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Bismuthine BiHj;: Fact or Fiction?
High-Resolution Infrared, Millimeter-Wave,
and Ab Initio Studies**
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Standard Inorganic Chemistry textbooksl!! report that
bismuthine, BiH;, is a common although unstable Group 15
hydride. Typically only the boiling point? of +16.8°C is
mentioned for characterization. Apart from the early obser-
vation of a “volatile bismuth hydride” by Paneth in 1918, its
relevance in analytical chemistry, and a mass spectrometric
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study,’! all experimental information on BiH; (synthesis,
isolation, and vapor pressure) originates from the report by
Amberger in 1961.121 To the best of our knowledge nobody has
to date been able to repeat Amberger’s (admittedly pre-
sumptuous) synthesis of BiH; by decomposition of CH;BiH,
at —55 to —45°C, or to develop an alternative route to this
compound. Hence, unlike the case of the short-lived mono-
hydride BiH, neither the structure nor the vibrational
spectrum of BiH; have been determined experimentally.

We report herein the successful repetition of Amberger’s
synthesis of BiH; and its unambiguous characterization by
independent, modern spectroscopic methods, which are
supported by ab initio caclulations. Our particular interest
in BiHj; concerns those structural and spectroscopic properties
that are expected to be unique for BiH;. First, BiH; should
have the smallest H-X-H bond
angle (ca. 90.0°) of any of the
hydrides of the composition
XH, and XH; (Figure 1). In
the vibrational ground state,
BiH; should thus be an oblate
symmetric top (I,=I,<I)
extremely close to the spheri-
cal top (I,=1,=1.) limit, even
more so than SbH,."! In vibra-
tionally excited states it may
switch to a prolate symmetric
top with I, < I, =1I.. Therefore
it should reveal, with unprece-
dented distinction, particular
ground and excited state rota-
tional energy patterns that require appropriate reductions of
the rotational — vibrational Hamiltonian.!®! Owing to the near-
rectangular H-Bi-H angle, the heavy central atom, the
expected small HBi/BiH’ coupling, and the large anharmo-
nicity of the BiH stretching motion, BiH; would also be a
prototype molecule for local mode behavior.!

After numerous failures we were able to repeat the
reported synthesis®?! and eventually obtained apparently pure
BiH; in quantities sufficient to enable us to carry out gas-
phase infrared (IR) and millimeter-wave (MMW) measure-
ments over periods of minutes to hours. In brief, we first
prepared Bi(CH;); from BiCl; and CH;Mgl, and then reacted
this with BiCl; to give CH;BiCl, by using standard proce-
dures.'" CH;BiCl, was then reduced with LiAlH, in di-n-
butyl ether at —78°C to give CH;BiH, whose disproportio-
nation at —55 to —45° C yielded BiH; along with methyl-
bismuthanes. Some hydrogen, which formed by decomposi-
tion of the hydrides, was pumped off while the reaction
mixture was cooled by using liquid nitrogen. Thereafter this
mixture was allowed to warm to about —50° C and volatile
material expanded into cooled absorption cells until a total
vapor pressure of between 10 and 100 Pa was reached.

IR spectra were recorded in the region for stretching
fundamentals v,(A;)/v;(E) at about 1700 cm~! with a reso-
lution of 4.4 x 103 cm™! (Figure 2), and in the region for
bending modes v,(A,)/v4(E) at about 750 cm~! with a
resolution of 6.6 x 1073 cm~! (Figure 3)."'] An external dou-

structure
of BiH; with principal axes of
inertia indicated; a., r.= bond
angle and length in the equili-
brium structure.

Figure 1. Molecular
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Figure 2. The v, and v; bands of BiHj;. Lines denoted by an asterisk in the

experimental spectrum (top) are attributed to residual H,O in the

interferometer. In the simulated spectrum (bottom) the band centers are

indicated by arrows.
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Figure 3. The v, and v, bands of BiH;: Experimental (top) and simulated
spectrum (bottom; band centers are indicated by arrows).

ble-jacketed glass cell (inner diameter 70 mm, 120 cm long)
equipped with NaCl windows and cooled to —40°C was used.
At a total pressure of about 100 Pa data were collected for
periods of 10-30 min before absorptions assignable to BiH;
disappeared and it was necessary to recharge the cell. We
confirm Amberger’s observation that deposited metallic Bi
accelerates the decomposition of BiH; significantly. Alto-
gether 30 and 76 scans were collected in the v,/v; and v,/v,
spectral regions, respectively. The analysis of the spectra
established that essentially all observed absorption lines could
be assigned to the vy, v,, v5, and v, bands of *”BiH; (Bi is a
monoisotopic element).

Since the analysis of the spectra required highly accurate
constants of the ground vibrational state we also measured
rotational /=10, 2+ 1, 4+ 3, and 8 < 7 transitions in the
158, 317, 633, and 1260 GHz ranges, respectively.'”l The

Angew. Chem. Int. Ed. 2002, 41, No. 14

J=87, K=3" transition is illustrated in Figure 4. The
observed nuclear quadrupole hyperfine structure is in agree-
ment with a spin /=9/2 for >”Bi. Rotational and vibrational
(ground-state combination difference) data, including 210
combinations with AK =0 providing C,, were merged and
fitted.[3!

125-115

11.5-105

Jg=83,. — 73,
F_F

+——>

Figure 4. Part of the Jy =8;, « 75, transition of BiHj;, split by quadrupole
hyperfine structure, between the upper components 3+ of the split K=3
sublevels. (F” — F’) components are labeled.

The rotational — vibrational analyses of the v,/v;(*l and v,/v,
bands,["] which will be reported in detail elsewhere, yield the
vibrational wavenumbers and, among other constants, the
vibrational corrections to the ground state rotational con-
stants (B, — B., C,— C.) which can be used to calculate the
equilibrium rotational constants (B,, C,) and to derive the
equilibrium geometry (r.), Table 1.

Since the experimental data differ from published ab initio
resultsl'® 71 by more than is nowadays tolerable, we have
performed novel ab initio calculations!'®2% at highly corre-
lated levels by using several large basis sets and different
relativistic pseudopotentials for the Bi atom (small-core
pseudopotentials with and without counterpoise corrections,
large-core pseudopotentials with and without core polariza-
tion potential). We will provide a full account of the results of
these calculations elsewhere, here we only present the geo-
metries, rotational constants, and fundamental wavenumbers
at the highest theoretical level applied!'® and compare them
with their experimental counterparts (Table 1).

Table 1. Molecular parameters of BiHj; (all derived from this work).

Experiment Ab initio calculation
v, [em™!] 1733.2547 17460
v, [em™!] 726.6990 7370
v; [em™!] 1734.4669 1758lal
vy [em™!] 751.2386 761
By [em™!] 2.6416 2625711
Cy [em™] 2.6010 2.6024[]
B, [cm™] 2.6709 2.6517t!
C, [em™] 2.6297 2.6274k
ro(BiH) [pm] 178.52 179.16
ay,(HBiH) [°] 90.50 90.07
r.(BiH) [pm] 177.59 178.29tl
a.(HBiH) [°] 90.48 90.08[!

© WILEY-VCH Verlag GmbH, 69451 Weinheim, Germany, 2002

[a] Harmonic wavenumbers from CCSD(T), anharmonicity corrections
from MP2.['! [b] Equilibrium values from CCSD(T), vibrational correc-
tions from MP2.I'"¥l [¢] From CCSD(T).!!$]
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The agreement of experimental (Figure 2, top and Fig-
ure 3, top) and simulated spectra (Figure 2, bottom and
Figure 3, bottom) proves unambiguously that the observed
spectra originate from BiH;, and moreover that the rota-
tional —vibrational analyses are correct and the determined
molecular constants reliable and meaningful. The results of
our ab initio calculations are consistent with the experimental
data (Table 1) and thus offer further support for the exper-
imental assignments.

In conclusion, we have confirmed that Amberger obtained
BiH; in his demanding (and thus presumably to date
unrepeated) synthesis. We have determined for the first time
accurate molecular constants for BiH; from IR and MMW
spectra as well as accurate r, and r, structures, vibrational
energies, and the pattern of rotational and rotational — vibra-
tional energies. The experimental results are in agreement
with those from high-level ab initio calculations.
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