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1. Experimental Section 

Crystal Preparation. Single crystals of α/β-C(NH2)3SO3NH2 were synthesized by a 

simple slow aqueous solution evaporation method. The mixtures of [C(NH2)3]2CO3 : 

HSO3NH2 = 1:2 (α-C(NH2)3SO3NH2) and [C(NH2)3]2CO3 : HSO3NH2 : NH4SO3NH2 = 1 : 2 : 

1 (β-C(NH2)3SO3NH2) were weighed in molar ratios, respectively, and dissolved in a 

conical flasks containing 60 mL of deionized water. Subsequently, the conical flask was 

placed on a magnetic stirrer at 60 °C for two hours to fully dissolve the mixture for the 

reaction. After mixing, the conical flask was placed in a room-temperature 

environment, and after a few days of slow evaporation, colorless and transparent 

crystals are successfully obtained.

The polycrystalline samples of β-C(NH2)3SO3NH2 were prepared using the same slow 

evaporation method. Note that unlike β-C(NH2)3SO3NH2, the polycrystalline powder 

of α-C(NH₂)₃SO₃NH₂ was prepared directly by grinding its single crystals. Separately, 

the obtained α-C(NH2)3SO3NH2 (as raw material) was dissolved in 40 mL of deionized 

water and slowly evaporated at 70 °C in an oven. After these steps, powder XRD 

analysis confirmed the phase purity of the polycrystalline samples, α/β-

C(NH2)3SO3NH2 (Fig. S1 in the Supporting Information (SI)). These polycrystalline 

samples were used for subsequent performance testing.

Single-crystal XRD. The single-crystal XRD data were collected on a Bruker D8 

Venture diffractometer using Mo Kα radiation (λ = 0.71073 Å). All data were integrated 

with SAINT, and absorption correction was not applied (SADABS). The crystal structure 

models were then solved and refined on the SHELXTL and Olex2 packages using the 

intrinsic phase method and the full-matrix least-squares technique.1 All non-hydrogen 

atoms were refined with anisotropic displacement parameters. The heteroatom-

bound hydrogen atoms were refined with isotropic displacement parameters.2 The 

absence of higher symmetry in the crystal structure was confirmed using PLATON 

software.3 Crystallographic data and structural refinements for α-C(NH2)3SO3NH2 and 

β-C(NH2)3SO3NH2 are listed in Table S2; atomic coordinates, isotropic or equivalent 



displacement parameters, selected bond distances and angles, and anisotropic 

displacement parameters are summarized in Tables S3-S8, respectively.

Powder X-ray diffraction (XRD). The determination of the pure sample was carried 

out using powder XRD, which was carried out with a Bruker D2 PHASER diffractometer 

at room temperature using Cu Kα radiation with λ = 1.5418 Å. The diffraction patterns 

were recorded with the 2θ range of 10-70° with a scan step width of 0.02°, and a scan 

rate of 1 s/step.

Thermal Analysis. The thermal performance of α-C(NH2)3SO3NH2 and β-

C(NH2)3SO3NH2 was evaluated using a HITACHI STA7300. Thermogravimetric analyzer 

under a nitrogen atmosphere over a temperature range of 30–700 °C. Their stability 

was determined by recording its thermodynamic behavior.

Infrared and UV-Vis-NIR Diffuse Reflectance Spectroscopy. Infrared spectra in the 

range of 400 to 4000 cm-1 were recorded at room temperature using a BRUKER 

VERTEX 70 FTIR spectrometer for verification of structural units. Before the 

measurement, the sample was mixed with dry KBr at a mass ratio of 1:100, ground 

thoroughly, and then pressed into a transparent pellet for measurement.

The UV-Vis-NIR diffuse reflectance data were collected at room temperature using 

a Shimadzu SolidSpec-3700DUV spectrophotometer. Data were collected in the 

wavelength range of 180-1500 nm.

Powder Second Harmonic Generation (SHG) Measurements. The SHG responses 

were quantitatively measured through the Kurtz-Perry powder technique employing 

an SHG-HighRes-100 spectrometer (Voyawave Optics), with a Q-switched Nd : YAG 

laser (1064 nm) as the excitation source. The process was then repeated using a 

standard NLO material, the KH2PO4 (KDP), and the second harmonic output intensities 

of the samples were compared with those of KDP. Additionally, because the samples 

absorbing moisture easily, it is difficult to sieve sufficient quantities of particles with 

different size distributions for phase-matching curve measurements.

Experimental Birefringence. For experimental measurements of the birefringence, 

a ZEISS Axio Scope 5 pol model polarizing microscope equipped with a Berek 

compensator was used. The wavelength of the light source was 546 nm. Based on 



theoretical knowledge, the formula for calculating birefringence is provided.4 R = |Ng 

- Np| × d = Δn × d, where R represents the optical path difference; Ng and Np refer to 

the refractive indices of the slow and fast rays, respectively; Δn represents the 

difference value of the refractive index (birefringence); d represents the thickness of 

the crystal. 

2. Computational Methods 

The electronic structures and optical properties of α/β-C(NH2)3SO3NH2 were 

calculated using the first-principles method implemented in the CASTEP code.5-7 

During the calculation, the Perdew−Burke−Ernzerhof (PBE) functional8 and the norm-

conserving pseudopotential (NCP)8, 9 were used, and the valence electron 

configurations were assigned as C 2s22p2, N 2s22p3, H 1s1, S 3s23p4, and O 2s22p4. The 

plane wave cutoff energy for α/β-C(NH2)3SO3NH2 was set to 830 eV. Using the 

Monkhorst-Pack method, the K points of the two compounds were finally set to the 

appropriate values of 3 × 2 × 3 (α-C(NH2)3SO3NH2) and 4 × 3 × 3 (β-C(NH2)3SO3NH2).10 

To achieve convergence in geometry optimization, the total energy convergence 

criterion was set to 5.0×10-6 eV, and the convergence criteria for maximum atomic 

force, maximum stress, and maximum displacement were set to 0.01 eV/Å, 0.02 GPa, 

and 5.0×10-4 Å, respectively. All other calculation parameters and convergence criteria 

were set to the default values of the CASTEP software package. Considering the 

underestimation of band gap caused by the discontinuity of the GGA functional, the 

HSE06 method11-13 implemented in the PWmat14, 15 code was used to obtain band gap 

for comparison with experimental values. 

Based on the obtained electronic structures, the imaginary part ( ) of the dielectric 𝜀2

constant of the crystal was obtained using the following expression:

𝜀2 =
2𝑒2𝜋
Ω𝜀0

∑
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where Ω is the unit cell volume, ν, c are the valence and conduction bands of the 

crystal, respectively, and u is the vector of the direction of the electric field of the 

incident light. The real part of the dielectric constant ( ) can be further obtained by 𝜀1



the Kramer-Kronig transformation.16 Then the scissors operator was applied to obtain 

the refractive indices and birefringence. The scissors corrections were 1.911 eV (for 

the α phase) and 1.595 eV (for the β phase), respectively.

The SHG tensors were further calculated using the formula originally proposed by 

Rashkeev and Lin et al. and then revised by Zhang et al.17-19 The SHG tensors were 

calculated using the formula: 
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Here, , , and  are Cartesian components,  and  denote valence bands, and 𝛼 𝛽 𝛾 𝑣 𝑣' 𝑐 

 denotes conduction bands, and  denotes full permutation. The band energy 𝑐' 𝑃(𝛼𝛽𝛾)

difference and momentum matrix elements are denoted as  and , respectively. ℏ𝜔𝑖𝑗 𝑃𝛼
𝑖𝑗 

Employing scissor corrections, reliable SHG coefficients can be obtained from the GGA 

calculations. The effective SHG coefficient was evaluated using the formula first 

suggested by Kurtz-Perry21 and Cyvin et al.22 and later revised by Cheng et al.23:
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Since β-C(NH2)3SO3NH2 crystallizes in the noncentrosymmetric space group Iba2, 

which belongs to the mm2 point group, it has three independent SHG tensors d15, d24, 

and d33, the effective SHG response can be calculated as:
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The contribution of the functional basic units to the birefringence and SHG was 

analyzed using the real space atom-cutting (RSAC) method. The RSAC method refers 

to the division of real space into multiple regions, with each region containing one 

ion.17 When the wavefunction belonging to a specific ion or group is defined as zero 

(referred to as “cutting”), it is considered that the contribution of the ion or group has 



been removed. Using this method, the contribution from ions or groups can be 

detected. For instance, if we wish to obtain the contribution ( ) of a certain ion 𝜒(𝑛)(𝐴)

A to the n-th order polarizability, we can do so by excluding all other ions except for 

ion A from the compound, which can be expressed as  = (All ions except A 𝜒(𝑛)(𝐴) 𝜒(𝑛)

are cut). For simplicity, each region was defined as a sphere centered on a specific ion. 

According to the principle that the cutting spheres touch but do not overlap, the 

atomic cutting radii were set as follows: C: 0.77 Å, N: 0.75 Å, H: 0.32 Å, S: 1.02 Å, O: 

0.65 Å.



Table S1. Cutoff edge wavelengths for some S-containing compounds (containing 
planar units).

As shown in Table S1, large π-conjugated groups may be unfavorable for the cutoff 
edge blueshift. Meanwhile, there are still many gaps to be explored for S-containing 
compounds that combinre π-conjugated and non-π-conjugated groups through 
investigation.

Compound λcutoff/nm Ref.

SO4

(C(NH2)3)Al(SO4)2(H2O)6 228 24
Zn(C(NH2)3)2(SO4)2 261 25
Zn(SO4)(CH4N2S)3 300 26
(C2H12N6)Zn(SO4)2 259 27
[C(NH2)3]BiCl2SO4 322 28

La2B3O4(OH)3(SO4)2 455 29

SO3NH2

C3N6H7SO3NH2 206 30
Sr(NO3)(NH2SO3)·H2O 231 31
[C2N4H7O][NH2SO3] 227 32
C2H5N4O2S2(H2O)Cl 345 33

[(C4H6N3)(NH2SO3)]-II 333 34
C4N3H6SO3NH2-I 350 35

[(C4H6N3)(NH2SO3)]-III 350 36
SO3CF3

C(NH2)3(CF3SO3) 183 37
[(C4H7N3)(CF3SO3)2] 324 34

(C4H5N3)(C4H6N3)(CF3SO3) 360 36
SO3CH3

C(NH2)3CH3SO3 190 38
C2H5N4O2S2(CH3O3S) 366 33
(C5H6NO)(CH3SO3) 252 39

[(C4H5N3)(C4H6N3)(CH3SO3)] 330 34
(C4H6N3)(CH3SO3) 360 36

SO3F
C(NH2)3SO3F 200 40

SO3S
[C(NH2)3]2SO3S 254 41

Na10Cd(NO3)4(SO3S)4 331 42
[C(NH2)3]S3O6 218 43
[C(NH2)3]2S2O8 222 44
[C(NH2)3]2S2O6 237 45



Table S2. Crystal data and structure refinement for α/β-C(NH2)3SO3NH2.

Empirical formula α-C(NH2)3SO3NH2 β-C(NH2)3SO3NH2

Formula weight 156.17 156.17
Temperature [K] 273.15 273.15
Crystal system monoclinic orthorhombic

Space group  (14)𝑃21/𝑐  (45)𝐼𝑏𝑎2

a [Å] 7.404(5) 13.162(2)

b [Å] 9.898(7) 9.6507(17)

c [Å] 8.567(6) 9.7932(17)

α [°] 90 90

β [°] 99.82(3) 90

γ [°] 90 90
Volume [Å] 618.6(8) 1092.45(6)

Z 4 4
ρcalc [g/cm3] 1.677 1.668

μ [mm−1] 0.468 0.466
F (000) 328 656

2θ range [°] 5.58 to 54.97 5.23 to 54.94
Index ranges -9≤ h ≤ 9, -10 ≤ k ≤ 12, -11 ≤ l ≤ 11  -16 ≤ h ≤ 16, -12 ≤ k ≤ 12, -12 ≤ l ≤ 12

Reflections collected 4912 3919
Independent reflections
Completeness to theta

1406 [R(int) = 0.0730]
99.9 %

1362 [R(int) = 0.0595]
98.7 %

Data/restraints/parameters 1406 / 0 / 89 1362 / 1 / 90
Goodness-of-fit on F2 1.073 1.117

Final R indexes [Fo
2>2σ(Fo

2)] [a] R1 = 0.0518, wR2 = 0.1185 R1 = 0.0469, wR2 = 0.0827
R indexes (all data) [a] R1 = 0.0785, wR2 = 0.1454 R1 = 0.0756, wR2 = 0.0998

Largest peak/hole [eÅ−3] 0.42/−0.42 0.30/−0.34
[a]R1 = Σ||Fo| - |Fc||/Σ|Fo| and wR2 = [Σw(Fo

2 – Fc
2)2/ΣwFo

4]1/2 for Fo
2 > 2σ(Fo

2)



Table S3. Atomic coordinates ( × 104) and equivalent isotropic displacement 
parameters (Å2 × 103) for α-C(NH2)3SO3NH2.

Atom x y z Ueq
[a]

S1 1.90196(10) 0.44241(9) 0.20802(9) 0.0290(3)
N1 1.4170(4) 0.4349(3) 0.3196(4) 0.0437(8)
N2 1.2856(4) 0.2866(3) 0.4729(4) 0.0434(8)
N3 1.5816(4) 0.2548(3) 0.4348(4) 0.0518(10)
N4 2.0430(4) 0.5719(3) 0.2364(4) 0.0339(7)
C1 1.4282(4) 0.3254(4) 0.4091(4) 0.0362(8)
O1 1.9834(3) 0.3540(2) 0.1044(3) 0.0358(6)
O2 1.9062(3) 0.3869(3) 0.3656(3) 0.0385(6)
O3 1.7178(3) 0.4854(3) 0.1365(3) 0.0405(7)

H1A 1.509598 0.459992 0.278360 0.052
H1B 1.317139 0.480993 0.302736 0.052
H2A 1.293098 0.215326 0.531114 0.052
H2B 1.185661 0.332592 0.456078 0.052
H3A 1.674087 0.280112 0.393429 0.062
H3B 1.589163 0.183572 0.492985 0.062
H4A 2.041(5) 0.608(4) 0.146(5) 0.041
H4B 2.028(5) 0.628(4) 0.307(5) 0.041

[a]Ueq is defined as 1/3 of the trace of the orthogonalized Uij tensor.

Table S4. Atomic coordinates ( × 104) and equivalent isotropic displacement 
parameters (Å2 × 103) for β-C(NH2)3SO3NH2.

Atom x y z Ueq
[a]

S1 0.74371(10) 0.49916(17) 0.64517(17) 0.0255(4)
N1 0.5668(4) 0.3390(6) 0.3876(6) 0.0394(13)
N2 0.4035(4) 0.2610(6) 0.3863(7) 0.0406(14)
N3 0.5130(5) 0.1942(6) 0.2171(6) 0.0421(15)
N4 0.8239(5) 0.5871(6) 0.5520(7) 0.0359(15)
C1 0.4948(5) 0.2646(7) 0.3302(5) 0.0303(14)
O1 0.7727(3) 0.3561(4) 0.6258(5) 0.0362(11)
O2 0.6405(3) 0.5278(5) 0.6006(4) 0.0342(11)
O3 0.7616(3) 0.5493(5) 0.7830(4) 0.0352(11)

H1A 0.554305 0.384806 0.461010 0.047
H1B 0.626377 0.341909 0.351625 0.047
H2A 0.391627 0.307060 0.459777 0.049
H2B 0.356054 0.212594 0.349399 0.049
H3A 0.572377 0.196785 0.180414 0.050
H3B 0.465568 0.145771 0.180134 0.050
H4A 0.827(6) 0.551(8) 0.488(7) 0.043
H4B 0.805(6) 0.655(8) 0.546(8) 0.043

[a]Ueq is defined as 1/3 of the trace of the orthogonalized Uij tensor.



Table S5. Anisotropic displacement parameters (Å2×103) for α-C(NH2)3SO3NH2. The 
anisotropic displacement factor exponent takes the form: -
2π2[h2(a*)2U11+ k2(b*)2U22 +...+2hka*b*U12].

Atom U11 U22 U33 U23 U13 U12

S1 0.0256(4) 0.0285(5) 0.0332(5) −0.0002(3) 0.0060(3) −0.0004(3)
O2 0.0410(13) 0.0410(15) 0.0354(14) 0.0073(12) 0.0117(11) −0.0031(11)
O1 0.0419(13) 0.0283(13) 0.0396(14) −0.0065(10) 0.0139(11) 0.0044(10)
O3 0.0247(12) 0.0413(15) 0.0536(16) 0.0006(12) 0.0015(11) −0.0017(11)
N4 0.0321(14) 0.0336(18) 0.0363(16) −0.0044(13) 0.0068(13) −0.0042(13)
N2 0.0282(14) 0.0452(19) 0.057(2) 0.0138(16) 0.0063(13) −0.0012(13)
N1 0.0271(15) 0.045(2) 0.060(2) 0.0144(16) 0.0098(14) 0.0040(13)
N3 0.0315(16) 0.048(2) 0.077(3) 0.0225(19) 0.0127(16) 0.0073(15)
C1 0.0298(16) 0.034(2) 0.043(2) 0.0009(15) 0.0008(14) −0.0048(15)

Table S6. Anisotropic displacement parameters (Å2×103) for β-C(NH2)3SO3NH2. The 
anisotropic displacement factor exponent takes the form: -
2π2[h2(a*)2U11+ k2(b*)2U22 +...+2hka*b*U12].

Atom U11 U22 U33 U23 U13 U12

S1 0.0260(7) 0.0223(6) 0.0281(6) −0.0011(6) −0.0009(8) −0.0007(8)
O1 0.034(2) 0.023(2) 0.051(3) −0.002(2) 0.003(2) 0.002(2)
O2 0.022(2) 0.038(3) 0.042(2) 0.001(2) −0.0051(17) 0.000(2)
O3 0.039(3) 0.038(3) 0.028(2) −0.0039(19) −0.006(2) −0.005(2)
N1 0.032(3) 0.047(3) 0.039(3) −0.004(3) −0.002(3) −0.008(3)
N2 0.034(3) 0.049(3) 0.039(3) −0.013(3) 0.006(3) −0.007(3)
N3 0.032(3) 0.048(4) 0.046(3) −0.016(3) 0.005(3) −0.004(3)
N4 0.036(4) 0.030(3) 0.043(3) 0.002(3) 0.001(3) 0.001(3)
C1 0.029(4) 0.030(3) 0.033(3) 0.005(3) 0.001(3) −0.004(3)



Table S7. Selected bond lengths [Å] and angles (o) for α-C(NH2)3SO3NH2.
Atom–Atom Length [Å] Atom–Atom Length [Å]

S1–O2 1.453(3) N2–C1 1.326(4)
S1–O1 1.449(2) N1–H1A 0.8600
S1–O3 1.460(2) N1–H1B 0.8600
S1–N4 1.644(3) N1–C1 1.321(5)

N4–H4A 0.85(4) N3–H3A 0.8600
N4–H4B 0.84(4) N3–H3B 0.8600
N2–H2A 0.8600 N3–C1 1.320(4)
N2–H2B 0.8600

Atom–Atom–Atom Angle [°] Atom–Atom–Atom Angle [°]

O2–S1–O3 111.76(14) C1–N2–H2B 120.0
O2–S1–N4 104.17(16) H1A–N1–H1B 120.0
O1–S1–O2 113.27(16) C1–N1–H1A 120.0
O1–S1–O3 112.08(15) C1–N1–H1B 120.0
O1–S1–N4 103.96(15) H3A–N3–H3B 120.0
O3–S1–N4 111.03(16) C1–N3–H3A 120.0

S1–N4–H4A 107(3) C1–N3–H3B 120.0
S1–N4–H4B 118(3) N1–C1–N2 120.1(3)

H4A–N4–H4B 113(4) N3–C1–N2 120.0(3)
H2A–N2–H2B 120.0 N3–C1–N1 119.9(3)
C1–N2–H2A 120.0

Table S8. Selected bond lengths [Å] and angles (o) for β-C(NH2)3SO3NH2.

Atom–Atom Length [Å] Atom–Atom Length [Å]

S1–O1 1.445(4) N2–H2B 0.8600
S1–O2 1.453(4) N2–C1 1.321(8)
S1–O3 1.453(4) N3–H3A 0.8600
S1–N4 1.633(7) N3–H3B 0.8600

N1–H1A 0.8600 N3–C1 1.322(8)
N1–H1B 0.8600 N4–H4A 0.72(7)
N1–C1 1.315(8) N4–H4B 0.71(8)

N2–H2A 0.8600 Atom–Atom–Atom Angle [°]

Atom–Atom–Atom Angle [°] C1–N2–H2A 120.0

O1–S1–O2 112.9(3) C1–N2–H2B 120.0
O1–S1–O3 113.4(3) H3A–N3–H3B 120.0
O1–S1–N4 104.6(3) C1–N3–H3A 120.0
O2–S1–O3 111.5(3) C1–N3–H3B 120.0
O2–S1–N4 109.7(3) S1–N4–H4A 106(7)
O3–S1–N4 103.9(3) S1–N4–H4B 107(7)

H1A–N1–H1B 120.0 H4A–N4–H4B 113(9)
C1–N1–H1A 120.0 N1–C1–N2 119.5(6)
C1–N1–H1B 120.0 N1–C1–N3 120.5(7)

H2A–N2–H2B 120.0 N2–C1–N3 120.0(7)



Table S9. The cutoff edge wavelengths (λcutoff) of optical crystal materials containing 
[C(NH2)3] or [SO3NH2].

Compound λcutoff/nm Ref.

Cs2Mg(NH2SO3)4 ·4H2O 180 46
[C(NH2)3(CF3SO3)] 183 37
β-C(NH2)3SO3NH2 190 This work

[C(NH2)3][B3O3F2(OH)2] 190 47
C(NH2)3CH3SO3 190 38

Ba(NH2SO3)2 190 48
KCd(NH2SO3)3 190 49

α-C(NH2)3SO3NH2 190 This work
Sr(NH2SO3)2 190 48
C(NH2)3BF4 193 50

[C(NH2)3]2[B4O5(OH)4]·2H2O 194 51
[C(NH2)3]2[B3O3F4(OH)] 195 47

(NH4)[C(NH2)3][B3O3F4(OH)] 195 52
C(NH2)3B5O6(OH)4·H2O 197 51

Rb2Ca(NH2SO3)4 200 46
K2Ca(NH2SO3)4 200 46

C(NH2)3ClO4 200 53
C(NH2)3SO3F 200 40

[C(NH2)3]6(PO4)2·3H2O 205 54
Ca(NH2SO3)2·H2O 206 55

C3N6H7SO3NH2 206 30
Pb(NH2SO3)2 208 55

[C(NH2)3]2Zn(CO3)2 210 56
Cd(NH2SO3)2·2H2O 210 57

[C(NH2)3]3AsO4·2H2O 210 58
Cd(NH2SO3)2 212 57

[C(NH2)3][B(C2O2H4)2] 215 59
[C(NH2)3]S3O6 218 43
[C(NH2)3]2S2O8 222 44

Ca(NH2SO3)2·4H2O 224 55
Pb(NH2SO3)2·H2O 226 55

[C2N4H7O][NH2SO3] 227 32
C(NH2)3IO2F2 230 60

Sr(NO3)(NH2SO3)·H2O 231 31
C(NH2)3Sb2F7 236 61

[C(NH2)3]2S2O6 237 45
C(NH2)3IO3 240 62

C(NH2)3SbF4 241 61
C(NH2)3Sb3F3(HPO3)4 243 63

(C(NH2)3)2(I2O5F)(IO3)(H2O) 246 60



[C(NH2)3]3PO4·2H2O 250 64
[C(NH2)3]2SO3S 254 41

[C(NH2)3]3VO4·2H2O 285 58
[C(NH2)2NHNO2][C(NH2)3](NO3)2 298 65

[C(NH2)3]Sb(C2O4)F2·H2O 303 66
C(NH2)3(I3O8)(HI3O8)(H2I2O6)(HIO3)4·3H2O 304 67

Hg2(C(NH2)3)Cl5 306 68
[C(NH2)3]6Mo7O24 313 69

[C(NH2)3]10(MoO3)10(PO4)2(HPO4)2·5H2O 316 70
[C(NH2)3]BiCl2SO4 322 28
C(NH2)3MoO3(IO3) 330 71

C(NH2)3Cd(C2O4)Cl(H2O)·H2O 330 72
[(C4H6N3)(NH2SO3)]-II 333 34

[C(NH2)3]3C3N3S3 340 73
C(NH2)3Rb(I3O8)(IO3)(I2O6H2) 350 74

C4N3H6SO3NH2-I 350 35
[(C4H6N3)(NH2SO3)]-III 350 36
[C(NH2)3]SbFPO4·H2O 358 63

C(NH2)3(HC4O4) 370 75
[C(NH2)3]3V2O4F5 377 76



Table S10. The cutoff edge wavelengths, SHG and birefringence of nonlinear optical 
crystal materials containing [C(NH2)3] or [SO3NH2].

Compound
λcutoff/n

m
SHG× KDP Birefringence Ref.

KBBF(KBe2BO3F2) 147 1.2 0.072@1064nm 77
LBO(LiB3O5) 158 3 0.039@1064nm 78

CLBO(CsLiB6O10) 180 2.2 0.049@1064nm 79
Cs2Mg(NH2SO3)4 ·4H2O 180 2.3 0.054@546.1nm 1

BBO(β-BaB2O4) 185 5.6 0.113@1064nm 80

β-C(NH2)3SO3NH2 190 1.41 0.74@1064nm
This 
work

[C(NH2)3][B3O3F2(OH)2] 190 0.9 0.173@1064nm 4
Ba(NH2SO3)2 190 2.7 0.03@1064nm 6
Sr(NH2SO3)2 190 1.2 0.03@1064nm 9

[C(NH2)3]2[B3O3F4(OH)] 195 1.4 0.161@1064nm 12
C(NH2)3SO3F 200 5 0.133@1064nm 18

[C(NH2)3]6(PO4)2·3H2O 205 3.8 0.078@546nm 19
Ca(NH2SO3)2·H2O 206 0.3 0.033@1064nm 20

[C(NH2)3]2Zn(CO3)2 210 0.5 56
[C(NH2)3]3AsO4·2H2O 210 0.9 0.0387@546nm 25

Cd(NH2SO3)2 212 0.15 0.037@1064nm 26
[C(NH2)3][B(C2O2H4)2] 215 0.7 0.078@550nm 27

[C(NH2)3]S3O6 218 1.4 0.097@546nm 28
[C2N4H7O][NH2SO3] 227 6.2 0.225@1064nm 32

Sr(NO3)(NH2SO3)·H2O 231 5.1 0.0665@532nm 34
[C(NH2)3]3PO4·2H2O 250 1.5 0.055@546.1nm 64

[C(NH2)3]2SO3S 254 2.8 0.073@546nm 42
[C(NH2)3]3VO4·2H2O 285 2.2 0.086@1064nm 43

[C(NH2)2NHNO2][C(NH2)3](NO3)2 298 1.5 0.09@550nm 44
C(NH2)3(I3O8)(HI3O8)(H2I2O6)(HIO3)4·3H2

O
304 2.1 0.06@550nm 46

[C(NH2)3]6Mo7O24 313 1.3 203@550nm 48
[C(NH2)3]10(MoO3)10(PO4)2(HPO4)2·5H2O 316 0.158@550nm 49

[C(NH2)3]3C3N3S3 340 2 0.067@550nm 73
C4N3H6SO3NH2-I 350 2.5 0.233@546nm 56

mailto:0.054@546.1
mailto:0.0387@0.0.2.34
mailto:0.078@0.0.2.34
mailto:0.0387@0.0.2.34
mailto:0.078@0.0.2.38
mailto:0.097@0.0.2.34
mailto:0.0665@0.0.2.20
mailto:0.073@0.0.2.34
mailto:0.09@0.0.2.38
mailto:0.06@0.0.2.38
mailto:203@0.0.2.38
mailto:0.158@0.0.2.38
mailto:0.067@0.0.2.38
mailto:0.233@0.0.2.34


Figure S1. Calculated and experimental XRD patterns of (a) α-C(NH2)3SO3NH2 and (b) 

β-C(NH2)3SO3NH2.

The agreement between theoretical and experimental XRD patterns confirms the 
purity of the α/β-C(NH2)3SO3NH2 polycrystalline powders (Figure S1). This is a 
prerequisite for ensuring the accuracy of the subsequent test results.

Figure S2. Thermogravimetric curve of (a) α-C(NH2)3SO3NH2 and (b) β-C(NH2)3SO3NH2.

Thermogravimetric test results show that α-C(NH2)3SO3NH2 and β-
C(NH2)3SO3NH2 decompose at about 230 °C and 225 °C, respectively, indicating 
thermal stability up to this temperature.

Figure S3. Infrared spectrum of (a) α-C(NH2)3SO3NH2 and (b) β-C(NH2)3SO3NH2.

The results of the infrared spectroscopic tests on α/β-C(NH2)3SO3NH2 are shown 
in Figure S3. The peak positions of the two compounds are basically the same, which 



indicates that both of them possess the same functional groups, consistent with the 
structural analysis results. The absorption peaks at 3446-2722 cm-1 are attributed to 
the stretching and bending vibrations of N-H. The absorption peaks at 1672-1568 cm-

1 represents the bending vibration of N-C-N and the stretching vibration of C-NH2. 
Overlap of the C-N stretching vibration can be observed at 2209-2162 cm-1. The peaks 
appearing at 1186-1040 cm-1 are attributed to the stretching vibration of the S-O 
bond. Peaks below 1000 cm-1 may include -NH2 vibrations. The results match those 
reported in the literature.28, 31, 32, 45 The Infrared spectrum confirms the presence of 
[C(NH2)3] and [SO3NH2] groups.

Hirshfeld surface analysis and its corresponding 2D fingerprint plots can be 
generated in CrystalExplorer (version 21.5) by selecting the molecule in question with 
the mouse and clicking on the Hirshfeld surface icon.81, 82 Figures S4a and S4c 
represent the Hirshfeld surface within the normalized contact distance (dnorm<3.80 Å). 
One can clearly find the N-H⋯O hydrogen bonds in the red regions. Figures S4b and 
S4d give the shape index surfaces of these two compounds. No triangular-shaped 
patches above either side of π-conjugated [C(NH2)3] units are observed in Figures S4b 
and S4d, implying there are no obvious π-π stacking interactions within these 
compounds. The reason may be related to the centroid-to-centroid distance of 
[C(NH2)3] units being larger than 4.5 Å (Figure 2e and 3f). The 2D fingerprint map 
quantitatively demonstrates the contribution of different kinds of interactions. As 
shown in Figures S4e-f, the sum of H⋯O and N-H contacts account for 61.6% (α-
C(NH2)3SO3NH2) and 61.2% (β-C(NH2)3SO3NH2) of the Hirshfeld surface, respectively. 
Other intermolecular interactions, such as C-N, C-O, C-C, and N-O, contribute very little 
(Figures S5 and S6). Therefore, the N-H⋯O hydrogen bonds in two compounds 
constitute the primary factor in crystal packing, whereas the π-π stacking may be 
overlooked.

Figure S4. Hirshfeld surface plotted of α-C(NH2)3SO3NH2: (a) dnorm, (b) shape index, and 
(e)-(f) 2D fingerprint plots for overall interactions and individual interactions of atom 
types in crystal packing of α-C(NH2)3SO3NH2. Hirshfeld surface plotted of β-
C(NH2)3SO3NH2: (c) dnorm, (d) shape index, and (g)-(h) 2D fingerprint plots. 



Figure S5. 2D Fingerprint plots for (a) overall interactions and (b−i) individual 
interactions of atom types of α-C(NH2)3SO3NH2. Here, de and di represent distances 
from the Hirshfeld surfaces to the nearest nucleus outside and inside the surface, 
respectively. 

Figure S6. 2D Fingerprint plots for (a) overall interactions and (b−i) individual 
interactions of atom types of β-C(NH2)3SO3NH2. Here, de and di represent distances 
from the Hirshfeld surfaces to the nearest nucleus outside and inside the surface, 
respectively.



Figure S7. GGA-PBE band structure of (a) α-C(NH2)3SO3NH2 and (b) β-C(NH2)3SO3NH2.

Figure S8. The measurement of birefringence (a) The interference color α-
C(NH2)3SO3NH2 and (e) β-C(NH2)3SO3NH2; The thickness of (b) α-C(NH2)3SO3NH2 and (f) 
β-C(NH2)3SO3NH2 crystal under the polarizing microscope; A α-C(NH2)3SO3NH2 single 
crystal under the (c) positive (up) and (d) negative (down) compensatory rotation; A 
β-C(NH2)3SO3NH2 single crystal under the (g) positive (up) and (h) negative (down) 
compensatory rotation.

Figure S9. Phase-matched wavelengths of β-C(NH2)3SO3NH2.



Figure S10. The PDOS of α-C(NH2)3SO3NH2.

Figure S11. (a)The PDOS of β-C(NH2)3SO3NH2. (b) The occupied states of virtual-
electron (VE) and unoccupied states of virtual-hole (VH) of β-C(NH2)3SO3NH2. The 
contribution of VE is 0.81 pm/V, the contribution of VH is -0.09 pm/V, and the total 
contribution is 0.72 pm/V. Therefore, the contribution of VE is greater than 70%.
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