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Table S1. The synthesis conditions of H,,C4N3Cdl, and H;;C4N,Cdls.

Starting Materials
HI H,0 Reaction
NO. (mmol) Temperature Product
(mL) | (mL) (°C)
CdO | H;)C4N; | Y03
1. 2 1 0 2 1
2. 1 2 0 2 1
90 H12C4N2CdI4
3 2 1 0 3 1
4 1 2 0 3 1
5 2 1 0 2 |
6 1 2 0 2 1
110 H,C4N,Cdly
7 2 1 0 3 1
8 1 2 0 3 1
9 2 1 0.5 2 1
10. 1 2 0.5 2 1
110 H,C4N,Cdly
11. 2 1 0.5 3 1
12. 1 2 0.5 3 1
13. 2 1 0 1 2
14. 1 2 0 1 2
110 None
15. 2 1 0 0.5 2
16. 1 2 0 0.5 2
17. 2 1 0.5 1 2
110 H,,C4N,Cdl;
18. 1 2 0.5 1 2
19. 2 1 0.5 0.5 2
110 H;,C4N,Cdl;
20. 1 2 0.5 0.5 2
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Table S2. Crystallographic data for H,,C4N,Cdl, and H;;C4N,Cdls;.

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

pl°

Volume/A3

Z

pcalcg/ Cm3

wmm-!

F(000)

Radiation
Goodness-of-fit on F?
Flack factor

Ry, wR; [1>206(D)]?
R;, wR; (all data)?

C4H;,CdI4N,
708.16

293(2)
orthorhombic
P2,2,2,
9.0318(5)
12.2358(6)
13.0518(7)

90
1442.37(13)

4

3.261

10.037

1240.0

Mo Ka (A =0.71073)
1.047

0.45(12)
0.0408, 0.0850
0.0461, 0.0883

C4H;CdI3N,
580.25

109(3)
monoclinic

Cc

14.3680(06)
7.13490(10)
13.7778(5)
121.298(5)
1206.88(9)

4

3.193

74.345

1024.0

Cu Ka (A=1.54184)
1.061

-0.01(2)
0.0424,0.1041
0.0425,0.1043

"Ry = XI[Fo| — [Fell/Z[Fo|, and wRy ={Zw[(Fo)* — (Fe)? P/ Ewl(Fo)* 1} 1.
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Table S3. Fractional Atomic Coordinates (x 10*) and Equivalent Isotropic
Displacement Parameters (A2 x 10) for H;,C4N,Cdl, and H;;C4N,Cdl;.

H;,C4N,Cdl,
Atom X y V/ U(eq)
Cdl 7352.6(12) 5392.0(8) 4092.0(8) 36.0(3)
I1 4716.6(11) 4175.1(8) 4038.7(8) 39.1(3)
12 9616.5(10) 3847.3(7) 4066.0(8) 35.9(3)
I3 7585.9(14) 6743.7(8) 5772.2(8) 48.7(3)
14 7413.3(11) 6482.7(7) 2231.4(7) 35.8(3)
N1 846(13) 5144(9) 1648(10) 34(3)
N2 4013(14) 5218(10) 1510(10) 42(3)
C1 1718(17) 4124(12) 1510(14) 43(4)
C2 3141(16) 4358(12) 960(14) 41(4)
Cc4 3116(17) 6228(13) 1640(14) 44(4)
C3 1713(17) 5982(11) 2195(12) 35(3)
H;;C4N,CdlI;
Atom X y z U(eq)
Cd1 4974.1(7) 6011.5(10) 4228.8(8) 23.2(2)
I1 6725.4(6) 8393.8(10) 5051.9(6) 26.5(2)
12 4722.2(6) 3434.9(10) 2623.2(6) 26.0(2)
I3 3121.0(6) 7765.4(10) 3858.2(7) 27.4(2)
Cl1 6866(12) 2200(20) 7340(13) 33(3)
C2 6582(12) 3394(19) 6334(14) 30(3)
C3 4919(11) 1270(19) 6452(11) 25(3)
C4 4679(12) 2531(19) 5449(12) 26(3)
N1 6073(10) 593(17) 7009(10) 27(2)

N2 5449(9) 4080(13) 5754(10) 24(2)
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Table S4. Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement
Parameters (AZ X 103) for H;,C4N,Cdl4 and H;;C4N,Cdl;.

H;,C4N,Cdl,
Atom X y z U(eq)
H2A 4285.58 4967.43 2121.84 50
H2B 4827.95 5371.16 1155.15 50
HIA 577.52 5401.06 1037.72 41
HIB 27.07 4996.09 2001.19 41
HIC 1142.15 3600.43 1118.83 51
HID 1930.64 3804.86 2173.93 51
H2C 3722.95 3693.73 915.09 50
H2D 2927.61 4603.22 269.26 50
H4A 2889.96 6535.43 973.28 53
H4B 3682.14 6764.42 2022.68 53
H3A 1939.91 5725.27 2880.03 42
H3B 1129.68 6644.89 2256.11 42
H;;C4N,Cdl;
Atom X y y/ U(eq)
HIA 6140.14 -179.11 6523.12 32
HIB 6239.12 -80.51 7640.11 32
H2 5387.12 4854.1 6323.04 29
H4A 4692.35 1758.85 4859.07 32
H4B 3935.5 3051.89 5114.66 32
HIC 6851.68 2965.42 7930.59 39
HI1D 7612.59 1696.33 7663.65 39
H3A 4814.1 1980.92 7005.48 30
H3B 4413.76 188.19 6181.75 30
H2A 7083.14 4480.4 6584.11 35

H2B 6689.26 2660.95 5789.62 35
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Table SS. Bond Lengths for H;,C4N,Cdl, and H;;C4N,CdlIs.

H;,C4N,Cdly
Atom Atom Length/A Atom Atom Length/A
Cdl I1 2.8089(14) N2 Cc4 1.488(19)
Cdl 12 2.7847(14) N1 Cl 1.487(18)
Cdl 13 2.7548(14) N1 C3 1.474(17)
Cdl 14 2.7714(13) Cl C2 1.50(2)
N2 C2 1.496(18) Cc4 C3 1.49(2)

H,,C,N,Cdl;
Atom Atom Length/A Atom Atom Length/A
Cdl 12 2.7518(11) NI C3 1.500(18)
Cdl I 2.7463(11) N2 C4 1.462(17)
Cdl I3 2.7393(12) N2 C2 1.476(18)
Cdl N2 2.300(11) C4 C3 1.532(17)
N1 Cl 1.509(19) Cl C2 1.49(2)

Table S6. Bond Angles for H;,C,N,Cdl, and H;;C4N,Cdl;.

H;,C4N,Cdl,
Atom Atom Atom Angle/’ Atom Atom Atom Angle/°
14 Cd1 12 107.56(5) C4 N2 C2 110.6(11)
14 Cd1 I 104.50(4) C3 N1 Cl 111.2(11)
12 Cd1 I 105.21(4) N1 Cl1 C2 110.6(12)
I3 Cd1 14 114.01(4) N2 C2 Cl 110.9(13)
I3 Cd1 12 111.16(5) N2 C4 C3 110.5(12)
I3 Cd1 I1 113.75(5) N1 C3 C4 110.9(12)

H;;C4N,Cdl;
Atom Atom Atom Angle/’ Atom Atom Atom Angle/°
I1 Cd1 12 117.07(4) C4 N2 Cd1 111.7(8)
I3 Cd1 12 116.50(4) C4 N2 C2 111.2(10)
I3 Cd1 11 112.80(3) C2 N2 Cdl 114.5(9)
N2 Cd1 12 100.8(3) N2 C4 C3 113.7(11)
N2 Cd1 11 102.7(3) C2 Cl1 N1 110.7(11)
N2 Cd1 I3 104.0(3) N1 C3 C4 108.7(11)
C3 N1 Cl 111.8(11) N2 2 Cl 112.7(13)
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Table S7. Theoretical and experimental results of elemental analysis for H;,C4N,Cdl,4
and H11C4N2Cdl3.
H1C4N,Cdl;  H;;C4N,Cdl;  Hj,C4yN,Cdl,  Hp,C4N,Cdly

Weight (%) (Exp.) (Cal.) (Exp.) (Cal.)
C 830 827 6.77 6.77
H 1.85 1.9 1.63 1.69
N 4.53 4.82 4.02 3.95

Ratio

C 401 4 3.99 4
H 10.73 1 11.54 12
N 2.19 2 2.37 2

Table S8. The assignments of the infrared absorption peaks for H;;C4N,Cdl; and
H1 ]C4N2C(H3.

Assignment (cm!) H,,C4N,Cdl, | H;;C4N,CdlI;
v(N-H) 3424, 3069 3424, 3079
v(C-H) 3007, 2779 3003, 2776
V(C-N) 1535 1541

v(C-C) 1451 1456
v(Cd-I) 544 549

Table S9. The convergence test of the SHG coefficient upon k-point sampling and
empty bands of H;;C4N,CdlIs.

H;;C4N,CdI; The largest SHG tensor d;;(pm/V)
k-point sampling (A" Empty bands
1*VB 1.5*VB 2*VB 3*VB
(140) (210) (280) (420)
k=0.07,0.06 (1*2*1) -3.713 -3.215 -3.153 -3.158
k=10.05, 0.04 (2*3*2) -3.214 -2.821 -2.742 -2.742
k=10.03 (3*4*3) -3.105 -2.709 -2.642 -2.639
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Table S10. Calculated dipole moment for Cdl;, CdNI; octahedra and net dipole

moment for a unit cell in H12C4N2Cd14 and H1 1C4N2Cd13.

H12C4N2Cdl4 (Z:4)

Dipole moment (D=Debyes)

(a unit cell)

Polar unit Xx-component | y-component | z-component Total
magnitude
Cd()l, -0.27856 -2.37235 -2.24159 3.275726
Cd(2)14 0.27453 2.367217 -2.24446 3.273636
Cd(3)14 -0.28012 2.365702 2.236867 3.267811
Cd(4)14 0.275477 -2.36971 2.238542 3.271463
Net dipole
moment 0 0 0 0
(a unit cell)
H;,C4N,Cdl; (Z=4)
Dipole moment (D=Debyes)
Polar unit Total
X-component | y-component | z-component magnitude
Cd(1)NI; -4.15922 -3.83444 0.969529 5.739514
Cd(2)NI; -4.16198 -3.83499 0.969192 5.741825
Cd(3)NI; -4.16133 3.830677 0.966309 5.73799
Cd(4)NI; -4.16327 3.830389 0.968833 5.73963
Net dipole
moment -16.6458 0 3.873863 17.09063
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Table S11. SHG response and energy bandgap of representative NLO organic-

inorganic halides.

Compound Structural feature SHG response Band gap (eV) Ref.
With planar nt-conjugate
(L/D-C5H11N03)Pb133H20 . 9.2xKDP 2.9 1
groups and SCALP cation
With planar nt-conjugate
Cs;3Pb,y(CH3CO0), X5 (X=I, Br) . 8, 4<xKDP 2.55,3.26 2
groups and SCALP cation
With planar n-conjugate
CS3Pb2(CH3COO)zBI‘3Iz . 9xKDP 2.70 3
groups and SCALP cation
With planar n-conjugate
A,[Pbl,(HCOO),] (A=K, Rb) i 8, 6.8xKDP 3.36,3.40 4
groups and SCALP cation
With planar n-conjugate
(C6H1 1N2)PbBI‘3 . 8xXKDP 3.53 5
groups and SCALP cation
With planar nt-conjugate
(CisH21Ny»AgX4(X=Cl, Br, I) 6.2, 6.5, 7.6xKDP 3.26, 3.08, 2.63 6
groups
Without planar n-conjugate
[N(CH3)4]HgC10.63Br2‘37 . 0.25xKDP 3.62 7
groups and SCALP cation
Without planar n-conjugate
[N(CHj3)4]HgBrl, i 4.5xKDP 2.83 7
groups and SCALP cation
Without planar n-conjugate
[N(CH3)4]HgC10V4512V55 . 6.2xKDP 2.76 7
groups and SCALP cation
With planar nt-conjugate
KCs,[Pb,Brs(HCOO),] _ 6.5xKDP 3.23 8
groups and SCALP cation
With planar nt-conjugate
KZI[PbI(OOCCH,COO0)] ) 6.3xKDP 3.34 9
groups and SCALP cation
RbsPb,(CH5CO0),X;5 (X = Br, With planar n-conjugate
PP(CHC00)Xs ( planat f-eonjusa 6, 3xKDP 3.12,3.64 10
Cl groups and SCALP cation
CH;NH;GeBr; With SCALP cation 5.3xKDP 2.91 11
CH(NH,),GeBr; With SCALP cation 0.9xKDP 3.13 11
(CHQ,NH3)05(CH(NH2)2)O5GCBI‘3 With SCALP cation 1.95xKDP 3.02 11
With planar n-conjugate
KCs,Pb,(HCOO),Cls i 4.2xKDP 3.52 12
groups and SCALP cation
APD,(C7H3NOy),1 (A=K, Rb, With pl -conjugat
ACHNOI( 1 planar mreonjugate 3.4, 1.6, 2.4xKDP 3.05, 3.05, 3.06 13
Cs) groups and SCALP cation
(CsH13NCDSbX 4(X=ClI, Br) With SCALP cation 1.8, 3.2xKDP 3.33,2.82 14
With planar nt-conjugate
(C3N6H7)(C3N6H6)HgC13 5xKDP 4.4 15
groups
With planar nt-conjugate
(H7C3N6)(H6C3N6)ZHC13 2.8xKDP 3.95 16
groups
(R/S-CsH4N,)Pbl, With SCALP cation 2.1xKDP 2.94 17
(R/S-CsH4N,)SbCls With SCALP cation 1.93xKDP 3.06 18
(CoH14N)SbCly With planar n-conjugate 2.1xKDP 3.47 19
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groups and SCALP cation

With planar nt-conjugate

A,Sb(C,04)Cl;3 (A=NH4, K, Rb ) 1.8, 1.6, 2.1xKDP 3.55,3.61,3.74 20
256(C204)Cl N ) groups and SCALP cation
With planar nt-conjugate
KPb;(0-CsH4NCOO),Cls ) 2xKDP 3.79 21
groups and SCALP cation
With planar n-conjugate
0-(CN3H¢)sCuss P Jug 1 8xKDP 2.80 22
groups
(R/S-C4H4N)PbBr; With SCALP cation 1.4xKDP 3.51 23
With planar nt-conjugate
(C10H14N)PbBI'3 . 1.05xKDP 2.99 24
groups and SCALP cation
(C4H;1o)NO)PbX;5(X=Cl, Br) With SCALP cation 0.7, 0.81xKDP 3.55, 3.60 25
Without planar nt-conjugate
[N(CH3)4],HgBr1, i 0.46xKDP 2.8 26
groups and SCALP cation
Without planar nt-conjugate
[N(CH3)4],Hgls i 0.5xKDP 2.73 26
groups and SCALP cation
[(CH3);N1;Bisl, With SCALP cation 0.65xKDP 2.0 27
(C;HsNCDSbCly With SCALP cation 0.53xKDP 3.05 28
. With planar nt-conjugate
(C6H5(CH2)4NH3)4B1BT7H20 . 0.4xKDP 3.52 29
groups and SCALP cation
Without planar n-conjugate
(C4H]0NO)2Cd2C16 K 0.73xKDP 5.45 30
groups and SCALP cation
Without planar n-conjugate
[(CH3)sNCH,CI1]CdCl; i 0.73xKDP 5.24 31
groups and SCALP cation
Without planar n-conjugate
[CsH 4NO]CdCl; i 0.4xKDP 4.41 32
groups and SCALP cation
With planar nt-conjugate
L/D—C6H10N3OZZHBI'3 0.2xKDP 502, 5.02 33
groups
With planar nt-conjugate
L/D—C12H20N604Cd2C15 0.2xKDP 501, 4.97 33
groups
With planar nt-conjugate
(L/D-C1oH,0N,04)CdsCly, 0.25, 0.3xKDP 542,542 34
groups
With planar nt-conjugate
(L/D-CoH9N,04)CdCl; 0.69, 0.71xKDP 5.63,5.36 34
groups
With planar n-conjugate
(CyoH,oP)CuX,(X=Cl, Br) 1.1, 0.89xKDP 3.56,3.64 35
groups
Without planar nt-conjugate This
H,,C4N,CdI; . 6xKDP 4.10
groups and SCALP cation work

Table S12. The calculated SHG coefficients
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compounds SHG tensors d;; (pm/V)
H;,C4N,Cdl; dy=-2.74
dyy = drg=0.94
dy3=d35=0.65
dys=d; =-0.55
dry=d3=-0.60
dyz=-1.22

H12C4N2Cdl4

d14 = d25 = d36 =0.12
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Figure S1. Simulated and measured powder X-ray diffraction patterns of (a)
H12C4N2Cd14 and (b) H11C4N2Cd13.
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Figure S2. EDS for (a) H12C4N2Cdl4 and (b) H11C4N2Cd13
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Figure S3. IR spectra of (a) H;,C4N,Cdl, and (b) H;;C4N,CdlIs.
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Figure S4. UV—vis—IR spectra of (a) H;,C4N,Cdl,4 and (b) H;;C4N,CdI;.
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Figure S5. The SHG signal of H;;C4N,Cdl, and SHG intensity vs. particle size of
compounds under 1064 nm laser radiation of H;,C4N,Cdl,.
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Figure S6. The calculated band structures of (a) H;,C4N,Cdl4 and (b) H;;C4N,CdI;.
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