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1. TPD spectra for allyl alcohol oxidation on 0.02 ML O/Au(111)

In addition to the spectra shown in Figure 1 of the main text, we also monitored a number 

of m/z signals corresponding to other potential products for the TPD experiment in which 3.6 

ML of allyl alcohol was oxidized on the 0.02 ML O/Au(111) surface.  These spectra are shown 

in Figures S1 and S2.  Allyl alcohol displays a number of mass fragments that contribute to some 

the m/z signals shown in these spectra. To visualize production of potential products without 

interference from allyl alcohol mass fragments, we adjusted each spectrum by subtracting out the 

proportion of the signal resulting from allyl alcohol when applicable.  Spectra in which we 

performed this alteration are marked with an asterisk (*).

We used the signal corresponding to m/z = 57, the primary mass fragment for allyl 

alcohol, as a basis for adjusting other m/z spectra.  The proportion of each signal resulting from 

allyl alcohol was determined by multiplying the measured signal for m/z = 57 by the relative 

intensity of the relevant fragment as shown in the electronic ionization spectrum from the NIST 

Webbook.1  Acrolein and allyl alcohol both display significant m/z = 27 signals.  To adjust the 

m/z = 27 spectrum we subtracted the components resulting from both allyl alcohol and acrolein.  

We used the measured signal for m/z = 56 as the basis to adjust for the component of the m/z = 

27 spectrum that resulted from acrolein.
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Fig. S1. TPD spectra for various species following adsorption of 3.6 ML of allyl alcohol on the 
Au(111) surface populated with 0.02 ML of 18O.  Allyl alcohol and 18O were deposited at a 
sample temperature of 77 K. 
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Fig. S2. TPD spectra following adsorption of 3.6 ML of allyl alcohol on the 0.02 ML 
16O/Au(111) surface.  Allyl alcohol and oxygen were adsorbed at a sample temperature of 77 K.  
The heating rate was 2 K/sec.
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2. AES spectra pre- and post-TPD for allyl alcohol oxidation on 0.02 ML O/Au(111)

Fig. S3. AES spectra obtained on the clean Au(111) surface (black spectrum) and on the 
Au(111) surface following TPD of 3.6 ML allyl alcohol/0.02 ML O/Au(111) (red spectrum).  
The dotted line indicates an electron energy of 274 eV, the location of the AES feature 
associated with carbon.
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3. Deconvolution of TPD figures for acrolein production on O/Au(111) surfaces with 

various oxygen coverages

Fig. S4. Deconvolution of TPD spectra for acrolein production displayed in Figure 1a.  Solid 
lines display fitted curves for overall spectra.  Dotted lines display curves for individual features.  
The two low temperature features of each spectrum were integrated to make the plot provided in 
Figure 2.
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4. Integrals for C16O18O features and acrolein γ3 feature for spectra displayed in Fig. 1

Fig. S5. Integrals for C16O18O features and acrolein γ3 features for spectra displayed in Fig. 1.  
Deconvolution of the features in the acrolein production spectra is shown in Fig. S4.
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5. Oxygen insertion into alkoxide intermediate

Fig. S6. Additional view of alkoxy-epoxide intermediate.
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Fig. S7. TPD spectra for various species following adsorption of 3.6 ML of allyl alcohol on the 
Au(111) surface populated with 0.15 ML of oxygen adatoms.  Allyl alcohol and oxygen were 
deposited at a sample temperature of 77 K.
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6. Imaginary frequencies for transition state calculations

7. Alkoxide Ea (kJ/mol) νi (cm-1)
Insertion to -C=C- 27.0 31O β-dehydrogenation 96.0 316
Insertion to -C=C- 62.7 63OH β-dehydrogenation 111.9 307

Acrolein Ea (kJ/mol) νi (cm-1)
Insertion to -C=O- 3.9 235O α-dehydrogenation 26.1 75
Insertion to -C=O- 5.8 161OH α-dehydrogenation 63.7 63
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8. TPD of croyl alcohol on the clean Au(111) surface

Crotyl alcohol, C(CH3)2=CHCH2OH (TCI, 95%), was purified by stirring overnight in 

contact with molecular sieve Type 4A (Fisher Scientific) to remove residual moisture.  The dried 

alcohol was collected and purified further via several freeze-pump-thaw cycles.

Figure S5 displays TPD spectra for crotyl alcohol desorption from the clean Au(111) 

surface.  These spectra displayed three features, which are similar to those observed for 

desorption of allyl alcohol from the clean Au(111) surface.2  Crotyl alcohol desorption was 

observed by monitoring m/z = 72, the parent mass of crotyl alcohol.  We attribute the highest 

temperature feature, which displayed a peak at 220 K, to desorption of the crotyl alcohol 

monolayer.  The intermediate temperature feature was peaked at 180 K.  We attribute this feature 

to desorption of a second layer of crotyl alcohol interacting with the monolayer or weakly with 

the gold surface.  The lowest temperature feature is attributed to desorption of physisorbed 

multilayers of crotyl alcohol from the surface.  Crotyl alcohol did not react or decompose on the 

clean Au(111) surface, adsorbing and desorbing from the surface molecularly, as suggested for 

allyl alcohol on Au(111).2
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Fig. S8. TPD spectra displaying desorption of crotyl alcohol (m/z = 72) following adsorption of 
various coverages on the clean Au(111) surface.  Crotyl alcohol was adsorbed at a sample 
temperature of 77 K.  The heating rate was 2 K/sec.
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9. Crotonaldehyde impurity in crotyl alcohol

After purification, crotyl alcohol was found to still contain a small amount of 

crotonaldehyde as an impurity.  For TPD of crotyl alcohol on the clean Au(111) surface we 

observed a small feature peaked at 145 K in the m/z = 70 spectrum, as shown in Figure S6.  The 

temperature at which this feature appeared is in good agreement with the temperature of the 

feature for desorption of crotonaldehyde multilayers from the Pd(111) surface covered in 4 ML 

of gold, as shown by Naughton et al.3  Therefore, we attribute this feature to desorption of 

crotonaldehyde from a multilayer-like state.  The other feature in the m/z = 70 spectrum (peaked 

at ~180 K), resulted from a mass fragment of crotyl alcohol.

Fig. S9. TPD spectra following adsorption of 4.1 ML of crotyl alcohol on the clean Au(111) 
surface.  Crotyl alcohol was adsorbed at a sample temperature of 77 K.  The heating rate was 2 
K/sec.
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10. TPD of croyl alcohol on the O/Au(111) surfaces

TPD experiments with crotyl alcohol displayed behavior similar to that observed in TPD 

experiments with allyl alcohol.  Figure S7 displays crotonaldehyde and C16O18O production 

spectra for TPD experiments in which 4.1 ML of crotyl alcohol was dosed onto the Au(111) 

surface precovered with 0.02 ML and 0.15 ML of 18O.  Crotonaldehyde production was observed 

by monitoring m/z = 70, the parent mass of crotonaldehyde.  Crotyl alcohol also displays a small 

feature for m/z = 70, corresponding to a mass fragment, as observed in Figure S6.  We adjusted 

the m/z = 70 spectra in Figure S7 by subtracting out the portion of the signal that resulted from 

crotyl alcohol using the same procedure as applied for adjusting the allyl alcohol TPD spectra 

shown in Figure S2.  Features associated with crotonaldehyde production in Figure S7 are 

similar to those associated with acrolein production in Figure 1.  Three features were observed in 

the crotonaldehyde spectrum for TPD of crotyl alcohol on the 0.15 ML O/Au(111) surface.  On 

the 0.02 ML O/Au(111) surface two features were observed in the crotonaldehyde spectrum.  We 

attribute the feature at 140 K to a crotonaldehyde impurity shown in Figure S6.  Therefore, only 

the high temperature feature in the TPD experiment on the 0.02 ML O/Au(111) surface is 

indicative of crotonaldehyde production.
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Fig. S10. TPD spectra of (a) crotonaldehyde (m/z = 70) and (b) C16O18O (m/z = 46) production 
following adsorption of 4.1 ML of crotyl alcohol on the Au(111) surface precovered with 0.02 
ML and 0.15 ML of 18O.  Crotyl alcohol and 18O were both adsorbed at a sample temperature of 
77 K.

The evolution of crotonaldehyde production features with oxygen coverage suggests that 

oxidation of crotyl alcohol on the O/Au(111) surface occurs via partial oxidation pathways that 

are similar to those displayed by allyl alcohol on O/Au(111) surfaces.  Figure S8 displays 

together acrolein and crotonaldehyde production spectra for TPD experiments in which allyl 

alcohol and crotyl alcohol were oxidized on O/Au(111) surfaces with various oxygen 

precoverages, respectively.
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Fig. S11. TPD spectra associated with (a) acrolein production for 3.6 ML of allyl alcohol on the 
Au(111) surface precovered with various amounts of oxygen and (b) crotonaldehyde production 
for crotyl alcohol on the Au(111) surface precovered with various amounts of oxygen.  Allyl 
alcohol, crotyl alcohol, and oxygen were adsorbed at a sample temperature of 77 K.

Crotonaldehyde production was observed at both oxygen coverages shown in Figure S7, 

but C16O18O production was not observed in the TPD experiment for crotyl alcohol on the 0.02 

ML 18O/Au(111) surface.  In addition to the spectra shown in Figure S7, we also monitored a 

number of other m/z signals corresponding to other potential products for the TPD experiment in 

which 4.1 ML of crotyl alcohol was oxidized on the 0.02 ML O/Au(111) surface.  These spectra 

are shown in Figure S9.  Crotyl alcohol displays mass fragments that contribute to some the m/z 

signals shown in these spectra. To visualize production of potential products without this 

interference, we adjusted the spectra by subtracting out the proportion of the signal resulting 
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from crotyl alcohol when applicable.  Spectra in which we performed this alteration are marked 

with an asterisk (*).

We used the signal corresponding to m/z = 72, the parent mass for crotyl alcohol, as a 

basis for adjusting other m/z spectra.  The proportion of each signal resulting from crotyl alcohol 

was determined by multiplying the measured signal for m/z = 72 by the relative intensity of the 

relevant fragment as shown in the electronic ionization spectrum from the NIST Webbook.1

On the 0.15 ML O/Au(111) surface combustion was observed in addition to partial 

oxidation (Figure S7).  These observations are consistent with phenomena observed in allyl 

alcohol TPD on O/Au(111) surfaces, suggesting that both alcohol species follow similar trends 

for combustion and partial oxidation pathways on O/Au(111) surfaces.
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Fig. S12. TPD spectra following adsorption of 4.1 ML of crotyl alcohol on the 0.02 ML 
O/Au(111).  Crotyl alcohol and oxygen were adsorbed at a sample temperature of 77 K.  The 
heating rate was 2 K/sec.
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