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With the use of a surface-scattering machine, layers of 27 + 4 nm diborane (B,Hg) frosts were irradiated at 10 K
and 107° Torr with energetic electrons. The electrons induce a unimolecular decomposition of the diborane molecules
and lead to boron—hydrogen bond rupture processes. Here, we report the first infrared spectroscopic detection of
the monobridged diboranyl radical (B,Hs, Cy,) via the vg mode at 1033 cm~2. The infrared assignment of the B,Hs
isomer was verified by conducting experiments with diborane-ds (B,Ds). Under identical experimental conditions,
the monobridged B,Ds isomer was observed via the v5(1154 cm™2), v4(823 cm™1), and v5(1307 cm~1) absorptions.
These data can be utilized in future spectroscopic studies of chemical vapor deposition processes to allow an
identification of the monobridged diboranyl isomer in real time via infrared spectroscopy.

1. Introduction molecule, multiple studies were undertaken to determine
structural and energetic characteristics of this unique com-
pound. One crucial query was whether hydrogen is abstracted
more readily from the terminal position of diborane in a
reaction yielding dibridged B1s or from the bridging
position forming the monobridged,Bs isomer (Figure 1).

In recent years, diborane {Bs) has become the most
industrially common boron-containing precursor within the
growing field of chemical vapor deposition (CVD). Because
of the applicability of diborane as a noncorrosive semicon-

ductor and its resistance to degradation at hightemperatures:Th inal o le for ab i q
it can be effectively used in the production of intrinsic e terminal position is more accessible for abstraction an

devices and electrochemical sensbots. this context, un-  nolds a larger cone of acceptance; however, the chemical

derstanding the molecular energetics and spectroscopic?®nding at the bridging position is less stable. Early

properties of the reacting, boron-containing materials is ©XPerimental results obtained by Manocha et al. and

crucial in CVD processes to obtain accurate rate constants, RUSIC et al. |nd|cated3 that s is most stable as the

determine thermodynamic data, and predict products. Thus’smgly bndged structuré? S!nce that time, multiple theoreti-

in order to understand fundamental diborane reactions inCal Studies have confirmed these results; b,

boron-doped CVD processes, the spectroscopic identificationSYMMetric monobridged 2is isomer now is universally

of boron-bearing reaction intermediates such as the diboranyl""ccelpted as the Iowest-energy_|somer being "?‘bOUt 20 kJ

radical (BHs) is essential. moI.‘ Tc;re stable than the dibridge@s symmetric BHs
Diborane also has theoretically intriguing characteristics radical"™

in addition to commercial uses. After identification of the (2) Manocha, A. S.. Setser, D. W.; Wickramaartchi, MJAChem. Phys

dibridged three-center, two-electron structure of the diborane ™ 1983 76 129, T T ' '

(3) Rugi¢, B.; Schwarz, M.; Berkowitz, 0. Chem. Phys1989 91 (7),
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Figure 1. Structures of diboranelf and of the mono-3) and dibridged BHs radicals 8).

In this Article, we present the first experimental spectro- the B3LYP level)** A useful approach widely utilized to correct
scopic characterization of the monobridgeeHB isomer this deficiency is given by scaling procedufésor instance, since
together with its deuterated counterpart. These results providecalculated harmonic frequencies are generally larger than the
potential insights for an identification of products and reactive observed fundamental frequencies, the calculated values are scaled
intermediates in CVD processes and further experimental by a factor normally in the range of 0.89.99:2 In recent years,
verification of studies concerning the minimum-energy alternative procedures have been developed for anharmonic vibra-

structure of the BHs potential energy surface. tional calculations, which directly provide fundamental frequencies
by computing anharmonic corrections through second-order per-
2. Experimental Methods turbativés or variational methodologi€’. Although the second-
Experiments were conducted using a surface scattering machine©rder perturbative approach is somewhat less accurate than the
the experimental setup has been fully explained previdusiyarief, variational method, it is much more computationally efficient and
the main chamber of the machine consists of a contamination-free has been coded in the Gaussian 03 package. Since then, this method
ultrahigh vacuum (UHV) setup evacuated to-10Torr by a was applied for calculations of anharmonic frequencies for a variety

magnetically suspended turbopump, which is backed by an oil- of medium size molecul€s.1t has been found that the deviations
free scroll pump. A polished silver monocrystal used for the of calculated anharmonic frequencies from experimental funda-
condensation of diborane is cooled to 1£®.3 K via a rotatable, mental frequencies normally do not exceed 2%; however, since
two-stage closed-cycle helium refrigerator. Diborane gas is con- the computed anharmonic corrections may be either slightly
tained initially in an adjacent gas reservoir; the condensation onto ynderestimated or overestimated, theoretical frequencies may
the crystal in the main chamber is controlled by a precision leak geviate from experiment in both directions, i.e., be either slightly
valve. During deposition, the valve is extended to 5 mm from the igher or lower than the observed valdéghis means that, if one
crystal, ensuring reproducible frost thicknesses. Frosts were prepareqyies 14 scale calculated anharmonic frequencies to match them with

n separate experiments for both diborane and d_'b()dm&D‘?)' experiment, scaling factors varying from about 0.97 to 1.03 may
Diborane frosts were condensed from electronic grade dlboranebe obtained
(10%) in hydrogen, available from Aldrich Chemical Co., Inc; '
diboraneds frosts were deposited from diboradg-(10%) in
deuterium obtained from the same company. All frosts were (11) '\'jlfiSAt:h,C'\él-J-;TruckSJ, (é- V\Z/-;kSChle@Jlfl,\l/-LGB-:Scuseria,G-E-;AROJbb,
H H H AL eeseman, J. R.; ZakKrzewskl, V. G.; ontgomery, AL

Fondensed opto the silver crystal at ;.0 K while keeping the pressure Stratmann, R. E.: Burant. J. C.: Dapprich, S.: Millam, J. M ; Daniels.
inside the main chamber to 10Torr; since hydrogen and deuterium A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone,
gases do not condense at 10 K, pure diborane ices were obtained.  V.; Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.;
For a quantitative determination of diborane frost thicknesses, the ~ Clifford, S.; Ochterski, J.; Petersson, G. A; Ayala, P. Y.; Cui, Q.;
2608 d 1170 cnt ab ti band int ted d th Morokuma, K.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.;

. an crr absorption .an S were in egrag an € Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Baboul, A. G.; Stefanov,
thickness was calculated according to Bennett &P dlhis gave B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, |.; Gomperts,

sample thicknesses of about 27 nm. These frosts were irradiated R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C.
Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.;

for 1 h with energetic (5 !<eV) electrong at.a nominal beam current Johnson, B.. Chen, W.; Wong, M. W.: Andres, J. L. Head-Gordon,
Of 1000 nA. The Chem|Ca| Changes InSIde the |0W-temperature M’ Rep|og|e’ E. S’ Pop]e’ J. ASaussian ggrevision Ag’ Gaussian’

diborane ices were monitored using Fourier transform infrared 12 I'r:w_.: r|]°it'\t/|8bJurgTh, Plfn 1(39\2/3\) Schiedel H.B.: S G E- Robb

_ : _ 00D 1 risch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,

Speqtroscopy (FT .lR)' The Nicolet 670(.) FT-IR (? . 0 c_rrr ) M. A.; Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin,
monitored the solid state at a resolution of 2 @nwith time- K. N.; Burant, J. C.. Millam, J. M. lyengar, S. S.; Tomasi, J.: Barone,

averaged spectra recorded every 120 s. V.; Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G.
A.; Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R;

3. Theoretical Methods Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai,
H.; Klene, M.; Li, X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B;

Harmonic vibrational frequencies of diborane, diboranyl radicals, Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev,

T i i O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P.
and their isotopomers were computed at the hybrid density v.. Morokuma, K. Voth, G. A: Savador, P.- Dannenberg, J. J.

functional BBLYP/6-3llG**_IevéP utilizing the Gaussian 98 Zakrzewski, V. G.; Dapprich, S.; Daniels, A. D.; Strain, M. C.; Farkas,
program packag&.Anharmonic (fundamental) frequencies ot O.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J.
and BHs were calculated at the same theoretical level using the B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.; Clifford, S.; Cioslowski, J.;

. : . . Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, |.;
Gaussian 03 program packa@eThe harmonic approximation Martin, R. L: Fox, D. J.. Keith, T.; Al- Laham, M. A- Peng, C. Y.;

usually employed for calculations of vibrational frequencies almost Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.; Johnson, B.; Chen,
always overestimates experimental frequencies by up to 10% W.; Wong, M. W.; Gonzalez, C.; Pople, J. Saussian 03revision

; Fit ; B.04; Gaussian, Inc.: Pittsburgh, PA, 2003.
depending on the method of ab initio calculations (by42% at (13) Scott, A. P.- Radom. LJ. Phys. Chem1996 100, 16502.
(14) Rauhut, G.; Pulay, B. Phys. Chem1995 99, 3039.

(8) Bennett, C. J.; Jamieson, C.; Mebel, A. M.; Kaiser, RPHys. Chem. (15) Barone, V.J. Chem. Phys2005 122, 014108.

Chem. Phys2004 6, 735. (16) (a) Bowman, J. MAcc. Chem. Red4.986 19, 202. (b) Gerber, R. B.;
(9) Duncan, J. L.; McKean, D. C.; Torto,J. Mol. Spectroscl981, 85, 16. Ratner, M. A.Adv. Chem. Phys1988 70, 97. (c) Carter, S.; Bowman,
(10) Becke, A. DJ. Chem. Physl993 98, 5648. Lee, C.; Yang, W.; Parr, J. M.; Handy, N. CTheor. Chem. Accl998 100, 191.
R. G.Phys. Re. B 1988 37, 785. (17) Alparone, A.Chem. Phys2006 327, 127 and references therein.
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Table 1. Unscaled TheoreItLical Harmonic Frequencies (§mand experimental data recommends scaling factors between 0.97
Infrared Intensities (km mol) of the Monobridged Diboranyl Radical .
Computed at the B3LYP/6-311G* Level and 0.99, note that t_heg and vy fundamentals represent
— - : — - - exceptions, and scaling factors of 0-9394 are needed
position Intensity position intensity clearly indicating that anharmonic corrections should be
1B,H 1B,D, significant for these vibrations. We can utilize these scaling
Hs ,Ds ficant for th brat w tilize th |
o b 5;‘2“? (gggg) 148 3855 (11332) 85 factors to compare the theoretically predicted wavenumbers
Z g‘i 2618 525203 5 1892 518493 4 With th.e posit'ion of the newly observe.d.absorption feaFures.
va b, 2606 (2505) 80 1875 (1828) 62 As indicated in Table 1, the band position corresponding to
vs & 1863(1748) 10 1367 (1299) 7 the two strongest infrared intensities for monobridgeH 8
ve by 1716 (1622) 391 1235 (1122) 224 2745 ol d 1716 cmt (m): th K Id
v & 1153(1124) 8  881(859) 3 are cm? (v1) an cmt (vg); these peaks cou
vg b, 1117 (1078) 103 838 (818) 48 not be observed since they overlapped with thend vg
ve by 993 (964) 5 719 (699) 3 : :
vio &  913(891) 5 749 (731) 3 fundamentals of the diborane molecule. However, the third
vii @ 885 (896) 0 680 (771) 0 most intense peak for monobridged theHB isomer, vg,
vig by 793(762) 5 643 (624) 2 should fall in a region in which no potentially conflicting
Zii E‘i ?gg ggg% ‘2‘ ggg gfgg f diborane peaks are predicted to exist. As a matter of fact, a
vis &  164(251) 0 120 (161) 0 strong band was observed at 1033 ¢érfFigure 2) which
113108, 11B10BH, can be assigned to thig mode of the monobridged diborany!l
V1 a 2757 131 2080 69 radical. We can integrate this peak at different irradiation
va ar 2782 20 2052 19 times and plot the integrated intensity versus the irradiation
v d 2621 8 1897 7
v @ iggg ?8 ig;; 6§ time (Figure 3). Pseudo-first-order kinetics A A, where
» a . . .
vz o 1717 305 1237 297 Al is the diborane molecule_ and; Ahe monobndge;d Bs .
Ve a 1157 9 891 3 isomer, were employed to fit the data. The solution to this
ve & éégl 105 ;3;12 437 rate law follows via [A] = a(1 — e ¥). The corresponding
zi’o g 021 5 756 3 fit of te_mporal_evolution o_f the column d_ensity of_the
vy & 889 0 684 0 monobridged diboranyl radical at 1033 chis shown in
V12 : é?g g gi% g Figure 3; the rate constakwas calculated as (2.13 0.18)
V. .
e A 434 > 308 1 x 1073 s'1. These patterns suggest that the monobridged
ms a 160 0 118 0 diboranyl radical is formed via unimolecular decomposition
10B,Hs 10B,Ds of an energized (internally excited) diborane molecule. For
vio b 2762 151 2085 89 a further verification of diboranyl radical assignments,
v, @ 2743 0 2069 6 - . i
ve @ 2623 5 1901 5 additional experiments were conducted on dibordn&hree
va by 2610 84 1881 67 peaks of the monobridged radical were detected via its most
vs @& 1870 11 1376 8 - i
v b 1719 397 1240 229 intense absorptloT at 115_4 ci(ve), as well as at 823 cm
v, a 1160 8 900 3 (ve) and 1307 cm* (vs) (Figure 2).
Ve gz 3325 10§ ;3242? 437 We also conducted computations of the anharmonic
ﬁfo ai 929 4 762 3 vibrational modes. Here, the agreement of the monobridged
vii @& 893 0 689 0 B.Hs radical is very good showing the deviation of only 45
vi2 22 2g§ g ggg g cm! with scaling factors of 0.96 forg (anharmonic
e b 434 > 308 1 frequency: 1078 crt). The corresponding D5-isotopomer
vis & 161 0 118 0 shows computed wavenumbers of 818, 1122, and 1299;cm

apeak positions and intensities for the deuterated isomers are alsoN€re, reasonable scaling factors of ::0103 are necessary
included. Calculated anharmonic (fundamental) frequencies are given in to match the experiments with the computations. The values
parentheses. of scaling factors larger than 1 indicate that the present
calculations overestimate anharmonic corrections, giving
anharmonic frequencies slightly lower than those observed

During the irradiation exposure of the diborane sample, i experiment (section 3). The assignments of these absorp-
new absorption features appeared at 1033 and 1398/1393jons can be also validated energetically. Since the mono-
cm. In the corresponding diborar-ices, we found five  prigged isomer is expected to be more stable by about 20 kJ
novel absorption features at 823, 1056, 1154, 1307, and 1487mg[1 compared to the dibridged structure, we would expect,
cm-*. We compare now the position of these new absorptions s verified experimentally, that during the unimolecular
with the theoretically calculated absorptions (Tables3)1 decomposition of diborane, the monobridged isomer should
First of all, we need a calibration of the degree of anhar- pe formed preferentially.

monicitie; of the computed data and _the inherent _scaling We would like to stress that we have no definite detection
factors. Since the fundamentals of the diborane and d|borane—0f the dibridged BHs isomer. Only very weak absorption

ds molecule have been well studied in the gas pH&ses 5,5 were observed at 1398/1395-&mn the perdeuterated
can compare the NIST data with the computed absorptions

complled in Table 3 A comparison of th_e computed data of (18) NIST Atomic Spectra Databgseersion 3.0.; http://physics.nist.gov/
the closed shell diborane molecules with the NIST based cgi-bin/AtData/main_asd (accessed February 2005).

4. Experimental Results and Discussion

Inorganic Chemistry, Vol. 46, No. 14, 2007 5741
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Table 2. Unscaled Theoretical Harmonic Frequencies (&nand Infrared Intensities (km mol) of the Dibridged Diboranyl Radical Computed at the
B3LYP/6-311G** Levef

position intensity position intensity position intensity position intensity
1leH5 1leD5 lOBsz 1oBzD5
V1 a 2702 (2610) 70 2002 (1941) 60 2714 73 2024 50
V2 a 2673 (2563) 63 1999 (1946) 18 2689 63 2017 31
V3 a 2579 (2478) 68 1866 (1819) 49 2585 71 1875 53
V4 a 2212 (2142) 20 1572 (1463) 11 2213 20 1574 11
Vs a’ 2103 (2009) 0 1553 (1498) 0 2113 0 1566 0
V6 a’ 1643 (1359) 1 1191 (1049) 1 1647 1 1197 1
v7 a 1485 (1214) 210 1083 (951) 118 1490 212 1089 120
Vg a 1173 (1142) 36 894 (873) 13 1179 36 915 11
2 a' 969 (942) 11 743 (729) 7 977 11 754 7
V10 a 914 (893) 1 781 (757) 1 929 0 796
V11 a 865 (845) 3 710 (695) 1 892 722 1
V12 a' 844 (791) 1 637 (613) 0 846 0 643 0
V13 a' 831 (763) 0 596 (556) 0 838 0 596 0
V14 a 658 (541) 0 505 (433) 1 666 0 511 1
21 a 410 (402) 20 296 (295) 11 412 21 296 11
1lBloBH5b 11giog D5b 1lBloBH50 1lBloBD5r:
V1 a 2714 69 2017 43 2702 80 2024 45
V2 a 2673 66 2001 38 2688 53 2000 34
V3 a 2579 69 1866 49 2585 72 1875 53
V4 a 2213 20 1574 11 2212 20 1572 11
Vs a’ 2111 0 1563 0 2105 0 1555 0
Ve a' 1643 1 1191 1 1647 1 1197 1
V7 a 1488 210 1085 117 1487 213 1086 121
Vg a 1173 37 898 14 1179 36 910 11
2 a' 969 11 743 6 977 11 753 7
V10 a 919 0 793 1 923 1 784 1
V11 a 878 4 714 1 880 3 718 1
V12 a’' 846 0 643 0 845 0 637 0
V13 a' 836 0 596 0 834 0 596 0
Via a 666 0 511 1 659 0 506 1
V15 a 411 21 297 11 411 20 296 11

aPeak positions and intensities for the deuterated isomers are also included. Calculated anharmonic (fundamental) frequencies are givesem parenth
b10B at B, (see Figure 1)¢1%B at B, (see Figure 1).

Table 3. Unscaled Harmonic Frequencies (cthand Infrared Intensities (km mol) of Diborane Computed at the B3LYP/6-311G** Level

1BHs 10B,Hs 1B,Ds 19B,Ds
band position intensity band position intensity band position intensity band position intensity
V1 bay 2705 (2604) 179 2721 181 2025 100 2047 103
v big 2691 (2586) 0 2707 0 2018 0 2040 0
V3 ag 2614 (2522) 0 2620 0 1898 0 1909 0
V4 by 2601 (2510) 146 2606 153 1878 112 1886 121
Vs ag 2164 (2087) 0 2164 0 1536 0 1537 0
Ve b1y 1978 (1818) 9 1989 9 1477 7 1493 7
v7 bog 1843 (1710) 0 1846 0 1322 0 1327 0
Vg by 1700 (1528) 471 1705 478 1239 266 1247 271
Vg & 1199 (1164) 0 1205 0 915 0 935 0
V10 by 1190 (1157) 77 1196 74 882 26 888 24
V11 bsg 1022 (979) 0 1022 0 723 0 723 0
V12 b1y 990 (966) 17 995 17 731 9 736 9
V13 bay 951 (917) 0 955 0 700 0 705 0
V14 big 937 (910) 0 951 0 747 0 760 0
V15 bog 890 (851) 0 905 0 729 0 747 0
V16 a 848 (817) 0 848 0 600 0 600 0
V17 a 796 (760) 0 828 0 716 0 730 0
V18 by 358 (329) 16 358 17 253 8 253 8

a Calculated anharmonic (fundamental) frequencies are given in parentheses.

samples, minor absorptions appear which could be tentativelyenergetic electron-induced unimolecular decomposition of
assigned at 1056 crh(v7) and at 1487 cmt (v4). However, related main group IV hydrides methane (g silane

in strong contrast to the monobridged isomer, a comparison(SiH,),?° and germane (Gefif* was found to be an initial

of the experimental data with the scaled, calculated frequen-formation of the corresponding EHE = C, Si, Ge) radical
cies does not permit a definite conclusion. Therefore, we plus atomic hydrogen; the temporal profiles of these radicals

must conclude that in our experiments we only observed, ) )
. P y . ... (19) Bennett, C. J.; Jamieson, C. S.; Osamura, Y.; Kaiser,Asttophys.
by a comparison of the scaled, computed frequencies with J. 2006 653 792.

the experimental data, the monobridged isomer. (20) Sg(ljei{séolg-;lignnett, C. J.; Osamura, Y.; Kaiser, RChem. Phys.
Can other species account for the experimentally observed(21) Carrier, W.; Zheng, W.: Osamura, Y. Kaiser, RChem. Phys2006

absorptions? It should be noted that the first step in an 325 499.

5742 Inorganic Chemistry, Vol. 46, No. 14, 2007



Characterization of BHs in Low-Temperature Ices

0o T T T T T T
F bo4 T T ¥ T
1033
L 1154
0Oms -
[ .03 | l _
@«
h= bl
= g
g L g
£ ooof B 8 o 4
2 1 Z
o [
0305 - - o -
b
oo0 i L L L L L waq L
1044 1041 1038 1035 1032 1023 1028 1023 1es 160 1158 150 118 1140
(a) wavenumber (cm™) (b) wavenumber tem’}
008 T T T T T ©1e T T T T T T
823
oz |
004 | J "
@
g 2
& 3
[ 0DB |-
& a
o E=1
o T
Qa2 = -
\_M B ooa |
000 L . N ' v 0.00 ! L L N L L
835 B30 B2S 820 815 B1D 805 1330 1325 1320 1315 1310 1305 13aa 1295
1 .
(C) ) wavenumber (om '} (d) wavenumber (cm’ '}

Figure 2. Experimentally observed absorption features corresponding to (a) monobridgigdcad (b-d) monobridged BDs radicals formed during
irradiation of diborane and diboramlz-ices at 10 K. The unassigned peaks belong to titésBind BDs reactants.

4.50E4015 T T T T T 1307@s) cm . The temporal evolution of the absorption
[ ] shows that this radical is formed via unimolecular decom-
— [ } ! Tli‘h # ] position of the diborane molecule. It is interesting to note
§ L Y _HTLI T Ii ] that the related AHs system energetically favors the
g 2moer . } {’ dibridged isomer compared to the monobridged structure.
e - This reflects a common trend of hydrogen deficient, main
% group hydrides to favor (di)bridged structures when going
'g < 50E+015 | to the higher homologues within a group. This has been
c . found, for example, also in acetylene t) versus disi-
.§ lacetylene (SH)* and digermacetylene (@8,)** where
e acetylene is linear, but both latter structures prefer a dibridged
0.00E+000 kvt Lo Lo fe L L ] arrangement of the hydrogen atoms.
Q 600 1200 1800 2400 3000 3600
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Figure 3. Plots of the evolution of the column density (molecules&m assistance with the experimental procedures. The experi-
with respect to time for the experimentally observed absorption of the 1033 . . L
cm-L band for the monobridged Bis isomer. mental work was funded by the Air Force Office of Scientific
Research (Grant W911NF-05-1-0448; R.I.K.) and by the
could all be fit with pseudo-first-order kinetics. This is in  National Science Foundation Research Experience for Un-
analogy to the monobridged;Bs radical observed in the  dergraduates (J.G.L.). A.M.M. thanks Institute of Atomic
present system. Therefore, we can conclude that at least undegjolecular Science, Academia Sinica, in Taipei, for the use
the experimental conditions of the present studies, the of their computer cluster and the Gaussian 03 program
monobridged BHs radical is formed but no other higher  package for calculations of anharmonic frequencies. R.1.K.
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The monobridged Bis radical has been identified ex- 1€0622712

perimentally for the first time in low-temperature diborane

i i i (22) Andrews, L.; Wang, XJ. Phys. Chem. 2004 108 4202.
ices at 10 K. We characterized the absorptlons of the (23) Osamura, Y.; Kaiser, R. Astrochemistry: From Laboratory Studies

monObridgeq .345 structure at :!-03:_3 cm(vg). This absorp-. to Astronomical Obsestions, Honolulu, Hawaii, 1820 December

tion was verified by characterization of the corresponding 3882 Pi}alfesr,saR- I-,Zgg-;Amerlcan Institute of Physics: Melville, N,
. . . . . ; Vol. p .
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three fundamentals were detected at 1¥54823(s), and 330, 275.
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