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ture, the spectrum obtained from SnO, is 
almost the same at room temperature and 
at -160°C. 

In spite of this difference we would like 
to interpret these spectra on similar lines. 

Three different signals occur simultane- 
ously in the ESR spectrum: Signal c, a 
broad almost symmetric signal with g = 
2.010; Signal d, a narrow three g value 
signal with g, = 2.033, g2 = 2.005, g3 = 

the perpendicular and linear arrangement 
can only occur with metal ions with empty 
or partly filled cl orbitals. Accordingly Zn*+ 
with the electron configuration [Ar] 3d’O 
does not show these bonding structures. 
However, as Sn4+ with the electron con- 
figuration [Kr] 4d1° did show the signals 
ascribed to these arrangements, we have to 
conclude, to outer shell bonding (5d orbit- 
als) in this case. 
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1.986; Signal e, a narrow three g value 
signal with g1 = 2.029, g2 = 2.010, g3 = 
2.004. 

When a mixture of 1-butene and oxy- 
gen is added, the three oxygen signals 
can be observed again. However, Signal e 
decreases slowly and finally disappears, 
while Signal d remains nearly unaltered 
(Fig. 2). This is an additional proof for 
the correctness of the interpretation of the 
spectrum. 

Each of the signals, c, d, and e, is sup- 
posed to correspond with a special form of 
adsorbed molecular oxygen. Signal c corre- 
sponds with the linear, Signal d with the 
perpendicular, and Signal e with the angu- 
lar arrangement. As explained in ref. (1) 

It is further interesting that butene addi- 
tion removed the signal assigned to a 
species that is similar to a radical in the 
classical sense, i.e., with a single electron in 
an atomic orbital. 
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A Relationship between Infrared Frequencies of Adsorbed 

Carbon Monoxide and Metal Electron Population 

As part of a wider investigation a study interdependent is suggested by expressing 
has been made of the perturbation of vibra- observed frequencies as the valence-electron 
tional frequency of the carbon monoxide content E(C0) of the adsorbed carbon 
molecule following adsorption as “linear monoxide species using the formula of 
carbonyl” on face-centered cubic transition Gardner and Petrucci (1). E(C0) is clearly 
metals. A rather uniform increase in fre- integral for gaseous forms of carbon mon- 
quency with increase in electronic specific oxide but may be nonintegral for adsorbed 
heat constant ye1 of the bulk metal was species. Figure 1 shows that a reasonably 
noted. That the two properties are genuinely linear relationship (not previously re- 
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ported) is followed between E (CO) and yeI, 
The latter is a measure of the Fermi elec- 
tron population of the metal E(F) and this 
property may influence electron transfer 
at the surface in formation of an adsorbed 
entity. 

Spectroscopic data were taken from liter- 
ature sources (I-4). Results reported using 
supports for the metal other than silica are 
omitted since some supports are known to 
cause displacement of frequencies (2, 3). 

population at the Fermi level. It is ques- 
tionable, however, whether deductions may 
be made about the carbon-metal bond from 
measurements on the carbon-oxygen bond 
(7). Indeed, while heats of adsorption of 
carbon monoxide on Group VIII metals are 
closely similar (8)) surface potentials of the 
adsorbed layer as measured by one group of 
workers (9) show significant variations fol 
some of the same metals. While the choice 
of parameters governing energies of adsorp- 
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Fro. 1. Relationship of valence-electron number E(C0) of adsorbed species to the electronic specific 
heat constant (Fermi electron population) of the bulk metal. 

Since frequencies extrapolated to low cover- 
age are not generally available values used 
refer to the full-coverage condition. The 
yeI values were taken from the compilation 
of Gschneidner (5). E(F), also shown, is 
derived from the standard Sommerfeld 
formula without correction for ferromag- 
netic spin polarization. 

This result is in seeming agreement with 
an early analysis by Dowden (6) relating 
strengths of covalent bonds to metal sur- 
faces to the work function and d-electron 

tion is under continuing discussion (IO), the 
relationship reported here shows that the 
electron content of a representative R- 
bonded species, reflected in its vibrational 
frequency and perhaps also discernible in 
its surface potential, is directly related to 
the Fermi-electron population in the metal, 
at least for metals of the same crystal 
structure and similar work function [4.41- 
4.52, ref. (II)]. Thus discussion of these 
properties must be in terms of collective 
electron properties of the bulk metal rather 
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than the properties of individual atoms 
[e.g., Sachtler (I.%‘) ] . 

Measurements are desirable of the in- 
frared spectra of carbon monoxide on early 
transition metals to test this relationship 
with other crystal structures. The single 
result for iron (13) gives bands, interpreted 
as due to carbonyl-type species, at 2020 and 
1980 cm-l [E(CO), 11.05 and 11.191. These 
results lie well off the points in Fig. 1 and 
no explanation has been found for this. It 
may be significant, however, that the rela- 
tive energies of the d sub-bands, which par- 
ticipate in electron “back-donation” in T- 
bonds, are known to be quite different in 
body-centered cubic and face-centered cubic 
metals (14). 
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