanwhile, it is necessary to consider whether Li-modified
BNCNN monolayer with H2 is capable of forming LiH or LiC
compounds. Here, the IGMH method is employed to illustrate
the interaction between Li and BNCNN monolayers (as well as
between H2 molecules and the Li-modified substrate). First, Li
atoms are denoted as fragment 1, while the BNCNN monolayer
is referred to as fragment 2. As shown in Figs. S6(a) and S6(b)
[44], the primary mode of interaction between Li and BNCNN

monolayers is through van der Waals forces, which do not
meet the bonding criteria of LiC compounds. Then, the H2

molecules are denoted as fragment 1, while the Li-modified
BNCNN monolayer is referred to as fragment 2. Similarly, the
primary mode of interaction between H2 molecules and Li is
through van der Waals forces [see Figs. S6(c) and S6(d) [44]],
in agreement with a previous study [48], which again do not
satisfy the bonding criteria of LiH compounds. Therefore, the
formation of LiH or LiC compounds can be excluded in this
system. Moreover, the overall structural stability at a very high

temperature of 600 K is tested by using AIMD simulations.
As shown in Fig. S7 [44], all the hydrogen still exists in
the form of H2 molecules instead of H atoms, implying that
H2 molecules are difficult to dissociate on the Li-modified
BNCNN monolayer.

As summarized in Table I, the hydrogen storage capac-
ity of Li-modified BNCNN monolayer is 12.54 wt%. The
corresponding desorption temperature (TD) reaches the ideal
environmental temperature of ∼323.89 K, which is favorable
for the practical application of hydrogen storage [49,50]. To
present the hydrogen storage capacity of Li-modified BNCNN

more intuitively, we compared it with other Li-modified B-
N-C 2D materials [51–55]. As shown in Table S3 [44], the
Li-modified BNCNN monolayer has both ultrahigh hydrogen
storage capacity and excellent desorption temperature. Such
an excellent desorption temperature indicates that storage
does not need to cost much (such as high-pressure hydro-
gen storage) for on-board applications, which need further
experimental confirmation and verification. These results in-
dicate that Li-modified BNCNN monolayer can serve as very
promising high-capacity reversible hydrogen storage material
for future hydrogen energy economy.

At last, considering the actual conditions of hydrogen stor-
age, GCMC simulation is used to calculate the hydrogen
storage capacity of Li-decorated BNCNN at different temper-
ature and pressure conditions. First, the Dreiding force field
parameters are obtained by fitting the DFT results with the
Morse equation [56], as listed in Table S2 [44]. The corre-
sponding Morse potential energy curve is shown in Fig. 4(a).
It can be seen that an obvious potential energy well appears at
a distance close to 2 Å between Li and H2 molecules, indicat-
ing that this distance is the optimal location for H2 molecule
adsorption. Then, based on the parameters fitted above, the
isotherms of H2 molecules on Li-modified BNCNN at 77 K,
233 K, and 298 K are calculated as a function of pressure. As
shown in Fig. 4(b), under 298 K (room temperature) and 1 bar,
the hydrogen storage capacity is 13.28 wt%. As the pressure
increases, the hydrogen storage capacity rises rapidly, even
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reaching an impressive 18.10 wt% at 100 bar. In addition,
the lower the temperature, the higher the hydrogen storage
capacity. Under 1 bar, the hydrogen storage weight ratios at
233 K and 77 K are 15.19 wt% and 20.63 wt%, respectively.
When the pressure is increased to 100 bar, the hydrogen stor-
age weight ratios at 233 K and 77 K increase to 19.38 wt%
and 25.23 wt%, respectively. Therefore, combining the ideal
desorption temperature (i.e., ∼323.89 K) discussed above and
the high hydrogen storage weight ratios under ambient condi-
tions, Li-modified BNCNN can be treated as a very promising
material for reversible hydrogen storage.

IV. CONCLUSION

In summary, the hydrogen storage performance of Li-
modified C-doped BN-biphenylene has been investigated
using first-principles calculations and GCMC simulations.
Initially, the very weak adsorption energy (−0.09 eV/H2) of
H2 molecules on pure BN-biphenylene prompted us to adopt
the method of Li modification. However, Li atoms tend to
form clusters on the surface of pure BN-biphenylene due to
the small binding energy (−0.9 eV). To avoid this scenario,
C doping effect is employed to enhance the charge transfer
as well as the binding energy between the Li atom and the
substrate. It is found that the structure with C atoms instead
of N atoms is most stable with high energy of −3.34 eV.
According to the successive adsorption energy of H2, each Li
atom can physically adsorb three H2 molecules with an aver-

age adsorption energy of −0.25 eV/H2. Then, a total of 24 H2

molecules can be adsorbed by the double-sided 8Li-decorated
C-doped BN-biphenylene monolayer, corresponding to a hy-
drogen gravimetric capacity of 12.54 wt%. In addition, such
the thermodynamic stability of the saturated hydrogen storage
structure at 300 K has been confirmed by molecular dynamics
simulations. Considering the hydrogen desorption temper-
ature under ideal environmental condition of ∼323.89 K,
the Li-modified C-doped BN-biphenylene monolayer can be
treated as a promising reversible candidate for high-density
hydrogen storage. Furthermore, GCMC results also prove
that the H2 storage capacity of Li-modified C-doped BN-
biphenylene can reach an ultrahigh 13.28 wt% under 298 K
and 1 bar, realizing ultrahigh-capacity reversible hydrogen
storage under environmental conditions. Further experimental
and theoretical studies are expected to confirm and expand
these predictions.
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