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I. INTRODUC'l'ION 

Only two references to hcxo.chlorodicsermn.nc ~· Ge 2c16, appear in the litora .. 

ture. Both pertain_primnrily to its preparation. 

1 In 1954 Sclr.;arz and Bo.ronetsky reported the synthesis of' a white, cry-

stalline~ air~sensitive compound which con~aincd Ge and Cl in a ratio of 1 

to 3· Their method, which gave yields of 10 to 20 mg in 4 to 5 ,.,eeksp con-

sisted of distilling Gec14 slowly over germanium metal at elevated tempera­

tures in a closed, evacuated system. Using these very small samples, molecular 

weight determinations led to the values 258 and_26l. The theoretical molecular 

weight of Ge2c16 is 358.2. 

Shriver and Jolly2 succeeded in 1958 in obtaining yields of up to 250 mg 

per hour according to the reaction: 

This ~,.,as accomplished by passing Gec14 vapor through a microwave discharge. 

They confirmed the·ratio of Ge to Cl as 1 to 3 and further determined that 

the oxidation number for Ge vms +3. 

The present t-rork was begun as an extension of the latter investigation, to 

· improve the yields and to study the properties of this new compound. 

II. PREPARATION · 

A. Preparation Using a Solenoid Dischar~e 

1. Apparatus and BA~erimental Procedure 

The solenoid discharge3 consists of a· copper coil around a cylindrical 

di$charge tube. It is an .electrodeless discharge in the sense that no elec-

trodes extend into the disc;:harge zone. The radio-frequency current through 



the solenoid produces o.n altcrm. ting mc.c.,f11ctic field po.rullcl to the axis of 

the solenoid. The rn.:;.grictic field, in turn, produces on electric field s:round 

it. Thoso. induced ulootrio forcca :!'orrn clonocl ourvoo. 

The energy acquired by the electrons '"i thin the reaction zone is proper-

tionnl to the square of tl1c distance from the ;:;enter of the tube. 'Therefore 

the diE.:;net~r of the reaction tube was made as large as. was practicaL 

In all the rul/,s mentioned below, ·the discharge was run at just below the 

"quenching 11 level. Th;:l.t is, the pressure of the gas passing through the· dis-

charge was slmdy raised to just below the point where the discharge lvould go 

out. 

The discharge source was a 50-Mc radio-frequency.oscillator with a 2.5-kv 

500-ma power supply. 

Early runs were made using the apparatus as described by Jolly
2 

in which 

GeC14 was passed through the reaction zone, and Ge
2

c1
6

, unreacted Gec14, and 

Cl2 were collected in- U-tubes surrounded. by cold traps at -20°C (ice-HCl), 

-78°C (Dry Ice-acetone), and -196°C (liquid nitrogen), respectively. However, 

no quantitative work was done wit,h this set-up • 

. Since o~ly a small amolint o;f the Ge.c14 vapor which passes through the 

discharge zone reacts, an apparatus was designed and built to pennit recycling 

of GeC14 vB-pors, Fig. l. . T~e diameter of the reaction tube was 30 mm. 

Gec14 was distilled into U-tube A from weighing bulb (a). After a -78° 

cold ba~h was put around B and a -196° bath around c, the discharge was turned 

on, and the stopcocks vere turned to pennit a fl01-1 as indicated by the arrows. 

The flow rate through the discharge tube l-ras regulated by adjusting Stopcock I. 

Ge
2

c1
6 

and unreacted GeC14 were collected in trap B, and.Cl
2 

was collected in 

0 trap C. After all the GeC14 VQ.por had passed through, a· M20 bath was set 
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Copper 
coil 

FIG. 1. APPARATUS USED WITH SOLENOID DISCHARGE 

MU.27699 
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around B, to hold the ae2c16 but permit the Gec14 to distil~ and the -78° bath 

around A. 
. 0 

The stopcocks were each turned by 180 and the GeC14 again was passed 

through the a.ischa.rge zone. If desired, the recycling process could be continued. 

until all e>f the GeC14 had decomposed·. Generally,. since the primary concern 

was not the actual production of large quantities of Ge
2

c16, but rather the 

effectiveness of the conditions used, the rea.ction was terminated after only a 

few cycles. The Cl2 was pumped off, the Gec14 remaining was collected and weighed 

in (a) and the ae2c16 collected and weighed in (b). 

2. Results and Evaluation. 

No. op GeCI4 decomposed 

1. 1.23 

2. 0.79 

3· (a.) 

4. 6.18 

5. 4. 38 

* 

Table I. Synthesis of Ge2c16 
· Using a Solenoid Discharge 

cfo yield * flow rate, 
Ge2c16 mmole GeCli/ 

tnin 

12.5 2.14 

24.3 2.80 

(a) 0.70 

50.0 0.51 

.' 49.0 0.61 

yield, 
nnnole 

Ge2Cl6f'hr 

O.ll 

0.16 

0.26 

' 
0.45 

o.4o 

Based on the amount of GeC14 decomposed according to the reaction: 

. 2GeC14 = Ge2c16 + Cl2 

·(a) GeC14 recovery tube broken 

duration 
of runJI 
min. 

200 

119 

98 

100 

136 

The greater yield of Ge2c16 and greater recovery of GeC14 in run number 2 

over run number 1 in Table I above are attributable to a greater proficiency in 

handling the apparatus. 

<;t 
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In run number 3, a. :plug· of bronze 'Vrool 'vas placed in the reaction tube 

about l2 em past the discharge. It vrd.s hoped that the coppor in tho wool 

might react with the Cl formed in the reaction and thus prevent any further 
2 

reaction of the c1
2 

with the Ge
2

<:a6 fonncd. The bronz~ vrooi did not )?ick up 
I 

the Cl
2 

to any qbservable extent·,. hovcvcr, although it did result in a higher 

pressure and a lm.,er flo"' rate through the Tcaction tube. 

' ' 

The bronze 1mol uas put about 1 em past the coil in run number 4. ·This 

resulted in the discharge takin8 place around the bronze plug itself rather 

than 'vi thin the coiL Some reaction did take place with the Cu, but a large 

.amount of Cl
2 

~.,as still recovered in U-tube C. 

Two bronze uool plugs ~Vere used in the· last run, one within the coil and 

·the other about 4 em past the first. This time ·the discharge was again es-

tablished primarily around the Hool plug beyond the coil. Again, some reaction 

did take place 1-ri th the Cu, but Cl
2 

was still collected in C. 

In ail cases a small amount of yellm., solid and colorless nonvolatile 

liquid were deposited on the walls of the reaction tube just past the discharge 

during a run .. The solid slow.ly darkened to brown, which appears cheracteristic 

·of polymeric (GeCl)x. The liquid solidified in several hours to a 'VThite solid 

Hhich also darkened, first to yello•r, then to brmm. · This fits exactly the 

·description of the coinpound mistakenly reported as Ge0Cl
2 

by Schi·rarz and He in-' 

rich 
4 

in 1930. Schumb and Smyth5 in 1955 found that· this compound 'ms actually 

a "new fonn" of .0ec1
2 

which spontaneously chan~es to the more usual 1-rhite solid 

form of GeC1
2

• ~~is GeC1
2 

itself decomposes to GeC14 and lower chlorides with 

time 1 darkening as it does so. 

The results indicate·that the highest yields are obtained with low flow 

rates and high pressures~ Having the discharge o~cur at a bronze wool surface 
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seems to incr~nse greatly the yield, as i·rcll o.s causine more of the 'dccom-

posed GcC11~ to end up as Ge Cb;: This latter result may, hoHevcr, be caUsed. 

simply by the lo•,,cr flot.r ra.tc. 

In the lest tHo reactions in Table I, the copper acted as a reducing 

agent to fonn come CuCl. l'n1cther it reacted directly with the Gec14 or 

only 1vith the Cl
2 

formed is not lcnmrn. 

The results above appear sufficient to show that in all probability 

this form of discharge would not produce yields which would seriously rival. 

the microwave synthesis described by Shriver and Jolly. 

B. Preparation Using a Bronze Hool D·ischarge Tube 

Since the usc of bronze vool gave significant improvement in the 

yields, it Has decided to attempt to apply the discharge tube designed 

by Wartik, 
6 

for the preparation of B
2

c14 from BC1
3
, to this reaction. 

1. Apparatus and Experimental Procedure 

For these ruhs the apparatus shovn in Fig. 1 was modified by replacii?-g 

the. tube and coil with the discharge tube shovrn in Fig. 2. In this tube a 

glow discharge is set up bet1.,rcen the bronze 'mol plugs. In every case, six 

appro; i.mately spherical plugs, each ,.,eighing from 800 to 900 mg, were used. 

The;l" were separated from one another by about 2 to 3 cin. The diameter of the 

tube Has 30 mm and its overall length was 43 em. The tungsten electrodes were 

connected to a hiGh voltage transformer through a Variac to an ordinary 60 

cycle a.c. outlet. Beginning 1vith run number 9, a milliammeter \vas connected 

in series to the system and a Triplett model 630 voltmeter was used to measure 

the voltage accurately. Prior to this run a crude kilovolt meter gave the 

only indication.of the strength of the discharge. 

The actual eXJ?erimental procedure used uas the same as described above 

for the solenoid discharge. 
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FIG.2. BRONZE WOOL DISCHARGE TUBE. 

MU-27900 
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2. Results and Eva.luo.t:i.on 

The results of these rw1s arc presented in Table II. AlthouGh they 

clearly do not.constitute an e~1austive survey, the results do show several 

trends. It appears that voltaccs over 2 kilovolts give consiatently lower 

yields and creator decomposition. High flow rates, above about 0.5 gm · 

GeC11jmin, gave higher yields than lm.,r ~lov rates, with the exception of 

run 9~ No explanation can be given for this inconsistent result. It is 

·logical that, since there o.;re five separate discharge regions, each of which 

'is capable of' not only forming Ge
2

c16, but also of reducihg it further, it 

would be beneficial to remove the Ge
2
ci6 from the' discharge zones as. fast 

as possible. Thus a high flow rate should result ~n higher yields. 

Another factor that may detcnnine the yield under a particular set of 

conditions is the distance betv1een the bronze plugs since the potential 

across the electrodes is determined both by the pressure of rsas bctvrecn the . 

electrodes and by,the distance between them. Perhaps the variations from 

tube to tube can account for the lack of a simple relationship betvreen the 

results. 

Most important of all, long reac~ion times give low yields of Ge
2

c16 • 

It appears that after the reaction tube has been used for about an hour, or. 

,·. 

perhaps less, its ability to produce Ge
2

c16 in good yield diminishes, quite 

sharply if the results of ru.'1.s 13 and i4 can. be considered as reliable indica-

tions. One may speculate that this might be due to the CuCl formed ,.,hich 

coats the surface of the wool, preventing further reaction. 

Considering the time necessary to put together the reaction tube. nnd 
\ 

its short lifetime, this method also seems unsuitable for the preparation 



TABLE II. Synthesis of ae2c16 Using a Bronze Hoo1 Discharge Tube 

Uo. '{a GeC14 '{a yield flow rate, yield, duration of conditions 
decomposed Ge2c16 unno1e GeClt/min mmole Ge2C1g'hr run, min. 

* 8.20 1 3·7 2.33 0.42 16 lkv 
* 2 19.6 -12.0 1..9 1.34 20 2kv 

3 19.0 17.0 1.4 1.23 25 2kv 
4* 26.8 6.0 2.(1 1.28 22 2kv 
5 - 6.j8 29.8 2.67 1.51 13 <-1~5;,.2 kv 
6* 6.35 11.3 2.67 0. 56 17 2-2.5 kv 

7 ~r .j6 19.4 2.01 0.87 21 2-2.5 kv I 
\.() 

8 8.16 13.6 2.62 0.87 15 2.5 kv I 

-)f. 

9 4.79 16.2 2.29 0.53 20 1.8-2.0 kv 

30-20 ma 
* 10 4.14 43.7 0.79 0.42 87 1. 7-1.8 kv 

20 ma 

ll 5-39 14.5 2.29 0.53 28 2.1-2.5 kv 

20 rna 

12 2.98 25.7 0.89 0.28 48 1:._95:-2~ o._.kv 

i8 ma 

* 36.4 13 3-39 1.03 0.39 59 1.7 kv 

ll ma 

14 3.40 20.8 1.03 0.22 58 1.7kv 

9 ma 

* new reaction tube; 1. No water jacket; 4. Reason for high decomposition WL~own; 10. 2 mm stopcock 

between discharge and first U-tube-restricted flow considerably. 
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C. Prcpo.ro. tion Us inc; o. Hicro1·1ave Disclnr~~ 

BecaUGe of the dicappointine rcculto above,· it wao decided to return 

to the proven nucccsoful method of synthesis in,volving the uce of a. 

micl.·u·<~~ve discharge. 

The microuave discharce is another form of electrode less discharge. 

Standing electrom.:1(91Ctic waves m.'ly be .set up in a cylindrical metal tube, 

called a resonance cavity. The electric field in the wave acts upon 

electrons and ions, giving them energy. 'l'hese then cause the chemical 

reactions. 

Another vrny of usinG microwwes is through the· use of a. director. 

This is a metal plate, which m'ly be of any of oeveral shapes, that reflects 

and directs the '"aves to produce a concentro.ted glow. 

1. Apparo.tus and Experimental Procedure 

For thio synthesis a modification of Jolly's original systerii Has 

used, Fie. J. Hith it the Gec14 to be weighed need not be distilled into 

the system before a run, nor out of it after a run. It may be ~Teighcd in 

the U-tubc in which it is collected, and this same tube may be used as 

the source of Gec14 in the next run. A U-tubc with 2 nnn bore stopcocks 

was used for the first trap (-20°) in one run (not in Table) but this gave 

only a negligible yield o~ Gc 2c16, presumo.bly because it decreased the 

flow rate to a great extent (see later discussion) . 

. The Ge
2

c16 was collected for weighing and for temporary storage by 

replacing the tube containing the collected Gec14 by ·another tube '"ith 

stopcocks, into which the Ge
2
c16 'vas distilled. The stopcock to the 

vacuum between the first tvo traps provided n means for evacuatin13 the 

small space betvrcen this ne•1 U-tube and the stopcock separating it from 

the first tube in the event .that this ~co~l~cting tube already contained . 

some Ge
2

c16, vrhich must not be exposed to the air. 
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A Raytheon QK60 magnetl:"on tube~ which is a sourc.e of 10 em microwaves, 

was coupled to the resonance cavity~ It. was powered by a unit. with a 

maximum capacity of 2.5 kv at 0.5 amps. In every case, it was run at 1140' 

volts and llO.rna. 

The other unit was a Baird-Atomic Hg 198 Microwave Exciter. This 

operates at a wavelength of 12.2 em in the 2400-2500 Me band.· The energy 

is carried in a flexible coaxial cable to a C-director which concentrates 

it at the reaction tube. It has a maximum power output of 125 watts and 

was run at 95-98% of maximum~ 

·No. 

2. Results and Evaluation 

%Gec14 

Table III Synthesis of ~e2c16 Using·a 

Microwave Discharge 

% yield flow rate, yield, length of 

decomposed Ge2c16 rnrnole GeC14/min mrnole Ge2Cl6/hr run, min. 

1 (a) ca. 2 0.28. 25 

2 (a) ca. 1 _0.59 46 

3 3.11 21.4 5.84 1.14 8 

4 3.11 33·9 4.49 1.42 11 

5 2.31 50.6 3.41 1.18 100 

6 3.66 40.3 1.64 0.73 195 

7 2.54 18.6 2.10 0;31 145 

(a) Not recorded 

1. Insufficient cooling of microwave cavity} 2. Baird unit; 5· Cu plug 

past discharge zone; 6. Cu plug past discharge zone. 

.. 
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From the data in Table III several tentative ·conclusions can be 

dra-.m for the best set of rcc.ction conditions. High flow ro.teG ncain 

E.:•:!C:'. to give. hiGher yicldn, o.lthouGh 1.25 g GcC11/min ms.y be too faot. 

P.~n.cing a bronze uool plug a short distance past the discharge zone docs 

not seem to have much affect on the yields, but it docs seem to insure that 

more of the Gecl4 vhich decomposes ends up as ee
2

c16• It may be that the 

Cu picks up some of the Cl
2 

vrhich mit;ht othen.,rise react with the Ge
2

c16 

already formed. The bronze Hool does acq_uire a thin lvhite coating during 

a run, although much Cl2 is still observed in .the liquid nitrogen trap. 

III • PHYSICAL PROPERTIES 

The vapor pressure of Ge
2

c16 was determ~ned over the range 24.7° 

·to 59.7°. Belolv 24.7° the vapor pressure is so low that accurate measure­

ments are impossible. Above 59.7°, decomposition is rapid. 

The apparatus consisted of a manometer uith a ·short side arm, into 

which the sample'uas distilled. A mercury float valve allm.,red one to 

adjust the level of the mercury in the manooeter. The entire apparatus 

was immersed in a thermostatically controlled constant'. temperature bath. 

Grea't pains Here taken to insure that the Ge
2
c1

6 
used vras pure •. Eac.h 

0 sample was distilled tvTice, colJ,ecting it at -20 -, to insure that it 'Has 

. free from impurities before it vras distilled into the apparatus. It l·tas 

0 
then pumped on vlhile being held at -20 • Before each reading the Ge

2
c16 

0 . 
in the side arm vras again pumped on at -20 before the mercury vras raised 

into the mano1neter. The constant temperatUre bath was set at the temperature . . 

desired before the apparatus was immersed· into it. 

The thermometer used was checked against an NBS calibrated thermometer. 



To.blc IV Vapor Pressure of Gc2~16 

Physico.l t 0 c· p l'i'U1l 

·State } obs. cc.lc. 

solid 2'1·.7 0.8 0.7 -0.1 

solid 29.7 l.l l.l 0 

solid 34.7 1.5 '1.5 0 

solid 39-7 2.2 2.2 0 

liquid 44.7 3.0 3.0. 0 

liquid 1~9 ·1 4.1 4.2 +0.1 

liquid 54.7 5.8 5-6 -0.2 

liquid 59-7 6.9 7.6 +0.7 

As an example of hOiv the do.ta were obta'ined, the actual values. ob­

tained during the course of a typical measurement at 29.7° are shown in 

Table V. 

T bl V V P Of Ge2cl6 n.t 29.70 , a e apor ressure ~ 

Time after immersion .min. into bc.th min. pressure, 

.. 
2 l.l 

4 l.l 

5 l.O 

7 1.2 

9 1.3 

ll 1.5 

15 1.7 

The rise in pressure, starting at about 9 minutes, is believed 

. due to decomposition of the Ge 2c16 to the more volatile GeC14• The 

constant initial pressure was considered the true pressure. Several 

--
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measurements, such as the above, ·..,ere nude at each temperature. 

A plot of loG P vs. 1/T ,.,,u; z:.o.dc, as shmm in .Fig. 4. The data were 
nun . · 

not sufficiently accurate to pel'"lni t ::;cparc. te linea. to bo dro.wn :ror tho oolid 

and liquid states. Thus one straiGht line was drawn through all the points. 

The equation for this line is: 

2801 
log Prom = - -T- + 9.29 

The Llli0 of vaporization (either from the solid or liquid) as ·calculated from 

.the slope of this line was 12.8 kcal/molc. 

A typical sample in the vapor pressure apparatus was folll1d to melt 

The infrared spectrum of Ge
2

c16 vras taken in cc14 solution and in cs
2 

solution. Both the NaCl and KBr regions ivere observed. See Figs. 5 and 6. 

A known amolll1t of doubly distilled ec
2

c16 vras distilled into o.n ampule with 

a constricted neck. The solvent. vras then condensed onto it and the a~ule 

\-Tanned to room temperature. The Gc
2
c16 readily dissolved in both solvents. 

The ampule was then removed from the vacuum line and a small amount of the 

solution was transferred into a cavity cell Hith a hypodermic syringe. 

·Peaks were obsren:ed a:t 7.1 (w), 11.2 (m), 14.4 (m) and 22.1 (s) microns. 
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IV. CI:lliHICAL PRO?J::RTIES 

A. Renct'ion Hi th NaBII4 

L Apparatus and Experimunt.al Procedure 

A 250 rnl three-neck round-bottom flask.l:as equipped '\orith a maenetic 

·stin·er, a nitro.:;en inlet tube, a droppine funnel with a pressure equalizing 

side a .. mJ and an outlet tube lcadinc; to a vacuum line. The line consisted of 

four U--tubes, each separateQ. by a r:1crcury float valve, eliminating contact 

between the contents of the tube r.md stopcock grease. This kind of line 

vrns found necessary, since,in early runs conducted in an ordinary vacuum 

line, contact. of the solvent and the reaction products with the stopcock grease 

caused the system to leak, making quantitative work impossible. Silicone 

grease was used at those points where it could not be avoided, such as on the 

standard taper joints on the flask and on the.ends of the vacuum line. No 

·leaks. were ever encountered there. 

The solvent employed was diethylene glycol dimethyl ether (diglyme ). It 

was dried by first refl~ing vrith CaH
2

, then·distilled; the fraction boiling 

6 0 "' 0 ' between l 1 and lo2 being collected. Even 1-1ith this procedurej some: slight 

reaction of the solvent '\olith the~ N3.BH4 dissolved in it was pbserved. 

After ec
2

c16 had been distilled into the dry, evacuated flaslc, diglyme 

• was added through the dropping funnel to dissolve the· sample. Nitrogen .was 

admitted to brine; the system to atmospheric pressure so that the NaBH4 solution 

could. then be introduced into the dropping funnel. After the system had been 

reevacuated and an ice bath placed arotmd the reaction flaskJ the borohydride 

solution was added dropwise, vli th vigorous stirring. 

The reaction' flSsk was open to the vacuwn pump through the four U-tubes. 

The first tube lTas surrounded by a -'J8° trap, the other three by .liquid N2 • 

Pumping and stirrinG were continued for at least one hour after the last of 
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bo~ohydride solution had been added. The .flask ivas then isolated from the 

line. The content of. the -78° trap, which vms found to be distilled solvent, 

WllS d;\.sca:rd~d·, and the :roaction products :from 'the liCJ,Uid nitrogen .traps vTere 

consol:idated. They ~Tere then distilled in vacuo through traps at -78° 

(Dry-Ice-acetone), -112° (carbon disulfide slush), an9- ..:196° .(liquid. nitrogen~, 

respectively. 

2. Results and Discussion 

0 . 
The .-78 ·trap ivas found to. contain mainly solvent that had passed 

through the original -78° t~ap during the run, plu~ some unidentified material 

that was pi"?bably a decomposition product of the solvent (s~e Fig. 7) and 

traces of trigermane as identified by the ga!" phase infrared spectrum of the 

material in the trap. The .. 112° .trap ._c;:pntained P.rinia~ily digerrn.a.ne, along 

with more of the unidentified r~terial mentioned above. This latter material 

\vas separated from the digermane by passing the mixture through Ascaritc 

several tiine s. Only the digermane remn.incd. · cO The -19o trap contained a 

mixture of germane and diborane. The diborane was decomposed by Ascarite, 

leaving pure germane, the amount of ivhich could then be ascertained. 

'At the end of each run, the reaction vessel &lways contained a light 

yellow precip.itate which darkened to brmvn over a period of several dayso 



Q)80 
0 
c::: 60 
0 
:::40 

E 20 

-21-

~0~---L.__,.i--.I.._..L..-_,__.....L...--.J..---1..----1-.L...-.J.....J 
0 5 7 9 II 13 

~ Wavelength ( JL) 

F 1 G. 7. INFRARED SPECTRUM OF UNIDENTIFIED MATERIAL IN 

BOROHYDRIDE REACTION (DIGERMANE SUBTRACTED). 

MU-27904 



cone. 
Ge

2
c16, 

m6les/li ter 

* 

0.10 

0.04 

0.13 

0.19 

cone. 
BHij> 

.moles/liter 

0.63 

0.27 

.. 0.09 

0.10 

-22-

BH4 
cc

2
c16 

7.1 

6.6 

7. 5 

15.5 

29·9 

41.1 

41.6 * 

trace 

trace 

8 

%B re­
covered 
as B2H6 

27.3 

5.6 

3·3 

3.1 

ro..te of 
ndditionJ· 
ml/m.in 

5 

1 

Addition of 25 ml of lN HCl to the reaction flask after the completion of 

the reactionHith borohydride resulted in the evolution Of much hydrogen, 

a. trace of digcnnnnc, and 4 3. 2~~ more germane. 

. . . . 

As shmm in Table VI, gcn11:1ne vias ahmys obtained as the major product. 

The yields of digermane V!erc ahrays poor .. Thus one may say that, under the 

~onditions used, borohydridc readily cleaves .the Ge-Ge bond. It does appear 

that slow rates of addition and low concentrations of borohydride are more 

favorable for the formation of digermane, but even then only small amounts of 

this compound are obtained. 

Addition of· borohydride alvrays resulted in yields of less than 5o% 

germane. From this' one might suggest the reaction: 

However, two observations tend to suggest that this equation does not describe 

the reaction completely. First, the addition of acid to the reaction vess'el 

after the conrpletio!l -of the borohydride reaction resulted in the evolution of 
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43% more germane. . Secondly, much leGs than the expected diboranc >rns 

recovered., 

If digcnmne is formed in any significant amount, it might react 

further with the borohydridc, possibly as follows: 

Reaction of an acid solution with the H
3

GeBH} anion would result in the 

. formation of germane .• 

One might then ~·rri te the reaction . in diglyme solution as: 

The fate of ~he boron is unknmm. 

B. Hea.tion uith Hater 

1. Apparatus and Experimental Procedure 

The reaction vessel in each case vras a 20 mm O.D. PYrex tube, one end 

of which was· rounded, the other provided '·rith a long, fine, capillary tip • 

. A constricted side arm with a ball joint at its end allowed the tube to be 

attached to a vacuum line. The :~orater, or alkaline solutions, ,.,ere previous-

ly introduced directly into the tube 1-Ti th a micropipette_. The -vm ter was 

.frozen. with liquid nitrogen and the Ge
2
c16 distilled onto it. The constric­

tion of the side arm was then closed under vacuum, and the tube allowed to 

warm to room tenwerature. 

To open the sealed tube, the capillary tip was inserted through an 

open. straight-bore stopcock attached to the vacuum line. The tub(.';! below· 



the stopcock ;.ms se·alcd to the shoulder of the reaction tube Hi th Apic zon 

~v wax, effectinG an airticht seal.· A liquid nitrogen bath .was then put 

around the contents of the tube and the capillary broken by turning the 

stopcock. ·A nw.nomctcr in. the system was used to check for any nonconden-

sible zns. 

Iri each case the sealed tubes ·Here left at room temperature for at 

least 24 hours to insure complete reaction·. 

2. Results and Discussion 

mmole. 
Ge

2
'c1

6 
· 

0.26 

0.34 

0.17 

0.22 

Solution 
added 

0.5 ml 
distilled 

0.2 ml 
O.lN NaOH 

2.0 ml 
lN NaOH 

0.2 ml 
O.lN NaOH 

0.2 ml 
O.lN NaOH 

H
2

0 

* Nonnali ty of 
final solution 

3N HCl 

lON HCl. 

0.5N NaOH 

11.6N HCl 

* based on 6 moles HCl forming f:rom ·each mole Ge2Cl6. 

Conditions 

room temp. 
24 hrs. 

room temp. 
30 hrs. 

room temp. 
48 hrs~ 

room temp. 
24 hrs. 

0 50 , l hr •. 

room temp. 
24 hrs. 
70°-100° 'ght overn~ . · 
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In no case vms hydroGen evolved, even' in the bo.sic solution. This 

differs sh.::lrply from the nnalo,sous · r~action of Si~C16 (see Sect~ V-C). 

Visuo.l observations, ho..,revcr, do indico.tc Cl.i:C:C'crences in 'behr.l.v:tor uri\On~ 

the samples. 

In the very o.cidic so.lutions the reaction product rem.o.ined pure vlhi te, 

even after he3:i;ina. Only after the tube 1-1t..s opened and the water distilled 

off did traqes of a yellov color appear •. Heating of the dry solid caused 

it to become bright yellmr-oro.nge. 

Reaction iii th ;pure 1vater, 1·rhich upon completion of the reaction gave 

a some\vhat acidic solution, left a residue vhich was mostly vhite vith some 

yellow. Removal of water from the sample again caused' yellOidng of the 

. white material. 

An excess of lN NaOH resulted in the immediate format'ion of a bright 

yello~or solid 'i·rhich darkened to orange overnight. No white material iras 

observed. 

These results may be explained on the following basis: Geb is yellow 

to bro~orn and is insoluble in vmter. Ge0
2 

is vrhite. and is quite soluble in 

·both acid and aJJ{aline solutions. If one assumes that the la.ck of yellow 

color indicates that no GeO has been. formed, then,. since no hydrogen 'i·ms 

evolved, the Ge-Ge bond must have been retained. One might then suggest 

that in very acidic solutions the hitherto unknown "germanooxalic acid" 

is formed according to the react~on: 

As one approaches a basic solution, or. upon removal of uater f'rom the· 

above compound, d.isproportionation results. 
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or 

c. Reaction Hith NH
3 

1. Solid-Vapor Reaction 

a. Apparatus and Experimental Procedure 

Two different methods uere used to studythe reaction of Ge
2

c16 with 

ammonia. :tn the first, a lmovm amount of sodium-dried vapor ~.;as allovred 

to come in contact 1-li th a knmm amount of Gc
2

c1
6

. The total .volume of 

the system 1-m.s lcnmm and the pressure of the ammonia in the system could 

be observed directly by means of a manometer.· It .was hoped that in this 

'vray the course of the reaction coulcl be follolTed and the completion of the 

reaction would be marked by no further chansc .in the pressure. 

b. Results and Discussion 

Table VIII. Reaction of Ge
2

c16 vTi th NH
3 

l. 2. 

nnnole Ge Cl~"': .2 0 
0.191 0.228 

nnnole NH
3 

added: 3.05 3-31 

nm-iole NH
3 

recovered: 1.81 l. 73 

nnno1e NH3 reacted: 1.24 1.58 

NH
3
/Ge

2
cl6: 6-3 6.9 

reaction time, hrs.: 30 9 
temperature: 0° to 2~0 -63° 
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Reaction of s:t2c16 '"j· th :,I~lmordn proceeds by the· following C<:J.Uation,: 

(oeo Goction V-c). 

If this is in fact the rc3ction Hldch Gc
2

c16 undergoes (see belot-t) » the 

above results ind;icntc tll:-1 1'. rcncUon is incomplete under these conditions. 

2. Solid-Liquid Rcnction 

.I 

a. Apparatus and Experimental Procedure 

The above method led to results contrary to what one might expect in 

this reaction. Thus, a sealed tube reaction was performed. The tube '1-ras 

the same as described for the react.Jon -vTi th H
2
0 except that it had a diaine­

t:lr of 10 rrun. About 2 ml of sodium-drj.ed a.m:nonia was condensed onto a known .. 

qv9.ntity of Ge
2

c16 in a tube cooled uith liquid nitrogen .. The tube ~~as 

() ) sealed and alloHed to warm to 0 . After 2+ hours its contents vrere frozen 

with liquid ni trt?gen and the Lube VIas opened under vacuum. It \vaS then 

warmed to -63° whereupon the excess ammonia distillc'd off. Finally the tube 

was allowed to unnn to room temperature Hhile the pumping continued to in-

sure removal of all unreacted a1mnonia. 

Two ml of 6NHC1 Has then distilled into the tube. to hydrolyze the pro-

duct. The tube was opened and its contents quantitatively transferred into 

a 10 ml volumetric flask and diluted to volume. A nitrogen determination was 

run on this solution. 

b. Results and Discussion 

0.102 

* nunole N in residue:0.903 

N/Ge: 8.85 

* determined by-micro-Kjeldahl method 



This result indicates that n grcn.t excecs of 11.quid ammonia is necessary 

to effect a complete reaction. The reaction may thus be· wr:i.tten: 

D. Reaction with HCl 

l. Apparatus and EXJ:.1erimcntn1 Procedure 

The reaction tube and procedure Here the same as .descrloed in the 

reaction with water'except that a known cxce.ss of hydrogen c::hloride, pre-

. vious1y dried by b-lice passing it through a -112° trap, was
1 
distilled into 

. ·the reaction tube. After the tube had been opened, under vacuum with the 

contents frozen by liquid nitrogen, the. tube 't-tas surrounded by a bath at 

-63°. The unreacted HCl vTas 'then volatilized and collected· in an adjoining 

U-tube surrounded by a l:i.quid nitrogen bath. 

2. Results and Discussion 

Table IX Reaction of Ge
2

c1
6 

vii tl?- HCl ·· 

mrnole Ge
2

c1
6

: 0.168 

mmole HCl added: 1.35 

mmole HCl recovered: 1.19· 

mmole HCl reacted: 0.16 

HC1/Ge2Cl6 : .. 0.95 

The results above indicate that the follm-ling reaction took p],ace. 

Ge
2

c1
6 

+ 'Hcl ~ GeHC1
3 

+ GeC14 

The infrared spectrum of the vapors above the colorless liquid 

.remaining in the tubey after removal of the hydrogen chloride at -65°, 

confirmed the· existe·hce of GeHC1
3 

and the possible existence of GeC14 e 7 



(See Fig. 8 ). Upon slow dJ.:;tUlation of this liquid, e. sl'llll.ll amount o:.f' 

white solid was left behind. This solid darlcened to yellow in e. !nD.tter. 

of hourl!l. Pr"aumo.bly thitl ooHd Wl'ta Oe01
2 

whioh resulted f'rom tho following 

8 
reaction. 

GeHC1
3 

···~ GeC1
2 

+ HCl 
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V. HEVIEH OF COHPOUNDS CON.I'AINING 'l'HE Ge-Gd BOND 

A. Inorcanic Compounds 

Prtor to the oynthcsio of Gl~ 2c16 , the polyhydrides of germ.e.nium "'ere 

the only :inorganic compoundu kncnm Hhich contained two or more gennn.niurn, 

atoms directly bonded. In 1921~, Dennis, Corey ~nd Moore9 first isolated 

digennane, Ge
2

H6, a:nd trigermane, Ge
3

H8, along with monogermane, GeH4, 

by the hydrolysis of rna(Snesium germnnide ,.Ji th dilute hydrochloric acid • 

. Mixtures of genna.nes ·have also been ·obtaj.ned
10 

from the reaction of' 

·ammonium bromide 1-.ri th magnesium gennanide in liquid ammonia.. 
. ll 

Recently · 

the effect of a silent eJ,ectric discha.rge on monogennane has been shovn 

to produce not only Ge
2

H6 and Ge
2

H8, but small amounts of higher gerrn.3.nes 

up to the octagermanes. Vapor phase chromatography was used to separate 

them. 

( GeH
2 
~ a polymer; may also contain Ge -Ge bonds~ It may be fanned 

as follows:
12 

950° 
CaH

2 
+ Ge ~CaGe +.H

2 

·Rea·:~ti;n of (GeH
2

)x with boiling aqueous HClyields H
2

, Ge, GeH4, Ge
2

H6, 

d .., H 13 an l.re
3 8 . 

B.· Ort;;anic Compounds 

The first organic derivative of a polygennane was hexaphenyldigennane, 

14 
(c6H

5
\Ge

2
, prepared in 1925 by Morgan and Drew. Since that time a con-:" 

siderable amount.of progress has been made in the·synthesis and study of 

this and other organodigermanes. In addition, several h~gher organogermanes 

have been report~d. 
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The follmdng revie1-r cont:.lins all knmm reports_ of organic compounds 

knmm or thoughtto contain at leo.st one Gc-Ge bon<l. References to prcpara-

tions in 1o1hich a compound such as ( c
6
n

5 
)
6
ce

2 
was used· to mnke a. kno"'n re­

~gent, such as ( c
6
n

5 
)
3
GcK, for further study have been orni tt.cd. vlhen repeti­

tive. References to 1orork prior to January, 1950 are from' Johnson. 15 

1. Synthesis . 

a. Coupling Reaction ,.,i th an Alkali-Hetal 

The most commonly applied ·method of synthe-sis of these compounds is 

the reaction of a halotriorganogermne, R
3

GeX, with an alkali-metal,' gener­

ally sodium, 'at elevated temperatures. The following have been reported~ 

2( c
6
n

5 
)
3 

GeBr + 2Na _-+ ( c
6
n

5 
)
6
ce

2 
+ 2Na.Br 

1·4 
This was. the reaction of Morgan and Dre1o1 that was first run in 1925. 

The reaction took place in hot xylene with ex:cess sodium,- with a yield of 

somewhat over 46~~. 

Sodium in boiling xylene did not react ~ith bromotriethylgermane, 

(c
2
n

5
)
3
GeBr,-to form hexaethyldigermane, (C

2
H

5
)6ce

2
•
16 

A 300/o yield of 

this compound 1vas realized, however, by the' direct action of sodium .at 

elevated temperatures. 

Hexamethyldigermane, (cn
3

)6ae
2

, 'vas first synthesized by refluxing 

.bromotrimethylgermane, (cn
3

)
3
GeBr, with an ~xcess of potassium under nitro-

. 17 
gen. The potassium bromide formed hindered-the reaction to such an extent 

that ·it was necessary to Temove the volati:}.e materials :from it and_condense 

·them on fresh potass'ium several times. Hith-this procedure,· 74% of the 

germanium was converted to (cn
3

)
6
ce 2 • 

Hexabenzyldigerma.ne, ( c
6

H
5

CH
2 

)
6
ce

2
, has been obtained, ·in unreported 

yield, from the reaction of bromotribenzylgermane,' ( c6H5CH2 l3GeBr~ with 

sodium in'refluxing xyleneol8 

.-. 
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An 85%' yield of hexacyclohexyldigennanc, .( c6H
11 

)8oe
2

, '\<rae realized 

when the appropriate bromo compound was refluxed with an excess of sodium 

in toluene •. 
19 

A very interesting reaction, vTOrthy of further investigation, has 

been 
' 20 

reported by Kraus p.nd BroHn. . Dichlorodiphenylgermane, ( c6H
5 

)
2

GeC1
2

, 

with sodium in boiling xylene fonned ~ compound with the empirical formula . .. 

Only about 10-20% of the theoretical amount of ( c6H
5 

)
2

Ge 'to~as obtained 

in the form of crystals. · However, a ·considerable amount of resinous material 

approximating in composition ( c6H
5 

)
2

Ge, was recovered. It could not be cry·· 

stallized and was considered to be an impure polymer. The dichloro compound 

with lithium in ethylamine also gave this same resinous, uncrystallizable 

material. 

Molecular 't·Teight determ1nations on the crystals gave a mean value of 

· 903. This 'twuld indicate that the compound is a tetramer ([c6H
5

)
2

Ge] 4,. 

molecular weight 907). It has been suggested15 . that this might consist 

of a four-membered gennanJum r1ng. 

. An even more fascinating compound has bee.n prepared in boiling xylene 

by the reacti~n of either sodium
21 

(refluxed 8 hrs.) or potassium
22 

(re­

fluxed 12 hrs.) with phenyltrichlorogermane. 



. It was SUGGested by the a11lhors th:.1.t this t-ms an open chain molecule 

ra.thor than a. benznnc--typc :d nr:,. 

- Gc =: Gc - (' ''\ 
~ J ~-- Gc.! - Ce -· Gc 

I J • 
C6H5 C6H5 C6H5 c6F) C6H5 CrHc 

0 ) 

Several reasons to support this belief vrcre eiven. Upon dissolvinG this 

White SOlidJ an intense yellOH solutjon resulted, thUS indicating to the 

authors that the substance was a polymeric species which dissociated into 

six-membered chains upon dissolution, resulting in the color change. Hore 

substantial evidence Has the .fact that each hexameric molecule reacted 

"\.Tith 8 atoms of bromine, the halot;en, presw-:1ably adding across each double 

bond and, in addition, eliminatj_ng the "free valences" at each end of' the 

. 
chain. · The same reaction occurred lvith iodine, leading the authors to 

believe that no ring opening had occurred. IodineJ they said, being a 

less vigorous reactant, could hot brealc a ring. 

Gennanium tetrachloride, p-tolyl bromide, and sodium in refluxing ether 

18 
react to fonn an unreported amount of hexa-p-tolyldigermane, (p-CH

3
c6H

9
)6Ge

2
• · 

b. Grignard Reactions 

14 
Morgan and Drew detected no hexphyldigermane among the products of 

the reaction between germanium tetrabromide ;nd phenylmagnesium bromide 2 

c6H
5

MgBr. Their solvent for the reaction.Has ether, or ether plus a small 

amount· of chlorofonn, which l·ras refluxed for 1 1/2 to 2 hours . 
.. 

By varying the conditions somevrhat, namely using a mixed ether-benzene 

solvent and increasing the refluxing time tci six hours, and by using GeC14, 
18 . 

Bauer and Burschk.ies were able to isolate some hexaphenyldigennane, al-· 

though their main product was still tctraphenylgermane, (c6H
5

)4Ge. Reaction· 



with GcBr4 gave lo>vcr, but still si:Ylificant nrnounts of thfJ d.iccrmn.nc. 

In addition, unq.cr the same condj.tions, hcxa-p-tolyldigerm::~.ne H:'lS obtained 

from GeC11J. and p-toJ.ylr.laencsiu.m bromide. Neither yields nor balanced re-

actions are reported for these rc::actions. 

. . 23 
'l'his mi:x:ed solvent method Has developed by Johnson and tnrris, for 

the phenyl derivative, to give hcxaphenyldigerrnane as the major product. 

Using a ten-to-one mole ratio of G:cignard reagent to GeC14, and refluxing 

for 3 hours, in an ether-toluene solvent, almost 6CI{o of the gcnnanium ~1as 

converted to hexaphenyldigerrnane. It is of interest tha. t if the ether is 

removed before the reflux period, tetraphenylgermane is the rnajor product. 

The reaction for the fonr..ation of the organodigermane was \vrittcn by 

the authors as: 

No evidence to support the forrr~~J:tion of chlorobenzenc is given. . . 

24 
Hexavinyldigermane, ( CH

2
==CH)6Ge

2
, Has prepared in 1957 by Seyi'erth 

in yields up to 26~ >lith the vinylJnD.gnesiwn bromide in tetrahydrofuran. 

Thirty-five percent, of the germEmiwn i-las recovered as tetravinylgerma.ne J 

( CH2CH \Ge • '1\tenty hours of refluxing was found necessary. The reaction 

ttas reported as: 

No evidence for the formation of butadiene 1ms given, but a mechanism lras 

proposed to suppor~ this '11eaction. It was suggested that the first step 

was the reduction of Gec14 to GeC.l
2 

by the Grignard reagent, producing the 

butadiene. GeC1
2 

was then vinylated and the Grignard added to it. Finally, 

reaction of this latter compound with partially vinylated.GeC14 would .give.· 



the desired product: 

GeC14 + 2 CH5CHM@r -> GeCl;.? + ( CH2CH )
2 

+ MgC1
2 

+ MgBr 
2 

GeCl
2 

+ 2 CH
2

CHMgBr -1 (cu2cn)
2 

Ge + MgC1
2 

+ MgBr
2 

( CH2CH )
2

Ge + CH2CHM@r -> ( cn2CI-r )
3 

GeH@r 

( CH2CH )3Ge~r + ( CE2CI-I )
3

GeCl --) ( CH2CH )6Ge
2 

Several analogies a:re presented to support this mechanism, but its 

acceptance must await experimental verification. 

·rn support of the reduction to the germanium (II) compound it should 

be mentioned that the +2 state becomes more stable as one proceeds dmm 

Group IVA of the Periodic Table. Tetrahalosilanes show no tendency to 

-
couple when reacted with a Grignard, whereas tetrahalotins are lmo•m to 

do this (see b~lo1v). 

2c: 
In 1959 it YTas found 7 that up to 8% hexaethyldigermane could be ob-

tained in the preparation of tetraethylgermane by the reaction of ethyl-

magnesiumbromide with GeC11~ or GeBr4 in ether. 
. . . 16 

Kraus and Flood; vrho 

first prepared· tetraethylgermanc by this method,. did not report the di- · 

germane among their. products. · Thus one is led to believe. that the Grignard 

method might yield a small amount of organodigermanes in more cases then 

have thus far been reported. 

c. Direct Coupling 

The reaction of an aDcali metal salt of germanium, R3Ge~1, with a 

halotriorganogermane~ R
3
GeX, may cau~e a coupling of the germanium atoms 

to occur. Kraus and Sherman26 showed this vrith the foilowing r~action. 

The ·coupling was accomplished by boiling the reagents in benzene. No yield 

was given. 
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Hcnction of o.n ,'J.lltn.ii m•.:!t:lJ. r;;cnnnnium anlt \·tith a dihnlide of gcr­

mo.nium rcaultcd in the fornnt:Lon of an orannoi(ric;ermanc. 20 · 

The solvent and cxpcr:l.mcnt:.:t.l. procedure Here cascntinlly the same ·as in 

the previous reaction. Once ngo.in, no yleld t-ras mentioned. 

This method of prepo.ring orc::lnodi~ermo.nes, both symmetrical and 

unsymrnctrical, o.ppco.rs to b(~ n r.;oocl one. Hm-revcr, it docs not seem to 

ho.vc been investigated Gince the above reactions were reported by Kraus 

and coworkers in the early 1930's. 

Posaibly relo.ted to th~ above is the reaction of triphenylgcrmyl 

lithium with bromine in ethylene c;lycol dimethyl.ether for form 78% 
. 27 

hexaphenyldigenn'J.ne . 

. The fact thnt up to 12';~ ( c6n" )..,GcBr t-nts obtained as a byproduct leads one 
) _) 

to believe that this mic;ht )ndced also invoive a coupling reaction of the 

type mentioned a1)ovc. 

d. Orcnnoli thiwn n(~actions 

In 1950 Johnson and Harris 23a found that by adding an excess of an 

ether solution of phenylli thium, c6n
5
Li, drop\-Tise ;I-nto a refluxing ether 

solution of triphenylccrmane, ( c6u
5 

)
3

GeH, up to 6o% of the germane \-ID.s 

converted to hexaphyldiC:crmane. 

Reverse addition of the reactants cave only tetraphenylgermane. 'I'o explain 

this difference the authors postulated that this might in fo.ct involve a 

coupling reaction bet\.tcen the germane and its lithium salt, the formation 
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,bein(S possible· only because of the' excess of the triphcnylgcnn::mc. 

( c6H~,)3 GcH + c6rr/.Ji -... (c6tr
5 

)
3
GeLi .,: c6n6 

( c6n
5 

)
3 

GcH. + (c6n
5 

)
3
GeLi .--. ( c6n

5 
)6Gc

2 
+ LiH 

' ~ ' . ' 

Gilman and Gcrm,r- confirmed thnt this coupling ·rs~:!Lc;tiOn ·dqes t~-~,., 
~ . . ' .. 

place, but found that vhcn equal amoul'!-ts of the gerrriiJ.ne :'":l.nd 3.. ts · ·J_ithium 
'. ·'. . 

salt were used, a m.:'lximum of only 12j~ ( c6n
5 

)6Gc
2 

could b.e. o?t~.in~d. Fur-
• • 'I 

thcr, in repeating the rca·ction of· Johnson m~d Ha:rris in every detail 

·except that an equivalent amount, rather than an excess, of phenyllitjliUJll 

was used and that the so:)..ution \·Tas not reflux:cd, no hcxaphcnyldisern.ane 

could be recoverc.d. Thus they concluded, but could not explain, that the 

high yield may in SOHlC lTay DC: clue to the eXCCSS phenyllithium - in spite 

of that· fact that the triphenyl[;crmD.nc vas .actually in excess during most 

of the addition of the phcnylli thium. 

They .. also confinned. the first rcc.ction in the proposed mechanism of 

Johnson and Hnrris, obtaininG triphenyl[;cnnyl lithium in 83% yield. Ac-

tually the salt Has not isolated as such, out 'ms innnediately ·carbonated 

to give triphenylgermane carboxylic acid, ( c6H
5 

)
3

GeCOOH,. which vras vreighed. 

l.C0
2 c6H

5
Li .f ( c6H

5 
)
3 

GeH ~ c6u6 + { c6n
5 

)
3 

GeLi --} ( c6H
5 

)
3 

GeCOOH 
2.H 0 

' 2 

It is notewo~thy that the reaction of methyllithium with triphenyl-. 

germane _gave 10'% hexaphenyldi[;ermane when equivalent amounts of the re-

agents '"ere stirred for three days at room temperature. The digcnna.ne 

probably was also formed from the reaction' o:f triphenylgermane·· 'vith the 

lithiwn salt of the germane initially prodUced. 
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It has also been foundc.) that the reaction of cthyllithium uith 

GeBr4 in ether solution produced 8. 6?:1· hcxo.cth;yldic;crmane alone \·Ti th 

lZp tctraethylgcnnane and a brcc o.mount of polymeric material. 

e. Miscellaneous Reactions 

In addition to the reacUons above, most of vrhich were run for the 

expressed purpose of forminc; en organodieermnne, several· more unusual 

reactions ho.~e resulted, surpris).nt.;ly, in the. fonna.tion of hexaphcnyl-

digermane in good yield. 

In an attempt .to prepare alcohols and };:etones containing the tri-

phenylgermyl group, triphenylc;crmyllit.hium, dissolved in ethyleneglycol-

dimethyl ether, was added to methyl .tl~iphcnylc;ermanecarboxylate,. (c6H
5

)
3 

• 

GeCOOCH
3

. 29 Instead of the expccteci 'bis( triphenylgermyl) ketone or tris 

( triphenylgerJi1Yl) carbinol, co.rbon monoxide was vigorously e~lved and · 

. hexaphenyldigennane was obtained in 75~~ yield (based on triphenylgermane-

carboxylate). 

The authors suggested that the mechanism may involve attack.of the 

triphenylgermyl anion on the gen11a.nium atom of the triphenylgermylcarboxy- · 

late ester. A pentacovalent intermediate is thus formed which leads to 

the final products. 

( C61!
5 

) 
3

Ge ~ + ( C6H
5

) J GeCOOCH
3 

-> (c6H
5

) J Ge , • ~ C&r5 
\ ~ .. ; ocH

3
-> 

(c6H
5

)6 Ge
2 

+ CO + OCH
3

. 

To ascertain the origin of each germanium atom in the product, methyl 

. triph€mylgermanecarboxylate was reacted 1·ri th triphenylsilyl lithium, 

( c6H
5 

)3SiLi~ The only product isolated 1vas ( triphenylgermyl) triphenylsilane, 



( c6H
5 

)
3
GcSi( c6n

5 
)
3

, indicnting tl1at in the form'ltion of hexnphenyldi~ermr'J.ne, 

one germanium atom cnme from the trJphcnylgclinYl lithium, the other from 

the ester. 

:Reaction of triphcnylgcrmyl lithium vTith diethylcarbonate, (c
2

H
5
o)

2
co, 

also resulted in the evolution of carbon monoxide and the isolation of 

hexaphcnyldigermane as the only product. A yield of 88% was obtained vhen 

a deficiency of the carbonate vas used and 1~7~~ vTith an excess of carbonate. 

The mechanism for thi.B reaction proposed by the authors involves the 

initial formation of ethyl triphenylgerm::mccarboxyla te, vThich then reacts 

as above. 

( c6rr
5 

)
3

GeLi + ( c
2

H
5
o)

2
co -4 ( c6H

5 
)
3

GcCOOC
2

FI
5 

+ LiOC
2

H
5 

( c6n
5 

)
3

Ge- + ( c6n
5 

)leCOOC
2

H
5 

4 ( c6n
5 

)6ce
2 

+ CO + OC~}I5 -

· Smith and Kraus, 30 in the course of investigating the reactions of 

. triphenylgermyl sodium Hi th or.:pnic polyhalides in ether, discovered that 

in addition to substitution of one or more of the halides by the triphenyl-

germyl group, the germyl groups which did not react with the organic com­

pound combined to form hexo.phcnyldigermane. The amount of hexaphenyldigerma,ne 

recovered, in fact, vas the way in \.Jhich it vras determined how many halo-

gen atoms \vere replaced. For example, in the reaction of triphenylgermyl . 

sodium with carbon tetrachloride·, 84-91% of the germanium \vas recovered as 

hexaphenyldigermane. Thus the authors concluded that, at best, not more 

than· one chlorine atom had been replaced by a triphenylgermyl group. No 

substitution compound was isolated. 

Reaction with chloroform yielded 6~~ hexphenyldigermane. Bis(tri­

phenylgermyl)methane, [ (c6H
5 

)
3

Ge ]
2

cH
2

, was obtained in 9%. yield, but the. 

source of the second hydrogen vas left unexplained. 
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Acetylene dichloride 1 ethylene dibromidc 1 o.nd f3.-butylcne bromide e;av0 

63~, 877;,, and 915~ hexaphenyJ.dic;cx:m::tne·1 respectively. In no case i-taG 

any substi tut:l.on compound identified, only oils and small a~nounts of tri­

phcnyl~:jermyl oxide. 'rhe oxide m).c,ht indicutc that compounqs Hhich mi.~ht 

form decompose on handlin13. Trimethylene 1::lromidc. gave 62%/hcXD.phenyldi-
1 

germane plus a small amount of bis(triphenyl13ennyl)propane~ (c
6
n

5
)
3

Ge(CH
2

)
3

. 

Ge(C6H5)3. 

Perhaps potentially the most intercst~n13 compound of all thosc.con-

taining a Ge-Ge bond is 1, 2-dHodo·tetrabutyldigermane, ( c4H
9 

)
2

I GeGe I 

. 31 
It is obtaJ.ncd . j_n the reaction bf germanium diiodide, Gei

2
, 

lTi th excess dibutyJ.11lercury,. Bu
2

H13, in acetone. It is the only haloorgano- · 

digermane known. 

No reac·tions of the pol.ygermancs or their derivatives are lmo~m vlhich 

retain the Ge-Ge bond. With the exception of hexaphenyldigerrnane, very 

little has been done Hith these compounds. 

tn every case attempted, reaction uith bromine has resulted in 

cleavage of the mei.~al-metal bond, forming the bromotriorganogerrnane. 

·When a solution of bromine in cthylhromide is added to hexaethyldigennane, 

bromotriethylgenaane is quantitatively produced.
16 

A boiling carbon tetrachloride solution is needed. to affect cleavae;e of 

hexaphenyldigcrrnane' by bromine.
14 

Octaphenyltrigermane reacts incompletely 

with bromine in a carbon tetrachloride solution at room temperature to give 
.. I 

bromotriphenylgermane and·dibromodiphenylgermnne.
20 



Th 1 f th. . • ] I· J l d ' l ]_ d b r"' .f:' th24 
e c cavnGC o· · c mc·uo. .. -mc·c.a _ lOn oy 10. oc;cns -.ras usc y ,)ey ... cr 

in his identification of hcxavinyldiccrrilnnc. Both iodine. ( 46~~ convcr~ion) 

and bromine ( 23~~ .convcroion) reaction vi th 'this compound in chloroform 

solution to form the corresponding halides. 

Reaction of an alkali metal with an organodigcrmane gives more vari• 

able results, depending on the compound, the metal and the conditions. 

i.ithiwn in cthylamine readily converts hexacthyldigermane to tricthylgennyl 

.l.th' 16 
~ ~urn. 

Potassiwn in the same solvent ~ivcs D.n almost quanitative yield of tri-· 

ethylgermyl· potassiwn. A solution of sodhun in liquid arrunonib. gives no 

. appreciable reaction 1-lith hexacthyldic;e:rmanc, although this might, in 

part, be d.uc to the insolubility of the diGel"Inane in this solvent. 

Reflwdng potassium does no"c react ui th heY..amethyldigermane .
1 ~ Even 

. with sodiwn-potassium alloy in ethylene glycol dimethyl ether, a:f't;e:r' three 

days, almost 501~ of the hexamethyldigcrmane 1va~ recovered and no yellovr 

color, characteristic of the potassiwn salt, \-Tas observed. 

A suspension of hexaphcnyldigermane in a sodium-liquid ammonia 

solution reacts only very slowly, but again this may partially be due to 

its insolubil;ity in this solvent.3
2 

Gi.lman and Gcrow33 studied the cleavage of hexaphenyldigermane in 

various solvents in an attempt to prepare triphenylgermyl salts for further 

study. With sodium potassium alloy in ether no reaction took place. In, 

benzene, 76% of the digermanc could be recovered, ·along Mi t:q 13% tctra­

phenylgennane. Apparent complete cleavage took. place with" ·this alloy in 



reflu.xing di-n-butyl ether :end. in rcflux:i.nr~ xylene, although no poto.::;:;ium 

salts could· be recovered. ~l.'ctrnhych·ofurcm, bromobenzcmc, o.nd tctro.phr..:nyl-

gcrmo.nc oct OG init,iutorn in ether solution for the ulloy, resulting in a. 

good percentoc;e of the digcnn:mc bei.ng cleo.vcd. 

Using ethylene glycol dimethyl ether a::(o. solvent, some cleavage of 

hexaphenyldic;crm:J.nc clid occur, but ac;a:Ln no derivative could be isolated. 

It is believed that o.ny tri.phcny1c;ennyl potassium which is formed iG further 

attacked by the alloy. 

To date the most effective method for cleaving hexaphenyldigermane to 

form the triphcnyl,'jcnnyl anion is to react it 1-li th lithium in a. small 

amount of the glycol ether. 

( c6n
5 

)6Ge
2 

+ Li ---t 2( c6H
5 

)
3

GeLi 

31~ ' 
It is believed that in th).s case conversion is complete • 

. ,, 
Diphcnylc;cinuiiwn t~tramcr, [.( c6u

5 
)
2

Ge] 
4

, in liquid anunonia., adds .two 

sodium atoms for co.ch gcrmo.nium atom, givinc; a red solution characteristic 

Of all the orgo.nic compounds containing a Ge-Ge bond only hexavinyl-

d . . ~ d t b . . t. 24 
1 r~cnnanc l.S reporcc 0 e cnr-sensl. l.Ve. Even for this compound, re-

action is very slovT. 

C. Comparison to Compounds Containin~;; the Si-Si Bond 

A great dco.l more Hork has been dcne 1-1i th silicon compounds than with 

their germa.niwn analogs. In fact, many silicon compounds have, as yet, no 

counterparts. in eerm.s.nium chemistry. This is particularly true for the 

·~ompounds with p1ctal-mcta1· bonds. 

Many synunctric and unsymmetric disilancs have been synthesized p.nd 

. studied. For the most part,· only those compounds and reactions '1hich 

relate to the preceeding section v1ill be discussed here. 



1. Inorc;a.nic. Compound~ 

Stock first prcpo.red. and cho.ractc:·rize-d the higher silanes up to tetra-
...,,. 

Si , -an·"',· r-:1
4

H
10

• :J) I · dditi l bl t · 1 t i bl ..u: ~ ~ n o. · on, ·te Hac a c ·o ~so n c an nGcparn c 

mixture of several isomers of Si}I
12 

and Si
6

n14. These hydrides uerc fanned 

by .the reaction o:f hydrochloric acid uith r:1acnesiwn sil j ci'~-·-. 

Hec 'i1tly, t\-;enty-::me individual silo.nes have been obtained, and 

sepan•.ted by vapor phase chromatography, from the reaction of phosphoric· 

acid with mgnesiwn silicide. 36 The authors uere able to ,identify n-Si1~H10 , 

another Si4H10 of undetermined structure, n:..si
5

H12, iso~Si5n12, and tenta­

tively to identify hexa-, hepto.-, and octasilo.nes. 

Disilane-h.a.s also been-obtained by reo.ction'of lithium aluminum hyd.ride 

with hexach1orodisilane.37 

Higher chlorides of silicon have been knmm for some time. Hexachloro­

. disilane, Si2~16 , . has been prepared in a number of vays. 3B The passq.ge of 

silicon tetrachloride over silicon at temperatures e~ceeding 1000° resulted 

· in its fonnation, as did the reaction of chlorine or mercuric chloride vTi th 

·hexaiododisilane. The passac;e of silicon tetrachloride-hydrogen mixture 

through an electric discharge produced not only hexachlorodisilane, but 

higher chlorides as well. Chlorides up to hexasilane, Si6c114, have been 

synthesized by the reaction of chlorine on silicon-calcium alloy. 

39 . 40 Si
10

c1
22 

and s~10c120n2 have both been obtained by the reaction 

of silicon tetrachloride with hydrogen in -a "hot-cold" ·tube. Among other 

higher chlorides reported are Si
10

c1
18

, Si16c126, _and Si18c13~.
41. 



· Friedel and Lo.ndcr\mrc; prepared hcxaiododisilane from Gilicon tetra-

. l;.? 
iodide and. ailve:r r.1ctD.l. -

2 Gill + 2 Ac; 
+ 

-) 2 J\:rri + Si T 
u 2 6 

They used this disilD.nc to form not only hcxachlorodisilane 1 but al!::o 

hexabromodisilane by r0action Hi th brom:i.ne. · 

These reactions attest to the stabil:i.ty of the Si-Si bond in these cor.1pounds. 

Hcxafluorodisilane has been produced by the reaction of hc:Y..achloro­

lp 
disilane vith zinc i'luoride . .J 

Disilane does not react ili th pure irnter in quartz ve~~-els. 35 In an 

alkaline solution, hoHevcr, r~1pid hydxolysis occurs quantitatively to form 

silicic acid, H
2

S:i.0
3

, plus hydrogen. The reaction is.so sensitive to 

alkali that even· a small piece of ordinary glass dropped into the quartz 

tube is sufficient to· cause reaction. An acid solution will also cause 

hydrolysis to occur. 

The hydrolysis of a hexo.halodisilane vas ·first studied by Friedel 

and 
. 0 1~2 lf.l~ 

La.denburg ilf 18oO. ' IIcxo.iododisilane reacted with ice 'lrTa ter to 

give a compotu1d probably analogous to oxalic acid • 

. ADffiline solution caused the Si-Si bond to break. 

Hexachlorodisilane has also been ·found to for,m (SiOOH)2 • 

The evolution of hyd1"ogen in the alkaline hydrolysis of hexachlorodi-
. 46 

silane has been used to -qua:iltitatively dete.rmine the Si-Si bond. 
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'" 'l'he reaction of hcxetclllo:;'d<l:i.:;:i.lnne uith am;.1onia has recently been 
. ), '( 

studied by Billy. ' l\t -79°, 27 lJQlccules 'o:{ ammonia Here tal-;:en up for 

ee.ch molecule of hc)~achlorodh;ilanc. · At room temperature, ho"Hcvcr, 18 of 

tht~ a; .. ;1onia 1:10lcculcs arc rclc.·.tc.ccl. 'I'he reactions have bc:cn \·rri tten d.s: 
0 

Si2Cl6 + 27 mr
3 
-1? Si

2
N}I

3 
+ 6NH4Cl • 3 NII

3 
r.t. 
-) 

The author proposed that the compoW1d is polyr11cric, correspondinG to 

I 

- Si - Si - .NH -
I '\ 

I\1}{ 1\Jli 
I 

rather than individual molecular units such as HN = Si - Si 
.... NH"' 

NH, as 

. . . !1B ( ) 
't>tas prev~ously p1·oposed. Si

2 
NH 

3 
is stable at room temperature under 

a vacuum but is sensitive to the sli[;htest trace of water. 

2. OrGanic CompoW1ds 

Organosilicon compounds, including those containing a. Si-Si bond, 
. I 

have been the subject of a. recent book by Eaborn. ~9 

As '\>ID.S true in the case of OrGnnogernunium compoW1ds' the .most popular 

route to the fonnation of a mctai-metG.l bond is the reaction of a hnlotri-

organosilane, R Si..'::, with G.n allmli metal. Reaction t-Ti th sodium has produ-. . 3 

. ced [(c6n
5

)
2
Si]h and [(p-cn

3
c6n4 )

2
Si]h from dichlorodiphenylsil.ane, 

(c6n
5

)
2
sicl

2
, and clichlorodi-p-tolylsilane, (p-CH

3 
c6n4 )

2
SiCl

2
, respectively. 

These compounds. nrc also believed to be cyclic. Dichlorodimethylsilane, 

(CH_ )
2
SiCl

2
, gives primarily l('cn .. )

2
Si]6 along with other higher polymers. 

. j ~ . . 

Reaction of organometallic compounds, inc:luding Gri·gnards, tti th tetra-

halosilanes h::l.ve never resulted in a coupling o:r·thc silicon atoms. 

Direct coupling reactions of an organosilicon halide with an orgnno-

silicpn a.Dcali metal salt h::l.vc also been used. to synthesize organodisila.nes. 



In addition to reactiond such ;s 

.. R S:L'{ + R SiH = R,.-Si
2 

+ HX:. 
3 3 . 0 -

vhich arc ano.lo[!;ous to tho:;c r.:cntioned o.bovc for germanium, rco.ctions 

such o.s the follouinc under proper conditions, ho.ye provfd successfuL 

Reaction of organOJi1eto.llic reagents i·Ti th halodisilanes, yet to be 

attempted for hexachlorodieermane, has successfully produced o~ganodi-

gennanes. 

Hexachlorodisik.ne has genc:co.lly been the' starting reagent, although both 

the .bromo- and iodo- compounds have been used. Organolithium. and organa-

sodi~, as uell as Grignard reagents h:ave produced_symmetric organodisi-

lanes, althouGh some clcavo.[;<~ of the Si-Si bond usually occurs. 

A reaction irhich has no counterpart in gennanium chemistry. is the 

hydrogenolysis of a tetraorganosilane. 

2 RSiR
3
' + H -4 2 RH + R 'Si 2 ' 6 2 

High temperatures and pressures ·are essential. Hexamethyldisilane, heY..a-

ethyldisilane, and hexaphenyldisilane have been made in this·Hay.' 

Enough 'l·rork has been done Hith organodisilancs to pernii t one to 1nake 

several gencraliza tions concerning their behavior. 

Hexaryldj.silanes o.re quite resistant to the action of bromine; As 

. with hexaphenyldigcnnane' hexaphenyldisilane is. cleaved only by a boiling 

carbon tetrachloride solution of bromine. Hexo.alkyldisilanes are r.l.UCll 

more susceptable to cleavage. This difference bct1.reen aryl:.. and alkyldisilanes 



appears alGa to be true for the or~CJ.nodice:cr,nncs, but as yet, too few o£ 

the L1.ttcr have been studied to ;;~1·m:Lt .such o. ccncralization. 

The .oppo~;i tc behavior i'::-; ;,;.·. · .. ::1 txpo>1 c:cpo::;ure of organodisilo.ncs to 

alk"lli metals. HcxaalJcyl::; o.rc u:·:;L:.,i'cctcd, vl1crcas hexaryl- and aryl-clkyl-

disilancs are cleaved c;uite casiJ.y. This cleavage has been quite effective-

ly produced by codium-pot::lssiu7n ~-~.J.loy in ether and by lithium in tetrahydro-

f'ura.n. 

Hexaa.ryldisila.ncc nhoYT no tendency to dissociate into free radicals. 

Even hexa-p-biphcnyldisilanc is unaffected by prolonged treatment Hith 

d . d' 50 . b . . ld" "l 51 oxygen an lO J.ne, as J.n .cxapn~ny J.SJ. ane.. . 

D. Comparison to Compounds -~ont::inil!£!. Sn-:-Sn Bond 

The chemistry of distmmane compounds is at about the same stage as 

that of the digennane derivatives, althouch the number of organic· compounds 

·with Sn-Sn bonds is somewhat greater than for the gennanes.; The distannanes 

·arc generally more reactive than their gc1~nanium analogs. 

1. Inorganic Compounds 

The only inorganic compound knmm to corrtain an Sn-Sn bond is the 

. 52 
recently prepared d:u;tannane. It i::; very unstable, decomposing com-

pletcly' to tin and hydrogen upon vrarming to room temperature. 

2. Organic Compounds 

Organostannar.e . compounds have been the·. subject of a recent revieu by 

Ine;ham,.Rosenberg, andGi.llrW.n.53 

As with Germnium and silicon, the most commonly used method of pre-

par:i.ng compounds of the type n6sn2 has been the reaction of sodium l-rith a 

halotrioreanostannane •. 
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A great variety of oth,~l- me: l:hods of s;(lY~hesis have proven ::;ucces::;ful. 

For instance, tin alloy reo.ction:-; Hith ethyliodidc and '"i th phenyl mercuric 

chloride fo1--;n, .:1.monc; their pr,_:.dtlC'l-G, llcxacthyld_istnnnanc, ( c
2
n

5 
)6sn

2
, and 

hcxaphcnyldisto.ru1:J.nc ( c6rrc ),:3n
2

, :.·csl)CCtivcly. 
) 0 . 

Couplin.:; of hulotriphenyJ.sto.nnanc Hi th triphenylstannyl li thiwn has 

been sho1m to produce hexuphcnyldistannune in eood yield. UnsymrJ.etrical 

organodistanm:-.nc compow1ds Lrve ~~lso been for:.ned in this vray. 

Alone vith the expected tetrcicycloi1cxylstannane, some he:xacyclo-. 

hexyldisto.nnar.c Has formed in th2 reactiOl'l. of tin tetrachloride "\vith 

cyclohcxylJ1oc;ncsiwn broMide. Tin dichloride ilith a phenyl GriGilard also 

forms b<2:x:phcnyl<iistannane. 

In addition,. the m.::lin p:.·oduct of the reaction of tri-o-tolylstannyl 

lithium 1-ri th o-iodotoluenc is hcx.o.-o-tolyl<iistnnnane. 

HexnalJ.-::yldistannane compounds a1<:! oxidizied sloHly in a.ir 1 although 

. · hexaaryl. and aBcylaryls are sta1)1c. 

Halogens readily cleave all knmm · distmmane compounds, as do alJ.cali 

metals. Particularly good for the_latter reactions are sodiur.J. in liquid 

ammonia and sodium-potassium alloy in ether. Lithium metal in THF gave 

poor yields of triphcnylstannyl lithium from hexaphenyldistannane. 

Organoli thium compounds, as ·Hell as several others, are also capable 

of this cleavaec, thereby cuttin0 doHn the number of reagents ,.,hich 

might othenrise be used to form organodistannanes. 

Dissociation of distannn.ne compounds into free radicals has been 

a mn·:~ter of some uncertainty·. 
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