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1. General information 

Materials and Methods 

 All commercial reagents and solvents were used as received unless otherwise indicated. FeCl3 

was purchased from Alfa Aesar. 2,2':6,2''-terpyridine (terpy) was purchased from Energy. NH4Cl 

was purchased from Sigma-Aldrich. Hexafluoroisopropanol (HFIP) was purchased from Adamas 

and purified by distillation. Methane (99.999% purity), carbon monoxide (99.999% purity), 18O 

labeled oxygen (98% purity) and chloromethane (1.01% mol/mol) were purchased from Shanghai 

Huchen Gas Co. Ltd, ethane (99.99% purity), propane (99.99% purity), butane (97% purity) were 

purchased from Shanghai Youjiali Liquid Helium Co., Ltd. 13C labeled methane (99% purity) was 

purchased from Sigma-Aldrich. 13C labeled carbon monoxide (99% purity) were purchased from 

Cambridge Isotope Laboratories, Inc. Other reagents were purchased from Aldrich, TCI, Adamas, 

Energy and J&K chemical. 

 Gas chromatography (GC) was carried out on an Agilent 7890B GC or Intuvo 9000 GC using 

HP5 (5% phenyl – 95% methyl polysiloxane; 30 m, 0.32 mm ID, 0.25 μm df) column and DB-WAX 

(polyethylene glycol; 30 m, 0.25 mm ID, 0.25 μm df) column and flame ionization detector (FID). 

Yields and selective ratios were determined by calibrated GC-FID analysis after the addition of 

anisole or isobutyric acid as internal standard. 

Gas chromatography-mass spectrometry (GC-MS) was carried out on an Agilent 8860 GC and 

5977B GC/MSD using DB-WAX (polyethylene glycol; 30 m, 0.25 mm ID, 0.25 μm df) column and 

HP-PLOT/Q (bonded polystyrene-divinylbenzene; 30 m, 0.32 mm ID, 20.0 μm df) column.  

 NMR spectra were obtained from Bruker Avance NEO 400. 1H NMR spectra were recorded at 

400 MHz, 19F NMR were recorded at 376 MHz, and 13C NMR spectra were recorded at 100 MHz. 

1H NMR chemical shifts were determined relative to the signal of the residual protonated solvent: 

CDCl3 δ 7.26 ppm, CD2Cl2 δ 5.32 ppm. 13C NMR chemical shifts were determined relative to CDCl3 

at δ 77.0 ppm and CD2Cl2 δ 53.84 ppm. Data for 1H NMR are reported as follows: chemical shift (δ 

ppm), multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet, q = quartet, br = broad), 

integration, coupling constant (Hz). 13C NMR spectra were reported as chemical shifts in ppm and 

multiplicity where appropriate. 

 High Resolution Mass spectra were obtained from Thermo Fisher Q-Exactive Highresolution 

MS. 
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 UV-Vis spectra were recorded on an Agilent Cary 5000 spectrophotometer.  

 UV diode laser (MDL-III-375Lnm-50mW) using for photolysis experiments was from 

Changchun New Industries Optoelectronics Tech. Co., Ltd (CNI).  

Chromatographic purification of products was accomplished by flash chromatography using 

silica gel. Thin-layer chromatography (TLC) was performed on Silicycle 250 mm silica gel F-254 

plates. 
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2 Mechanistic experiments 

2.1 Control experiments 

 

Fig. S1. Control experiments 

 

  

Scheme S1. Recovery of acetic acid  

 

 

 

Scheme S2. Methanol not a viable intermediate for acid formation 

Scheme S3. Formic acid not a viable intermediate for acid formation  

 

Scheme S4. Chloromethane not a viable intermediate for acid formation  
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2.2 Isotope-labelling experiments 

Scheme S5. Isotope labelling experiments with 13CH4 

 

Scheme S6. Isotope labelling experiments with 13CO 

Scheme S7. Isotope labelling experiments with 18O2 

 

Scheme S8. Isotope labelling experiments with H2
18O 

Scheme S9. Isotope labelling experiments with H2
18O in the absence of oxygen 

Scheme S10. Isotope labelling control experiments with H2
18O 
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2.3 Photochemical and physical properties of iron complexes 

2.3.1 The photolysis of the iron complexs 

Iron alkoxide complex solutions with neohexene ([Fe] = 0.1 mM, [alkene] = 0.4 M, 3 mL) were 

transferred to six 1 cm path length quartz cuvettes equipped with a Teflon® septum under an 

nitrogen atmosphere and the absorption spectra were recorded on a UV-vis spectrophotometer under 

375 nm laser irradiation at various time points.  

After irradiation, 50 L terpy or the corresponding ligand solution (0.03 M) was added to the 

solutions ([terpy] or [ligand] = 0.5 mM). The solution was then allowed to stir for 10 min and 

absorption spectra of the solution were recorded on a UV-vis spectrophotometer. 

 

Fig. S2. Photolysis of cat. 2 with neohexene in HFIP under 375 nm laser irradiation at various time 

points. [Fe] = 0.1 mM, [alkene] = 0.4 M, [terpy] = 0.5 mM, λirr = 375 nm, light intensity : 6.26×10-8 

Einstein s-1. 

 

Fig. S3. Photolysis of cat. 3 with neohexene in HFIP under 375 nm laser irradiation at various time 

points. [Fe] = 0.1 mM, [alkene] = 0.4 M, [ligand] = 0.5 mM, λirr = 375 nm, light intensity : 6.26×10-8 

Einstein s-1. 
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Fig. S4. Photolysis of cat. 4 with neohexene in HFIP under 375 nm laser irradiation at various time 

points. [Fe] = 0.1 mM, [alkene] = 0.4 M, [ligand] = 0.5 mM, λirr = 375 nm, light intensity : 6.26×10-8 

Einstein s-1. 

 

Fig. S5. Photolysis of cat. 5 with neohexene in HFIP under 375 nm laser irradiation at various time 

points. [Fe] = 0.1 mM, [alkene] = 0.4 M, [ligand] = 0.5 mM, λirr = 375 nm, light intensity : 6.26×10-8 

Einstein s-1. 

 

Fig. S6. Photolysis of cat. 6 with neohexene in HFIP under 375 nm laser irradiation at various time 
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points. [Fe] = 0.1 mM, [alkene] = 0.4 M, [ligand] = 0.5 mM, λirr = 375 nm, light intensity : 6.26×10-8 

Einstein s-1. 

 

 

Fig. S7. Absorption spectra of various iron alkoxide complexes in HFIP. 

 

Fig. S8. Photolysis rate of various iron alkoxide complexes with neohexene concentration in HFIP. 

[Fe] = 0.1 mM, λirr = 375 nm, light intensity : 6.26×10-8 Einstein s-1. 
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2.3.2 Determination of quantum yield of the LMCT-homolysis 

Iron complex solutions with neohexene ([Fe] = 0.1 mM, [alkene] = 0.4 M, 3 mL) was transferred 

to a 1 cm path length quartz cuvette equipped with a Teflon® septum under an nitrogen atmosphere 

and the absorption spectra were recorded on a UV-vis spectrophotometer under 375 nm laser 

irradiation at 50 seconds. UV-vis absorption spectra analysis revealed yields of iron (II) complex. 

The fraction of light absorbed (f) by the solution was calculated using eq 1. The quantum yield (Φ) 

was calculated using eq 2 (1). 

f = 1 − 10−A (1)  

Φ = 
mol product

photon flux·t·f
 (2) 

cat. 2: The absorbance of the cat. 2 solution at 375 nm was measured to be 0.4111.  

f = 1 − 10−0.4111= 0.6119 

Φ = 
0.1906×1.0×10−4mol/L×3×10−3L

6.26×10−8Einstein·s−1×50s×0.6119
 = 0.030 

cat. 3: The absorbance of cat. 3 solution at 375 nm was measured to be 0.5781.  

f = 1 − 10−0.5781= 0.7358 

Φ = 
0.0880×1.0×10−4mol/L×3×10−3L

6.26×10−8Einstein·s−1×50s×0.7358
 = 0.011 

cat. 4: The absorbance of cat. 4 solution at 375 nm was measured to be 0.5416.  

f = 1 − 10−0.5416= 0.7127 

Φ = 
0.2432×1.0×10−4mol/L×3×10−3L

6.26×10−8Einstein·s−1×50s×0.7127
 = 0.033 

cat. 5: The absorbance of cat. 5 solution at 375 nm was measured to be 0.4375.  

f = 1 − 10−0.4375= 0.6348 

Φ = 
0.3194×1.0×10−4mol/L×3×10−3L

6.26×10−8Einstein·s−1×50s×0.6348
 = 0.048 

cat. 6: The absorbance of cat. 6 solution at 375 nm was measured to be 0.9714.  

f = 1 − 10−0.9714= 0.8932 

Φ = 
0.2128×1.0×10−4mol/L×3×10−3L

6.26×10−8Einstein·s−1×50s×0.8932
 = 0.023 
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3. Optimization studies on oxidative carbonylation of methane.  

 

Fig. S9 The evaluation of iron photocatalysts 
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4 Experimental procedure 

4.1 Description of the photoredox setup 

The LED light (emitting area: 60 × 15 mm) was assembled using sixteen 400 nm chips in a 

compact fashion with an adjustable power output controller (0 – 100 W with light intensity 

adjustable from 0 – 0.6 W cm-2). Water cooling was enforced for effective thermal management to 

maintain luminous efficiency and life expectancy of LED lights. 

 

Fig. S10. The spectrum of the 400 nm LED light. 
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The high-pressure photoreactor is assembled from a standard pressure reactor made of Zr 

(Zirconium 702: Zr+Hf/99.2%, Hf/4.5%), composed of a well (height 8 cm, diameter 4 cm) and a 

head (total internal volume 230 mL). The head contains a ASHCROFT pressure gauge (0 – 25 MPa), 

a centered sapphire window (diameter 305 mm), two inlet/outlet valve for charging/discharging 

gases, and a safety release valve (safety pressure 15 MPa). 

   

 

Fig. S11. The detailed picture of the high-pressure photoreactor. 

When setting up the photoreactions, the high-pressure photoreactor is always placed at the 

center of a stir plate (Model: IKA C-MAG MS7, stir speed 300 rpm). A watercooling 400 nm LED 

lamp is placed directly above the reactor and irradiating from the top (1 cm distance from the 

sapphire window, 0.37 W cm-2). This setup ensures maximum utilization of the LED light, since the 

photons penetrating the transparent sapphire window would be trapped inside the reactors due to 

diffuse reflection of the wall. A 12-Inch fan is placed next to the high-pressure photoreactor (10 cm) 

and kept on during the reaction. The fan is necessary in order to offset the heat generated from the 

LED light with forced air circulation, to stabilize reaction temperature (25 ℃) for reproducible 

results. 
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4.2 Experimental procedure for oxidative carbonylation of methane 

A stock solution of Fe(terpy)Cl3 in hexafluoroisopropanol (20 μmol Fe(terpy)Cl3 in 40 mL 

HFIP) was prepared before each use. A stock solution of ammonium chloride in water (10 mmol 

ammonium chloride in 10 mL H2O) was prepared before each use. The highpressure photoreactor 

was thoroughly dried before each use. 

The glass vial (35×70 mm) was charged with solutions of iron catalyst (0.2 mL) and 

ammonium chloride (50 μL of the stock solution), HFIP (10 mL) was then added. The glass vial 

was placed into the reactor well (7 cm distance to the upper edge of the well). with the head well 

installed, the reactor was then purged with air (100 kPa) and subsequently pressurized with 500 kPa 

of methane, 5000 kPa of carbon monoxide. The reaction was stirred under LED irradiation (0.37 W 

cm-2, light intensity measured at the sapphire glass window of the reactor) at ambient temperature 

for the indicated time. The reaction was then stopped and degassed slowly. A standard (isobutyric 

acid) was added into the reaction mixture via a microliter syringe. An aliquot of the reaction mixture 

was then analyzed by GC-FID, GC-MS and NMR.  

Catalytic activity and selectivity assessment:  

For the determination of gaseous components like CO2, after the reaction was stopped, the 

photoreactor was connected to GC-MS, the outlet valve was slowly opened to let a small portion of 

gas phase into the value of GC-MS. CO2 could also be measured by chemical absorption method: 

after the reaction was stopped, the gas phase was slowly bubbled through a clear saturated aqueous 

solution of Ba(OH)2 and then displaced by nitrogen. The measurement of the resultant Ba2CO3 after 

thoroughly dried can be further converted into the amount of CO2. We found that these two methods 

gave nearly identical results within experimental error.  

For the determination of liquid molecules like acetic acid and methanol, formic acid etc., after 

slowly degassing, the reactor was opened and a standard sample (isobutyric acid) was added into 

the reaction mixture via a microliter syringe. An aliquot of the reaction mixture was then analyzed 

by GC-FID, GC-MS or NMR. Throughout our study, acetic acid was measured by GC-FID and 

double check by 1H NMR, HFIP ester was measured by 1H NMR, methanol was measured by GC-

FID, formic acid was measure by 1H NMR. 
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4.3 Experimental procedure for oxidative carbonylation of alkane feedstocks  

4.3.1 Experimental procedure for oxidative carbonylation of ethane 

A stock solution of cat. 3 in hexafluoroisopropanol (20 μmol cat. 3 in 40 mL HFIP) was 

prepared before each use. A stock solution of ammonium chloride in water (10 mmol ammonium 

chloride in 10 mL H2O) was prepared before each use. The highpressure photoreactor was 

thoroughly dried before each use. 

The glass vial (35×70 mm) was charged with solutions of cat. 3 (0.1 mL) and ammonium 

chloride (50 μL of the stock solution), HFIP (10 mL) was then added. The glass vial was placed into 

the reactor well (7 cm distance to the upper edge of the well). With the head well installed, the 

reactor was then purged with air (100 kPa) and subsequently pressurized with 100 kPa of ethane, 

10000 kPa of carbon monoxide. The reaction was stirred under LED irradiation (0.37 W cm-2, light 

intensity measured at the sapphire glass window of the reactor) at ambient temperature for the 48 h. 

The reaction was then stopped and degassed slowly. A standard (cyclopropanecarboxylic acid) was 

added into the reaction mixture via a microliter syringe. An aliquot of the reaction mixture was then 

analyzed by GC-FID, GC-MS and NMR.  

 

4.3.2 Experimental procedure for oxidative carbonylation of propane 

A stock solution of cat. 3 in hexafluoroisopropanol (20 μmol cat. 3 in 40 mL HFIP) was 

prepared before each use. A stock solution of ammonium chloride in water (10 mmol ammonium 

chloride in 10 mL H2O) was prepared before each use. The highpressure photoreactor was 

thoroughly dried before each use. 

The glass vial (35×70 mm) was charged with solutions of cat. 3 (0.1 mL) and ammonium 

chloride (50 μL of the stock solution), HFIP (10 mL) was then added. The glass vial was placed into 

the reactor well (7 cm distance to the upper edge of the well). With the head well installed, the 

reactor was then purged with air (100 kPa) and subsequently pressurized with 100 kPa of propane, 

10000 kPa of carbon monoxide. The reaction was stirred under LED irradiation (0.37 W cm-2, light 

intensity measured at the sapphire glass window of the reactor) at ambient temperature for the 48 h. 

The reaction was then stopped and degassed slowly. A standard (cyclopropanecarboxylic acid) was 

added into the reaction mixture via a microliter syringe. An aliquot of the reaction mixture was then 

analyzed by GC-FID, GC-MS and NMR.  
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4.3.3 Experimental procedure for oxidative carbonylation of n-butane 

A stock solution of cat. 3 in hexafluoroisopropanol (20 μmol cat. 3 in 40 mL HFIP) was 

prepared before each use. A stock solution of ammonium chloride in water (10 mmol ammonium 

chloride in 10 mL H2O) was prepared before each use. The highpressure photoreactor was 

thoroughly dried before each use. 

The glass vial (35×70 mm) was charged with solutions of cat. 3 (0.1 mL) and ammonium 

chloride (50 μL of the stock solution), HFIP (10 mL) was then added. The glass vial was placed into 

the reactor well (7 cm distance to the upper edge of the well). With the head well installed, the 

reactor was then purged with air (100 kPa) and subsequently pressurized with 80 kPa of n-butane, 

10000 kPa of carbon monoxide. The reaction was stirred under LED irradiation (0.37 W cm-2, light 

intensity measured at the sapphire glass window of the reactor) at ambient temperature for the 48 h. 

The reaction was then stopped and degassed slowly. A standard (cyclopropanecarboxylic acid) was 

added into the reaction mixture via a microliter syringe. An aliquot of the reaction mixture was then 

analyzed by GC-FID, GC-MS and NMR.  

 

4.3.4 Experimental procedure for oxidative carbonylation of n-pentane 

A stock solution of cat. 3 in hexafluoroisopropanol (20 μmol cat. 3 in 40 mL HFIP) was 

prepared before each use. A stock solution of ammonium chloride in water (10 mmol ammonium 

chloride in 10 mL H2O) was prepared before each use. The highpressure photoreactor was 

thoroughly dried before each use. 

The glass vial (35×70 mm) was charged with solutions of cat. 3 (0.1 mL), ammonium chloride 

(50 μL of the stock solution), n-pentane (5 mmol, 570 μL), PhCF3 (1 mL) and HFIP (9 mL). The 

glass vial was placed into the reactor well (7 cm distance to the upper edge of the well). With the 

head well installed, the reactor was then purged with air (100 kPa) and subsequently pressurized 

with 10000 kPa of carbon monoxide. The reaction was stirred under LED irradiation (0.37 W cm-2, 

light intensity measured at the sapphire glass window of the reactor) at ambient temperature for the 

24 h. The reaction was then stopped and degassed slowly. A standard (cyclopropanecarboxylic acid) 

was added into the reaction mixture via a microliter syringe. An aliquot of the reaction mixture was 

then analyzed by GC-FID, GC-MS and NMR.  
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4.3.5 Experimental procedure for oxidative carbonylation of cyclohexane 

A stock solution of cat. 3 in hexafluoroisopropanol (20 μmol cat. 3 in 40 mL HFIP) was 

prepared before each use. A stock solution of ammonium chloride in water (10 mmol ammonium 

chloride in 10 mL H2O) was prepared before each use. The highpressure photoreactor was 

thoroughly dried before each use. 

The glass vial (35×70 mm) was charged with solutions of cat. 3 (0.1 mL), ammonium chloride 

(50 μL of the stock solution), cyclohexane (5 mmol, 540 μL) and HFIP (10 mL). The glass vial was 

placed into the reactor well (7 cm distance to the upper edge of the well). With the head well installed, 

the reactor was then purged with air (100 kPa) and subsequently pressurized with 10000 kPa of 

carbon monoxide. The reaction was stirred under LED irradiation (0.37 W cm-2, light intensity 

measured at the sapphire glass window of the reactor) at ambient temperature for the 24 h. The 

reaction was then stopped and degassed slowly. A standard (anisole) was added into the reaction 

mixture via a microliter syringe. An aliquot of the reaction mixture was then analyzed by GC-FID, 

GC-MS and NMR.  

 

4.3.6 Experimental procedure for oxidative carbonylation of norbornane 

A stock solution of cat. 3 in hexafluoroisopropanol (20 μmol cat. 3 in 40 mL HFIP) was 

prepared before each use. A stock solution of ammonium chloride in water (10 mmol ammonium 

chloride in 10 mL H2O) was prepared before each use. The highpressure photoreactor was 

thoroughly dried before each use. 

The glass vial (35×70 mm) was charged with solutions of cat. 3 (0.1 mL), ammonium chloride 

(50 μL of the stock solution), norbornane (5 mmol, 580 mg), PhCF3 (1 mL) and HFIP (9 mL). The 

glass vial was placed into the reactor well (7 cm distance to the upper edge of the well). With the 

head well installed, the reactor was then purged with air (100 kPa) and subsequently pressurized 

with 10000 kPa of carbon monoxide. The reaction was stirred under LED irradiation (0.37 W cm-2, 

light intensity measured at the sapphire glass window of the reactor) at ambient temperature for the 

24 h. The reaction was then stopped and degassed slowly. A standard (anisole) was added into the 

reaction mixture via a microliter syringe. An aliquot of the reaction mixture was then analyzed by 

GC-FID, GC-MS and NMR. 
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5 Experimental Data 

5.1 Data for analysis method development 

5.1.1 GC-MS data of pure compounds  
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5.1.2 GC data of pure compounds with isobutyric acid as internal standard 
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5.1.3 NMR data of pure compounds 

1H NMR 400 MHz, CD2Cl2 

 

13C NMR 100 MHz, CD2Cl2 
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1H NMR 400 MHz, CD2Cl2 

 

13C NMR 100 MHz, CD2Cl2 
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1H NMR 400 MHz, CD2Cl2 

 

13C NMR 100 MHz, CD2Cl2 
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1H NMR 400 MHz, CD2Cl2 

 

13C NMR 100 MHz, CD2Cl2 
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5.2 Data for catalyst evaluation 

 Fig. 2, cat. 1 

(1) GC data of reaction mixture with isobutyric acid as internal standard 

 

 

 

 

 

 

 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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Fig. 2, cat. 2 

(1) GC data of reaction mixture with isobutyric acid as internal standard 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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Fig. 2, cat. 3 

(1) GC data of reaction mixture with isobutyric acid as internal standard 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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Fig. 2, cat. 4 

(1) GC data of reaction mixture with isobutyric acid as internal standard 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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Fig. 2, cat. 5 

(1) GC data of reaction mixture with isobutyric acid as internal standard 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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Fig. 2, cat. 6 

(1) GC data of reaction mixture with isobutyric acid as internal standard 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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Fig. 2, cat. 7 

(1) GC data of reaction mixture with isobutyric acid as internal standard 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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Fig. S9, cat. S1 

(1) GC data of reaction mixture with isobutyric acid as internal standard 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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Fig. S9, cat. S2 

(1) GC data of reaction mixture with isobutyric acid as internal standard 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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Fig. S9, cat. S3 

(1) GC data of reaction mixture with isobutyric acid as internal standard 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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Fig. S9, cat. S4 

(1) GC data of reaction mixture with isobutyric acid as internal standard 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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Fig. S9, cat. S5 

(1) GC data of reaction mixture with isobutyric acid as internal standard 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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Fig. S9, cat. S6 

(1) GC data of reaction mixture with isobutyric acid as internal standard 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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Fig. S9, cat. S7 

(1) GC data of reaction mixture with isobutyric acid as internal standard 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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5.3 Data for isotope labelling experiment 

5.3.1 Isotope labelling experiments with 13CH4  

Scheme S5 

(1) GC-MS data of reaction mixture with isobutyric acid as internal standard 
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GC-MS data of CO2 of reactions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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13C NMR 100 MHz, CD2Cl2 

 

 

(3) GC data of reaction mixture with isobutyric acid as internal standard 
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5.3.2 Isotope labelling experiments with 13CO 

Scheme S6 

(1) GC-MS data of reaction mixture with isobutyric acid as internal standard 
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GC-MS data of CO2 of reactions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(2) NMR data of reaction mixture with isobutyric acid as internal standard 

1H NMR 400 MHz, CD2Cl2 
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13C NMR 100 MHz, CD2Cl2 

 

 

(3) GC data of reaction mixture with isobutyric acid as internal standard 
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5.3.3 Isotope labelling experiments with 18O2  

Scheme S7 

(1) GC-MS data of reaction mixture with isobutyric acid as internal standard 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S45 

 

 

 

 

 

 

 

 

 

 

 

GC-MS data of CO2 of reactions: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(3) GC data of reaction mixture with isobutyric acid as internal standard 
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5.3.4 Isotope labelling experiments with H2
18O  

Scheme S8 

(1) GC-MS data of reaction mixture with isobutyric acid as internal standard 
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GC-MS data of CO2 of reactions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(2) GC data of reaction mixture with isobutyric acid as internal standard 
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5.3.5 Isotope labelling experiments with H2
18O in the absence of oxygen 

Scheme S9 

(1) GC-MS data of reaction mixture with isobutyric acid as internal standard 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GC-MS data of CO2 of reactions: 
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(2) GC data of reaction mixture with isobutyric acid as internal standard 
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5.3.6 Isotope labelling control experiments with H2
18O 

 Scheme S10 

(1) GC-MS data of reaction mixture with isobutyric acid as internal standard 

 

 

 

 

 

 

(2) GC data of reaction mixture with isobutyric acid as internal standard 
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5.4 Radical trapping experiment 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme S11. LMCT-homolysis leading to the generation of alkoxy radicals 

 

Diisopropyl 1-(1-((1,1,1,3,3,3-hexafluoropropan-2-yl)oxy)-3,3-dimethylbutan-2-yl)hydrazine-

1,2-dicarboxylate (10): A 8-mL vial was charged with 8 (336.8 mg, 0.4 mmol), 3,3-dimethylbut-1-

ene (9) (0.52 mL, 4.0 mmol), DIAD (0.4 mL, 2.0 mmol) and HFIP (5 mL). The vial was sealed with 

a polytetrafluoroethylene-lined cap, the reaction mixture was degassed by argon sparging for 5 min, 

then irradiated with a 400 nm LED (0.37 W cm-2) at ambient temperature for 2 h. The desired 

product was isolated by flash chromatography (20% ethyl acetate in hexanes) as a colorless oil (79.0 

mg, 174 μmol). The product gives two sets of NMR signals, owing to the presence of rotamers 

around the amide. 1H NMR (400 MHz, CDCl3) δ 6.03-5.91 (m, 1H), 5.00-4.87 (m, 2H), 4.30-3.95 

(m, 4H),1.29-1.03 (m, 12H), 1.00 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 157.3, 156.6, 123.0, 

119.7, 70.9, 70.3, 69.8, 65.0, 63.8, 34.6, 34.0, 27.6, 26.9, 25.6, 21.9, 21.7; 19F NMR (376 MHz, 

CDCl3) δ -73.4, -73.7, -73.8, -73.9; HRMS (ESI): calcd for C17H29F6N2O5
+(M+H) 455.1975, found 

455.1983. 
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5.5 Peroxide detection experiment 

A stock solution of Fe(terpy)Cl3 in hexafluoroisopropanol (20 μmol Fe(terpy)Cl3 in 40 mL 

HFIP) was prepared. A stock solution of ammonium chloride in water (10 mmol ammonium chloride 

in 10 mL H2O) was prepared. The high pressure photoreactor was thoroughly dried before each use. 

The glass vial (35×70 mm) was charged with solutions of iron catalyst (0.2 mL) and ammonium 

chloride (50 μL of the stock solution), HFIP (10 mL) was then added. The glass vial was placed into 

the reactor well (7 cm distance to the upper edge of the well). with the head well installed, the reactor 

was then purged with air (100 kPa) and subsequently pressurized with 500 kPa of methane, 5000 

kPa of carbon monoxide. The reaction was stirred under LED irradiation (0.37 W cm-2, light 

intensity measured at the sapphire glass window of the reactor) at ambient temperature for 18 h.  

The reaction was then stopped and degassed slowly. A standard (isobutyric acid) was added 

into the reaction mixture via a microliter syringe. An aliquot of the reaction mixture was then 

analyzed by GC-FID. According to GC analysis, 787 μmol CH3COOH and 12 μmol CH3OH were 

detected. 

Then PPh3 (50 μmol, 13.2 mg) was added into the reaction mixture which was then stirred for 

2 h. After a standard (anisole) was added into the reaction mixture via a microliter syringe, an aliquot 

of the reaction mixture was then analyzed by GC-FID. According to GC analysis, 788 μmol 

CH3COOH, 13 μmol CH3OH, 47 μmol PPh3 and trace amount (lower than 1 μmol) 

triphenylphosphine oxide were detected. 
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5.6 ICP-MS experiment 

A stock solution of Fe(terpy)Cl3 in hexafluoroisopropanol (20 μmol Fe(terpy)Cl3 in 40 mL 

HFIP) was prepared before each use. A stock solution of ammonium chloride in water (10 mmol 

ammonium chloride in 10 mL H2O) was prepared before each use. The highpressure photoreactor 

was thoroughly dried before each use. The glass vial (35×70 mm) was charged with solutions of 

iron catalyst (0.4 mL), ammonium chloride (100 μL of the stock solution) and HFIP (20 mL), then 

the reaction mixture was taken out half for ICP-MS test.  

The glass vial was placed into the reactor well (7 cm distance to the upper edge of the well). 

with the head well installed, the reactor was then purged with air (100 kPa) and subsequently 

pressurized with 500 kPa of methane, 5000 kPa of carbon monoxide. The reaction was stirred under 

LED irradiation (0.37 W cm-2, light intensity measured at the sapphire glass window of the reactor) 

at ambient temperature for 8 h. The reaction was then stopped and degassed slowly. A standard 

(isobutyric acid) was added into the reaction mixture via a microliter syringe. An aliquot of the 

reaction mixture was then analyzed by GC-FID, GC-MS and NMR. Then the final reaction mixture 

was taken out by syringe for ICP-MS. 

 

Table S1. ICP‐MS analysis of various metals before and after reaction. Unit : ng/g (ppb) 

 

Element Before Reaction After Reaction 

Cr 1.842 1.630 

Fe 608.540 624.636 

Ni 1.526 1.748 

Zr 0.629 10.711 

Mo 3.744 0.270 

Hf 0.027 0.310 
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6. Experimental procedures and spectral characterization for catalysts and ligands. 

6.1 Catalysts synthesis 

General procedure for the synthesis of iron terpyridine complexes: A previous reported procedure 

was followed (2). A solution of 2,2':6',2''-terpyridine (93 mg, 0.4 mmol) in CH3CN (10 mL) was 

added dropwise to the solution of FeCl3 (64 mg, 0.4 mmol) in CH3CN (10 mL). An orange 

precipitate was quickly formed, and then the mixture was stirred for another 4 h at room temperature. 

Product was obtained by filtration, washed with CH3CN, and dried under vacuo as an orange solid. 

Synthesis of iron Catalyst 2: A solution of 2,2':6',2''-terpyridine (93 mg, 0.4 mmol) in CH3CN (10 

mL) was added dropwise to the solution of FeCl3 (64 mg, 0.4 mmol) in CH3CN (10 mL). An orange 

precipitate was quickly formed, and then the mixture was stirred for another 4 h at room temperature. 

Product was obtained by filtration, washed with CH3CN, and dried under vacuo as an orange solid 

(111 mg, 71%). 

Synthesis of iron Catalyst 3: A solution of 4,4',4''-trimethoxy-2,2':6',2''-terpyridine (64.6 mg, 0.2 

mmol) in CHCl3 (5 mL) was added dropwise to the solution of FeCl3 (32 mg, 0.2 mmol) in CH3CN 

(10 mL). Precipitate was quickly formed, and then the mixture was stirred for another 4 h at room 

temperature. Product was obtained by filtration, washed with CH3CN, and dried under vacuo as an 

orange solid (55 mg, 57%). 

Synthesis of iron Catalyst 4: A solution of 4,4',4''-trichloro-2,2':6',2''-terpyridine (3) (67 mg, 0.2 

mmol) in CHCl3 (5 mL) was added dropwise to the solution of FeCl3 (32 mg, 0.2 mmol) in CH3CN 

(10 mL). Precipitate was quickly formed, and then the mixture was stirred for another 4 h at room 

temperature. Product was obtained by filtration, washed with CH3CN, and dried under vacuo as an 

orange solid (67 mg, 68%). 

Synthesis of iron Catalyst 5: A solution of 4,4',4''-tris(trifluoromethyl)-2,2':6',2''-terpyridine (4) 

(87 mg, 0.2 mmol) in CHCl3 (5 mL) was added dropwise to the solution of FeCl3 (32 mg, 0.2 mmol) 

in CH3CN (10 mL). The mixture was stirred for 4 h at room temperature before concentrated under 

vacuo. Ethyl ether was added dropwise to the residue to form yellow suspensions. Product was 

obtained by filtration, washed with ethyl ether, and dried under vacuo as a yellow solid (87mg, 73%). 

Synthesis of iron Catalyst 6: A solution of trimethyl [2,2':6',2''-terpyridine]-4,4',4''-tricarboxylate 

(81.4 mg, 0.2 mmol) in CHCl3 (5 mL) was added dropwise to the solution of FeCl3 (32 mg, 0.2 

mmol) in CH3CN (10 mL). Precipitate was quickly formed, and then the mixture was stirred for 
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another 4 h at room temperature. Product was obtained by filtration, washed with CH3CN, and dried 

under vacuo as an orange solid (80 mg, 71%). 

Synthesis of iron Catalyst 7: A previous reported procedure was followed (5). 2,2':6',2''-terpyridine 

(1.0 g, 4.3 mmol), FeCl2·4H2O (0.42 g, 2.1 mmol) and MeOH (60 mL) were mixed, and stirred 

vigorously for 1 hour. NH4PF6 (2.0 g, 5.2 mmol) was added and the mixture vigorously was stirred 

for another 0.5 hour. Product was obtained by filtration and washed several times with ethyl ester 

as a dark purple solid (1.6 g, 94%). 

Synthesis of iron Catalyst S1: A solution of 4'-phenyl-2,2':6',2''-terpyridine (6) (61.8 mg, 0.2 

mmol) in CHCl3 (5 mL) was added dropwise to the solution of FeCl3 (32 mg, 0.2 mmol) in CH3CN 

(10 mL). Precipitate was quickly formed, and then the mixture was stirred for another 4 h at room 

temperature. Product was obtained by filtration, washed with CH3CN, and dried under vacuo as an 

orange solid (82 mg, 87%). 

Synthesis of iron Catalyst S2: A solution of 4,4''-di-tert-butyl-4'-(4-(tert-butyl)phenyl)-2,2':6',2''-

terpyridine (95.4 mg, 0.2 mmol) in CHCl3 (5 mL) was added dropwise to the solution of FeCl3 (32 

mg, 0.2 mmol) in CH3CN (10 mL). Precipitate was quickly formed, and then the mixture was stirred 

for another 4 h at room temperature. Product was obtained by filtration, washed with CH3CN, and 

dried under vacuo as an orange solid (70 mg, 55%). 

Synthesis of iron Catalyst S3: A solution of 4'-(4-methoxyphenyl)-2,2':6',2''-terpyridine (67.8 mg, 

0.2 mmol) in CHCl3 (5 mL) was added dropwise to the solution of FeCl3 (32 mg, 0.2 mmol) in 

CH3CN (10 mL). Precipitate was quickly formed, and then the mixture was stirred for another 4 h 

at room temperature. Product was obtained by filtration, washed with CH3CN, and dried under 

vacuo as a dark red solid (60 mg, 60%). 

Synthesis of iron Catalyst S4: A solution of 2,2':6',2'':6'',2'''-quaterpyridine (7) (62 mg, 0.2 mmol) 

in CHCl3 (5 mL) was added dropwise to the solution of FeCl3 (32 mg, 0.2 mmol) in CH3CN (10 

mL). Precipitate was quickly formed, and then the mixture was stirred for another 4 h at room 

temperature. Product was obtained by filtration, washed with CH3CN, and dried under vacuo as an 

orange solid (59 mg, 63%). 

Synthesis of iron Catalyst S5: A solution of 2,6-di(1H-pyrazol-1-yl)pyridine (42 mg, 0.2 mmol) 

in CHCl3 (5 mL) was added dropwise to the solution of FeCl3 (32 mg, 0.2 mmol) in CH3CN (10 

mL). Precipitate was quickly formed, and then the mixture was stirred for another 4 h at room 



S56 

 

temperature. Product was obtained by filtration, washed with CH3CN, and dried under vacuo as an 

orange solid (37 mg, 50%). 
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6.2 Ligands synthesis. 

 

 

 

4,4',4''-trimethoxy-2,2':6',2''-terpyridine (S8) :  

A solution of 2-bromo-4-methoxypyridine (5 g, 27 mmol) in dry THF (50 mL) was added 

dropwise to a mixture of n-butyllithium (1.6 M in hexane) (18.3 mL, 29 mmol) and 

isopropylmagnesium bromide (1 M in THF) (13.3 mL, 13.3 mmol) in dry THF (40 mL) at -78 °C. 

After 30 min at the same temperature, tri-n-butyltin chloride (9.5 g, 29 mmol) was added and stirred 

at -78 ℃. for another 30 min. The reaction mixture was then left to warm up to room temperature 

and stirred for 2 h. The reaction mixture was concentrated under vacuo and the residue was extracted 

with dichloromethane, washed with saturated brine, dried over Na2SO4, concentrated under vacuo. 

4-Methoxy-2-(tributylstannyl) pyridine was obtained by flash chromatography (neural Al2O3, 20% 

ethyl acetate in hexanes) to give as a colorless oil (10.1 g, 95%). 

4-Methoxy-2-(tributylstannyl) pyridine (9 g, 23 mmol), 2,6-dibromo-4-methoxypyridine (2.0 

g, 7.5 mmol), Pd(PPh3)4 (0.87 g, 0.75 mmol) and toluene (40 ml) were mixed under N2 atmosphere. 

The reaction mixture was allowed to reflux for 7 h. After cooling to room temperature, the crude 

product was extracted with ethyl acetate, washed with saturated brine, dried over Na2SO4 and 

concentrated under vacuo. Product was obtained by recrystallization from MeOH and CHCl3 as 

white solid (0.90 g, 37%).1H NMR (400 MHz, CDCl3) δ 8.51 (d, J = 5.7 Hz, 2H), 8.14 (d, J = 2.6 

Hz, 2H), 7.99 (s, 2H), 6.87 (dd, J = 5.7, 2.6 Hz, 2H), 4.02 (s, 3H), 3.98 (s, 6H); 13C NMR (100 

MHz, CDCl3) δ 167.8, 166.6, 157.8, 156.7, 150.2, 110.0, 107.4, 107.2, 55.6, 55.2; HRMS (ESI): 

calcd for C18H18N3O3
+ (M+H)+ 324.1348, found 324.1345.  
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4,4''-di-tert-butyl-4'-(4-(tert-butyl)phenyl)-2,2':6',2''-terpyridine (S9): 

A solution of concentrated H2SO4 (30 mL) and (NH4)2S2O8 (12.6 g, 55 mmol) in H2O (40 mL) 

was added drop-wise to a stirred solution of 4-tert-butylpyridine (5 g, 37 mmol), AgNO3 (0.5 g, 2.9 

mmol), pyruvic acid (9.1 g, 103 mmol) in CH2Cl2 (50 mL) and H2O (10 mL) at 0 ºC. The mixture 

was slowly warmed to room temperature and then refluxed for another 4 hours. After cooling, the 

organic was separated, dried over Na2SO4 and concentrated in vacuo. 4-tert-Butyl-2-acetylpyridine 

was obtained by flash chromatography (pure CHCl3) as a light yellow oil (1.5 g, 23%). The 1H NMR 

spectral data were consistent with literature data (8). 

To a solution of 4-tert-Butyl-2-acetylpyridine (0.81 g, 5 mmol) and NaOH (0.58 g, 14.5 mmol) 

in absolute EtOH (40 mL), 4-(tert-butyl)benzaldehyde (2.0 g, 11 mmol) was added and stirred for 

5 mints. Then 19 mL of NH4OH was added to the reaction mixtures and allowed to stir at room 

temperature overnight. The precipitates were filtered off and washed sequentially with H2O and 

cold MeOH for three times. The crude products were purified by recrystallization from anhydrous 

ethanol to afford white solid (0.48 g, 20%). 

1H NMR (400 MHz, CDCl3) δ 8.79 (s, 2H), 8.76 (s, 2H), 8.65 (d, J = 5.3 Hz, 2H), 7.90 (d, J = 8.2 

Hz, 2H), 7.53 (d, J = 8.5 Hz, 2H), 7.39 (dd, J = 5.3, 2.0 Hz, 2H), 1.45 (s, 18H), 1.38 (s, 9H); 13C 

NMR (100 MHz, CDCl3) δ 161.3, 155.9, 155.5, 152.3, 150.3, 148.7, 135.3, 127.0, 125.9, 121.2, 

118.8, 118.6, 35.1, 34.7, 31.3, 30.5; HRMS (ESI): calcd for C33H40N3
+ (M+H)+ 478.3222, found 

478.3224. 
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7. Spectral Data 

1H NMR 400 MHz, CDCl3 

 

13C NMR 100 MHz, CDCl3 
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19F NMR 376 MHz, CDCl3 
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1H NMR 400 MHz, CDCl3 

 

13C NMR 100 MHz, CDCl3 
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1H NMR 400 MHz, CDCl3 

 

13C NMR 100 MHz, CDCl3 
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8. XRD-characterization data 

 

Table S2.  Crystal data and structure refinement for 8. 

Identification code  8 

Empirical formula  C27 H16 F24 Fe N3 O4 

Formula weight  958.28 

Temperature  193(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P -1 

Unit cell dimensions a = 9.8246(3) Å = 79.6400(10)°. 

 b = 11.8355(4) Å = 85.4230(10)°. 

 c = 15.8537(5) Å  = 71.1210(10)°. 

Volume 1715.38(10) Å3 

Z 2 

Density (calculated) 1.855 Mg/m3 

Absorption coefficient 0.610 mm-1 

F(000) 946 

Crystal size 0.170 x 0.140 x 0.110 mm3 

Theta range for data collection 2.378 to 26.000°. 

Index ranges -12<=h<=12, -14<=k<=14, -19<=l<=19 

Reflections collected 34215 

Independent reflections 6711 [R(int) = 0.0298] 
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Completeness to theta = 25.242° 99.5 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7456 and 0.6295 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 6711 / 0 / 533 

Goodness-of-fit on F2 1.043 

Final R indices [I>2sigma(I)] R1 = 0.0311, wR2 = 0.0752 

R indices (all data) R1 = 0.0355, wR2 = 0.0785 

Extinction coefficient n/a 

Largest diff. peak and hole 0.429 and -0.378 e.Å-3 
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Table S3.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

for 8.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

Fe(1) 6161(1) 3298(1) 2841(1) 20(1) 

F(1) 8939(2) 5125(2) 2108(1) 76(1) 

F(2) 8517(2) 5989(1) 3213(1) 55(1) 

F(3) 10586(2) 4725(2) 3022(1) 76(1) 

F(4) 8296(2) 4608(1) 4750(1) 59(1) 

F(5) 10345(2) 3353(2) 4528(1) 85(1) 

F(6) 8491(2) 2765(1) 4756(1) 68(1) 

F(7) 2309(1) 6226(1) 3417(1) 51(1) 

F(8) 3359(2) 7577(1) 3306(1) 55(1) 

F(9) 4301(1) 5818(1) 4041(1) 47(1) 

F(10) 3484(2) 7824(1) 1638(1) 76(1) 

F(11) 2424(2) 6495(2) 1648(1) 68(1) 

F(12) 4487(2) 6270(1) 1038(1) 62(1) 

F(13) 4100(1) 3801(1) 828(1) 50(1) 

F(14) 1968(1) 3699(1) 1086(1) 56(1) 

F(15) 3694(2) 2119(1) 868(1) 60(1) 

F(16) 1573(1) 2180(1) 2489(1) 47(1) 

F(17) 3585(1) 773(1) 2464(1) 54(1) 

F(18) 3043(2) 1779(1) 3502(1) 55(1) 

O(1) 7237(1) 4156(1) 3273(1) 26(1) 

O(2) 4590(1) 4727(1) 2582(1) 27(1) 

O(3) 5121(1) 2379(1) 2334(1) 24(1) 

N(1) 5521(2) 2538(1) 4108(1) 25(1) 

N(2) 7779(1) 1569(1) 3188(1) 22(1) 

N(3) 7642(2) 3029(1) 1744(1) 25(1) 

C(1) 4313(2) 3072(2) 4527(1) 31(1) 

C(2) 3901(2) 2536(2) 5314(1) 37(1) 

C(3) 4766(2) 1421(2) 5679(1) 39(1) 

C(4) 6019(2) 859(2) 5251(1) 35(1) 

C(5) 6366(2) 1435(2) 4463(1) 26(1) 

C(6) 7656(2) 886(2) 3943(1) 27(1) 

C(7) 8663(2) -238(2) 4181(1) 41(1) 

C(8) 9802(2) -639(2) 3620(2) 48(1) 
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C(9) 9917(2) 65(2) 2840(1) 39(1) 

C(10) 8863(2) 1177(2) 2635(1) 26(1) 

C(11) 8792(2) 2012(2) 1811(1) 25(1) 

C(12) 9793(2) 1785(2) 1146(1) 33(1) 

C(13) 9612(2) 2616(2) 401(1) 39(1) 

C(14) 8442(2) 3648(2) 330(1) 38(1) 

C(15) 7476(2) 3825(2) 1017(1) 31(1) 

C(16) 8667(2) 3911(2) 3402(1) 29(1) 

C(17) 9176(2) 4952(2) 2939(1) 41(1) 

C(18) 8950(2) 3678(2) 4362(1) 41(1) 

C(19) 4442(2) 5928(2) 2546(1) 28(1) 

C(20) 3592(2) 6392(2) 3326(1) 34(1) 

C(21) 3696(2) 6638(2) 1717(1) 44(1) 

C(22) 3662(2) 2808(2) 2194(1) 26(1) 

C(23) 3360(2) 3104(2) 1238(1) 36(1) 

C(24) 2967(2) 1880(2) 2653(1) 34(1) 

F(19) 6789(2) 11436(1) 356(1) 60(1) 

F(20) 8619(2) 9842(1) 493(1) 64(1) 

F(21) 6795(2) 9888(2) -182(1) 71(1) 

F(22) 8453(2) 8027(1) 1776(1) 64(1) 

F(23) 6927(2) 7854(1) 960(1) 73(1) 

F(24) 6342(2) 8074(1) 2267(1) 61(1) 

O(4) 6812(1) 10272(1) 1999(1) 37(1) 

C(25) 6507(2) 9789(2) 1327(1) 32(1) 

C(26) 7186(3) 10236(2) 495(1) 45(1) 

C(27) 7072(3) 8425(2) 1580(1) 44(1) 

________________________________________________________________________________ 
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 Table S4.   Bond lengths [Å] and angles [°] for 8. 

_____________________________________________________  

Fe(1)-O(2)  1.8904(11) 

Fe(1)-O(1)  1.9177(12) 

Fe(1)-O(3)  2.0088(11) 

Fe(1)-N(2)  2.1548(13) 

Fe(1)-N(3)  2.1764(14) 

Fe(1)-N(1)  2.1796(14) 

F(1)-C(17)  1.324(3) 

F(2)-C(17)  1.323(2) 

F(3)-C(17)  1.337(2) 

F(4)-C(18)  1.314(3) 

F(5)-C(18)  1.333(2) 

F(6)-C(18)  1.338(3) 

F(7)-C(20)  1.330(2) 

F(8)-C(20)  1.340(2) 

F(9)-C(20)  1.333(2) 

F(10)-C(21)  1.335(2) 

F(11)-C(21)  1.329(3) 

F(12)-C(21)  1.330(2) 

F(13)-C(23)  1.324(2) 

F(14)-C(23)  1.339(2) 

F(15)-C(23)  1.334(2) 

F(16)-C(24)  1.333(2) 

F(17)-C(24)  1.331(2) 

F(18)-C(24)  1.335(2) 

O(1)-C(16)  1.364(2) 

O(2)-C(19)  1.373(2) 

O(3)-C(22)  1.3791(19) 

N(1)-C(1)  1.338(2) 

N(1)-C(5)  1.349(2) 

N(2)-C(6)  1.339(2) 

N(2)-C(10)  1.340(2) 

N(3)-C(15)  1.336(2) 

N(3)-C(11)  1.353(2) 

C(1)-C(2)  1.387(3) 

C(1)-H(1)  0.9500 

C(2)-C(3)  1.370(3) 
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C(2)-H(2)  0.9500 

C(3)-C(4)  1.384(3) 

C(3)-H(3A)  0.9500 

C(4)-C(5)  1.385(2) 

C(4)-H(4)  0.9500 

C(5)-C(6)  1.484(2) 

C(6)-C(7)  1.385(3) 

C(7)-C(8)  1.384(3) 

C(7)-H(7)  0.9500 

C(8)-C(9)  1.380(3) 

C(8)-H(8)  0.9500 

C(9)-C(10)  1.389(2) 

C(9)-H(9)  0.9500 

C(10)-C(11)  1.480(2) 

C(11)-C(12)  1.384(2) 

C(12)-C(13)  1.377(3) 

C(12)-H(12)  0.9500 

C(13)-C(14)  1.374(3) 

C(13)-H(13)  0.9500 

C(14)-C(15)  1.385(3) 

C(14)-H(14)  0.9500 

C(15)-H(15)  0.9500 

C(16)-C(17)  1.524(3) 

C(16)-C(18)  1.528(3) 

C(16)-H(16)  1.0000 

C(19)-C(20)  1.520(3) 

C(19)-C(21)  1.526(3) 

C(19)-H(19)  1.0000 

C(22)-C(24)  1.524(2) 

C(22)-C(23)  1.524(3) 

C(22)-H(22)  1.0000 

F(19)-C(26)  1.327(2) 

F(20)-C(26)  1.333(3) 

F(21)-C(26)  1.339(3) 

F(22)-C(27)  1.327(3) 

F(23)-C(27)  1.329(3) 

F(24)-C(27)  1.335(2) 

O(4)-C(25)  1.390(2) 
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O(4)-H(4A)  0.8400 

C(25)-C(27)  1.516(3) 

C(25)-C(26)  1.518(3) 

C(25)-H(25)  1.0000 

 

O(2)-Fe(1)-O(1) 91.71(5) 

O(2)-Fe(1)-O(3) 89.71(5) 

O(1)-Fe(1)-O(3) 176.67(5) 

O(2)-Fe(1)-N(2) 173.68(5) 

O(1)-Fe(1)-N(2) 93.03(5) 

O(3)-Fe(1)-N(2) 85.78(5) 

O(2)-Fe(1)-N(3) 110.67(5) 

O(1)-Fe(1)-N(3) 90.41(5) 

O(3)-Fe(1)-N(3) 86.27(5) 

N(2)-Fe(1)-N(3) 73.49(5) 

O(2)-Fe(1)-N(1) 101.48(5) 

O(1)-Fe(1)-N(1) 94.49(5) 

O(3)-Fe(1)-N(1) 88.18(5) 

N(2)-Fe(1)-N(1) 73.98(5) 

N(3)-Fe(1)-N(1) 147.31(5) 

C(16)-O(1)-Fe(1) 133.15(11) 

C(19)-O(2)-Fe(1) 132.52(11) 

C(22)-O(3)-Fe(1) 122.97(10) 

C(1)-N(1)-C(5) 118.68(15) 

C(1)-N(1)-Fe(1) 123.91(12) 

C(5)-N(1)-Fe(1) 117.32(11) 

C(6)-N(2)-C(10) 121.03(14) 

C(6)-N(2)-Fe(1) 119.27(11) 

C(10)-N(2)-Fe(1) 119.67(11) 

C(15)-N(3)-C(11) 118.78(15) 

C(15)-N(3)-Fe(1) 123.14(12) 

C(11)-N(3)-Fe(1) 118.07(11) 

N(1)-C(1)-C(2) 122.43(18) 

N(1)-C(1)-H(1) 118.8 

C(2)-C(1)-H(1) 118.8 

C(3)-C(2)-C(1) 118.89(18) 

C(3)-C(2)-H(2) 120.6 

C(1)-C(2)-H(2) 120.6 
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C(2)-C(3)-C(4) 119.21(17) 

C(2)-C(3)-H(3A) 120.4 

C(4)-C(3)-H(3A) 120.4 

C(3)-C(4)-C(5) 119.26(18) 

C(3)-C(4)-H(4) 120.4 

C(5)-C(4)-H(4) 120.4 

N(1)-C(5)-C(4) 121.52(16) 

N(1)-C(5)-C(6) 115.32(14) 

C(4)-C(5)-C(6) 123.14(16) 

N(2)-C(6)-C(7) 120.87(17) 

N(2)-C(6)-C(5) 114.10(14) 

C(7)-C(6)-C(5) 125.02(16) 

C(8)-C(7)-C(6) 118.39(18) 

C(8)-C(7)-H(7) 120.8 

C(6)-C(7)-H(7) 120.8 

C(9)-C(8)-C(7) 120.52(18) 

C(9)-C(8)-H(8) 119.7 

C(7)-C(8)-H(8) 119.7 

C(8)-C(9)-C(10) 118.32(18) 

C(8)-C(9)-H(9) 120.8 

C(10)-C(9)-H(9) 120.8 

N(2)-C(10)-C(9) 120.85(16) 

N(2)-C(10)-C(11) 114.09(14) 

C(9)-C(10)-C(11) 125.04(16) 

N(3)-C(11)-C(12) 121.48(16) 

N(3)-C(11)-C(10) 114.63(14) 

C(12)-C(11)-C(10) 123.89(16) 

C(13)-C(12)-C(11) 119.12(17) 

C(13)-C(12)-H(12) 120.4 

C(11)-C(12)-H(12) 120.4 

C(14)-C(13)-C(12) 119.54(17) 

C(14)-C(13)-H(13) 120.2 

C(12)-C(13)-H(13) 120.2 

C(13)-C(14)-C(15) 118.75(18) 

C(13)-C(14)-H(14) 120.6 

C(15)-C(14)-H(14) 120.6 

N(3)-C(15)-C(14) 122.33(17) 

N(3)-C(15)-H(15) 118.8 
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C(14)-C(15)-H(15) 118.8 

O(1)-C(16)-C(17) 110.18(15) 

O(1)-C(16)-C(18) 110.14(15) 

C(17)-C(16)-C(18) 111.00(16) 

O(1)-C(16)-H(16) 108.5 

C(17)-C(16)-H(16) 108.5 

C(18)-C(16)-H(16) 108.5 

F(2)-C(17)-F(1) 107.31(19) 

F(2)-C(17)-F(3) 106.82(17) 

F(1)-C(17)-F(3) 107.07(18) 

F(2)-C(17)-C(16) 113.39(16) 

F(1)-C(17)-C(16) 109.93(16) 

F(3)-C(17)-C(16) 112.01(18) 

F(4)-C(18)-F(5) 106.94(18) 

F(4)-C(18)-F(6) 106.52(19) 

F(5)-C(18)-F(6) 106.16(18) 

F(4)-C(18)-C(16) 114.01(16) 

F(5)-C(18)-C(16) 112.72(19) 

F(6)-C(18)-C(16) 110.01(16) 

O(2)-C(19)-C(20) 110.25(15) 

O(2)-C(19)-C(21) 108.73(15) 

C(20)-C(19)-C(21) 111.15(15) 

O(2)-C(19)-H(19) 108.9 

C(20)-C(19)-H(19) 108.9 

C(21)-C(19)-H(19) 108.9 

F(7)-C(20)-F(9) 106.78(16) 

F(7)-C(20)-F(8) 106.72(16) 

F(9)-C(20)-F(8) 106.66(15) 

F(7)-C(20)-C(19) 112.95(15) 

F(9)-C(20)-C(19) 110.47(15) 

F(8)-C(20)-C(19) 112.86(16) 

F(11)-C(21)-F(12) 106.63(19) 

F(11)-C(21)-F(10) 107.36(18) 

F(12)-C(21)-F(10) 106.62(18) 

F(11)-C(21)-C(19) 112.58(18) 

F(12)-C(21)-C(19) 110.67(16) 

F(10)-C(21)-C(19) 112.62(18) 

O(3)-C(22)-C(24) 109.36(14) 
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O(3)-C(22)-C(23) 111.03(14) 

C(24)-C(22)-C(23) 111.37(15) 

O(3)-C(22)-H(22) 108.3 

C(24)-C(22)-H(22) 108.3 

C(23)-C(22)-H(22) 108.3 

F(13)-C(23)-F(15) 107.50(17) 

F(13)-C(23)-F(14) 106.93(16) 

F(15)-C(23)-F(14) 106.34(16) 

F(13)-C(23)-C(22) 111.01(15) 

F(15)-C(23)-C(22) 112.85(16) 

F(14)-C(23)-C(22) 111.88(16) 

F(17)-C(24)-F(16) 106.59(15) 

F(17)-C(24)-F(18) 106.48(16) 

F(16)-C(24)-F(18) 105.97(15) 

F(17)-C(24)-C(22) 113.85(15) 

F(16)-C(24)-C(22) 113.09(16) 

F(18)-C(24)-C(22) 110.33(15) 

C(25)-O(4)-H(4A) 109.5 

O(4)-C(25)-C(27) 106.42(16) 

O(4)-C(25)-C(26) 110.50(16) 

C(27)-C(25)-C(26) 112.50(16) 

O(4)-C(25)-H(25) 109.1 

C(27)-C(25)-H(25) 109.1 

C(26)-C(25)-H(25) 109.1 

F(19)-C(26)-F(20) 106.80(18) 

F(19)-C(26)-F(21) 107.73(19) 

F(20)-C(26)-F(21) 106.46(18) 

F(19)-C(26)-C(25) 110.13(17) 

F(20)-C(26)-C(25) 113.26(19) 

F(21)-C(26)-C(25) 112.16(18) 

F(22)-C(27)-F(23) 107.15(18) 

F(22)-C(27)-F(24) 107.33(19) 

F(23)-C(27)-F(24) 107.29(18) 

F(22)-C(27)-C(25) 112.74(17) 

F(23)-C(27)-C(25) 112.19(19) 

F(24)-C(27)-C(25) 109.87(17) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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 Table S5.   Anisotropic displacement parameters  (Å2x 103) for 8.   

The anisotropic displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

Fe(1) 19(1)  18(1) 21(1)  -3(1) -1(1)  -3(1) 

F(1) 123(1)  97(1) 38(1)  -11(1) 18(1)  -80(1) 

F(2) 74(1)  31(1) 60(1)  -9(1) 15(1)  -20(1) 

F(3) 43(1)  77(1) 127(1)  -38(1) 21(1)  -39(1) 

F(4) 94(1)  50(1) 36(1)  -14(1) 1(1)  -22(1) 

F(5) 52(1)  108(1) 92(1)  -17(1) -43(1)  -13(1) 

F(6) 111(1)  51(1) 50(1)  16(1) -35(1)  -43(1) 

F(7) 35(1)  70(1) 52(1)  -22(1) 8(1)  -18(1) 

F(8) 72(1)  29(1) 63(1)  -22(1) 0(1)  -7(1) 

F(9) 57(1)  49(1) 35(1)  -11(1) -10(1)  -10(1) 

F(10) 123(1)  24(1) 58(1)  6(1) -10(1)  3(1) 

F(11) 49(1)  88(1) 53(1)  -4(1) -25(1)  -1(1) 

F(12) 82(1)  49(1) 35(1)  1(1) 7(1)  3(1) 

F(13) 53(1)  64(1) 36(1)  7(1) -5(1)  -29(1) 

F(14) 38(1)  58(1) 64(1)  14(1) -25(1)  -11(1) 

F(15) 86(1)  52(1) 44(1)  -19(1) -22(1)  -12(1) 

F(16) 26(1)  56(1) 64(1)  -12(1) 2(1)  -19(1) 

F(17) 46(1)  29(1) 89(1)  -15(1) 15(1)  -17(1) 

F(18) 71(1)  65(1) 39(1)  4(1) -4(1)  -43(1) 

O(1) 21(1)  26(1) 32(1)  -7(1) -2(1)  -6(1) 

O(2) 25(1)  18(1) 35(1)  -5(1) -6(1)  -2(1) 

O(3) 20(1)  23(1) 30(1)  -7(1) -2(1)  -4(1) 

N(1) 28(1)  24(1) 24(1)  -4(1) 0(1)  -9(1) 

N(2) 22(1)  20(1) 25(1)  -4(1) -4(1)  -5(1) 

N(3) 24(1)  25(1) 25(1)  -5(1) 0(1)  -6(1) 

C(1) 34(1)  30(1) 30(1)  -8(1) 5(1)  -9(1) 

C(2) 44(1)  41(1) 31(1)  -14(1) 12(1)  -17(1) 

C(3) 56(1)  42(1) 26(1)  -5(1) 8(1)  -26(1) 

C(4) 47(1)  31(1) 28(1)  1(1) -1(1)  -15(1) 

C(5) 32(1)  23(1) 25(1)  -2(1) -3(1)  -11(1) 

C(6) 30(1)  24(1) 27(1)  -1(1) -5(1)  -8(1) 

C(7) 42(1)  30(1) 38(1)  8(1) -3(1)  -1(1) 

C(8) 40(1)  31(1) 53(1)  6(1) -2(1)  9(1) 
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C(9) 30(1)  32(1) 45(1)  -5(1) 2(1)  2(1) 

C(10) 21(1)  25(1) 30(1)  -7(1) -2(1)  -5(1) 

C(11) 21(1)  26(1) 28(1)  -8(1) -1(1)  -7(1) 

C(12) 26(1)  36(1) 35(1)  -11(1) 4(1)  -5(1) 

C(13) 39(1)  47(1) 30(1)  -11(1) 11(1)  -14(1) 

C(14) 44(1)  40(1) 28(1)  -2(1) 4(1)  -14(1) 

C(15) 32(1)  30(1) 27(1)  -2(1) -1(1)  -7(1) 

C(16) 23(1)  27(1) 38(1)  -12(1) 0(1)  -6(1) 

C(17) 41(1)  46(1) 44(1)  -18(1) 11(1)  -24(1) 

C(18) 43(1)  34(1) 48(1)  -4(1) -18(1)  -12(1) 

C(19) 27(1)  20(1) 35(1)  -4(1) -3(1)  -4(1) 

C(20) 35(1)  27(1) 41(1)  -11(1) -5(1)  -6(1) 

C(21) 53(1)  28(1) 38(1)  -1(1) -3(1)  2(1) 

C(22) 21(1)  23(1) 33(1)  -6(1) -3(1)  -5(1) 

C(23) 34(1)  34(1) 40(1)  -3(1) -10(1)  -10(1) 

C(24) 27(1)  34(1) 42(1)  -9(1) -1(1)  -11(1) 

F(19) 82(1)  36(1) 62(1)  -1(1) 5(1)  -22(1) 

F(20) 54(1)  56(1) 82(1)  -19(1) 30(1)  -22(1) 

F(21) 117(1)  77(1) 37(1)  -17(1) 6(1)  -52(1) 

F(22) 52(1)  37(1) 87(1)  -2(1) 5(1)  3(1) 

F(23) 125(1)  45(1) 65(1)  -30(1) 15(1)  -40(1) 

F(24) 78(1)  50(1) 56(1)  -5(1) 20(1)  -30(1) 

O(4) 34(1)  32(1) 45(1)  -20(1) -8(1)  0(1) 

C(25) 32(1)  31(1) 37(1)  -14(1) 1(1)  -10(1) 

C(26) 58(1)  37(1) 45(1)  -14(1) 7(1)  -20(1) 

C(27) 57(1)  34(1) 44(1)  -13(1) 12(1)  -18(1) 

______________________________________________________________________________ 
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 Table S6.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for 8. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(1) 3716 3848 4277 37 

H(2) 3034 2935 5595 45 

H(3A) 4510 1038 6219 47 

H(4) 6633 87 5495 43 

H(7) 8575 -723 4717 49 

H(8) 10509 -1404 3774 58 

H(9) 10698 -205 2454 46 

H(12) 10594 1066 1203 40 

H(13) 10292 2478 -60 46 

H(14) 8298 4228 -181 45 

H(15) 6667 4539 969 37 

H(16) 9213 3164 3160 35 

H(19) 5419 6021 2541 34 

H(22) 3245 3568 2445 31 

H(4A) 6185 10944 2029 56 

H(25) 5440 10045 1264 39 

________________________________________________________________________________ 
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 Table S7.  Torsion angles [°] for 8. 

________________________________________________________________  

O(1)-Fe(1)-O(2)-C(19) 12.40(15) 

O(3)-Fe(1)-O(2)-C(19) -164.59(15) 

N(3)-Fe(1)-O(2)-C(19) -78.69(15) 

N(1)-Fe(1)-O(2)-C(19) 107.33(15) 

C(5)-N(1)-C(1)-C(2) 0.2(3) 

Fe(1)-N(1)-C(1)-C(2) 176.66(14) 

N(1)-C(1)-C(2)-C(3) 0.5(3) 

C(1)-C(2)-C(3)-C(4) -0.4(3) 

C(2)-C(3)-C(4)-C(5) -0.2(3) 

C(1)-N(1)-C(5)-C(4) -0.8(3) 

Fe(1)-N(1)-C(5)-C(4) -177.56(13) 

C(1)-N(1)-C(5)-C(6) 177.84(15) 

Fe(1)-N(1)-C(5)-C(6) 1.10(19) 

C(3)-C(4)-C(5)-N(1) 0.9(3) 

C(3)-C(4)-C(5)-C(6) -177.69(17) 

C(10)-N(2)-C(6)-C(7) 1.2(3) 

Fe(1)-N(2)-C(6)-C(7) 179.01(14) 

C(10)-N(2)-C(6)-C(5) -177.82(14) 

Fe(1)-N(2)-C(6)-C(5) -0.06(19) 

N(1)-C(5)-C(6)-N(2) -0.7(2) 

C(4)-C(5)-C(6)-N(2) 177.95(16) 

N(1)-C(5)-C(6)-C(7) -179.70(18) 

C(4)-C(5)-C(6)-C(7) -1.1(3) 

N(2)-C(6)-C(7)-C(8) 0.0(3) 

C(5)-C(6)-C(7)-C(8) 178.99(19) 

C(6)-C(7)-C(8)-C(9) -0.5(4) 

C(7)-C(8)-C(9)-C(10) -0.2(3) 

C(6)-N(2)-C(10)-C(9) -2.0(3) 

Fe(1)-N(2)-C(10)-C(9) -179.77(14) 

C(6)-N(2)-C(10)-C(11) 176.66(15) 

Fe(1)-N(2)-C(10)-C(11) -1.09(19) 

C(8)-C(9)-C(10)-N(2) 1.5(3) 

C(8)-C(9)-C(10)-C(11) -177.06(19) 

C(15)-N(3)-C(11)-C(12) 0.1(2) 

Fe(1)-N(3)-C(11)-C(12) -179.05(13) 

C(15)-N(3)-C(11)-C(10) -178.83(15) 
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Fe(1)-N(3)-C(11)-C(10) 1.99(19) 

N(2)-C(10)-C(11)-N(3) -0.6(2) 

C(9)-C(10)-C(11)-N(3) 178.02(17) 

N(2)-C(10)-C(11)-C(12) -179.53(16) 

C(9)-C(10)-C(11)-C(12) -0.9(3) 

N(3)-C(11)-C(12)-C(13) 0.1(3) 

C(10)-C(11)-C(12)-C(13) 179.01(17) 

C(11)-C(12)-C(13)-C(14) -0.4(3) 

C(12)-C(13)-C(14)-C(15) 0.4(3) 

C(11)-N(3)-C(15)-C(14) -0.2(3) 

Fe(1)-N(3)-C(15)-C(14) 178.99(14) 

C(13)-C(14)-C(15)-N(3) -0.1(3) 

Fe(1)-O(1)-C(16)-C(17) 125.27(14) 

Fe(1)-O(1)-C(16)-C(18) -111.95(16) 

O(1)-C(16)-C(17)-F(2) 61.4(2) 

C(18)-C(16)-C(17)-F(2) -60.8(2) 

O(1)-C(16)-C(17)-F(1) -58.7(2) 

C(18)-C(16)-C(17)-F(1) 179.07(17) 

O(1)-C(16)-C(17)-F(3) -177.56(16) 

C(18)-C(16)-C(17)-F(3) 60.2(2) 

O(1)-C(16)-C(18)-F(4) -62.1(2) 

C(17)-C(16)-C(18)-F(4) 60.2(2) 

O(1)-C(16)-C(18)-F(5) 175.75(16) 

C(17)-C(16)-C(18)-F(5) -62.0(2) 

O(1)-C(16)-C(18)-F(6) 57.5(2) 

C(17)-C(16)-C(18)-F(6) 179.77(17) 

Fe(1)-O(2)-C(19)-C(20) -105.10(16) 

Fe(1)-O(2)-C(19)-C(21) 132.82(14) 

O(2)-C(19)-C(20)-F(7) -56.1(2) 

C(21)-C(19)-C(20)-F(7) 64.5(2) 

O(2)-C(19)-C(20)-F(9) 63.38(19) 

C(21)-C(19)-C(20)-F(9) -175.97(16) 

O(2)-C(19)-C(20)-F(8) -177.31(15) 

C(21)-C(19)-C(20)-F(8) -56.7(2) 

O(2)-C(19)-C(21)-F(11) 57.3(2) 

C(20)-C(19)-C(21)-F(11) -64.3(2) 

O(2)-C(19)-C(21)-F(12) -61.9(2) 

C(20)-C(19)-C(21)-F(12) 176.51(17) 
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O(2)-C(19)-C(21)-F(10) 178.82(17) 

C(20)-C(19)-C(21)-F(10) 57.3(2) 

Fe(1)-O(3)-C(22)-C(24) -124.16(13) 

Fe(1)-O(3)-C(22)-C(23) 112.56(14) 

O(3)-C(22)-C(23)-F(13) -50.7(2) 

C(24)-C(22)-C(23)-F(13) -172.78(15) 

O(3)-C(22)-C(23)-F(15) 70.1(2) 

C(24)-C(22)-C(23)-F(15) -52.0(2) 

O(3)-C(22)-C(23)-F(14) -170.01(15) 

C(24)-C(22)-C(23)-F(14) 67.9(2) 

O(3)-C(22)-C(24)-F(17) -52.7(2) 

C(23)-C(22)-C(24)-F(17) 70.4(2) 

O(3)-C(22)-C(24)-F(16) -174.58(14) 

C(23)-C(22)-C(24)-F(16) -51.5(2) 

O(3)-C(22)-C(24)-F(18) 66.93(19) 

C(23)-C(22)-C(24)-F(18) -169.99(15) 

O(4)-C(25)-C(26)-F(19) -53.8(2) 

C(27)-C(25)-C(26)-F(19) -172.54(18) 

O(4)-C(25)-C(26)-F(20) 65.8(2) 

C(27)-C(25)-C(26)-F(20) -53.0(2) 

O(4)-C(25)-C(26)-F(21) -173.71(17) 

C(27)-C(25)-C(26)-F(21) 67.5(2) 

O(4)-C(25)-C(27)-F(22) -54.8(2) 

C(26)-C(25)-C(27)-F(22) 66.4(2) 

O(4)-C(25)-C(27)-F(23) -175.87(17) 

C(26)-C(25)-C(27)-F(23) -54.7(2) 

O(4)-C(25)-C(27)-F(24) 64.9(2) 

C(26)-C(25)-C(27)-F(24) -173.99(18) 

________________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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 Table S8.  Hydrogen bonds for 8 [Å and °]. 

____________________________________________________________________________  

D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 

____________________________________________________________________________  

 C(1)-H(1)...F(9) 0.95 2.54 3.199(2) 127.0 

 C(2)-H(2)...F(2)#1 0.95 2.58 3.471(2) 155.8 

 C(4)-H(4)...F(18)#2 0.95 2.42 3.274(2) 148.9 

 C(14)-H(14)...F(14)#3 0.95 2.55 3.442(2) 155.7 

 C(15)-H(15)...F(12) 0.95 2.45 3.394(2) 172.3 

 C(16)-H(16)...F(16)#4 1.00 2.48 3.327(2) 141.7 

 C(16)-H(16)...N(2) 1.00 2.69 3.242(2) 115.1 

 C(19)-H(19)...O(1) 1.00 2.50 3.029(2) 112.5 

 C(22)-H(22)...O(2) 1.00 2.24 2.881(2) 120.9 

 O(4)-H(4A)...O(3)#5 0.84 1.81 2.6299(17) 164.5 

 C(25)-H(25)...F(15)#5 1.00 2.50 3.231(2) 129.6 

 C(25)-H(25)...F(17)#5 1.00 2.59 3.257(2) 124.2 

____________________________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

#1 -x+1,-y+1,-z+1    #2 -x+1,-y,-z+1    #3 -x+1,-y+1,-z       

#4 x+1,y,z    #5 x,y+1,z       
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