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Experimental procedures

Reagents. C;NO,H; (>98 %, Macklin), CF3;SO3H (98 %, Macklin). All commercial reagents are used

directly without purification.
[C.NO,Hg][SO;CF;] (I) crystal synthesis method:

Growth of crystals using the aqueous solution evaporation method: C,NO,Hs and CF3SO;H were uniformly
mixed at a 1:1 molar ratio and placed in a 100 mL PTFE beaker. then add deionized water and stir to form the
solution. Solvent evaporation was then conducted at room temperature until crystal growth was complete,

yielding millimeter-scale crystals.
[C4sN,O4H1][SO3CF;3] (ID) crystal synthesis method:

Growth of nonlinear optical crystals using the aqueous solution evaporation method: a. Uniformly mix
components C;NO,Hs and CF;SOsH in an 8:3 molar ratio, transfer the mixture into a 500 mL PTFE beaker,
then add deionized water and stir to form the solution; b. Heat the water bath to 60-70 °C, then place the
beaker in the bath for 14 days of constant-temperature solvent evaporation. After crystal growth is complete,

a crystal with the sizes up to 18mm x 4mm x 2mm was obtained.

i

s

Single-crystal X-ray diffraction.

For the structural characterization of the as-synthesized samples, plate-shaped single crystals of the target
compounds with appropriate dimensions were selected under an optical microscope. Single-crystal X-ray
diffraction data for the two compounds were obtained using a Bruker D8 Venture diffractometer. This
diffractometer was equipped with monochromatic Mo-Ka (A = 0.71073 A) and Cu-Ka (A = 1.54056 A)
radiations as the sources. Data integration was carried out via the Bruker SAINT program. [l The crystal
structures of the two compounds were solved by the direct method and refined using the SHELXTL system
within the Olex2 software environment. (2] All atomic positions were refined employing full-matrix least-
squares methods. The PLATON program was utilized to validate these structures, and no suggestion of higher

symmetry was obtained.
Powder X-ray diffraction.

Powder samples were placed on a suitable tray, after which powder X-ray diffraction data were collected using
a Bruker D2 PHASER diffractometer. The diffractometer employed Cu Ko radiation (A = 1.5418 A) and
operated at 300 K. Diffraction patterns were recorded over a 26 range of 5-70 °. To verify the purity of the

samples, the experimental diffraction pattern was compared with a theoretically simulated powder pattern.
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This simulated pattern was generated by calculating the crystal plane positions and crystalline interplanar
spacings from the previously obtained crystal data. Through this comparison, it is confirmed that the

polycrystalline powder samples of the two compounds exhibit sufficient purity for subsequent tests.
Optical spectroscopies.

The sample was pretreated by mixing it with dried, highly purified KBr at a mass ratio of 4 mg (sample) to
300 mg (KBr). After pretreatment, its IR spectrum was collected at room temperature using a Shimadzu IR
Affinity-1 Fourier transform infrared spectrometer, with data recorded over a wavelength range of 400-4000
cm'. Separately, the single-crystal transmission spectrum was measured at room temperature via a Shimadzu

SolidSpec-3700DUYV spectrophotometer, covering a wavelength range of 190-1600 nm.
Thermal analysis.

The sample’s thermogravimetric and differential scanning calorimetry (TG-DSC) analysis was performed on
a simultaneous thermal analyzer. Polycrystalline samples were loaded into a Pt crucible, followed by heating

to 600 °C at 5 °C/min in a flowing nitrogen environment.
Refractive index measurements.

The immersion technique was used to determine the birefringence of the sample, with a GR-5 Gem
Refractometer employed for the measurement. The refractometer operated at a wavelength of 589.3 nm
(yellow light). During the experiment, the maximum and minimum refractive indices were measured using an

unpolished wafer.
Powder second harmonic generation measurement.

Powder second-harmonic generation (SHG) tests were conducted using a modified Kurtz-Perry method. The
excitation source was a Q-switched Nd:YVOs solid-state laser operating at 1064 nm. Polycrystalline samples
were first ground and then sieved to obtain fractions with distinct particle size ranges: 25-45, 45-58, 58-75,
75-106, 106-150, and 150-212 um. For reference purposes, microcrystalline potassium dihydrogen phosphate
(KDP) samples were also sieved into the same particle size ranges, and each range of KDP was used as the

corresponding reference for SHG measurements.
Hirshfeld surface analysis

Molecular Hirshfeld surfaces and related 2D fingerprint plots of (C,NO,H;) CF;SO; and (C4N,O4Hy;)
CF;S0O; were produced using a CIF file to analyze the crystal structures generated by the Crystal Explorer
program.[?] The normalized contact distance (d,om,) depends on the atom’s d; 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 (1).

d- _rvdw d _rvdw

_ Y i e e
dnarm - rvdw + vdw ( 1 )

r

i e
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Where 7;V4W and r.¥4¥ are the van der Waals radii of the atoms internal and external to the surface, respectively
Computational descriptions.

The first principles calculations for the compounds in this work were carried out by using the plane wave
density functional theory (DFT) package CASTEP. 431 Tn addition, the gradient approximation (GGA)-based
Perdew-Burke-Ernzerhof (PBE) functional was used, with core-valence interactions computed via the norm-
conserving pseudopotential (NCP).[7] Since GGA often underestimates the band gap—arising from the
discontinuity of exchange-correlation energy—the Heyd-Scuseria-Ernzerhof (HSE06) hybrid functionall®
was employed to yield more precise band gap results. Thus, the band gap difference between the GGA and
HSE06 methods served as a scissor operator for optical property calculations. The plane wave cutoff energy
was set to 900 eV, and self-consistent field (SCF) calculations were performed with a total energy convergence
criterion of 10-° eV/atom. Each material had a k-point separation of 0.04 A-! in the Brillouin zone, producing
the respective Monkhorst-Pack k-point meshes. All other calculation parameters and convergence criteria used
the default settings of the CASTEP package. We calculated the molecular orbitals and polarizability
anisotropy of the [C;NO,Hg]" and [C,NO,Hs] units using density functional theory (DFT). The calculations
were conducted in Gaussian 09 at the B3LYP/6-31G level of theory. [°-11] The scissor-corrected electronic
band structure was used to obtain the linear optical parameters (refractive indices and birefringence) from the
real part of the dielectric function. Subsequently, the SHG coefficients were calculated by applying the Aversa
and Sipe length-gauge formalism at the zero-frequency limit, where the static second-order nonlinear
susceptibilities originate from virtual electron (VE) and virtual hole (VH) processes. Finally, the specific
contribution of ionic groups to the NLO coefficients (djj) was isolated using the real-space atom-cutting

method.

Zapy = Loy (VE) + 1,5, (VH)

@ @ . )
where %agy  (VE) and Zopy ~ (VHare computed with the following formulas:
2
() _
Xapy (VE) c LC cv] 3 2+ 4 2)
vee! v@yet BpcDen,
2
@ _
Xapy (VH) w" v v 2 + 4 2)
vv'c 47[ cva)v'c @D,
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Table S1 Crystal data and structure refinement for [C,NO,Hg][SO;CF;] (I) and [C4N,04H11]1[SO;CF3] (ID).

Formula weight
Temperature [K]
Crystal system
Space group (number)
a [A]

b [A]

c[A]
a[°]
pI°]

y [°]
Volume [A3]

Z
Peatc [gem™]
 [mm-!]
F (000)
Radiation
20 range [°]
Index ranges

Reflections collected
Independent reflections

Data / Restraints /
Parameters
Absorption correction
Tmin/ Tmax (method)
Goodness-of-fit on F?
Final R indexes
[1226(7)]

Final R indexes
[all data]
Largest peak/hole [eA-]

[C2NO,H¢][SO;CF3]
225.15
296.15
triclinic

P1 )
5.2953(8)
7.1724(9)

11.1488(15)
107.573(5)
91.936(5)
99.539(5)
396.50(10)
2
1.886
0.457
228
MoK, (A=0.71073 A)
6.06 to 55.25 (0.77 A)
-6<h<6
-9<k<9
-14<1<14
17367
1833
Rin = 0.0447
Rsigma = 0.0245
1833/0/122

0.7245/0.7456
(none)
0919
R;=0.0394
wR, =0.1352
R, =0.0445
wR, = 0.1462
0.53/-0.56

S6

[C4N,O4H 1] [SO;CF;]
300.22
296.15
monoclinic
Cc (9)
14.8353(5)
8.9818(3)
10.0267(4)
90
120.0900(10)
90
1155.99(7)
4
1.725
0.352
616
MoK, (A2=0.71073 A)
5.54t0 54.94 (0.77 A)
-19<h<18
-11<k<11
-13<1<13
4328
2362
Rine = 0.0640
Rgigma = 0.0810
2362/2/166

0.6298/0.7456
(none)
0.973
R, =0.0476
wR, =0.0917
R, =0.0756
wR, =0.1039
0.21/-0.27



Table S2 Fractional atomic coordinates (x10%) and equivalent isotropic displacement parameters (A2x103) for
Tand II.

S1 0.08658(8)  0.30446(7) = 0.14857(4)  0.0329(2)

N1 0.5065(4)  0.8277(3)  0.10739(16)  0.0390(4)

ol 0.4080(3)  0.9635(3) = 0.34854(14)  0.0470(4)
02 0.7636(3)  0.8897(3) = 0.42183(14) = 0.0493(4)
03 02164(5)  0.4558(3)  0.10093(19)  0.0684(6)
04 0.18733)  0.2672(3)  0.13046(18)  0.0598(5)
05 0.1995(3)  0.1289(3)  0.11458(15)  0.0478(4)

F1 0.0711(5)  0.57293) = 0.36271(18)  0.0864(7)
F2 0.0514(4)  02795(3)  0.37444(15) = 0.0729(6)
F3 0.4069(4)  0.4440(3)  0.34975(18)  0.0853(7)
Cl 0.6959(4)  0.8195(3)  0.20439(18) = 0.0351(4)
2 0.6058(4)  0.9000(3)  0.33365(17) = 0.0327(4)
c3 0.1576(5)  0.4064(3) 03189(2)  0.0443(5)

S7



Table S3 Selected
bond angles for I and

S1 ‘ 0.34366(10) ‘ 0.78464(15) ‘ 0.33424(14) ‘ 0.0382(3)

stos orca i
5104 F2-C3 o 131203)
U§1 Az 0.6338(3) L 24{(13(;5)277( ) Nl’)l.ogiiiv‘r) 0.01‘.14{27‘1(%
RCITGE BRCRURMASCART TT 1) SEAMICANS 3 S SIS N (1Y)
O02-c2 3H1YE) | 506thfU800) 1 {3 O0pUYGEY
5 0.330 430049286(5) 11463205 0.074h643)
Fg1.07 0.4854(3) 1.433[49590(5) F.B896(5)  0.07936(4)
F§1-06 0.3922(4) 1.437{49599(5) FB123(5) | 0.0B306\4)
C$1-C5 0.6701(4) 1.815060270(6)  NR3OF2(6)  0.0BASC(B)
C02-C2 0.6873(4) 1.296(60755(6) = NLC36(5) = 0.0DA3((6)
(94-C3 0.5543(4) 1.224053075(5)  C36665(5)  0.0280R(T)
@3-C3 0.5718(4) 1.279063094(6) @.7920(6) 0.08400(2)
C5 0.3900(5) 0.9689(7) 0.4134(7)  0.0485(15)
05-S1-C3 104.12(10) 02-C2-C1 111.79(16)
04-S1-05 114.58(12) 01-C2-02 126.18(17)
04-S1-03 115.67(14) F1-C3-S1 110.63(17)
04-S1-C3 104.25(11) F1-C3-F2 108.8(2)
03-S1-05 112.14(13) F1-C3-F3 108.1(2)
05-S1-07 114.6(3) NI1-C4-C3 110.9(4)
05-S1-06 115.3(3) F1-C5-S1 110.9(4)
05-S1-C5 103.1(3) F1-C5-F2 106.7(5)
07-S1-06 113.4(3) F2-C5-S1 109.6(4)
07-S1-C5 104.7(3) F3-C5-S1 112.4(4)
06-S1-C5 103.7(3) F3-C5-F1 108.5(6)
04-C3-03 125.0(5) F3-C5-F2 108.7(5)

bond lengths and
II.



Table S4 Hydrogen atom coordinates (Ax10%) and isotropic displacement parameter (A2x103) for I

and II.

0.552833 0.058962 0.865979 0.048
H1B 0.419456 0.178553 0.963819 0.048
H1C 0.623798 0.274657 0.906886 0.048
HID 0.282641 0.316999 0.809868 0.043
HIE 0.139369 0.102355 0.800776 0.043

0.604150

HIA 0.078199 0.357635 0.041
HIB 0.666209 0.030970 0.310874 0.041
H1C 0.445308 0.626708 0.667701 0.049
H1D 0.488146 0.657534 0.830780 0.049
HIE 0.430061 0.521082 0.764449 0.049

H2 0.625176 0.227209 0.552630 0.056
H2A 0.735601 -0.207673 0.374029 0.045
H2B 0.766180 -0.178603 0.533824 0.045
H2C 0.811966 -0.092720 0.459825 0.045
H4A 0.597211 0.452205 0.890170 0.041
H4B 0.624352 0.582677 0.812070 0.041




Table S5 Comparison of UV and DUV NCS compounds.

Space Cutoff Bandgap Shortest SHG
No Compound Ancal Jpy (nm)  (XKDP)  Ref
group edge(nm) (eV)
exp

1 KSOsCFs P2, <159 7.79 0.017@1064nm 276 0.8 (12
2 B-RbSO:CF; P2, <159 7.94 0.034@1064 nm N\A N\A [12]
3 a-RbSOsCF3 Cm <159 7.81 0.035@1064 nm N\A N\A [12]
4 CsSOsCFs P2, <159 7.85 0.027@1064 nm N\A N\A (2]
5 Ba(NH2SO0s). Pna2, <190 7.29 0.028@546 nm N\A 2.7 [13]
6 Sr(NH2S0s5): Pc <190 7.32 0.027@ 546 nm N\A 1.2 [14]
7 Ca(NH2SO0s).-H-0 P2:2:2: 206 5.79 0.033@ 1064 nm N\A 0.3 [14]
8 Cd(NH2S0s)2 P2:2:2: 210 5.18 0.037@1064 nm N\A 0.15 [15]
9 Ba(SOsCHs): Cmc2: 159 >6.2 0.04@589.3 nm 177.3 1.5 [16]
10 Cs2Mg(NH2S0:5)4+-4H-0 Cm <180 4.949 0.054@546 nm N\A 23 [17]
11 Sr(NOs)(NH2S0s)-H-0 Pca2, 290 4.10 0.0665@ 532nm 291 5.1 [18]
12 Rb(NO3)(SO:NH3) Pmc2 208 5.96 0.07@ 546 nm N/A 7 [19]
13 C(NH2);SOsF R3m 200 6.2 0.133@1064 nm 200 5 [20]
14 (CN4H7)SOsNH:2 Pca2, 203 6.11 0.153@546 nm N/A 0.1 [21]
15 K(3-pySOs) Pna2: 275 426 0.312@546 nm N/A N/A 22]
16 (C;N4H,0)(NH,SO0;) P1 227 4.974 0.225@1064 nm 227 6.2 [23]
17 (CsHgNO)(CH;S03) P2, 252 4.64 0.216@589.3 nm 252 2.5 [24]
18 (C4N,04H;)(CF3S05) Cc 216 5.25 0.078@532 nm 216 1 This Work
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Fig. S1 Calculated and experimental XRD patterns for a). I, b). IT .
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Fig. S2 TG and DSC curves of a). I, b). Il under N, atmosphere.
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Fig. S3 Transmittance spectrum of II.
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(b)

Fig. S4 Experimental refractive index difference measured at 546.1 nm for a) I, b). IL.
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Fig. S5 The evaluated phase-matching (PM) ability of I based on the calculated refractive indices.
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Fig S6 The IR spectra of a).1, b). II.
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Fig. S7 Hirshfeld surfaces of a). I, b). I1. (a,e) dpom, (b,f) shape index, and (c,g) curvedness. (d,h) Pie-charts:

relative contributions of various intermolecular interactions to the Hirshfeld surface area.
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Fig. S8 2D fingerprint plots for (a) overall interactions and (b-h) individual interactions of atom types in
crystal packing of A). 1, B). II.
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B). 11

Fig. S9 Electronic structure calculated by GGA, total and partial density of states of a,c). I, b,d). II.
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Fig. S10 The electron localization function diagrams for virtual electron’s occupied and unoccupied states
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