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Experimental Procedures

Reagents
Cadmium fluoride (CdF2, 99%, Adamas), Methyl nicotinate (C7H7NO2, 99%, 

Adamas). They are all used without further purification.

Synthesis
The compound CdF(C6H4NO2)(H2O) was synthesized by hydrothermal. C7H7NO2 

(0.274 g, 2 mmol), CdF2 (0.3 g, 2 mmol) and H2O (3 mL) were added to the reaction 

kettle, the reaction kettle was warmed from room temperature 30 °C to 120 °C after 2 

h. The reaction kettle was kept at 120 °C for 3 days and then cooled down for 2 days to 

30 °C slowly at 3 °C/h to obtain white bulk crystals.

Instruments and Property Characterizations

Single Crystal X-ray Diffraction
The single-crystal X-ray diffraction (XRD) data for CdF(C6H4NO2)(H2O) were 

collected on an XtaLAB Synergy R equipped with a graphite monochromator using Mo 

Kα radiation (λ = 0.71073 Å) at 298 K. The crystal structure was solved by Direct 

Methods with Olex2 and refined by least-squares techniques on F2 with anisotropic 

thermal parameters for all atoms.1 Atomic coordinates, equivalent isotropic 

displacement parameters, bond valence sum (BVS), selected bond lengths and angles, 

and hydrogen bond distances are listed in Tables S1 - S6.

Powder X-ray Diffraction
Powder X-ray diffraction data were recorded on an Advance diffractometer at A 

temperature of 40 kV, 100 mA, Cu Kα1 radiation (Bruker D8, radiation wave number 

1.5406 Å), scanning speed of 10 °/min, and scanning Angle range of 10-70°. The phase 

purity was determined by powder X-ray diffraction.

Infrared (IR) Spectrum
The IR spectra was collected on a Nicolet iS5 Fourier-transformed infrared (FTIR) 

spectrometer at room temperature (4000-400 cm−1). The sample and dry KBr are mixed 

and ground in a certain proportion and pressed into flakes for measurement. (weight 

ratio = 1:100).
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UV-vis Diffuse Reflectance Spectroscopy
The UV-vis diffuse reflectance spectra were obtained by using a Varian Cary 5000 

spectrophotometer with a scan range of 200-800 nm at room temperature. The 

spectrally pure barium sulfate was selected as a reference (100% reflectance), and a 

ground powder sample was coated on its surface for testing.

Thermogravimetric (TG) Analysis
Thermogravimetric analysis (TGA) was carried out using a Netzsch STA 449 F5 

analyzer. The specific method is to weigh a sample of about 6 mg and place it in a 

platinum crucible, heat it from room temperature to 800 oC at a rate of 10 K min-1 in a 

N2 gas atmosphere.

X-ray Photoelectron Spectroscopy
X-ray photoelectron spectroscopy (XPS) measurement was performed with a AXIS 

SUPRA+ spectrophotometer.

Second Harmonic Generation (SHG) Measurement
The second-order NLO measurements of the powder samples were performed at room 

temperature, and the SHG effect of the powder samples was measured using a Q-

switched 1064 nm Nd: YAG laser by using the improved Kurtz and Perry methods. 

Polycrystalline samples of this compound were sieved into different particle sizes (35-

50, 50-74, 74-100, 100-154, 154-180, 180-280 and 280-450 μm) to investigate whether 

its SHG response could be phase matched. The reference substance KH2PO4 (KDP) 

was selected to compare with the SHG efficiency of the sample, so as to evaluate the 

second-order NLO effect of the measured sample.

Birefringence Measurements
The birefringence of crystalline CdF(C6H4NO2)(H2O) was assessed with a polarizing 

microscope (ZEISS Axioscope A1) equipped with a Berek compensator. The 

wavelength of the light source was 546 nm. The birefringence were calculated 

according to the following equation: ΔR (retardation) = |Ns − Nf| × T = Δn × T where 

ΔR denotes the optical path difference, Δn represents the birefringence, and T is the 

thickness of the crystal.2 The positive and negative rotation of compensation affords the 

relative retardation. The clear boundaries between the first, second, and third-order 

interference colors result in a small relative error. To improve the accuracy of the 
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birefringence, transparent regular plate-like CdF(C6H4NO2)(H2O) crystals were chosen 

for the measurements. 

Computational Methods
The first-principle calculation of CdF(C6H4NO2)(H2O) is based on the CASTEP 

module of Materials Studio software package, and the geometric structure optimization 

of the system is carried out by density functional theory.3 The exchange correlation 

functional is described by the generalized gradient approximation GGA-PBE.4 the 

truncation energy is set to 940 eV, and the Monkhorst-Pack5 k point grid 3 × 6 × 2 is 

selected in the first Brillouin region to ensure the accuracy of the calculation results. 

Self-consistent iterative convergence (SCF) is 5.0×10-7 eV atom-1, the maximum 

displacement convergence is 5.0× 10-4 Å, the internal stress is 0.02 GPa, the force on 

the atom is 0.01 eV A-1, and the energy convergence is within 5.0×10-6 eV atom-1. The 

ion-electron interactions of all atoms are modeled by the ultra-soft pseudopotential, and 

the atomic electron configurations are C(2s22p2), H(1s1), N(2s22p3), O(2s22p4), 

Cd(5s24d10), F(2s22p5). The SHG coefficients dij were calculated through the “velocity-

gauge” formula.6, 7
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Results and Discussion

Table S1. Crystal data and structure refinement for CdF(C6H4NO2)(H2O).

Compound CdF(C6H4NO2)(H2O)
Formula weight 271.52
Temperature (K) 296.15
Crystal system monoclinic
Space group P21

a (Å) 9.2128 (13)
b (Å) 4.2589 (7)
c (Å) 10.7400 (17)
α (Å) 90
β (Å) 114.506(4)
γ (Å) 90
Volume (Å3) 383.44 (10)
Z 2
ρcalc (g/cm3) 2.352
μ (mm-1) 2.828
F (000) 260
2θ range for data collection/° 7.606 to 52.754
Data/restraint/parameters 1574/1/111
GOF on F2 1.128
R, wR [I≥2σ (I)] R1 = 0.0196, wR2 = 0.0522
R, wR [all data] R1 = 0.0202, wR2 = 0.0524
Largest diff. peak/hole (e Å-3) 1.19/-0.47
Flack parameter 0.11(6)

R1 = F0 – F0/F0 and wR2 = [w (F0 2 – F0 2) 2 / wF0
4] 
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Table S2. Fractional Atomic Coordinates (×104) and Equivalent Isotropic 

Displacement Parameters (Å2×103) for CdF(C6H4NO2)(H2O). Ueq is defined as 1/3 of 

of the trace of the orthogonalised Uij tensor.

Atom x y z U(eq) BVS
Cd1 9022.9(2) 4708.0(16) 5740.7(2) 19.45(12) 2.06
F1 9490(3) -280(17) 5542(2) 29.2(5) 0.95
O1 6651(3) 5259(11) 2120(3) 31.0(11) 1.36
O3 6538(4) 4850(30) 4155(3) 40.2(10) 1.72
O2 11379(4) 5241(13) 7661(4) 31.0(13) 1.79
C3 3726(6) 8541(14) 1053(5) 30.3(12) 4.64
C2 2285(5) 10100(20) 625(5) 34.7(14) 4.72
N1 2169(5) 9111(13) 2767(4) 25.5(15) 3.20
C4 4398(5) 7302(13) 2362(5) 24.7(10) 4.12
C5 3585(5) 7644(13) 3190(5) 24.9(10) 4.49
C1 1540(5) 10282(15) 1490(5) 30.4(17) 4.58
C6 5993(5) 5668(12) 2917(5) 26.17(11) 3.38

Table S3. Anisotropic Displacement Parameters (Å2×103) for CdF(C6H4NO2)(H2O). 

The Anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11+2hka*b*U12+…].

Atom U11 U22 U33 U23 U13 U12

Cd1 21.3(3) 16.4(3) 23.0(3) 0.4(3) 13.4(2) 0.0(3)
F1 39(2) 16.2(18) 42(2) 2(4) 28.4(18) 1(4)
O1 26(2) 37(5) 32(3) 2(3) 16(2) 6(3)
O3 22(2) 56(5) 31(3) 9(5) 11.4(19) -1(5)
O2 37(2) 54(7) 44(3) 5(3) 14(2) 5(3)
C3 32(4) 39(5) 24(4) 0(3) 11(3) -1(3)
C2 33(3) 43(7) 24(3) 8(5) 12(3) 3(5)
N1 24(3) 29(7) 27(3) 5(3) 14(2) 8(3)
C4 20(3) 32(4) 24(3) -2(3) 11(3) -1(3)
C5 22(3) 32(4) 19(4) 5(3) 12(3) 7(3)
C1 28(3) 39(8) 24(4) 11(4) 9(3) 17(4)
C6 18(3) 26(4) 34(4) -2(3) 12(3) -3(3)
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Table S4. Bond Lengths (Å) for CdF(C6H4NO2)(H2O).

Bond Lengths (Å) Bond Lengths (Å)

Cd1-F1 2.195(7) C3-C2 1.381(7)

Cd1-F11 2.311(2) C3-C4 1.384(7)

Cd1-F12 2.205(7) C2-C1 1.367(7)
Cd1-O3 2.216(3) N1-C5 1.344(7)
Cd1-O2 2.303(3) N1-C1 1.344(6)

Cd1-N13 2.302(4) C4-C5 1.387(7)
O1-C6 1.249(6) C4-C6 1.507(6)
O3-C6 1.260(6)   

12-X, 1/2+Y, 1-Z; 2+X, 1+Y, +Z; 31-X, -1/2+Y, 1-Z

Table S5. Bond Angles for CdF(C6H4NO2)(H2O). 

Bond Angles (°) Bond Angles (°)

F1-Cd1-F11 150.82(12) Cd14-F1-Cd15 104.1(2)
F1-Cd1-F12 75.86(15) Cd1-F1-Cd15 104.4(2)
F11-Cd1-F12 75.67(15) C6-O3-Cd1 130.7(3)
F11-Cd1-O3 94.5(3) C2-C3-C4 119.0(5)
F1-Cd1-O3 97.7(3) C1-C2-C3 119.1(5)
F1-Cd1-O2 91.86(15) C5-N1-Cd16 119.5(3)
F11-Cd1-O2 80.96(16) C5-N1-C1 117.7(4)
F11-Cd1-N13 110.05(17) C1-N1-Cd16 122.7(3)
F11-Cd1-N13 97.48(17) C3-C4-C5 118.5(5)
O3-Cd1-F12 102.74(11) C3-C4-C6 122.0(4)
O3-Cd1-O2 167.2(2) C5-C4-C6 119.5(4)
O3-Cd1-N13 84.21(14) N1-C5-C4 122.6(4)
O1-Cd1-F12 87.82(11) N1-C1-C2 123.1(5)
N13-Cd1-F12 170.85(19) O1-C6-O3 126.2(5)
N13-Cd1-O2 86.12(14) O1-C6-C4 117.7(4)
Cd-F1-Cd14 150.83(12) O3-C6-C4 116.1(5)

1+X, 1+Y, +Z; 22-X, 1/2+Y, 1-Z; 31-X, 1/2+Y, 1-Z; 4+X, -1+Y, +Z; 52-X, -1/2+Y, 1-Z; 61-X, 
1/2+Y, 1-Z 
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Table S6. Hydrogen Bonds for CdF(C6H4NO2)(H2O).

D-H…A dD-H (Å) dH-A (Å) DD-A (Å) D-H-A (°)

O2-H2A…O1 0.85 1.90 2.738(6) 167
O2-H2B…O1 0.85 1.95 2.750(7) 157
C1-H1…O2 0.93 2.59 3.178(7) 121
C5-H5…O3 0.93 2.42 2.748(8) 101
C5-H5…O3 0.93 2.53 3.049(7) 116

Table S7. Calculated dipole moment components of CdF(C6H4NO2)(H2O).

Dipole moment (au)

x y z
electronic -2059.316364 -1182.283561 1697.312777
nuclear 2059.377874 1182.847437 1699.662590

net 0.061509 0.277172 2.349812
Dipole magnitude 2.41730 au 6.1442 debye
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Table S8. Comparison of the performance of CdF(C6H4NO2)(H2O) with other metal 

fluorides.

Compounds Cutoff SHG Δn [Ref.]

BaMgF4 125 0.085 0.0077 8

SrAlF5 145 0.65 0.0164 9

BaZnF4 155 0.16 0.0242 10

HfF2(SO4) 165 2.5 0.058 11

ZrOF4H2 175 2.2 0.04 12

HfOF4H2 185 1.8 0.043 12

KBa3Hf2F14Cl 192.8 0.9 0.1 13

KBa3Zr2F14Cl 194 1 0.12 13

K3Ba2Zr6F31 190 0.5 0.08 14

Li2CaZrF8 191 0.36 0.05 15

Li2CaHfF8 192 0.3 0.03 15

K2BaZr2F12 195 0.6 0.05 16

K2BaHf2F12 196 0.35 0.04 16

ZrF2(SO4) 206 3.2 0.074 11

CsNaTaF7 210 0.2 0.01 17

CdF(C6H4NO2)(H2O) 265 3.2 0.26 This work
Na2CeF6 275 2.1 0.022 18

(H2DpA)2SiF6 374 1 0.282 19

(C3N6H7)2SiF6·H2O 284 0 0.152 20

[C10H8NO2]2SiF6·H2O 260 0 0.38 21
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Figure S1. The angle of the organic ring in CdF(C6H4NO2)(H2O).

Figure S2. Calculated and experimental powder X-ray diffraction patterns for 

CdF(C6H4NO2)(H2O).
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Figure S3. IR spectra for CdF(C6H4NO2)(H2O).

Figure S4. TG spectra for CdF(C6H4NO2)(H2O).
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Figure S5. The XPS spectrum of the 1s orbitals of C-1s in the for CdF(C6H4NO2)(H2O).

Figure S6. The XPS spectrum of the 1s orbitals of N-1s in the for CdF(C6H4NO2)(H2O).
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Figure S7. The XPS spectrum of the 1s orbitals of O-1s in the for CdF(C6H4NO2)(H2O).

Figure S8. The calculation for the band structure of CdF(C6H4NO2)(H2O).
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Figure S9. The calculation for the density of states of CdF(C6H4NO2)(H2O).

Figure S10. The calculation for the band structure of CdF2.
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Figure S11. The calculation for the density of states of CdF2.

Figure S12. The calculation for the HOMO of CdF(C6H4NO2)(H2O).
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Figure S13. The calculation for the LUMO of CdF(C6H4NO2)(H2O).

Figure S14. The calculation for the VHOCC for CdF(C6H4NO2)(H2O).
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Figure S15. The calculation for the VHUNOCC for CdF(C6H4NO2)(H2O).
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