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C—C Double- and Triple-Bond Formation from Reactions of B Atoms with
CO: Experimental and Theoretical Characterization of OBBCCO and
OBCCBO Molecules in Solid Argon

Mingfei Zhou,*"! Ling Jiang,™ and Qiang Xu*!"

Abstract: Reactions of boron atoms
with CO molecules in solid argon form
the following boron carbonyl species
(which have been reported earlier):
BCO, BBCO, OCBBCO, B(CO),, and
B,(CO),. The OCBBCO molecule un-
derwent a photochemical rearrange-

cules. The new molecules were identi-
fied on the basis of isotopic IR studies
with B, !'B, *C!Q, 2C'®0, and carbon
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dioxide mixtures in addition to compar-
ison with quantum-chemical calcula-
tions of isotopic frequencies. Theoreti-
cal analyses showed that the OBBCCO
and OBCCBO molecules are linear
with C—C double and triple bonding,
respectively, and lie at a much lower

ment where CO was activated to form
the OBBCCO and OBCCBO mole-

matrix isolation

Introduction

Carbon monoxide activation and reduction are important in
a great many industrial processes, such as hydroformylation,
alcohol synthesis, and acetic acid synthesis.!! The reactions
of carbon monoxide with transition-metal atoms have been
extensively studied. A variety of transition-metal-carbonyl
complexes have been experimentally characterized, and the-
oretical studies of the electronic structures and bonding of
these complexes have been carried out.”) Recent infrared
spectroscopic investigations of the reactions of laser-ablated
early transition-metal and actinide metal atoms with CO
have demonstrated CO activation through transition-metal-
and actinide-metal-carbonyl complexes.”*®! The monocar-
bonyls of Nb, Th, and U can be isomerized to form the in-
serted carbide-oxide molecules by using visible-light irradia-
tion. The dicarbonyls of the Ti group, V group, and the acti-
nide metals Th and U undergo photo-induced isomerization
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energy than the linear OCBBCO struc-
ture.

to form the OMCCO molecules (M=Ti, Zr, Hf, V, Nb, Ta,
U, and Th) with visible or UV photons. The OMCCO mole-
cules can undergo a further photochemical rearrangement
to form the OTh(n>-CCO) or (1?-C,)MO, molecules (M=
Nb, Ta, and U) with UV photons.

The spectra, structures, and bonding of main-group car-
bonyls, particularly the Group 13 metal carbonyls, have also
gained considerable attention, but no CO-activation reac-
tion was reported in the reactions of main-group elements
with CO.""® We have characterized boron—carbonyl species
such as BBCO,) OCBBCO, and B,(CO),?" as products
from the reactions of boron atoms with CO in solid argon.
Similar to [HGa=GaHJ]*",”® OCB=BCO exhibits some
degree of boron-boron triple bonding.”” B,(CO),, with a
four-membered B, ring, was characterized as a new o—x di-
radical, which represents a remarkable example of aromatic-
ity with three m electrons.”) In this paper, we report a com-
bined matrix-isolation, spectroscopic, and theoretical study
of the photochemical formation of OBBCCO and
OBCCBO from the boron—carbonyl species.

Experimental Section

The experiments for laser ablation and matrix-isolation spectroscopy
were similar to those used previously.”” Briefly, the Nd:YAG laser fun-
damental (1064 nm, 10 Hz repetition rate, 10 ns pulse width) was focused
on the rotating boron target. The laser-ablated boron atoms were co-de-
posited with CO in excess argon onto a CsI window cooled to 7K by
means of a closed-cycle helium cryostat. The matrix-gas deposition rate
was typically 2-4 mmol per hour. Carbon monoxide, *C*0O (99%), and
2CB0 (99%) were used to prepare the CO/Ar mixtures. Natural-abun-
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dance boron ("B 19.8%, "B 80.2%) and '""B-enriched (97%) targets
were used in different experiments. In general, matrix samples were de-
posited for one to two hours. After sample deposition, IR spectra were
recorded on a BIO-RAD FTS-6000e spectrometer at 0.5 cm™' resolution
using a liquid-nitrogen-cooled HgCdTe (MCT) detector for the spectral
range of 5000-400 cm . Samples were annealed at different temperatures
and subjected to broad-band irradiation (4>250nm) by using a high-
pressure mercury arc lamp (Ushio, 100 W).

Computational methods: Quantum-chemical calculations were performed
to predict the structures and vibrational frequencies of the observed reac-
tion products using the Gaussian 98 program.* The Becke three-param-
eter hybrid functional with the Lee—Yang-Parr correlation correction
(B3LYP) was used.””>?! Comparative ab initio calculations were also per-
formed at the CCSD(T) level.’”! The 6-311+G(d) basis sets were used
for B, C, and O atoms.” Geometries were fully optimized at both levels
of theory, while vibrational frequencies were calculated only at the
B3LYP level with analytical second derivatives.

Results and Discussion
Infrared spectra: A series of experiments have been carried

out with different CO concentrations (from 0.025 to 0.5% in
argon) and laser energies (from 5 to 20 mJ pulse ). Figure 1
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Figure 1. Infrared spectra in the 2230-1970 cm™' region from co-deposi-

tion of laser-ablated boron atoms (°B-enriched, 97 %) with 0.1% CO in
Ar: a)1h of sample deposition at 7 K; b) after annealing to 34 K;
c) after 20 min of broad-band irradiation; d) after annealing to 38 K.

shows the infrared spectra in the 2230-1970 cm ! region
containing one absorption band for each reaction product
with B and 0.1% CO in argon. The new product absorp-
tion bands are listed in Table 1. After deposition (Figure 1a),
the "BCO absorption bands (1148.1, 2007.3, 2291.1, 3139.1,
3992.7 cm )21 were observed together with a CO absorp-
tion band at 2138.3 cm™!. After annealing the sample (7-
34 K, Figure 1b), the BCO absorption bands increased and
the “BBCO (20319, 15245cm™),  “B(CO),
(2022.5 cm™),”! OCBYBCO (2016.4, 1116.5cm™),® and
0B,(CO), (1993.3, 1365.8 cm ") absorption bands were
produced. Broad-band irradiation (Figure 1c) decreased the
BCO and B(CO), bands, destroyed the BBCO and
OCBBCO bands, and produced new bands at 2216.6, 2064.6,
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Table 1. Infrared absorption bands [cm™!] from co-deposition of laser-ab-
lated boron atoms with CO in solid argon.

2cleQglal Bclo 2¢0 Assignment

2216.6 2140.0 2197.8 O'"B"BCCO CO str.
2215.7 2147.0 2196.9 O"B“BCCO

2209.0 21443 2190.4 O"B"BCCO

2064.6 2062.1 2034.9 0'"BCC!"BO as-BO str."")
2040.2 2034.5 2010.1 O!"BCC"BO

1999.3 1996.8 1965.6 O'"BCC'"BO

1942.7 1936.1 1916.9 0'"BCC"BO 5-BO str.
934.0 912.0 919.5 0'"BCC"BO as-BC str.l]
930.9 909.5 917.1 O'"BCC'"BO

928.1 906.8 914.9 O'"'BCC'"BO

490.1 486.7 4875 0O'"BCC!"BO as-OBC bend."”
480.7 477.0 478.1 0'"BCC"BO

473.7 470.2 471.1 O'"BCC"BO

[a] Two matrix trapping sites were observed for the fundamentals of
OBCCBO and only the major site absorption bands are listed. [b] Abbre-
viations: str.=stretching mode, bend.=bending mode, as=asymmetric,
s=symmetric.

934.0, and 490.1 cm™'. These new bands sharpened on fur-
ther annealing of the sample to 38 K (Figure 1d).

Similar experiments were also carried out with a natural-
abundance boron target. The spectra in the 2230-1920 cm ™
region are shown in Figure 2. Again, the BCO absorption
bands (’BCO and "BCO with approximately 1:4 relative in-
tensities) were observed on sample deposition (Figure 2a),
and markedly increased on annealing (7-34 K, Figure 2b).
The absorption bands of different BBCO, B(CO),,
OCBBCO, and B,(CO), isotopomers appeared on annealing
to 34 K, as reported earlier."”*? New absorption bands at
2215.7,2209.0, 2040.2, 1999.3, 1942.7, 930.9, 928.1, 480.7, and
473.7 cm™" were produced after 15 min of broad-band irradi-
ation (Figure 2c¢). Another 15 min of irradiation (Figure 2d)
slightly increased the 2040.2, 1999.3, 1942.7, 930.9, 928.1,
480.7, and 473.7 cm ™! bands at the expense of the 2215.7 and
2209.0 cm™" bands. Isotopic carbon monoxides (*C'O and
2C®0) and mixtures (*C'%04"C!0 and >C'0+"*C*0)
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Figure 2. Infrared spectra in the 2230-1920 cm™! region from co-deposi-
tion of laser-ablated boron atoms (natural abundance) with 0.1% CO in
Ar: a)1h of sample deposition at 7 K; b) after annealing to 34 K;
c) after 15 min of broad-band irradiation; d) after 30 min of broad-band
irradiation.
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were employed for product identification by observing iso- 0.3 1810800198150
topic shifts and splittings. The isotopic counterparts are also 18G198108CC 180 u

listed in Table 1. Figures 3, 4, and 5 (see later) show the
spectra in selected regions using different isotopic samples
after broad-band irradiation.

Calculation results: Quantum-chemical calculations were
performed on the potential product molecules. The opti-
mized structures at both the B3LYP6-3114+G* and
CCSD(T)/6-311+G* levels are shown in Figure 6 (see
later). The vibrational frequencies and intensities calculated
at the B3LYP6-3114G* level are listed in Table 2. Table 3
provides a comparison of observed and calculated isotopic
frequency ratios for the observed vibrational modes.

Table 2. Vibrational frequencies [cm™'] and intensities [kmmol™'] of
O''BIYBCCO and O'"BCCBO molecules calculated at the B3LYP6-
3114+ G* level.

Frequency (intensity, mode)

2303.9 (1872, o), 2113.3 (376, 0), 1908.8 (77, 6),
11383 (4, 0), 622.2 (54, ), 514.4 (6, ),

486.3 (1, 0), 246.4 (56, ), 81.6 (8, )

2347.8 (0, 0,), 2123.6 (811, 6,), 2045.3 (0, 0),
982.1 (15, 0,), 561.7 (0, m,), 525.0 (0, o,),

511.5 (166, m,), 265.5 (0, =), 90.7 (27, ,)

OBBCCO ('=+)

OBCCBO ('5,*)

Molecule OBBCCO: We have recently characterized a
boron-boron triple-bonded OCBBCO molecule.”! The
present experiments provide evidence for two other prod-
ucts of B,C,0, stoichiometry. The band at 2216.6 cm™' was
produced following broad-band irradiation; this band split
into a doublet at 2215.7 and 2209.0 cm ™' with approximately
1:4 relative intensities when the natural-abundance boron
target was used, which indicated that this vibration mainly
involves one boron atom and is slightly coupled with anoth-
er non-equivalent boron atom. The 2216.6 cm™! band shifted
to 2140.0 cm™! with C'®O and to 2197.8 cm™' with >C"O,
giving the isotopic frequency ratio of 1.0358 for >C/**C and
1.0086 for '*O/'®0. These ratios are significantly larger and
smaller, respectively, than diatomic CO ratios, suggesting
strong coupling with another C atom. The band position and
isotopic frequency ratios imply the involvement of a CCO
subunit in the molecule (the C—O stretching mode of
CCCO was observed at 2242.6 cm ™! in solid argon, with iso-
topic ratios: '°0/"®*0 1.0083, '>C;0/*C"*C,0 1.0316; the C—O
stretching mode of H,CCO was observed at 2142.1 cm ™' in
solid argon: °0/*0 1.0126, 2C/**C 1.0298)." In the mixed
2C%0 4 BC®O experiment (Figure 3b), two intermediate
components at 21985 and
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Figure 3. Infrared spectra in the 2240-2020 cm™' region from co-deposi-
tion of laser-ablated boron atoms ('’B-enriched, 97 %) with different iso-
topic CO samples in excess argon. Spectra were recorded after sample
deposition followed by annealing (34 K) and 20 min of broad-band ir-
radiation: a)0.1% *CO; b) 0.05% 2CO+0.05% *CO; «¢)0.1% CO;
d) 0.05% C'*0+0.05% C"®0; e) 0.1 % C'*O.

atoms, two non-equivalent C atoms, and two non-equivalent
O atoms were involved in this vibrational mode. According-
ly, we assigned the 2216.6 cm™! band to the C—O stretching
vibration of the O'"B'’BCCO molecule.

Quantum-chemical calculations were performed to sup-
port the experimental assignment. Similar to OCBBCO,
which has a singlet ground state with a linear structure, we
found that OBBCCO also has a singlet ground state (!=*)
with a linear structure, as shown in Figure 6 (see later). Our
B3LYP6-3114+G* calculations on O'"B’BCCO predicted a
very strong C—O stretching mode at 2303.9 cm™'. This pre-
dicted frequency deviates from the experimentally observed
frequency by only 3.9%. The calculated isotopic frequency
ratios—'’B/"'B 1.0024, *C/"*C 1.0315, 'O/"*0 1.0075—are in
reasonable agreement with the experimental ratios—'"B/"'B
1.0034, 2C/C 1.0358, “0/*0 1.0086 (see Table 3). It should
be mentioned that the calculated “C/*C ratio of
O'"B!YBCCO is lower than the experimental value, whereas
the calculated '*C/C ratio of O'B"BCCO (1.0325) is
higher than the experimental ratio (1.0302). This suggests
that the C—O stretching mode of OBB"”C"CO is in anhar-
monic resonance with a combination of low-lying levels. The
C—O stretching mode was predicted to have the largest IR
intensity (1872 kmmol™' for O'"BBCCO). The B-O
stretching vibration was predicted at 2113.3 cm™' and is the
second most intense mode; its calculated intensity is about

21592 cm™' were clearly re-
. . y, Table 3. Comparison of the observed and calculated isotopic frequency ratios of the O“B’BCCO and
1szol\lffd, 1\;Vh]1ie in the rplxed 0"“BCCBO molecules.

Q O+“C*0 experiment Mode 1B/1B 2o/ 5O/%0
(Figure 3d), a quartet at 2216-617 caled obsd caled obsd caled obsd
22149, 2199.8, and 21978 em™  Gppcco CO str ! 1.0024 1.0034 1.0315 1.0358 1.0075 1.0086
with approximately 1:1:1:1 rela-  opccBo BO str.l? 1.0334 1.0327 1.0011 1.0012 1.0152 1.0146
tive intensities was observed. BC str.! 1.0016 1.0064 1.0263 1.0241 1.0184 1.0158
These observations demonstrat- OBC bend." 1.0346 1.0346 1.0069 1.0070 1.0053 1.0053
ed that two non-equivalent B [a] str.=stretching mode. [b] bend.=bending mode.
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20% of the C-O stretching mode. A weak band at
2080.3 cm™' might be assigned to this mode, however, the
isotopic shifts and splittings of this band are not clear due to
weakness and band overlap, and definitive assignment is not
possible. All the other modes were predicted to have very
low IR intensities (Table 2).

In addition to OBBCCO, we computed other possible
structural isomers, including the BOBCCO and OBCBCO
isomers, which also involve non-equivalent B, C, and O
atoms. Our calculations found that both BOBCCO and
OBCBCO have singlet ground states with linear structures.
These molecules were predicted to be 30 and 18 kcalmol ™!
less stable than OBBCCO, respectively. None of these iso-
mers were computed to have infrared spectral features that
matched the observed frequencies."

Molecule OBCCBO: The bands at 2064.6, 934.0, and
490.1 cm™' in experiments with a '"B-enriched target, and
the bands at 2040.2, 1999.3, 1942.7, 930.9, 928.1, 480.7, and
4737 cm™' in experiments with a natural-abundance boron
target appeared following broad-band irradiation and were
assigned to a linear OBCCBO molecule. Each band has a
minor site absorption that is 1-2 cm™' higher. These bands
can be grouped together on the basis of their growth/decay
characteristics measured as a function of change of experi-
mental conditions, suggesting that they are a result of differ-
ent vibrational modes of the same molecule. The 2064.6,
2040.2, and 1999.3 cm™' bands were assigned to the antisym-
metric B—O stretching mode of the O'BCC"BO,
O'BCC'"BO, and O"BCC'"BO isotopomers, respectively.
The relative intensities of these three absorption bands are
consistent with two equivalent boron atom involvements.
With natural-abundance boron, a vibrational mode, involv-
ing two equivalent boron atoms, will split into three absorp-
tion bands with approximately 1:8:16 relative intensities.
The 2064.6 cm ™' band was shifted to 2062.1 cm ™' with *C'O
and to 2034.9cm™' with >C'™O. The isotopic frequency
ratios (**0/**0 1.0146, “C/°C 1.0012, “B/"B 1.0327), are
characteristic of a predominantly terminal B—O stretching
vibration. As listed in Table 1, the 2040.2 and 1999.3 cm™!
bands exhibited very similar carbon-13 and oxygen-18 fre-
quency shifts to that of the 2064.6 cm ™' band. In the mixed
2C'*0+C"0O experiment (Figure 3b), a triplet was ob-
served for the 2064.6 cm™' band with an intermediate at
2063.3 cm™!, indicating that two equivalent C atoms are in-
volved in the mode. A similar triplet with an intermediate at
2051.9 cm™! was also observed in the mixed *C'*O 4 ">)C"*O
experiment (Figure 3d), which indicates that two equivalent
O atoms are involved. The symmetric B—O stretching mode
of the linear O''BCCBO and O'"BCC'"BO molecules is
IR inactive, but the mode of O'’BCC!BO is IR active be-
cause of the reduced symmetry. In the experiment with
a natural-abundance boron target, a weak band at
1942.7 cm ™' appeared following broad-band irradiation and
tracked with the 2040.2 and 1999.3 cm™' bands; this was
assigned to the symmetric B—O stretching mode of
O'""BCC"BO.

The bands at 934.0, 930.9, and 928.1 cm™!, and the bands
at 490.1, 480.7, and 473.7 cm ™" were assigned to the antisym-
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metric B—C stretching and OBC bending vibrations of the
O'"BCCBO, O'YBCC"BO, and O'"BCC"BO isotopomers,
respectively. The spectra shown in Figures4 and 5 clearly
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0.0154
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Figure 4. Infrared spectra in the 945-905 cm™ region from co-deposition

of laser-ablated boron atoms with CO in excess argon. Spectra were re-
corded after sample deposition followed by annealing (34 K) and 20 min
of broad-band irradiation: a)0.1% 'CO, '"B-enriched (97%);
b) 0.05% "CO+0.05% *CO, '"B-enriched (97%); ¢)0.05% C*O+
0.05% C'®0, ""B-enriched (97%); d) 0.1 % CO, natural-abundance boron.

0.16 o'"Bcc''BO
0'%scc''BO
d)
0.12 1
"*0'°BCCI°B™0 1810500105180
3 —
% C)
Qo
g 0.08+ 0B 12c13C19B0
< / 010813c13c1080
b)
0.04
0'°8CC'°BO
A
0.00 T T T T
500 490 480 470

Wavenumber / cm™
Figure 5. Infrared spectra in the 505-465 cm™! region from co-deposition
of laser-ablated boron atoms with CO in excess argon. Spectra were re-
corded after sample deposition followed by annealing (34 K) and 20 min
of broad-band irradiation: a)0.1% '?CO, '"B-enriched (97%);
b) 0.05% 2CO+0.05% *CO, '""B-enriched (97%); c)0.05% C*°O+
0.05% C'®0, '“B-enriched (97 %); d) 0.1 % CO, natural-abundance boron.

demonstrate that two equivalent boron, two equivalent
carbon, and two equivalent oxygen atoms are involved in
these two vibrational modes. The 934.0 cm™! band, for exam-
ple, is shifted to 912.0 cm™! with BC0O and to 919.5 cm™!
with 2C'80. A triplet at 934.0, 922.6, and 912.0 cm ™! with ap-
proximately 1:2:1 relative intensities was observed in the
mixed "C04BC"%0 spectrum (Figure 4b). Similarly, a
triplet at 934.0, 926.9, and 919.5 cm™' was observed in the
mixed “C'*O +">C'®O experiment (Figure 4c).

www.chemeurj.org Chem. Eur. J. 2004, 10, 5817 —5822
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The assignment is strongly supported by quantum-chemi-
cal calculations. As shown in Figure 6, the OBCCBO mole-
cule was predicted to have a closed-shell singlet ground

1453 1431 1.152
(1.458) (1.452) (1.154)

A o—c—=8 B c—o

1202 1620 1340 1.289 1.157
s (1.211) (1.640) (1.352) (1.303) (1.163)
z 0 B B c—C—O0

1212 1479 1.203
. (1.227) (1.497) (1.211)

s
9 0O—B——C—C——B—O0

Figure 6. Optimized structures (bond lengths in angstroms) of the three
B,C,0, isomers at the B3LYP6-3114+G* and CCSD(T)/6-311+G* (in
parentheses) levels.

state with a linear structure. There are thirteen vibrational
fundamentals for linear OBCCBO, but only six of them are
IR active. The antisymmetric B—O stretching (o,), B—C
stretching (o,), and doubly degenerated OBC bending ()
vibrations for O'’BCC!’BO were computed at 2123.6, 982.1,
and 511.5 cm™!, respectively, which should be multiplied by
0.972, 0.951, and 0.958, respectively, to reproduce the ob-
served frequencies. This is in accord with the expected accu-
racy of B3LYP calculations.® The calculated intensity ratio
of these three modes is 811:15:178, which is in good agree-
ment with the experimental ratio of the band intensities of
0.089:0.002:0.022. Two other IR-active bending vibrations
that are doubly degenerated were predicted at 90.7 cm™,
which is outside the range of our spectrometer. The symmet-
ric B-O stretching mode (0,) of O''BCC'"BO is IR inactive,
but this mode of O'"BCC"BO was calculated at 2008.8 cm ™
with appreciable IR intensity (89 kmmol™!), completely con-
sistent with the experiment. As listed in Table 3, the calcu-
lated '"B/"'B, "?C/"C, and '°O/'®O isotopic frequency ratios
for the B—O stretching and OBC bending modes are in ex-
cellent agreement with the observed values, but the calculat-
ed '“B/"'B ratio for the B—C stretching mode is smaller than
the experimental value. This suggests the possibility of an-
harmonic resonance of the B—C stretching mode with the
bending vibration, exhibiting a relatively larger '’B/''B iso-
topic effect. As a reference point, anharmonic resonance be-
tween the B—CO stretching mode and the bending mode
was observed for the BCO molecule, which resulted in a
larger deviation between the calculated and observed iso-
topic frequency ratios for the B—C stretching mode.*”)

The co-deposition of laser-ablated boron atoms with CO
in excess argon produced BCO as the primary product. The
BBCO, B(CO),, OCBBCO, and B,(CO), carbonyls were
formed following sample annealing. As has been dis-
cussed,” OCBBCO was formed by BCO dimerization and

Chem. Eur. J. 2004, 10, 5817 —5822 www.chemeurj.org
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not through B, reactions. The OBBCCO and OBCCBO ab-
sorption bands were produced following broad-band irradia-
tion, during which those absorption bands for OCBBCO dis-
appeared, indicating that OBBCCO and OBCCBO were
formed by photo-induced isomerization of OCBBCO. The
absorption bands for OBBCCO decreased on prolonged
broad-band irradiation, during which the OBCCBO absorp-
tion bands still increased. These observations strongly sug-
gest the successive photo-induced rearrangement of
OCBBCO to OBBCCO and finally to OBCCBO, as shown
in Equations (1) and (2):

OCBBCO + hv — OBBCCO (1)

OBBCCO + hv — OBCCBO 2)

Our B3LYP calculations indicate that these rearrangements
are exothermic. All three B,C,0, isomers observed in the
experiments are linear molecules. OBCCBO is the most
stable structure among the three isomers. The OBBCCO
and OCBBCO structures were predicted to be 35.0 and
94.9 kcalmol ™' less stable than OBCCBO, respectively, at
the B3LYP6-311+G* level of theory. Recent studies
showed that C,BO and OC,B (n=2 or 4) are linear mole-
cules with the C,BO structures being more stable than the
OC,B isomers. The rearrangement reactions from the C,BO
species to OC,B are endothermic and require significant ac-
tivation energies.[*

The formation of OBBCCO, and in particular OBCCBO,
from the reactions of boron atoms with carbon monoxide is
of great interest. The optimized geometries of OBBCCO
and OBCCBO calculated at the B3LYP level are in excel-
lent agreement with those calculated at the CCSD(T) level,
as shown in Figure 6. The OBBCCO molecule involves a C—
C double bond. The C=C bond length was predicted to be
1.289 A (B3LYP) or 1.303 A (CCSD(T)). The Lewis struc-
ture is best described as O=B—B=C=C=0. The OBCCBO
molecule involves a C—C triple bond. The C=C bond length
was computed to be 1.212 A (B3LYP), slightly longer than
that of CH, (1.199 A) calculated at the same level of
theory. The Lewis structure of OBCCBO can be drawn as
O=B—C=C-B=0, a polyyne-like structure, which satisfies
the octet rule. Just as the N, molecule can be seen as the
neutral dipnictide, corresponding to two nitride anions, N*~,
the present OCBBCO and OBCCBO species can be seen as
the neutral dipseudopnictides, whose closed-shell monomers
are OCB®~ and OBC®", respectively. The latter was predict-
ed to lie at a lower energy.’ The asymmetrical OBBCCO
species could alternatively be seen as OB-BCCO. The pseu-
dohalide BCCO™ seems new, its close neighbors in the di-
cyanogen isoelectronic series and the pseudohalide BO™
have been discussed.”’

Although the other boron carbonyl absorption bands
BCO, BBCO, and B(CO), also decreased or disappeared on
broad-band irradiation, no photo-induced rearrangement
products such as CBO and OBCCO were observed. These
carbonyl species probably decomposed, as the CO absorp-
tion band at 2138.3 cm ™' greatly increased on broad-band ir-
radiation.
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Conclusion

The co-deposition of laser-ablated boron atoms with CO
molecules in solid argon formed the following boron carbon-
yl species (which have been reported earlier): BCO, BBCO,
OCBBCO, B(CO),, and B,(CO),. The OCBBCO molecule,
which exhibits some boron-boron triple-bond character, un-
derwent successive photochemical rearrangements to form
the OBBCCO isomer and finally the OBCCBO structure,
which provides an unprecedented mechanism for CO activa-
tion. The new molecules were identified on the basis of iso-
topic IR studies with B, "B, ®C"0, C"®0, and carbon
monoxide mixtures in addition to comparison with quan-
tum-chemical calculations of isotopic frequencies. The theo-
retical analyses found that OBBCCO and OBCCBO are
linear molecules with C—C double and triple bonding, and
lie much lower in energy than the linear OCBBCO isomer.
The stabilities of the three B,C,0O, isomers increase as
OCBBCO < OBBCCO < OBCCBO.
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