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ABSTRACT 

The p repara t ion of germanium hydr ides , by the dropwise addition 
of an alkaline solution of hydroborate and germanate to aqueous acid, has 
been studied sys temat ica l ly . As much as 70% of the germanium in solution 
could be converted to ge rmane . Digermane, t r i g e r m a n e , and a po lymer ic 
germane were a lso obtained, and the infrared absorpt ion spec t ra of gaseous 
t r i ge rmane and of polynneric germane were recorded . 
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INTRODUCTION 

T h e existence of a hydride of germanium is mentioned in the l i t ­
e r a t u r e , as ea r ly as 1902. Voegelen repor ted the formation of a volatile 
hydride of germanium when germaniunn te t rach lor ide was reduced by zinc 
and sulphuric acid. Monogermane was identified by both Paneth and 
Schenck , and then in 1924 Dennis and his co -worke r s c a r r i e d out an exten­
sive study of the hydr ides of germanium. They succeeded in p repar ing pure 
samples of d igermane and t r i g e r m a n e , as well as monogermane . Their me th ­
od of p repara t ion was to drop dilute hydrochlor ic acid on magnesium ge rman-
ide. Only 22.7% of the germanium was converted to the hydr ides , and 73.6% 
of this annount appeared as monogermane , 22% as d igermane , and 1% as t r i ­
ge rmane . Ten yea r s l a te r Krauss obtained much bet ter yields of ge rmane by 
the treatnnent of the magnesium gernnanide with ammonium bromide in liquid 
ammonia . 

The nnethods for the p re l imina ry p repara t ion of a germanide were 
not convenient, and in 1947 Finholt obtained a 28% conversion to germane by 
the reduction of germanium te t rach lor ide with lithium aluminum hydride in 
ether solution. However, it was not until 1957 that a good aqueous method of 
p repara t ion was devised: Piper and Wilson obtained up to 75% conversion to 
germane when an aqueous acidic solution of gernnanium was reduced by the 
dropwise addition of sodium hydrobora te . The method used was ve ry was t e ­
ful in hydrobora te . La te r , Macklen obtained good yields of germane when a 
te t rahydrofuran solution of germanium te t rach lor ide was reduced by aqueous 
sodium hydrobora te . He noted a l a rge dec rease in yield when the react ion 
t empera tu re was inc reased by about 30 . Sujishi and Keith obtained good 
r e su l t s using li thium t r i - te r tbutoxyalumino hydride as reducing agent, and 
they observed a dec rease in the yield of germane when the ra t io H /Ge(IV) 
became g rea te r than 4 . 5 . " 

The mos t recent r epor t of the production of germanium hydr ides is 
contained in a paper by Jolly on the prepara t ion of volatile hydr ides . ^^ It is 
the nnethod descr ibed by him that has been used to c a r r y out a fair ly sys temat ic 
study of the p repara t ion of germanium hydr ides , as r epor ted he re in . 
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APPARATUS AND EQUIPMENT 

The appara tus used for the prepara t ion of the hydr ides is shown 
in Fig . 1. The general p rocedure used for car ry ing out the exper iments 
was as follows. A quantity of acid was placed in the 500-ml th ree -neck 
round-bottona flask which was equipped with a magnetic s t i r r e r , an inlet 
tube for nitrogen, a 100-ml dropping funnel, and an outlet tube leading to a 
vacuum l ine . The flask was surrounded by an ice-water bath for mos t r e ­
act ions . An alkali solution of germanate and hydroborate was added, d rop-
wise , through the funnel —this addition took from 15 to 20 minutes . Sinnul-
taneously, ni trogen was continuously bubbled through the magnet ical ly s t i r r e d 
acid solution at approximately 500 cc /min STP. The p r e s s u r e in the system 
was maintained at approximately 100 mnn by adjustment of the stopcock lead­
ing to the vacuum pump. The gases that were formed passed through a s e r i e s 
of t r aps (1 ,2 , and 3 in Fig . 1), and all condensable gases were t rapped out by 
immers ing two of the t raps in Dewar flasks containing liquid ni t rogen. (Traps 
cooled in this manner will be r e f e r r ed to as liquid ni trogen t r a p s . ) The flow 
of ni trogen was maintained for 5 minutes after all the alkali solution had been 
added. The line was then evacuated thoroughly, and the hydr ide -con ta ined in 
the liquid ni t rogen t r a p s - c o u l d be separa ted and purified by dist i l lat ion. This 
p rocedure will be descr ibed l a t e r . 

The infrared spec t ra of the purified volatile hydr ides were obtained, 
in the gas phase , on a P e r k i n - E l m e r Infracord. 

In the course of mos t reac t ions a solid, po lymer ic germanium hy­
dride was formed, and its infrared spect rum was r eco rded on a Bai rd Atomic 
Infrared Spectrophotometer by using potass ium bromide pe l l e t s . 

EXPERIMENTS 

Ser ies A 

It had been noted in ea r l i e r exper iments that nnuch foanning occur red 
when the alkal i solution of germanate and hydroborate was added to the acid. 
The amount of foaming inc reased grea t ly as the ra t io of BH. /Ge(IV) was 
dec reased toward 1.0. Silicone antifoam agents had not helped but it was hoped 
that a polyglycol nnight prove m o r e useful. 

The exper iments were c a r r i e d out as descr ibed under Apparatus and 
Equipment. The p r e s s u r e , the flow ra te of ni t rogen, an 1 tlie t ime taken to add 
the alkal i solution were kept as constant as possible ior all the expe r imen t s . 
In every case the flask was charged with 120 ml of 16% sulfuric acid, to which 
1.2 ml of the polyglycol( supplied by the Dow Chemical Connpany) was added. 
The alkali solution was made up by adding 2.0 g of potass ium hydroxide pe l le t s , 
and close to 1.05 g of germanium dioxide, to 25 ml of water . The only factor 
that was var ied for these exper iments was the amount of hydroborate added to 
the alkali solution at this s tage. The amounts of potass ium hydrobora te added 
were var ied to give hydroborate concentrat ions of between 0.24 M and 2.22 M. 



NgOr A 

TO VACUUM PUMP 

MAGNETIC 

0 
STIRRER 

y^ 

Fig . 1. Apparatus for preparation of hydrides. 

TO 
VACUUM 

PUMP 

It 

to 
s 

80-90 
cm 

IQ 

MU8-6I8 

-4 
I 

G 
O 

NO 

o 



= 8- UCRL-9709 

When the reac t ions were c a r r i e d out the polyglycol proved to be quite effec­
tive as an antifoam agent. However, a yellow res idue was formed in the 
react ion flask in all reac t ions except the one having a ra t io of BH. /Ge(IV) 
l e s s than unity, in which case the res idue was brown. The res idues were 
f i l tered immediate ly , washed thoroughly with water , and pumped dry on the 
vacuum line. 

The separat ion of the volatile compounds contained in the liquid 
ni t rogen t r aps was c a r r i e d out as follows. The gases were f i r s t dis t i l led 
through a ca rbon-d i su l f ide - s lush t rap (-111.6 C), which removed d igermane , 
t r igernnane, and water ; germane and carbon dioxide passed through into 
another liquid nitrogen t r ap . The higher ge rmanes were dist i l led, through 
a t rap containing magnesium pe rch lo ra t e , into a system in which all g r ea se 
stopcocks were replaced by m e r c u r y va lves . This was n e c e s s a r y because 
both d igermane and t r i ge rmane a r e absorbed by stopcock g r e a s e . The dr ied 
gases were then dist i l led through a ch loroform-s lush t rap (-63.5 ), which 
removed the t r i ge rmane ; the d igermane passed through into the ca rbon-d i su l ­
f ide - s lush t r ap . The ge rmane , which was still in the liquid ni trogen t r ap , 
was separa ted from carbon dioxide by passage through Asca r i t e , followed by 
passage through nnagnesium perch lo ra te to remove any water . (It was found 
that the t r ige rmane mus t be separa ted before carbon dioxide is removed be ­
cause it d ispropor t ionates when passed through Asca r i t e . ) 

in Table I. 
The amounts of the hydr ides formed in each experinnent a r e shown 

Table I. Germanium hydride synthesis (Ser ies A). 

% Conversion of Ge(IV) to 

Concentration Ge(IV) Mole Ratio GeH. Ge^U, GeoH„ 
( m o l e / 1 BH^"/Ge(IV) 

0.44 0.55 16.8 0.9 

0.43 1.48 54.4 4.0 0.5 

0.42 2.33 61.4 4.8 

0.40 3.88 65.0 4,6 0.9 

0.41 5.39 70.1 4.8 
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Identification and P rope r t i e s of the Hydrides 

Germane 

The vapor p r e s s u r e s of the hydrides were r eco rded by s tandard 
vacuum-l ine technique. The vapor p r e s s u r e of pure germane was found to 
be 181 mm at . -111.6 ( l i t e ra ture value: 182 m m " ) . The infrared spect rum 
of the gas in the NaCl region was recorded , and thus provided another proof 
of puri ty . Atypical spect rum (Fig. 2) showed the fundamental frequencies 
Vo, Vp, and v . at 2105, 943, and 815 cm" , respec t ive ly . Germane was 
s tored in a glass vesse l which had a greased stopcock. 

Digermane was found to have a vapor p r e s s u r e of 6mm at -63.50 , 
77 mm at -22.9*^, and 22 1 mrn at 0° ( l i t e ra tu re values : « 9 mm, =: 85 mm, 
and 243 mm, respec t ive ly ), The infrared spect rum of the gas in the NaCl 
region was r e c o r d e d - a typical resu l t is shown in F ig . 3. The spect rum 
showed the fundamental frequencies Vj-. VQ, and v, at 2069, 885, and 
759 cm , respect ive ly . Because , as has a l ready been mentioned, d iger ­
mane is absorbed by stopcock g rea se , it was kept in sealed g lass ampoules . 

T r ige rmane was found to have a vapor p r e s s u r e of 9.5 mm at 0 
( l i t e ra tu re value: 14 mm ). There had been no r epo r t in the l i t e r a tu re of the 
infrared spect rum in the NaCl region. This was r eco rded and is shown in 
Fig . 4. Two strong peaks can be seen at 2041 and 794 cm . T r ige rmane 
was also s tored in sealed glass ampoules . 

Yellow Residue 

The infrared spect rum (KBr pellet) of the dr ied yellow solid was 
taken and compared to the spect rum of polyglycol. The spec t ra were very 
s imi la r except that th ree additional peaks could be seen in the spec t rum of 
the yellow solid. These were at 2105, 833, and 850 cm" . The peak at 
2105 cm" cor responded to the typical Ge-H stretching frequency, and it 
seemed likely that the res idue was a polymer ic hydride into whose s t ruc tu re 
the polyglycol had become incorpora ted . This view was supported by the 
r e su l t s found after heating of the yellow solid, which decomposed to give ge r -
maniunn, hydrogen, ge rmane , and additional decomposit ion p roduc t s . These 
additional p roduc t s were found, from spec t ra evidence, to be the same p r o ­
ducts as those that resu l ted from the decomposit ion of the polyglycol. The 
proport ion of germanium to hydrogen was approx 1: 0 .9 . 

Ser ies B 

This second s e r i e s of exper iments was c a r r i e d out in exactly the 
sanne manner as the previous s e r i e s , except that no polyglycol was used. 
Therefore a ra t io of BH. /Ge(IV) l e s s than 1.5 was not used, because of the 
increased amount of foaming. 

The yields of germanium hydr ides formed a r e l i s ted in Table II. 
The yellow res idue is r ecorded as polymer ic germane (GeH) , for r ea sons 
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Fig. 3. Infrared spec t rum of d igermane (Ge^H,) . 

State: vapor . 
Temp: 25 C, 
Cell length: 5 cm. 
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d iscussed l a t e r . Separation of the volati le ge rmanes , and the recording of 
their vapor p r e s s u r e s and infrared spec t ra were c a r r i e d out as before . 
F igures contained in the column headed "% reduct ion" a r e obtained by a s ­
suming that all the Ge(IV) in solution could undergo reduction through eight 
oxidation s ta tes to give GeH, . 

Table II. Germanium-hydride , synthesis (Ser ies B) 

Reaction 
number 

1 

2 

3 

4 

Concentration 
Ge(IV) 

(mole / I ) 

0.42 

0.42 

0.43 

0.42 

Mole ra t io 
B H ^ G e d V ) 

1.50 

2.55 

3.91 

6.15 

% C 

GeH^ 

47.3 

59.1 

57.6 

48.5 

Conversion of Ge(IV) to 

^-z-^e 

4.0 

4 .4 

3.9 

3.7 

Ge3HQ 

1.2 

1,6 

2.0 

2 ,3 

(GeH)^ 

8 

5 

10 

19 

R eduction 
(%) 

57 

67 

69 

66 

The var ia t ion in the yields of gernnane a r e d i scussed in the l a s t 
section; however, the p rope r t i e s of the polymer ic ge rmanes a r e nnentioned 
now. 

Polymer ic Germane 

The dr ied yellow res idue was found to be thermodynannically unstable 
and it would decompose violently to a black solid when exposed to a i r , but if 
handled with ca re under ni trogen it was quite s table . This res idue could be 
mixed with potass ium bromide to make pel le ts for infrared spec t ra investigation, 
and showed no signs of decomposing. When heated, the yellow solid decom-
posed-wi th an explosive puff-to give a black solid. By chemical analys is and 
x - r a y crys ta l lography, the black solid was shown to be pure germanium me ta l . 
Varying amounts of germane but no higher hydr ides , were given off. Hydrogen 
was a lso evolved, and the over -a l l ge rmanium- to -hydrogen ra t io was always 
approxima.tely unity (see Table III). A smal l amount of water was found in two 
c a s e s . (The numbering of the reac t ions cor responds to that in Table II. ) 
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Table III. Decomposition of the polymer ic ge rmane . 

Reac 
numb 

1 

2 

3 

4 

tion 
e r 

Decomposition 
Ge(%) 

92.8 

87.2 

98.5 

95.3 

H2(%) 

0.9 

0.9 

1.4 

1.3 

P̂  
G 

roducts 
eH^(%) 

2.4 

7.2 

none 

1.8 

by 
H 

weight 
2© (%) 

3.9 

2.5 

none 

none 

Ratio 
G e : H 

0.99 

1.00 

1.03 

1.03 

A sample of the infrared spec t rum of the yellow compound is shown in 
Fig . 5. The typical Ge-H stretching frequency is c lea r ly p resen t ; the two 
additional peaks p resumably cor respond to two bending motions of the Ge-H 
bond. Thus the re is good evidence that the yellow solid is in fact a germanium 
hydride of the genera l formula GeH and that x is usually close to unity. 
The yellow res idue turned brown when t r ea ted with concentrated sodium hydrox­
ide. Although its decomposit ion was now l e s s violent, it still gave the same 
over -a l l Ge:H ra t io close to unity, and no water was found (see Table IV). 

Table IV. Decomposition of the brown form. 

Reaction Deconnposition products by weight Ratio 
number Ge(%) H (%) GeH.(7o) Ge: H 

2 87.0 0.8 12.1 1.03 

3 98.5 1.4 - - - 1.03 

4 95.6 1.2 0,8 0.94 

The yellow form was unaffected by dilute alkali or dilute acids but was 
deconnposed by strong ac ids . 
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Fig . 5. Infrared spec t rum of po lymer ic germane (GeH) . 

State: solid. 
Temp: 25 C, 
KBr pe l le t . 
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X- ray diffraction pa t te rns were taken of both the yellow and the 
orange sol ids . The former was amorphous and the la t te r gave the same 
pa t te rn as might be expected from a poor sample of germanium me ta l . 

The polymer ic germane appears to r e semble the polymer ic com­
pounds (GeH) descr ibed by ea r l i e r w o r k e r s . ' 

Ser ies C 

Two additional experinaents were c a r r i e d out in o rde r to de te rmine 
the effect of changing the concentrat ion of acid in the react ion flask. For this 
r eason the flask was charged with 80% sulfuric acid in one instance, and with 
100% sulfuric acid in another . The r e su l t s a r e shown in Table V, together 
with the r e su l t s obtained when 16% acid was used under the same condit ions. 

Table V. Germanium-hydr ide synthesis . 

Concentration 

^ 2 SO4 

16 

80 

100 

(%) 
Concentration 

Ge(IV) 
( m o l e / 1 ) 

0.42 

0.42 

0.41 

Mol 
BH^ 

2, 

2. 

2. 

e ra t io 
• /Ge( IV) 

.55 

,55 

,55 

% Conversion 
GeH^ 

59.1 

59.0 

55.6 

^ - 2 ^ 6 

4.4 

4 .1 

4.0 

of Ge(IV) 

G-3«8 

1.6 

1..2 

1.4 

to 

(GeH)^ 

5 

5 

7 

Thus it can be seen that there is no advantage to increas ing the 
acid s t rength, since the yield of germane is independent of the acid concen­
trat ion; ^this is in complete accord with the findings of Jolly in the a r sen i t e 
sys tem. He suggested that if the react ion was occurr ing in a zone be ­
tween the bulk of the acid solution and the drop, then the concentrat ion of 
acid in this zone would be vir tual ly independent of the concentrat ion of acid 
in the bulk of the solution. 

A dist inct disadvantage in using concentrated sulfuric acid is that 
l a rge quantit ies of sulfur dioxide a r e caught in the ni trogen t r a p s . 
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Ser ies D 

The final s e r i e s of exper iments was c a r r i e d out to de te rmine the 
effect of changing the nature of the acid. It was found that the yields of ge r ­
manes were not helped by the substitution of hydrochlor ic acid, but that with 
glacial acetic acid the yields of germane and digermane were grea t ly im­
proved. For this r eason the use of glacial acet ic acid was studied m o r e ex­
tensively. The exper iments were c a r r i e d out as before except that the flask 
containing the 120 ml of glacial acetic acid was not cooled. (One disadvantage 
of such a system was that a la rge quantity of the acet ic acid was collected in 
the liquid ni t rogen t r a p s . ) To avoid blockage, the level of the liquid ni t rogen 
in the f i rs t Dewar was gradually r a i sed . It was difficult to separa te acet ic 
add from t r i ge rmane , but this could be accomplished by many passages 
through fresh magnesium pe rch lo ra t e . One dist inct advantage of the method 
used in Ser ies D is that the conditions producing good yields of germane and 
digermane also resu l t in no foaming and in negligible formation of the poly­
m e r i c hydr ide . 

Table VI. P repara t ion of hydr ides (Ser ies D), 

Concentration Mole ra t io % Conversion of Ge(IV) to Reduction 
Ge(IV) BH^"/Ge(IV) GeH^ ^ ^ 2 ^ 6 *-'^3^8 ( ^ ^ ^ ^ ' '̂̂ '"̂  

(mole / I ) 
X 

0.43 

0.76 

0.41 

0.2 

0.40' 

0.40 

1.51 

1.62 

2.54 

2.97 

3.70 

5.92 

49.1 

52.2 

71.5 

73.2 

53.5 

61.7 

9.1 

9.1 

7.9 

6.5 

4.7 

4.9 

1.4 

1.0 

7 

7 

1 

none 

3 

19 

60 

65 

79 

79 

73 

79 

Reaction c a r r i e d out using HCl. 

Two additional comments should be made about Table VI: 

(a) The react ion involving hydrochlor ic acid, bes ides producing poor 
yields of volatile g e r m a n e s , produced a different form of the polymer ic 
hydr ide . This form did not explode when h e a t e d - i t decomposed "quietly. " 
F u r t h e r , the germanium- to-hydrogen ra t io was 1.4, although the infrared 
spect rum was the same as those r ecorded previously . 
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(b) The react ion in which the amount of germanium oxide used 
was doubled produced the same yields of germane and d igermane . 

DISCUSSION 

The yields of germane obtained in the var ious s e r i e s of reac t ions 
a r e summar ized in F ig . 6. It can be seen immediate ly that the best r e su l t s 
were obtained by using glacial acet ic acid with a BH. /Ge(IV) ra t io of about 
t h ree . The over -a l l react ion may be wri t ten as follows: 

HGe O , " + B H . ' + 2H''" — GeH. + H,BO_. 3 4 4 3 3 

The unusual feature—a dec rease in the yield of germane with l a r g e r excesses 
of hyd robo ra t e -was also found by Sujishi and Keith. However, r e fe rence to 
Tables II and VI shows that in fact the reducing power of the hydroborate 
remained constant. 

The mos t favorable conditions for obtaining digermane were very 
s imi la r to those for obtaining the ge rmane . The react ion may be wri t ten 

8 HGeO • + 7 B H . ' + 15H"'" > 4 G e , H , + 7H-BO_ + 3H^O. 
3 4 2 6 3 3 2 

The reac t ions in which t r i ge rmane and polymer ic germane were 
formed may be wri t ten 

6 HGeO„" + 5 B H . " + 11 H"*" 2Ge ,H„ + 5H_BO, + 3H O 

3 4 3 8 3 3 2 

and 

8 HGe O " + 5 B H . ' + 13 H"^ > 8(GeH) + SH^BO^ + 9 H O . 

Bet ter yields of the la t te r hydr ides were obtained when a higher 
ra t io of BH. /Ge(IV) was used, and when glacial acet ic acid was replaced 
by dilute sulfuric acid. 

This work was done under the auspices of the U. S. Atomic Energy 
Commiss ion. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




