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\
Reactions of Siléne,.Germane and Stannane with

- Metal- and Amide-Ammonis Solutions

" By Dougles S. Rusted and Williem L. Jolly

Afétract-

Germane reacts.ﬁith liquid“ammonia solutions of potassium or
potassium amide at -77° to"fdrﬁ;potassium germyl,, germanium-imide,
and hydrogen gas. The fraction of tﬁe germane converted to gefmaﬁium.  

imide increases with increasing potassium concentraﬁion,-but remains |
constant with increasing potaséium amide'concentration.‘ Amide ion is
 an/intermedia£e in the reaction of germane wiﬁh metal-ammonia.soluﬁions,
In the case of'silane,'the main reaction is'ammonolysis,‘whereas in
15 ﬁhe case of stannane; no ammonoiysis-§ccurs..‘A'generél mechanism is

‘ . proposed to explain the resulis. _f‘: ~;f

/ .
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Introduction

It has been reported by Kraus and his coworkersl’2 that sodium
- germyl (NaGeHs) end potassium'germwl (KGells) can be prepared quantita-
" tively by passing'germane through liquid armonia solutions of the

appropriate metals. -
e + Gells - Gells™ + 1/2 Hp o - (1)

3

However, when Emeléus and Mackay conductimetrically titrated sodium-

axmonia solutions'with germane, hydrogen gas in excess of thet requiredl

t'by equation 1 was euolVed. _Early attempts.in this laboratory to prepare .

~ pure potassium germvl also failed, as evidenced by excess hydrogen gas

evolutlon.h Because of these conflicting results, we have relnvestigated

the reaction of germane with metal-ammonia solutions. Less extens1ve
studies of silane and stannane have also been carried out. From'the_

results of theselstudies, we propose a mechanism for the reactions.

)

~ Experimental Section

General. - Standard vacuum line techniques were employed in handling

volatile materials.‘ Ammonia was purified with potassium.f Silane6‘and_
germane7 were‘prepared eud purified by standard methods. Stanhane uas.
generously supplled by Mr. John Webster. The identity and purity of
volatile materials were determined by infrared spectrometry, mass
spectrometry, molecular weight determinations, and-vapor pressure:

" measurements.

- Germanium was determined volumetricall'y8 and chloride was determined

»gravimetrically{

[x 3
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- Typical Procedures. - A typical reaction vessel was constructed

" from a 2.5 x 14 cm Pyrex tube, sealedvat one end, with two stopcocks

attached in series at the other end. A sealed side-arm was etteched

between the stopcocks and a glass still for the introduction of sodium

or potassium wae connected to the main tube via a constriction. The

metal-armonia solutions were prepered by suecessive distillations of

.ﬁetai end.ammonia into the reaction vessel"for some experiments amide
- was formed (in amounts neagured by the evolved hydrogen) by use of a’

~ withdrawable rusty -nail catalyst.

Results

Reactions of Germane with the Electron. - The results of experiments

‘in whlch excess germane was allowed to react w1th metal-ammonia solutions

are presented in Table I. DNote that runs l- 7 dlffered from runs 8-10
in the manner of 1ntrodu01ng the germane to the metal-ammonla solutlons

(see Table I). For each set of rums, the excess hydrogen gas

" (expressed as a percentage of that expected from reaction 1) increased

with increasing metal concentration. At very low electron concentrations

potassium germyl was obtained almost quantitatively.: These results are

consistent with the findings of Teal and Kransz (who obtained nearly

-quantitative results at very low:meﬁal concentrations) and of

Fmeléus and Mackay3 (who obtained about 6% excess hydrogen at approxi-

. mately 0.2 molar metal).



Table I

Reactions of Germane with Potassium-Ammonia Solutions at -77°

- 1 .2 ~ 3 5 B _ 6 T

-1-‘-

8
L e  Gely . Ha 9 Ge(NH) 2 GeHs~™  Gela, CHxGeHs,
_Run - come., = reacted, - evolved, = excess -caled, calcd, H=z0 rx., CHsCl rx.,
Molal. mnoles mmoles  Ha mmoles mmoles mmoles mmoles
1* . 2.38 6.18 %30, 39.2  .0.346 5.83 5.90
2% 202 5.5 3.8 21.2°.  0.200 495 o booh
3P 155 0 uo8 2,51 17.3 . 0.108 ka7 Ll SR
‘;ha - f 0.99 | 3,28' 1.84 12.2 '0.057 T 3.2 ' A
5* o9 240 | L2t 5.80 0.020  2.38 2,35
6 0.1 112 | 0.58% %80 . 0.008 1.1 o
7" 0.00842 . o0.272 . 0138 1u7 S
8 193 _ . 3.62 2.8 5.1 0.310 331 - 3.32
9 . 119 LM 0.986  37.0  0.076 1.36 .
10° R | 1.22 ©0.769 - 25.8  0.045 .18 1.15
1%®  o.3e 107 oir 32k ~0.050  1.02 0.995
12%% 3108 20 1.28 2.9 . 0.066 2.03 -  2.03
) a Germane énd the meta.lJ\IH;; solution were warmed together from 5196° to -77°° .
P Reaction vessel not shaken. i S g L S
€ Gaseous GeHs introduced to the iiquid metal-NHs solution at ~77°.
4 : ,

Na was used. In the others, K was used.

HESLT-TEN
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" In all of the runs (except runs 6 and 7), and especially in the

Aruns with high metal concentrations, a whlte prec1p1tate formed. On

the basis of evmdence which we describe below, we belleve that this

. precipitate was germanlum 1m1de, Ge(NH) 2,. (or pos51bly germanium

. tetraamlde, Ge{(NHz)4) and that the following side reaction gave this

product and the excess hydrogen gas:
Gely + 2MHs. - Ge(NH)z + L4Hp - (2)

Bvidence for Ge(NHz)z or Ge(MHz)s. - By assuming that reactions

. 1 and 2 werevthe onl& net reactions taking place between germane and the

potassium-émmonia solutions, the amounts,of potassium germyl formed were

calculated (from the data of columns 2 and 3, Table I) and tabulated in column 6,

~Table I. In some’runs, the potassium germyl was treated with watef and
blthereby Quantitativel& hydrolyied to gefmane (amounts given in column 7).
IIn other runs, the potassium gerﬁyl was t;eated with excess meﬁhyl |
chloride and thereby quantitatively converted tolmethyl-germané

' ~ (emounts giveﬁ in column 8). Where it is possible to compare the déta |
in column 6 with data in column-7 and 8, the agreement is good. Thus

. the analyses confirm that the side reaction in the reaction of germane

with a potassium-ammonia solution involves the evolution of four moles

L of hydrogen per mole of germane consumed. -

In runs 1 and 2, the white solid which remalned after removmng all
the methyl chloride and other volauile materials was anaxyzed for

nxtrogen and,'in run 1, germanium.
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. AEEE; .Run lé Calcd. for Ge(IH)» (from Table I), N, 0.692:mﬁoiej
Ge, 0.346 mmole; Found, N, 0.662 mmole; Ge, 0.335 mole.
Run 2¢ Caled. for Ge(Ni)z (from Teble I), N, 0.400 mmole. Found,
VN, 0.396 mmole. | ' |
. Germanium tétraémide apparently has never been isolated. Thomas ‘
“and Pugh9 attempted to isolate it as -é0°, but obtaiﬁed only the imide;“
Ge(NH)g,’ Because our reaction'mixtureé were ultimately wafmed to room
’ temperature; we would not ekpect to have obtainedlthe amide, even if
it had formed at the loWgr temperature. We’shall hereaftervarbitrariiyf'
" refer to the precipitate as the imide, wifh'the‘understandiﬁg.that it
'-inifially nay have been the amide.

Titrations of»Potassium-Ammbnia Solutions with Germane. - Gaseous

germane was added in small increments to a 0.63 molar poﬁassium-ammonia
solution at -77°, and after each addition the evolved hydrogen gas was

measured. The blue color of the ammoniated electron disappeared at a

p) GeH4/initia1 e-Arafio of ca. 0.6. At this point the color of the
'solution was light yello&ish-greeﬁ, ﬁhich‘upon furthei addition of
germane faded. The,amoﬁnt of white precipitate increased with each
~addition after_the:electron endlpoint. (The solution was too.opaque_to'
see any precipitafe before this end point.)‘ The reaction was complete .
‘. at a GeH4/initial e~ ratio of ca. 1.13, with 102% exéess hydrogen

: evdlution.. Clearly the extent of ammonolyéié increased upon goingvfrom.‘
 thé procedures of the runs in Table I té'the ﬁitration proéedure{

s
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Isolation of Sodium Amide from the Germane-Sodium-Ammonia Reaction..- :

A sodium-ammonia solution at ~77° was treated with a little less than
“half the equivalent'amount of germane. The solution was decanted froh“
; the white precipitate; and the latter was washed with distilled liquid

| ammonia and.dried by evacuation. The x-ra& jowder pattern (obtaiﬁed By'
| ~Mrs. Helena Ruben).coiresponded closely té that of an authentic sample
of sodiuﬁ.amide.

Reactions of Germane with Amide Solutions. - When pqtassium amide-

-ammonia solutions were allowed to react with excess germane at ~77°;
hydrogen was evolved, suggesting that some of the germane ammonolyzed -
'faccording to reaction 2. The remainder of the germane reacted in the

:expécted way to yield potassium germyl (reaction 3), as evidenced by
. GeHas + NI'IQ— - GeH_'_',- + NH3 S (3)

ﬂ_the\fact tﬁat germane was formed upon subsequent treatment of the _
products with water. " The quantitative data in Table II support-this
T:interpretation. As réquired by the stoichiomefry, the initial»amount
.vof amide (columﬁ 2)vwas essentially equal to both the amount of germane
: jevoived upon hydroi&sis (colﬁmn 7) and the amount of potassium germyl
(column 5) calculatedvfrom the data of‘célumns 3 and 4. .It is
significan£ thaﬁ the same ratio of germanium imide to ?otassium germyl'

. was formed at two very different amide concentratidn;.



Table IX

" Reactions of Gaseous Germane and Potassium Amide-Ammonia Solutions at -;77°V

1 2 3 L 5 6 7 8
o . M3 NHz, GeHs - Ho GeH3 Ge(NH) 2 GeHy Ge(NH) 2
Run conc., mnole reacted, evolved, caled, calcd, Hz0 rxe, = ———
molal mole ' mmole» mmole mmole mmole GeHs
1 0.5%6 2.00 2.31 1.41 S1.96  0.352 - 1.96  0.180
2 . 0.19% 0.8 1.03 " 0.631 0.872  0.158 1 0.868 0.181
3. <0.0055 - <0.005 <0.005  trace |

-5
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Reactions of Silane. - Silane reacted completely with a dilute
.pofassium amide solution %o give 4.00 moles of hydrogen gas per mole of

silane. After evaporation of the ammonia, hydrolysis of the residue
10-12

i

gavé 102% of the ammonia eipecﬁed for Si(1H)2. Ciearly the éiléne.l
underwent essentially complete ammonolysis by a reaction analogous to>
‘reaction 2. |

The reaction of siléne with & potassium-smmonia solution was obsefved
. to involve principally ammonolysis, with only- a sﬁall fraction of the
silane being converted to potassium silyl. This résult'is similar to

-'that of Isenberg.ll

Reaction of Stannane with an Amide Solution. - A potassium emide-

ammonia solution was t:eated with excess stannane at -77°. The potassium

amide was converted to the correspoﬁding amount of potassium stannyl,

- and most of the excess stannane decomposed to the elements. The potassium

- stannyl was decomposed'té hydrogen and KSn, and then the latter was
:hydrolyzed to KOH, Sn and hydrogen. The ratio of ghe total hydrogen
: formed (including the latter batéhes) to the stannane consumed was 2.015
 (theoretical: 2.00); this.resultrindicates that essentially no

axmonolysis to tin imide occurred.
Discussion

In their conductimetric titration of sodium-smmonis solutions with

3

' germane, Emeléus and Mackay found & minimum,‘ét which poirt they observed

- & yellowish-green precipitate assumed t6 be sodium germylene (NasGeHz).

/
‘
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-~ Our results show that the brecipitate ﬁaé'proﬁably sodium amide, colored
 ‘by'émide ions ih the liquid ammonia.,vPotassium emide is sﬁfficientxy.
- soluble in liquid exmonia that it does not precipitate during he
B reaétion of germane with potassium-ammonia solutions.
| In 6rder to gccoﬁnt fof the formation:of amide ion and. germanium.

imide in the reaction of germane with metal-ammonia solutions, we

'ﬁropose the following mgéhanism.13
' ek GeHly o ‘GeH3'>;ﬁ- '5' .  _' W
ﬁ.+ e _;  - n}v?> )
Gelly + p};{z" ~ GeHs™ + NHz @)
GeHa + Mo~ - GeHsMia +H | . ‘. '(8)

The formation of hydride ion as an intermediate seems plausible becausé"
1_when potassium siLyl’(KSin)'iéfirepared from the reaction of silane
* with potassium in 1,2-dimethoxyethene, potassium hydride 15 formed as

13,1k We ‘assume that subsequent ammonolysis of GeHzNHo to 

p

a by-product.
Ge(NHz)4 or Ge(NH)2 proceeds rapidly.l6, In this mechanism,” one would
expect the rate of formation of amide ion (which catalyzes the

Ge(NH) 2~-producing reaction), relative to the rate of reaction h,vto 

"~ increase with increasing metal concentration.. The mechanism thus explains

. ‘the excess hydrogenvformed at high ﬁetal concentrations. The same

¥ e

1
!
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mechanism iS-applicable to the analogous reactions of silane and stannane
: iwae.assume that, on going from SiH4‘to GeHs to SnH;,-the protonic
".acidity increases-and the susceptibility to displacement of hydride ion -

by amide ion decreases.

Acknowledgments. - -Thié work was sponsored by‘the U.S. Atomic

* Energy Commission and the Netional Science Foundation.
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