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We report a photoelectron spectroscopy and computational study of two simple boron oxide species: BO-

and BO2
-. Vibrationally resolved photoelectron spectra are obtained at several photon energies (355, 266,

193, and 157 nm) for the10B isotopomers,10BO- and10BO2
-. In the spectra of10BO-, we observe transitions

to the 2Σ+ ground state and the2Π excited state of10BO at an excitation energy of 2.96 eV. The electron
affinity of 10BO is measured to be 2.510( 0.015 eV. The vibrational frequencies of the ground states of
10BO- and10BO and the2Π excited state are measured to be 1725( 40, 1935( 30, and 1320( 40 cm-1,
respectively. For10BO2

-, we observe transitions to the2Πg ground state and two excited states of10BO2, 2Πu,
and2Σu

+, at excitation energies of 2.26 and 3.04 eV, respectively. The electron affinity of10BO2 is measured
to be 4.46( 0.03 eV and the symmetrical stretching vibrational frequency of the2Πu excited state of10BO2

is measured to be 980( 30 cm-1. Both density functional and ab initio calculations are performed to elucidate
the electronic structure and chemical bonding of the two boron oxide molecules. Comparisons with the
isoelectronic AlO- and AlO2

- species and the closely related molecules CO, N2, CN-, and CO2 are also
discussed.

1. Introduction

Boron monoxide (BO) and dioxide (BO2) are the simplest
boron oxide species and have attracted persistent interest over
the past four decades, primarily due to their roles in the
combustion of boron and boranes.1 The2Σ+ ground state of the
BO radical has been well-characterized by using high-resolution
spectroscopy2-6 as well as high-level calculations.7,8 The11B16O
molecule possesses a bond length of 1.2049 Å, a bond energy
of 8.34 eV, and a vibrational frequency of 1885.69 cm-1 in its
2Σ+ ground state, while its first excited state2Π lies about 2.96
eV above the ground state with a bond length of 1.3533 Å and
a vibrational frequency of 1260.70 cm-1.2 BO2 is a prototypical
linear Renner-Teller molecule,9 and has been an intriguing
species particularly for vibrational spectroscopic studies. Fol-
lowing the first absorption3 and matrix spectral work10 in the
early 1960s, a large body of spectroscopic11 and computational
studies8,12,13on BO2 has appeared in the literature. Among the
electronic states characterized are the2Πg ground state and the
2Πu, 2Σu

+, and2Σg
+ excited states.3,6,8,9-13

However, the electronic properties of the BO- and BO2
-

anions have received rather limited experimental attention. The
only experimental report thus far is the photoelectron spectros-
copy (PES) of11BO- at 351 nm.14 The electron affinity (EA)
of BO was elusive for decades. An earlier experimental EA
value was obtained from the equilibrium data to be 2.84 eV in
1971,15 and a lower limit of 2.48 eV was assigned slightly earlier
in 1970.16 Numerous theoretical studies also generated incon-

sistent EA values, ranging from 2.17 to 2.79 eV.7,8 In 1997,
the theoretical group of Schaefer17 and the experimental group
of Lineberger14 concurrently reported more accurate experi-
mental (2.508( 0.008 eV) and theoretical (2.57 eV) EA values
for BO. These new values provided the benchmark for further
theoretical studies.18 The situation for BO2- is worse and there
is still no consensus about the EA of BO2. The available
experimental EA values of BO2 derived from the equilibrium
data range from 3.28 to 4.33 eV.15,16,19 On the other hand,
theoretical predictions for the EA of BO2 also span a large range
from 3.9 to 4.65 eV.8,13,20Clearly, more accurate determination
for the EA of BO2 is called for.

Boron possesses unique and diverse chemistries due to its
electron deficiency.21 In the past few years, we have been
interested in elucidating the novel structural and electronic
properties and chemical bonding in elemental boron clusters22,23

and boron alloy clusters24-26 using PES in combination with
high-level theoretical calculations. The current work represents
a continuation of our interest in boron chemistry. In this
contribution, we report a detailed PES study of10BO- and
10BO2

-. Vibrationally resolved PES data were obtained at
several photon energies (355, 266, 193, and 157 nm). The EA
values of10BO and10BO2 were measured to be 2.510( 0.015
and 4.46( 0.03 eV, respectively. The obtained vibrational
frequencies and excitation energies are compared with previous
high-resolution spectroscopic data. Theoretical calculations were
performed at B3LYP and CCSD(T) levels for both BO- and
BO2

- and their neutrals.

2. Experimental and Computational Methods

2.1. Photoelectron Spectroscopy.The experiment was
carried out by using a magnetic-bottle-type PES apparatus
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equipped with a laser vaporization supersonic cluster source,
details of which have been described previously.27 Briefly, the
10BO- and10BO2

- anions were produced by laser vaporization
of a pure disk target made of enriched10B isotope (99.75%) in
the presence of a pure helium carrier gas. The oxide species
10BO- and 10BO2

- with sufficient abundance were produced
along with pure Bn- clusters due to the residual oxygen from
the target surface. Clusters from the laser vaporization source
were analyzed by using a time-of-flight mass spectrometer. The
10BO- and 10BO2

- species were each mass-selected and
decelerated before being photodetached. Four detachment photon
energies were used in the current study: 355 (3.496 eV), 266
(4.661 eV), and 193 nm (6.424 eV) for10BO-, and 193 and
157 nm (7.866 eV) for10BO2

-. Photoelectrons were collected
at nearly 100% efficiency by the magnetic bottle and analyzed
in a 3.5 m long electron flight tube. The photoelectron spectra
were calibrated by using the known spectrum of Rh- and Au-,
and the resolution of the apparatus was∆Ek/Ek≈ 2.5%, that
is, ∼25 meV for 1 eV electrons.

2.2. Computational Methods.DFT structural optimizations
and frequency analyses were performed by using the hybrid
B3LYP procedure28 with the augmented Dunning’s all-electron
basis set (aug-cc-pVTZ)29 implemented in Gaussian 03.30

Excitation energies of the neutrals were calculated with the time-
dependent DFT (TD-DFT) method31 at the ground state
structures of the anions. Coupled cluster calculations
(CCSD(T))32 were further performed to evaluate the adiabatic
and vertical detachment energies (ADE’s and VDE’s) at the
DFT geometries.

3. Experimental Results

3.1. BO-. The PES spectra of10BO- were recorded at three
photon energies (355, 266, and 193 nm), as shown in Figure 1.
The 355 nm spectrum (Figure 1a) exhibits a well-resolved short
vibrational progression for the ground state (X). The 0-0
transition at 2.510( 0.015 eV defines the VDE as well as the
ADE for 10BO-, which also represents the EA of the10BO
neutral. The ground state vibrational frequency of10BO is
measured to be 1935( 30 cm-1 from the observed vibrational
progression. The hot band transition (labeled as “HB” in Figure
1a) at 2.30 eV yields the anion ground state vibrational
frequency as 1725( 40 cm-1. The 266 nm spectrum (Figure
1b) did not reveal additional electronic transitions. The first
excited state of10BO could only be observed in the 193 nm
spectrum (Figure 1c). In contrast to the ground state transition,
a long vibrational progression (A) with a vibrational frequency
of 1320( 40 cm-1 was observed for the transition to the first
excited state of10BO. The 0-0 transition defines an ADE of
5.47( 0.02 eV for band A, whereas the 1r0 transition at 5.63
( 0.02 eV represents the VDE. The ADE difference between
bands X and A defines an excitation energy of 2.96 eV for the
first excited state of10BO. The hot band transitions for band A
yielded the same vibrational frequency for the10BO- anion as
band X. The obtained spectroscopic constants are collected in
Table 1.

3.2. BO2
-. Due to its high electron binding energies, only

193 and 157 nm spectra were recorded for10BO2
-, as shown

in Figure 2. The 193 nm spectrum shows only a single band X
with a VDE of 4.46( 0.03 eV. Since no vibrational structures
were observed, suggesting little geometry change between the
ground states of10BO2

- and10BO2, the single peak also defines
the ADE or the EA of10BO2 as 4.46( 0.03 eV. At 157 nm,
two more bands were revealed (Figure 2b). Band A at 6.72(
0.02 eV ADE (or VDE) exhibited a well-resolved vibrational

progression with a spacing of 980( 30 cm-1. Band B at 7.50
( 0.02 eV showed one single vibrational peak. Bands A and B
represent the first and second excited states of10BO2 with
excitation energies of 2.26 and 3.04 eV, respectively. The
obtained spectroscopic constants are also summarized in Table
1.

4. Theoretical Results

4.1. BO-. At the B3LYP level, the ground states of10BO
(2Σ+) and10BO- (1Σ+) were calculated to have bond lengths of
1.203 and 1.234 Å, bond energies of 8.41 and 9.32 eV, and
vibrational frequencies of 1913 and 1739 cm-1, respectively.
The calculated ADE and VDE for BO- are 2.588 and 2.627
eV, respectively. The slight energy difference between the ADE
and VDE originates from the 0.031 Å bond length change
between BO- and BO. The VDE for the first excited state of
BO was predicted to be 5.900 eV at the TD-B3LYP level. Single
point CCSD(T) calculations were further done at the B3LYP
geometries, yielding ADE (2.484 eV) and VDE (2.497 eV)
slightly lower than those at the B3LYP level. All calculated
spectroscopic data are given in Table 2 to be compared with
the experimental results (Table 1).

Figure 1. Photoelectron spectra of BO- at (a) 355 (3.496 eV), (b)
266 (4.661 eV), and (c) 193 nm (6.424 eV). HB represents hot band
transitions.
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4.2. BO2
-. At the B3LYP level, both BO2 (2Πg) and BO2

-

(1Σg
+) possess linear geometries (D∞h) in their ground states.

The B-O bond length is 1.262 Å in BO2 and 1.264 Å in BO2-.
Note that there is virtually no bond length change between the
anion and the neutral, consistent with the PES spectra, which
showed one vibronic peak with no vibrational progression for
the ground state transition (Figure 2). The calculated ADE and
VDE for BO2

- are the same at 4.321 eV, also in agreement
with the fact that there is virtually no geometry change between
the ground states of BO2- and BO2. The ADE and VDE
calculated at the CCSD(T) level are 4.465 and 4.466 eV,
respectively, slightly higher than the DFT value. The VDE’s to
the first and second excited states of BO2 were calculated via
TD-B3LYP to be 6.724 and 7.419 eV, respectively (Table 2).

5. Interpretation of the Photoelectron Spectra and
Comparison with Theory

5.1. BO-. The2Σ+ Ground State.The BO- anion is a closed-
shell molecule (1Σ+) with a valence electronic configuration of
(1σ)2(2σ)2(1π)4(3σ)2. The corresponding molecular orbital (MO)
pictures are shown in Figure 3a. Detachment of one electron
from the HOMO (3σ) of the BO- anion produces the2Σ+ ground
state of neutral BO, yielding the first PES band (X in Figure
1). The calculated ADE and VDE, in particular at the CCSD(T)
level (ADE: 2.484 eV; VDE: 2.497 eV), are in good agreement
with the experimental data of 2.510( 0.015 eV. The current
experimental EA for10BO (2.510 ( 0.015 eV) is also in
excellent agreement with the previous measurement of11BO
(2.508( 0.008 eV).14 The isotopic shift for the EA is expected
to be smaller than the experimental uncertainties in either
experiment.

The HOMO (3σ) of BO- is basically a B 2slone pair with
slight BO antibonding character (Figure 3a), consistent with the
relatively short vibrational progression in the PES spectra and
slight reduction in the bond length (∼0.03 Å at B3LYP level)
between the anion and neutral ground states. However, the slight
antibonding character of the 3σ HOMO is reflected more
dramatically in the observed vibrational frequencies: 1725 cm-1

for 10BO- vs 1935 cm-1 for 10BO. Our measured vibrational
frequency for10BO agrees well with that obtained from an
earlier emission spectroscopic study for10BO (1940 cm-1).4 Our
observed frequencies for10BO-/10BO are also in line with those
of 11BO-/11BO (1665/1875 cm-1) observed in the previous PES
study on11BO-,14 and the expected10BO/11BO isotopic ratio
of ∼1.03 is well reproduced.

The 2Π Excited State.Removing an electron from the
degenerate HOMO-1 (1π) of BO- generates the first excited
state (2Π) of the BO neutral, which should correspond to the
observed band A (Figure 1c). Note that there is a spin-orbit
splitting (122 cm-1) in the 2Π state,2 but it is too small to be
resolved under our experimental conditions though it should
contribute to the line widths of the vibrational features in the A
band. The calculated VDE at the TD-B3LYP level is 5.900 eV
for this transition, in reasonable agreement with the experimental
value of 5.63 eV. The excitation energy for the2Π state (2.96
eV) from our PES spectrum is in excellent agreement with
previous absorption spectroscopic studies.2-5 As shown in
Figure 3a, the degenerate HOMO-1 of BO- is a strongly
bondingπ orbital, consistent with the broad vibrational progres-
sion of band A, which indicates a large geometry change.
Furthermore, the observed10BO vibrational frequency of 1320
cm-1 for the 2Π state is also much reduced in comparison to
that of the 10BO- anion (1725 cm-1), again suggesting a
significant weakening of the B-O bond upon electron detach-

TABLE 1: Observed Adiabatic and Vertical Detachment Energies, Term Values, and Vibrational Frequencies from the
Photoelectron Spectra of10BO- and 10BO2

-

species feature ADE (eV) VDE (eV)
term value

(eV)a
vib freq
(cm-1)b,c

10BO- X 2.510( 0.015d 2.510( 0.015 0.00 1935( 30e

A 5.47( 0.02 5.63( 0.02 2.96f 1320( 40
10BO2

- X 4.46( 0.03g 4.46( 0.03 0.00
A 6.72( 0.02 6.72( 0.02 2.26f 980( 30h

B 7.50( 0.02 7.50( 0.02 3.04f

a Defined as the difference of ADE relative to that of the ground state X.b The observed vibrational frequencies are for neutral ground and
excited states of10BO and 10BO2. c Vibrational frequencies of10BO and 10BO- are obtained from the Franck-Condon factor simulations (see
Figure 4).d Electron affinity of the10BO neutral. The electron affinity of11BO was reported previously as 2.508( 0.008 eV (ref 14).e Anion
ground state vibrational frequency of10BO- is measured to be 1725( 40 cm-1 from the observed hot band transitions for both band X and band
A (Figure 1). f The term values are identical with those from high-resolution spectroscopy of neutral BO (refs 2 and 3) and BO2 (refs 3 and 9).
g Electron affinity of the10BO2 neutral.h The totally symmetric vibrational frequency.

Figure 2. Photoelectron spectra of BO2
- at (a) 193 and (b) 157 nm

(7.866 eV).
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ment from the 1π orbital. Our observed frequency for the2Π
state of10BO is also in good agreement with a previous emission
spectroscopic measurement (1297 cm-1).4

Franck-Condon Factor Simulations.The well-resolved
vibrational progressions and hot band transitions for the X2Σ+

and A2Π bands in the PES spectra of10BO- (Figure 1) afforded
us the opportunities to perform Franck-Condon factor (FCF)
simulations,33 which could yield more accurate spectroscopic
constants for the ground and excited states of10BO and allow
us to estimate the vibrational temperature of10BO-. Figure 4
displays the simulated spectra (solid curves), using a Morse
oscillator,33 compared to the experimental data (solid dots). The
parameters used for the simulations are given in the figure
caption. From the FCF simulations, we found a slight bond
length contraction of 0.031 Å from the anion to the neutral
ground state, in excellent agreement with the B3LYP results,
which gives a 0.031 Å bond length change. The2Π excited
state was found to exhibit a large bond length expansion of
0.107 Å relative to the anion. More significantly, the FCF
simulation yielded a rather high vibrational temperature (1800
K) for the 10BO- anions, which is consistent with our prior
experience that very light anions are not cooled very efficiently
in our source.33b

5.2. BO2
-. BO2

- is again a closed-shell species. Our
calculations show that it possesses a linear ground state (1Σg

+)
with a valence electron configuration of (1σg)2(1σu)2(2σg)2(2σu)2-
(1πu)4(1πg)4, in agreement with previous calculations.8,13,20The
MO pictures are shown in Figure 3b. The HOMO is a degenerate
πg orbital, which is basically nonbonding O 2p lone pairs.
Detachment from the HOMO results in the2Πg ground state of
BO2. The spin-orbit splitting of the2Πg state (∼150 cm-1)3,11i

is nearly identical with that in the isoelectronic CO2
+,34 but it

is too small to be resolved under our experimental conditions.
The calculated ADE and VDE are virtually identical (Table 2),
which is in agreement with the experimental data (Table 1) and
consistent with the nonbonding character of the HOMO. The
CCSD(T) results (ADE: 4.465 eV; VDE: 4.466 eV) are in
perfect agreement with the experimental data (ADE) VDE )

4.46 eV). The2Πg ground state of BO2 is Renner-Teller
unstable along the bending coordinate.9 However, both the sharp
PES peak for the ground state transition and the theoretical
calculations suggest that the Renner-Teller effect is negligible
and the ground state of BO2 remains essentially a linear
molecule.8,13,20

Similarly, the detachment of one electron from HOMO-1
(1πu) and HOMO-2 (1σu) will produce the first (2Πu) and second
(2Σu

+) excited states of BO2, respectively. The2Πu state is
expected to have a spin-orbit splitting as small as the
corresponding state in CO2+ (96 cm-1),34 which could not be
resolved in our experiment. The calculated VDE’s at TD-B3LYP
for the transitions to the two excited states are 6.724 and 7.419
eV, respectively, which are in excellent agreement with the
experimental data (6.72 and 7.50 eV). The current PES

TABLE 2: Calculated Adiabatic and Vertical Detachment Energies (eV) for BO- and BO2
- Anions and Ground State

Vibrational Frequencies (cm-1) for BO- and BO2
- and Their Neutrals

TD-B3LYP CCSD(T) vib freq (cm-1)a

species MO final state ADE VDE ADE VDE neutral anion

BO- HOMO (3σ) 2∑+ 2.588 2.627 2.484 2.497 1913 1739
HOMO-1 (1πu) 2∏ 5.900

BO2
- HOMO (1πg) 2∏g 4.321 4.321 4.465 4.466 1088 1096

HOMO-1 (1πu ) 2∏u 6.724
HOMO-2 (2σu) 2∑u

+ 7.419

a The vibrational frequencies are calculated for the10B isotopic species.

Figure 3. Valence orbital pictures of (a) BO- and (b) BO2
-.

Figure 4. Franck-Condon factor simulations for the two vibrationally
resolved PES bands of BO-: (a) X (2Σ+) band and (b) A (2Π) band.
The dotted curves are the experimental spectra. The solid curves are
the spectra simulated by fitting the calculated Franck-Condon factors
with a Guassian function, 0.03 eV line width for (a) and 0.06 eV for
(b). Parameters used for the simulations are the following: (a) anion
frequency 1725 cm-1, anharmonicity 11.5 cm-1, bond length 1.236 Å;
neutral frequency 1935 cm-1, anharmonicity 11.5 cm-1, bond length
1.205 Å; anion vibrational temperature 1800 K; (b) anion frequency
1725 cm-1, anharmonicity 11.5 cm-1, bond length 1.236 Å; neutral
frequency 1320 cm-1, anharmonicity 11.5 cm-1, bond length 1.343 Å;
anion vibrational temperature 1800 K.
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measurements of the excitation energies for BO2 are also in
excellent agreement with the previous absorption spectroscopic
study.3

The degenerate HOMO-1 is a strong O-B-O π-bonding
orbital. Detachment from the HOMO-1 is expected to signifi-
cantly weaken the B-O bond, consistent with the vibrational
progression observed for the A band (Figure 2b). The observed
vibrational frequency for band A of10BO2 (980 cm-1) is indeed
lower than those predicted for the ground states of BO2 (1088
cm-1) and BO2

- (1096 cm-1) (Table 2). A previous UV study
reported a symmetric stretching frequency (994 cm-1) for the
2Πu excited state of BO2.3 In contrast, HOMO-2 (2σu) is
primarily an O 2p lone pair with slight B-O σ bonding
character. There might be a weak vibrational progression for
the B band, but our signal-to-noise ratio was too poor in the
high binding energy side to allow us to make a definitive
assignment.

6. Chemical Bonding in BO- and BO2
-

6.1. Molecular Orbital Analyses. BO-. The HOMO-3 of
BO- (Figure 3a) is aσ MO primarily composed of the O 2s
atomic orbital (AO), which may be roughly viewed as an O 2s
lone pair. The HOMO-2 is aσ bonding MO composed of O 2p
and B 2s AO’s, which involves significant charge back-donation
from O to B and therefore it is of strong ionic character. The
degenerate HOMO-1 is a completeπ bonding MO involving B
and O 2p AO’s. Finally, the HOMO is primarily composed of
B 2s AO with slight antibonding character between B 2s and O
2p AO’s, whose weak antibonding character is expected to
partially cancel the bonding character in HOMO-2. The same
bonding pattern holds for the BO neutral except that only one
electron is filled in its HOMO. Thus, the bonding in BO and
BO- can be viewed approximately as a triple bond between B
and O. The neutral BO molecule is a radical and has a slightly
stronger bond than that in the anion due to the slight antibonding
nature in the HOMO, which is also evidenced from the reduced
Wiberg bond order: WBIBdO ) 1.79 in BO and WBIBdO )
1.57 in BO-.

BO2
-. The HOMO-5 and HOMO-4 are O 2s derived bonding

and antibonding orbitals (Figure 3b), which cancel each other
and can be viewed as O 2s lone pairs. On the other hand, the
degenerate HOMO orbitals are O 2p lone pairs, which is
supported by the identical bond orders calculated for the neutral
(1.58) and the anion (1.60) and consistent with the PES
observation of the sharp ground state transition (Figure 2).
Therefore, the OBO bonding in BO2- is due to HOMO-1
through HOMO-3. The HOMO-1 is a complete OBOπ bonding
orbital. The HOMO-2 and HOMO-3 are O 2p derived orbitals
that are responsible for BOσ bonding. Overall, the bonding in
BO2

- and BO2 can be described as two BdO double bonds.
6.2. Comparison with the Isoelectronic AlO- and AlO2

-

Species.It is interesting to compare the current PES data with
those of the isoelectronic AlO- and AlO2

- species.35 The B
and Al atoms are in the same group and possess almost identical
s-p excitation energies (∼3.6 eV) and similarly low EA’s (0.28
eV for B vs 0.43 eV for Al).36 The EA’s of BOn and AlOn (n
) 0-2) are compared in Figure 5. Quantitatively, the corre-
sponding EA values are similar for the two systems within∼0.2
eV. Both EA curves show monotonic increase with oxygen
content. The EA’s of BO2 (4.46 eV) and AlO2 (4.23 eV) far
exceed that of the highest atomic EA value in the periodic table
(Cl: 3.61 eV, shown in Figure 5) and both BO2 and AlO2 belong
to the class of high EA species called “superhalogens”.37

Interestingly, the EA of BO2 is ∼0.2 eV higher than that of

AlO2, despite the fact that the EA’s of B and BO are both∼0.1
eV lower than those of Al and AlO (Figure 5).

The ground state electron configurations for the two systems
are also identical, resulting in similar overall PES patterns.
However, their excitation energies are significantly different:
2.96 eV for BO vs 0.66 eV for AlO for the first excited state;
2.26 and 3.04 eV for BO2 vs 0.65 and 0.85 eV for AlO2 for
their first and second excited states, respectively.35 While B-O
bonding is more covalent, Al-O bonding is primarily ionic.
The much stronger bonding and shorter bond distance in BO
(806 kJ/mol,∼1.2 Å),38 compared to those in AlO (512 kJ/
mol, ∼1.6 Å)38 make the electronic states in BOn well separated
relative to those in AlOn. The HOMO’s of all species involve
little M-O (M ) B, Al) interaction and show similar electron
binding energies, whereas HOMO-1 and HOMO-2 reflect strong
M-O bonding interactions and are sensitive to the nature of
M-O interactions (B-O vs Al-O), leading to the very different
excitation energies in the two systems.

6.3. Comparison with Isoelectronic Molecules CO, N2,
CN-, and CO2. The PES spectra of BO- discussed above also
share the same overall patterns as those of the isoelectronic
species CN-, CO, and N2.39 The latter three species, however,
possess much higher ground state electron binding energies:
3.86 eV for CN-,40 14.99 eV for CO,39 and 15.60 eV for N2.39

The overall PES pattern of BO2- is also similar to that of the
isoelectronic CO2, which has an ionization potential of 13.78
eV.34 The similar electronic structure of BO- compared to CN-

and CO suggests possibilities for some interesting chemistry
for BO and BO-. Indeed, CN- and CO are important inorganic
ligands and possess rich chemistries,21 whereas very little is
known about BO and BO- as inorganic ligands. In terms of
bond strength (CO: 1076 kJ/mol; N2: 946 kJ/mol; BO: 806
kJ/mol; CN: 770 kJ/mol; and AlO: 512 kJ/mol),38 BO is
comparable to and actually stronger than CN, and it is
significantly stronger than AlO. The bond strength suggests that
BO and BO- should be rather robust chemical species and may
be able to retain their integrity in chemical complexes. In
addition, BO as aσ radical may either gain an extra electron to

Figure 5. Comparison of electron affinities of BOn and AlOn (n )
0-2). Numbers for the B and Al atoms are from ref 36 and those for
AlO and AlO2 are from ref 35. The line drawn at 3.61 eV indicates the
electron affinity of Cl, the highest known for an atom. Note that the
electron affinities of both BO2 and AlO2 exceed that of Cl.
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form closed-shell BO- analogous to CN-, or share or lose its
unpaired electron. In a recent study on Aun(BO)- (n ) 1-3)
clusters, we indeed found that BO can maintain its chemical
integrity and behaves like a monovalent unit in its bonding to
Au.26 Recent DFT theoretical studies also showed that carbon
boronyls (CBO)n (n ) 3-7) are stable molecular species.41

Thus, it is conceivable that BO- may indeed possess similar
chemistry as CN- or CO.

7. Conclusions

In conclusion, we report vibrationally resolved photoelectron
spectroscopy of two simple boron oxide anions,10BO- and
10BO2

-, at several photon energies (355, 266, 193, and 157 nm).
The electron affinities of10BO and10BO2 were determined to
be 2.510( 0.015 and 4.46( 0.03 eV, respectively. One excited
state was observed for10BO and two excited states were
observed for10BO2. The obtained vibrational frequencies and
excitation energies are consistent with previous high-resolution
spectroscopic data for the neutral species. Theoretical calcula-
tions were performed at B3LYP and CCSD(T) levels for both
10BO- and 10BO2

- and their neutrals. Good agreement is
observed between experiment and theory. The current PES data
are also compared with those of the isoelectronic AlO- and
AlO2

- species and the closely related molecules CO, N2, CN-,
and CO2, suggesting possibilities for BO and BO- as potential
new inorganic ligands.
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