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The Acidities of 

Germane and the PhenylGcrmanes 

Sir: 

Generally, a phenyl derivative of a norunetal hydride, C
6
H

5
W1x_ 1 , 

is more acidic than the parent hydride, :f\1H •
1

'
2 

. X. 
For.example, 

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 

substitution. 3' 4 Although the exceptional acidities of the phenylgermanes 

has been cited as evidence for p:rr-d:rr bonding, 3 no explanation was offered 

for the implied greater importance of such bonding in the phenylgermanes 

than 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 pre-

d:rr bonding) and an acid-strengthening effect (mainly due to pn-p:rc bonding). 

The phenyl group in the molecule C6HJ1Hx can exert an acid-weakening 

effect if the.atom M has empty valence d:rr orbitals which interact with 

the filled pn molecular orbitalsof the phenyl ring. Such dn orbitals 

are available when M is from the second or third row of the periodic 

table. 5 The acid-weakening effect may be ascribed to a stabilization 

of the acid, relative to its conjugate base. There is little such 

stabilization of the conjugate base because the p1c-dn interaction W01L1.d 

cause a shift of electron density tovmrd an atom with a formal charc;c 
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of -1. For the cases of phenylgermane
6 

and phenylarsine, the effect 

probably has a similar magnitude, and contributing resonance structures 

of the follovring type can be written: 

and 

The acid-strengthening effect of the phenyl group in C
6
H

5
MHx is 

due (in addition to a relatively weak a inductive effect) to a stabili-

zation of the anion by interaction of an empty prr molecular orbital of 

the phenyl ring with a filled prr ''nonbonding" orbital of the M atom• 

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

hydrides of elements of groups V and VI. 7 For example, in the case of 

phenylarsine, resonance structures of the follml:ing tyPe can be written 

for the anion: 

-OA,s: 
. H 

We asslUUe that the valence orbitals of the arsenic atom in the anion are 

involved in bonding as follows: one pa orbital in the As-H bond, a pa 

orbital and a prr orbital in the As-C bond, and an s orbital for the com-

pletely nonboncling lone pair. On this basis the ion should be completely 

planar·, vlith a 90° C-As-H bond angle. Presumably there is little such 
' 

prr-prr stabilization of phenylarsine; the lone pair orbital on the arsenic 

atom in phenyb.rsine probably has very little p character because of the 

2 3 4 . 8 ( high s p -sp promot1on energy. The H-As-H bond angle of 91.8° in 

arsinc9 is structural evidence of the "inertness" of the lone pair.) 
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10 The acj_d-strengthening effect is inoperative in phenyle;ermane 

because the lone pair orbital on the germanium atom of the C
6
H

5
GeH

2
-

ion (like that on the arsenic atom of the isoelectronic C6H5AsH2 ) has 

little p character. Consequently there can be no significant pr(-prr 

interaction bet-vreen the phenyl rine 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 kno-vm containing a pr(-prr bond between carbon and germanium and , 

11 that the germacyclopentadienide ion shovrs no aromatic character. 

Apparently whenever the J( acid-strengtheninG effect of a phenyl 

group is operative, it overpowers any possible acid-weakening effect. 

'l'he latter effect wins by default in the case of phenylgermanes; it 

probably vlill be found to do likewise in the case of phenylsilanes -

and perhaps j_n the case of phenylstannanes. 

~~~· - This work was supported by the U.S. Atomic Energy 

Commission. 
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