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We report a photoelectron spectroscopy and computational study of two simple boron oxide species: BO
and BQ . Vibrationally resolved photoelectron spectra are obtained at several photon energies (355, 266,
193, and 157 nm) for th¥B isotopomersi®BO~ and®BO, . In the spectra of’BO~, we observe transitions

to the?X" ground state and th8T excited state 0t°BO at an excitation energy of 2.96 eV. The electron
affinity of 1°BO is measured to be 2.510 0.015 eV. The vibrational frequencies of the ground states of
B0~ and*®BO and the?IT excited state are measured to be 12280, 1935+ 30, and 132Gt 40 cnT?,
respectively. Fot’BO,~, we observe transitions to tREl, ground state and two excited states®O,, 2I1,,
and?Z,", at excitation energies of 2.26 and 3.04 eV, respectively. The electron affinitg0f is measured

to be 4.46+ 0.03 eV and the symmetrical stretching vibrational frequency offheexcited state 0f’BO,

is measured to be 988 30 cnt . 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 AIO and AIO,” species and the closely related molecules CQ,@N-, and CQ are also
discussed.

1. Introduction sistent EA values, ranging from 2.17 to 2.79 &¥In 1997,
the theoretical group of Schaeféand the experimental group
pf Lineberget* concurrently reported more accurate experi-
mental (2.508t 0.008 eV) and theoretical (2.57 eV) EA values

Boron monoxide (BO) and dioxide (Bare the simplest
boron oxide species and have attracted persistent interest ove

the past four decades, primarily due to their roles in the .
comgustion of boron and l:?oranbghezy ground state of the for BO. These new values provided the benchmark for further
theoretical studie® The situation for B@ is worse and there

BO radical has been well-characterized by using high-resolution . . .
spectroscopy © as well as high-level calculatior$. The 11B160O is still no consensus about the EA of BOThe available
molecule possesses a bond length of 1.2049 A, a bond energ)};Xpe“menta]l EA \/Salzuses Ozz?zg,\ig?gfg)m :lhe eﬂumt;rlurg

of 8.34 eV, and a vibrational frequency of 1885.69@rim its ata range from 3.28 1o 4. >~ On the other hand,
23+ ground state, while its first excited st lies about 2.96 theoretical predictions for the EA of B@lso span a Iarge.ran.ge
eV above the ground state with a bond length of 1.3533 A and ]Eroth.QEf 4f'685 e\_i3.'13:2‘|)|c(lje?rly, more accurate determination

a vibrational frequency of 1260.70 cA? BO; is a prototypical or the of BQ: is ca ed for. . - .
linear RennerTeller molecul€’, and has been an intriguing Boron possgssesl unique and diverse chemistries due to its
species particularly for vibrational spectroscopic studies. Fol- glectron deﬁuencf. I.n the past few years, we have beeq
lowing the first absorptichand matrix spectral wofR in the |nterest_ed in equdatlng the_ no_vel structural and electronic
early 1960s, a large body of spectroscépand computational properties and chemical bondlr_lg n elem_ental bo_ron ¢ lﬁtas
studie&12130n BO, has appeared in the literature. Among the and boron alloy clustet$26 using PES in combination with

electronic states characterized are i ground state and the high-level theoretical calculations. The current work represents
2[1. 25+ and2S.+ excited stateds.8.9 13 a continuation of our interest in boron chemistry. In this
Us u s {o] .

However, the electronic properties of the B@nd BQ~ contribution, we report a detailed PES study 88O~ and

10) - i i i
anions have received rather limited experimental attention. The 502 | \Qbratlonally.res?slggd ZEGESl ;??ta \(/jvelr;obtaln_lt_a: aEtA
only experimental report thus far is the photoelectron spectros- S€V€'a! P oton energies (355, ' , an nm). The

_ . alues ofl%B0O and%BO, were measured to be 2.5%00.015
copy (PES) of'IBO™ at 351 nmt* The electron affinity (EA) v ) - St
of BO was elusive for decades. An earlier experimental EA and 4'46.i 0.03 e\{, rgspecnve_ly. The obtained w_branongl
value was obtained from the equilibrium data to be 2.84 eV in fr.equenues.and excitation energies are compared W'th previous
197115and a lower limit of 2.48 eV was assigned slightly earlier high-resolution spectroscopic data. Theoretical calculations were

in 197016 Numerous theoretical studies also generated incon- Performed at B3LYP and CCSD(T) levels for both B@nd
BO,™ and their neutrals.

* Address correspondence to this author. E-mails-: Is.wang@pnl.gov . .
(L.S.W.); lisidian@yahoo.com (S.D.L.). 2. Experimental and Computational Methods

T Washington State University. .
* Chemical Sciences Division, Pacific Northwest National Laboratory. 2.1. Photoelectron Spectroscopy.The experiment was

8 Xinzhou Teachers’ University. carried out by using a magnetic-bottle-type PES apparatus
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equipped with a laser vaporization supersonic cluster source, |—|—| X
details of which have been described previodslgriefly, the (@)
1BO~ and1%BO;~ anions were produced by laser vaporization 355 nm

of a pure disk target made of enrich¥® isotope (99.75%) in

the presence of a pure helium carrier gas. The oxide species
1BO~ and 1%BO,~ with sufficient abundance were produced
along with pure B~ 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
1BO~ and °BO,~ species were each mass-selected and
decelerated before being photodetached. Four detachment photon HB
energies were used in the current study: 355 (3.496 eV), 266 I\
(4.661 eV), and 193 nm (6.424 eV) f&BO~, and 193 and
157 nm (7.866 eV) fot®BO, . 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 Rimd Au-,

and the resolution of the apparatus wslSk/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 proceduré® with the augmented Dunning’s all-electron
basis set (aug-cc-pVTZ) implemented in Gaussian G8.
Excitation energies of the neutrals were calculated with the time-
dependent DFT (TD-DFT) methéH at the ground state
structures of the anions. Coupled cluster -calculations
(CCSD(T)¥? were further performed to evaluate the adiabatic
and vertical detachment energies (ADE’s and VDE's) at the
DFT geometries.

(b)
266 nm

Relative Electron Intensity

3. Experimental Results

3.1. BO". The PES spectra 6/ BO~ 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(Q0
transition at 2.51Gt 0.015 eV defines the VDE as well as the 1 2 3 a 5 6
ADE for 19BO~, which also represents the EA of tA8BO
neutral. The ground state vibrational frequency 88O is
measured to be 193k 30 cnt! from the observed vibrational
progression. The hot band transition (labeled as “HB” in Figure
la) at 2.30 eV yields the anion ground state vibrational
frequency as 1725 40 cnTl. The 266 nm spectrum (Figure
1b) did not reveal additional electronic transitions. The first
excited state of%BO 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 cnm! was observed for the transition to the first
excited state of°BO. The G-0 transition defines an ADE of
5.47+ 0.02 eV for band A, whereas the-D 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 forthe 4.1, BO™. At the B3LYP level, the ground states $BO
first excited state 0f%BO. The hot band transitions for band A (2=+) and°BO~ (!=*) were calculated to have bond lengths of
yielded the same vibrational frequency for 8BO~ anion as 1.203 and 1.234 A, bond energies of 8.41 and 9.32 eV, and
band X. The obtained spectroscopic constants are collected invibrational frequencies of 1913 and 1739 Tinrespectively.
Table 1. The calculated ADE and VDE for BOare 2.588 and 2.627

3.2. BO,". Due to its high electron binding energies, only eV, respectively. The slight energy difference between the ADE
193 and 157 nm spectra were recorded®0,~, as shown and VDE originates from the 0.031 A bond length change
in Figure 2. The 193 nm spectrum shows only a single band X between BO and BO. The VDE for the first excited state of
with a VDE of 4.464 0.03 eV. Since no vibrational structures BO was predicted to be 5.900 eV at the TD-B3LYP level. Single
were observed, suggesting little geometry change between thgpoint CCSD(T) calculations were further done at the B3LYP
ground states dPBO,~ and°BO,, the single peak also defines geometries, yielding ADE (2.484 eV) and VDE (2.497 eV)
the ADE or the EA of!%B0; as 4.46+ 0.03 eV. At 157 nm, slightly lower than those at the B3LYP level. All calculated
two more bands were revealed (Figure 2b). Band A at &72  spectroscopic data are given in Table 2 to be compared with
0.02 eV ADE (or VDE) exhibited a well-resolved vibrational the experimental results (Table 1).

Binding Energy (eV)

Figure 1. Photoelectron spectra of BCat (a) 355 (3.496 eV), (b)
266 (4.661 eV), and (c) 193 nm (6.424 eV). HB represents hot band
transitions.

progression with a spacing of 98030 cn1!. Band B at 7.50

+ 0.02 eV showed one single vibrational peak. Bands A and B
represent the first and second excited stated%BO, with
'excitation energies of 2.26 and 3.04 eV, respectively. The
obtained spectroscopic constants are also summarized in Table

4. Theoretical Results
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TABLE 1: Observed Adiabatic and Vertical Detachment Energies, Term Values, and Vibrational Frequencies from the
Photoelectron Spectra ofl®BO~ and 1°BO,~

term value vib freq
species feature ADE (eV) VDE (eV) (evy (cmY)be
10BO~ X 2.5104 0.0158 2.510+ 0.015 0.00 1935 3¢
A 5.474+0.02 5.63+ 0.02 2.96 1320+ 40
10BO,~ X 4.46+ 0.03 4.46+ 0.03 0.00
A 6.72+ 0.02 6.72+ 0.02 2.26 980+ 30"
B 7.50+ 0.02 7.504+ 0.02 3.04

aDefined as the difference of ADE relative to that of the ground staté The observed vibrational frequencies are for neutral ground and
excited states of°BO and!°BO,. ¢ Vibrational frequencies of’BO andBO~ are obtained from the FranelCondon factor simulations (see
Figure 4).9 Electron affinity of thel®O neutral. The electron affinity 0fBO was reported previously as 2.5@80.008 eV (ref 14)¢ Anion
ground state vibrational frequency ¥BO~ is measured to be 1725 40 cn1 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).anef8® and 9).
9 Electron affinity of the'®BO, neutral." The totally symmetric vibrational frequency.

X 5. Interpretation of the Photoelectron Spectra and
(a) Comparison with Theory

193 nm 5.1. BO™. The?=* Ground StateThe BO™ anion is a closed-
shell molecule =) with a valence electronic configuration of
(10)%(20)3(17)*(30)2. The corresponding molecular orbital (MO)
pictures are shown in Figure 3a. Detachment of one electron
from the HOMO (%) of the BO™ anion produces th&" 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 forl®BO (2.510+ 0.015 eV) is also in
mﬁm excellent agreement with the previous measuremenrti®
(2.508+ 0.008 eV)!* The isotopic shift for the EA is expected
to be smaller than the experimental uncertainties in either
|-|T| B experiment.
(b) X The HOMO (%) of BO™ is basicaly a B 2slone pair with
157 nm 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 A at B3LYP level)
between the anion and neutral ground states. However, the slight
antibonding character of thee3HOMO is reflected more
dramatically in the observed vibrational frequencies: 1725cm
for 1BO~ vs 1935 cm? for 1°BO. Our measured vibrational
frequency for'%BO agrees well with that obtained from an
earlier emission spectroscopic study 80 (1940 cn1?).4 Our
W observed frequencies fiBO~/1°BO are also in line with those
LRARAR AR RARRE RS RARR R RS RRRN RAREE LR R of 1BO~/M1BO (1665/1875 cmt) observed in the previous PES
3 4 5 6 7 study onBO~,** and the expecte#’BO/BO isotopic ratio
Binding Energy (eV) of ~1.03 is well reproduced.
The 2I1 Excited State.Removing an electron from the
Figure 2. Photoelectron spectra of BOat (a) 193 and (b) 157 nm  degenerate HOMO-1 () of BO~ generates the first excited
(7.866 eV). state {IT) of the BO neutral, which should correspond to the
observed band A (Figure 1c). Note that there is a spirit
_ _ splitting (122 cn?) in the 2I1 state? but it is too small to be
1243 BO,". At lthe B3LYP Ietvz:é both ?r? GHQ) ang Bt% resolved under our experimental conditions though it should
(=g") possess linear geometr .°“G‘) In their ground states. cqntripute to the line widths of the vibrational features in the A
The B-O bond I_eng_th is 1.262 A in BOand 1.264 Ain BQ", band. The calculated VDE at the TD-B3LYP level is 5.900 eV
Note that there is virtually no bond length change between the ¢, i transition, in reasonable agreement with the experimental
anion and the neutral, consistent with the PES spectra, whichy,51ue of 5.63 eV. The excitation energy for t#d state (2.96
showed one vibronic peak with no vibrational progression for eV) from our PES spectrum is in excellent agreement with
the ground state transition (Figure 2). The calculated ADE and previous absorption spectroscopic studi€s.As shown in
VDE for BO,~ are the same at 4.321 eV, also in agreement Figure 3a, the degenerate HOMO-1 of BGs a strongly
with the fact that there is virtually no geometry change between hondings orbital, consistent with the broad vibrational progres-
the ground states of BO and BQ. The ADE and VDE  sjon of band A, which indicates a large geometry change.
calculated at the CCSD(T) level are 4.465 and 4.466 eV, Furthermore, the observéeBO vibrational frequency of 1320
respectively, slightly higher than the DFT value. The VDE'sto cm™! for the 2IT state is also much reduced in comparison to
the first and second excited states of Bfere calculated via  that of the 19BO~ anion (1725 cm?), again suggesting a
TD-B3LYP to be 6.724 and 7.419 eV, respectively (Table 2). significant weakening of the BO bond upon electron detach-

Relative Electron Intensity
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TABLE 2: Calculated Adiabatic and Vertical Detachment Energies (eV) for BO™ and BO,~ Anions and Ground State
Vibrational Frequencies (cm 1) for BO~ and BO,™ and Their Neutrals

TD-B3LYP CCSD(T) vib freq (cm?)2
species MO final state ADE VDE ADE VDE neutral anion
BO~ HOMO (30) 2y 2.588 2.627 2.484 2.497 1913 1739
HOMO-1 (17y) n 5.900
BO,~ HOMO (1rg) Mg 4.321 4.321 4.465 4.466 1088 1096
HOMO-1 (1) 1, 6.724
HOMO-2 (20) 25 7.419

aThe vibrational frequencies are calculated for & isotopic species.

A X N N

HOMO (30) HOMO-1 (1x) HOMO-2 (206) HOMO-3 (1¢
- “ “ 8 3
HOMO (1) HOMO-1 (17,)

HOMO-2 (20,) HOMO-3 (20,) HOMO-4 (15,) HOMO-5 (1a,)
Figure 3. Valence orbital pictures of (a) BOand (b) BQ™.

ment from the & orbital. Our observed frequency for tRE
state ofl%BO is also in good agreement with a previous emission
spectroscopic measurement (1297 ént

Franck—Condon Factor SimulationsThe well-resolved
vibrational progressions and hot band transitions for tH&X
and AZ[1 bands in the PES spectra’BO~ (Figure 1) afforded
us the opportunities to perform Frane€ondon factor (FCF)
simulations®® which could yield more accurate spectroscopic
constants for the ground and excited state¥’®O and allow
us to estimate the vibrational temperature!@®O~. Figure 4
displays the simulated spectra (solid curves), using a Morse
oscillator3® 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 A from the anion to the neutral
ground state, in excellent agreement with the B3LYP results,
which gives a 0.031 A bond length change. Tai& excited
state was found to exhibit a large bond length expansion of
0.107 A relative to the anion. More significantly, the FCF
simulation yielded a rather high vibrational temperature (1800
K) for the 1°BO~ anions, which is consistent with our prior
experience that very light anions are not cooled very efficiently
in our source’3p

5.2. BO,. BO,” is again a closed-shell species. Our
calculations show that it possesses a linear ground S&gé)(
with a valence electron configuration ofd?(10,)%(204)%(204)*
(Lmy)*(Lg)*, in agreement with previous calculatioh$:2°The
MO pictures are shown in Figure 3b. The HOMO is a degenerate
7y orbital, which is basically nonbonding O 2p lone pairs.
Detachment from the HOMO resullts in thiy ground state of
BO.. The spin-orbit splitting of the?I1, state (~150 cnT1)311
is nearly identical with that in the isoelectronic € 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 (ABEDE =

4.46 eV). The?lly ground state of B@is RennerTeller
unstable along the bending coordinatéowever, both the sharp
PES peak for the ground state transition and the theoretical
calculations suggest that the Renné&eller effect is negligible
and the ground state of BOremains essentially a linear
molecule?13.20

Similarly, the detachment of one electron from HOMO-1
(17r,) and HOMO-2 (&) will produce the first fI1,) and second
(2=, ") excited states of Bg) respectively. Thell, state is
expected to have a sptorbit splitting as small as the
corresponding state in GO (96 cnt1),3* 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

(a)

I'I'I'I'I'I'I'I"I.—'I'I
2.6

2.2 24 2.8 3.0 3.2

| L I L LA LI LN L L L BNLE LA BN LA L LA
4.7 5.1 5.5 5.9 6.3
Binding Energy (eV)

Figure 4. Franck-Condon factor simulations for the two vibrationally
resolved PES bands of BO (a) X ((=") band and (b) A1) band.

The dotted curves are the experimental spectra. The solid curves are
the spectra simulated by fitting the calculated FranClondon 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 crit, anharmonicity 11.5 cr, bond length 1.236 A;
neutral frequency 1935 cry, anharmonicity 11.5 cmi, bond length
1.205 A; anion vibrational temperature 1800 K; (b) anion frequency
1725 cnt?, anharmonicity 11.5 cmi, bond length 1.236 A; neutral
frequency 1320 crif, anharmonicity 11.5 cr, bond length 1.343 A;
anion vibrational temperature 1800 K.
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measurements of the excitation energies for,B@e also in
excellent agreement with the previous absorption spectroscopic
study?

The degenerate HOMO-1 is a strong-8—0 z-bonding
orbital. Detachment from the HOMO-1 is expected to signifi-
cantly weaken the BO bond, consistent with the vibrational
progression observed for the A band (Figure 2b). The observed
vibrational frequency for band A dfBO, (980 cn?) is indeed
lower than those predicted for the ground states of BKD88
cm 1) and BQ™ (1096 cnt?) (Table 2). A previous UV study
reported a symmetric stretching frequency (994 &nior the
T, excited state of B@® In contrast, HOMO-2 (&) is
primarily an O 2p lone pair with slight BO o 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 BO,™

6.1. Molecular Orbital Analyses. BO~. The HOMO-3 of
BO~ (Figure 3a) is as 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 & 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 completéoonding 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: WB—o = 1.79 in BO and WBd—o =
157 in BO.

BO,. The HOMO-5 and HOMO-4 are O 2s derived bonding
and antibonding orbitals (Figure 3b), which cancel each other

Zhai et al.
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Figure 5. Comparison of electron affinities of BGand AlQ, (n =
0—2). Numbers for the B and Al atoms are from ref 36 and those for
AlO and AIQ; 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 B@and AIO, exceed that of Cl.
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AlO,, despite the fact that the EA’s of B and BO are both.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 BOvs 0.65 and 0.85 eV for Al©for
their first and second excited states, respecti¥elihile B—O
bonding is more covalent, AIO bonding is primarily ionic.
The much stronger bonding and shorter bond distance in BO
(806 kJd/mol,~1.2 A)38 compared to those in AlO (512 kJ/
mol, ~1.6 A)38 make the electronic states in B@ell separated
relative to those in AIQ The HOMO's of all species involve
littte M—O (M = B, Al) interaction and show similar electron

and can be viewed as O 2s lone pairs. On the other hand, thepinding energies, whereas HOMO-1 and HOMO-2 reflect strong

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 BO is due to HOMO-1
through HOMO-3. The HOMO-1 is a complete OBfhonding
orbital. The HOMO-2 and HOMO-3 are O 2p derived orbitals
that are responsible for B@ bonding. Overall, the bonding in
BO,™ and BQ can be described as two=D double bonds.
6.2. Comparison with the Isoelectronic AIO™ and AlO;~
Specieslt is interesting to compare the current PES data with
those of the isoelectronic AlODand AIQ,~ species® The B

M—0O bonding interactions and are sensitive to the nature of
M—0O interactions (B-O vs Al—0), leading to the very different
excitation energies in the two systems.

6.3. Comparison with Isoelectronic Molecules CO, K
CN~, and CO,. The PES spectra of BOdiscussed above also
share the same overall patterns as those of the isoelectronic
species CN, CO, and N.2° The latter three species, however,
possess much higher ground state electron binding energies:
3.86 eV for CN',*0 14.99 eV for CG?° and 15.60 eV for N3
The overall PES pattern of BO is also similar to that of the
isoelectronic C@ which has an ionization potential of 13.78
eV .34 The similar electronic structure of BQ&rompared to CN

and Al atoms are in the same group and possess almost identicahnd CO suggests possibilities for some interesting chemistry

s—p excitation energies«3.6 eV) and similarly low EA’s (0.28
eV for B vs 0.43 eV for Al)3® The EA’s of BQ, and AIQ, (n

= 0—2) are compared in Figure 5. Quantitatively, the corre-
sponding EA values are similar for the two systems withih2

eV. Both EA curves show monotonic increase with oxygen
content. The EA’s of BQ(4.46 eV) and AlQ (4.23 eV) far
exceed that of the highest atomic EA value in the periodic table
(CI: 3.61 eV, shown in Figure 5) and both Bé&nd AlG; belong

to the class of high EA species called “superhalogéhs”.
Interestingly, the EA of B@is ~0.2 eV higher than that of

for BO and BO'. Indeed, CN and CO are important inorganic
ligands and possess rich chemistAksyhereas very little is
known about BO and BOas inorganic ligands. In terms of
bond strength (CO: 1076 kJ/mol;;N 946 kJ/mol; BO: 806
kJ/mol; CN: 770 kJ/mol; and AlO: 512 kJ/md,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 @ radical may either gain an extra electron to
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form closed-shell BO analogous to CN, or share or lose its
unpaired electron. In a recent study on,0)~ (n = 1-3)

clusters, we indeed found that BO can maintain its chemical
integrity and behaves like a monovalent unit in its bonding to

J. Phys. Chem. A, Vol. 111, No. 6, 2007035
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