UCRL-10013

University of California

Ernest O. Lawrence
Radiation Laboratory

a )
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
i | For a personal retention copy, call
, Tech. Info. Division, Ext. 5545
- ‘ J

Berkeley, California




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



For Journal-- Chem. Soc.

UNIVERSITY OF CAL‘IFORNIA

Lawrence Radiation Laboratory
Berkeley, California

Contract No. W-7405-eng-48

HYDRIDES OF GERMANIUM

J.E. Drake and W. L. Jolly

January 1962

UCRL-10013
E
&
{

F SRS



UCRL-10013

HYDRIDES OF GERMANIUM

J.E, Dreke and W, L, Jolly

Department of Chemistry and
lawrence Radiation Laboratory,
University of Californis,
Berkeley, 4, California

ABSTRACT

Monogermane has been prepared by the reduction of
aqueolis germanate solutions with hydroborate, and higher
germanes - up to nonagermanes - have been prepared by the
decomposition of monogermane in an ozonizer-type silent
electric discharge. The higher germsnes were separated by
gas-liquid chromatography and they were identified by their
vapor pressures, infrared spectra, mass spectra, and proton

magnetie¢ resonance spectra.
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HYDRIDES OF GERMANIUM

The first extensive study of germaaium hydrides was made by Dennis and
his coworkersl who prepared mono-, di-, and trigermane by the acid hydrolyeis
of magnesium germanide. By a similar method, Amberger2 has prepared tetra-
and pentagermanes. Monogermane has been prepared from the reduction of ger-
‘manic acid or germenium chloride solutions by lithium alunminium hydride ,3 by

lithium tri-tertbutoxyalumino hydride ,h and by hydroborate solutfions.5

Schwarz and Heinrich6 obtained di- and trisilane by passing monosilane

7

through an ozonizer type electric discharge. Diborane' was decomposed to
higher hydrides, and arsine8 was decomposed to diarsine by & similar electric
discharge system but the technique had not been tried for monogermane. We
have prepared monogermane in good yield by the reduction of aqueous alkaline

germanate solutions and we have prepared germanes - up to nonagermanes - by

the decomposition of monogermane in an electric discharge.



1. Studies of Aqueous Gormanete Solutions

Monn-, d4-, and trigermmne were poepered by the slow addition of an
allmline sclution of potassivm hydroborste ond germeniuvm Giloxide %o an
aeldie mediwn. A curvent of ewgc«mwfm nitrogen wes uged to wmveup e
hydrides £rom the resction veseel as thay wers formed. The hydwides were
condenged cut in trops surreunfed Dy liguid nitrogon and were subsequently
soparated and purified by distillation in vacus. With sulpmuric seid o
large amoumt of foaming occurred. The foauing could be redueed by odding
ghout 1% of a polyglyesl, but larger amoewte of hydroborate were thon
needed %0 give corpureble ylelds. A large amount of yolla-orange rosidue
vas formed doring the renction. Thig rosidue wes idontified from it deconm-
position products spd ﬁ?mu ite infraved spectrum (KPr pellets) ap o polymeriec
geroone (&sﬂ}x.g The yield of monogermane wes not inproved when the concen-
tration of the sulphuric acld was changed or vhen hydrothlorie acid wvas
uged. With glacinl acetie aecid practically no fosming oseurred, very litils
rogldue wos fomaed, end the ylelds of monp- and Qlgnrmane were lrproved.

In Fig. 1, the ylelds of monogermene and digormane (based on the amount

of gormanium in polution) are plotted agaivst the retio of hydrobovate to
germanats m the allkaline solution. DPlots are shown for the addition of the
alkaline soluticn to glacial acetic scid and to sulphurie ascid. The best
results were cbtained vith a retio of By /ks(IV) of sbout throe vhen the yields,
based on the amound of germanium dioxide, were monogermene T3% end digermane

g%, Trigevmone wae mre easily recovercd from the suiphurie scid systewm, bub
the yleld vas never greater than 2.9%.
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2. BStudies of the Effect of Electrical Discharges on Monogermsne

a. The lov pressure system. The apparatus is shown in Fig. 2.

The flow of monogermane from veservoir A-into the reaction vessel was
controllied by the needle vglue,V, and the pressure was determined by the
dibutyl phthalate manometer M. The ogonlger was surrounded by a cold-bath
containing an acetone-Ary ice-hydrochloric acid mixture which was grounded.
The inner finger, filled with the same cooling mixture, vas connected to

a high voltage s.c. supply. Higher germancs wore condensed in the ozonizer,
and mono~ and digermene were condensed in fraps B, €, snd D, which vere at
liguid nitrogen temperature. Hydrogen was puped out continuously thiough
stopeock 1. Consecutive runs undex the sanme conditione of voltage, pressure
and flow~rate gave similar results, even when the ozoniger wss not cleaned
between each run. The conditions were varied to give voltages from 4 to 15
kv, pressures from 0.5 to 5.0 cm of dibutyl phthalate, and flow-rates from
0.025 to 25.0 mmoles of monogermene per minute. Figure 3 shows the percentage
decomposition of monogermane and the percentage yield of digermane - based
on the monogermane decomposed - for different flov-rates, at two conditiong
of constent voltage and pressure. The best conditions - high voltage, high
pressure, and mediwa flow-rates - gave digermane ia 559 yield and trigeruane
in 10% yield. Because the percentege conversion wae low, only lmmole of &i-
germane and about 0.1 mmole of trigermane were obtained from the passage of
100 mmoles of monogermenc.

- b. The high pressure system. The spparatus was sltered to o closed

systen in which the monogermane was at a pressure of about 30 em. of meroury.
A ‘l‘oejpler. pump was used to circulate the monogermane, end the amount of the
monogermane to be decomposed could be veried by changling the size of a
reservoir. The ozonizer vas still kept st -78°C and the discharge vas run

for various lengths of time. The amount of monogermane wes measwred both
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before and after each run. Hydrogen was not pumped out until the end of a
run and so the change in the pressure geve an indiecstion of the extent of

the decomposition of the monogermsne according to
Gel), —> "GeH " + (b-x)/2 H,

(In most runs x was from 2.0-2.5.)

Table 1 shows the percentage decomposition of monogermane and the
percentage ylelds of di-, tri-, and tetragermane for different conditions
of voltage, pressurve and time. Under the best conditions 8 mmoles of both
di- and trigermane were obtained from 100 muoles monogeimane in about an
hél_}.r.

3. Studies of the Effect of Heat on Monogermane

In these experiments the ozonizer was replaced by a heated tube. In
the low-pressure system the yields were aﬁbufn half as great as those from
the corresponding ozonizer system. In the high~-pressure system 1% was
impossible to get yields of di-, and trigermanc greater than 3%.

4, The Separation and Identification of the Cermanes

a. Separation. The boiling points of wono-, di-, and trigermane are
sufficiently far apart to allow their separation by fractional cordensation
in the usual vacwum-line apparatus. Distillation through treps cooled to
-33%¢, and -63°C, and -112°C removed tetra-, tri-, end digermene, respectively.
The other hydrides were separsted by gas-liquid chromatography on columns
containing 10% of silicone fluid on cetite.t° By varying the flow rate of
the helium carrier gas and the temperature of the column, many peaks could be
resolved.

A list of the retention times for various conditions is given in Table 2.

The two isomers of tetragermene and the pentsgermanes were collected from the



column by a technigue similar to thet deperibved by Simmons and Kelley'll

t. Identificaition. Mono-~ and digermanc vere characterized by their

vapour pressures and infrered spectra - the spectra were recorded on a
Perkin-Blmer Infracord Spectrophotometer, model 137. The infrared spectrs
and the mass spectr:;; of tri-, n-tetra-, and ico-te$ragermene, and of a
mixture of the pentagermanes were cbtalned. The proton magpetic resonance
spectra of three of the germanes are shown in Fig. 4. The spectrum of
digermane gave the chemieal shift for —GeH:}, as 3.4 ppm to lower field of
tetramethylesilane s cxlernal standard. All gpectra were Ygcorded on a

Verian, model A-GC, MR Spectrometer.

DISCUSSIQN

1. Preparetion

The preparstion of monogermane ‘that we have described is gn extremely
useful one because the germane can be obtained pure in & short time and high
yields are obtained with swell excesses of hydroborate, see Pig., 1. Ve
found that the yleid of monogermane is gradually lovered as the excess of
the reducing agept is incressed beyond threefold. Sujishi and Ke:l‘thh re-
ported a similar result with lithium tri-tertbutoxyaluminohydride as the
reducing agent. Although the yield of monogermene is lowered, the amount
of germanium {(IV) that is reduced continues to rise, because large quantities
of the polymeric hydride ((‘.%@H)K erc nov formed.

Undoubtedly the best method for preparing higher germanes is by the
decomposition of monogermane in a high pressure discharge system. In exe
periments carried out at «7&00, gee Table 1, the percentege ylelds of

tri- and tetragermane remained constant with time but the percentage yield



of digermane was lowered. The vapour pressure of digermane is high enough
et -78°C for some of it to be decomposed but the higher germanes arve frozen
out asg they are formed. Bimilerly trigermare is not frozen out completely
at 0°C and so some of it vas decomposed and the yields were smaller. The
importance of rapid condensation explaing to some extent the poor yields in
the pyrolysis experiments. If the ogonizer was kept at room temperature and
the cold trap was placed some distance beyond the ozoniger to delay the con-
densation of the higher germanes, much better yields were obtained than from
the pyrolysis experiments, although the yields wvere much lower than those
when the ozonizer was at -T8°C. Thus it seems that the excitation of monos
germane by an electrical discharge ie intrinsically a better method for
bringing about polymerisation.

2. Separation and Identification

Trigermane was identified by its vapour pressure and its mass spectium.

Ites proton magnetic resonance spectrum {see Fig. ka) was recorded using pure

12

trigermane. The spectrn.ﬁn is very similar to that of trisilane™ and both

gpectra are almost mirror images of that of propane.13 The three spectra

are characterized by a small ratio of chemical shift to spin-spin eoupmng
constant for the protons in -MH,- and -MHB, (M =0, 84, Ce.) By a comparison
with the spectrum of trisilane, the positions of the center of the -G-aﬁs

triplet and the ~0e32- geptet can be assigned to the peaks 'x” and Ty’ re-

spectively. The resonsnce field for -GeHB in trigermane is 3.3 prm lower

than thet of tetramethyleilane (as an external standard). (The corresponding

shift for -BiH. in silanes is ebout 3.3 to 3.6 ppm and for ~CH3 in propane

3
is 1.1 ppm, both toward lower field from tetramethylsilane ).

The internal chemical shift from Gell, to -GeHl,- 16 0.193 ppu to higher
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field. The corresponding shift in trisilane iec 0.167 ppm also to higher
field, and in propane 1t is 0.433 ppm to lower field. A simple, but by
no means complete, explanation of the differences in the spectra can be given
on the basis of the relative slectronegativities of carbon, germanium, hydrogen,
and gilicon. The order of the electronegativities 4s C > H > 81 T'Ge. When
an ¥ atom of & -053 group is replaced by a C atom, the electron demsity arcund
each of the remaining protons is lowered and the proton resonance occurs at a
lover field. On the other hand, when an K atom of either an ;SiH3 or -G‘eHB
group 1s repleced by an 81 or (e atom, regpectively, the electron density around
the remaining protons is increased end the resonance occurs at a higher fiesld.
The infrared spectra of tri-, n-tetra-, and iso-tetragermane are so
similar that they only identify them as being germanium hydrides. On the
basis of expected relative volatilities, wve assumed that n-tetragermane was held
longer on the chrommtographic column than iso-tetragermane. A comparison of the
mass gpectra of the two fractions with the mass spectre of n- and iso-butane
agreed with this assumption. The mass spectrum of the isomer, presumed to be
n-tetragermane, had & fragmentation pattern similar to that of n-butane, in that
the relative amounts of the gragments were in the order, M3+> 2«1;»!;) Ml+ (M
Ge or ). The other isomer, presumed to be iso-tetragermene, had a fragmentation
pattern simllar to that of iso-butane, the order being m;r.« m,‘,“’> w>m’. The
proton magnetic reconmsnce spectrum of the n-tetragermane (see Fig. 4b) is similar
to that of n-butane in that no easily explained pattern 1s seen. The spectrum
of isc-butane consists of a series of equally spaced lines, that are prescumed
to be part of s series of 10, end & strong symmetrical doublet with the same

‘spacing. The spectrum of iso-tetragermsne (see Fig. 4c) was taken in a very
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dilute solution of n-hexane and it eohsi.sted of a symmetrical doublet.

The series of ten lines caused by the eplitting of the (=GeB-) hydrogen

wag presumably too weak to be seen under these circumstances. From the
spacing of the doublet the spin-spin coupling constant JG@H, Gei%’ is 4
cyeles/sec, (JCH,CKB’ ig 5 cycles/ae;.) The chemical shift of -GeH, in
iso-tetragermane 15 3.h ppm to lower field referred to tetramethyl silane.
The ylield of n-tetregermane wes from four %o ten times that of the iso-form.
(In meking this estimation of ylelds we assumed thet the two species were
equally sensitive to detection by our thermal conductivity cell, and so ve
may be underestimating the yields of the branched species. In the alkanes
the sensitivities decrease in the order of straight-chain alkancs >
Jdimethylalkane s>trimethylalkanes>monome thylalkanes>tetramethylalkanes, and
also a1l alkanes of a given degree of branching have the same sensitivity
irrespective of cerbon number.) Nevertheless, the relative yields were those
that night be expected i1f, in the discharge tube, tetragermsne 1s built up

from Gel unite plus Ge. units and,, possibly, pairs of Ge, units.

3 2

The pentagermenes vere colleeted as a group from the chromatographic
coium. The infrared gpectrum confirmed that thefe were germanium hydrides
and the mass spectrum confirmed that they were pentagermanes. The peaks
were agsigned onh the basis of the expected relative retentlion times of the
three isomers on the chfomatrogmphic column, comparisons were made with
tableg of the retention times of hydrocarbons on silicone columns, and we:
assumed that the igomers vould emerge in the order neo-, iso-, n-pentegermane.
The relative yields of these isomers - based on the areas under the peaks - are
remarkebly close to those predicted on the basis of a statistical build-up.

By similar srguments the four peaks of the hexagermanes may be tentatively
assigned as follows: A = 2,2-digermyltetragermene; B :' 2,3-~digermyltetra-

germane; C = a misture of 2-germylpentagermane and 3-germylpentagermane; D=
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n-hexagermane; (germyl = Geliz).

This type of assignment (already hazaidious with the hexagermanes) is
"impossible with the heptagermanes; but it is probable that X is the normal
species. For the normal series of hydrocarbons, a plot of the logmrithm

of the retention time against the number of carbon atoms per molecule gives

in 10

a straight 1ine.™ Tuis is also true for the silames’’ and the germnnes.

The relative yields of the isomers veried for each preparation, but
for hexa- and heptagermsnes, and somstimes for pentagermanes, the normel
species was never the most abundant, which result is o be expected from
statistical considerstions. Typical yislds of the ieomers, calculated from
the pesk areas and based on the amount of gerwanium in monogermane that was
converted, were as follows: pentagermanes 0.0%, hexagermanes 0.3p, hepta-
germanes 0.3%, octegermanes 0.05%, and nonagermanes less than O,01%.

We thank Dr. J. J. Turner for his help in the discussion of the proton
magnetic resonance spsctra and for the use of his thesis for making our

comparisons with the spectra of trisilane and propane.
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Table 1

Results from the high pressure discharge system, with the ozonismer at -78°C

Voltage Pressure Time % decomposition % Tield
(kv) {em % Hg) (hours) of GeH, Ge JHe GegHB Gey B,
10 10 2.0 ok.5 8.0 30;0 -
10 20 1.0 19.3 38.6 26.0 9.5
%10 20 1.0 8.0 25.9  19.2 10.9
10 20 1.0 L BRIT 1%.6 9.6 9.9
10 20 2.0 84.0 25.4 26.9 8.9
10 20 3.0 86.9 28.6 26.1 8.6
%10 20 3.0 67.5 5.1 6.3 | 8.9
10 20 3.5 91.1 11.5 - -
10 20 5.5 95.2 12.0 30.0 -
10 30 2.0 75.2 34.8 26.8 -
10 30 5.5 95.0 26.7 29.7 -
15 20 2.0 93.8 26.5 2B.1 -
15 30 2.0 ok.8 26.6 26.6 -
15 Lo 5.5 88.% 39.0 31.8 12
a

b

Ozonizer ab OOG.

Ozonizer at 25°C,vwith snother cold trap et 78°C in the system.
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Teble 2
Retention Times at Various Temperstures
{in minutes)
Flow: 60 c.c./minute Flow: 88 e.c./minute
Epecies o o ﬁ‘ o
95°  125° 150° 190°  430°  abs®  160° a7 ae®
0332%!8 _ 1.0 0.55 - - 0.55 a0.35 - - -
igo-Geyl,, 2.9 ;5 10 0.5 .5 08 43 5.6 a0.45
hisey H, o 3.5 1.7 0.9
n@o-'ﬂesal? 6-“‘ 215 lna - 302 lts 1-3 - -
issooGeSle g.bh 3.4 2.0 1.1 };.5 ..2'0 1.7 1.2 0.95
n-aesam 13.5 kL0 2.2 . 5.5 2.k 1.9 1.k
8 4

Geéﬂlk A - - 3.6 1.6 9.0 3.8 2.6 2.0 1.5

B - - 3.9 11.3 4.8 3.k 2.5 1.9

¢ - 9.0 b 1.9 13.5 5.2 3.7 2.7 '

D - 12.0 5.2 2.2 17.5 6.6 4.5 3.4 2.2
%75168 E - - - - - - - k.0 2.6

¥ ) i 6.5 z - 10-0 6.7 4.8 3.1

G - - 10.2

H - - 7.9 209 - 1.2-0 ?-6 5-h 3.}4

I - - 8.8 3. - 15.0 8.8 6.3 .0

J - - 11.0 4.0 - 18.0 10.5 7.8 4.8

K - - 1500 h’o? - 1806 1038 8-0

. .

GegHig 7.0 = 11.0 6.5 — 10.0

L 7.5

M 8.5
ge H_° 1k — 20 13.5 — 20
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Table 3

Principal Pegks in Infrared Spectra of Tri-, Tetra-, and Pentagermanes

Vibrations (em™d)
Ge-H stretching Ge-E bending
Ge Hy ° 2080 (m.s.) 79 (s) 880 (w)
n-Ge)H, 2045 (m.s.) 792 (8) 860 {w)
iso-Ge,\H o 2060 (m.s.) 784 (s) -
eesnm‘-’- 2080 (n.s.) 795 () 860 (w)
(Gent)_ ® 2060 (if-s.) 75 (8) 832 (s)
g - strong
n.s. -~ medium-sbrong
v - wesk
a

These spectra are recorded in an earlier report. Subsequently

Emeleus and Maelmym have reported the pogitions of the prinecipal

peaks of trigermeane which agree with our figures.
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FIGURE LEGENDS

Rig. 1. Yields of monogermene and digermane (based on the concentration of Geﬂk)
(A) Yield of GeH), using glacisl acetic acid.
(B) Yield of GeH) using sulphuric acid.
(C) Yield of Ge H, using glacial scetic acid.
(D) Yield of Ge M, using sulphuric acid.

FPig. 2 Apparatus for the lov.pressure discharge systenm.

Fig. § Percent Decomposition of GaH;u end Percent Yield of Geaﬁé
{ Ozonizer at -789)
(A) Percent yield of Ge e at 8kv snd 2 en. Hg.
(B) Percent yisld of Ge e at 15kv and 4.5 em. Hg.
(C) Percent decomposition of GeH), at 8kv and 2 om. Hg (o) and
at 15 kv and 4.5 cm Hg ().

Fig. 4 Proton magnetic resonance gpectra of a) trigermane, b) p-tetragermane,
and c) iso-tetragermane. {(In ppm referred to an externnl sample

of tetramethylsilane. )
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