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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Germane and the Phenylgermanes

Generally, a phenyl derivative of a nommetal hydride, C6H5MHX~1,
is more acidic than the parent hydride, MHxil’E For example, N
phenylarsine is a stronger acid than.arsine, and diphenylarsine is a
" stronger acid than phenylarsine.2 However, germane and the phenylgermanes
constitute a puzzling exception to this rule. The phenylgermanes are
weaker acids than germane - the‘weakness increasing with increasing phenyl

3,4 Although the exceptional acidities of the phenylgermanes

substitution.
has been cited as evidence for pn-dxn bonding;3 no explanation was offered
for the implied greater importance of such bonding in the phenylgermanes
ﬁhah_in, say, the phenylarsines. The purpose of this communication is to
show that the data may be explained in terms of two opposing effects of
phenyl substitution: an acid-weakening effect (which we ascribe to pmn-
dn bonding) and an acid-strengthening effect (mainly due to pr-pn bonding).
The phenyl group in the molecule CcligMiy can éxert an acid-weakening
effect if the atom M has empty valence dr orbitals which interact with
the filled pxn molecular orbitalsof the phenyl ring. Such dn orbitals
are.available‘when M is ffom the second or third row of the periodic

ﬁable.5

The acid-weakening effect may be ascribed to a stabilization
of the acid, relative to its conJugate base. There is little such
stablllzatlon of the congugate bage because the pi-dr interaction would

cause a shift of electron density toward an atom with a formal charge
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of -1, TFor the cases of phenylgermane and phenylarsine, the effect
probably has a similar magnitude, and contributing resonance structures

of the following type can be written:

<§:jj>:GeH3 and + <:i:>p;é§H2

-+

The acid—strengthening effect of the phenyl group in CsHsMHx is
due (in addition to a relatively weak 0 inductive effect) to a stabili-
zation of the anion by interaction of an empty prn molecular orbital. of
the phenyl ring with a filled px "nonbonding" orbitai of the M atom:

" The effect is operative in the phenyl derivatives of methane and of the:

7

hydrides of elements of groups V and VI. For example, in the case of

phenylarsine, resonance structures of the following type can be written

H

for the anion:

We assume that the valence orbitals of the arsenic atom in the anion are
involved in bonding as follows: one po orbital in the As-H bond, a po
orbital and a pw orbital in the As-C bond, and an s orbital for the com-
pletély nonbonding lone pair. On this basis the ion should be completely
planar, with a 90° C-As-H bond angle. Presumably there is littlé such
pr-prn stabilization of phenylarsine; the lone pair orbital on the arsenic
atom in phenylarsine probably has very little p character becauée of the
high s°p~-sp® promotion energy.8 (The H-As-H bond angle of 91.8° in

9 .

arsine” is structural evidence of the '

'inertness" of the lone pair.)
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The acid-strengthening effect is inoperative in phenylgermanelo
because the lone pair orbital on the germanium atom of the CGHSGeHZ"
ion (like that on the arsenic atom of the isoelectronic CHgAsH.) has
little p character. Consequently there can be no significant pi-px

interaction between the phenyl ring and the germanium atom in the anion

“without an energetically unfavorable'hybridization of the germanium

orbitals. These conclusions are consistent with the facts that no com-
pound is known'contaihing a.pﬂ-pﬂ bond between carbon and germanium and .
that the germacyclopentadienide ion shows no aromatic character.
Apparently whenever the n acid-strengthening effect of a phenyl
group is operative, it overpowers any.possible acid-weakening effect.
The latter effect wins by default in the case of phenylgermanes; it
probably will be found to do likewise in the case of phenylsilanes - _

and perhaps in the case of phenylstannanes.
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the n acid- strengthening effect.



(8)

(9)

(20)

(22)

C. J. Ballhausen and H. B. Gray, "Molecular Orbital Theory," W. A.

Benjamin, Inc., 196k, New York, p. 122.

W. L. Jolly, "The Chemistry of the Non-Metals," Prentice Hall, Inc.

Englewood Cliffs, N. J., 1966, p. 91.

Birchall and Drummondh have observed a slight downfield nmr shift

for the ortho hydrogens of the phenylgermane anion. They have
interpreted the nmr spectrum as evidence for the absence of con-
Jugation between germanium and the ring.

M. D. Curtis, J. Am. Chem. Soc., 91, 6011 (1969).

>



LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.




TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720



