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1. CALCULATION DETAILS

Ribbons. Electron mobility is defined as

𝜇 =
⃒⃒⃒ 𝜎
𝑒𝑛

⃒⃒⃒
, (S1)

where 𝜎 is the conductivity, 𝑛 - electron density, and 𝑒

is electron charge. In a one-dimensional case one has

𝑛 =
1

𝑎𝑧

∞∫︁
𝐸𝐹

𝑑𝜀𝜌(𝜀)𝑓(𝜀), (S2)

with 𝜌(𝜀) = 4𝑎𝑧/ℎ
∑︀
𝑛
𝑣−1
𝑛 (𝜀)𝜃(𝜀−𝐸𝑛

𝐶) being the density

of electronic states per unit cell, 𝐸𝑛
𝐶 the bottom of

the conduction band of 𝑛th branch, 𝐸𝐹 the Fermi
level, 𝑣𝑛(𝜀) = 𝜕𝐸𝑛/𝜕𝑝 the group velocity, and 𝑎𝑧 the
length of the translation vector along the ribbon. In
our calculations, the Fermi level was set at the level
of the bottom of the conduction band. The number of
branches involved depends on the width of the ribbon.
In the range of widths we considered (2-15 hexagons,
which roughly corresponds to 6-56 Å), only one branch
was taken into account, since the others are located
significantly further than 4𝑘𝐵𝑇 ≈ 0.1 eV and cannot
participate in transport for energy reasons. The density
of states was calculated both through the definition
(with the replacement of delta functions by Gaussian
functions) and using group velocities using the DFTB+
functional, and the results were the same.

Conductivity is written as [1, 2, 3, 4]

𝜎 =
2𝑒2

𝑎𝑧

∑︁
𝑛

𝜋/𝑎𝑧∫︁
−𝜋/𝑎𝑧

𝑑𝑘

Ω𝐵𝑍

[︂
−𝜕𝑓𝑛(𝑘)

𝜕𝜀

]︂
𝑣2𝑛(𝑘)𝜏𝑛(𝑘) (S3)

=
4𝑒2

ℎ

∑︁
𝑛

∞∫︁
𝐸𝑛

𝐶

𝑑𝜀

[︂
−𝜕𝑓(𝜀)

𝜕𝜀

]︂
𝑣𝑛(𝜀)𝜏𝑛(𝜀).

Here 𝜏𝑛(𝜀) is the relaxation time for the 𝑛th branch and
Ω𝐵𝑍 = 2𝜋/𝑎𝑧. The main difficulty lies in the calculation
of 𝜏(𝜀, 𝑇,𝐸𝐹 ). In SERTA approximation one has [5, 4]

𝜏−1
𝑛 (k) =

∑︁
𝑚

∫︁
𝑑q
Ω𝐵𝑍

2𝜋

ℏ
∑︁
𝜆

|𝑔𝜆𝑚𝑛(k,q)|2 (S4)

×
[︁(︁

𝑛(𝜔𝜆(q)) + 1− 𝑓(𝜀𝑚(k + q))
)︁

× 𝛿(𝜀𝑚(k + q)− 𝜀𝑛(k) + ℏ𝜔𝜆(q))

+
(︁
𝑛(𝜔𝜆(q)) + 𝑓(𝜀𝑚(k + q))

)︁
× 𝛿(𝜀𝑚(k + q)− 𝜀𝑛(k)− ℏ𝜔𝜆(q))

]︁

with 𝜆 being the phonon branch idex, 𝑚,𝑛 indices
of electron branches, 𝑛(𝜔) Bose-Einstein distribution
function, and k and q the wave vectors of electrons
and phonons, respectively. |𝑔𝜆𝑛𝑚| is the electron-phonon
coupling (EPC) matrix.

In the non-orthogonal tight-binding approximation,
which underlies both the DFTB method and the
DFTB+ package, the electron subsystem is described
by the Hamiltonian matrix H(k) and the overlap
matrix S(k). The matrix elements in these matrixes
are obtained by expanding the hopping integrals
𝐻𝜇𝑠,𝜈𝑠′(𝑙, 𝑙

′) and the overlap integrals of the wave
functions 𝑆𝜇𝑠,𝜈𝑠′(𝑙, 𝑙

′) into a Fourier series with respect
to the index of the unit cell 𝑙. 𝑠 numbers the atoms
within the unit cell, 𝜇 and 𝜈 number the orbitals of the
atoms, and 𝑙 numbers the unit cells.

The energy spectrum can be obtained from the
following eigenvalue problem:

H(k)𝐴⃗𝑛 = 𝜀𝑛(k)S(k)𝐴⃗𝑛, (S5)

where 𝑛, as before, denotes the branch (zone) number.
By writing the equations of motion for such a system
and considering the changes in the hopping integrals
and overlap integrals due to phonon vibrations of the
atoms as a time-dependent perturbation, in a linear
approximation with respect to displacements, one can
obtain the electron-phonon interaction matrix in the
following form (see [6, 7, 8] for details)



𝑔𝜆𝑛𝑚(k,q) =

√︃
ℏ

2𝜔𝜆(q)

∑︁
𝑠,𝜇,𝑠′,𝜈

𝐴*
𝑛,𝑠𝜇(k + q) (S6)

×
[︂(︂̃︂∇𝐻𝑠𝜇,𝑠′𝜈(k)− 𝜀𝑚(k)̃︂∇𝑆𝑠𝜇,𝑠′𝜈(k)

)︂
e𝜆𝑠 (q)√
𝑚𝑠

−
(︂̃︂∇𝐻𝑠𝜇,𝑠′𝜈(k + q)− 𝜀𝑛(k + q)̃︂∇𝑆𝑠𝜇,𝑠′𝜈(k + q)

)︂
× e𝜆𝑠′(q)√

𝑚𝑠′

]︂
𝐴𝑚,𝑠′𝜈(k).

Here 𝜔(q) is the phonon frequency, e𝜆(q) is the
polarization vector, and 𝑚𝑠 is the mass of atom 𝑠.̃︂∇𝐻𝑠𝜇,𝑠′𝜈(k) is the three-dimensional gradient vector.
To obtain it, it is necessary to find the derivative of
the hopping parameter 𝐻𝜇𝑠,𝜈𝑠′(𝑙, 𝑙

′) with respect to the
displacement of atom 𝑠 in the 𝑥, 𝑦, and 𝑧 directions,
and then perform the Fourier transform with respect to
𝑙, going to k. A similar procedure is carried out to find̃︂∇𝑆𝑠𝜇,𝑠′𝜈(k).

The algorithm implemented in the DFTBephy
package (described in detail in [8]) involves constructing
a unit cell and optimizing it. A sufficiently large
supercell is then created, consisting of an odd number
of unit cells. Typically, this number ranges from
5 to 9 cells; the number is chosen to include the
maximum coordination sphere for which the applied
set of tight-binding parameters is calculated. A finite
mesh is selected for k and q. The electron eigenvalue
problem is solved. Using this supercell, the required
phonon properties, 𝜔𝜆(q) and e𝜆(q) are calculated
using Phonopy. To find ̃︂∇𝐻𝑠𝜇,𝑠′𝜈(k) and ̃︂∇𝑆𝑠𝜇,𝑠′𝜈(k),
the same supercell and finite-difference scheme with a
bias parameter of 0.001Å are used. Next, the matrix
(S6) is calculated, and then the scattering rate (S4). In
this case, the delta functions are replaced by Gaussian
functions with a width 𝜎 = 0.003 eV.

We perform optimization by using the following
parameters: SCC tolerance was 10−9, the maximum
force tolerance was 10−7 a.u., the Fermi filling
temperature was 100 K, and k-mesh was 1×1×220.
The separation distance in the 𝑥 and 𝑦 directions was
set to 7 nm. In our Phonopy calculations, we employed
1×1×7 supercell, 𝑘-mesh was 1×1×23. The charges for
DFTBephy were calculated using the same parameters.
For scattering rates calculation the DFTBephy was set
up with the following parameters: 𝑞-mesh: 1×1×1000
on full BZ.
𝜏(𝑘) calculations were performed for first 𝜋-branch in

conduction band. We used a mesh of 300 𝑘-points. To
study a small segment of the Brillouin zone from the Γ-
point toward the 𝑍-point, we used a refinement factor
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Fig. S1. Phonon dispersion of a two-dimensional
biphenylene network

of 10 and a shift of (0, 0, 0.05). The default values were
kept for all unspecified parameters.

Two-dimensional biphenylene network. In this
case, mobility acquires indices that characterize the
direction of current flow:

𝜇𝛼𝛽 =
⃒⃒⃒𝜎𝛼𝛽

𝑒𝑛

⃒⃒⃒
. (S7)

where 𝛼 and 𝛽 take a set of values {𝑥, 𝑦}. The
conductivity tensor can be found as

𝜎𝛼𝛽 =
2𝑒2

𝑆𝑢𝑐

∑︁
𝑛

∫︁
𝑑𝑘𝑥𝑑𝑘𝑦
Ω𝐵𝑍

[︂
−𝜕𝑓𝑛(k)

𝜕𝜀

]︂
(S8)

× 𝑣𝑛𝛼(k)𝑣𝑛𝛽(k)𝜏𝑛(k),

where 2 comes from summation over spins and 𝑆𝑢𝑐 is
the area of the unit cell. In the sum over 𝑛, we retained
only one term, that is, we considered only the band
that formed an intersection with the Fermi level in
the vicinity of the Γ point. The electron density was
calculated by

𝑛𝑒 =
2

𝑆𝑢𝑐

∑︁
𝑛

∫︁
𝑑𝑘𝑥𝑑𝑘𝑦
Ω𝐵𝑍

𝑓(𝜀𝑛(k), 𝐸𝐹 , 𝑇 ). (S9)

Here also only one branch was considered. The
electroneutrality point was taken as 𝐸𝐹 = 0.

For optimization, a 150×150×1 mesh was chosen.
When calculating phonons, a 7×7×1 supercell and a
22×22×1 k-mesh were used. The phonon spectrum is
shown in Fig. S1. When calculating 𝜏(k), a 𝑞-mesh of
size 400×400×1 centered at Γ-point was used. The mesh



shape coincided with the BZ mesh, but was stretched
over the reciprocal lattice vectors reduced by a factor of
2. For electrons, the 𝑘-mesh was 100×100×1, stretched
over the vectors reduced by a factor of 4, also centered
at Γ-point.

The energy spectrum of 𝜀(k) and the group velocities
𝑣𝛼𝛼(k) were calculated on a 400×400×1 mesh on the
full BZ. When calculating the integrals (S8)-(S9) for the
quantities determined on the mesh, i.e., 𝜀(k), 𝑣𝛼𝛼(k),
and 𝜏𝑛(k), triangulation with linear interpolation was
used.
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