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Summary

Flash photolysis studies on Mn,(CO),, in cyclohexane and THF show that
the dominant photochemistry involves photolytic formation of 2 Mn{(CO),
followed by recombination at rates near the diffusion-controlled limit. A second,
relatively, long-lived intermediate is also observed and earlier observations of
photodecomposition and photodisproportionation can be accounted for in
terms of secondary photolysis of this intermediate. For the equilibrium:

Mn;(CO),o = 2Mn(CO)s

AH ~36 kcal/mol, AS ~32 e.u., and K(25°C) ~1072° where the thermodynamic
values have been estimated from kinetic measurements.

There is by now good photochemical evidence that photolysis of Mn,(CO),,
gives Mn(CO);s (eq. 1) and that Mn(CO); is highly reactive [1—3]. Yet there
are reports that photolysis in THF gives paramagnetic Mn(CO)s which is stable
for extended periods [4—6].

Mn,(CO);0 2% 2 Mn(CO)s (1)

We have investigated the photochemistry of Mn,(CO),, by flash photolysis *.
In cyclohexane, bleaching of the intense o(Mn—Mn) -+ ¢*(Mn—Mn) absorption.
band at 343 nm [8] occurs during the flash (310 nm < A < 380 nm) followed
by two distinct transient spectral changes (Fig. 1) and, ultimately, complete
regeneration of Mn,(CO),,. Regeneration occurs by both a rapid process which
follows second-order, equal concentrat.lon kmetus (Fxg. 2) and a slower first
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Fig. 1. Spectral changes at 490 and 343 nm following flash photolysis (310 nm < A < 380 nm) of
Mn3(CO);0 (2 X 1075 M) in cyclohexane: curves la and 2a following a single flash photolysis: curves
1b and 2b folowing a series of six rapid, successive flash photolyses.

order process. Both reactions are independent of added CO *.

The second-order process is almost surely the recombination reaction given
in eq. 2, analogous to the recombination of 2(n°-CsHs)Mo(CO); observed
earlier by flash photolysis ** [9]. In the region 320—420 nm, the difference

T 11 T T L

A= 343 nm, CYCLOHEXANE
2Mn(c0); —=[MnlCO)5]),

120 -
A
(aA)

80+ -

sof- -

| | [ 1 L
0.4 0.8 1.2 1.6 2.0
TIME(msec) ~

Fig. 2. Second-order, equal-concenmnon kinetic plot for reaction 3 us!ng data like that shown in curve
laof Fig. 1.

* In an octane solution with PCO = 450 torr, the tirst few ﬂnhes gave lnevudh!e blclching at 343
nm presumably because of reactions between Mn(CO)s and trace impurities introduced in the CO. "
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spectrum for the rapid process mirrors the absorption spectrum of Mn,(CQO);e
k
2Mn(CO)s > Mn,(CO);0 (2)

indicating that Mn(CO); is relatively transparent in this region and allowing
k,(20 + 2°) = 3.9 X 10° M~ sec™! to be calculated.
The long-lived intermediate I (reaction 3):

k = 0.027 sec’!

I o
(20x27) -

an(CO)lo (3)
is apparerntly a relatively minor photoproduct which because of its lifetime
(t1;2 = 26 sec) can be built up by a series of successive flash photolyses. From
the difference spectrum for reaction 3, I has A, at 500 * 5 nm, an isosbestic
point with Mn,(CO),, at 370 nm and is relatively transparent below 370 nm
compared to Mn,(CO),,. I can be generated by steady state photolysis in oc-
tane but is itself photosensitive and prolonged photolysis leads to permanent
bleaching of the band at ~500 nm.

In cyclohexane the Mn,(CO),, system is completely photochromic with
both Mn(CO); and I reverting to Mn,;(CO),,. In THF, rapid, second-order re-
covery of Mn.(CO),, was observed; k2, (20 + 2°) =1.9 X 10° M ! sec™'. A long-
lived intermediate also appeared with A, ~490 nm having an isosbestic point
with Mn,(CO),, at 375 nm. The intermediate could also be generated by
steady state photolysis. After several flashes, the absorbance at 343 nm had
decreased and a weaker absorption band had appeared at A,., ~490 nm indi-
cating the formation of an intermediate having an 1sosbestic point with
Mn;(CO),, at ~375 nm. Steady state photolyses of more concentrated solu-
tions (~1073 M) gave the intermediate which is itself photosensitive *. After
the photolysis cell was opened, Mn,(CO),, reappeared in part (~70%) within
a few minutes as shown by an increase in absorbance at 343 nm. (Also see
references 4 and 5) **.

Our conclusions are these: 1. The dominant primary product following
photolysis of Mn,(CO),, is Mn(CO);. For cases where quantum yields are high
the observed photochemistry can be explained in terms of the high thermal
reactivity of Mn(CO); once generated by photolytic cleavage of the Mn—Mn
bond [1—2]. In the absence of scavengers for Mn(CO)s, the lifetime of
Mn(CO):; is fixed by the nearly diffusion-limited recombination reaction
(eq. 2) which is in the msec time range under our conditions. 2. A second inter-
mediate also appears which is probably also a primary photoproduct. Given
the excellent equal-concentration, second-order kinetics observed for reaction 2
(Fig. 2) it is unlikely that it arises from a thermal reaction of Mn(CO)s. The
intermediate, whose properties have been described in detail {4,5], may be an
isomeric form of Mn,(CO);, or perhaps a hydride which is relatively long-lived
and notxceably so in THF. 3. The photodecomposxtxon noted in alkane
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solvents [2] and the disproportionation products Mn(THF)** + 2 Mn(CO)s™ in
THF [6,10,11] must arise from secondary photolysis of the initial long-lived
intermediate or of related intermediates which are photochemically derived
from it. The long-lived intermediates may not themselves be paramagnetic
and may play a role in explaining other features of the photochemistry of
Mn,{CO),,.

However, perhaps the most important point arises from our rate data. Reac-
tion 2 was studied as a function of temperature in cyclohexane in the range
10—55°C giving AH* = —0.26 * 0.04 kcal mol™' and AS* =—15.0+ 0.4 cal
mol~! deg™!. The rate data is consistent with a nearly diffusion-centrolled
process, although orientation effects and/or effects arising from spin statistics
may be important [12]. Po€ and his co-workers have studied the thermal
decomposition of Mn,(CO),, in decalin in the temperature range 80—1 35°C
[13a]. The thermal decomposition reaction azppears to occur via eq- 4 [13b]. By
combining our data in cyclohexane with Poé’s data in decalin (extrapolated to

Mn,(CO)1o — 2Mn(CO)s (1)

25°), we are able to estimate for the metal—metal bond equilibrium in eq- 5
that AH ~36 kcal mol™!, AS ~32 e.u., and K(25°C) ~1072°. Clearly, the
presence of the Mn—Mn bond has a profound effect on the energetics of the
manganese carbonyl system

Mn,(CO)1o %_-:- 2 Mn(CO)s (5)

and at room temperature, the metal—metal bond is highly favored thermo-
dynamically.
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