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Abstract
Proton magnetic resonance was used to determine the relative acid-
ities in liquid ammonia of germane, phosphine, arsine, and some of the
~alkyl derivatives of these hydrides. Special features of the n.m.r.

spectra of the hydrides and their anions are discussed.
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Introduction

Trends in acidity of the simple hydrides MH, have been discussed

in relation to the position of M in the periodic table,l’2 but there

(1) M. cC. Déy, Jr. and J. Selbin, "Theoretical Inorganic Chemistry,"
Reinhold Publishing Corp., New York, 1962, p. 25k.
(2) B. E. Douglas and D. H. McDaniel, "Concepts and Models of Inorganic

Chemistry," Blaisdell Publishing Co., New York, 1965, p. 188.

are essentially no quantitative data regarding the acidities of silane,

germane, stannane, arsine and stibine. Alkali metal derivatives of

3-6

these hydrides are known, and there is evidence that AsH3, SbH3 and

(3)  S. N. Glarum and C. A. Kraus, J. Am. Chem. Soc., 72, 5398(1950).

(4) H. J. Emeléus and S. F. A. Kettle, J. Chem. Soc., 2LLL(1958).

(5) H. J. Emeléus and K. M. Mackay, J. Chem. Soc., 2676(1961).

(6) M. A. Ring and D. M. Ritter, J. Am. Chem. Soc., 83, 802(1961).

SnH4 form disodium derivatives when they react with sodium in liquid

. b .
ammonia. 22 There has been some recent work on the relative acidities

7

of organo phosphines and arsines by Issleib and Kummel.

(7) K. Issleib and R. Kummel, J. Organomet. Chem., 3, 84(1965).
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We have recently determined the relative acidities of a series of
substituted anilines in liquid ammonia by using proton n.m.r. to measure
the relative concentrations of anilines and anilide ions in equilibrated

systems.8 In this study, we have applied the same method to some

(8) T. Birchall and W. L. Jolly, to be published.

hydrides of groups IV and V and to some of their alkyl derivatives.
Not only has information been obtained regarding the relative acidities
of the hydrides, but also some interesting features of the n.m.r. spectra

have been observed.

-Experimental

Chemicals. — The methyl and ethyl germanes were prepared from

commercially available halides by reduction with sodium hydroborate in

\

acid solution.9 Triphenylgermane was obtained by reduction of

(9) J. E. Griffiths, Inorg. Chem., 2, 375(196L4).

10

triphenylgermanium bromide with LiAlH4 in ether solution. Ethylmethyl-

(10) 0. H. Johnson and D. M. Harris, J. Am. Chem. Soc., 72, 5564(1950).

germane was prepared by treatment of the sodium salt of ethylgermane

with methyl chloride in liquid ammonia. Germane, arsine and stibine
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1
were prepared according to the method of Jolly and Drake. 1

(11) W. L. Jolly and J. E. Drake, Inorg. Syntheses, 7, 34(1963).

Phosphine was prepared by heating phosphorous acid to 200° and collect~

ing the phosphine evolved.12

(12) W. L. Jolly and S. Gokhale, University of California, Lawrence

Radiation Laboratory, UCRL-11177 (1963).

Methyl and dimethyl arsines were'prepared by essentially the same

method used by Burgl3 for the correspdnding phosphines. Excess arsine

(13) A. B. Burg and R. I. Wagner, J. Am. Chem. Soc., 75, 3869(1953).

was disﬁilled info a solution of sodium in liquid ammoﬁia and the-
reaction between the electron and arsine allowed to go to completion
at ?63°, as evidenced by the complete discharge of the deep blue electron
color. The hydrogen, excess arsine, and ammonia were then removed under
vacuum at -45°, leaving NaAsHz. Excess methyl chioride was then distilied
into the reaction vessel, where reaction occurred to produce methyl'arsine.
The product was subséquently purified by trap to trap fractionation. ~
Dimethyl arsine was prepared in a similar way from methylarsine.

The purity of all hydrides used was checked by vapor pressure
measurements, infrared spectroscopy, n.m.r. spectroscopy, and, in some

cases, mass spectrometry. All volatile samples were stored in glass

bulbs either as the vapor or frozen down with ;iquid nitrogen.
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Synthetic ammonia was dried and stored over sodium in a glass

vessel attached to the vacuum line until required.

Sample Preparation. — All of the hydrides were handled by standard

vacuum-line techniqﬁeé and distilled directlyvinto n.m.r. tubes contain-
ing ammonia or suspensions of sodium amide in ammonia. The sodium amide
suspensions were prepared by ailowing the reaction of sodium (i.e. the
electron) with ammonia to take place in the n.m.r. tube in the presence

of trace quantities of platinum, which accelerates the reaction.
Na' + e + NHs — NaNH, + 1/2 Ha

The n.m.r. tube was fitted with a break-off seal, and when the above
reaction was complete, the seal was broken and the hydrogen sroduced

was collected and heasured'by meané of a Toepler pump. In this way the
amide ion concentration in the ammohia solution was accurately determined.
Anion spectra were ‘obtained by distilling into the n.m.r. tube containing
the sodium amide-émmonia mixture a quantity of hydride equivalent to the
amide ion. The tube was sealed, the mixture allowed té come to equili-

brium at room tempefature and the n.m.r. spectrum recorded.
HA + NaNH, - A~ + NHs + Na'

In comparing the.strengths of two acids HA and HB, approximately
equal amounts were distilled into the NaNH, suspension, the acids allowed

to compete for the amide ion, and the spectrum recorded at equilibrium.
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From the spectrum the relative extents of ionization were determined,
and hence the -relative acidities estimated.

The spectra were regorded on a Varian A60 n.m.r. spectrometer at
31°C. All of the solutions were approximately 0.5 M in the compounds

being studied.

Results and Discussion

‘Acidities. - ‘In our experiments with phosphines and ar;ines{
whenever both a hydride and its anion were present together in appreciable
concentrations, we were unable to observe an n;m.r. peak attributable
to the acidic protqn. Presumably proton exchange between the hydride and
its anion was occurring, and the exchange rate was hot fast‘enough to
collapse the signal to a line sharp enough to‘bé observed. .It ié also
possiﬁle that the time-averaged line was hiddeh by the strong absofption
of the solvent protons. The solvent proton signal (a triplet because
of th coupling) was always éharp, thus ruling out the participation of
ammonia in the‘exchange- In tﬁe case of the germane, proton exchange \
between the acid and anion was slow; separate peaks for the acid and
anion were visiblé,;and it was a simple matper to determine the relative
amounts by electronic integration. However we have observed a broadening
of the Ge-H-proton peaks in solutions containing mixtures of germane and
the anions of either arsines or phosphines, indicating that the germanium
protons were involved in an exchange process in these cases. In cases
where the group V hydride and the germane had similar acidities so that
appreciablé quantities of both anions were present at equilibrium, then
a combined time-averaged peak for all four species was observed. Such a
situation occurred with GeH; and CHsAsH,. These two acids when added.to

a suspension of sodium gmide in liquid ammonia showed two peaks in addition
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to the solvent signal. One sharp peak was due to the CHs-protons; the
other broad peak was due to GeHg, GeH3~, ~-AsHz and -AsH™ which were
exchanging theif protons with one another. Knowing the initial quantities
of GeHy, CH3AsH> and NaNHz and the chemical shifts of the various protons
involved (Tables I and II) the extent of ionization of the two acids
could be calculated and hence their relative acidities determined.

The relative acidities of the acids which we have studied are given
in TaBle IIiQ iny for four pairs of acids were we able to obtain quanti-
tative daté; the ApK values for these pairs are indicéted in the table.

Qne intereéting aspect of the order of acidities is the fact that
germanévlies betwéeh arsiﬁe and phosphine. Arsine is a muéh stfonger
acid (at leastleO-féld) thén germane, with no détectable overlap occurring
with thisvpair of acids. We were also unable to obtain any quantitative
data for methylarsine and phosphine, because no signal attributable to a
combined arsine-phosphiné proton could be detected. .The relative brder
was established by the behavior of each acid separately With éodium hfdroxide
in iiquid ammonia. The mixture of CH3AsHz and NaOH-in liquid ammonia gave.
an n.m.r. spectrum with a detectable peak attributable to water, whereas a
corresponding solution with PHs and NaOH showed no such peak. The sodium
hydroxide remained unreacted in the bottom of the n.m.r. tube in this latter
case. Phosphine did react to some extent with the NaOH, as evidenced by
the solution having a yellow color.indicative of the presence of the Pis_
ion. Furthermore the characteristic doublet of PHs waé no longer visible
in the ﬁ.m.ri spectrum. Probably CHzAsHz and PHz differ by abouﬁ one DX
unit in their acidities. Arsine and germane are completely ionized to

AsHz™ and GeHs~ by sodium hydroxide in liquid ammonia.
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Table I
Chemical Shifts and Spin-Spin Coupling Constants

for Germaniumhydrides and their Anions

Compound ‘ -0 p.p.m. from external T.M.S. JH-Ge-C-H JH-Ge-C-C-E
Ge-H Ge-CHs Ge-CoHs or Ge-Cells c/s c/s
GeHsa - 2».98 - : - - -
GeHs™ 0.99 - - - -
CH3GeHs ©3.22  0.19 - L4.22 -
CH3GeHa™ 2,19 -0.23 - 5.73 -
(CH=) 2GeHa2 3.43 0.12 - 3.82 -
(CHs) 2GeH™ 2,98 -0.16 - 4.90 -
(CzHs) (CH3)GeHz 3.75 0.36 . l.21,1.12 3.85% -
(CzHs) (CH3)GeH™ 2,40 - -0.06 1.05,0.94,0.79 4. ol* -
CoHsGeHs 3.26 - 0.93 2.8 ok. 5
CoHsGeHo™ 2.33 - 1.16,1.13,1.07,0.90 4.20 0.0
(CzHs) 2GeHp 3.47 - _ 0.95,0.89 ) 2.73 ~0.5
- (C2Hs)2GeH™ 3.10 - 1.02,0.91,0.80 3.85 0.0
(Cels) 3GeH 5.48 - 7.30 - -

(Cells) aGe™ .- - 7.25,6.83 - -

*
Refers to coupling with the protons of the methyl group.
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Table IT
Chemical Shifts and Spin-Spin Coupling Constants
for Phosphorus, Arsenic, and Antimony

Hydrides and their Anions

Compound -5 p.p.m. from external T.M.S. J

PH3 | o164 - 188.7

PH>~ | -1.6_1{ | - A ' 139.3

AsHz - 0.90% - | -

AsHz™ -2.69 | - | - -
CHaAsHz 1.82 0.88 - 7.2k
CHsAsH™ ~1.04 .0 ;85 - 6.15
(CHs) 2AsH 2.26 0.93 | - 6.89 |
(CH3) 2As "~ - 1.20 - -

* ' :
Obtained from the chemical shift in CCls solution 1.57 p.p.m. after

correction for the differences in bulk diamagnetic susceptibility

of CCls and NH3 (0.67 p.p.m.).
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Table III

Relative Acidities of Hydrides in Liquid Ammonia

Acids ApK, when known

\Y4 | 0.7

0.3

(Cels) 3GeH
\Y4 | 0.7
C2H5G€H3 .
0.45
CH=GeH=s
(CzHs) 2GeHz

(céngceHZ

NV

CHxPH>
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Substitution of hydrogen by an alkyl group has the expected effect
of reducing the acidity, though the magnitude of the change might not
have been predicted. An ethyl group appears to increase the‘pK value by
about 3 units and a methyl group is slightly more effective. Dialkyl
hydrides are weaker acids still. Triphenylgermane might have been expected
to be a stronger acid than germane because of the ability of the phenyl

group to delocalize the charge in the anion (as in structure I).

(‘05H5)2Ge @ - H(Cslis)?G; :©+

I ' II

Indeed, the n.m.r. spéctrﬁm of sodium triphenylgermane ihdicates that this
delocalization is appreciable; the ortho and para proton peaks are shifted
to higher field. However, triphenylgermane is found to be a much weaker
acid than germane. One possible explanation of this unusual behavior is
that there is interaction of tﬁe n electrons of the aromatic systems with
the empty d orbitﬁls of the germaniﬁm atom, as in structure II. Such
interaction would plac? a partial hegative charge on the germanium,

making the proton more difficult to remove. Electron spin resonance

data of Carrington and coworkerslh support the idea of interaction

(14) J. A. Bedford, J. R. Bolton and A. Carrington, Trans. Faradsy Soc.,

59, 53(1963).

between aromatic n systems and the d orbitals of germanium.

.
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On the other hand, Issleib and Kummel have found that phenyl substitution
increases the acidity of phosphine and arsine.' We have no explanation

for the different behavior.

.N.M.R. Data. — The results of the n.m.r. measurements are given in
Tables I and II, and the data for the parent hydrides agree well with the

literature values that are available.ls-l7 There are some differences in

(15) G. P. Van der Kelen, L. Verdonck,and D. Van der Vondel, Bull. Soc.

Chim. Belges., 73, 733(196h);

(16) H. S. Gutowsky, D. W. McCall, and C. P. Slichter, J. Chem. Phys.,

21, 279(1953) . |
(17) H. s. Gutowéky and C. J. Hoffman, J. Chem. Phys., 19, 1259(1951).

the chemical shifts,kbut these undoﬁbtedly arise from differences in
bulk diamagnetic susceptibility of the various solvents used. The etnyl
portionsof the ethylgermane spectra are AxB> type spectra, with the
added complicatioﬁ'of spin-spin coupling with the Ge-H protons. We were
unable to analyze these spectra, and the chemical shift data in Table I
refer to the most prominant peaks. We were unable to observe any 13c.H
coupling in the spectra of solutions of the alkyl compouhds because ol
the low concentrations used and because some parts of the spectra were
obscured by the ammonia solvent peaks.

The coupling constants for the ethylgermanes appear to‘be new, as
are the data for the anions of these hydrides. Solutions of the hydride
anions in liqﬁid ammonia were reasonably stable at room temperature, but

on standing for several weeks, ammonolysis was appreciable.
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This was especially true of the anions of the weaker acids such as
dimethylgermane and methylfhosphine. The anion of this latter compound
showed so much ammonolysis that we were prevented from obtaining its |
n.m.r. spectrum. Burg and Wagnerl3 have observed that ammonolysis of
the PH bonds occurs in the preparation of alkyl substituted phosphines

in liquid ammonia.

Chemical Shifts. — Substitution of alkyl groups for hydrogen in

these hydrides causes a deshielding at the hydrogens remaining, ethyl
.groups being_slighply more effective in this.respect than methyl groups.
The Ge-H proton of triphenylgermane is at lowest field because of the
large ring-current effecis of the phenyl‘groups- Remo?al of a proton to
give thebanion results in a shielding of the remaining protons and a snift
.to higher_magnetié field. This is most pronounced for the unsubstituted
hydrides, where shifts of 1.99, 3.28, and‘3.59 P.p.m. are observed in
GeH4, PHz and AsHx, respectively, in going from the acid to the anion.,
It seeﬁs likely that the neighbor-anisotropy effect would increase on
going from the parent acid to the anion, the result being a greatgr
diamagnetié susceptibility along the X-H bond than perpendicular to it

and hence a greater shielding at the proton.18 There would also be an

(18) J. A. Pople, W. G. Schneider, and H. J. Bernstein, High Resolutiox

Nuclear Magnetic Resonance, McGraw-Hill Book Co., Inc., New York,

1959.

increased paramagnetic contribution, and hence increased shielding, as “he

hybridization changes from §23 in germane to something close to 23 in Gels .
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One would expect that the various contributions to chemical shift in
isoelectronic species would be similar, and it is found that the chemical
shifts of GeHx~ and AsHs are almost equal.

It is interesting to compare the effect of substitution of methyl
groups upon the shift of the X-H protons as the structure of the molecule

changes. On going from germane to methylgermane, the germanium hydrogens
are deshielded by 0.24 p.p;m.; for arsine the deshielding is 0.92 p.p.m.;
for the germyl ion 1.20 p.p.m. and for AsHz  1.65 p.p.m. Substitution of
a second methyl group has a similar though smaller effect. The values are
0.21, 0.44 and 0.79 p.p.m. for CHszGeHs, CHzAsHz and CHzGeH>  respectively.
v Thus the more crowded tﬁe X-H protons, the greater the effect of methyl
substitution in shifting the X-H resonance to lower field. This crowding
is also apparent invthe shifts of the alkyl protons. The methyl resonance
of the methylgermaneé shifts ~ 0.3 - 0.4 p.p.m. to higher field upon
ionization, the negative charge on the anion causing an increased shield-
ing. Little change in chemical shift in the CHz protons occurs upon \
ionization of meth&larsine, while for dimethylarsine the methyl protons
actually experience a lower shielding in the anion. The effect of the
negative charge is completely counteracted by an anisotropic contribution

arising from the crowding together of the methyl groups. Harvey and

Wilsonl9 have recently shown that in CHaAsH> the C-As-H angle is 94°.

(19) A. B. Harvey and M. K. Wilson, J. Chem. Phys., L4, 3535(1966).
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Spin-Spin Coupling. — The effects upon spin-spin coupling in

silanes, germanes and stannanes produced by substitution of hydrogen
3

15,20,21

atoms by methyl groups have been discussed. The more methyl-

(20) H. Schmidbaur, Chem. Ber., 97, 1639(1964). '

(21) N. Flitcroft and H. D. Kaesz, J. Am. Chem. Soc., 85, 1377(1963).

substituted a hydride is, the. less s character is diverted to the
M-orbitals in the M-CH3 bonds, and the lower the H-M-C-H coupling
constant is. We find that substitution by ethyl groups alsc reduces
JH-Ge-C-H’ although the effect is much smallér. This same effect is
observed in the anions of the germanes, as shown in Table I. Wnile

most of the data fit in with the concept of a decrease in coupling
following the decrease in s character of the M-H Bond, the large increase
in coupling H-Ge-C-H on going from a methyl-substituted germane to tre
corresponding anion does not. In the germanes ionization results in o
large change in hybridization of the bonding germanium orbitals, gding
from §£3 to something approaching 23. This should result in &a reduction

in J.

H-Ge-C-H rather than the observed increase. Apparently factors other

than s character are playing'a considerable part in the coupling, as
pointed out by Grant and Litchman.22 It is interesting to note that

Ly

(22) D. M. Grant and W. M. Litchman, J. Am. Chem. Soc., 87, 3994(1965).

hi . L. . _
while JH-Ge-C-H increases upon ionization, JH—Ge-C-C—H decreases
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This is consistent with the three-bond coupling constant having a sign

opposite to that of the four-bond coupling constant. Coupling constants

. 2
JAx and JBX in X(BzAJ)n compounds have been shown to have opposite signs.eJ

(23) P. T. Narasimhan and M. T. Rogers, J. Chem. Phys., 34, 1049(1961).
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