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The Disproportionation of Digermane in Liquid_Ammoniab

By Robert M. Dreyfuss and William L. Jolly

 While attempting to measure the acid7disseciation constant of

digermane in liquid ammonia, we have observed that digermane decompoées

- in liquid ammonia solution to give germane and a solid germanium hydride

 of variable composition. Similar base-catalyzed decom@ositions of
digermane have been observed by Bornhorst and Ring,l but these workers
did not investigate the nature of the solid hydride formed. In view of
Glarum‘and Kraus's earlier report2 of fhe formation of GeHa.by the
reaction of bromobenzene_with sodium germyl in aﬁmonia, we decided to
determine if the eame substance can be‘prepared by the ammonia-catalyzed

disproportionation of digermane.

Experimental Section

Standard greaseless vacuum line techniques were employed. Digermane

was prepared aceording to the method of Jolly end Dra.ke.3 The identity
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‘and purity of gefmﬁne #nd'digermane Were_defermihed by infrared
spectrometryh’s.with a Perkin Elmer Model 137 Infracord spectrometer, : S ~
by mass spectrometry with a Consolidated Ehgineering.Corp. mass |
. spectrometer, Model 21-620, and by vapor préssure measurements.3
Ammonia was dried over sodium before its use.

Reactions were carried out in a vessel equipped with two break-off
seals. A measured amount of digermane and approximately 0.5 ml of liquid
ammonia were distilled into the Qessel at liquid nitiogen temperature.

The vessel was then sealed and placed in a’bath of appropriate temperature.
When a low-temperature bath was used, care was taken to keep the entire
Qessel below the level of the bath.

After reaction had proceeded, the vessel was attached to the
vacuum line, and one of theVSeals was opened, keeping the vessel in thé
low temperature bath. The volatile contents were then Toepler—pumped
through a liqtid nitrogen trap until all volatiles had distilled over.

A trace of hydrogen could usually be méasured in the buret of the Toepler
pump. The vessel was then sealed off again and temporarily set aside.

;The volatiles were then separated. In runs in ﬁhich all the digermane .
:had decomposed, it was possible to sepafate germane and ammonia by‘means
of a -160° trap. However, when digermane was present the ammonia could
not be separated by trap-to-trap distillation;‘it was removed by distilling | ™
the ternary mixture very slowly through a.trap'of anhydrous magnesium _3j(/
perchlorate at 0°. The germane and digermane were then separated by v
fractional condensation. in traps at -112° and -196°; the amount of each‘

vas determined by pressure-volume techniques.
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The residue in the reacﬁion vessel was then pyrolyzed at 400°

for_two‘hours. The'hydrOgen (identifiéd_by mass:spectrometry) was

" then Toepler-pumped through the second break-off seal and a -196°

trap to remove any ammonia thét might have adhered to the solid. The
hydrogen was measured and the germanium mirror was eitﬂer discarded or S ;@
dissolved in basic hydrogen peroxide and titrated with a pH-meter

according to the method of Tchakirian.6

Results

The results are presented in Table.I. The adequacy of tge
quantitative measurements ié attested by the fact that the hydrogen
in the germane produced and that formed invthe pyrolysis of' the GeHx
accounts'for the hydrogéﬁ in the consumed digermane wité an average
&iscrepancy of + 1.2%. And in the four runs where a ge;manium Balancevv
could be calculated, the average discrépancy was & 3.5%.-

In the -63° runs, the solution was initially colofless, buﬁ on
standing the solution turned yellow and a yellow precipitate formed.
In the -45° run, a yellow precipitate formed quickly. In the room-

temperature runs, a blood red precipitate formed immediately.

Discussion

The results indicate that, in liquid ammonia solution, digermane

disproportionates as follows:

G82H6 - GeHh- + GeHE
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| Table I.
Quantitative Data for GeHg Dispropbéﬁionatidns'_‘. e
(A1l quantities in mmoles). : - R ;f:f {/
A B | Y ‘ Q. ( E Calcd.vaiues ofx
‘ Temp. Time GezHg Geeﬂg GeHu H2 from‘ ‘Ge‘ip v EQ/E ' 2D .
°C ~ hr. in out  formed GeH GeH ~ §TE:ET:Q ,

pyrolysis

-63 96  0.668 0.273 0.481  0.253  0.26hk  1.92 1.6k &

-63 9%  .553  .323  .260 .49 - .180  1.66 1.49 &
-63 25 .383 ;368 .06L | 077 .o77v 2.00 1.79 &
-63 25 536 .79 L0696  .0695 .069 2.0l 3.16 &
-45 37 . 200 0 .220 .169 ‘- - 1.88
23 LN .188 0 ;2hu ',o7h6 - - ©1.13
23 20 -2k 0 .33k ".0676 - a; ’ 0.88 T
23 .28 o .201  .0789 '“_v - - 109
23 13' 247 0 | .321 .0800 B - 0.92
23 0.25 .52 .11 .0M7  .0316 - - 1.86® .
® Tnese values are relatively inaccurate because they require thg o - N
difficult determination of the unreacted Ge,Hy (B). - ' ¢

Ammonia soln. 1Min NHhN03

¢ : -1
N, :Ge Hg = 1:1
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At temperatures above -63° (and even at that temperature on standing),

the GeH. decomposes to germane and a yellow or red precipitate of

2 .
GeH, (x<2). The higher the temperature, the more rapidly the GeH2
decomposes, the lower the value of x and the darker the color of the

precipitated GeHx. Although Glarum and Krause'reported similar

" properties for GeH2 prepared from bromobenzene and sodium germyl, their

substance was more stable inasmuch as its solution in ammonia did not
become colored on standing for thhours,'and it could be isolated for
a short time as a white solid at -33;.

In the hope that thg-solutidn at -63° contained a solublevGeH2
species, the proton magnétic resonance spegtrmnof a 0.5 M Ge2H6
solution was obtained. ‘The spectrum showed peaks corrésponding to
germane, digermane and a series of three smailér'peaks from 8 to 25
cycles upfield from germane, perhaps corresponding to a lower hydride.
As the solution decomposed, the digermane peak decreased in amplitude,
the germane peak increased, and the little peaks began to merge and
broaden. By the time the digermane peak had disappeared, the little
peaks were gone. Attempts to get bettef resolution by increasing the
digermane concentration were unsuccessful;_probably because of limited
solubility of the lower hydride. |

Efforts to effect reaction between GeH, and acetylene or

2
diphenylacetylene at -63°, in analogy with the high—temperaturé reactlons

of Gel 7 were unsuécessful.

2)
We have observed that no reaction occurs when both the digermane
and the ammonia are completely in the gas phase; however, reaction proceeds

in the presence of even traces of liquid ammonia. The basic catalyst
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‘is ammonia itself and not the amide ion because the-réaction goesf_v

without noticeable change in 1 M emmonium nitrate ligquid ammonia solution. -

Apparently, rélatively weak bases cause the disprdportibnation of

digermane. In addition to ammonia and those bases shown to be effective -

by Bornhorst and Ring,l aqueous sodium hydroxide causes the

disproportionation.
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