Electronic Supplementary Material (ESI) for Inorganic Chemistry Frontiers.
This journal is © the Partner Organisations 2023

ESI

LaAeAl;S; (Ae = Ca, Sr): Cairo Pentagonal Layered thioaluminates
Achieving Well-balance between Strong Second Harmonic Generation

Response and Wide Bandgap
Jingjing Xu,® Kui Wu,»* Bingbing Zhang,* Haohai Yu,>* Huaijin Zhang?®*

a State Key Laboratory of Crystal Materials and Institute of Crystal Materials,
Shandong University, Jinan, China

b College of Chemistry and Environmental Science, Hebei University, Baoding, China

E-mail: wukui@sdu.edu.cn; haohaiyu@sdu.edu.cn; huaijinzhang@sdu.edu.cn;

CONTENTS
1. Tables
2. Figures

3. References



1. Tables

Table S1. Dimensional distribution of AIS, units in the known thioaluminates.

Table S2. Comparison of the SHG effects and band gaps among LaAeAl;S; and other
reported NLO rare-earth chalcogenides.

Table S3. Crystal data and structure refinement for LaAeAl;S;.

Table S4. Comparison of the distortion degrees (Ad/%o) of AeSg/(La/Ae)Sg units
among LaAeAl;S; and AeAl,S,.

Table S1. Dimensional distribution of AlS4 units in the known thioaluminates.

Space ) ) . .
Compound Unit Dimensionality
group
(AgosCusz,)AlLSs 1-42d AlS, 3D
(Agz.6Cug4)Al4Ss 1-42d AlS, 3D
Ln;AIMS; (Ln=Y, Lanthanide series;
. i P6; AlS, 0D
M=Fe, Co, Ni, Zn, Mn, Cr, V, Ti)

Ba,AISbS; Pnma AlS, 0D
LiBa,AlS, P2,/m AlS, 0D
Nay g0Bag s0(AlS3)0.80 Pnma AlSy 0D
(Alg.973L13.126)S3 C2/c AlS, 0D
Al(V4Sg) F-43m AlS, 0D
AgoAlSg F-43m AlS, 0D
Aly5sMo0,S, F-43m AlS, 0D
AlMo4Sg F-43m AlS, 0D
Aly7sMo0,S, F-43m AlS, 0D
Al(PS,) 1222 AlS, 0D
AlMo,Sg R3mR AlS, 0D
Nas(AlS,) Pbca AlS, 0D
TaS,Aly 33 P6sy/mmc AlS, 0D
NazAlS; P2/n AlS, 0D
AlLisS, P2y/m AlS, 0D
NagAlSg P2,/c AlS, 0D
Rb4(AlLS5) Pna2, AlSy 1D
MAILS, (M=Eu, Pb, Sr) Ccem AlS, 1D
Biy(Al4Sg) P4/nncZ AlS, 1D

TIAIS, C2/c AlSy 2D




ZnAl,S4 Pna2, AlSy 2D

FeAl,Sy R3mH AlSy 2D
MnAl,S, R3mH AlSy 2D
AeAlS, (Ae=Ca, Sr) Fddd AlS, 2D
T153Al113S;, Clml AlS, 3D
CuAlS, 1-42d AlSy 3D
CdALS, 1-4 AlSy 3D
HgAlLS, 1-4 AlS, 3D
Tl5(Al;S1,) P2, AlS, 3D
AllnS; P6,; AlSy 3D
BaAl;S, Pmn2, AlSy 3D
. . AlS¢ 1D;
LngAl3 5S4 (Ln=Y, Lanthanide series) P6s AlSg; AlS,
AlS, 0D

Table S2. Comparison of the SHG effect and band gap among LaAeAl;S; and other
reported NLO rare-earth chalcogenides.

SHG References

Number Compound E; (eV)
(xAgGaS,)

1 La,CuSbSs 2.06 0.5 S1
2 SmyInSbSy 2.13 0.75 S2
3 ZnYgSi,S14 2.38 0.84 S3
4 Gd,GaSbSy 2.41 0.8 S2
5 Dy;GaSq 2.81 0.084 S4
6 Y;GaSg 2.88 0.21 S4
7 LasLiGeS, 3.02 0.7 S5
8 KYGeS, 3.15 1 S6
9 LasInSbS, 2.07 1.5 S7
10 EuHgSnS, 2.14 1.77 S8
11 LagSbh,S5 2.3 1.2 S9
12 La;LiSnS, 2.4 1.2 S5
13 LagIn,GeS 4 2.61 1.8 S10
14 BasSm,Cd;S,g 2.77 1.8 S11
15 LiSm;SiS, 2.83 1.5 S5
16 LaSrGasS, 2.92 1.3 S12
17 LaCaGa;S; 2.96 1.3 S12
18 EuCdGeS, 2.5 2.6 S13
19 Sm4GaSbS, 2.23 3.8 S14
20 LasGa,GeSi4 2.54 4.8 S10




21 CsLaGeS, 3.6 0.18 S15
22 LaCaAl;S, 3.76 0.8 this work
23 LaSrAl;S, 3.78 1.1 this work

Table S3. Crystal data and structure refinement for LaAeAl;S.

Empirical formula LaCaAl;S, LaSrAl;S,
Formula weight 484.35 531.89
crystal system Tetragonal
space group P-42\m
a(A) 9.4861(16) 9.5854(16)
c(A) 6.1824(13) 6.2319(18)
Z, V(A3 2,556.3(2) 2,572.6(3)
D. (g/cm?) 2.891 3.085
1 (mm1) 5.788 9.784
GOF on F? 1.063 1.059
R, wRy (I>20(1))* 0.0399, 0.0941 0.0202, 0.0369
R, wR; (all data) 0.0442, 0.0968  0.0234, 0.0375
Flack parameter -0.04(3) 0.039(14)
Largest diff. peak and hole (e A~3) 1.463, -1.009 0.672,-0.320

Table S4. Comparison on the distortion degrees (Ad/%o) of AeSg/(La/Ae)Sg units
among LaAeAl;S; and AeAl,S,.

Compound (La/Ae)Sg/AeSg (La/Ae)Sg/AeSg (Ad/o)
LaCaAl;S; (La/Ca)Sg 2.763
LaSrAl;S, (La/Sr)Sg 3.062
CalSg 0.0007
CaAl,S, (Fddd) Ca2Sg 0.0024
Ca3Sg 0.140
Sr1Sg 0.030
SrAlLS, (Fddd) Sr2Sg 0.071
Sr3Sg 0.092

SrALS, (Ccem) SrSg 0.0073
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Fig. S1. Experimental XRD patterns for (a) LaCaAl;S; and (b) LaSrAl;S;.
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Fig. S2. (a) Crystal structure of Bi,(Al4Sg) along the c-axis; (b) 1D chain is composed
of AlS, units in Bi,(Al4Sg); (¢) Crystal structure of Rbs(Al,Ss) along the a-axis; (d) 1D
chain is composed of AlIS, units in Rby(Al,Ss); (e) Crystal structure of SrAl,S, along
the a-axis; (f) 1D chain is composed of AlS, units in SrAl,S,.
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Fig. S3. (a) Crystal structure of DygAl; 5S4 along the c-axis; (b) 1D chain is composed
of AlIS¢ units in DygAl;3S14; (c) Crystal structure of BaAl4S; along the c-axis.
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