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Conversion of Alcohol Oxidation on Ni(100) by Fluorine
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Abstract: The temperature-programmed desorption (TPD) was used to study the adsorption and thermal decomposition
of 2-propanol and trifluoro-2-propanol on clean Ni(100) surface. The products of TPD in both cases were traced for
molecular desorption and for the products of dehydration (alkene) and dehydrogenation (ketone) reactions. The results
showed that a partial switch from alcohol dehydrogenation to alcohol dehydration was driven by substitution of -
hydrogen with more electronegative fluorine atoms. The inductive effect exerted by fluorine atoms substituted at the y
position led to a significant inhibition of 8-hydride elimination from the alkoxide intermediates, and to the opening of a
new y-hydride elimination channel which eventually ended in alkene formation. While exclusive dehydrogenation to
acetone via B-hydride elimination from 2-propoxide surface species was seen with 2-propanol, some dehydration to
3,3,3-trifluoropropene was observed with 1,1,1-trifluoro-2-propanol.
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Fig.1 Temperature programmed desorption (TPD)
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Table 1 TPD maxima temperature for selected dehydrogenation steps on Ni(100) surfaces

Reactant Product Trepmad K E/(kJ-mol™) Reaction
ethanol acetaldehyde 302+3 68.6 B-H elimination
1-propanol propanal 290+3 66.0 B-H elimination
2-propanol acetone 325+3 74.0 B-H elimination
1,1,1-trifluoro-2-propanol 1,1,1-trifluoro-acetone 442+2 102.0 B-H elimination
t-butyl bromide isobutene 242+2 54.8 B-H elimination
t-butyl chloride isobutene 240+2 54.3 B-H elimination
t-butyl chloride-d, isobutene-d, 241+3 54.3 B-H elimination
t-butyl thiol isobutene 375+3 86.1 v-H elimination
neo-pentylidene isobutene 387+2 89.0 v-H elimination
neo-pentylidene-r-dy isobutene-d, 406+2 93.2 y-H elimination
t-butyl bromide” isobutene 420+10 96.6 v-H elimination
t-butyl chloride-d,* isobutene-d, 43010 99.1 y-H elimination
t-butyl amine” isobutene 430+10 99.1 v-H elimination
t-butyl alcohol isobutene 430+2 99.1 v-H elimination
t-butyl alcohol-dy, isobutene-d,, 445+3 102.8 v-H elimination
1,1,1-trifluoro-2-propanol 1,1,1-trifluoro-propene 43745 100.7 v-H elimination

Activation energies were estimated from these by using Redhead’s equation and assuming first order kinetics and a preexponential

factor of 1x10' s™. *minor reaction channel
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Fig.2 A partial switch in mechanism for the partial
oxidation of propanol on nickel surfaces induced by
substitution of y-hydrogen with more electronegative
fluorine atoms
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