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Probing the uniaxial strain-dependent valley drift and Berry curvature in monolayer MoSi2N4
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We use ab initio calculations and theoretical analysis to investigate the influence of uniaxial tensile strain
on valley drifts and Berry curvatures in the monolayer MoSi2N4, a prototypical septuple atomic layered two-
dimensional material. The low energy electron and hole valleys drift far off the K/K′ point under uniaxial
strains. The direction and strength of valley drift strongly depend on the nature of the charge carrier and uniaxial
strain with a more substantial response along the zigzag path. Our findings exhibit the pivotal role of microscopic
orbital contribution and symmetry lowering. The changing geometric properties of Bloch states affect the Berry
curvatures and circular dichroism. Specifically, Berry curvature dipole is significantly enhanced under the tensile
strain along armchair and zigzag directions. Meanwhile, the particle-hole asymmetry arising from nonequivalent
electron and hole valley drifts relaxes the selection rules, thus reducing the degree of circular polarization up
to ∼0.98. Therefore, strain engineering of valley physics in the monolayer MoSi2N4 is of prime importance for
valleytronics.
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I. INTRODUCTION

Two-dimensional (2D) layered semiconductors are essen-
tial in manipulating the valley degrees of freedom for potential
valleytronics devices [1,2]. Several intriguing phenomena are
experimentally accomplished, such as the valley Hall ef-
fect [3–6], valley excitons [7,8], and valley Zeeman and ac
Stark effects [9]. MoSi2N4 is a newly discovered 2D material
that has attracted significant scientific attention [10,11]. The
monolayer MoSi2N4 has a pair of Dirac valleys at corners of
the Brillouin zone (BZ) connected by the time-reversal sym-
metry operation and constitutes a binary index for low energy
carriers [12–17]. The breaking of inversion symmetry and
high spin-orbit coupling leads to valley contrasting features
in the spin splitting, Berry curvatures, and optical circular
dichroism [14,18]. Thus valley polarization can be controlled
by optical, transport, and magnetic interactions. Theoreti-
cal calculations predict the high electron/hole mobility up
to 270/1200 cm2V−1s−1 for monolayer MoSi2N4, which is
nearly six times larger than that of monolayer MoS2 predicted
[10]. The excellent stability, carrier mobility, suitable band
gap, and protection of capped SiN layer from environmental
disturbance promise an advantage over MoS2 in valley trans-
port properties, especially valley filtering, valley Hall effect,
and valley coupled spin Hall effect [10,19].

Strain engineering is used successfully to improve the
performance of monolayer devices by modifying the band dis-
persion. Some groundbreaking discoveries related to strains
include band gap reduction [20–23], direct to indirect band
transition [24], funneling of photogenerated excitons [25],
tunnel resistance modulation [26], enhancement in Rashba
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splitting [27–30], and coexistence of negative Poisson’s ra-
tio and magnetism [31]. The uniaxial strain can also lower
the symmetry, inducing the band splitting and modulation of
Berry curvature dipole and valley magnetization [32]. The
strain superlattices can open the significant energy gap and
shift the Dirac points in graphene [33]. Furthermore, several
experimental and theoretical investigations predict the direct
to indirect band gap transition in MoS2 under the tensile strain
between 2 to 3% [20,34,35]. Most importantly, 2D materials
are able to sustain significant reversible elastic strain, i.e.,
graphene (25%) [36–38] and MoS2 (11%) [39–41], making
strain-dependent effects easily accessible in experiments.

The strain engineering of monolayer MoSi2N4 has been
gaining attention recently [14,42–44]. These previous reports
are based on the biaxial or uniaxial out-of-plane strain, where
the valley extremum remains at the K/K′ point, preserving the
threefold rotation symmetry [14,42,44]. However, the effect of
reduced symmetry of valleys in monolayer MoSi2N4 remains
unexplored. Recent theoretical and experimental studies
have shown that the nonlinear Hall effect can occur even in
time-reversal symmetric systems under reduced symmetry
[32,45–47]. Therefore, the mechanical tunability of its valleys
and associated properties in monolayer MoSi2N4 under uniax-
ial deformation potential provides an ideal avenue to prospect.

This study demonstrates strain-induced electron and hole
valley drifts and their effects in monolayer MoSi2N4. We the-
oretically apply in-plane lattice deformation up to 10% along
three crystallographic nonequivalent directions, i.e., armchair
(AC), intermediate (IM), and zigzag (ZZ). The energy valley
drifts are responsive to the strain directions. For example,
drifts are more pronounced for strain along the ZZ direction
than the IM and AC directions. Additionally, electron valleys
are more sensitive to the deformation when compared to the
hole valleys. The group theoretical perspective and micro-
scopic orbital contribution explain the underlying mechanism
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behind the asymmetric nature of valley drifts. Afterward, we
provide the effect of asymmetric valley drifts on Berry curva-
ture distribution and optical circular dichroism.

II. CALCULATION METHODS

Density functional theory [48,49] calculations were per-
formed using the projector augmented wave method as
implemented in the Vienna ab initio simulation package
(VASP) [50,51]. The Perdew-Burke-Ernzerhof (PBE) pseu-
dopotentials were used for exchange-correlation potential
[52]. The BZ was sampled using the Monkhorst-Pack method
with a spacing of 0.02 Å−1 [53]. A vacuum of 20 Å along the
z direction was used to avoid artificial interaction between pe-
riodic images. The Wannier representations were obtained by
projecting the Bloch states from first principles calculations
on Mo-3d , N-2s, N-2p, and Si-3p orbitals [54].

The monolayer MoSi2N4 has the hexagonal lattice struc-
ture built by septuple atomic layers in the sequence N-Si-
N-Mo-N-Si-N (see Fig. 1). The lattice can be regarded as a
2H-MoN2 monolayer sandwiched between two silicenelike
Si-N monolayers [10]. There are two alternative choices for
the unit cell of monolayer MoSi2N4 having the P6m2 space
group. As shown in Fig. 1(a), the choices are the P6m2:h
(7 atoms hexagonal lattice) and P6m2:o (14 atoms orthorhom-
bic lattice). It is very efficient to perform DFT calculations in
the P6m2:h setting. However, the P6m2:o is of great conve-
nience in terms of symmetry perspective for strained lattice
along AC or ZZ directions and therefore considered in our
study. First, we have mapped the arbitrary k point (k1, k2) of
hexagonal BZ on the basis of orthorhombic reciprocal vectors.
The results are expressed as [see Sec. I of the Supplemental
Material (SM) [55] for more details]

(k1, k2)h ⇒ (k1, k1 + 2k2)o. (1)

The location of �, M, and K points are shown in Fig. 1(d)
and corresponds to (0, 0, 0), (1/2, 1/2, 0), and (1/3, 0, 0) in
orthorhombic BZ, respectively. First, we have fully relaxed
the structure using the conjugate gradient algorithm until the
force on every atom is smaller than 1 meV/Å. The simulated
lattice parameter (a1) was found to be 2.912 Å, which is in
good agreement with the previous experimental [10,11] and
theoretical studies [12–17].

To simulate the strained lattice of monolayer MoSi2N4

along x (ZZ) and y (AC) directions, we change the corre-
sponding lattice vector to satisfy the relations εx = a′′

1−a′
1

a′
1

and

εy = a′′
2−a′

2
a′

2
, where a′

1(a′
2) and a′′

1 (a′′
2 ) are the lattice constants

along x(y) direction without and with strain, respectively [see
Fig. 1(a)]. For the application of strain along an arbitrary
direction, we rotate the coordinate system such that x′ points
along the direction of strain. After that, we apply strain, re-
lax the structure along y′ direction, and then return to the
original Cartesian system. Due to the C3z and Myz symmetry,
only the directions between θ = 0◦ and 30◦ are of interest,
where θ is measured counterclockwise with respect to the ZZ
direction. Therefore, we have considered θ = 0◦ (ZZ), θ =
15◦ (IM), and θ = 90◦ (equivalent to 30◦) (AC) directions.
For the uniaxially strained lattice, D3h symmetry reduces to
C2h, containing a twofold rotation operation (C2z) and mirror

FIG. 1. (a) Top and (b),(c) side views of monolayer MoSi2N4.
The x, y, and z axes are shown in each case. a1 and a2 are the
primitive lattice vectors, while a′

1 and a′
2 are lattice vectors of the

orthorhombic cell. The rotated Cartesian frame for strain along an
arbitrary direction is shown using green lines. After applying strain
along x′ direction and allowing relaxation along perpendicular y′

direction, the orthorhombic unit cell is shown using red dashed lines.
The effect of strain on the strained lattice is exaggerated for clear
illustration and is much smaller for our considered range. x and
y directions are zigzag (ZZ) and armchair (AC), respectively. The
atomic arrangement is ZZ along 0◦, 60◦, and 120◦, whereas it is
AC along 30◦, 90◦, and 150◦ directions. The first (d) hexagonal and
(e) orthorhombic BZ are shown. Mxy and Myz are the mirror planes
and C3z is the threefold rotation axis. The high symmetry points �,
M, and K of hexagonal BZ are mapped in the orthorhombic BZ
[see Eq. (1)].

symmetry containing the x-y plane. Moreover, additional di-
agonal mirror planes arise for the strain along AC and ZZ
directions, leading to D2d point group symmetry.

The elastic energy density for orthorhombic lattices is ex-
pressed as [56,57]

Uortho = 1
2C11ε

2
xx + 1

2C22ε
2
yy + C12εxxεyy + C44ε

2
xy. (2)

Ci j and εi j are components of elastic constants and strain ten-
sors, respectively. Employing Eq. (2), the direction-dependent
Young’s modulus and Poisson’s ratio are obtained as [56]

Y2D(θ ) = �

C11s4 + C22c4 + ( �
C44−2C12

)c2s2
,

ν2D(θ ) =
(C11 + C22 − �

C2
44

)c2s2 − C12(s4 + c4)

C11s4 + C22c4 + ( �
C44−2C12

)c2s2
, (3)
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FIG. 2. (a) Spin-projected band structures of the monolayer
MoSi2N4 in the presence of SOC. The red and blue denote the
spin-up and spin-down states, respectively. (b) Evolution of band
structures under the uniaxial strain of strength 4% and 8% along the
ZZ and AC directions. The red arrows represent the valley drifts.
Panels (c) and (d) are the zoomed versions of low conduction bands
and top valence bands of monolayer MoSi2N4 with 1% uniaxial stain,
respectively. The vertical dashes represent the location of energy
extreme in k space.

where � = C11C22 − C2
12, c = cos(θ ), and s = sin(θ ). The

dynamical and mechanical stabilities of strained lattices are
confirmed using phonon spectrum and elastic constants, re-
spectively (see Sec. II of the SM [55]).

III. RESULTS

Spin-projected band structure of monolayer MoSi2N4 is
shown in Fig. 2. It has a band gap of 1.72 eV, having va-
lence band maximum (VBM) and conduction band minimum
(CBM) at the � and K points, respectively. The calcu-
lated band gap is smaller than the experimental value of
1.94 eV [10] due to self-interaction error, while it is in good
agreement with previous theoretical PBE results [12–15]. In
Refs. [19,42,58], band gaps are improved using hybrid HSE06
and many-body perturbation theories (GW, BSE). We have
conducted a comparison between the results using the PBE
and HSE06 to validate the choice of functional (see Sec. III
of the SM [55]). The results calculated using HSE06 are
within ±4% as compared to the PBE, excluding band gaps.
Therefore, our calculations are based on the computationally
efficient PBE functional. The valence band (VB) at K points
lies lower in energy than VBM with an offset (��−K=EV

� -EV
K )

value of 0.24 eV [see Fig. 2(a)]. Spins’ eigenstates are po-
larized along the z direction except for the �-Y line and can
be explained by the symmetry aspects [15]. Horizontal-mirror
symmetry (Mxy) commutes with the Hamiltonian, therefore
eliminating the spin polarization along the x-y plane and
preserving it along the z direction. For any k point along
the �-Y direction, H (k) exhibits C2v point group symmetry
and does not contain the spin operator leading to degenerate
eigenvalues. It has Dirac-type valley bands near the K/K′

points. Due to the strong SOC and broken inversion symmetry,
valley fermions exhibit strong spin-valley coupling, valley-
selective optical circular polarization, and valley-contrasting
Berry curvature [13–15]. The VB valley is the spin split
of order ∼130 meV, whereas the CB valley is nearly spin
degenerate (see Sec. IV of the SM [55]). These effects are
well explained by the previous DFT calculations [13–15,59],
tight-binding (TB) models [15], and two-band and three-band
k · p models [13,14].

Figure 2(b) shows the evolution of band structures under
the strain along AC and ZZ directions. We find a robust strain-
valley coupling between the strain and low-energy states.
Uniaxial strain shifts the electron and hole valleys away from
the K/K′ point. Figures 2(c) and 2(d) show the valley drift
response of low CB and top VB under the uniaxial strain in
the limit of 1% along ZZ and AC directions. Here, we observe
that electron valley responses are stronger when compared to
the hole sector. In addition, the parabolicity of bands is more
heavily deformed than the hole bands. This phenomenon can
be explained by the changing geometric effects and orbital
hybridization of relevant Bloch states due to reduced symme-
try of the lattice. The strain modifies the scalar potential for
the corresponding Bloch bands contributing to the low-energy
holes and valley states at the K/K′ point.

For a clear illustration of valley drifts, we have plotted the
constant energy contours of VB and CB near the K point.
The results are shown in Figs. 3(a) and 3(b) (see Sec. V of
the SM [55] for energy contours in the entire BZ). Except
for the immediate vicinity of the K point, the dispersion is
not isotropic. The trigonal warping effect of energy bands is
visible, resulting from the C3z. The trigonal warping effect is
more pronounced for the VB when compared to the CB. When
applying the uniaxial strain, an increase in the warping effect
near the K point is observed due to the continuous reduction
in C3z and translation symmetry along its mutually perpendic-
ular direction. The bands are elliptically warped (due to the
appearance of twofold rotation symmetry) in the immediate
proximity of K when uniaxial strain is applied and increases
with an increasing strain field. The elliptical warping of band
topology is antisymmetric in such a way that the major axis is
along the kx and ky direction for strain along ZZ and AC direc-
tions, respectively. For lattice strained along the IM direction,
the major axis of elliptical warping makes an angle of 30◦.
The anisotropic nature of electronic bands leads to different
effective masses, charge transport, and optical absorption in
different directions. In addition, the energy extreme of the
valley drifts away from the K point. In general, the direction
of valley drift is 2θ (with respect to the K → X direction)
when strain is applied along the θ direction. Particularly,
the direction of valley drift is K → � and K → X for AC
and ZZ directions, respectively [shown by black arrows in
Figs. 3(a) and 3(b)]. To quantify the valley drifts, we plot
the valley extreme as a function of strain in Fig. 3(c). The
VB drift off the K point with the rate 1.38 × 10−3( 2π

a )/%
for strain along the AC direction, whereas the rate of drift is
2.19 × 10−3( 2π

a )/% for the ZZ direction. For uniaxial strain
along the IM direction, drift is between that of the AC or
ZZ direction with the rate of 1.99 × 10−3( 2π

a )/%. Similarly,
the rates of electron valley drifts are 2.17 × 10−3( 2π

a )/%,
3.43 × 10−3( 2π

a )/%, and 3.89 × 10−3( 2π
a )/% for strain along
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FIG. 3. (a) Contour plot showing isoenergy contours of the valence band around the K point for the unstrained case (0%) and with the
uniaxial strain of 4% along AC, IM, and ZZ directions of monolayer MoSi2N4. Black arrows show the directions of valley drifts. (b) The same
as in (a) for the conduction band. (c) Momentum drift of the CB and VB near the K point. Valley extremum as a function of uniaxial strain
applied along the AC, IM, and ZZ directions. Note that only the kx component of drift along K → X, cos(30◦) of the net drift, is shown in
(c) for the IM case. The ky component [sin(30◦) of the net drift] is also there and duly considered in all the calculations. The variation of
(d) Young’s modulus, (e) Poisson ratio, and (f) direct and indirect band gap as a function of strain.

the AC, IM, and ZZ directions, respectively. The electron
valley drifts are nearly ∼1.7 times that of hole valley drifts.

Here, we notice that the drift response is more extensive
when the lattice is stretched along the ZZ direction. That
is because the stretching of the Mo-N bond is asymmetric
when the lattice is stretched along the AC or ZZ direction
[see Figs. 1(b) and 1(c)]. To understand this, we plot Young’s
modulus [Y2D(θ )] and Poisson’s ratio [ν2D(θ )] as a function
of strain in Figs. 3(d) and 3(e). For unstrained monolayer
MoSi2N4, Young’s modulus 485.7 GPa is in good agree-
ment with the experiment value of 491.4 ± 139.1 GPa [10]
and theoretical value of 479 GPa [43]. The drop in Young’s
modulus is significant when strain is along the ZZ direction.
Drastic variation in elastic constants leads to significant cell
deformation. Therefore, electron and hole valley drifts are
more pronounced when uniaxial strain is applied along the
ZZ direction.

Figure 3(f) shows the evolution of direct (Ed
g ) and indirect

(Eg) band gaps. The band gap energies are redshifted under
the uniaxial tensile strain. The shift in the band gap is nearly
direction independent for the smaller strains in the range of

0–5%. However, band gaps are redshifted at a faster rate for
the larger uniaxial strains along the ZZ directions and are
attributed to the more enormous variation in mechanical con-
stants. The redshift rates of the indirect and direct band gaps
are 0.067 eV/% and 0.53 eV/%, respectively. These unequal
rates lead to the enhancement in the valence band energy
offset (��−K ). ��−K increases from 0.24 to 0.43 eV under the
uniaxial strain of 10%. The optical absorption and photolumi-
nescence experiments study these variations in the band gaps
and are widely explored for graphene [33,60,61] and TMDs
[20,62].

The degeneracy of each level is determined by the ir-
reducible representations of point group symmetry of the
monolayer that is contained in the full rotation symmetry
group [63]. The representation of a full rotation group will
be a reducible representation of the D3h group and can be
written as �l=2 = A′ ⊕ E ′ ⊕ E ′′, where A′, E ′, and E ′′ are the
irreducible representations of the D3h point group. Therefore,
the fivefold degenerate Mo-d orbitals split into three cate-
gories at the � point: A′(dz2 ), E ′(dx2−y2 , dxy), and E ′′(dxz, dyz )
under the effect of the trigonal crystal field. The group of
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TABLE I. Irreducible representations and basis functions for the
little group C3h(= C3 × σh) of K/K′ point [63]. The sign ± corre-
sponds to ±K points. The last column contains the energy bands to
which basis functions contribute.

C3h C3 σh Mo N Band

A′ 1 1 |	Mo
2,∓2〉 1√

2
(|	N1

1,∓1〉 + |	N2
1,∓1〉) VB

A′′ 1 −1 |	Mo
2,±1〉 1√

2
(|	N1

1,∓1〉 − |	N2
1,∓1〉) CB + 1

E ′
1 ω± 1 |	Mo

2,0 〉 1√
2
(|	N1

1,±1〉 + |	N2
1,±1〉) CB

E ′
2 ω∓ 1 |	Mo

2,±2〉 1√
2
(|	N1

1,0〉 − |	N2
1,0〉) CB + 2

E ′′
1 ω± −1 |	Mo

1,0 〉 1√
2
(|	N1

1,±1〉 − |	N2
1,±1〉) VB − 2

E ′′
2 ω∓ −1 |	Mo

2,∓1〉 1√
2
(|	N1

1,0〉 + |	N2
1,0〉) VB − 1

wave vector at the K/K′ point reduces to the C3h. Further, we
constructed the Bloch state using the linear combination of
atomic orbitals approach, 	

η

l,m(r, k) = ∑
Rη

eik.RηY m
l (r − Rη ),

where Y m
l are the spherical harmonics and Rη is the position

of Mo, N, and Si atoms. We then identify how the Bloch wave
function 	

η

l,m(r, k) transforms under the symmetry operations
of C3h. Table I classifies the Bloch state at the BZ corners
according to the irreducible representations of C3h. The Mxy

mirror symmetry allows hybridization only between A′ and
E ′ orbitals, opening a gap at the K point [6]. As seen from
Figs. 4(a) and 4(b), the VB and CB states mainly originate
from the hybridization of Mo-d and N-p orbitals. The Bloch
state contributing to CB at the K/K′ point is |	Mo

2,0 〉, whereas
the states for VB are |	Mo

2,−2〉 and |	Mo
2,2 〉 at the K and K′,

respectively. The periodic parts of the Bloch wave functions
for the CB and VB at the K point are predominantly com-
posed of |dz2〉 and |dx2−y2 -idxy〉, respectively. The uniaxial
strain modifies the crystal field between metal and the Mo-N

FIG. 4. Real part of the wave function of (a) VB and (b) CB at the
K point for monolayer MoSi2N4 without strain. Note that, in (a) and
(b), we show only the Mo-N2 network since the contribution coming
from the upper and lower Si-N layer is almost zero. The charge
density difference between the unstrained and 4% strained lattice
along the (c) AC and (d) ZZ directions. The electron accumulation is
shown in cyan and electron depletion is shown in yellow.

trigonal coordination environment. Therefore, strain modifies
the bandwidths of contributing orbitals and energy of the
Bloch states. The energy of d and p orbitals along the strain
direction increases with increasing strain. The out-of-plane
orbitals (dz2 ) are more influenced by the in-plane strain when
compared to the in-plane orbital (dx2−y2 , dxy). Therefore, the
effect of strain is more prominent for electron valleys leading
to larger valley drift for CB. Stretching of orbitals along the
strain direction leads to the charge density redistribution and
increases with the increasing strain field. To compare the ZZ
and AC directions, we plot the ground state charge density
difference between the unstrained lattice and the lattice with
4% of strain. The charge density difference near Mo and inner
N atoms is more prominent in the ZZ case compared to the
AC case. Strong charge density redistribution leads to sharper
changes in the valley drifts, elastic constants, and band gaps
for the lattice stretched along the ZZ direction.

We further investigate the Berry curvatures in monolayer
MoSi2N4 under uniaxial strain. Berry curvature is analogous
to the magnetic field in momentum space and has a pivotal
impact on the electronic transport properties. For example, the
integral of Berry curvature gives Hall conductivity. The Berry
curvature is evaluated using the expression

�(k) = i∇k × 〈u(k)|∇k|u(k)〉, (4)

where |u(k)〉 is the periodic part of the Bloch wave function.
We plot the total Berry curvature of all the occupied bands
in Fig. 5(a). Berry curvature distribution is peaked around
valleys with opposite values at K and K′ points. The contrast-
ing nature of Berry curvatures at the valleys is attributed to
the time-reversal symmetry, enabling the separation of charge
carriers depending on their valley index. The introduction of
strain alters the occupation of different orbitals contributing
to Bloch states and leading to modification in the electronic
energies and Berry curvature. The Berry curvature profile is
strongly modified when the lattice is strained along the ZZ
or AC direction. The Berry curvature peak drifts away from
the K/K′ point, similar to the energy valley drift. The Berry
curvature peak is enhanced up to a factor of ∼1.5 under the
strain of 8% along ZZ and AC directions. The increased Berry
curvature flux density and drift would influence the valley
transport when the external transverse electric field is applied
since the Berry curvature directly enters into the equation of
motion and engenders an anomalous velocity term ∼E × �.
Therein, the strong response of valleys to the strain notably al-
ters the valley-contrasting physics in the monolayer MoSi2N4.

The electron and hole population in two nonequivalent
valleys are controlled by circularly polarized optical pump-
ing. The electromagnetic interaction that gives rise to dipole
transition is Hem = e

mc P · A, where P is the momentum oper-
ator and A is the magnetic vector potential of incident light
[63]. Then, the probability of dipole transition between the
VB [v(k)] and CB [c(k)] is |〈v(k)|Hem|c(k)〉|2. Group the-
ory tells when the dipole transition is allowed or forbidden
[63]. The wave functions v(k) and c(k) at the K point trans-
form as the irreducible representations A′ and E ′

1, respectively
(see Table I). P±(= Px ± iPy) are the chiral momentum op-
erators representing right/left-hand circularly polarized light.
P±(= Px ± iPy) transforms as C3P±C†

3 = ω∓P± [13]. P+
transforms according to the irreducible representation E ′

2.
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FIG. 5. (a) Berry curvature distribution summed for all valence
bands along the path X′-K′-�-K-X in monolayer MoSi2N4. Inset in
(a) shows the mapping of Berry curvature under the first BZ. (b) The
degree of circular polarization of excitation from VB to CB at the
K point. Inset in (b) shows the mapping of the degree of circular
polarization in the first BZ.

A′ ⊗ E ′
2 ⊗ E ′

1 contains only the fully symmetrical irreducible
representation A′. Therefore, right-hand circularly polarized
light will be absorbed at the K point, whereas absorbance
of left-hand circularly polarized light will be forbidden. A
similar analysis shows that only left-hand circularly polarized
light will be absorbed at the time-reversal conjugate K′ point.
The degrees of circular polarization [η(k)] are expressed as

η(k) = |P+|2 − |P−|2
|P+|2 + |P−|2 . (5)

We calculate the degree of circular polarization using the DFT
and the results agree with the symmetry analysis [see inset in
Fig. 5(b)]. The transition is exclusively coupled to a specific
circular polarization at the valley center for zero strain. After
introducing strain, the η(k) at the K point decreases due to
the continuous reduction of the group of wave vectors from
C3h to C2h. The unequal rates of electron and hole valley drifts
soften the valley-selective optical selection rules arising from
the C3 symmetry operation due to changes in its optical matrix
elements [〈v(k)|P±|c(k)〉]. The η(k) reduces up to 0.99 and
0.98 for 10% uniaxially strained MoSi2N4 along AC and ZZ
directions, respectively [see Fig. 5(b)]. Therefore, uniaxial

strain makes monolayer MoSi2N4 less valley selective and
effects are more prominent along the ZZ direction.

Finally, we emphasize that the analysis presented here can
also be manifested in other septuple-layered MA2Z4 (M = Cr,
Mo, W, V; A = Si, Ge; Z = N, P, As) materials [10]. However,
the strength of effects can be different. In addition, there are
no states other than K/K′ near the Fermi level in mono-
layers MA2P4 and MA2As4 [12,17]. Therefore, interference
from the different parts of BZ will be minimal, providing an
additional advantage over the monolayer MoSi2N4. Further-
more, geometric properties of Bloch states other than Berry
curvature can also be modified with the uniaxial strain. For
example, orbital magnetic moments (mnk) are normal to the
plane for 2D materials and have opposite nature for the K and
K′ valleys. Orbital moments tuning allows control over valley
polarization by a vertical magnetic field [64].

IV. SUMMARY AND OUTLOOK

We have reported valley drifts in uniaxially strained mono-
layer MoSi2N4. By taking strain along AC, IM, and ZZ
directions, we confirmed the stronger strain-valley coupling
along the ZZ direction due to pronounced geometric defor-
mation. Additionally, electron valleys show a faster response
(nearly 1.7 times) to the strain than hole valleys owing to
contribution coming from out-of-plane dz2 orbitals. The ob-
served rates of valley drifts are up to 3.89 × 10−3( 2π

a′ )/%.
These effects noticeably affect the valley’s selective optical
excitation. The reduction of threefold rotation symmetry leads
to a substantial drop in the degree of circular polarization
to ∼0.98. Besides, valley drifts influence the Berry curva-
ture profile around the K/K′ point, where an increase in the
flux along with drift can induce the valley current in mono-
layer MoSi2N4. This strong valley asymmetry between valley
carriers directly results from changing geometric and orbital
effects under directional lattice strain that reduces the lattice
symmetry.

Valley drifts lead to the pure electrical generation of valley
magnetization in 2D materials through magnetoelectric effect
and its direct imaging by Kerr rotation microscopy [47]. The
strength and direction of uniaxial strain can be controlled us-
ing stretchable van der Waals heterostructures [32]. The valley
drift observed in monolayer MoSi2N4 is larger than graphene
[∼0.6 × 10−3( 2π

a )/%] [65] and similar to monolayer MoS2

[∼4.5 × 10−3( 2π
a )/%] [35,66]. In addition, high-carrier mo-

bility (∼2.29 × 103 cm2V−1s−1 [67]) and excellent ambient
stability [10] make strained monolayer MoSi2N4 a suitable
candidate to observe the Berry curvature dipole induced non-
linear Hall effect [45,46]. Moreover, the drop in degree of
circular polarization in monolayer MoSi2N4 is smaller than
monolayer MoS2 (∼0.95 [68]) under similar strain, making
valley polarization by optical pumping more robust to the
strain. Our theoretical finding in this work may trigger valley-
based electronic and optoelectronic applications in MoSi2N4

monolayers under in-plane lattice strain.
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