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Background

• CFC-12 (CF2Cl2) replaced by HFC-134a 
(CH2FCF3) in 90s.

• HFC-134a has GWP100 of 1430
• Regulations developed by the European 

Union require refrigerants with GWPs<150 
for all new vehicles by 2017.

• HFO-1234yf (CF3CF=CH2) under 
consideration as replacement for R-134a.
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Ford Smog Chamber

Experimental study of 
kinetics of reactions with 
OH radicals, Cl atoms, O3.

Measurement of products of 
OH radical and Cl atom 
initiated oxidation.

IR spectrum, radiative 
efficiency, and global 
warming potential.
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Chlorine atom kinetics
Cl + CF3CF=CH2 → products (1)
Cl + C2H4 → products (2)
Cl + C2H2 → products (3)

Linear least squares analysis gives
k1/k2 = 0.76 ± 0.04 and k1/k3 = 1.38±0.06.  

Using k2 = (9.29 ± 0.51) x 10-11 and k3 = (5.07 ±
0.34) x 10-11

gives k1 = (7.06 ± 0.54) x 10-11 and (7.00 ± 0.56) 
x 10-11 cm3 molecule-1 s-1. 

Hence k1 = (7.03±0.59) x 10-11

k(Cl + CH3CH=CH2) = 2.4 x 10-10

k(Cl + CF3CH=CH2) = (9.07 ± 1.08) x 10-11

k(Cl + CF3CF=CF2) = (2.7 ± 0.3) x 10-11

Reaction with Cl atoms not major atmospheric 
loss of CF3CF=CH2.
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OH radical kinetics
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Ozone kinetics
Pseudo first order decays of 
CF3CF=CH2 observed in all 
experiments.

Second order plot gives 
k=(2.77 ± 0.21) x 10-21 cm3

molecule-1 s-1.

Combining with [O3] = 35 ppb 
gives lifetime of 13 years with 
respect to reaction with O3.
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IR spectrum, radiative efficiency, and GWP

Integrated IR absorption cross 
section (800–2000 cm-1) =
(1.63 ± 0.09) x 10-16 cm molecule-1.

Instantaneous cloudy-sky radiative 
efficiency estimated using method 
of Pinnock et al. to be 0.22 W m-2

ppb-1.

Global warming potential (100 year 
time horizon) = 4.
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Oxidation products
OH radical initiated oxidation gives 
CF3C(O)F in a molar yield of 91 ± 6%.

Atmospheric fate of CF3C(O)F is 
hydrolysis to give CF3C(O)OH 
(trifluoroacetic acid).

Oxidation of CF3CF=CH2 gives 
trifluoroacetic acid in yield close to 100%.
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Degradation is initiated by reaction with OH radicals (Orkin
et al., 1997; Nielsen et al. 2007, Papadimitriou et al.2008)

We estimate an atmospheric lifetime of approximately 11 
days and a GWP of approximately 4.

Papadimitriou et al. (2008) estimated an atmospheric lifetime 
of approximately 12 days and a GWP of < 4.4.

Atmospheric lifetime and GWP of HFO-1234yf are well 
established. No significant contribution to radiative forcing 
of climate change.

Impact on climate change
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HFO-1234yf does not contain chlorine or bromine and 
hence will not contribute to the well established Cl- and 
Br-based catalytic ozone destruction cycles.

Papadimitriou et al. (2008) concluded that ozone-depletion 
potential for HFO-1234yf is “nearly zero”.

Impact on Stratospheric Ozone
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CF3CF=CH2 reacts with OH radicals with rate constant of approximately 1.1 x 10-12

cm3 molecule-1 s-1 at 298 K. The peroxy radicals formed will oxidize NO to NO2
which will photolyze and contribute to ozone formation. Using method of Jenkin 
(1998) the photochemical ozone creation potential (POCP) for CF3CF=CH2 is 
estimated to be 7. POCP for CF3CF=CH2 lies between those for methane and 
ethane. CF3CF=CH2 is not expected to make a significant contribution to 
tropospheric ozone formation.

Impact on Tropospheric Ozone
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Impact of trifluoroacetic acid
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Atmospheric oxidation of CF3CF=CH2 gives CF3C(O)OH (TFA). 

Tang et al. conclude “no significant risk is anticipated from TFA produced by atmospheric 
degradation of the present and future production of HFCs and HCFCs as there is a 1000-
fold difference between the PNEC (Predicted No Effect Concentration) and the PEC 
(Predicted Environmental Concentration)”. Based on risk assessment of CF3C(O)OH by 
Tang et al. (1988) and analysis by WMO (2006), Hurley et al. conclude that “the products 
of the atmospheric oxidation of CF3CF=CH2 have negligible environmental impact”.

It has been shown that trifluoroacetic acid is ubiquitous in precipitation and ocean water 
even in remote areas (Berg et al., 2000; Frank et al., 2002; Scott et al, 2005, 2006; Von 
Sydow et al. 2000).  Contribution of CF3CF=CH2 expected to be negligible.
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Conclusions
Atmospheric chemistry of CF3CF=CH2 is well defined.

Lifetime is approximately 11 days.
GWP is approximately 4.
No impact on stratospheric ozone.

POCP estimated to be 7. CF3CF=CH2 not expected to make a 
significant contribution to tropospheric ozone formation 

Atmospheric oxidation of CF3CF=CH2 gives CF3C(O)F which 
hydrolyzes to give CF3C(O)OH (trifluoroacetic acid, TFA) in a 
molar yield of essentially 100%. No significant environmental 
impact is expected for additional environmental TFA burden 
associated with expected volumes of CF3CF=CH2 use.


