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Employing fast time-resolved infrared (TRIR) spectroscopy
we have characterised CpM(CO)3(Xe) (M = Nb or Ta) at
room temperature in supercritical Xe solution;
CpM(CO)3(Xe) were found to exhibit a similar reactivity
with CO to the corresponding alkane complexes,
CpM(CO)3(n-heptane) and we report a trend in reactivity of
the early transition metal Xe complexes.

Organometallic noble gas complexes have a long history. More
than 20 years ago Perutz and Turner used matrix isolation to
show that photolysis of M(CO)6 (M = Cr, Mo or W) in low
temperature (12 K) matrices generated M(CO)5L (L = Ar, Kr,
Xe or CH4).1 Matrix isolation has subsequently been used to
characterise a wide range of organometallic noble gas com-
plexes.2–6 Although matrix isolation is a powerful technique for
the characterisation of unstable species at low temperature, it
does not provide any kinetic information quantifying the
reactivity of these species at room temperature.

Organometallic noble gas complexes have been observed in
solution. Simpson et al. characterised Cr(CO)5(Xe) in liquefied
Xe (lXe) at 298 °C using conventional FTIR spectroscopy
following UV photolysis of Cr(CO)6.7 Weiller extended this
work, detecting M(CO)5L (M = Cr or W; L = Kr or Xe) in
liquefied noble gas solution at low temperature using rapid-scan
FTIR spectroscopy.8 A similar approach was used to detect
Cp*Rh(CO)L (L = Kr or Xe).9–12 Organometallic noble gas
complexes have also been observed in the gas phase at room
temperature13 and theoretical studies have predicted Au–Xe
bond dissociation energies (BDEs) up to 127 kJ mol21.14

We have recently shown that organometallic noble gas
complexes can be observed in fluid solution at room tem-
perature following irradiation of transition metal carbonyls in
supercritical fluids. Using fast TRIR spectroscopy we charac-
terised M(CO)5L [M = Cr, Mo or W; L = Ar (W only), Kr or
Xe]15 and (h5-C5R5)M(CO)2L [M = Mn or Re; R = H, Me or
Et (Mn only); L = Kr or Xe].16,17 The reactivity of these
complexes increases in the order Xe < Kr < Ar and Re @ W
< Mo ≈ Cr ≈ Mn.

The comparison of reactivity between organometallic noble
gas and alkane complexes is important. We reported CpRe-
(CO)2(n-heptane) as being the longest lived alkane complex at
room temperature16 and this proved significant since Ball and
Geftakis were subsequently able to characterise CpRe(CO)2(cy-
clopentane) at low temperature using NMR spectroscopy.18

CpRe(CO)2(Xe) was only twice as reactive towards CO in scXe
compared to CpRe(CO)2(n-heptane) in n-heptane solution.16

Here, we investigate the photochemistry of the Group V
complexes, CpM(CO)4 (M = Nb or Ta) in supercritical Xe at
room temperature, and report a trend in reactivity for the early
transition metal noble gas complexes.

Fig. 1(a) shows the TRIR spectrum† obtained 80 ns following
355 nm excitation of CpNb(CO)4 in scXe (1940 psi, 25 °C) in
the presence of CO (100 psi). The parent n(CO) IR absorptions
at 2041 and 1936 cm21 are bleached and new bands are
produced at 1986 and 1885 cm21 which can be assigned to
CpNb(CO)3(Xe) by comparison with previous matrix isolation
results19 and the TRIR spectrum of the analogous n-heptane

complex.20 A similar experiment was performed with
CpTa(CO)4 dissolved in scXe (2070 psi, 25 °C) in the presence
of CO (100 psi). The parent bands at 2037 and 1929 cm21 were
bleached and new absorptions at 1983, 1879(sh) and 1873 cm21

were produced, which can be assigned to CpTa(CO)3(Xe) [Fig.
1(b)]. In the presence of CO, the formation of CpNb(CO)3(Xe)
and CpTa(CO)3(Xe) in scXe is completely reversible with no
observable secondary photoproducts. This reversibility is
demonstrated more clearly in Fig. 2, which shows the relevant
TRIR kinetic decay traces. Fig. 2 also shows that the decay of
CpNb(CO)3(Xe) and CpTa(CO)3(Xe) in scXe depends linearly
on CO concentration and from these plots we estimate the
second order rate constants for the reaction of CpNb(CO)3(Xe)
with CO [kCO = 5.7 (± 0.6) 3 106 dm3 mol21 s21] and for
CpTa(CO)3(Xe) with CO [kCO = 4.9 (± 0.5) 3 106 dm3 mol21

s21] in scXe. CpNb(CO)3(Xe) and CpTa(CO)3(Xe) have
similar reactivities towards CO in scXe compared to the
analogous alkane complexes, CpNb(CO)2(n-heptane) and
CpTa(CO)3(n-heptane) in n-heptane solution (Table 1).

The reactivities of early transition metal noble gas and alkane
complexes show several trends. Thus far we have found that for
a given metal/ligand combination the reactivity of organome-
tallic noble gas complexes towards CO is very similar ( ≈3
2–3) to the reactivity of the corresponding alkane (n-heptane)
complex.15–17,21 In our previous studies we have found that the
alkane complexes decrease in reactivity on moving down the
Periodic Table and on moving from Group V to Group VII. The
results reported here further demonstrate the similarity of the
reactivity of early transition metal organometallic xenon
complexes to that of their corresponding alkane complexes
(Table 1). Preliminary results‡ obtained with CpV(CO)4

Fig. 1 (a) TRIR spectrum recorded 80 ns after 355 nm photolysis of
CpNb(CO)4 in scXe (1940 psi, 25 °C) in the presence of CO (100 psi). (b)
TRIR spectrum recorded 150 ns after 355 nm photolysis of CpTa(CO)4 in
scXe (2070 psi, 25 °C) in the presence of CO (100 psi).
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suggest that CpV(CO)3(Xe) also fits into this trend. The
similarity between the reactivity of alkane and noble gas
complexes towards CO is surprising since for a given metal/
ligand system the BDE for a metal–xenon bond is expected to be
significantly less than that of the corresponding metal–heptane
bond. For example, the W–Xe BDE in W(CO)5(Xe) (34.3 kJ
mol21) determined from gas phase studies13 is significantly less
than the W–heptane BDE in W(CO)5(n-heptane) (62.8 kJ
mol21) estimated from photoacoustic calorimetry measure-
ments.22 Detailed kinetic studies on Group VII xenon and
alkane complexes17,21 suggested that the early transition metal
xenon complexes react with CO in scXe by a different
mechanism than the early transition metal n-heptane complexes
in n-heptane.

In conclusion, there is a general decrease in reactivity of the
early transition metal xenon complexes, similar to that observed
for the analogous alkane complexes, upon moving down the
Periodic Table and on moving from Group V to Group VII,
resulting in CpRe(CO)2(Xe) being the least reactive transition
metal xenon complex reported so far. It is therefore hoped that
the similar reactivity of CpRe(CO)2(n-heptane) and CpRe-
(CO)2(Xe) will make the characterisation of an organometallic

xenon complex by low temperature NMR a realistic possibility.
There is clearly still much to learn about organometallic alkane
and noble gas complexes and it is likely that TRIR spectroscopy
will prove increasingly useful for this purpose.

Notes and references
† The TRIR experiments used a cw IR diode laser to monitor temporal
changes in IR absorbance following 355 nm excitation by a Nd:YAG laser
(Quanta-Ray GCR-12S, 7 ns pulse). IR spectra were built up on a ‘point-by-
point’ basis by repeating this measurement at different IR frequencies. See:
M. W. George and J. J. Turner, Analyst, 1994, 119, 551 for further
details.
‡ Initial TRIR kinetic decay studies on CpV(CO)3(Xe) in scXe show that
CpV(CO)3(Xe) and CpV(CO)3(n-heptane) have a similar reactivity towards
CO. However we have not been able to obtain, to our satisfaction, a linear
behaviour of the rate of decay of CpV(CO)3(Xe) with respect to CO
concentration in scXe.
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Fig. 2 TRIR kinetic traces corresponding to (a) CpNb(CO)4 (1936.4 cm21),
(b) CpNb(CO)3(Xe) (1883.9 cm21), (c) CpTa(CO)4 (1929.7 cm21) and (d)
CpTa(CO)3(Xe) (1875.3 cm21) obtained from the experiments shown in
Fig. 1. Plots of observed decay rates of (e) CpNb(CO)3(Xe) and (f)
CpTa(CO)3(Xe) vs. CO concentration in scXe.

Table 1 Second order rate constants, kCO (dm3 mol21 s21), for the reaction
of early transition metal–xenon and –n-heptane complexes with CO in scXe
and n-heptane solution, respectively, at 298 K

V VI VII

CpV(CO)3(Xe) Cr(CO)5(Xe)d CpMn(CO)2(Xe)f

— 8.4 3 106 1.6 3 106

CpV(CO)3(hep)a,b Cr(CO)5(hep)e CpMn(CO)2(hep)f

1.3 3 108 9.3 3 106 8.1 3 105

CpNb(CO)3(Xe) Mo(CO)5(Xe)d

5.7 3 106 1.1 3 107 —
CpNb(CO)3(hep)c Mo(CO)5(hep)e

4.5 3 106 7.8 3 106 —
CpTa(CO)3(Xe) W(CO)5(Xe)d CpRe(CO)2(Xe)g

4.9 3 106 2.0 3 106 4.8 3 103

CpTa(CO)3(hep)c W(CO)5(hep)e CpRe(CO)2(hep)g

2.0 3 106 1.8 3 106 2.0 3 103

a hep = n-heptane. b Ref. 20. c Ref. 23. d Ref. 15. e Ref. 24. f Ref. 17. g Ref.
16.
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