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 Synthesis
All the experimental instruments used in the reaction process were dried and wax seal was carried out at 

the interface of the experimental device because of the strict waterlessness required in the preparation of 

the Grignard reagent. A solution of POCl3 (7.06 g, 0.046 mol) in 10 mL of anhydrous ether was added by 

drops to a Grignard reagent produced from CF3CH2CH2Cl (19.6 g, 0.148 mol) and magnesium (6.20 g, 

0.26 mol) in 100 mL of ether. The reaction mixture was heated for 4 h, cooled and treated with water, and 

then with a diluted HCl solution. The precipitate was filtered off, washed with water, dried in air, and 

recrystallized from a hot acetonitrile. PO(CH2CH2CF3)3 was formed as the fine needle-shaped crystals 

with a yield of 3.90 g (25 %), mp 193-195°C. 

Single Crystal X-ray Diffraction

Single crystal X-ray data of compound 1 was gathered with MoKα radiation (λ = 0.71073 Å) and CuKα 

radiation (λ = 0.15406 Å) at 296(2) and 363.15 K respectively by using an φ-ω scan mode from a Bruker 

Smart APEX II diffractometer. We used the Crystal Clear software package (Rigaku, 2005) to complete 

data processing. We applied the SADABS program for absorption corrections. The SHELXTL program 

was used to determine the crystal structures and was used to refine by full matrix least-squares techniques. 

Table S1 presents the crystallographic information and the structural refinement data of compound 1 at 

different temperature. Table S2 - S3 present key bond distances and angles of compound 1 at different 
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temperature, respectively. Table S7 and Table S8 present anisotropic displacement parameters for 

compound 1 at different temperature, respectively.

Infrared spectroscopy

The infrared spectroscopy (IR) spectrum of compound 1 was obtained on a PerkinElmer infrared 

spectrometer in the range from 400 to 4000 cm-1 (see Fig. S1).

Thermogravimetry-mass Analysis

The thermogravimetry-mass (TG-MS) analysis for compound 1 was carried out with a PerkinElmer 

Exstar/TG6300 simultaneous analyser instrument. Crystal sample (5 15 mg) were enclosed in Al2O3 

crucibles and heated from 30C to 300C at a heating rate of 10Cmin-1 under a constant flow of nitrogen 

gas (see Fig. S5).

UV-vis Transmittance Spectroscopy

The UV-vis transmittance of compound 1 was measured on a PerkinElmer Lamda - 950 UV/vis/NIR 

spectrophotometer scanning in the range of 200 - 800 nm at room temperature with an unpolished crystal 

sample.

UV-Vis-NIR diffuse reflectance

The ultraviolet-visible-near-infrared (UV-Vis-NIR) diffuse reflectance spectrum of compound 1 was 

measured on a PerkinElmer Lamda - 950 UV/Vis/NIR spectrophotometer in the range of 200 - 700 nm at 

room temperature. And BaSO4 was considered as the standard of 100% reflectance. 

Second Harmonic Generation

Powder SHG signals were measured on Q-switched Nd: YAG laser at I = 1064 nm fundamental wave 

laser radiations by using the Kurtz-Perry powder SHG technique.

Powder X-ray Diffraction

X-ray diffraction patterns of polycrystalline materials were obtained on a Dandong 3500 X-ray 

diffractometer by using CuKα radiation (λ = 1.540598 Å) at room temperature in the angular range of 2θ 

= 5-50° with a scan step width of 0.02° and a fixed time of 0.2 s. The powder XRD patterns for the pure 
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powder sample of Compound 1 showed good agreement with the calculated XRD patterns from the single-

crystal models (see Fig. S6).
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Table S1. Summary of crystallographic data for compound 1 
Empirical formula C9H12OF9P C9H12OF9P
Formula weight 338.16 338.16
T, K 296(2) 363.15
Crystal system, space group trigonal, R3c trigonal, R3c
a, Å 15.3547(5) 15.5366(7)
b, Å 15.3547(5) 15.5366(7)
c, Å 10.0767(5) 10.1335(7)
γ, deg 120 120
V, Å-3 2057.46(17) 2118.4(2)
Z 6 6
Dcalc., g m-3 1.638 1.590
μ, mm-1 0.297 0.288
F (000), e 1020 1021.8
θ range, deg 5.306→63.164 5.24→54.96
hkl range -21 ≤ h ≤ 19 -21 ≤ h ≤ 22

-18 ≤ k ≤ 20 -22 ≤ k ≤ 21
-13 ≤ l ≤ 12 -13 ≤ l ≤ 14

Data/Restraints/parameters 1218 / 1 / 61 1082 / 1 / 61
Reflections collected/unique 5439 / 1218 8611 / 1082
Rint 0.0217 0.0567
Goodness-of-fit on F2 1.011 1.004
R1/wR2 [I >2σ(I)] 0.0370 / 0.0964 0.0579 / 0.1613
R1/wR2 (all data) 0.0401 / 0.0984 0.0666 / 0.1707
Largest peak and hole (e Å-3) 0.31 / -0.22 0.64 / -0.26

4



Table S2. Selected bond lengths and angles of compound 1 at 296(2) K
Bond lengths Å Bond angles deg

P(1)-O(1) 1.496(4) O(1)-P(1)-C(1) 112.91(10)
P(1)-C(1) 1.803(3) C(1)#1-P(1)-C(1)#2 105.82(12)
C(3)-F(1) 1.322(5) F(1)-C(3)-F(2) 103.1(4)
C(3)-F(2) 1.324(6) F(1)-C(3)-F(3) 105.3(3)
C(3)-F(3) 1.336(5) F(2)-C(3)-F(3) 107.3(4)
C(1)-C(2) 1.515(4) C(2)-C(1)-P(1) 112.1(2)
C(3)-C(2) 1.476(5) C(3)-C(2)-C(1) 113.5(3)

Symmetry transformations used to generate equivalent atoms: #1 -x + 2, - y + 1, - z; #2 – x + 1, - y + 1, - z.

Table S3. Selected bond lengths and angles of compound 1 at 363.15 K
Bond lengths Å Bong angles deg

P(1)-O(1) 1.488(5) C(1)-P(1)-O(1) 112.56(14)
P(1)-C(1) 1.797(3) C(1)#1-P(1)-C(1)#2 106.21(16)
F(1)-C(3) 1.298(7) F(1)-C(3)-F(2) 106.0(5)
F(2)-C(3) 1.306(7) F(1)-C(3)-F(3) 100.1(6)
F(3)-C(3) 1.343(8) F(2)-C(3)-F(3) 105.7(5)
C(1)-C(2) 1.495(6) C(2)-C(1)-P(1)#2 113.4(3)
C(2)-C(3) 1.454(7) C(3)-C(2)-C(1) 116.3(4)

Symmetry transformations used to generate equivalent atoms: #1 -x + 2, - y + 1, - z; #2 -x + 1, - y + 1, - z.

Table S4. Summary of Nonlinear optical properties of different compounds.

Compound Transmittance Cut-off edge Wavelength References
NH4B4O6F <13% 156 nm 156-200 nm 1

KLi(HC3N3O3)2H2O < 60% 237 nm 200-800 nm 2
NH4Zn2BO3Cl2 < 60% 186 nm 190-300 nm 3

KZn2BO3Cl2 < 40% 193 nm 190-300 nm 3
RbZn2BO3Cl2 < 50% 198 nm 190-300 nm 3
KZn2BO3Br2 < 45% 206 nm 190-300 nm 3

Ca2Na3(CO3)3F < 40% 190 nm 190-300 nm 4
RbNaMgP2O7 < 40% 185 nm 160-300 nm 5
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NH4NaLi2(SO4)2 < 30% < 186 nm 186-800 nm 6
NaZnCO3(OH) < 40% 201 nm 200-800 nm 7
NH4Be2BO3F2 < 90% 153 nm 153-2000 nm 8

Ba3P3O10Cl < 85% 180 nm 200-2400 nm 9
Ba3P3O10Br < 90% 180 nm 200-2400 nm 9

PO(CH2CH2CF3)3 83% < 200 nm 200-800 nm Title compound

Table S5. The dipole moment vector of the whole unit at 296(2) K
method dipole moment Direction(x) Direction(y) Direction(z)

[0] 300.353191 0.863425 -0.498498 -0.077443
[1] 300.1664 0.863962 -0.498809 -0.068992
[2] 300.210696 0.863834 -0.498735 -0.071089
[3] 300.211525 0.863832 -0.498734 -0.071127
[4] 300.184253 0.86391 -0.498779 -0.069845
[5] 300.159156 0.863983 -0.498821 -0.068643

Table S6. The dipole moment vector of the whole unit at 363.15 K

method dipole moment Direction(x) Direction(y) Direction(z)
[0] 273.174779 -0.652788 0.376888 -0.657132
[1] 274.718535 -0.64912 0.37477 -0.66196
[2] 274.251033 -0.650227 0.375409 -0.66051
[3] 274.245909 -0.650239 0.375416 -0.660494
[4] 274.33628 -0.650025 0.375292 -0.660775
[5] 274.677038 -0.649218 0.374826 -0.661831

Table S7 Anisotropic Displacement Parameters (Å2×103) for compound 1 at 296(2) K. The Anisotropic 
displacement factor exponent takes the form: -2π2[h2a*2U11+2hka*b*U12+…].

Atom U11 U22 U33 U23 U13 U12

P1 32.0(3) 32.0(3) 28.1(4) 0 0 15.99(15)
C1 34.5(12) 41.0(14) 41.3(12) -2.0(10) -3.1(9) 21.1(11)
F1 132(3) 127(2) 78.9(17) 11.9(17) -11.7(18) 99(2)
C3 71(2) 66(2) 71(2) 10.1(19) 7.9(19) 50(2)
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O1 51.6(13) 51.6(13) 27.4(15) 0 0 25.8(6)
F2 67.1(17) 119(3) 196(4) 43(3) 35(2) 59.4(19)
C2 71(2) 69(2) 63(2) -21.8(17) -18.5(17) 52(2)
F3 145(3) 130(3) 108(3) -19.5(16) -9.1(17) 118(3)

Table S8 Anisotropic Displacement Parameters (Å2×103) for compound 1 at 363.15 K. The Anisotropic 
displacement factor exponent takes the form: -2π2[h2a*2U11+2hka*b*U12+…].

Atom U11 U22 U33 U23 U13 U12

F3 185(5) 111(3) 299(7) 96(3) -63(5) -44(4)
P1 52.7(4) 52.7(4) 43.7(5) 26.3(2) -0 0
O1 72.7(16) 72.7(16) 44.8(18) 36.4(8) -0 0
F2 185(5) 226(7) 166(5) 175(6) 15(2) 8(3)
C1 68(2) 60.6(17) 62.0(15) 33.9(15) 2.4(14) 5.6(13)
C2 112(4) 102(3) 91(3) 76(3) 24(2) 22(2)
F1 232(5) 235(5) 117(3) 189(4) -15(3) 19(3)
C3 106(4) 107(4) 105(3) 75(3) -14(3) -11(3)
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Fig.S1. Infrared spectrum of solid compound 1 in KBr pellets recorded at room temperature

Fig. S2. Molecular structures of compound 1 at 296(2) K
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Fig. S3. Crystal size for compound 1.
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Fig. S4. Calculated electronic band structures for compound 1 in RTP (a) and in HTP (b).

Fig.S5. Thermogravimetry-mass analysis for compound 1.
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Fig. S6. The PXRD diagram for compound 1 at room temperature. The experimental data are in the 
black line and the simulated data are in the red line.  
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