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Abstract Infrared nonlinear (IR NLO) optical crystals have an essential position in military and civilian fields because of
their ability to convert lasers from near infrared (NIR) to mid/far infrared (MIR/FIR). In this work, two alkali-metal chalco-
genides, Rb,MGesSg [M=Zn (1), Cd (2)], were successfully synthesized by high-temperature solid-state reactions. Both
compounds feature a two-dimensional layered structure and have a large optical band-gap, the experimental band-gap of 1
and 2 are 3.24 eV and 3.16 eV, respectively. Compound 1 belongs to the centrosymmetric group P-1, while 2 belongs to the
non-centrosymmetric space group P2(1)2(1)2(1) and exhibits obvious NLO effect, which is comparable to that of KH,PO,
(KDP) (@1064 nm) at the particle size of 50~75 pm. Particle-size dependent NLO response measurements indicated that 2
is non-phase-matchable. Compound 2 exhibits a high laser-induced damage threshold of 16.6 X AGS at 1064 nm. Through
the analysis of the crystal structures of these two compounds, the reason why their formulas have the same stoichiometric
ratio but symmetries are different is the structure change of basic building unit [MGe;Sg]*~ in 1 and 2. All M atoms in both
compounds are coordinated by four S atoms to form MS, tetrahedra. In each [CdGe;Sg]*~ unit of 2, three S atoms bonded to
the Cd atom are also bonded to all Ge atoms in that unit, that is to say, each CdS, tetrahedron is connected to the other three
GeS, tetrahedra by sharing S vertices. Unlike the coordination manner in the [CdGe3Sg]27 unit of 2, there are only two S
atoms bonded to both Zn and Ge atoms in [ZnGe;Sg]*~ unit of 1. This structure change of [MGe;Sg]*” unit eventually led to
the non-centrosymmetric transformation. What’s more, to get insight into the origin of NLO effect of 2, theoretical calcula-
tions of electronic band structure and NLO susceptibility were performed based on density functional theory.
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Figure 1 Simulated and experimental powder XRD patterns of 1 (a) and
2 (b) (the intensities of some peaks on the experimental patterns are sig-
nificantly different from those on the simulated patterns due to the pre-
ferred orientation of the sample, which usually exists in compounds with
layered structures)
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Table 1 Crystal data and structure refinement parameters of 1

Empirical formula Rb,ZnGe;S;
Fy 1369.31
Temperature/K 293(2)
Space group P-1

a/nm 0.71792(4)
b/nm 0.74790(4)
¢/nm 1.44305(7)
al/(®) 88.774(4)
BI(°) 84.409(4)
() 72.211(5)
Volume/nm® 0.73424(7)
z 2
Deae/(geem %) 3.214
w/mm! 15.378
GOF on F* 1.037

R [I=20(I)] 0.0450
WR, [I=20(1)] 0.1142
R,"[all data] 0.0649
wRy" [all data] 0.1230
(Apmmaxd Aprin)/(e*nm ) 1080/—1160
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Table 2 Crystal data and structure refinement parameters of 2

Empirical formula Rb,CdGe;Sy
Fy 1515.18
Temperature/K 293(2)
Space group P2(1)2(1)2(1)
a/mm 0.73459(2)
b/nm 1.22234(4)
¢/nm 1.69163(7)
o/(°) 90

BI(°) 90

(%) 90
Volume/nm® 1.51895(9)
z 2
Deac/(gecm ) 3.313
p/mm! 14.688
GOF on F* 1.002

R [I=20(1)] 0.0310
WRy! [I=20(D)] 0.0644
R\"[all data] 0.0400
WR," [all data] 0.0671
Flack 0.988(14)
(AP Dpuin)/(esnm ) 790/—960
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Figure 2 IR spectra of 1 (a) and 2 (b), absorption spectra of 1 (c) and 2 (d) converted from diffuse reflectance spectra
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Figure 4 (a) A [ZnGe;Sg]*” layer of 1 viewed down the a-direction. (b)
A [ZnGe;Ss]*~ layer of 1 viewed down the b-direction. (c) A [ZnGe;Sg]*~
unit in 1. (d) A [CdGe;Ss]* layer of 2 viewed down the c-direction. (e)
A [CdGe;Ss]* layer of 2 viewed down the b-direction. (f) A [CdGe;Sg]*
unit in 2
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