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The photochemistry of dinuclear metal carbonyl compounds has 
been studied extensively in the past two decades. Nonetheless, the 
identities and reaction mechanisms of the primary photoproducts in 
the photolysis of these complexes have remained elusive. Early 
work indicated that metal-metal bond homolysis was the sole photo­
process [l]. More recently loss of a CO ligand has been shown to 
occur in some systems [2,3,4]. In order to further the understanding 
of this problem a study of the photochemistry of bis(pentamethyl­
cyclopentadienylmolybdenumtricarbonyl) (Cp~Mo 2 (C0) 6 ) was performed 
to determine its primary photoproducts. 

Flash photolysis methods were used to investigate this ques­
tion. High concentrations of the primary photoproducts are achieved 
by a brief (FWHM ~ 35 µS) pulse of broad band irradiation, and then 
either the return of the original dimer or the disappearance of the 
transients can be monitored on the microsecond timescale by optical 
absorption spectroscopy. Observations of the return of the 495 nm 
absorbance band of Cp~Mo2{CO) 6 following the flash established the 
existence of two pathways for reforming the parent dimer. The first 
of these was quite rapid, followed second-order kinetics, and showed 
no dependence on [CO]. This process is proposed to be a radical 
recombination reaction (eq. 1). 

kr 
2 Cp' Mo (CO) 3 • __ .,... Cp ~Mo 2 (CO) G 

The value of kr is {8.0 ± 0.6) x 10 6 M- 1 s- 1
• The second, slower path­

way followed first-order kinetics under a CO atmosphere, and the 
observed rate constant did depend on [CO]. Consequently, it is pro­
posed that the second pathway involves CO recapture as shown in 
equation { 2) • 

Cp ~Mo 2 (CO) s + CO 
kco 

---- Cp ~Mo 2 (CO) G 

The value of k is (4.4 ± 0.4) x 10 3 M- 1s- 1 • co 

Examination of the optical spectrum from 560-800 nm reveals 
two transients with overlapping absorbance bonds. One of these 
decays rapidly by second-order kinetics, and is believed to be 
Cp'Mo(C0)3·. This is the first spectroscopic observation of a 
molybdenum-based metal carbonyl radical at room temperature. The 
second transient's absorbance disappears by pseudo-first-order 
kinetics at the same rate as found in equation (2). This absorbance 
is assigned to Cp ~Mo 2 (CO) s. 
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Not all of the original absorbance at 495 nm is restored by 

these two processes. Some absorbance loss remains for several 
minutes, although it is all recovered eventually under a CO atmo­
sphere. This slow process is proposed to be the carbonylation 
reaction shown in eq. (3). 

Cp 1(Mo2 {CO) ti + 2CO _,.. Cp2Mo 2 {CO) 6 

Equation (3) is a known reaction [5]. A combination of flash and 
continuous photolysis experiments determined that the triply-bonded 
dimer is formed by loss of CO from Cp'Mo(C0)3• and subsequent radical 
coupling. Given this fact, the percentage of photolyzed Cp~Mo2(C0 ) 6 
mole cules which undergo CO loss was calculated to be 10 %. 

The reaction pathways which are utilized by primary photoproducts 
have also been a subject of controversy. For example, both dissoci­
ative [6] and associative (7) mechanisms have been proposed for ligand 
substitution of Mn(CO) 5 •• This question was investigated using a 
modified version of the competition experiment designed by Fox et.al . 
[8). For the reaction system Mn(CO) 5 • + L +RX the applicable kinetic 
relationships are given either by equation (4), 

[Mn (CO) 4LX] 
[Mn (CO) s X] 

where (L] = a [RX] and al.l other symbols are as defined by Fox et. al., 
or by equation (5), 

(Mn (CO) 4LX] = [Mn (CO) sX] 

where the ratio [LJ : [RX] is not f i xed. 

The experimental results show that f or L = PPh 3 and RX= CC1 4 , 
ka = (1.8 ± 0.2) x 10 7 M- 1 s- 1 while kd ~ 2.1 x 10 3s- 1

, clearly demon­
strating the reaction to be associative in character. The value of 
kt was established to be {1.4 ± 0.1) x 10 6M- 1 s- 1 by independent 
methods. A second system with L = AsPh 3 and RX= CH 2Br 2 lowered the 
limiting value of kd: kd ~ 9.0 x 10 1 s- 1

• Experiments with other 
phosphorus-based ligands demonstrated that both the steric and elec­
tronic properties of the incoming ligand are important in determining 
the rate constant of the reaction. The observed products for substi­
tution of Mn 2 (CO) i o by L, Mn 2 (CO) 8 L 2 and Mn2 (CO) 9 L [6] are therefore 
proposed to result f rom substitution of Mn(C0) 5 • and Mn 2 (CO)g, 
respectively . 
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