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ABSTRACT: Currently, oxychalcogenides with mixed-anion groups that integrate the property advantages of oxides (wide optical
band gap) and chalcogenides [strong second harmonic generation (SHG) response] through chemical substitution engineering have
attracted widespread interest and are considered to be important candidates for infrared (IR) nonlinear optical (NLO) materials.
Herein, the first Hg-based oxychalcogenide Sr2HgGe2OS6 with mixed anion [GeOS3] units has been successfully synthesized
through a spontaneous crystallization method, which exhibits a favorable balance between the strong SHG response (0.7 × AgGaS2)
and large optical band gap (2.9 eV). In addition, Sr2HgGe2OS6 shows high laser-induced damage threshold (LIDT, 2.1 × AgGaS2)
as well as phase-matching (PM) performance. Theoretical calculations indicate that the Sr2HgGe2OS6 encompasses large
birefringence of 0.128@2090 nm (3.3 × AgGaS2) and its SHG density mainly comes from [HgS4] tetrahedra and [GeOS3] units.
This work not only demonstrates that Sr2HgGe2OS6 is a promising IR NLO material but also provides new ideas for the exploration
of Hg-based oxychalcogenide IR NLO materials.

■ INTRODUCTION
Nonlinear optical (NLO) materials are the key component of
all-solid-state laser frequency conversion system that can
generate nonlinear polarization under laser irradiation and
convert the known wavelength lasers into ultraviolet (UV),
visible, and infrared (IR) wavelength lasers through the
frequency conversion technology like second harmonic
generation (SHG),1 optical parametric amplification,2 and
optical parametric oscillation,3 which effectively broaden the
wavelength range of the laser output.

IR NLO crystals can convert mature near-IR or visible lasers
to realize the laser output in the mid/far-IR bands, and the
coherent light source in this band has very important
application value in numerous fields, such as communication,
medicine, environmental monitoring, civil industries, etc.4−8

Although the commercially available IR NLO crystals, such as
ZnGeP2 (ZGP),9 AgGaS2 (AGS),10 and AgGaSe2 (AGSe)11

have large SHG coefficients and wide IR transmission ranges,
these crystals have intrinsic defects, including strong

absorption of 1−2 μm pumping laser light for ZGP, low
laser-induced damage thresholds (LIDTs) for AGS and AGSe,
and multiphonon absorption of AGS and ZGP near 9 μm,
which limit their wider applications.9,12−14 Although many
other types of IR NLO crystals have been discovered by
researchers over the years, their comprehensive performances
are not outstanding enough. Therefore, exploring new reliable
mid- and far-IR NLO crystals is still very necessary.15−17

From the point of view of practical application, fulfilling the
following four performance requirements is highly advanta-
geous for new IR NLO crystals: (i) strong SHG response (≥1
× AGS); (ii) wide optical band gap (Eg > 2.33 eV) along with
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high LIDT; (iii) wide IR transmission range (particularly for
the two “3−5” and “8−12 μm” atmospheric transparent
windows); and (iv) appropriate birefringence (Δn > 0.04) for
phase-matching (PM) behavior. At the same time, the crystals
should also be stable in the air as well as easy to grow and
process. However, it is a great challenge to achieve a positive
balance of the above parameters. Notably, in recent studies,
oxychalcogenides with mixed anionic moieties have attracted
wide interest and are considered to be an important class of IR
NLO candidates due to their ability to combine the strengths
of oxides (wide band gap) and chalcogenides (large SHG
response) effectively. Driven by the above strategy, a
substantial amount of NLO materials have been synthesized
and characterized, such as La3Ga3Ge2O10S3,

18 Sr5Ga8O3S14,
19

Ae3Q[GeOQ3] (Ae = Ba, Sr; Q = S, Se),20 AeGeS2O (Ae = Ba,
Sr),21 A2MM2′OS6 (A = Ca, Sr, Eu; M = Zn, Cd, Mn, Fe, Co,
Ge; M′ = Ge, Sn, Ga),22−29 Sr3Ge2O4Se3,

30 Ae3Ge2O4Te3 (Ae
= Ba, Sr),31,32 etc.33−35 Most of them have demonstrated
surprising performance. However, Hg-based oxychalcogenide
IR NLO materials have never been reported, as far as we know.
Actually, Hg-based IR NLO materials are attractive for the
following reasons: (i) Hg2+ cation possesses highly polarizable
and deformable electron clouds, which can enhance the NLO
intensity and birefringence to a certain extent; (ii) Hg is
conducive to the enlargement of the IR transparent range as a
heavy metal element; (iii) Hg atom has multiple coordination
modes with chalcogen in linear, triangular, and tetrahedral
modes, which not only increases the structural diversity but
also enables the opportunity to obtain strong NLO
effects.36−40

After much effort, the first Hg-based oxychalcogenide IR
NLO material Sr2HgGe2OS6 with highly polarized [GeOS3]
units was successfully synthesized via the spontaneous
crystallization method. It crystallizes in the noncentrosym-
metric (NCS) tetragonal space group P4̅21m (no. 113).
Experimental results indicate a strong SHG response (0.7 ×
AGS), wide optical bandgap (2.9 eV) along with high LIDT
(2.1 × AGS), and PM behavior. In addition, theoretical
calculations display that the Sr2HgGe2OS6 encompasses a large
birefringence of 0.128@2090 nm (3.3 × AGS) and its strong
SHG response mainly comes from the highly polarized
[GeOS3] units and [HgS4] tetrahedra.

■ EXPERIMENTAL SECTION
Reagents. Caution! Toxic HgS was used; safeguards should be

taken. All highly purified raw materials, Sr (99.99%), HgS (99.99%), S
(99.999%), Ge (99.999%), GeO2 (99.99%), and CsI (99.9%), were
commercially purchased from the Aladdin Co., Ltd. without further
purification and stored in an Ar-filled glovebox. By heating the
stoichiometric mixture of raw elements in flame-sealed silica tubes
under a vacuum of 10−3 Pa, the binary compounds SrS and GeS2 were
synthesized.
Single-Crystal Growth. The spontaneous crystallization method

was used to obtain Sr2HgGe2OS6 single crystals. First, the mixture of
raw materials (molar ratio SrS/HgS/GeO2/GeS2 = 2:1:0.5:1.5, total
mass 0.3 g) was thoroughly ground together with CsI (0.3 g) as flux
and loaded into a quartz tube. The tube was then evacuated to 10−3

Pa, sealed by using a hydroxide flamer, and placed into a programmed
muffle furnace. The furnace was slowly heated to 1123 K within 30 h
and maintained for 24 h to homogenize the reactant, then cooled to
673 K gradually at a rate of 3 K/h. Finally, the furnace was turned off
and the temperature was cooled to room temperature (RT). The
yellow transparent crystals of Sr2HgGe2OS6 were obtained, and they
are insensitive to oxygen and moisture in the air.

Structure Determination. The single-crystal X-ray diffraction
measurement of a suitable Sr2HgGe2OS6 crystal was carried out at
296.15 K employing a Bruker D8 Quest diffractometer with a Mo-Kα
(λ = 0.71073 Å) radiation source equipped with a CCD area detector.
The structure of Sr2HgGe2OS6 was solved with the olex2.solve
structure solution program41 using charge flipping and refined with
the SHELXL-2018 refinement package42 using least squares
minimization. Absorption correction was made by the multi-scan
method. The crystallographic data and structure refinement details of
Sr2HgGe2OS6 are exhibited in Table 1.

Elemental Analysis. Elemental analysis was performed on a
Sr2HgGe2OS6 single crystal using a HITACHI S-4300 scanning
electron microscope (accelerating voltage 15 kV) equipped with an
OXFORD X-MaxN 80 energy-dispersive X-ray spectroscope (EDS).
Polycrystalline Synthesis. Considering the decomposition

property of HgS at high temperatures, the polycrystalline of
Sr2HgGe2OS6 was synthesized by solid-state reaction at the
nonstoichiometric ratio. The mixture of raw materials (molar ratio
SrS/HgS/GeO2/Ge/S = 2:1.4:0.5:1.5:2.6) was ground finely using an
agate mortar and placed into a quartz tube inside the glovebox. Before
heating, the tube was evacuated to 1 × 10−3 Pa and flame sealed. In
the first step, the mixture was gradually heated to 873 K in 24 h and
kept for 72 h, finally cooled to RT slowly. In the second step, the
presintered sample was reheated to 1023 K and held for 72 h,
followed by a slow cooling to RT. The Hg pure element produced by
decomposition in the sample was then removed and the sample was
reground for subsequent tests.
Powder X-ray Diffraction (PXRD). A Bruker D8 advance

diffractometer equipped with Cu-Kα (λ = 1.5418 Å) radiation was
employed to obtain PXRD pattern of Sr2HgGe2OS6 from 10 to 70°
within a scanning step width of 0.02° at 40 kV, 40 mA, and RT. The
simulated pattern is generated by Mercury software.
IR Spectroscopy. The polycrystalline Sr2HgGe2OS6 was mixed

with dry KBr and ground thoroughly at a mass ratio of 1:100, and its
IR spectral data was collected by an Excalibur 3100 Fourier transform
IR spectrometer from 400 to 4000 cm−1.
UV−Vis−NIR Diffuse Reflectance Spectroscopy. An Agilent

Carry 7000 UV−vis−NIR spectrophotometer equipped with an

Table 1. Crystallographic Data and Structure Refinement
for Sr2HgGe2OS6

a

empirical formula Sr2HgGe2OS6

formula weight 729.37
crystal system tetragonal
space group P4̅21m
a (Å) 9.6240(4)
b (Å) 9.6240(4)
c (Å) 6.1904(4)
α (°), β (°), and γ (°) 90
volume (Å3) 573.36(6)
Z 2
ρcalc (g/cm3) 4.225
μ (mm−1) 28.807
F(000) 648.0
radiation Mo Kα (λ = 0.71073)
2θ range for data collection (°) 5.986−60.956
index ranges −11 ≤ h ≤ 13, −13 ≤ k ≤ 12, −8 ≤ l ≤ 8
independent reflections 944 [Rint = 0.0736, Rsigma = 0.0569]
data/restraints/parameters 944/0/36
goodness-of-fit on F2 1.054
final R indexes [I ≥ 2σ (I)] R1 = 0.0323, wR2 = 0.0569
final R indexes [all data] R1 = 0.0436, wR2 = 0.0615
flack parameter 0.03(2)
aR1 = Σ||F0| − |Fc||/Σ|F0|, wR2 = [Σw(F0

2 − Fc
2)2/ΣwF0

4]1/2 for F0
2 >

2σ(F0
2).
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integrating sphere was used to measure the UV−vis−NIR diffuse
reflectance spectrum of Sr2HgGe2OS6 polycrystalline in the wave-
length range of 200−2500 nm. A polytetrafluoroethylene standard
sample with 100% reflectance was used as a reference. The absorption
data was calculated from the reflectance data through the Kubelka−
Munk function.43

Powder SHG Measurement. The size-dependent SHG intensity
of Sr2HgGe2OS6 polycrystalline was estimated through the Kurtz−
Perry technique44 using a 2090 nm Q-switch Ho:Tm:Cr:YAG
fundamental laser. The polycrystalline of Sr2HgGe2OS6 was sieved
into six different particle size ranges (20−50, 50−90, 90−125, 125−
150, 150−200, and 200−224 μm) and loaded into customized
holders with a thickness of 0.5 mm. Likewise, the microcrystals of
AGS were sieved into the same particle ranges as standard samples.
Powder LIDT Measurement. The powder LIDT of

Sr2HgGe2OS6 sample (200−224 μm) was measured by single-pulse
method45 using a 1064 nm pulsed Nd:YAG laser with the same
particle size AGS powder as a reference. The samples were fixed in
custom-made aluminum holders with the use of glass coverslips and
rubber pads with a thickness of 0.5 mm, then placed in the
experimental light path, and irradiated by the pulsed laser (pulse
width τp = 5 ns; repetition frequency = 1 Hz). The laser power was
increased continuously, and the samples were observed under an
optical microscope until the samples showed a bright spot due to
damage, at which time the laser beam power (E) and damage spot
area (S) were recorded. Subsequently, the LIDTs of Sr2HgGe2OS6
and AGS samples were calculated according to the following
equation: LIDT = E/Sτp.
Computational Details. To better understand the structure−

property relationship of Sr2HgGe2OS6, CASTEP,46 a density-func-
tional theory-based planewave pseudopotential code, was used to
perform the first-principles calculations. The exchange−correlation
potential in the calculation of Sr2HgGe2OS6 was described using the
Perdew−Burke−Ernzerhof (PBE) functional within the generalized
gradient approximation (GGA).47 Soft norm-conserving pseudopo-
tentials48 was used in the present study, Ge treats 4 instead of 14
electrons as valence, Ecut 600 eV was used in all the calculations. k-
point sampling of 0.04 Å−1 was used for both self-consistent field
(SCF) and non-SCF (optical properties) calculations; such sampling
is sufficient to converge birefringence and SHG coefficients. As for
optical properties, the scissor operation was applied to match the

experimental value by the shift of conduction band (CB). Addition-
ally, SHG susceptibilities dij and SHG density of virtual electronic
occupied (VE occ) and virtual hole unoccupied (VH unocc) states
were calculated on the basis of a sum-over-state type formalism called
optical and visualization program, separately. According to the
Kramers-Kronics transform, the refractive index was also calculated.

■ RESULTS AND DISCUSSION
Crystal Structure and Elemental Analysis. The single-

crystal X-ray diffraction demonstrates that the melilite-type
oxychalcogenide Sr2HgGe2OS6 crystallizes in the NCS
tetragonal space group P4̅21m (no. 113) with unit cell
parameters of a = b = 9.6240(4) Å, c = 6.1904(4) Å, and Z
= 2. In its independent asymmetric unit, there are one Sr, one
Hg, one Ge, one O, and two S atoms (Table S1). The valences
of the elements Sr, Hg, Ge, O, S1, and S2 were determined to
be 1.950, 2.394, 4.033, −1.840, −2.223, and −1.814,
respectively, based on the calculated bond valence sums
(BVS), as displayed in Table S1, which are consistent with the
structural analysis. This also indicates that the structure of
Sr2HgGe2OS6 is reasonable. The coordination environments
and bond lengths for Sr, Hg, and Ge cation sites of
Sr2HgGe2OS6 are shown in Figure S1. Each Ge atom is four-
coordinated with two S1 atoms, one S2 atom, and one O atom
to form a mixed-anion [GeOS3] unit with a Ge−O bond
length of 1.845(5) Å (Figures 1b and S1a), which is reasonable
compared with the 1.834 Å discovered in Sr2CdGe2OS6.

27 The
Ge−S bond lengths of 2.140(4)−2.211(1) Å are equivalent to
the 2.205(3)−2.210(4) Å range reported in Sr3S[GeOS3].

20

Each Hg atom is coordinated with four S1 atoms to form the
typical [HgS4] tetrahedron with four identical Hg−S bond
lengths of 2.498(2) Å (Figures 1b and S1b), which is also
comparable to the result of 2.405(4)−2.920(3) Å reported in
KHg4Ga3S9.

49 In the structure of Sr2HgGe2OS6, two
neighboring [GeOS3] units form [Ge2OS6] dimers by sharing
O atoms, then the [Ge2OS6] dimers are connected to the
[HgS4] tetrahedra by sharing S1 atoms, as shown in Figure 1a.
These units further form two-dimensional (2D) [HgGe2OS6]∞

Figure 1. Schematic illustration of the crystal structure for Sr2HgGe2OS6 (hiding Sr−O and Sr−S bonds for a better view): (a) view from the c axis;
(b) [HgS4] tetrahedron and [GeOS3] unit; (c) view from the b axis; and (d) 2D [HgGe2OS6]∞ layers view along the ab-plane.
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layers, as shown in Figure 1d, which are separated by Sr2+
cations to form the three-dimensional (3D) Sr2HgGe2OS6
structure (Figure 1c). For the Sr2+ cations located in the octa-
coordinated [SrOS7] polyhedra, the Sr−O bond has a bond
length of 2.819(8) Å and Sr−S bonds range from 3.015(2) to
3.274(3) Å (Figure S1c), which are consistent with those in
the known structure (Sr2CdGe2OS6,

27 2.829 Å for Sr−O bond,
and 3.014−3.278 Å for Sr−S bonds). Tables S2 and S3 exhibit
the specific bond lengths and angles of Sr2HgGe2OS6. In
addition, the EDS mapping images and atomic percentage (%)
for Sr2HgGe2OS6 are illustrated in Figure S2, and it is clear that
the ratio of Sr, Hg, Ge, and S elements is close to 2:1:2:6 and
evenly distributed, which is also consistent with the chemical
formula for Sr2HgGe2OS6.
PXRD. Based on the comparison diagram in Figure 2a, it is

evident that the main phase of the experimental pattern is in
good agreement with the simulated pattern, but there are trace
amounts of centrosymmetric S8 impurity, which could not be
removed after many attempts; we speculate that this is due to
the high-temperature decomposition characteristic of HgS.
Considering its low content and centrosymmetric structure,
the impact on the results of subsequent tests can be ignored.
Optical Properties. The IR and UV−vis−NIR diffuse

reflectance spectra of Sr2HgGe2OS6 are illustrated in Figure
2b,c. It is clear that Sr2HgGe2OS6 has a relatively high
transmittance in the range of 4000−700 cm−1, corresponding
to 2.5−14.2 μm, covering the atmospheric transparent
windows of “3−5” and “8−12 μm”. The only distinct
absorption peak at 691 cm−1 in the IR spectrum is attributed
to Ge−O stretching mode.29 The broad band at about 3300
cm−1 in the IR spectrum due to the symmetric O−H stretching
mode of H2O adsorbed in the sample.50,51 In addition, the
experimental band gap of Sr2HgGe2OS6 is concluded to be 2.9
eV (the inserted spectrum in Figure 2c) according to the

Kubelka−Munk function,43 which is consistent with the yellow
color of Sr2HgGe2OS6 crystal. Obviously, the band gap of
Sr2HgGe2OS6 is larger than those of traditional IR NLO
materials AGS (2.56 eV),52 AGSe (1.73 eV),53 and ZGP (2.02
eV),54 implying that the Sr2HgGe2OS6 may possess high LIDT
than these commercial materials.
Powder LIDT and SHG Properties. LIDT value is a very

important parameter for IR NLO materials. Thus, the powder
LIDT of Sr2HgGe2OS6 was also tested to evaluate its NLO
performance using a 1064 nm pulsed Nd:YAG laser with the
AGS powder as a reference. Starting from 0.1 mJ, the energy of
the incident laser was progressively increased until the damage
point is visible under an optical microscope. 0.47 and 0.22 mJ
were recorded as the cutoff energies of Sr2HgGe2OS6 and AGS,
respectively. As shown in Table S5, the experimental LIDT
result of Sr2HgGe2OS6 is about 74.80 MW cm−2, 2.1 times as
much as that of AGS (35.01 MW cm−2), hinting at the
possibility of Sr2HgGe2OS6’s application in a higher power
laser than AGS. However, this powder LIDT value is not large
enough. In order to improve the LIDT of Sr2HgGe2OS6 for
high-power laser applications, measures such as growing high-
quality crystals, selecting coating materials with high damage
thresholds, and suitable coating methods can be taken.
Sr2HgGe2OS6 crystallizes in the NCS space group P421m
(no. 113) and thus, we measured its powder SHG response
using a 2.09 μm fundamental laser (Q-switched Ho:Tm:-
Cr:YAG) through the Kurtz−Perry method. The reference is
AGS with the same particle size. The SHG intensity clearly
tends to increase with the increasing particle size and then
approaches saturation, which suggests that Sr2HgGe2OS6 can
achieve type-I PM and has a strong SHG response
approximately 0.7 times that of AGS (Figure 3a). Furthermore,
we also compared the NLO properties of title compound and
materials for series A2MM2′OS6 (A = Ca, Sr, Eu; M = Zn, Cd,

Figure 2. (a) Simulated and experimental powder X-ray diffraction patterns (* indicates S8 impurity); (b) IR spectrum; and (c) UV−vis−NIR
diffuse reflectance spectrum of Sr2HgGe2OS6.

Figure 3. (a) SHG intensity versus particle size, and (b) NLO performance comparison of Sr2HgGe2OS6 and AgGaS2.
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Mn, Fe, Co, Ge; M′ = Ge, Sn, Ga; Table S4), showing that
Sr2HgGe2OS6 achieves a good balance between the strong
SHG effect and wide band gap in the same type of melilite
materials. All the above experimental results imply that
Sr2HgGe2OS6 is a very promising IR NLO material with
excellent performances, including strong SHG response, wide
optical band gap, and high LIDT along with PM properties
(Figure 3b). In particular, from Sr2ZnGe2OS6, Sr2CdGe2OS6 to
Sr2HgGe2OS6, it is obvious that the SHG response gradually
increase. Although the band gap of Sr2HgGe2OS6 is smaller
than theirs, it is also larger than that of the commercial IR
NLO material AGS. Therefore, we can speculate that
introducing Hg atoms into oxychalcogenide materials can

both improve the SHG response and maintain a relatively large
band gap value. This discovery is very attractive and can also
be applied to many reported oxychalcogenide systems, further
expanding the exploration direction of new IR NLO materials.
Theoretical Calculations. The band structure of

Sr2HgGe2OS6 is shown in Figure 4a, indicating that it has an
indirect band gap of 2.09 eV, which is smaller than the
experimental band gap of 2.9 eV. Considering the provided
GGA-PBE exchange−correlation functional, this result is not
unexpected. Meanwhile, the PDOS of each element for
Sr2HgGe2OS6 were also plotted, as illustrated in Figure 4b.
The range from −5 to 0 eV in PDOS is mainly predominated
by Ge 4p and S 3p, intermixed with a minor contribution from

Figure 4. Theoretical calculation results of Sr2HgGe2OS6: (a) calculated electronic band structure; (b) partial densities of states (PDOS); and (c)
calculated refractive dispersion curve.

Figure 5. Stereo pair cross-eyed view of SHG-densities of occupied states in the virtual electronic (VE occ) process and unoccupied states in the
virtual hole (VH unocc) process of Sr2HgGe2OS6.
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O 2p orbitals, while the Ge 4s 4p, Hg 6s, and S 3p orbitals
make a major contribution from 2.1 to 5 eV. Due to the
decisive role of the tracks on both sides of the band gap in the
optical properties of materials, the optical properties of
Sr2HgGe2OS6 can be inferred to be primarily determined by
the [HgS4] tetrahedra and [GeOS3] units. Next, also calculated
was the birefringence of Sr2HgGe2OS6 based on the electronic
structure, as shown in Figure 4c, the calculated birefringence
value of Sr2HgGe2OS6 at 2090 nm is 0.128 without scissor shift
or 0.117 with scissor shift of 0.809 eV, which is approximately
3.3 times than that of AGS (0.039@2090 nm).55 Especially,
such a large birefringence value allows Sr2HgGe2OS6 to
achieve PM behavior, which is in good agreement with the
powder SHG experimental results (Figure 3a).

In addition, because Sr2HgGe2OS6 belongs to the NCS
space group P4̅21m, there is only one independent SHG
coefficient d14 within the restriction of Kleinman’s symmetry.56

With and without a scissor shift of 0.809 eV, the SHG
coefficients (d14) evaluated for Sr2HgGe2OS6 are 4.526 and
8.505 pm/V, respectively, which are slightly smaller than that
of experimental results (Figure 3a). Subsequently, in order to
analyze the origin of NLO effect for Sr2HgGe2OS6, SHG
density calculations were also performed, as demonstrated in
Figure 5, from the cross-eyed stereopair of the occupied states
in the virtual electronic (VE occ) process and unoccupied
states in the virtual hole (VH unocc) process, there is no SHG
density distribution on Sr2+ cations, the contribution of VE
occupied state mainly comes from terminal-S (S2) atoms, with
a small portion coming from Hg and bridge-S (S1) atoms,
while the VH unoccupied state of SHG density is composed of
O and bridge-S (S1) atoms. In general, the SHG response of
Sr2HgGe2OS6 mainly originates from [HgS4] tetrahedra and
mixed-anion [GeOS3] units. Moreover, the dipole moment
(DM) analysis of [GeOS3] unit and [HgS4] tetrahedron in
Sr2HgGe2OS6 was also carried out employing the bond valence
method.57 Obviously, the DM of the [GeOS3] unit is clearly
larger than that of the [HgS4] tetrahedron (Table S6), which
implies that the [GeOS3] unit has a significant contribution to
the large birefringence of Sr2HgGe2OS6.

■ CONCLUSIONS
In summary, the first Hg-based oxychalcogenide IR NLO
material Sr2HgGe2OS6 with mixed-anion [GeOS3] units was
successfully synthesized through the spontaneous crystalliza-
tion method, which crystallizes in the NCS tetragonal space
group P4̅21m. The crystal structure of Sr2HgGe2OS6 consists of
2D [HgGe2OS6]∞ layers stacking separated by Sr2+ cations to
balance the charge. It exhibits well-balanced NLO perform-
ance, featuring the strong SHG response (0.7 × AGS), large
experimental band gap (2.9 eV), high LIDT (2.1 × AGS) as
well as large birefringence (0.128@2090 nm), and appropriate
PM behavior. Our research indicates that due to the unique
properties of Hg atoms, such as large polarizability and large
radius, the introduction of Hg atoms is also very advantageous
for improving the NLO performance of oxychalcogenides.
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