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Negative-lon Photoelectron Spectrum of
Tricarbonyl( #°>-methylcyclopentadienyl)manganate(0)
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Fixed-frequency negative-ion photoelectron spectra of tricarbgnyhethylcyclopentadienyl)manganate(0),
Cp*Mn(CO)~, are obtained at 355 and 532 nm. The adiabatic electron affinity of tricarbSnyl(
methylcyclopentadienyl)manganese(l), Cp*Mn(G@)s obtained from the experiments, is 9.1 eV, and
the vertical ionization potential of the anion is #00.1 eV. By combining our electron affinity results with
literature gas-phase acidity estimates for Cp*Mn(€@@ determine that the-€H bond dissociation energy,
D[H—CH,CsH;Mn(CO)7], in the anion is 2.2+ 0.8 eV.
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Organotransition-metal complexes that contain a cyclopen-
tadienyl ligand have been the subjects of a vast amount of
research, primarily due to the synthetic and catalytic versatility
of such species and the rich bonding modes that are available
to the cyclopentadienyl ligand. Tricarbomy#{methylcyclopen- a : ¢
tadienyl)manganese(l), Cp*Mn(C¢)has been used as an i ]»\wwb "\ W\ 1
antiknock agent in gasoline since 1976 in Cartaalad more ol Sonahl iy by Wikl i
recently in the U.S.&.In addition, Cp*Mn(CO} is known to 100 125 150 175 200 225 250 275 300
be a very effective octane-enhancing ageBecause of its Mass (amu)
widespread use, it is important to obtain more information about Figure 1. Mass spectrum of negative ions produced from a dilute
Cp*Mn(CO)s, including its atmospheric lifetime, combustion B“th“_re of r°°m'temfpehra|t_“re Cp*Mn(C@)?Xpandeg (‘é"'tz‘ié gtm
prope.rties, plecomposition mechanism in aqueous and 'atmO-C%fw'nn(%or;rssé;’gp*ﬁm(géi,m; (g)agéilrvlr?(%s('));(ﬂzo;rze)o[(Cp*l\)Sln)-
spheric environments, and other thermodynamic properties. (cq),.0,]"; (f) Cp*Mn(CO)s"-2H0.

In this paper, we report the fixed-frequency negative-ion
photoelectron spectra of Cp*Mn(C&)as a means to determine  perpendicular to both the ion flight path and the laser beam
the electron affinity of Cp*Mn(CQy path. The electron spectrometer is calibrated using the known

photoelectron spectra of QO,~, and NO and has a resolution
Experimental Section of 80 meV at 1.6 eV.

The negative-ion photoelectron spectrometer has been de-R
) ) . . - : esults
scribed in detail previousl§® A carrier gas (either argon or
helium) at 1 atm backing pressure is passed over room- A mass spectrum of a helium expansion of Cp*Mn(g@3)
temperature liquid Cp*Mn(CQ) The resulting dilute mixture  displayed in Figure 1. The two major peaks in the spectrum
(Cp*Mn(CO); has a vapor pressure of 9.3 mm at 1) is occur atm/e values of 218 and 236. The third largest peak has
expanded through a pulsed molecular beam nozzle and crosse@nnve of 180, while a “doublet” of peaks occurs mte = 250
with a 1 keV electron bearhThe negative ions produced in  and 254. A trace amount of an anion corresponding tonén
the process are cooled to approximately 100 K as the expansionof 204 is also detected.
progresses§. The electron time-of-flight spectrum for electrons photode-
The resulting anions are accelerated to 1 keV and then masdached from Cp*Mn(CQy using the third harmonic (355 nm,
selected using a 1.5 m beam-modulated time-of-flight mass 3.49 eV) of the Nd:YAG laser is shown in Figure 2. Two broad
spectromete?l® The mass spectrometer is also equipped with peaks are observed in this spectrum, one at a flight time of 1000
an einzel lens and a temporal focusing lens. For these experi-ns with a width of 120 ns and a second feature centered at a
ments, the mass spectrometer is calibrated using oxygen aniorflight time of 1250 ns. This spectrum is converted in the usual
clusters. manner into an electron kinetic energy spectrum and displayed
The mass-selected anion bunch of interest is intersected ath Figure 3. From this figure, a high electron kinetic-energy
90° with the doubled or tripled output from a pulsed Nd:YAG threshold of 3.0t 0.1 eV is revealed with a maximum in the
laser. A small fraction of the detached electrons is energy Signal occurring at an electron kinetic energy of 2.9.1 eV.
analyzedm a 1 mtime-of-flight spectrometer, located mutually ~ The second threshold occurs at 2:00.2 eV.
The electron kinetic-energy spectrum for electrons photode-
* Corresponding author. E-mailwvaller@chem.ubc.c&ax: (604) 822- tached from Cp*Mn(CQy” using the second harmonic (532 nm,
2847. 2.33 eV) of the Nd:YAG laser is shown in Figure 4. Only one
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Figure 2. The electron time-of-flight spectrum for electrons photo-
detached from Cp*Mn(CQJ using 355 nm (3.49 eV) photons (30 mJ/
pulse).
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Figure 3. The electron kinetic-energy spectrum of electrons photo-
detached from Cp*Mn(CQJ using 355 nm (3.49 eV) light (30 mJ/
pulse).
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Figure 4. The electron kinetic energy spectrum for electrons photo-
detached from Cp*Mn(CQ) using the second harmonic (532 nm, 2.33
eV) of the Nd:YAG laser (40 mJ/pulse).

broad peak is observed in this spectrum. From Figure 4, a high
electron kinetic-energy threshold of 1480.1 eV is apparent.

Discussion

Mass Spectrum.The dominant peak in the mass spectrum
of Figure 1 is due to the parent anion Cp*Mn(GO)t 218
amu. It is very typical of the anion source used (crossed
molecular beam/electron beam) that very little fragmentation
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ligand resulting in an anion of mass 203 amu. Alternatively, it
may be due to the CpMn(C@) anion (mass of 204 amu)
possibly produced by a 1,2-hydrogen shift and elimination of a
methylene unit from the methylcyclopentadienyl ligand. The
resolution of the mass spectrometer is insufficient to distinguish
between these two possibilities. The driving force for the
formation of either of these anions may be the desire to reduce
the electron density on the manganese atom. In neutral
complexes, methyl groups on a cyclopentadienyl ring are known
to be electron donating, and this ligand in turn increases the
electron density on the metal centéi3The methylated ligand
thus directs increased electron density toward the manganese
center in a complex. In Cp*Mn(C@), the extra electron
represents a strain on the manganese center that can be relieved
by elimination of the methyl or methylene group on the Cp*
ligand.

The peak at 180 amu is CpCo(CO) which arises due to
contamination of the source by CpCo(G®hich was studied
in the spectrometer just prior to the running of the present
experiments.

Electron Spectra. The adiabatic electron affinity, Ef is
the minimum energy required to remove an electron from the
ground electronic, vibrational, and rotational state of an anion,
thus producing the corresponding ground-state neutral molecule
and an electron with zero kinetic energy.

EAx=[ER) —E (R. )]

E(Re) is the energy of the neutral molecule at its ground-state
equilibrium geometry, RandE~(R¢") is the energy of the anion
determined at the equilibrium geometry of the aniog,.R'he
threshold at high electron kinetic energy in the negative-ion
photoelectron spectrum can give an upper bound tqq B
subtracting the observed threshold from the photon energy.

The 355 nm (3.49 eV) photoelectron spectrum of Cp*Mn-
(CO);~ is displayed in Figure 3. From the observed high-energy
electron kinetic-energy threshold of 3#00.1 eV, the adiabatic
electron affinity of Cp*Mn(CQj is estimated to be 0.5 0.1
ev.

The vertical ionization potential, Fig;, of the anion is the
difference between the energy of the neutral molecule deter-
mined at the equilibrium geometry of the anidf(R."), and
the energy of the anion determined at the ground-state equilib-
rium geometry of the aniorE~(Re"),

FIPen=ER. ) ~E (Re)

This can be obtained from the experimental data by subtracting
the position of the maximum intensity in the electron kinetic-
energy spectrum from the photon energy. In Figure 3, the
maximum occurs at an electron kinetic energy of 2.8.1 eV

of the parent molecule is observed. In the mass spectrometrycorresponding to a FIR{Cp*Mn(CO);7] of 1.0 + 0.1 eV.

work on the related complex, tricarborw¥cyclopentadienyl)-
manganese(l), CpMn(C@)by Winters and Kiset! the domi-
nant negative ion that they observed, using 70 eV electron
energy, was the parent ion CpMn(GO) (Note that Cp*=
CH3CsHa, the methylcylopentadienyl ligand, and GpCsHs,

the cyclopentadienyl ligand.)

The anions detected at'e values of 236, 250, and 254 may
be assigned to Cp*Mn(C@)-H20, [Cp*Mn(CO)-O,]~, and
Cp*Mn(CO)-2H,0, respectively. This clustering of the or-
ganometallic compound with residual water and oxygen in the
source gas lines has been observed in our previous studies.

The signal atn/e = 204 may be due to an anion from which
a methyl group has been lost from the methylcyclopentadienyl

The second threshold at a 2H00.2 eV electron kinetic energy
in Figure 3 corresponds to transitions to an excited state of
Cp*Mn(CO)s, which lies 1.0 eV above the ground state.

The high-energy threshold of 18 0.1 eV electron kinetic
energy observed when the photon energy of 532 nm (2.33 eV)
is used for photodetachment, as displayed in Figure 4, confirms
that EA{Cp*Mn(CO)3] is 0.5+ 0.1 eV.

Comparison with Related Complexes The low electron
affinity that we observe, E{Cp*Mn(CO);] = 0.5+ 0.1 eV,
is consistent with Cp*Mn(CQ) being a 19-electron com-
plex1415An ESR studyf of the related complex CpMn(C®),
which contains the unmethylated cyclopentadienyl ligand,
indicated that the singly occupied molecular orbital was
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AH, manganese center. As electron density is moved toward the
Cp*Mn(CO), — (CHIMN(CO), + - metal, the G-H bond on the methyl group will weaken. This is
seen in a comparison of the-& bond strengtt# in methane
EAICP"Mn(CO}) P (D[H3C—H] = 104.1 kcal motl]) and toluene D[CeHsCHo—
H] = 85 kcal mot1]) with our value of 50.5+ 19.5 kcal mot?
Cp*Mn(CO), =53 (CHJMN(CO), + H for removal of a hydrogen from the methyl group of the Cp*

. . . _
Figure 5. Thermodynamic cycle used for calculating the i€ bond ligand in Cp*Mn(CO}™.

dissociation energy D[H—CH,CsHsMn(CO) ], in tricarbonyl@®- Conclusion

methylcyclopentadienyl)manganate(0), indicatedDdsl—C] in the ) L

figure. AHagq is the gas-phase acidity of Cp*Mn(CORnd IP(H) is The 355 and 532 nm fixed-frequency negative-ion photo-
the ionization potential of hydrogen. electron spectra of the tricarbony¥methylcyclopentadienyl)-

manganate(0) anion, Cp*Mn(C@)are discussed in this paper.
From the high electron kinetic-energy threshold in these spectra,

; ; . we are able to infer that the adiabatic electron affinity of
increasing to approximately 69%. The neutral complex Cp*Mn- . ;

(CO)z(Nog) which is isoeloetonie with Cp*Mn(cQ;) ondor- tr'ca’bc.’”y'675'methy'cyc"’pﬁ“taﬁ'e”y').mal”.gaf‘esg(')' CMn.
goes ligand substitution by a dissociative mechanism consistent(cok’ is 0.5+ 0.1 eV and that the vertical ionization potentia

of the corresponding anion is 18 0.1 eV. The low electron
with Cp*Mn(CO)(NO) being viewed as a 19-electron com- P g

1 - - - affinity measured for Cp*Mn(CQ)is consistent with a 19-
plex!” ESR studies of CpCr(CE)O~ and CpMo(CONO™, electron formulation for Cp*Mn(CQ). By combining our

both of which are isoelectronic to Cp*Mn(C®) showed that  glectron affinity results with literature gas-phase acidity esti-
a large amount of the electron density is localized on the metal yates for Cp*Mn(CO) we determine that the €H bond
center and that these anions can be viewed as 19-electronyissociation energyD[H—CH,CsHsMNn(CO):], in the anion
complexes? may be bracketed between 2£20.8 eV.

The 17-electron manganese complex, Mn(§®jas been Acknowledgment. This work was supported by funding
assigned an electron affinity of 2.430.21 eV from values of  from NSERC (Canada).
the proton affinity of Mn(COg~ and the Mn-H bond dissocia-
tion energy in HMn(CQ).*° If the Cp* ring distorted so as to

primarily manganese Adwith the population in this orbital
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