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Abstract 

W irradiation of Co,(CO), in a pure 0, matrix generates the oxocarbonyl intermediates (T~~-O,)CO(CO), and (~2-O$ooco(0)2, 
which have been identified by IR spectroscopy including isotopic substitution with “0. These species are the same as those made 
previously by cocondensation of Co atoms with CO/O, mixtures. 

1. Introduction 

There is considerable current interest in the forma- 
tion of organometallic compounds where the metal 
atom is in a high oxidation state [1,2]. We have recently 
used the technique of matrix isolation to stabilise a 
number of oxocarbonyl species of this type [3-81 that 
are produced by photolysis of a binary metal carbonyl 
in the presence of dioxygen. Thus more-or-less com- 
plete schemes for the photo-oxidation of the mononu- 
clear binary carbonyls M(CO), (M = Cr, MO or W) 
[3,4] and Fe(CO), [8] have been proposed. The matrix 
photochemistry of the binuclear carbonyls remains less 
well explored. We recently demonstrated that the final 
photo-oxidation products of Mn,(CO),, [5] and 
Re,(CO),, [61 in low-temperature matrices are Mn,O, 
and Re207, respectively. In the case of Re,(CO),, we 
also discovered two oxocarbonyl intermediates, both of 
which appeared to contain only one metal centre [6]. 
We have now turned our attention to the photo-oxida- 
tion of the molecule Co,(CO),, a system which is likely 
to be extremely complicated. There is the usual compe- 
tition between M-CO and M-M bond rupture that is a 
feature of the photochemistry of all binuclear carbonyl 
species [9,101. Furthermore, three separate isomers of 
Co,(CO), have been identified in low-temperature ma- 
trices 1111. Of these, the first (I) shows two CO bridges, 
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the second (II) has the metal centres linked by Co-Co 
bonding and has no CO bridges, while the third, whose 
structure has not been determined, appears likewise to 
have no bridging CO groups. 
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Although there are no reports concerning the photoox- 
idation of this molecule, its matrix photochemistry has 
been quite extensively explored. Thus the interconver- 
sion of the three isomers [ill and their photolysis to 
yield Co,(CO), and Co(CO), [9] have been investi- 
gated. There have also been a number of papers de- 
voted to the chemistry of matrix-isolated cobalt atoms 
[12-151. Thus Co atoms react at lo-12 K with CO to 
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yield a range of mononuclear binary cobalt carbonyls 
Co(CO), (n = l-4) [12], and with CO/O, mixtures to 
form the oxocarbonyl species (nl-O,)Co(CO), and (n*- 
O,)Co(CO), (n = l-3) [13]. It was our principal inten- 
tion, in the work now described, to determine whether 
or not oxocarbonyl molecules of the type formed by the 
reaction of Co atoms with CO/O, mixtures could also 
be generated by the photooxidation of Co,(CO),. At 
the same time we hoped to learn something about the 
mechanism of the photooxidation process. 

2. Experimental section 

Co,(CO), (Aldrich) was stored in n-hexane to stabi- 
lize it, and fresh samples were separated from the 
hexane on a vacuum line prior to use. 1602 (99.999% 
purity) and Ar (99.99% purity) were used as supplied 
by Aldrich. i802 (97.7 at.%> was used as supplied by 
Merck, Sharp and Dohme. The apparatus and experi- 
mental procedures used for the matrix work were as 
described elsewhere [8,161. 

3. Results 

The condensate formed by deposition at 20 K of 
Co,(CO), vapour with 0, in the approximate ratio 
1: 500 showed an IR spectrum in agreement with that 
previously observed by Brown and Sweany [ill and 
which they assigned to three isomers of the molecule 
Co,(CO),. There was no sign of the superoxo species 
(nl-O,>Co(CO), [13,17] whose ESR spectrum was seen 
by Symons et al. [17] when CJo,(CO), vapour was 
frozen on to a cold finger at 77 K in the presence of 
0,. The failure to detect this radical by IR spec- 
troscopy under these conditions (under which its con- 
centration is expected to be very low) probably reflects 
the much greater sensitivity of ESR over IR spec- 
troscopy towards radicals. We invariably noted some 
decomposition of the Co,(CO)s during spray-on as 
evidenced by the presence of CO [181 and CO, [19l 
within the matrix and a film of metallic cobalt inside 
the spray-on tube. 

When the condensate is subjected to photolysis us- 
ing either 337 nm or broad-band UV radiation the IR 
absorptions of Co,(CO), decay. Bands due to free CO 
[18] and CO, [19] increase in intensity while absorp- 
tions at 2123, 2066, 2063, 1966, 1957 and 1945 cm-’ 
assigned to the molecule Co,(CO), which has no bridg- 
ing CO groups, [9] appear and grow. There is no sign 
of any mononuclear binary cobalt carbonyl i.e. Co(CO), 
(n = l-4) [9,12,20,21]. However, absorptions are seen 
in the v(C0) region of the IR spectrum at 2081, 2046 
and 2027 cm-’ (see Fig. 1) and also grow upon photol- 
ysis. These belong to no known binary carbonyl of 
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Fig. 1. Infrared absorption spectra (2200-1750 cm-‘) of 0, matrices 
containing Co,(CO)s. I, after deposition of a ca. 1 : 2500 
CD,(CO)~ : 0, mixture, II, as I but after broad-band UV-Vis photol- 
ysis for 150 min; III, After broad-band W-visible photolysis for 150 
min of a ca. 1: 500 Co,(CO)s : 0, mixture. The higher concentration 
of Co,(CO)s builds up a higher concentration of A and B. 

cobalt. Rather they may be identified with the peroxo 
species (17*-O,Xo(CO), (A> and (172-02)Co(CO>2 (B) 
which have been previously prepared in low-tempera- 
ture matrices by the reaction of Co atoms with CO/O, 
mixtures [13] and which are reported to show v(CO) 
vibrations at: A, -2086/2076 and 2050/2046 cm-‘; B, 
-2035/2020 cm-’ [22*]. Inspection of the 1000-900 
cm-’ region of our spectrum shows the growth of 
broad features centred at 940 and 950 cm- ’ (see Fig. 
2) which may also be assigned to A and B, respectively 
D31. 

* Reference number with an asterisk indicates a note in the list of 
references 
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Fig. 2. Infrared absorption spectra (lCOO-800 cm-‘) of 0, matrices 
containing Co,(CO),. I 1:SOO Co,(CO)s: 160a after deposition; II, 
1: 500 Co,(CO)s . .1602 after broad-band UV-visible photolysis for 
150 min; III, 1: 500 Co,(CO), : “0, after deposition; IV 1:500 
cO,(CO)s: “0, after broad-band UV-VIS photolysis for 150 min. 
The broad feature around 920 cm-’ in the background of spectra III 
and IV is due to an interference effect from the thin layer of matrix 
upon the spectroscopic window. 

In order to confirm our assignment of these features 
we carried out a series of experiments involving: (i) 
variation of the concentration of 0, within the matrix 
by dilution with Ar in the ratio Ar : 0, = 80: 20; (ii) 
variation of the concentration of Co,(CO), within the 
matrix to a Co,(CO),: 0, ratio of ca. 1:2500, (iii) 
replacing 160, by r802. On reducing the concentration 
either of Co,(CO), or of 0, we found that the bands 
assigned to A and B were substantially reduced in 
intensity. This result implies that A and B are products 
of a reaction between Co,(CO), and 0,. Upon substi- 
tution of 160, by 1802 the band of B at 950 cm-’ 
shifted to 897 cm-‘, while the 180-isotopomer of A was 
seen as a rather indistinct shoulder at cu. 888 cm-’ 
(see Fig. 2). These isotope shifts of 53 and 52 cm-’ 
match, within experimental error, the calculated shift 
of 54 cm-’ for the ~(0-0) vibration of A or B. They 
are also more or less consistent with the previously 
reported 160-‘80 shifts for (n*-O,)Co(CO), and (q*- 
O,)co(CO>, [12,23*]. 

4. Discussion 

Our results are of interest because they show that 
the same oxocarbonyl products may be produced by a 
“breaking-down” reaction i.e. the photolysis of 
Co,(CO), in the presence of 0, as by a “building-up” 
reaction i.e. the reaction of Co atoms with a CO/O, 
mixture (Scheme 1). In a similar vein binary carbonyls 
such as Co(CO), have been generated by a variety of 
thermal and photochemical routes [9,12,20,21], but to 
our knowledge this is the first occasion upon which an 
oxocarbonyl intermediate has been prepared by two 
such different routes. These results imply that there is 
some intrinsic thermodynamic stability associated with 
A and B, and that their presence at reasonably high 
concentrations within the matrix is not solely a result 
of other factors, e.g. a fortuitous lack of overlap be- 
tween their absorption bands and the output of the 
photolysis source. 

We may compare briefly the outcome of these ex- 
periments on Co,(CO), with those of the photooxida- 
tion of other binary metal carbonyls. Peroxo species 
similar to A and B are formed on photolysis of various 
mononuclear carbonyls. Thus M(COl, (M = Cr, MO or 
W) yield (q*-O,>M(CO>, [3,4] while Fe(CO), 181 gives 
rise to (n2-O,)Fe(COl,. There is also a precedent for 
the formation of mononuclear oxocarbonyls from binu- 
clear carbonyl precursors. On photooxidation by O,, 
Re,(CO),, gives rise to an oxocarbonyl intermediate 
which is believed to be O=Re(CO),, formed by break- 
ing a Re-Re bond [6]. Our results imply that, like 
Re,(CO),,, Co,(CO), is photooxidised uiu a mecha- 
nism that involves separation of the two metal centres. 
Although binuclear fragments predominate in the elec- 
tron-impact mass spectrum of Co,(CO),, our findings 
are in keeping with the estimated low metal-metal 
bond energy in the Co-Co bonded form of Co,(CO), 
(II) [25,26] and the observation that the CO-bridged 
form of the molecule (I) is readily converted into II in 
low-temperature matrices upon UV irradiation [ 111. 
Thus a possible mechanism of the reaction is dissocia- 
tion of cO,(CO), to form Co(CO), radicals, which then 
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Scheme 1. 
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TABLE 1. Bands observed upon the photooxidation of Co,(CO), in 
0, matrices at 20 K 

v (cm-‘) a,b Origin Ref. 

2340 (vs) CO, 19 
2140 (vs) co- 18 
2122 (wm) Co,(CO), 9 
2081 (m) (o,)co(co), 12 
2066 (m) Co,(CO), 9 
2063 (m) Co,(CO)7 9 
2052 (s) co,(CO), 9 
2046 (ms, sh) (0&000), 12 
2027 (s) (O,)CdCO), 12 
1966 (m) Co,(CO), 9 
1957 (m) Co,(CO), 9 
1945 (sh) (wm) CQCO), 9 
950 (w) (o,)co(co), 12 
940 (w) (O,ti(CO), 12 
660 (vs) co2 19 

a + 1 cm-‘. b s strong, m medium, w weak, v very, sh shoulder. 

TABLE 2. Behaviour of bands assigned to ~(0-0) vibrations of A 
and B upon ‘so-substitution 

v(‘60) ~(‘~0) Av,,,, Av,,, Rv,,, ’ Rv,,,, Origin 
(cm-‘) a (cm-‘) a (cm-t) b (cm-‘) 

950 897 53 54 0.944 0.943 ~(0-0) B 
940 888 53 54 0.945 0.943 v(O-0)A 

a +lcm-‘. bAv=(~‘60-v180); &2cm-‘. cRv=(v160/v180); 
rf: 0.002. 

react with 0, to generate (via loss of CO) the observed 
peroxo-species (~7~-0,)Co(C0), (n = 2 or 3) 

Co,(CO)s 

hv 
G 

Co(CO), + 0, - (T)2-02)co(co), + (4 - n)CO 

There was no sign in our experiments of G&CO),, 
even at low 0, concentrations. This result is consistent 
with the failure to observe Re(CO), radicals upon 
photo-oxidation of matrix-isolated Re,(CO),, [61 even 
though peroxo-rhenium carbonyl species that appeared 
to be derived from Re(CO), were seen in this system. 
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