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1. Experimental Section

1.1. Synthesis and Crystal Growth

The reactants, C4HsN3 (> 99 %), H3PO4 (> 85 % in H,0), HBF4 (> 40 % in H,0), CF3;SOsH (>
98 % in H20), NH2SO3H (> 99 %), CH3SO3H (> 70 % in H20), C4HeO4 (= 99 %), and H3BOs3
(> 99) were purchased from Aladdin Chemistry Aladdin Chemical Industry Co., Ltd., and used
without further purification. Single crystals of all seven compounds were obtained using a
solvent diffusion method. A (1:1) molar ratio of C4HsN3 along with H3PO4 and C4HsO4 in 20
mL (3:water + 2:ethanol) solvent for I-1 and III while (1:1) molar ratio of C4HsN3 along with
HBF4, CF3SOsH, NH3SOs3, CH3SOsH and H3BOs for I-2, II-1-11-3 and IV were dissolved in
20 mL ethanol solvent in a clean beaker while stirring using magnetic stirrer until the solution
became clear, filtered it to remove any suspended impurities. Then the solution was covered by
parafilm and we made small holes to control the evaporation rate and kept it undisturbed at
ambient temperature to evaporate. Good optical quality cocrystals of centimeter-sized and

millimeter-sized single crystals were harvested from the mother solution within several weeks.

1.2. Characterization

Single crystals of I-1-1-2, II-1-1I-3, III, and IV used in the single-crystal X-ray diffraction
(XRD) data measurement were separated under a polarization contrast microscope. Single-
crystal XRD data were collected at room temperature by a Bruker D8 Venture CMOS X-ray
diffractometer with Mo Ka radiation (A = 0.71073 A). Intensity corrections for Lorentz and
polarization effects were performed with the SAINT program.l'! The structure solution and
parameter refinement (full-matrix least-squares against F*) were performed by using the
SHELX-14 suite on olex2 software with anisotropic displacement parameters for all atoms.!!
The structural data were also inspected for possible missing symmetries using the PLATON
program and no higher symmetries were found.!*) The summary of the key crystallographic
parameters of the crystals I-1-1-2, II-1-11-3, I1I, and IV is provided in Table S1. The final
refined atomic positions and selected bond distances and angles are given in Table S3. The
polycrystalline powder samples of I-1-1-2, II-1-1I-3, III, and IV were acquired by grinding
the as-grown crystals directly. The purity of these samples was subsequently validated through
X-ray diffraction analysis. Powder XRD measurements were performed on Bruker D2 Advance
X-ray diffractometer using monochromated Cu Ka radiation (A= 1.5418 A, 20 =510 70 °, scan
step width = 0.02 °, and counting time = 1 s/step). The powder XRD patterns for I-1-1-2, II-



1-11-3, III, and IV are shown in Figure S1, and it is clear that the experimental profiles are in
line with the simulated ones. Elemental analyses were measured using an energy dispersive X-
ray spectrometer (Oxford, X-Max 50) operated at 5 kV was utilized for examining the EDS
spectrum at room temperature using a scanning electron microscope with field emission
scanning electronic microscope (FE-SEM, JEOL JSM-7610F Plus, Japan) (Figure S12). The
NETZSCH STA 449C thermal analysis instrument was used to test the thermal habit of I-1-1-
2, II-1-11-3, II1, and IV. The test conditions were performed by heating the polycrystalline
powder samples from 40 to 600 °C at a constant rate of 5 °C/min under a flowing nitrogen
atmosphere (Figure S3). Infrared (IR) spectra were recorded on a Shimadzu IR Affinity-1 IR
spectrometer ranging from 4000 to 400 cm™! to verify functional groups. The spectral
resolution is about 1 cm™. The samples were pressed into discs (1 mg of the sample and 200
mg of KBr) (Figure S4). UV-vis-NIR diffuses reflectance spectra were measured with a
Shimadzu SolidSpec-3700 DUV spectrophotometer in the wavelength range of 200-2000 nm
(Figure S2). The spectral resolution is about 0.1 nm. The Kurtz—Perry method was employed
for powder second harmonic generation (SHG) measurements of A-1 and B-1 using a Q-
switched Nd: YVO4 solid-state laser with an incident wavelength of 1064 nm. Before
measurements, polycrystalline samples of the aforementioned compounds were finely ground
into powder and divided into six different particle size ranges (20—38, 38—55, 55—88, 88—105,
105—-150, 150200, and 200—250 um). Additionally, microcrystalline KDP samples were
sieved into the same particle size ranges and used as references for SHG. Subsequently, all
microcrystalline samples were placed between microscope cover glass slides with a diameter
of 6 mm and secured with 1 mm thick tape.!¥ Birefringence measurements were conducted
using a ZEISS Axio Scope polarizing microscope equipped with a Berek compensator. Small
crystals were carefully chosen for measurement at a wavelength of 546 nm. The birefringence
was calculated using the equation (1).

R=|Ne=No|=AnxT (1)
where R denotes the optical path difference, An represents the birefringence, and 7 signifies
the thickness of the crystal (Figure S11). Molecular Hirshfeld surfaces and related 2D
fingerprint plots of I-1-1-2, II-1-1I-3, III, and IV were produced using a CIF file to analyze
the crystal structures generated by the Crystal Explorer program. The normalized contact
distance (dnorm) depends on the atom’s di and de (the distance from Hirshfeld surface to the
nearest nucleus inside and outside, respectively) as well as the van der Waals radii of the atoms

given by the equation (2).
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Where r*" and r,"™ are the van der Waals radii of the atoms internal and external to the

surface, respectively (Figure S7) .

1.3. Theoretical Calculations

The electronic structure calculations were performed by first-principles calculation in the
CASTEP package, with the norm-conserving pseudopotentials (NCPs).!”) The Perdew-Burke-
Ernzerhof (PBE) functional within the generalized gradient approximation (GGA) was applied
for the exchange-correlation potential.’) The interactions between the core and valence
electrons were represented by the norm-conserving pseudopotentials, and the following
valence configurations were regarded: C, 2s*2p?; N, 25*2p°; H, 1s'; F, 2s%2p°; S, 3s°3p*; O,
25s?2p*; P, 3s?3p°; B, 25?2p'. The kinetic energy cutoffs of I-1-1-2, II-1-11-3, III were set as
750, 850, 850, 600, 830 and 750 eV in the Brillouin zone.[”! The Monkhorst—Pack k-point
meshes of I-1-1-2, II-1-1I-3, I1I were set as 6x3x1, 7x2x5, 3x3x3, 2x4x5, 5x2x2 and 4x1x3.
Because of the discontinuity of exchange-correlation energy, the calculated band gaps by GGA-
PBE were usually underestimated. A scissor operator was adopted to shift all the conduction
bands to match the calculated band gaps with the measured value for the optical properties
calculations. A post-processing tool, namely, the SHG-density was performed to further explore
the contribution of atoms or groups to the SHG response based on the SOS method through
CASTEP package.*]

The orbitals and polarizability anisotropy for [C4HsN3], [CaHsN3]", [H2PO4]", [BF4], [CF3SOs],
[NH2SOs3],[CH3SO3], [C4HsO4] units at the molecular level were calculated using DFT method
implemented in the Gaussian09 package!'’! B3LYP (Becke, three-parameter, Lee-Yang-Parr)
exchange-correlation functional'!) with the Lee—Yang— S7 Parr correlation functional at the 6-

31G(d,p) basis set in Gaussian was being employed.



Table S1. Crystal data and structure refinement for APZ, I-1, I-2, and II-1.

Empirical formula [APZ] C4H5N3 I-1 [(C4H6N3)(H2PO4)] I-2 [(C4H6N3)(BF4) 11-1 [(C4HsN3)(C4HsN3)(CF3SO3)]
Formula weight 95.11 193.10 182.93 340.30
Temperature [K] 298 298 298 298

Crystal system monoclinic Orthorhombic Monoclinic Triclinic
Space group (number) P2i/c P21212; P2i/n P-1
alA 6.2804(12) 4.4906(4) 4.9961(5) 8.658(3)
b/A 10.2328(14) 8.7661(11) 20.906(2) 8.791(3)
c/A 7.3769(12) 19.496(2) 7.0582(6) 9.477(3)
al° 90 90 90 71.944(12)
pI° 93.117(7) 90 102.398(3) 81.828(12)
y[° 90 90 90 83.043(12)
Volume / A3 473.38(14) 767.45(14) 720.03(12) 676.6(4)
Z 4 4 4 2
pealc | g-em™3 1.335 1.671 1.687 1.670
wlmm 0.091 0.339 0.178 0.299
F(000) 200.0 400.0 368.0 348.0
Crystal size/mm?® 0.154 x 0.131 x 0.112 0.24 x 0.194 x 0.187 0.206 x 0.184 x 0.154 0.213 x0.185 % 0.171
Radiation Mo Ka (1 =0.71073) Mo Ka (4 =0.71073) Mo Ka (A =0.71073) Mo Ka (4 =0.71073)
6.224 to 55.156 4.548 t0 50.68

26 range (°)

Index ranges
Reflections collected
Independent reflections
Completeness
Data / Restraints / Parameters
Goodness-of-fit on F2
Final R indexes [I > 2o(1)]?
Final R indexes [all data]?
Largest peak/hole [e-A ]

6.496 to 50.68
T<h<7,-12<k<12,-8<I<8
2736
841 [Rini = 0.0645, Rsigma = 0.0677]
96.9 %

841/0/64
1.074
R1=0.0603, wR, = 0.1641
R =0.0814, wR, = 0.1883
0.14/-0.14
/

6.25 to 55.002
S<h<5,-11<k<11,-24<[<24
5621
1727 [Rint = 0.0834, Rsigma = 0.0819]
98.4 %

1727/2/111
1.054
R1=0.0473, wR> =0.1061
R1=0.0531, wR>=0.1133
0.25/-0.32
-0.11(15)

6<h<6,27<k<27,-9<1<9
17178

1659 [Rint = 0.0975, Reigma = 0.0476]

99.7 %
1659/0/109
1.070
R1=0.0476, wR> = 0.1237
R1=0.0567, wR> =0.1358
0.27/-0.29
/

-10<h<10,-10<k<10,-11</<11
8971
2462 [Rint = 0.0703, Rsigma = 0.0598]
99 %
2462/0/204
1.084
R1=0.0494, wR> = 0.1292
R1=0.0640, wR> =0.1461
0.48/-0.41
/

Flack X parameter



Table S1. Crystal data and structure refinement for I1-2, I1-3, III, IV.

Empirical formula I1-2 [(C4HsN3)(NH2S03)] 11-3 [(C4H6N3)( CH3S03))] 1 [(C4HsN3)2(C4Hs04)] 1V [(C4HsN3)(H3BO3):]
Formula weight 192.20 191.21 308.31 218.78
Temperature [K] 298 298 298 298

Crystal system Monoclinic Monoclinic Monoclinic Monoclinic
Space group (number) C2/c P2y/c P2y/c P2y/c
alA 23.329(2) 5.1632(8) 5.3958(6) 10.2656(14)
b/A 8.9732(6) 10.2883(17) 19.471(2) 3.7235(5)
clA 7.4927(6) 15.253(3) 6.9453(7) 13.2934(19)
al® 90 90 90 90
BI° 101.254(3) 93.922(5) 104.630(5) 107.188(5)
y [° 90 90 90 90
Volume / A3 1538.3(2) 808.4(2) 706.02(13) 485.43(12)
Z 8 4 2 2
pealc | grem™ 1.660 1.571 1.450 1.497
wlmm 0.395 0.372 0.112 0.132
F(000) 800.0 400.0 324.0 228.0
Crystal size/mm? 0.184 x 0.162 x 0.144 0.185 % 0.141 x 0.12 0.22 x 0.186 x 0.162 0.154 x 0.132 x 0.112
Radiation Mo Ka (4 =0.71073) Mo Ka (4 =0.71073) Mo Ka (4 = 0.71073) Mo Ka (4 =0.71073)
26 range (°) 7.012 to 54.944 4.78 to 50.69 4.184 to 55.084 4.154 to 50.752
Index ranges 30<h<28,-10<k<11,-9<1<9 -6<h<6,-12<k<12,-16<1<18 T<h<7,-25<k<25,-9<1<9 12<h<12,-4<k<4,-16<51<16
Reflections collected 5566 4225 7097 3009
Independent reflections 1730 [Rint = 0.0539, Rigma = 0.0520] 1470 [Rint = 0.0495, Ryigma = 0.0551] 1605 [Rint = 0.0717, Rsigma = 0.0526] 854 [Rint = 0.0381, Rsigma = 0.0375]
Completeness 98.5 % 99.2 % 99.6 % 95.1 %
Data / Restraints / Parameters 1730/0/110 1470/0/107 1605/0/100 854/1/65
Goodness-of-fit on F? 1.087 1.114 1.034 1.180
R1=0.0481, wR> = 0.1026

Final R indexes [I > 2o(I)]?
Final R indexes [all data]?

R1=0.0392, wR> = 0.0980
R1=0.0485, wR>=0.1034
0.27/-0.38

R1=0.0477, wR> = 0.0981
R1=0.0685, wR> =0.1109
0.22/-0.32

R1=10.0441, wR> = 0.1077
R1=0.0628, wR> =0.1264
0.31/-0.22

R1=0.0554, wR> =0.1061
0.15/-0.15

Largest peak/hole [e:A %]

SRy = I||Fo|—|Fe||/Z|Fo| and WR2 = [EW(Fo? — F)EwEF"? for F* > 20



Table S2. Fractional atomic coordinates (x10%) and equivalent isotropic displacement
parameters (A%x10%) for I-1-1-2, II-1-1I-3, III and IV. U, is defined as 1/3 of the

trace of the orthogonalized Uy tensor.

I-1 [(C4HgN3)(H2PO4)]

Atom X y z Uk
P(1) 63772) 10960.6(10) 5726.3(5) 15.5(3)
N(1) 7167(8) 6686(4) 5871.7(18) 25.7(8)
NQ) 2017(8) 6878(4) 7287.9(18) 25.2(8)
NG3) 4402(7) 4767(3) 6403.5(16) 19.1(7)
(1) 5248(9) 6236(4) 6340.0(18) 17.9(8)
C2) 3939(10) 7273(4) 6818(2) 22.3(8)
C(3) 1220(11) 5368(4) 7318(2) 24.5(8)
C(4) 2398(9) 4327(5) 6879(2) 21.7(8)
o(1) 5185(6) 10574(3) 4989.2(14) 23.2(6)
0Q2) 8749(6) 9807(3) 5896.9(14) 20.5(6)
0(3) 3749(6) 10798(3) 6237.6(13) 21.8(6)
0(4) 7419(6) 12595(3) 5751.2(15) 20.9(6)

1-2 [(C4H6N3)(BF4)

Atom X y Z Ueq
B(1) _815(4) 42492(9) 2148(3) 35.1(4)
N(1) 6129(3) 4435.2(8) 6876(2) 48.5(4)
NQ) 3154(3) 3813.3(7) 8194.6(19) 39.2(4)
NQG) 3352(4) 2875.5(8) 5539(2) 53.8(4)
(1) 4699(3) 3908.9(8) 6893(2) 36.0(4)
C(2) 1706(4) 3263.2(9) 8229(3) 46.1(4)
C(3) 1828(5) 2805.9(10) 6917(3) 53.4(5)
C(4) 4707(4) 3404.1(9) 5535(3) 43.6(4)
F(1) 1716(2) 4279.6(6) 1656.3(17) 53.5(3)
F(3) -453(3) 4305.4(8) 4127.0(17) 67.4(4)
FQ2) -2488(3) 4738.2(6) 1257.0(19) 63.4(4)
F(4) -2047(3) 3677.7(6) 1537(2) 71.1(4)

I1-1 [(C4HsN3)(C4HsN3)(CF3S03)]

Atom X )y < Uleq)
S1 7004.0(8) 3674.7(9) 2226.9(7) 41.4(3)
N1 12455(3) 1944(3) 2451(3) 52.8(7)
N2 11340(3) 1239(3) 4898(3) 40.8(6)
N3 9117(3) 3789(3) 4195(3) 41.0(6)
N4 6070(3) 1801(3) -5884(3) 51.2(7)
N5 5407(3) 1245(3) -3344(2) 43.4(6)
N6 3191(3) 3800(3) -3785(3) 42.9(6)
Cl 11338(3) 2224(3) 3494(3) 36.5(6)
2 10215(4) 1565(4) 5913(3) 48.1(7)
C3 9116(4) 2818(4) 5604(3) 46.2(7)
C4 10186(3) 3509(3) 3146(3) 41.3(6)
C5 8501(4) 2011(4) -5(3) 52.1(8)
C6 5159(3) 2157(3) -4736(3) 34.4(6)
C7 4545(4) 1650(4) 22217(3) 51.4(8)
C8 3438(4) 2921(4) 22403(3) 48.8(7)
C9 4016(3) 3458(3) -4952(3) 39.2(6)
ol 7711(3) 4823(3) 223(3) 62.7(7)
02 5704(3) 2947(3) 754(2) 64.4(7)
03 6842(3) 4138(3) -1786(2) 54.2(6)
Fl 8757(3) 1393(3) 1408(2) 97.9(9)



) 9845(2) 2464(3) -797(3) 84.1(7)
F3 8119(3) 854(3) -463(3) 82.5(7)
I1-2 [(C4HsN3)(NH2S03)]
Atom X y z Ueq
S0 5805.3(2) 3354.8(5) 4169.8(6) 24.72)
N(1) 5870.7(8) 8998.7(18) 3305(2) 35.3(4)
NQ) 7148.5(9) 9136(2) 6881(2) 40.5(5)
NG) 6454.8(7) 7093.2(17) 4775(2) 29.9(4)
N(4) 5280.6(7) 3061.4(18) 5318(2) 29.7(4)
(1) 6325.7(9) 8542(2) 4516(3) 27.6(4)
C(2) 6707.3(9) 9555(2) 5632(3) 33.2(5)
C(3) 7245.3(10) 7649(3) 7115(3) 40.6(5)
C(4) 6905.8(10) 6628(2) 6076(3) 35.5(5)
o(1) 5714.2(7) 4819.5(14) 3304.6(19) 35.0(4)
0(2) 5730.0(7) 2170.3(15) 2824.2(19) 34.1(4)
0(3) 6340.2(6) 3271.6(16) 5495.1(19) 36.6(4)
11-3 [(C4HsN3)(CH3S03))]
Atom X y % Uleq)
S(1) -4380.9(15) 6204.1(8) 6508.5(5) 38.0(3)
N(1) 2064(5) 7984(3) 8201.9(19) 49.4(8)
NQ) 1060(5) 5797(3) 8284.4(16) 39.8(7)
NQG) -2820(5) 6346(3) 9350.7(18) 46.5(7)
(1) 647(6) 7042(3) 8493(2) 37.0(7)
C2) -382(7) 4822(3) 8593(2) 44.3(8)
C(3) -2292(7) 5099(4) 9118(2) 47.2(9)
C(4) -1413(5) 7264(2) 9052.4(15) 42.7(8)
C(5) -6494(5) 6504(2) 5596.8(15) 43.4(8)
o(1) 22036(4) 5667(3) 6183.4(17) 57.2(7)
0(2) -4004(5) 7438(2) 6959.6(17) 60.6(8)
0(3) -5668(5) 5247(2) 7040.2(15) 49.8(7)
111 [(C4H5N3)2(C4aHesO4)]
Atom X y % Ueq
N(I) 8073(2) 554.4(7) 6351(2) 27.7(4)
NQ) 3985(2) 880.8(7) 4691(2) 22.6(3)
NG) 5323(3) 2249.0(7) 5545(2) 26.3(3)
(1) 6340(3) 1055.3(8) 5738(2) 20.7(4)
C2) 2326(3) 1395.8(9) 4082(3) 26.2(4)
C(3) 2955(3) 2072.9(9) 4490(3) 28.0(4)
C(4) 6988(3) 1752.6(8) 6168(3) 23.2(4)
C(5) 4903(3) 989.7(8) 10179(2) 21.2(4)
C(6) 5893(3) 266.4(8) 10591(2) 22.9(4)
o(1) 6597(2) 1445.4(6) 11095.8(19) 28.3(3)
0(2) 2803(2) 1137.5(6) 9145.7(19) 28.8(3)
1V [(C4HsN3)(H3BO3):]
Atom X ¥y Z Utq)
B(1) 9042(3) 7603(8) 3595(2) 32.6(7)
N(1) 4445.5(14) 7524(4) 3084.4(11) 51.4(13)
NQ) 6029.7(14) 5889(4) 4566.4(11) 44.3(6)
(1) 4721.5(14) 6410(4) 4036.2(11) 42.6(7)
C2) 6300.8(14) 4499(4) 5520.7(11) 44.8(7)
o(1) 8323.8(18) 5818(5) 2721.2(13) 44.3(6)
0(2) 10341.2(16) 8704(5) 3712.1(12) 40.1(6)
0(3) 8474.5(17) 8305(5) 4379.5(13) 44.2(6)




Table S3. Bond lengths and bond angles for I-1-1-2, II-1-1I-3, I1I and IV.

I-1 [(C4H6N3)(H2PO4)]

P(1)-0(1) 1.570(3) N(2)-C(3) 1373(5)
P(1)-0(2) 1.506(3) N(3)-C(1) 1.349(5)
P(1)-0(3) 1.551(3) N(3)-C(4) 1.348(5)
P(1)-0(4) 1.508(3) C(1)-C(2) 1.428(5)
N(1)-C(1) 1.316(5) C(3)-C(4) 1.358(6)
N(2)-C(2) 1.305(5)

0(2)-P(1)-(O1) 107.36(15) C(4)-N(3)-C(1) 121.6(3)

0(2)-P(1)-(03) 109.54(16) N(1)-C(1)-N(3) 122.3(4)

0(2)-P(1)-(04) 114.28(17) N(1)-C(1)-C(2) 122.1(3)

0(3)-P(1)-(O1) 108.01(16) N(3)-C(1)-C(2) 115.6(3)

0(4)-P(1)-(O1) 109.88(15) N(2)-C(2)-C(1) 124.1(4)

O(4)-P(1)-(03) 107.62(16) C(4)-C(3)-N(2) 121.3(4)

C(2)-N(2)-(C3) 117.2(3) N(3)-C(4)-C(3) 120.1(4)

I-2 [(C4H6N3)(BF4)
B(1)-F(1) 1.383(2) N(Q2)-C(2) 1.362(2)
B(1)-F(3) 1.374(2) N(3)-C3) 1.366(3)
B(1)-F(2) 1.383(2) N(3)-C(4) 1.296(2)
B(1)-F(4) 1.370(2) C(1)-C(4) 1.426(2)
N(1)-C(1) 1.314(2) C(2)-C(3) 1.341(3)
N(2)-C(1) 1.336(2)

F(1)-B(1)-F(2) 110.34(14) C(4)-N(3)-C(3) 117.61(16)

F(3)-B(1)-F(1) 108.86(15) N(1)-C(1)-N(2) 121.83(15)

F(3)-B(1)-F(2) 109.50(15) N(1)-C(1)-C(4) 122.24(16)

F(4)-B(1)-F(1) 109.52(14) N(2)-C(1)-C(4) 115.92(16)

F(4)-B(1)-F(3) 110.28(15) C(3)-C2)-NQ) 119.13(17)

F(4)-B(1)-F(2) 108.34(15) C(2)-C3)-N@3) 122.04(18)

C(1)-N(2)-C(2) 121.75(15) N(3)-C(4)-C(1) 123.54(16)

I1-1 [(C4HsN3)(C4HsN3)(CF3S03)]

S(1)-C(5) 1.814(3) N(5)-C(7) 1.330(4)
S(1)-0(1) 1.438(3) N(6)-C(8) 1.331(4)
S(1)-0(2) 1.431(2) N(6)-C(9) 1.324(4)
S(1)-0(3) 1.429(2) C(1)-C(4) 1.403(4)
N(1)-C(1) 1.340(4) C(2)-C(3) 1.353(4)
N(2)-C(1) 1.344(3) C(5)-F(1) 1.319(4)
N(2)-C(2) 1.339(4) C(5)-F(2) 1.325(4)
N(3)-C(3) 1.344(4) C(5)-F(3) 1.315(4)
N(3)-C(4) 1.319(4) C(6)-C(9) 1.403(4)
N(4)-C(6) 1.346(3) C(7)-C(8) 1.365(4)
N(5)-C(6) 1.346(3)

O(1)-S(1)-C(5) 102.73(16) N(3)-C(3)-C(2) 118.9(3)

0(2)-S(1)-C(5) 102.30(15) N(3)-C(4)-C(1) 120.6(3)

0(2)-S(1)-0(1) 116.07(16) F(1)-C(5)-S(1) 110.8(2)

0(3)-S(1)-C(5) 102.93(14) F(1)-C(5)-F(2) 108.0(3)

0(3)-S(1)-0(1) 114.09(15) F(2)-C(5)-S(1) 111.7(2)

0(3)-S(1)-0(2) 115.87(15) F(3)-C(5)-S(1) 112.4(2)

C(2)-N(2)-C(1) 116.6(2) F(3)-C(5)-F(1) 107.9(3)



C(4)-N(3)-C(3) 119.6(2) F(3)-C(5)-F(2) 105.8(3)
C(7)-N(5)-C(6) 117.22) N(4)-C(6)-N(5) 117.72)
C(9)-N(6)-C(8) 120.5(2) N(4)-C(6)-C(9) 1222(2)
N(1)-C(1)-N(2) 118.3(2) N(5)-C(6)-C(9) 120.1(2)
N(1)-C(1)-C(4) 121.4(3) N(5)-C(7)-C(8) 123.6(3)
N(2)-C(1)-C(4) 1202(2) N(6)-C(8)-C(7) 118.6(3)
N(2)-C(2)-C(3) 124.0(3) N(6)-C(9)-C(6) 120.003)
I1-2 [(C4HsN3)(NH2S03)]
S(1)-N(@) 1.6487(16) N(2)-C(3) 1.358(3)
S(1)-0(1) 1.4625(13) N@3)-C(1) 1.340(2)
S(1)-0(2) 1.4519(13) N(3)-C(4) 1.353(3)
S(1)-0(3) 1.4371(15) C(1)-C2) 1.424(3)
N(1)-C(1) 1.32003) C(3)-C(4) 1.353(3)
N(2)-C(2) 1.304(3)
0(1)-S(1)-N(4) 108.45(8) C(1)-N(3)-C(4) 121.64(17)
0(2)-S(1)-N(4) 104.12(8) N(1)-C(1)-N(3) 121.92(18)
0(2)-(1)-0(1) 111.26(8) N(1)-C(1)-C(2) 122.14(18)
0(3)-S(1)-N(4) 105.32(9) N(3)-C(1)-C(2) 115.94(18)
0(3)-S(1)-0(1) 112.61(8) N(2)-C(2)-C(1) 123.52(19)
0(3)-S(1)-0(2) 114.38(9) C(4)-C(3)-N(2) 121.8(2)
C(2)-N(Q2)-C(3) 117.64(18) N(3)-C(4)-C(3) 119.41(19)
11-3 [(C4H6N3)(CH3S03))]
S(1)-C(5) 1.736(3) N(2)-C(2) 1.354(4)
S(1)-0(1) 1.449(2) N(3)-C(3) 1.364(4)
S(1)-0(2) 1.450(2) N(3)-C(4) 1.294(4)
S(1)-0(3) 1.464(2) C(1)-C(4) 1.427(4)
N(1)-C(1) 1.310(4) C(2)-C(3) 1.343(5)
N(2)-C(1) 1.340(4)
0(1)-S(1)-C(5) 106.73(14) C(4)-N(3)-C(3) 117.93)
0(1)-S(1)-0(2) 114.07(16) N(1)-C(1)-N(2) 121.7(3)
0(1)-S(1)-0(3) 110.79(14) N(1)-C(1)-C(4) 122.7(3)
0(2)-S(1)-C(5) 106.31(15) N(2)-C(1)-C(4) 115.6(3)
0(2)-S(1)-0(3) 112.15(15) C(3)-C(2)-N(2) 119.6(3)
0(3)-S(1)-C(5) 106.22(13) C(2)-C(3)-N(3) 121.6(3)
C(1)-N(Q2)-C(2) 121.7(3) N(3)-C(4)-C(1) 123.6(3)
11 [(C4H5sN3)2(C4aHesO4)]
N(1)-C(1) 1.344(2) C(2)-C(3) 1.373(2)
N(2)-C(1) 1.339(2) C(5)-C(6) 1.508(2)
N(2)-C(2) 1.340(2) C(5)-0(1) 1.3169(19)
N(3)-C(3) 1.347(2) C(5)-0(2) 1.2126(19)
N(3)-C(4) 1.316(2) C(6)-C(6)#1 1.510(3)
C(1)-C(4) 1.415(2)
C(1)-N(2)-C(2) 116.64(14) N(3)-C(3)-C(2) 120.53(16)
C(4)-N(3)-C(3) 117.83(15) N(3)-C(4)-C(1) 121.56(15)
N(1)-C(1)-C(4) 120.95(14) 0(1)-C(5)-C(6) 111.60(13)
N(2)-C(1)-N(1) 118.49(15) 0(2)-C(5)-C(6) 124.56(15)
N(2)-C(1)-C(4) 120.56(14) 0(2)-C(5)-0(1) 123.83(15)
N(2)-C(2)-C(3) 122.88(15) C(5)-C(6)-C(6)#1 113.06(16)



Symmetry transformations used to generate equivalent atoms:

#1 1-X,-Y, 2-Z
1V [(C4HsN3)(H3BO3):]
B(1)-O(1) 1.353(3) NQ)-C(1) 13336
B(1)-0(2) 1.359(3) N(2)-C(2) 13213
B(1)-0(3) 1.362(3) C(1)-CQ)#1 1.389(3)
N(1)-C(1) 1.2811
0(1)-B(1)-0(2) 120.9(2) N(1)-C(1)-N(2) 117.6
0(1)-B(1)-0(3) 120.3(2) N(1)-C(1)-C(2)#1 121.57(12)
0(2)-B(1)-0(3) 118.8(2) N(2)-C(1)-C(2)#1 120.63(12)
C(2)-NQ2)-C(1) 117.3 N(2)-C(2)-C(1)#1 122.11(12)

Symmetry transformations used to generate equivalent atoms:

#11-X,1-Y, 1-Z
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Table S4. Hydrogen atom coordinates (Ax10%) and isotropic displacement parameter
(A?x10%) for I-1-1-2, II-1-11-3, III and IV.

I-1 [(C4H6N3)(H2PO4)]

Atom X y Z Uleq)
H(1A) 7946.24 6018.13 5586.31 31
H(1B) 7671.74 7653.73 5844.01 31
H(3) 5177.47 4077.61 6127.94 23
H(2) 4502.26 8315.96 6792.09 27
H(3A) -182.39 5044.28 7652.19 29
H(4) 1807.76 3288.6 6906.79 26
H(3B) 1859.33 10373.79 6147.5 70(20)
H(4A) 8427.92 13251.74 5436.23 200(50)
1-2 [(C4H6N3)(BF4)
Atom X y z Ueq)
H(1A) 6087.56 4730.02 7718.73 58
H(1B) 7107.46 4485.02 6021.83 58
H(2) 3072.78 4106.88 9033.62 47
H(2A) 646.34 32054 9149.25 55
H(3) 844.9 2429.7 6947.84 64
H(4) 5741.08 3456.98 4596.42 52
I1-1 [(C4H5N3)(C4HeN3)(CF3S03)]
Atom X y % Uleq)
H(1A) 12886.19 982.75 2779.91 63
H(1B) 12039.19 2029.95 1651.81 63
H(4A) 6324.7 784.25 -5632.11 61
H(4B) 5561.2 2069.15 -6652.51 61
H(6) 2489.9 4597.55 -3921.06 52
H(2) 10185.58 888.29 6887.78 58
H(3) 8371.3 3003.85 6355.11 70(11)
H(4) 10176.77 4169.79 2167.72 50
H(7) 4704.59 1033.65 -1248.12 62
H(8) 2868.82 3165.44 -1581.75 59
H(9) 3840(40) 4090(40) -5960(40) 51(9)
11-2 [(C4HsN3)(NH2S03)]
Atom X y 4 Ueq)
H(1A) 5641.93 8344.63 2639.48 42
H(1B) 5796.23 9957.53 3163.68 42
H(3) 6241.01 6427.45 4081.77 36
H(4A) 4984.83 2819.26 4665.12 45
H(4B) 5262.33 3755.26 5995.72 45
H(2) 6636.71 10592.89 5457.51 40
H(3A) 7559.75 7317.28 8031.99 49
H(4) 6983.38 5594.38 6259.02 43
I1-3 [(C4H6N3)(CH3S03))]
Atom X y % Ueq)
H(1A) 3295.78 7811.23 7868.33 59
H(1B) 1761.68 8775.73 8344.73 59
H(Q?2) 2273.57 5613.69 7945.38 48
HQA) -51.03 3964.24 8443.19 53
H(3) -3278.14 4424.89 9327.62 57
H(4) -1762.19 8116.1 9211.2 51
H(5A) -6829.59 5708.9 5280.2 65
H(5B) -5725.69 7123.3 5221.5 65
H(5C) -8094.59 6847 5784.4 65
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11 [(C4H5sN3)2(CsHsO04)]

Atom x y z Ueq)
H(1A) 7648.88 123.23 6061.78 33
H(1B) 9632.18 657.63 7041.68 33
H(2) 639.98 1287.83 3334.81 31
H(3) 1710.61 2419.88 4024.13 34
H(4) 8664.62 1865.23 6924.74 28
H(6A) 6155.74 168.44 12027.7 27
H(6B) 7576.24 230.34 10273.4 27
H(1) 6010.04 1842.73 10815.06 42
IV [(C2HsN3)(H3BO3):]
Atom X y 4 Ueg)
H(1A) 5100.89 7911.68 2806.5 62
H(1B) 3602.69 7892.18 2715.9 62
H(1C) 4485.29 7597.28 3464.7 62
H(2) 7214.99 4113.18 5912.3 54
H(1) 8826.42 5367.85 2349.57 66
H(2A) 10664.43 9602.88 4305.11 60
H(3) 7734.8 7235.53 4258.43 66
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Table S5. Hydrogen Bonds for I-1-1-2, II-1-11-3, III and IV.

I-1 [(C4HsN3)(H2PO4)]

D-H:-A d])_H (A) dHo--A (A) dD—A (A) D-H-A (0)

N(D)-H(1A)--O(1)#1 0.88 2.05 2.929(4) 172.7
N(1)-H(1B)-O(2) 0.88 1.95 2.828(4) 173.4
N(3)-H(3)-O(4)#2 0.88 1.80 2.660(4) 164.9

C(2)-H(2)-0(3) 0.95 2.45 3.292(5) 147.2
O(3)-H(3B)---O(2)#3 0.94 1.56 2.497(4) 171.5
O(4)—H(4A)--O(1)#4 0.96 1.54 2.490(4) 172.6
Symmetry transformations used to generate equivalent atoms:
#1 1/2+X,3/2-Y,1-Z; #2 +X,-1+Y,+Z; #3 -1+X,+Y,+Z; #4 1/2+X,5/2-Y,1-Z
1-2 [(C4H6N3)(BF4)

D—H--A dou(A)  du-a(A) dp-a (A) D-H-A (°)
N(1)-H(1A)-F(1)#1 0.86 2.34 2.995(2) 133.2
N(D)-H(1A)FQ)#2 0.86 2.36 3.010(2) 133.1
N(D)-H(1A)--F(2)#3 0.86 2.45 3.086(2) 131.8
N(1)-H(1B)--F(3)#4 0.86 2.03 2.859(2) 162.2

N(Q)-HQ)--F(1)#5 0.86 2.13 2.8619(17) 142.1
N(Q)-HQ2)-F(2)#2 0.86 2.44 3.080(2) 132.2
N(2)-H(2)-"F(4)#3 0.86 2.83 2.994(2) 92.4
C(2)-H(2A) -F(1)#5 0.93 2.84 3.2192) 105.9
C(3)-H(3)--"F(4)#6 0.93 2.59 3.174(2) 121.7
Symmetry transformations used to generate equivalent atoms:
#11-X,1-Y,1-Z; #2 - X, 1-Y,1-Z; #3 1+ X Y, 1+Z; #4 1+X +Y,4Z; #5 +X +Y,1+Z;
#6 1/2+X,1/2-Y,1/2+Z
11-1 [(C4HsN3)(CsHsN3)(CF3SO3)]

D-H:-A dl)fH (A) dH---A (A) deA (A) D-H-A (0)
N(1)-H(1A)N(5)#1 0.86 2.28 3.118(3) 165.2
N(1)-H(1B)--O(1)#2 0.86 2.80 3.172(4) 107.7
N(4)-H(4A)N(2)#1 0.86 2.55 3.262(4) 140.9
N(4)-H(4B)--O(2)#3 0.86 233 3.080(4) 146.5

N(6)-H(6)"N(3)#4 0.86 1.85 2.705(3) 176.1
C(2)-H(2)"F(1)#5 0.93 2.33 3.161(4) 148.3
C(8)-H(8)-O(1)#4 0.93 2.46 3.266(4) 145.2
C(8)-H(8)-F(2)#6 0.93 2.71 3.277(4) 120.1
C(9)-H(9)-O(3)#7 0.97(3) 2.32(3) 3.286(4) 171(3)

Symmetry transformations used to generate equivalent atoms:
#1 2-X,-Y,-Z; ; #2 2-X,1-Y,-Z; #3 +X,+Y,-1+Z; #4 1-X,1-Y,-Z; #5 2-X,-Y,1-Z; #6 1-X,1-Y,1-Z;

#7 1-X,1-Y,-1-Z
11-2 [(C4HsN3)(NH2S03)]

D-H--A dpu(A)  du-a(R) dp-a (A) D-H-A (°)
N(1)-H(1A)-N(4)#1 0.88 2.18 3.020(2) 159.3
N(1)-H(1A)-~O(3)#1 0.88 2.89 3.269(2) 107.7
N(1)-H(1B)--O(2)#2 0.88 2.00 2.879(2) 173.0

N@3)-H(3)-0(1) 0.88 1.91 2.760(2) 161.6
N(3)-H(3)-0(3)#1 0.88 2.76 3.183(2) 111.3
N(4)-H(4A)-OQ2)#3 0.79 2.32 3.094(2) 164.9
N(4)-H(4B)--O(1)#4 0.81 2.24 2.960(2) 148.0
C(4)-H(4)-0(3) 0.95 2.57 3.283(3) 132.4

Symmetry transformations used to generate equivalent atoms:
#1 +X,1-Y,-172+Z; #2 + X, 1+Y,+Z; #3 1-X,+Y,1/2-Z; #4 +X,1-Y,1/2+Z

11-3 [(C4HeN3)(CH3S03))]




D-H-A dpu(A)  dia (R) dp-a () D-H-A (°)

N(1)-H(1A)-~O(2)#1 0.86 2.07 2.925(4) 174.2
N(1)-H(1B)~O(1)#2 0.86 2.08 2.916(4) 165.0
N(1)-H(1B)~O(3)#2 0.86 2.62 3.019(4) 109.5
N(2)-H(2)--O(3)#1 0.86 1.84 2.686(3) 168.2
C(5)-H(5C)--0(1)#3 0.96 2.48 3.175(3) 129.1

Symmetry transformations used to generate equivalent atoms:
#1 1+X+Y,+Z; #2 -X,1/2+Y,3/2-7; #3 -1+X,+Y,+Z

11 [(C4H5sN3)2(CsHsO4)]

D-H-A dou (A du-s (R dp-a (A) D-H-A (°)
N(1)-H(1A)~N(2)#1 0.88 2.15 3.027(2) 171.2
N(1)-H(1B)--0(2) #2 0.88 2.16 3.0114(18) 162.1

C(2)-H(2)-O(1)#3 0.95 2.36 3.260(2) 158.5
O(1)-H(1)-"N(3)#4 0.84 1.81 2.6359(18) 168.8

Symmetry transformations used to generate equivalent atoms:
#1 1-X,-Y,1-Z; #2 1+ X Y +Z; #3 -1+ X +Y,-1+Z; #4 +X,1/2-Y,1/2+7

1V [(C4HsN3)(H3BO3):]

D-H--A don(A)  du-a(A) do_s (A) D-H-A (©
N(1)-H(1A)N(1)#1 0.87 2.44 2.867(2) 110.6
N(1)=H(1A)-N(1y#2 0.87 221 2.867(2) 131.9
N(1)-H(1B)-O(1)#2 0.87 2.18 2.989(2) 154.3

N(1)-H(1C)~N(2) 0.50 1.92 2237 124.0
O(1)-H(1)-0(2)#3 0.83 1.95 2.770(2) 167.2
0(2)-H(2A)--O(3)#4 0.83 1.88 2.708(2) 175.5
0(3)-H(3)-"N(2) 0.83 1.98 2.746(2) 153.8

Symmetry transformations used to generate equivalent atoms:
#1 1-X,-12+Y,1/2-Z;#2 1-X,1/2+Y,1/2-Z; #3 2-X,-1/2+Y,1/2-Z; #4 2-X,2-Y,1-Z




Table S6. NLO properties comparison among inorganic and metal-free organic

fundamental building units.

Groups Structures  Polarizability Hyperpolarizability ¥ HOMO-
Anisotropy (|Pmax|) LOMO
) Eg(eV)
[BOs]*
9.18 15.71 8.39
[COsT* 12.49 23.87 8.02
[NOsJ* 17.35 22.61 6.06
[C(NH»)3]" 19.91 72.13 8.74
[B306]* 28.9 62.5 8.3
[C303N3]* 51.2 175.2 6.4
[HC303N3]* 53.6 250.3 6.6
[H2C303N;3] 52.6 195.9 6.7
[H3C303N3] 54.4 112.9 5.9
[H2C3N3S3]
119 768 6.16
[HC3N3S31* 120 1112 6.12
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[CeN,03]*

[CsN7(NH2)3]

[H2CaN203]*

[H3C4N203]

[C3H7Ne]"

[C3HsNg]*

[C3HeNg]*

[CsHeONT*

[C4H/N;]**

[C4H6N3]"

[C4HsN3]

[C4H6N3]"

[C4HsN3]

111.82

131.60

55.6

54.4

64.4

57.2

65.72

51.4

43

46.88

47.1

43.71

48.48

413.05

529.95

190.5

112.9

287.0

196.36

178.21

230.1

97.92

165.6

262.92

160.96

208.6

5.25

4.87

6.0

59

6.5

6.04

6.67

6.4

5.14

5.25

5.51

4.92

5.15
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Table S7. Comparisons of title compounds with known semi-organic crystals.

Sr. No Compound Space group _ Acutof/Nm Birefringence Ref
1. [C(NH2)3]2(HPO4)(H20)] P42ic 220 0.014@532 nm [12]
2. [(C(NH2)3)2Zn(HPO3)] Fdd2 194 0.030@1064 nm [13]
3. [C(NH2)3]2(POsF)] Cm 194 0.039@532 nm [14]
4. [C(NH)3]3(PO4)(2H20)] Pna2, 250 0.055@546 nm [15]
5. [C(NH2)3]2(SOs3S)] P63mc 254 0.073@546 nm [16]
6. [C(NH2)5(Cl04)] R3m 200 0.076@1064 nm [17]
7. [C(NH.)3]6(PO4)2(3H20)] Cc 205 0.078 @546nm (18]
8. [C(NH)3(SbF4)] P212,12, 241 0.08@532 nm [19]
9. [(CsNsH7)3(HgCls)] P1 290 0.093@1064 nm (20]
10. [C(NH)3(H2PO»)] Pnma 201 0.10 @532 nm [21]
11. [(CN4H7)(CH3S03)] P2i/n 198 0.102 @1064 nm [22]
12. [C(NH)3(BF4)] R3m 193 0.11@1064 nm [23]
13. [C(NH2)3(SOsF)] R3m 200 0.133@1064 nm [24]
14. [C(NH>)3(CH3S0s3)] C2/m 195 0.137 @ 1064 nm [22]
15. [C(NH>)3(CF3S03)] C2/c 182 0.139@1064 nm [22]
16.  [(CN4H7)(CF3S03)] P1 183 0.141@1064 nm (22]
17. [C(NH2)3(NO3)] Cm 269 0.143@1064 nm [25]
18. [(C4H5N3)(H2PO4)] 1-1 P21212; 366 0.145 @546 nm This work
19.  [Lus(C3N3;03)(OH)2] P62m 235 0.148@800 nm [26]
20. [Y5(C3N303)(OH)12] P62m 225 0.149@800 nm [26]
21. [(C5NgH7)2(SiFe)(H.0)] P2i/n 220 0.152@550 nm [27]
22. [RbLi(HC3N303)(2H,0)] Pna2, 239 0.18@514 nm [28]
23. [KLi(HC3N303)(2H,0)] Pna2, 237 0.186@514 nm [29]
24, [K3Pb(H2C3N303)s(H20)6] C2/m 255 0.193 @532nm [30]
25. [RbNa(HC3N303)(2H,0)] Pna2, 266 0.194@589 nm [31]
26. [(C3H7Ng)6(H2PO4)4(HPO4)(4H20)] P2, N/A 0.220@1064 nm [32]
27. [NaRbg s6Cso.14(HC3N303)(2H20)] Pna2, N/A 0.238@532 nm [33]
28. [Sro.5(H2C¢N703](4H20))] Fdd2 304 0.239@1064 nm [34]
29. (C3NgH7)(C3NgHe)HgCl3 P2, 278 0.246@1064 nm [20]
30. [(C4HsN3)(H3BOs),] IV P2i/c 340 0.248 @546 nm*  This work
31. [(C5NgH7)(C3N¢He)(ZnCl3)] P2, 236 0.255@1064 nm [35]
32. 2(C3H7Ne)(2C1)(H20)] Cmc2, 245 0.277@546 nm [36]
33. [LiCI(H3C3N303)] R3m 215 0.28@800 nm [37]
34, [NaCs3(H2C3N303)4(3H0) Pmn2, 227 0.29@514 nm [38]
35. [(C3HsNg)(SnCly)] Pna?2, 334 0.294@550 nm [39]
36. [K2Sn2(C204)2F2(H20)] P2i/c 310 0.301@546 nm [40]
37 [RbLi(H,C3N303)2(2H,0)] P2i/m N/A >0.30 [41]
38. [CsLi(H2C3N303)2(2H,0)] P2i/m N/A >0.30 [41]
39. [Basz(C3N3O3)2] R§ 264 03 1@800 nm [42]
40.  [(CsNeH7)(CH3S03)(H20)] P1 233 0.31@546 nm [43]
41. [(C5HsNg)(PbBry)] P2i/c 374 0.322@550 nm [44]
42. [K2Pb(H2C3N303)4(4H20)] Cm 277 0.325@532 nm [30]
43. [8-(C3H7N¢)2CL(H20)] C2/m 230 0.33@550 nm [45]
44.  [(CNeH7)(NH,SO3)] P1 206 0.340@546 nm [46]
45. [C1oH10CINO3] P2i/c N/A 0.345 @550 nm [47]
46.  [BaxCa(C3N305)] R3 230 0.345@800 nm (48]
47. [Li2(HC3N303)] P2i/c N/A 0.345@532 nm [33]
48 [K2(HC3N304)] Cmcem 240 0.35@800 nm [49]
49. [Ko.5Ing s(H2CsN70O3)2(9H,0)] P1 306 0.35@1064 nm (50]
50. [Ba;Mg(C3N303),] R3 225 0.351@800 nm (48]
51. [RbyCa(H2C3N303)4(4H,0))] C2/m 231 0.362@800 nm [51]
52. [NaRb3(H2C3N303)4(3H20)] Pmn2, 230 0.368@1064 nm [52]
53.  [(C3NeH7)(BF4)(H20) P1 244 0.37@546 nm [43]
54. [K2Ca(H2C3N303)4(4H,0)] C2/m 233 0.371@800 nm [51]
55. [Ca3(C3N303)2] R3c N/A 0.372@589 nm [53]
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56.  [Sr3(C3N30s)a] R3c 420 0.374@>589 nm [54]
57. [KzMg(H2C3N303)4(4H20)] C2/m 230 0.376@800 nm [51]
58.  [(CsH:Ng)F(H,0)] C2/m 220 0.38@550 nm [55]
59.  [(C3Ng¢H7)2SbFs(H,0)] P1 220 0.38@550 nm [56]
60.  [(CsaMg(H2C3N305)4(10H20)] P1 234 0.391@800 nm [51]
61.  [(Rby(HC3N;03)] Cmem N/A 0.4@532 nm [33]
62. [K4(HC3N3S3)2(H20)] P21212; 406 0.402@ 550 nm [571
63.  [C3NgH7]2[B303F4(OH)] P1 240 0.440@546 nm (58]
64.  [K3(CeN;03)(2H,0)] Ce N/A 0.446@1064 nm [59]
65.  [(CaHsN3)(NH2S03)] 11-2 C2le 350 0.452@546nm This work
66.  [(CaHeN3)(BF4)] 1-2 P21/n 370 0.489@546nm This work
67.  [(CsHsN3)(CsHsN3)(CFsSO3)] 11-1 Pi 362 0.49@546 nm This work
68.  [(CsHsNO)(Sb,OFy)] Cm 270 0.513@546 nm [60]
69.  [(CsHgN3)(CH3SO3)] 11-3 P2i/c 360 0.594@546 nm This work
70.  [Cd(H,CeN703)2(8H20)] P2, 310 0.60@550 nm [61]
71, [CeN+(NHa)s(HsPO4)] R3¢ 300 0.609@1064 nm [62]
72. [(C4Hs5N3)2(C4HsO4)] 11 P2i/n 364 0.658@546 nm This work

*Represent the experimental birefringence

18



Table S8. Comparisons of title compounds with known semi-organic compounds in their corresponding families.

Phosphates
Sr. No Compound Space group  Acutoff/nM Birefringence Ref
1. [C(NH>)3]2(HPO4)(H20)] P42;c 220 0.010@532 nm [12]
2. [C(NH2)3]6(PO4)2(3H20)] Cc 205 0.077@546nm [18]
3. [C(NH2)3(H2PO»)] Pnma 201 0.085@532nm [21]
4. [(C4H6N3)(H3PO4)] 1-1 P21212; 366 0.145@546 nm This work
5. [(C3H7Ng)s(H2PO4)4(HPO4)(4H20)] P2, N/A 0.220@1064 nm [32]
6. [(CsHcON)(H2PO4)] P2,2:2, 246 0.250@1064 nm [63]
7. [(C4H6N3)(H2PO3)] P2, 346 0.275@1064 nm [64]
8. [(C4HsN3)(H2PO2).(H20)] P1 328 0.349@1064 nm [65]
Fluoroborates/Fluorooxoborates
9. [(NH4)3(POsF)(BF4)] P2:/m 190 0.012@1064 nm [66]
10.  [C(NH)3(BFJ)] R3m 193 0.120@546nm (23]
11. [(C4HsN3)(BF4)] P2:/n 333 0.127@1064 nm [65]
12. [C(NH2)3]2[B303F4(OH)] Pl 190 0.161@1064 nm [67]
13. [C(NH2)3][B305F2(OH):] Pl 195 0.173@1064 nm [67]
14. [(C3N2H5)B303F2(OH)2 PT 207 0.205@546 nm [68]
15. [(C3NgH7)(BF4)-(H20)] Pl 244 0.37@546 nm [43]
16. [CsNgH7]2[B303F4(OH)] Pl 240 0.440@546 nm [69]
17. [(C4aHsN3)(BF4)] 1-2 P24/n 370 0.489 @546nm This work
Triflates
18. [(C4H7N3)(CF3503)2] P2:212) 324 0.063@1064 nm [65]
19. [C(NH2)3(CF5S0s)] C2/c 182 0.139@1064 nm [22]
20. [(CN4H7) (CFsS0s)] P1 183 0.141@1064 nm [22]
21. [(C4HsN3)(C4HsN3)(CF3S03)] 11-1 Pl 362 0.490@546 nm This work
Sulfamates
22.  [(C4HeN3)(NH2S03)] Cm 350 0.220@546 nm [70]
23. [(CaHeN3)(NH2SO3)] P24/n 333 0.241@1064 nm [65]
24, [(CsNgH7)(NH2S0s)] P1 206 0.340 @546 nm [46]
25. [(C4HsN3)(NH2SO3)] 11-2 C2/c 350 0.452@546 nm This work
Methane sulfonates
26. [(CN4H7)(CH3S03)] P2:/n 198 0.102@1064 nm [22]
27. [C(NH2);(CH3S0s)] C2/m 195 0.137@1064 nm [22]
28. [(CsHsNO)(CH3S03)] Pna2; 252 0.202@546 nm [71]
29.  [(C3NgH7)(CH3S03)(H20) Pl 233 0.310@546 nm [43]
30. [(CaHsN3)(C4HsN3)(CH3S03)] P2i/c 330 0.320@1064 nm [65]
31. [(C4HsN3)(CH3SO3)] 11-3 P2./c 360 0.594@ 546 nm This work
Succinate
32. [(C4H5N3)2(CsHsO4)] 111 P2./c 364 0.658@546 nm This work
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Table S9. Assignments of the IR peaks for I-1-1-2, II-1-1I-3, III, and IV.

Mode I-1 I-2 1I-1 I1-2 II-3 I v Ref

description

o(NH,) 3329 3329 3334 3311 3316 3394 3391

0(C=N) 1687 1659 1657 1677 1668 1696 - [72-74]

0(C=C) - 1640 1636 1610

o(P=0) 1111,1219 [64,74]
5 (0-P-0) 497,561

v(B—F) 703

Vas(B-F) 1071 [75]

J (B-F) 529

05(S=0) 1016 1005 1004

04s(S=0) 634 636 1042

v(C—F) 1263 630 [22]

3 (C=F) 812

5((CH3) 1371

J.s(CH3) 1421 [71]

»(S—C) 776

»(C=0) 1544

04(CO0) 1704 (73]
0as(BO3) 1442,1522

6(BO3) 548 [76]

v= stretching, vs= symmetrical Stretching, v,s= asymmetrical stretching, = bending vibrations,
os=symmetric bending vibrations, d.s=asymmetric bending vibrations.
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Figure S1. The powder XRD patterns of I-1-1-2, TI-1-1I-3, III, and IV.
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IV [(C4H:N;)(H;BO),]
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Figure S7. Visualization of hirshfeld surfaces: dnom (2), shape index (b), curvedness (c) de
(d), di (e), and fragment patch for I-1-1-2, II-1-11-3, I1I, and IV.
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I1-1 [(C4HsN3)(C4HeN;)(CF,;SO,)]
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I1-3 [(C4HgN3)(CH;SO,)]
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IV [(C4HsN;)(H;BO,),]

@ e @

A 2

L me e an s e e s Ty

L] ppe—— e 1®
28 : ix Others 167 %
. i H.C33%
M. N11.6%
: H..O334%
A i . \ H. HI8%
H.N116% " HLC33%

Figure S8. Visualization of 2D fingerprint plots for overall interactions and individual
interactions of atom types in crystal packing of I-1-1-2, II-1-1I-3, III, and IV.
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1I-3 [(C4HgN,)(CH,S0,)]
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Figure S9. Visualization of hydrogen bonding, spatial arrangement, and dihedral angle of I-
1-1-2, ITI-1-11-3, II1, and IV.
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We attempted various approaches, adjusting temperature, ratios, and solvent composition, to
synthesize this compound without disorder; however, all efforts have been unsuccessful.
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Figure S10. Crystal packing of I'V along the a and b axis (a,b), and dihedral angle (y) of
[APZ] along (010) plane and angles between z-conjugated units (c).
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11 [(C4HgN,)(H,PO,)] 1-2 [(C,HgN;)(BF )]
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Figure S11. Birefringence measurements under the polarizing microscope and the thickness
for I-1-1-2, II-1, I1I-3, and IV.
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Given the propensity of NCS crystal structures to exhibit second-harmonic generation (SHG).
The SHG effect was measured on polycrystalline samples by Kurtz-Perry method at a
wavelength of 1064 nm, using KDP as the reference.[*] However, upon testing I-1, the SHG
signal was negligible. It can be attributed to the perpendicular arrangement of fundamental
structural components [APZ]" within crystal structure, which effectively cancel out frequency-
doubling effect. This finding was further substantiated by SHG-weighted electron density
analysis,””! which provide insights into the origin of the SHG effects. The majority of SHG-
weighted electron clouds are concentrated around the C-C, and C-N bonds, as well as C and N
atoms, confirming that the [APZ]" units are the primary determinants of the SHG response.
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Figure S13. Spatial Arrangement of functional units in I-1 (a), SHG-weighted densities for
occupied and unoccupied electronic states in I-1 (b,c).
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