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ADDITIONAL EXPERIMENTAL DETAILS
Absolute gas-phase kinetics of OH-reactions.
Under pseudo-first order conditions (HFE in large excess with respect to initial [OH]), the integrated equation is given by the following equation.
				(ES1)
Examples of the temporal evolution of ILIF are shown in Figures S1A and S1C at 263 K and 353 K. While in Figures S1B and S1D, the plots of the linearized form of Equation ES1 are presented.
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Figure S1. Temporal evolution of ILIF in the presence of a similar concentration (~ molecules cm-3) of HFE-356mec3 (A and B panels) and HFE-236ea1 (C and D panels) at two selected temperatures.


To observe a noticeable change in k’ with respect to k’0, large HFE concentrations were introduced in the reactor, indicative of a very low OH-reactivity of the investigated HFEs. These high concentrations were achieved by preparing HFE mixtures in helium in a 10-L storage bulb with dilution factors of ca. 10% for HFE-356mec3 and 26% for HFE-236ea1 (see Tables S1 and S2) and introducing mass flow rates of this mixture (FR) from 2.8 to 51.7 sccm. As these HFEs are very expensive, more concentrated mixtures were not prepared and the dilution factor was kept constant in every experiment. The diluted HFEs mixtures are flown through a calibrated mass flow controller (MFC) (SierraTM MicroTrak100). Because these mixtures are very concentrated, the MFC calibration (Figures S2) is extremely important since FR directly impact on the calculation of [HFE]. The MFC calibration was performed by measuring the increase of pressure in a known volume at room temperature.

[image: ]
Figure S2. Example of the calibration of the mass flow controller for HFE-356mec3 (A) and HFE-236ea1 (B).
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Table S1. Experimental conditions and individual rate coefficients (±2s) for the OH + CF3CHFCF2OCH3 (HFE-356mec3) reaction.
	T / K
	pT / Torr
	f 
	FR / 
sccm
	 / sccm
	FHe / 
sccm
	[CF3CHFCF2OCH3] /
1016 molecules cm-3
	k’-k’0 / s-1
	kOH(T) / 
10-14 cm3 molecule-1 s-1

	263
	100
	0.100
	4.4-35.9
	20.5
	233-297
	0.52-4.55
	133-1045
	2.31 ± 0.23

	
	
	0.999
	4.4-35.9
	20.5
	233-297
	0.56-7.58
	167-1687
	2.19 ± 0.12

	273
	100
	0.098
	4.4-35.9
	10.6
	233-297
	0.44-5.02
	145-1370
	3.07 ± 0.08

	
	
	0.100
	4.4-35.9
	10.6
	233-297
	0.51-4.54
	170-1249
	2.72 ± 0.36

	
	
	0.100
	4.4-35.9
	10.6
	233-297
	0.82-4.54
	330-1068
	2.40 ± 0.69

	
	
	0.104
	4.4-35.9
	10.6
	228-307
	0.52-6.84
	127-1828
	2.66 ± 0.16

	283
	100
	0.103
	4.4-51.7
	10.6
	196-279
	0.53-7.05
	174-2542
	3.38 ± 0.42

	
	
	0.103
	4.4-51.7
	10.6
	242-325
	0.46-5.98
	140-1765
	2.92 ± 0.06

	
	
	0.103
	4.4-51.7
	10.6
	214-298
	0.47-6.58
	159-2173
	3.26 ± 0.08

	
	
	0.104
	4.4-51.7
	10.6
	214-298
	0.50-6.60
	255-2030
	3.01 ± 1.03

	298
	50
	0.102
	4.4-41.2
	6.8
	124-198
	0.36-3.97
	124-1338
	3.32 ± 0.16

	
	100
	0.102
	4.4-35.9
	8.6
	127-242
	0.75-6.96
	309-2156
	3.08 ± 0.31

	
	
	0.102
	4.4-35.9
	8.6
	122-176
	0.76-7.13
	253-3070
	4.08 ± 0.61

	
	
	0.103
	4.4-51.7
	10.6
	196-279
	0.50-6.66
	88-2526
	4.20 ± 0.52

	
	
	0.104
	4.4-51.7
	12.6
	150-233
	0.60-8.12
	342-3196
	3.73 ± 0.30

	313
	100
	0.098
	4.4-35.9
	10.6
	233-297
	0.44-3.88
	183-1787
	4.58 ± 0.55

	
	
	0.098
	4.4-35.9
	10.6
	233-297
	0.44-3.88
	300-1989
	5.12 ± 0.46

	
	
	0.104
	4.4-51.7
	12.6
	196-279
	0.48-6.39
	261-3265
	5.34 ± 0.58

	
	
	0.104
	4.4-51.7
	12.6
	196-279
	0.48-6.35
	306-2483
	3.93 ± 0.53

	333
	100
	0.098
	4.4-35.9
	10.6
	233-297
	0.42-3.77
	463-2304
	5.89 ± 0.50

	
	
	0.103
	4.4-35.9
	12.6
	288-344
	0.37-3.19
	281-2015
	6.15 ± 0.23

	
	
	0.104
	4.4-51.7
	12.6
	214-297
	0.42-5.57
	238-2850
	5.24 ± 0.41

	353
	100
	0.100
	4.4-35.9
	10.6
	233-297
	0.40-3.51
	235-2107
	5.76 ± 0.33

	
	
	0.103
	4.4-51.7
	12.6
	196-279
	0.42-5.58
	449-3645
	6.36 ± 0.60

	
	
	0.104
	4.4-51.7
	15.6
	205-288
	0.41-5.41
	246-3477
	6.44 ± 0.28






Table S2. Experimental conditions and individual rate coefficients (±2s) for the OH + CHF2CHFOCF3 (HFE-236ea1) reaction. 
	T / K
	pT / Torr
	f 
	FR / 
sccm
	 / sccm
	FHe / 
sccm
	[CHF2CHFOCF3] /
1017 molecules cm-3
	k’-k’0 / s-1
	kOH(T) / 
10-14 cm3 molecule-1 s-1

	263
	100
	0.255
	2.8-33.1
	20.5
	196-288
	0.09-1.24
	35-513
	0.34 ± 0.02

	
	
	
	2.8-33.1
	10.6
	196-288
	0.09-1.29
	54-451
	0.36 ± 0.04

	273
	100
	0.255
	2.8-33.1
	20.5
	196-288
	0.09-1.19
	44-520
	0.40 ± 0.04

	
	
	
	2.8-33.1
	20.5
	196-288
	0.08-1.20
	39-437
	0.39 ± 0.06

	283
	100
	0.255
	2.8-33.1
	10.6
	196-288
	0.08-1.20
	80-678
	0.61 ± 0.09

	
	
	
	2.8-33.1
	8.6
	196-288
	0.08-1.21
	45-539
	0.50 ± 0.07

	298
	50
	0.255
	2.8-33.1
	4.0
	104-196
	0.06-0.97
	103-742
	0.74 ± 0.02

	
	100
	
	2.8-33.1
	8.6
	90-182
	0.12-2.08
	101-1189
	0.60 ± 0.04

	
	100
	
	2.8-33.1
	11.3
	196-288
	0.01-0.93
	41-570
	0.62 ± 0.11

	
	100
	
	2.8-33.1
	10.6
	196-288
	0.08-1.14
	82-814
	0.69 ± 0.03

	313
	100
	0.255
	2.8-33.1
	15.6
	196-288
	0.08-1.06
	331-1123
	0.98 ± 0.24

	
	
	
	2.8-33.1
	12.6
	196-288
	0.08-1.08
	77-1172
	1.03 ± 0.08

	
	
	
	2.8-33.1
	10.6
	196-288
	0.08-1.08
	47-1026
	0.94 ± 0.06

	333
	100
	0.255
	2.8-33.1
	10.6
	196-288
	0.07-1.02
	85-1062
	1.03 ± 0.06

	
	
	
	2.8-33.1
	12.6
	196-288
	0.07-1.01
	81-853
	0.96 ± 0.13

	
	
	
	2.8-33.1
	10.6
	196-288
	0.07-1.02
	133-1211
	1.12 ± 0.13

	353
	100
	0.255
	2.8-33.1
	8.6
	90-182
	0.11-1.75
	250-2291
	1.26 ± 0.07

	
	
	
	2.8-33.1
	10.6
	196-288
	0.07-0.96
	90-1279
	1.36 ± 0.06

	
	
	
	2.8-33.1
	12.6
	196-288
	0.07-0.95
	50-1371
	1.44 ± 0.09









Relative kinetics for Cl-reactions.
For both HFEs, kCl(298K) was determined relative to a competing reaction of Cl with a reference compound. The kinetics of all Cl-reactions were performed at (760±5) Torr of synthetic air at (298±2) K in a 16-L multipass IR cell (path length, =(59.0±4.9) m), sealed with KBr windows. Cl atoms were generated by UV photolysis of Cl2 using three actinic lamps (Philips Actinic, BL TL40W/10 1SL/25, λ = 340–400nm) that surround the cell.

Table S3. Initial concentration ranges of reagents in the chamber employed in the kinetic study of the Cl-reactions R3, R4, and R5.
	Species
	Role during the experiment
	Concentration
(1014 molecules cm‑3)

	CF3CHFCF2OCH3
(HFE-356mec3)
	Reactant
	3.91–4.75

	CHF2CHFOCF3
(HFE-236ea1)
	Reactant
	3.07–5.97

	CH2ClCHCl2
	Reactant
Reference compound
	4.75–5.01

	Cl2
	Cl precursor
	10.8–19.9

	CH4
	Reference compound
	4.42–6.86

	CH2Cl2
	Reference compound
	4.33-6.44

	CH3CCl3
	Reference compound
	4.33-6.18



Table S4. Measured loss rate coefficients in the Cl-kinetic experiments. Uncertainties are ±σ.
	Species
	kwall loss(10-4 s-1)
	khν(10-4 s-1)
	kloss (10-3 s-1)
	kRef,loss (10-3 s-1)

	HFE-356mec3
	3.87±0.54
	negl.
	3.87±0.54
	

	HFE-236ea1
	3.73±2.52
	5.61±1.07
	9.34±3.59
	

	CHCl2CH2Cl
	6.83±1.82
	negl.
	0.68±0.18
	

	CH4
	2.54±1.12
	9.35±5.40
	
	1.19±0.64

	CH2Cl2
	2.71±0.23
	negl.
	
	0.27±0.02

	CH3CCl3
	1.15±0.21
	1.52±0.24
	
	0.16±0.03


Negl. Negligible; kwall loss is the rate coefficient for the heterogeneous losses onto the reactor wall; Losses for reaction of HFE with Cl2 reaction are negligible; khν is the photolysis rate coefficient of the HFE.


UV and IR absorption spectroscopy in the gas-phase.
The UV spectrograph and the IR spectrometer displays the UV and IR spectra of HFE-356mec3 and HFE-236ea1 in terms of the absorbance in base 10, i.e. as ‑log(I/I0), where I and I0 are the transmitted intensities of the radiation in the presence and absence of absorber, respectively. However, Al and  are commonly expressed in base e, therefore the reading of the instruments was converted to this base at each wavelength and wavenumber. 
[image: ]
Figure S3. Plots of the Beer-Lambert’s law at several wavelengths in the UV and wavenumbers of the mid-IR region for HFE-236ea1 (A and B panels) and HFE-356mec3 (C and D panels).



The integrated IR absorption cross section of a band, Sint (in base e), was determined for HFE-356mec3 between 1650 and 660 cm‑1 and HFE-236ea1 between 1600 and 500cm-1. The wavenumber ranges were selected for comparison purposes. Plots of the Beer-Lambert’s law for Sint are presented in Figure S4 of SI.
				(ES2)
				(ES3)
[image: ]
Figure S4. Plots of the Beer-Lambert’s law for the integrated absorption cross section between 1650 and 660 cm-1 for HFE-356mec3 (A) and between 1600 and 500 cm-1 for HFE-236ea1 (B).
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Figure S5. Relative plots obtained in this work for the Cl-reaction with 1,1,2-trichloroethane according to equation E2 for each reference compound (A) and for a combination of both reference compounds (B).


[image: ]
Figure S6. UV absorption cross sections of (A) HFE-356mec3 and (B) HFE-236ea1. Quoted errors are statistical ±2σ.

[image: ]
Figure S7. Infrared absorption cross sections (in base e) between 500 and 4000 cm-1 for HFE-356mec3 (A) and HFE-236ea1 (B).

[image: ]
Figure S8. Infrared absorption cross sections (in base e) between 500 and 1700 cm-1 for HFE-356mec3 (A) and HFE-236ea1 (B) obtained in this work together with the literature spectra.




Table S5. Rate coefficient ratios, kCl(298K)/kref, and kCl(298K) for the Cl+CHCl2CH2Cl reaction.
	kCl(298K)/kref
	Reference
compound
	kref×1013
(cm3 molecule-1 s-1)
	kCl(298K)×1013
(cm3 molecule-1 s-1)

	3.21±0.04
	CH4
	1.00±0.14 a
	3.21±0.89 b

	0.87±0.02
	CH2Cl2
	3.40±0.47 a
	2.96±0.83 b 

	
	Weighted average
	-
	3.08 ± 0.36 c


a Atkinson et al. (2006); b Uncertainties are ±2σ statistical that includes the error propagation in kref. c Uncertainty±2σ obtained from the weighting procedure.


Table S6. Comparison of kCl(298K) (in 10-13 cm3 molecule-1 s-1) reported here for CHCl2CH2Cl with literature values.
	P/ Torr
	kCl(298K)
	Technique c
	Reference 
compound
	Reference

	760
	3.21±0.89 a
	RR-FTIR
	CH4
	This work

	
	2.96±0.83 a
	RR-FTIR
	CH2Cl2
	This work

	
	3.08 ± 0.36
	Weighted average
	-
	This work

	21
	0.89±0.54 b
	RR-GC/FID
	CH4
	Tschuikow‐Roux et al. (1986)

	80-1880
	1.92 b
	RR-GC/Katharometer
	CHCl3
	Cillien et al. (1967)

	100
	3.49±1.44
	LFP-RF
	-
	Wine and Semmes (1983)


a Uncertainties are ±2σ statistical that includes the error propagation in kref. b See text; c RR, relative rate; FTIR, Fourier transform infrared; GC/FID, gas chromatography/flame ionization detection; LFP-FR, Laser flash photolysis- resonance fluorescence.


Table S7. Rate coefficient ratios, kCl(298 K)/kref (±2σ), and rate coefficients for the gas-phase Cl + HFE reactions (kCl±2σ) and the selected reference compounds (kref±2σ).
	HFE
	Reference compound
	kref ×1013 
(cm3 molecule-1 s-1)
	kCl/kref
	kCl(298K)
(cm3 molecule-1 s-1)

	CF3CHFCF2OCH3
(HFE-356mec3)
	CH4
	1.00 ± 0.28 a
	1.74 ± 0.03 c
	(1.74 ± 0.48)×10-13 d

	
	CHCl2CH2Cl
	3.08 ± 0.36 b
	0.83 ± 0.05 c
	(2.56 ± 0.33)×10-13 d

	
	
	
	
	(2.30 ± 1.08)×10-13 e

	CHF2CHFOCF3 (HFE-236ea1)
	CH3CCl3
	0.09 f
	0.132 ± 0.003 b
	(1.19±0.01)×10-15 c


a From Atkinson et al. (2012); b This work (see Table 6); c Only statistical errors; d Uncertainties with error propagation in kref; e Uncertainty from the weighting procedure; f Burkholder et al. (2020).



Table S8. Comparison of kOH(298 K), A, and Ea for the OH-reaction and kCl(298K) for the investigated HFEs and equivalent HFCs. Uncertainties are ±2σ.
	Species
	kOH(298 K) × 1014 (cm3 molecule-1 s-1)
	A × 1012
(cm3 molecule-1 s-1)
	Ea 
(kJ mol-1)
	kCl(298 K) × 1014 (cm3 molecule-1 s-1)

	CF3CHFCF2OCH3
(HFE-356mec3)
	3.68 ± 0.95 a
	1.21±0.28 a
	8.7±5.4 a
	23 ± 11 a

	CF3CH2CF2CH3 (HFC-365mfc)
	0.59 ± 0.40 b
	2 b
	14.6±6.7 b
	0.11 ± 0.03 b

	CHF2CHFOCF3
(HFE-236ea1)
	0.66 ± 0.13 a
	0.44±0.07 a
	10.5±5.0 a
	0.12 ± 0.01 a

	CHF2CHFCF3
(HFC-236ea)
	0.50 ± 0.03 c
	1.4 c
	14.0±5.0 c
	-


a This work; b Barry et al. (1997); c Atkinson et al. (2006).

Table S9. Comparison of the IR absorption peak and Sint for the investigated HFEs with previous values reported in the literature.
	HFE
	Resolution/ cm-1
	/ cm-1
	 / 10-18
cm2 molecule-1
	Reference

	CF3CHFCF2OCH3
(HFE-356mec3)
	1.0
	1211.7
	2.19
	This work

	
	0.1
	1211.9
	2.32
	Le Bris et al. (2020)

	CHF2CHFOCF3 
	1.0
	1136
	2.69
	This work


	(HFE-236ea1)
	1.0
	1241
	2.71
	

	

	1.0
	1136
	2.35
	Oyaro et al. (2005)

	
	
	
	
	

	HFE
	Range/ cm-1
	Sint/ 10-16
cm2 molecule-1 cm-1
	Reference

	CF3CHFCF2OCH3
(HFE-356mec3)
	1650-660
	2.56±0.03
	This work

	
	1650-660
	2.77
	Le Bris et al. (2020)

	CF3CHFCF2OCH3
(HFE-356mec3)
	1600-500
	3.23±0.06
	This work

	
	1600-465
	2.82±0.04
	Oyaro et al. (2005)






Table S10. Individual lifetimes for HFE-356mec3 and HFE-236ea1 due to the reactions with Cl and OH for inland (scenario i) and coastal (scenario ii) atmospheres.
	
	
	
	CF3CHFCF2OCH3
(HFE-356mec3)
	CHF2CHFOCF3
(HFE-236ea1)

	Scenario
	[Cl] /
cm-3
	[OH] /
cm-3
	τCl/ 
years
	τOH/ 
years
	τCl/ 
years
	τOH/ 
years

	i
	103 a
	106 b
	138
	1.4
	26605
	8.0

	ii
	105 c
	105 d
	1.4
	8.7
	266
	49.7


a Singh et al. (1996); b Prinn et al. (2001); c Spicer et al. (1998); d Holland et al. (2003)

REFERENCES
Atkinson, R., Baulch, D.L., Cox, R.A., Crowley, J.N., Hampson, R.F., Hynes, R.G., Jenkin, M.E., Rossi, M.J., Troe, J., 2006. Evaluated kinetic and photochemical data for atmospheric chemistry: Volume II – gas phase reactions of organic species. Atmos. Chem. Phys. 6, 3625–4055. https://doi.org/10.5194/acp-6-3625-2006
Atkinson, R., Baulch, D.L., Cox, R.A., Hampson Jr., R.F., Kerr, J.A., Rossi, M.J., Troe, J., 2012. Summary of evaluated kinetic and photochemical data for atmospheric chemistry: Web version August 2014 1–60.
Barry, J., Locke, G., Scollard, D., Sidebottom, H., Treacy, J., Clerbaux, C., Colin, R., Franklin, J., 1997. 1,1,1,3,3,-pentafluorobutane (HFC-365mfc): Atmospheric degradation and contribution to radiative forcing. Int. J. Chem. Kinet. 29, 607–617. https://doi.org/10.1002/(SICI)1097-4601(1997)29:8
Burkholder, J.B., Sander, S.P., Abbatt, J.P.D., Barker, J.R., Huie, R.E., Kolb, C.E., Kurylo, M.J., Orkin, V.L., Wilmouth, D.M., Wine, P.H., 2020. Chemical Kinetics and Photochemical Data for Use in Atmospheric Studies, Evaluation No. 19. JPL Publ. 19-5 1–153.
Cillien, C., Goldfinger, P., Huybrechts, G., Martens, G., 1967. Hydrogen abstraction from chlorinated ethanes by chlorine atoms. Int. J. Chem. Kinet. 5, 539–543. https://doi.org/10.1002/kin.550050404
Holland, F., Hofzumahaus, A., Schäfer, J., Kraus, A., Pätz, H.W., 2003. Measurements of OH and HO2 radical concentrations and photolysis frequencies during BERLIOZ. J. Geophys. Res. Atmos. 108. https://doi.org/10.1029/2001jd001393
Le Bris, K., DeZeeuw, J., Godin, P.J., Strong, K., 2020. Radiative efficiency and global warming potential of the hydrofluoroether HFE-356mec3 (CH3OCF2CHFCF3) from experimental and theoretical infrared absorption cross-sections. J. Mol. Spectrosc. 367, 111241. https://doi.org/10.1016/j.jms.2019.111241
Oyaro, N., Sellevåg, S.R., Nielsen, C.J., 2005. Atmospheric chemistry of hydrofluoroethers: Reaction of a series of hydrofluoroethers with OH radicals and Cl atoms, atmospheric lifetimes, and global warming potentials. J. Phys. Chem. A 109, 337–346. https://doi.org/10.1021/jp047860c
Prinn, R.G., Huang, J., Weiss, R.F., Cunnold, D.M., Fraser, P.J., Simmonds, P.G., McCulloch, A., Harth, C., Salameh, P., O’Doherty, S., Wang, R.H.J., Porter, L., Miller, B.R., 2001. Evidence for substantial variations of atmospheric hydroxyl radicals in the past two decades. Science (80-. ). 292, 1882–1888. https://doi.org/10.1126/science.1058673
Singh, H.B., Thakur, A.N., Chen, Y.E., Kanakidou, M., 1996. Tetrachloroethylene as an indicator of low Cl atom concentrations in the troposphere. Geophys. Res. Lett. 23, 1529–1532. https://doi.org/10.1029/96GL01368
Spicer, C.W., Chapman, E.G., Finlayson-Pitts, B.J., Plastidge, R.A., Hubbe, J.M., Fast, J.D., Berkowitz, C.M., 1998. Observations of molecular chlorine in coastal air. Nature 394, 353–356.
Tschuikow‐Roux, E., Faraji, F., Niedzielski, J., 1986. Rate constants and kinetic isotope effects for hydrogen/deuterium abstraction by chlorine atoms from the chloromethyl group in CH2ClCH2Cl, CD2ClCD2Cl, CH2ClCHCl2, and CH2ClCDCl<s. Int. J. Chem. Kinet. 18, 513–527. https://doi.org/10.1002/kin.550180502
Wine, P.H., Semmes, D.H., 1983. Kinetics of Cl(2PJ) Reactions with Chloroethanes CH3CH2Cl, CH3CHCl2, CH2ClCH2Cl, and CH2ClCHCl2. J. Phys. Chem. 87, 3572–3578.

image1.png
(V)

Ip!V

©

Tr!V

1.2

1 HFE-356mec3
103 o 263K, k'=11855" d,=1405 )

E o 353K, k'-3569s" k',-588 5"
0.8
0.6
0.4
0.2
0.0 v

L L L L B L L L DL LR L
0 1 2 3
Time / ms

1.2

] HFE-236eal
1.04 o 263K, k=259 d,-103 5™

° 353K, k'-8435" k',- 1935

Time / ms

La(Iyp)

HFE-356mec3

o 263K
e 353K

S+
0 1 2 3
Time / ms
0
D) HFE-236eal
3 o 263K
e 353K
-1
=
EEE
T
~ 1
3
'4 T T T T T T T T
01 2 3 4 5 6 7 8

Time / ms

9




image2.emf
0

10

20

30

40

50

60

0 20 40 60 80 100 120

Flow

real

/ 

sccm

Flow

set

/ sccm

HFE-356mce3

F

real

= 0.525F

set

– 0.847

(A)

(B)

0

10

20

30

40

0 20 40 60 80 100 120

Flow

real

/ 

sccm

Flow

set

/ sccm

HFE-356mce3

F

real

= 0.336F

set

– 0.523


image3.emf
0

0.05

0.1

0.15

0.2

0.25

0.0 0.5 1.0 1.5 2.0

A

λ

>+)(����PHF�@�������PROHFXOHV�FP��

200 nm

212 nm

228 nm

248 nm

(A)

0

0.1

0.2

0.3

0.4

0.0 0.3 0.6 0.9 1.2

ܣ

[HFE-356mec3]/ 1017 molecule cm-3

699

1382

2969

699 cm

-1

1382 cm

-1

2969 cm

-1

�%�

(C)

0

0.2

0.4

0.6

0.8

0 3 6 9

A

IR

>+)(����HD�@�������PROHFXOHV�FP��

1084

1203

2997

1084 cm

-1

1203 cm

-1

2997 cm

-1

�'�

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 1 2 3 4

A

λ

[HFE-236ea1]/ 1018 molecules cm-3

190 nm

194 nm

200 nm


image4.emf
0

50

100

150

200

250

300

0 0.2 0.4 0.6 0.8 1 1.2

A

int

/ cm

-

1

[HFE-356mec3] / 10

-17 

molecules cm

-3

(A)

0

50

100

150

200

250

300

0 2 4 6 8 10

A

int

/ cm

-

1

[HFE-236ea1] / 10

-16

molecules cm

-3

(B)


image5.emf
0

1

2

3

4

5

6

0 1 2 3 4 5 6 7

ln

([CH

2

ClCHCl

2

]

0

/[CH

2

ClCHCl

2

]

t

)

-

k

p

t

ln

([Ref ]

0

/[Ref ]

t

)-

k

R,p

t

Methane

Dichloromethane

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

0 1 2 3 4 5 6 7

ln

([CH

2

ClCHCl

2

]

0

/[CH

2

ClCHCl

2

]

t

)

-

k

p

t

x 

k

ref

ln

([Ref ]

0

/[Ref ]

t

)-

k

R,p

t

Methane

Dichloromethane

(A) (B)

k

ref

in 10

-12

cm

3

molecule

-1

s

-1


image6.emf
0.0

0.5

1.0

1.5

2.0

2.5

3.0

200 202 204 206 208 210 212

σ

λ

/ 10

-

22

cm

2

molecule

-

1

λ / nm

HFE-236ea1

(B)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

200 210 220 230 240 250

σ

λ

/ 10

-

21

cm

2

molecule

-

1

λ / nm

HFE-356mec3

(A)


image7.emf

image8.emf

