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reduced to a poorly resolved singlet, but with a very similar overall 
width to that observed at the higher temperature. This is consistent 
with the freezing-out of the rotational motions of the methyl groups 
in this sterically hindered radical, giving a broad range of con­
formations, and consequently a spread of hyperfine couplings, 
hence the low resolution. 

The ESR spectrum of the HMD»+ cation indicates that the 
SOMO is essentially the 2B2 orbital of the parent Dewar benzene 
molecule.9 This was also the conclusion drawn from the nature 
of the polarizations observed in a photo-CIDNP study of HMD 
with excited (triplet) electron acceptors.10 However, polarization 
of the protons on the bridge-head methyl groups was also observed, 
which leads these workers to conclude that the most likely ex­
planation for this was the simultaneous formation of a second 
cation (2A1) via. a competing pathway, with its spin density 
confined mainly to the transannular bond. 

The idea of competing pathways was borne out by the results 
obtained with different electron acceptors, which caused variations 
in the relative polarizations of the olefinic and bridge-head methyl 
groups. This is reasonable since calculations on the parent Dewar 
benzene molecule indicate that the 2B2 and 2At orbitals are of very 
similar energy. Our results, however, show only the presence of 
the 2B2 cation. 

It is of interest to consider why the CFCl3 matrix is so successful 
in stabilizing the obviously highly unstable HMD«+ cation. We 
feel that the most reasonable explanation is that the CFCl3 

molecules pack tightly and rigidly around the substrate molecule 
so that when it is ionized to its radical cation, although there is 
a large driving potential for rearrangment to the HMB«+ cation, 
the molecular framework cannot relax to achieve the necessary 
planar arrangement. On annealing, softening of the rigid matrix 
allows the rearrangement to occur. A similar effect was proposed 
previously to account for changes in the optical spectra of radical 
cations on annealing the solid matrix in which they were isolated.11 
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The photochemistry of molecules at the gas-solid interface has 
been successfully investigated in a number of laboratories,'"11 but 
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Figure 1. Specular (upper panel) and off-specular (lower panel) 
HREELS taken after irradiation for 90 min of a submonolayer of 
CH3Br/Pt(l 11) and flashing briefly to 220 K to remove remaining mo-

very little work has shown photochemistry on clean metal surfaces. 
Previous work from this research group12 showed that the pho­
tolysis of methyl halides (CH3Br, CH3Cl) adsorbed on Pt(111) 
lead to a detectable amount of methane (290 K), but no other 
hydrocarbons, in TPD. For CH3Br, Br desorbed as atoms between 
720 and 950 K. Significantly, these two methyl halides show no 
thermal chemistry on Pt ( I I l ) . 

The results suggest that, as in the gas phase, CH3X (X = Br, 
Cl) absorbs UV light and forms an electronically excited state 
that is repulsive and, with significant probability, cleaves the C-X 
bond even though other relaxation paths exist.14 

In this communication we identify, using vibrational spec­
troscopy, the adsorbed species formed during UV irradiation of 
CH3Br on Pt(111). By comparison with measurements on CH3I, 
which thermally decomposes to CH3(a) and 1(a),15 we identify 
adsorbed methyl as the hydrocarbon fragment formed and retained 
during the photolysis. 

A detailed description of the ultra-high-vacuum (UHV) system 
has been given elsewhere.16 The Pt(111) surface was cleaned 
by Ar+ ion sputtering, oxidation, and high-temperature annealing 
until no impurities were detected in Auger electron spectroscopy. 
With the sample at 100 K, purified CH3Br was dosed through 
a 3 mm i.d. tube positioned 6 mm from the sample. A CH3Br 
coverage slightly less than a monolayer was produced by warming 
multilayer CH3Br/Pt(l 11) to 135 K, which desorbs the multilayer 
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Table I. HREELS Frequencies of Chemisorbed CH3Br and H3 

Cs 
symmetry 

"(CH2) 
KCH) 
5(CH2) 
"(CH2) 
T(CH2) 
P(CH2) 
5(CH) 
P(CH) 
KPtC) 

photochemical 
from CH3Br" 

2950 
2770c 

1410 
1180 
NOd 

NO 
820 
NO 
495 

thermal 
from CH3I" 

2925 
2775 
1425 
1165 
NO 
NO 
790 
NO 
520 

",(CH3) 
5.(CH3) 
5,(CH3) 

P(CH3) 

CH3Br6 

3015 
1420 
1285 

945 

KC-Br) 565 
KPt-Br) NO 

"This work. 'Reference 15. cResolved only in off-specular geome­
try. d NO = not observed. 

and part of the first monolayer. The UV light, generated from 
a focused 100 W Hg arc lamp, passed through a neutral density 
filter and then a quartz window at the vacuum chamber wall. The 
incident angle was approximately 30 deg off the sample normal. 
In our experiments, the temperature reached during irradiation 
never exceeded 135 K and the radiant power on the sample was 
between 0.30 and 0.35 W. High-resolution electron energy loss 
spectroscopy (HREELS) was used to measure the vibrational 
spectra of adsorbed species and was taken v/ith a primary beam 
energy of 7.0 eV and an elastic peak full width at half maximum 
of 95 cm-1. 

To take HREELS of the species formed and retained during 
irradiation, we irradiated a submonolayer of CH3Br for 90 min, 
flashed the sample to 220 K, and then cooled the sample to 100 
K to take the spectrum. As indicated by several experiments where 
TPD was done before and after HREELS, flashing to 220 K 
removes all the molecular methyl bromide that remains after 
photolysis. 

Figure 1 (upper panel) shows the HREELS of monolayer 
CH3Br after photolysis and flashing to 220 K. Except for the 
band at 2060 cm"1, which is due to background CO, all other bands 
(2950, 1410, 1180, 820, and 495 cm"1) can be attributed to CH3 

groups adsorbed on Pt(I H).15 The band assignments are listed 
in Table I with comparisons to CH3Br on P t ( I I l ) and to CH3 

generated from the thermal decomposition of CH3I on Pt(I II).15 

Assignments of the latter bands were confirmed with use of CD3I." 
Because the intensities are relatively weak and long data accu­
mulation times are required, we did not systematically vary the 
irradition time. 

The symmetric C-H stretches of methyl halides are above 3000 
cm"1 regardless of coverage, while that of the adsorbed methyl 
group is below 3000 cm"1 (2925 cm"1 for CH3 derived from 
CH3I15). The C-H stretching frequency (2950 cm"1) shown in 
Figure 1 is also below 3000 cm"1, supporting the assignment as 
CH3(a). The fact that there is no band at 560 cm"1 attributable 
to C-Br stretching also indicates C-Br bond cleavage during 
photolysis. While it is not well-resolved in the specular direction, 
there does appear to be a "soft" C-H stretching mode in the 
2775-2790-cm"1 region, as in CH3I decomposition on Pt(II l ) 1 5 

and in activated decomposition of CH4 on Ni(111).17 The Br-
metal stretching frequency probably lies within the tail of the 
elastic peak. Thus, we conclude that methyl groups accumulate 
on the surface during photolysis. 

Comparing the specular (Figure 1, upper panel) and off-specular 
(lower panel) HREELS, we conclude that all the observed modes 
are dipole allowed. Applying the HREELS dipole selection rule, 
this methyl group has symmetry less than C3t, probably C1,

15 as 
indicated in Table I. 

In conclusion, these results show that the photolysis of sub­
monolayer amounts of methyl bromide, adsorbed on Pt( 111), leads 
to adsorbed methyl groups. These have a C5 symmetry and are 
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the precursor to the methane observed in post-irradiation TPD. 
Methane formation involves background H2 chemisorption and 
some methyl decomposition.12 
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Interest in the properties and reactivity of transition metal-acyl 
complexes stems from the central role that metal-acyl species play 
in catalytic reactions of industrial importance1 and from recent 
advances in the use of metal-acyl complexes as stoichiometric 
reagents for organic synthesis.2 The chemistry of organic carbonyl 
compounds is often influenced by keto-enol tautomerization 
processes;3 yet, such a phenomenon has not previously been ob­
served for a transition metal-acyl compound. Here we report the 
formation of a transition metal-enol complex (^-C5Me5)Re-

(NO)(PPh3KMV,7)2-C6cHCOH)Re(CO)4, 1-Re, and observa­
tion of kinetic, stereoselective tautomerization in the acyl-bridged 

compounds (j,5-C5Me5)Re(NO)(PPh3)(M-?;1,>72-c6cH2CO)M-
(CO)4, [M = Re, 2-Re; M = Mn, 2-Mn]. 

We recently reported the synthesis of the novel acyl-bridged 
bimetallic complexes 2-Re and 2-Mn from reaction of (tj5-
C5Me5)Re(NO)(PPh3)(COCH2Li) and M(CO)5(OSO2CF3) [M 
= Mn, Re].4 The 1H NMR spectrum of 2-Re in CDCl3 exhibits 
doublets at 5 2.48 and 3.13 ( / H H = 20.7 Hz) assigned to the 
diastereotopic methylene hydrogens.5 We have now observed that 
THF-(Z8 solutions of 2-Re give rise to three additional distinct 
resonances in the 1H NMR spectrum, which we attribute to 
formation of transition metal-enol complex 1-Re; singlets at 5 6.28 
(1 H), 8.91 (1 H), and 1.73 (15 H) are assigned to the vinyl, 
hydroxyl, and jj5-C5Me5 hydrogens, respectively.6 The intensity 
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