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Communications 
Pbotopbysics of Metal Carbonyl Complexes. Multiple 
Emissions from Diimine-Tetracarbony1 Complexes of 
Group 6B Metals in Room-Temperature Solution' 

Sir: 
Currently there is considerable interest in the photochem- 

istry of transition-metal carbonyls having metal to ligand 
charge-transfer (MLCT) excited  state^.^-^ Group 6B metal 
carbonyls having low-energy MLCT transitions have been 
shown to be relatively unreactive photochemically following 
excitation directly into this ~ t a t e . ~ , ~  Recently, it has been 
established that several complexes of this type undergo ra- 
diative decay in fluid solution and that the MLCT excited state 
is the emitting one.6 As a consequence we are investigating 
complexes of the form M(CO)4L, where M = Cr, Mo, or W 
and L = 2,2/-bipyridine (bpy) or 1 ,lo-phenanthroline (phen), 
in which the lowest energy excited states are clearly MLCT.' 
The MLCT states are so well separated from the higher energy 
states in the diimine complexes that they offer an opportunity 
to study the photophysical and photochemical properties of 
the MLCT excited states exclusively. We report here our 
preliminary observations that these complexes are emissive in 
room-temperature solution and that they each appear to have 
two emitting MLCT excited states. Multiple emissions have 
not previously been recognized to be a feature of group 6B 
metal carbonyl complexes in room-temperature solution. 

The M(C0)4L complexes (M = Cr, Mo, W; L = bpy, phen) 
were prepared by photolysis of M(CO)6 in N2-purged isooctane 
containing excess L.8 Purification was achieved by repeated 
washings of the product with isooctane. Spectroscopic grade 
solvents were distilled several times to ensure removal of em- 
itting or quenching impurities. Carbonyl-containing impurities 
in the solvents were removed according to literature proce- 
d u r e ~ . ~  

The electronic absorption spectrum for M ~ ( C O ) ~ p h e n  in 
benzene is shown in Figure 1. The absorption data obtained 
from all the complexes studied are summarized in Table I. 
For each complex the lowest energy absorption has been as- 
signed to be a MLCT transition and shown to have an ex- 
ceptionally large solvent dependence.' The absorptions in the 
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Figure 1. Electronic absorption (-) and emission (- - -) of 2 X lo4 
M Mo(CO),phen in benzene a t  298 K. The  emission spectrum is 
corrected for variations in instrumental response as  a function of 
wavelength, and the excitation wavelength is 400 nm. 

Table 1. Electronic Absorption and Emission Spectral Features 
of M(CO),L Complexes in Solution at  298 K" 

corrected 
emission 

complex solvent absorption max, nm max,b nm 

Cr(CO),bpy methanol 333 ,404  (sh), 494 607 

Mo(CO),bpy methanol 350 (sh), 392 ,460  570 

W(CO),bpy methanol 354 (sh), 387 (sh), 474 563 

Cr(CO),phen methanol 327 ,420  (sh), 488 608 

Mo(CO),phen methanol 336 (sh), 395 (sh), 460  563 

W(CO),phen methanol 336 (sh), 396 (sh), 472 560 

" 8 X 10-"4 x 10" M deoxygenated solutions. 

benzene 333 ,400  (sh), 530 625,778 

benzene 354, 388 (sh), 492 586, 143  

benzene 364, 387 (sh), 514 594 ,746 

benzene 330 ,420  (sh), 519 635 ,747  

benzene 340 (sh), 396 ,490  587,740 

benzene 340, 396 (sh), 510 588, 746 

The excitation 
wavelength is 400 nm. 

330-420-nm region have been assigned to ligand-field (LF) 
or metal to carbonyl charge-transfer transitions and in contrast 
show very little solvent dependence.' The MLCT absorption 
in isooctane is considerably red-shifted and shows the presence 
of two components (see Figure 2). Absorption spectra for 
these M(C0)4L complexes in EPA at 77 K have been reported 
to exhibit similar resolved features,2b and recently resonance 
Raman and magnetic circular dichroism measurements have 
indicated that the MLCT band comprises several different 
electronic transitions."10 There is thus a gathering of evidence 
that the M(CO)4L complexes have at least two low-energy 
MLCT excited states. 

The emission spectrum obtained from a deoxygenated," 
filtered12 solution of Mo(CO),phen in benzene is representative 
of the M(C0)4L complexes and is shown in Figure 1. The 
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(1 1) The M(C0)4L solutions were purged with N, for 20 min prior to taking 
measurements to avoid quenching effects by dissolved oxygen. 

(1 2) The solutions were filtered through 0.22-pm Millipore filters to avoid 
effects of particulate matter in the absorption and emission experiments. 

0 1983 Amer ican  Chemica l  Society 



Inorg. Chem. 1983, 22, 573-574 573 

I I I 

I I 1 
400 500 600 700 8OC 

Wavelength, n m  

Figure 2. Lowest energy features in the electronic absorption spectra 
of M(CO),L complexes (M = Cr, Mo, W; L = bpy, phen) in isooctane 
at 298 K. 

emission data obtained from all the complexes studied are 
summarized in Table I. The emission intensities of M(C0)4L 
in methanol were very weak, and we were unable to observe 
maxima at wavelengths longer than 700 nm. These results 
imply that the emission efficiency of the diimine complexes 
is strongly dependent on solvent. Both emission bands are 
assigned as MLCT transitions; the higher energy one shows 
solvent shifts comparable to that observed in absorption, and 
the other band is too low in energy to be LF. Attempts to 
record emission data in isooctane were unsuccessful; this is 
attributed to either the sparing solubilities of these complexes 
in isooctane or, in view of the absorption solvent dependence, 
the possibility that emission in isooctane would likely be so 
red-shifted it would be difficult to detect experimentally. 
Further evidence for the MLCT assignment was obtained 
following a comparison with M(CO),en complexes, where M 
= Cr, Mo, or W and en = ethylenediamine. The M(C0)4en 
complexes exhibit LF  states at approximately the same en- 
ergies as our diimine series but do not possess low-lying MLCT 
excited states.’ Importantly, we did not observe emission from 
these complexes in room-temperature solution following ex- 
citation directly into the LF state at 400 nm. The observance 
of multiple emission indicates that interconversion between 
the emitting states is relatively slow compared to the radiative 
deactivation routes of the molecule and implies that the 
characters of these excited states are somewhat different. In 
this connection Staal et al. have recently reported evidence 
for both d - r*(az) and d - r*(b2) charge-transfer ab- 
sorptions in a series of M(CO)4 diazabutadiene (M = Cr, Mo, 
W) complexes.10” Multiple emissions involving intraligand (IL) 
and MLCT states have been observed from several fuc- 
[ XRe( CO) 3phen] complexes. l 3  How ever, our M (CO) ,L 
complexes appear to emit at too low energy to be associated 
with an unperturbed IL transition. We intend to learn more 
about the character of the excited states of M(C0)4L through 
temperature dependence studies of the emission spectra and 
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lifetimes. Emission has previously been observed for M(C0)4L 
complexes (M = Mo, W; L = bpy, phen) in rigid glasses at 
77 K.2b The low-temperature maxima (640-660-nm region) 
most likely correspond to the lowest energy maxima reported 
here, as recent observations of emission from related carbonyl 
complexes have been at lower energies in fluid solution than 
in rigid media.2,6 

A particularly novel aspect of the emission data is that the 
chromium complexes constitute the only examples of a first- 
row transition metal carbonyl complex known to emit under 
fluid conditions. The absence of emission data from first-row 
metal carbonyl complexes has been attributed to the low 
spin-orbit coupling values of the central metal atom. In view 
of these results we prefer to associate the emission properties 
of the molecule with the presence of a low-lying MLCT excited 
state. 
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Room-Temperature Isolation and Characterization of 
Group 6 Pentacarbonyls in Porous Vycor Glass 
Sir: 

In this paper, we describe the use of Corning’s code 7930 
porous Vycor glass, PVG, as a convenient alternative to low- 
temperature for isolation and characterization of 
group 6 pentacarbonyls. The adsorbed pentacarbonyls, des- 
ignated M(CO),(ads) and generated by photolysis of the ad- 
sorbed hexacarbonyl, have spectroscopically quantitated life- 
times of 1 4 8  h in vacuo at room temperature. 

Code 7930 PVG is a surface-hydroxylated, transparent,6 
porous glass containing (1.2 f 0.3) X 10l8 pores/g,’ with a 
pore diameter of 70 f 21 k8-14 Pieces of PVG (25 mm X 
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