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The photochemistry of substituted Group VI 
carbonyls has been the subject of several publications 
[l-4]. Two photochemical reactions have been 
reported : 

Ia(C M(CO), LX t Co 

hv’ 
M(CO)sL x - M(CO)sX t L 

I 

II 

X = ligand or vacancy in matrices. 
The reaction path depends both on the type of ligand 
and on the irradiated wavelength. M(CO)sCS in a 
matrix [5, 61 and Mo(CO)SPCx3 (Cx = cyclohexyl) 
in a hydrocarbon glass follow reaction path I, forming 
cis and tran~&l(CO)~LX species and free CO. Rest 
published the photochemistry of W(CO)5 L (L = pyri- 
dine or 3bromopyridine) [8]. Photolysis of 
W(CO), L at 12 K in argon with 320 < h < 390 nm 
resulted in the formation of W(CO)5. Photolysis, 
however, with h = 254 nm yielded free CO and from 
this he concluded that both reaction I and II can 
occur in matrices at 12 K. 

In this paper we report the difference in photo- 
chemical behaviour between Cr(CO)sPC1a and Cr- 
(CO)spyrazine in Ar matrices at 10 K. W-irradia- 
tion of Cr(CO)sPCla yielded only Cr(CG), and free 
PCls. In contrast, photolysis of Cr(CO)spyrazine 
afforded either Cr(CO)s or free CO together with a 
new species ~is-Cr(C0)~ pyrazine. This difference in 
photochemical behaviour is explained on the basis of 
a fast non radiative decay from the dxl.+ to the 
d,z orbital in the case of Cr(CO)SPC13, although a 
reactive metal to ligand charge transfer state cannot 
be excluded. 

Results and Discussion 

Irradiation of Cr(CO)SPC1a in an argon matrix 
at 10 K with UV light (h = 229,254,280,313,366 
nm or an unfiltered Hg lamp) afforded two new IR 
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Figure 1. Infrared spectrum of Cr(CO)s PC13 in an Ar matrix 
at 10 K. A. After deposition (S/M = l/5200; pulse 
technique). B. After 960 nm photolysis with k = 313 nm. 

bands in the CO stretching region. Comparing these 
results with those obtained by Turner et al [9], 
the bands were assigned to the e and al modes of the 
Cr(CO)S fragment. Besides Cr(CO),, free PC13 could 
be detected [lo] . The reaction is reversed by sub- 
sequent irradiation with X = 436 nm. After long 
periods of irradiation even Cr(CO)4 and free CO 
proved to be present. Formation of Cr(CO)aPC13 
from Cr(CO)sPC13, however, could never be observ- 
ed. The same results have been found for W(CO),- 
PC13 [lo] and W(CO),PF, [ll] . Photolysis of all 
these phosphorus complexes yielded M(CO)s, inde- 
pendent of the wavelength. 

Codeposition of analytically pure Cr(CO)Spyrazine 
with argon always caused a very small, although 
detectable decomposition of Cr(CO)spyrazine into 
Cr(CO)6 (Figure 2). Irradiation of Cr(CO), pyrazine 
in the lowest ligand field transition resulted in the 
formation of C!r(CO)s. The same formation was 
found by irradiating in the metal to pyrazine charge 
transfer transition at 463 nm. 

Irradiation of Cr(CO)spyrazine with h = 229 and 
254 nm gave a four band pattern: 2037,1923,1912, 
1885 cm-’ , as expected for the cis form of Cr(CO), 
pyrazine together with the free CO modes (Figure 3). 

Explanation of this difference in photochemical 
behaviour must take into account the relative energies 
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TABLE. Infrared Frequencies (cm-’ ) and UV-Visible Wavelengths (nm) of Cr(CO)s PC13 and Cr(CO)s pyrazine. 

Al Bl At E 

Cr(CO)s PC13 
(AI matrix, 10 K) 2093.6 2024.3 2005.9 1987.0 

Cr(CO).jpyrazine 
(Ar matrix, 10 K) 

Cr(CO)s PC13 

(nheptane, RT) 

2074.0 1964.4 1934.8 1947.8 

d + n*(CO) d -+ n*(CO) d + r*(L) d -+ d(S-S) 
227 287 252 362 

Cr(CO)s pyrazlne 
(iso-octane, RT) 244 290 463 403 

-- 
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Figure 2. Infrared spectrum of Cr(CO)spyrazine in an Ar 
matrix at 10 K. A. After codeposition (--- = Cr(CO),). B. 
After 145 min photolysis with A = 366 nm. 

of the a-antibonding dZ2 and dX2_yz orbitals [12, 
131. The dZz orbital in M(CO)sL molecules is always 
lower in energy than the dX?_.yz orbital [ 141 . Short 
wavelength irradiation (X = 229 and 254 nm) will 
result in the occupation of the dxZ_Yz orbital, causing 
loss of primarily CO and formation of cis Cr(CO),- 
pyrazine. Photolysis in lower excited states results 
in the population of the d,z orbital or in the popula- 
tion of the metal to pyrazine charge transfer state. 
Subsequently the formation of CljCO), has been 
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Figure 3. Infrared spectrum of Cr(CO)spyrazine in an Ar 
matrix at 10 K after 70 min photolysis with h = 229 nm. 

detected. At this stage of our study the conclusion 
drawn by Wrighton [4], that irradiation in metal to 
ligand L charge transfer transitions shows a signifi- 
cant smaller photochemical reactivity than irradia- 
tion in ligand field transitions cannot be subscribed. 

From UV-PES and UV spectra of M(CO)5PCl~ 
(M = Cr, W) it is deduced that the energy difference 
between the dZ2 and dxl-Yz orbitals is smaller than 
in nitrogen donor complexes [lo]. Because of this, 
occupation of the dXZ_y2 orbital can result in a fast 
nonradiative decay to the dZ2 orbital and loss of PC13 
is observed. These results, however, can also be 
explained by assuming that not the dxz-yl orbital, 
but the measured metal to PC13 charge transfer state 
is occupied and that this state is the reactive state at 
short wavelength irradiation. 
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