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It is shown that the photolysis of W(CO)5 CS proceeds in two stages: loss of CO, followed by an excited-state rearrangement 
of the photoproduct, W(CO)4CS. Uv photolysis (A -300 nrn) of sterospecifically I3CO-labeled trans-(I3CO)W(C0)4CS 
in Ar and CH4 matrices at  20 K yields, as the major product, square-pyramidal c ~ s - ( ~ ~ C O ) W ( C O ) ~ C S ,  with the CS group 
in the axial position. The  process involves not only loss of a CO group but also trans - cis rearrangement of the '3CO 
and CS groups. Subsequent irradiation with visible light ( A  >375 nm) regenerates ( '3CO)W(CO)4CS but principally as 
the cis isomer. Ir band intensities suggest that the loss of an axial or equatorial CO group during uv photolysis of W(CO)5CS 
is equally probable. Comparison of the product distributions obtained by uv photolysis of trans-(13CO)W(C0)4CS and 
a statistical mixture (4:1 cistrans) of (I3C0)W(CO)4CS shows that a rearrangement is occurring in an electronic or vibrational 
excited state of the product, ( l3C0)W(CO)3CS,  after loss of CO from the parent molecule. Evidence is presented for 
an interaction between the ( 13CO)W(CO)3CS fragment and the photoejected CO molecule. The symmetry of this interaction 
allows the permutation cis-eexea to be eliminated as a possible rearrangement mode for the excited-state isomerization. 
The experiments show how matrix isolation can provide valuable insights into reaction pathways, by "freezing out" molecules 
which would be fluxional at  higher temperatures. 

Introduction 
(a) Photochemistry of M(C0)5CS. We have previously 

described the low-temperature photochemistry' of the thio- 
carbonyl complexes M(C0)5CS (M = Cr or W) originally 
prepared by Angelici and Dombek.2 Uv photolysis of these 
molecules in inert matrices produced molecular carbon 
monoxide and a mixture of the two isomers of square-py- 
ramidal, SPY, M(C0)4CS. 
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The relative amounts of the two isomers varied from one 
matrix to another but, in an Ar matrix, the C4u isomer was 
in considerable excess. The two isomers are formally derived 
from SPY M ( C O ) S , ~ > ~  by replacing either an axial or an 
equatorial CO group with a CS group. Their spectra and 
photochemical behavior are very similar to those of M- 
(C0)5,3-5 and in many ways the CS group can be imagined 
to be a labeled CO group. This labeling, for example, enables 
the photochemical isomerization' of M(C0)dCS to be fol- 
lowed. The overall photochemistry of these thiocarbonyls is 
summarized below, the specific photolysis wavelengths re- 
ferring to the tungsten compounds in a CH4 matrix. 
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In  this paper we describe how the use of stereospecifically 
13CO-enriched6 trans-( l3CO) W(CO)4CS provides an insight 

into the mechanism of the uv photolysis of M(C0)5CS. In 
particular we show that the formation of the two isomers of 
M(C0)4CS involves the rearrangement of the M(C0)4CS 
species in an excited state. 

(b) Stereochemistry of Uv Photolysis. The simplest pathway 
for the photolysis of M(C0)5CS assumes that loss of an axial 
CO group leads to the C4" isomer of M(C0)4CS and loss of 
an equatorial CO group produces the Cs isomer. 
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Since there are four equatorial CO groups and only one axial 
group, one would predict a product ratio Cs:C4, 4:l. I t  has 
been shown,' however, that for Cr(C0)4CS in an Ar matrix, 
this ratio (Cs:Gu) is only 1:2 and similar results were found 
for W(CO)4CS. To explain this excess of the C4u isomer, it 
must be assumed that there is either (a) a preferential loss of 
the axial CO group, leading to formation of the C41; isomer, 
or (b) an excited-state isomerization of the M(C0)dCS 
fragments after ejection of CO from the M(C0)5CS molecule. 
In principle one can distinguish between these alternative 
explanations by using a molecule specifically labeled with 13C0 
in the axial position. 

In order to simplify the following discussion, we shall refer 
to trans- and c ~ s - ( ~ ~ C O ) W ( C O ) ~ C S  as truns-[6] and cis-[6]. 
The various isomers of W('2CO)4CS and (13CO)W(CO)3CS 
are shown in Figure 1 together with the nomenclature used 
in this paper. Those isomers with an axial CS group are named 
with letters (Le,, A, B) and those with an equatorial CS group 
with numbers (Le., 1, 2, 3, 4). 
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Figure 1. Structures of the different W(13CO),(’zCO),CS species, 
illustrating the nomenclature used in this paper. The black circle 
represents 3C0. 

If loss of an axial CO group really does lead to the C4u 
isomer and loss of an equatorial group to the Cs isomer, 
photolysis of trans-[6] should produce only 3 and A in the 
same ratio as that found for 1:A in the photolysis of the 
unlabeled M(C0)sCS (i.e., 1:2). 
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In particular there should be no formation of B, which should 
be easily distinguishable from A, since it has a 13C0 group 
and four ir-active C - 0  stretching modes (3 a’ + a”) while A 
has only two (a1 + e), with the e mode coincident with the 
a” mode of B. However, it should be remembered that so- 
called “matrix effects” can cause a single mode to give rise 
to several closely spaced ir 

In the next section we describe experiments performed using 
trans- [6]  prepared by stereospecific 13C0 enrichment6 of 
[trans-(I)W(CO)qCS]- in the presence of Ag+ ions 

93% i3c0 

Ag+ 
[tt~~n~-(I)w(cO),cS]- - t~~ns-(13CO)W(CO)4CS + AgI 

Results 
(a) Photolysis of trans-(13CO)W(C0)4CS. Figure 2a shows 

the C - 0  stretching region of the ir spectrum of the 93% 
(13CO)W(CO)4CS, after deposition in an Ar matrix at 20 K, 
at  a dilution of 1:15 000. The group of strong bands in the 
center of the diagram (- 1990 cm-l) is due to the coincident 
modes of W(C0)sCS (e), trans-[6] (e), and cis-[6] (a”). The 
two other groups of bands shown in broken lines are the split 
a1 modes of trans-[6]. The weak bands, u, are the split 
low-frequency a1 mode of W(C0)5CS,  and the weak bands, 
c, are the split lowest frequency a’ mode of cis-[6].  There is 
also a very weak band, d, assigned to the disubstituted species 
(13CO)2W(CO)3CS, and another weak doublet, 6,  due to a 
trace impurity of W(CO)6.  These and subsequent band 
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Figure 2. The C-0  stretching region of the ir spectra of stereo- 
specifically 13CO-enriched W(CO),CS in an Ar matrix (1: 15 000) 
at 20 K: (a) after deposition; (b) after 135-min photolysis (A 302 
t 10 nm); (c) after 60-min photolysis with a tungsten lamp + h 
489 nm filter, showing the growth of bands c due to cis-[6]. 
Bands are labeled as follows: truns-[6], broken lines; cis-[6], c; 
C,, (”CO),W(CO),CS, d; W(’zCO),CS, u; W(CO),, 6 ;  A and B 
refer to structures in Figure 1. 

assignments are justified in the Appendix given as supple- 
mentary material. The bands of trans-[6], broken lines, are 
far more intense than those of any other species, and it is clear 
that this specifically labeled molecule was the predominant 
species in the matrix. 

Uv photolysis (A 302 f 10 nm, 135 min) produced several 
changes, Figure 2b. The bands of trans-[6] all substantially 
decreased in intensity, while those of cis-[6] increased by only 
a small amount. At the same time several new bands ap- 
peared, the strongest of which were due to A and B. Com- 
parison of the relative intensities of the two most intense bands - 1975 cm-l (coincident modes of A and B) and - 1948 cm-l 
(B) shows that there is an almost equal probability of losing 
the CO groups which were originally in the axial and 
equatorial positions in trans-[6]. Details of these intensity 
measurements are given in the Appendix (Table VI). B is a 
molecule, which, on the simplest model, should not have been 
produced at all by photolysis of trans-[6]. Thus trans - cis 
isomerization of the CS and I3C0 groups occurs at some stage 
during the uu photolysis. A more detailed analysis of the 
weaker bands in Figure 2b shows that, apart from the major 
products A and B, uv photolysis of trans-[6] also produced 
1-4. The formation of 2 and 4 provides further evidence for 
trans - cis isomerization. 

Subsequent irradiation of the matrix with visible light ( A  
489 nm, 60 min) destroyed nearly all of the products and 
regenerated the parent ( 13CO)W(CO)4CS. Furthermore, 
Figure 2c shows that it was predominantly cis-[6] which was 
regenerated. Since light of this wavelength does not isomerize 
trans-[6], the regeneration of cis-[6] is the consequence of the 
trans - cis isomerization of the 13C0 and CS groups during 
the uv photolysis. Thus the results of the experiment can be 
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Figure 3. Illustration of the different splittings of the bands of B 
(solid lines) generated from trans-[6] and cis-[6] in an Ar matrix 
(1:5000). The bands shown in broken lines are due to species 
other than B: (a) 100-min photolysis ( h  302 ? 1 0  nm) of trans- 
[6] ;  (b) 105-min photolysis (A 302 ? 1 0  nm) of a 4: 1 mixture of 
cis-[6]/trans-[6], produced by thermal isomerization of trans-[ 61 
in solution at 373 K;  (c) “irreversible” B produced by 20-min 
photolysis (unfiltered Hg arc) of same matrix as in (a), followed by 
5-min photolysis (Hg arc t h >375 nm filter). The band X is due 
to (‘~co),w(co),Cs. 

summarized as follows. 
S S S S 
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Major Products 

This experiment indicates that the isomerization is occurring 
in some excited state7 but it does not show whether it is 
occurring before or after the ejection of a CO group from 
trans-[6]. Thus, using the notation [6] = ‘3(CO)W(CO)4CS 
and [5] = (‘3CO)W(CO)3CS, we have two possible reaction 
schemes 

hv isomerize -co 
[6] - [61* -+ [61* -+ [5l 

hv -co isomerize 
[6] - [6]* __* [SI* __i [51 

These two schemes are distinguishable in theory at least, since 
the first requires that the product distribution from photolysis 
of trans-[6] and cis-[6] should be essentially the same,7 as a 
consequence of the trans + cis isomerization in the excited 
state, which does not occur in the second. 

(b) Comparison of Photolysis of trans- and cis-(l3C0)- 
W(CO)4CS. (1) Major Products. Figure 3a shows the ir 
bands (solid lines) corresponding to the four C-0 stretching 
modes of B, the major photolysis product of trans-[6] in an 
Ar matrix. Notice that three of the bands, the a’ modes, are 
sharp, while the a” mode, which is coincident with the e mode 
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Figure 4. Illustration of different minor product distributions 
obtained by photolysis of tvans-[6] and cis-[6] in CH, matrices 
(1:5000) at 20 K. The bands are assigned by numbers which refer 
t o  the structures in Figure 1. Only the highest frequency C-O 
stretching mode of each species is shown. Note the highly ex- 
panded ordinate scale. All uv photolysis used h 302 ? 10 nm: 
(a) 45-min uv photolysis of tuuns-[6]; (b) 45-min uv photolysis o f a  
4: 1 mixture of cis-[6]/trans-[6], produced photochemically in situ 
in matrix (cf. Figure 2). 

of A, is split into three closely spaced lines, - 1975 cm-’, by 
“matrix effects”. 

When the experiment was repeated using a statistical (4: 1) 
mixture of cis-[6] and trans-[6],  produced by the thermal 
isomerization of a solution of trans- [ 6 ] ,  the spectrum in Figure 
3b was obtained. Although the group of a” bands, - 1975 
cm-], is identical with that observed on photolysis of the pure 
trans- [ 6 ] ,  Figure 3a, the high-frequency band has developed 
a low-frequency shoulder and the other two bands have been 
split into doublets. These split bands are apparently also due 
to B.Io Similar splittings of the bands of B were observed in 
CH4 matrices. The lowest frequency a’ band was a singlet 
(1942.4 cm-l) when generated from trans-[6] and a doublet 
(1942.4 and 1940.3 cm-I) when generated from a cis-[6]/  
trans-[6] mixture. 

It is important to realize that whatever the origin of these 
splittings, the spectra in Figure 3a and b show that photolysis 
of trans-[6] does not produce the same result as the photolysis 
of the statistical cis-[6]/trans-[6] mixture. 

(2) Minor Products. Even more striking confirmation of 
the differences between the photolysis of trans-[6] and cis-[6] 
comes from the analysis of the spectra of the minor products, 
with equatorial CS groups. Unlike the previous sections, this 
section emphasizes experiments in CH4 matrices, because, 
although qualitatively identical results were obtained in Ar 
matrices, the minor product bands were more intense’ in CH4. 
Figure 4a shows the highest frequency bands of 1-4, obtained 
by uv photolysis ( A  302 f 10 nm, 45 min) of trans-[6] in a 
CH4 matrix. Details of the band assignment and force 
constant calculations are given in the Appendix. Figure 4b 
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illustrates the same absorptions produced in a different ex- 
periment, by photolysis of a statistical (4:l) mixture of cis-[6] 
and trans- [6]  under identical conditions. Comparison of the 
relative intensities of bands for 2, 3, and 4 in Figure 4a and 
b shows that the distribution of 13C0 among the products is 
substantially different in the two experiments. In particular, 
photolysis of trans-[6] produces considerably more 2 and very 
much less 4 than the statistical cis-[6]/trans-[6] mixture. 
These conclusions are supported by the relative intensities of 
the other C-0 stretching bands of 2 and 4. 

Since photolysis of the statistical mixture must produce a 
statistical distribution of 13C0 among the photolysis products, 
the spectra show that photolysis of trans-[6] results in a 
nonstatistical product distribution. This means that there must 
be considerable stereospecificity in the photolysis process. 

These experiments confirm that there are substantial dif- 
ferences between the photolysis of pure trans-[6] and a sta- 
tistical cis-[6] /trans-[6] mixture, in the distribution of both 
the major and the minor products. Such differences are 
inconsistent with a photolysis mechanism which involves 
isomerization of (13CO)W(CO)4CS prior to the loss of CO, 
and it is likely that an excited-state rearrangement occurs in 
the five-coordinate species after the CO has been ejected from 
the parent carbonyl 

hV -CO isomerize 
[ 6 ]  4 [ 6 ] *  [SI* -+ 151 

Of course, the experiment provides no evidence as to whether 
the rearrangement is occurring in an electronic excited state 
or a vibrationally excited ground state. Nevertheless, although 
thermal rearrangements of unsaturated transition metal 
carbonyls (e.g., Mn(C0)4Br1 l)  have been reported previously, 
this is the first time that an excited-state rearrangement has 
been shown to be an integral part of a photolytic process. Thus 
rearrangement is occurring between the ejection of the CO 
from the parent carbonyl and the arrival of the products in 
the vibrational ground state. Furthermore, if the rear- 
rangement process were occurring a large number of times 
before the molecules reached the nonfluxional ground state, 
one would expect the same product distribution from trans-[6] 
and cis- [6] .  Different distributions were observed which means 
that only a small number of consecutive rearrangements can 
be occurring between the ejection of CO and the attainment 
of the final ground state. 

Interaction with the Photoejected CO Molecule. In this 
section we present evidence showing that there is appreciable 
interaction between the carbonyl fragments and the pho- 
toejected CO molecule, which we shall term the “p-CO”, and 
then discuss the stereochemical consequences of this inter- 
action. Figure 5a shows the ir absorption of the p-CO pro- 
duced by irradiationof trans-[6] in an Ar matrix at 21 K with 
monochromated uv light (A 302 * 10 nm, 60 min). There is 
a weak band at 2135.5 cm-’ and a stronger sharp band at 
2137.6 cm-’. This frequency is significantly lower12 than 
2138.6 cm-l, the frequency reported for molecular CO, isolated 
in an Ar matrix.13 At this stage, the photolysis of the trans-[6] 
is almost completely reversible. That is, irradiation of the 
matrix with visible light (A >375 nm) regenerates the parent 
carbonyl and the p C 0  absorption disappears. After prolonged 
uv irradiation with an unfiltered Hg arc, the photolysis is only 
partially reversible. The absorption of this “irreversible” p-CO 
at 12 K is shown in Figure 5b. The band is not only much 
broader than that of “reversible” p-CO, Figure 5a, but also 
shifted to higher frequency. Furthermore, the band becomes 
weaker and even broader as the matrix temperature is raised 
from 12 to 21 K, Figure 5c. The band becomes narrower again 
on recooling the matrix. Such broadening is also observed with 
matrix-isolated molecular CO, where it has been ascribed to 
restricted rotation of the CO molecule.13 There are corre- 
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Figure 5. Ir bands of photoejected CO in an Ar matrix, showing 
the difference between “reversible” and “irreversible” p C 0 :  (a) 
“reversible” a t  21 K p C 0  produced by uv photolysis ( h  302 i. 10 
nm 60 min) of trans-[ 61 ; (b) irreversible p C 0  at 12 K produced by 
25-min further photolysis with an unfiltered Hg arc, followd by 
5-min photolysis (A >375 nm); (c) the same sample as (b) warmed 
to 21 K. The dotted line shows the band position of isolated 
molecular CO.I3 

sponding differences between the C-0 stretching bands of the 
“reversible” and “irreversible” forms of B (see Figure 3). 

Thus, after mild uv irradiation of trans-[6], the p-CO has 
a sharp ir band and is apparently in a well-defined site, while 
after prolonged irradiation, the band is broad similar to that 
of an isolated rotating CO molecule. This change, together 
with the changes in the spectrum of B, suggests that the 
“reversible” p-CO is interacting with B sufficiently strongly 
to prevent rotation of the p-CO and to shift the ir bands of 
both species. Prolonged uv irradiation, on the other hand, 
allows some of the p-CO to diffuse away from B, thus pre- 
venting interaction and photochemical reversal of the pho- 
tolysis. Similar interactions with p-CO have been reported 
for iron tetra~arbonyll~ and chromium pentacarbonyL5J5 The 
interaction is unlikely to be occurring via the vacant sixth 
coordination site of B, since the behavior of the uv-visible 
absorption band of B indicates that this site is occupied by a 
matrix atom (or molecule) interacting with the tungsten 
a t ~ m . l , ~ , l ~  Thus the p-CO is probably interacting unequally 
with the four carbonyl groups of B. 

Such an asymmetrical interaction can be used to explain 
the strange band splittings of B (Figure 3a and b). For ex- 
ample, if the p-CO lay somewhere on a plane between two cis 
CO groups, there would be two possible positions for the 13C0 
group in B: either close to or far from the p-CO. 

S S 
C C * f p-co 13c0>1< I p-co 

1 3 ~ 0  

If there were significant interaction between the p-CO and 
the adjacent bound CO groups, these two molecules would 
have slightly different C-O stretching frequencies. Photolysis 
of the statistical 4:l cis-[6]/trans-[6] mixture would necessarily 
produce equal amounts of these two molecules, and the fre- 
quencies of the split a’ modes, illustrated in Figure 3b, can 
be quantitatively reproduced using a CO-factored force field 
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Figure 6 .  (a, b) Possible rearrangements of 3 t o  B illustrating the 
permutation, P, of the CO and CS groups, and the reorientation, 
R, of the fragment relative to the p C 0 .  X represents the 13C0 

and Y the p C 0 .  For simplicity the p C 0  has been drawn as if it 
remained fixed in the matrix. This is  not necessarily so in reality. 
(c) The permutations included in OP,  and OP, (see ref 17).  

based on this model (see Appendix). The differences between 
the spectra in Figure 3a and b can then be explained if 
photolysis of trans-[6] produces molecules of B with all 13C0 
groups in the same position relative to the p-CO. 

S S 
C C 

The force constant calculations suggest that only molecules 
of B with the I3CO group close to the p-CO are produced, but 
the precise position of the 13C0 relative to the p-CO is not 
important in the discussion which follows. 

Thus, if it is accepted (1) that the p-CO is interacting 
asymmetrically with B and (2) that the 13C0 groups of all 
molecules of B, produced by photolysis of trans-[6],  are in 
equivalent positions relative to the p-CO, then interesting 
conclusions can be drawn about the symmetry of the rear- 
rangement process occurring during the photolysis of trans- [6]. 

Since B contains a 13C0 group, it must be formed by loss 
of an equatorial l2C0 group from trans-[6]. If the dissociative 
state of trans- [6] were pseudooctahedral, l 6  then, immediately 
after ejection, the p-CO would be in a symmetrical position 
relative to the excited molecule of 3. In particular, the p-CO 
would lie in the mirror plane, defined by the axial CO, the 
CS, and the 13C0 groups; see Figure 6a. (In Figure 6a the 
mirror plane lies in the plane of the page, and X represents 
13C0 and Y the p-CO.) 

The excited-state rearrangement of 3 to B can be imagined 
as occurring in two steps. These steps are illustrated in Figure 
6a. They are (1) permutation, P, of the CO and C S  groups 
of 3 to form B, without any change in the orientation of the 
SPY molecule, and (2) reorientation, R, of B relative to the 
p-CO. In reality this reorientation would be the combined 
result of the permuting mechanism and thermal motion of both 
the fragment and the p-CO. However, for clarity, Figure 6 
has been drawn as if the p-CO remained fixed. 

Table I. The Four Observable Rearrangment Processes of a 
C,, SPY Moleculea 

OP, I = trans-ee 
OP, ea(4) = transeea(4) 
OP, ciseea(8) = cis-eexea(8) 
OP, cis-ee(4) 

a Taken from ref 17. The figures in parentheses give the 
number of equivalent permutations. 

After reorientation B appears to interact asymmetrically 
with the p-CO. This means that the p-CO is not interacting 
equally with a given CO group and the CO group trans to it. 
The permutation step will either leave the 13C0 group lying 
in the mirror plane, Figure 6a, or remove the 13C0 group from 
the plane, Figure 6b. In the latter case the 13C0 group is 
symmetry related to the I2CO group trans to it by the mirror 
plane. The final distribution of reoriented molecules will be 
symmetrical with respect to this mirror plane. This means that 
after reorientation of these molecules, Figure 6b, there would 
be two possible inequivalent sites for the 13C0 relative to the 
p-CO. Only if the permutation left the 13C0 group on the 
mirror plane, Figure 6a, could the 13C0 groups of all re- 
oriented molecules occupy equivalent sites relative to the p-CO. 
Since the 13C0 groups of all molecules of B appear to be 
equivalent, the permutational process occurring in the excited 
state of 3 must leave the 13C0 group lying in the mirror plane. 

Musher has classified the possible permutations for a 
five-coordinate square-pyramidal molecule, with nonchelating 
ligands, in terms of four observable processes, OP, which are 
listed in Table I. Only OP1 and OP2 allow the exchange of 
axial and equatorial groups which is required to convert 3 into 
B. The permutations constituting OP1 and OPz are illustrated 
in Figure 6c. Since the permutation cis-eexea would not leave 
the 13C0 group of 3 lying in the mirror plane, it can be 
eliminated as a possible rearrangement. Thus it follows that 
the rearrangement 3 -+ B could be occurring via OP1 or the 
cis-eea component of OP2. 

It is interesting to note that OP1 contains the square-py- 
ramidal equivalent" of the Berry pseudorotation (C4a -+ D3h 
-+ C4J, which has already been invoked to rationalize several 
related aspects of the matrix photochemistry of d6 transition 
metal carbonyl ~ p e c i e s . ' ~ , ' ~  
Experimental Section 

All apparatus, spectrometers and photolysis sources have been 
described in an earlier paper.' The t r~ns-( '~C0)W(C0)4CS,  
trans-[6], was a gift from Professor Angelici, and the preparation is 
reported elsewhere.6 Gas-phase mixtures of trans-[6] and Ar  (1: 
15 000) were found to be stable for a few hours, but if they were left 
overnight, in the dark at  25 "C, significant isomerization and formation 
of W(CO)6 were observed. 

The statistical 4:1 mixture of cis-[6] and trans-[6] was prepared 
by heating a solution of 5 mg of trans-[6] in 1 ml of degassed 
methylcyclohexane under 37 cmHg pressure of CO for 4 h and 20 
min a t  100 "C and then removing the solvent under vacuum a t  -5 
"C. There was no visible decomposition nor detectable formation of 
W(CO)6. In the absence of added CO, there was considerable 
decomposition accompanied by formation of W(CO)6. 
Conclusions 

These experiments show how the combination of matrix 
isolation and stereospecific isotopic labeling provides a powerful 
new method for tracing the pathways of photochemical re- 
actions, by eliminating any subsequent thermal rearrangement 
of the products. Uv photolysis of matrix-isolated trans- 
(13CO)W(CO)4CS has demonstrated that the product, 
(13CO)W(CO)3CS, rearranges in a vibrationally or elec- 
tronically excited state, following the loss of CO from the 
parent carbonyl. It is important to stress that this conclusion 
does not depend on the precise interpretation of spectra but 
merely on an overall assignment of bands to parent or product 
molecules. 



Excited-State Rearrangement of (13C0) W(CO)3CS 

It was shown previously that irradiation of M(C0)4CS with 
visible light also caused an excited-state rearrangement.’ Thus 
there are two independent ways of populating excited states 
of M(C0)dCS and promoting isomerization. There is no a 
priori reason to suppose that the two isomerizations should 
have the same mechanism. However, for W(CO)4CS, 
isomerization is promoted by visible light of -500 nm, which 
is equivalent to 240 kJ/mol. The uv photolysis, which causes 
both the breaking of a W-CO bond and the isomerization of 
the W(CO)4CS fragment, uses light of -300 nm, equivalent 
to 400 kJ/mol. The difference in energy between the photons 
at these two wavelengths, equivalent to 160 kJ/mol, is close 
to the mean W-CO bond energy20 of W(CO)6, 178 kJ/mol. 
This suggests that very similar amounts of excess energy are 
available in the two isomerizations and therefore that the two 
mechanisms may also be similar. 

The overall photochemistry of M(C0)sCS closely resembles 
that of M(CO)6,’ and it seems reasonable to suppose that 
M(C0)5 also undergoes an excited-state rearrangement during 
the course of uv photolysis of M(CO)6. Unfortunately the 
experimental verification of this must await the preparation 
of a stereospecifically I3CO-labeled M(CO)6 molecule. 
Similar rearrangements may well occur during the photolysis 
of other pseudooctahedral d6 systems, such as Mn(C0)sBr or 
cis-Fe(CO)Jz which are indeed known to undergo dissociative 
photochemical cis - trans isomerization.21 
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Supplementary Material Available: Appendix, in which the as- 
signment of ir bands to the different species is justified quantitatively 
using CO-factored force fields (16 pages). These assignments are 
presented in Table I1 [W(12CO)5-x(13CO),CS], Tables I11 and IV 
[(13CO)W(CO),CS (axial CS) and the interaction with p-CO], and 
Table V [(13CO)W(CO)3CS (equatorial C S  group)]. The force 
constants are defined in Figure 7. Relative ir band intensity mea- 
surements are summarized in Table VI. Ordering information is given 
on any current masthead page. 
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