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Comparative reactions Of some halogenosilanes, disil-

ééénes, bis(silyl)- and bis(germyl)-céfbodiimides with Group
VI' species; and metathesis reactions df some halogeno-silanes
and -germanes-with complex aluminates, mércury (11), }ead (I1),
silver (II}, }ithidm (I) and silicon (IV)} species are inves-
tigated, ieading to the efficient syntheses of'Ehe.chalco--

silanes and.—germanes of the formula (MenH3;nM)2E where M¥Si,

Ge; E=0,5,Se,Te; n=0—3. These compounds are identified by.

their lH n.m.r. s vibrational and mass spectra with further

B - PR

characterization éoming from X-ray phoﬁoeiectron spectroscopic

— "

studies. The vibrational assignments of the mono-~ and di-

-methylated germyl and‘silyl Ehalcogenides are based on com-
parisons with the parent species and felated'monohalogenof ané
‘ pseudohélogeﬁo-germanes and -silanes. ' The ehemica&;character;
ization of the series of cdméounds coptaining the MTE bond
involves: -a) cleavage reactions with known quantities'oﬁ
gaseous hydrogen halides; b) self-condensation proceéses;

¢} co-condensation with group VI H;drides; d) €limination of
the chalcogen atom and S%Pséquent formation of:binucléar species;
e) redistribution of germyl and silyl groups on the chalcogen
atom with formation of mixed gefmyl, silyl and éermyl-silyl .
chalcogenides of the type HBMEMMe3 where M=Ge,Si; E=5,Se,Te; and

f) fast exchange reactions between halogenogermanes and diger-

f

_moxanes.

* . -~



The react1v1ty of the M—E bond is‘investigatea with

assorted.spec1es.‘ Thus, the germoxane -linkage (Ge—O -Ge) 1is

spsceptibﬂe +o” protic reagents lncludlng H E and. REH yleldlng

*thalcogermanes, viz. = (MenH3 Ge) E Me H@ GeER where
E=S,Se; R=H, Me, Et; n=0-3. The Si-E-Si linkage, unlike the

Ge—E -Ge linkage where E=S, Se is readlly cleaved.by hydroxylic

reagents (ROh) leading to MenH3 SlOR compounds where R=Me,

Et, CHZC?3 or CH CCl3 and n=0—+3r An alternate synthetic route

to the methoxy smlanes and germanesllnvolves exchange_reactlons

between methpxystannanes and halogeno 51lanesg and germanes. A

further demenstration that the

germoxy species are convenlent

inEermediates comes from their conversion to heterocycllc ‘

compounds 1nclud1ng {Me GeS)3, (MeGe‘)14S6 and (MeGe)4Se6
The exchange reactlons 1nvolv1ng complex alumlnates:

'Ll[Al(ER) 1, and the approprlate Group v hallde are’ extended

to prepare. the compounds Me H3 nME' and Me M(ER)4 where M=S1i,

Ge; S Se, R—Me Et and n= 0—93. In \all cases the compounds'

.are examined spectroscoplcally 4



CHAPTER I

EXPERIMENTAL TECHNIQUES
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N .

- The main'group hydrides, halides and organometallic

.derivatives are;volatile, hydrolyzabié, flammable, “or explosive
- “ ’ .

and'frequently all four. Hence, the'manipulq:%on of thesé and

related species reguires moisture - and oxygen-free c&nditions -

and this, combined with the disagreeable dddur, makes the

- ~

vacuum method‘highly desirable. Where certain off line pro-

t

cedures were required, the chemicals and equipment were handled

in a nitrogen—filled glove bag. .
Vacuum lineﬂtechniques are well c10c1.J_.n'tente(i1]"-4 and have
many advantages. In a 'closed' vacuum system, contamination
from the atmosphere is minimized and small scale preparations
may be employed. The volatile nature of the speciés éermits
a wide rangé~of.rapid, non—destiﬁctive characterization pro-
cedures as well as'maximum protection against toxicosis. A
wide range of techniques can be suited ‘to this system, i.e.

lH n.m.r., infrared, Raman, mass and X-ray photoelectron

spectroscopy. -

I.1 THE VACUUM LINE

The wvacuum line (Fig. I.l) was constructed féom ﬁyre¥
glass and gonsistéd of two manifolds (2,3) (ﬁolume ca. 150 ml
each) interconnected by four U-traps and a central manifold
(1) leading to pumping system. The pumping system was composed
of a rotary oil pump (R), a mercury diffusion pump (D)_and two
liguid nitrogen 'bacﬁing' traps (T). Pressure reaﬁings
between 1-760 Torr (0.13 - 101.35 kPa) were monitored

(+ 0.5 Torr) by mercury manometers (M) whilst a Pirani vacuum

gauge (P) recorded pressﬁres below 1 Torr (O.iBZkPa) {normal

it e e
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‘pressure was‘l.S X 10_2‘T0rr or 2 x 31.0_'3 kPa) . High—vaqpum

<)

Teflon—in—glass valves and silicone-greased éraund glass

joints were preferred because of the marked solublllty of the

»
~

materlals in hydrocarbon grease

I.2 THE SEPARATION OF VOLATILE MATERIALS

o A

The simplest method of separating the compounds of a

volatlle mlxtyre was trap to trap distillation usmng low

temperature slush baths2 4. These cold baths are llsted in

Table J.l. The efficiency of sebérétion'varied considerably
"Qith quantity and.relative compdsition of the mixtufe, the rate
oﬁ distillation, cpndensation surface, ang efficiency of the

vacuum- sydtem. After satigfactorily representative samples

: . -
‘'were obtained, their purié}*was verified by spectroscopic

L]
3

analysis. ~

Table I.l. Low temperature slush.baths*

Slush bath ' Temperature (°C)
ice/water - ' 0
ice/salt water . dlto -15
carbon tetrachloride/liquid N2 ' -23
chlorobenzene/liquid N2 ‘ -45
chloroform/liquid N, 8 =63,
'dry-ice'/acetone (or methanol) -78
toluene/liquid N, 196 -

1 - bromobutane/liquid N, -112
me;hyl cyclohexane/liguid N2 -126
n-pentane/liquid”Né -132
iso-pentane/liquid N2 ~160
liguid N -196

2

b

*All slush bath temperatures are estimated to £54C.

Attention is drawn to the toxicity of all organic mag%rials;



I.3 STORAGE AND REACTION VESSELS
These.were constructed of Pyrex-glass and their shabes

were determined by the vofatility, stability and quantity of.

~the compound -in question. The choice of taps for storaggﬂéﬁa

reacg&gn vessels was governed by the nature of the compounds

involved and the particular experimental conditions. Thé

following schematic (Fig.I.2) provides a suitable description -
of the various types of storage and reagtion vessel used in
this work. The simple hydrides and those compounds that were

stable gases at room temperature (e.g. HCl, GeH MeGeH

41‘ 3f " ‘._‘
SiH4) were stored in vessels 'A' (100-2000 ml capacity) fitted

n

with either greased or greaseless stopcocks and a MS19 ball-~
. = .
joint for attachment to the vacuum jine. Low volatile compounds,

which attacked or digsolved in gréase (e.g. BBr GeH ,Br)

3f 3
or were generally unstable (e.g. GeH3I).were_stored in the

liqupd/solid phase in vesseis_'B' (lq-lOO ml capacity) fitted ;
Teflon-in-glass. stopcocks either at room temperature, '
or —196o depending upon the compound. In some cases,
vessels 'B' were modified to vessels 'I' for low veolatile

species such as (Me3Ge)2Te. These vessels were also used in

reactions where the internal pressure did not exceed 1 atmosphere.

-~

-~

Break-seal ampoules were used for the storage of small quantities

[

° or ~‘-l)96°.

of compounds and these were usually held at 25°, -78
Dry solvents (e.q. C4H4O, Et20) were stored, under vacuum,
in contact with drying agents ﬁue.Ig[Aum]) in vessels 'F’ .

equipped with Teflon-in-glass stopcocks.

4
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The design of the reaction vessels was dictated by both'

4 . * } .i«'

the qdantity 0of reactants and the phase in which reacts#on . kY
occurred. For gas phase. reactions '(e.g. HI/AlI3 reéctions)‘

a vessel 'D'. (I50-1000 ml) was used. For smaller scale 7

/

reactions at low pressures or in the condensed phase a reactlonﬁQ .

.
b

finger 'C' (5-100 ml) fitted with a MS19 ball joint and . o .

iy

Teflon-in-glass stopcock was used. For suiface-area dependent

reactions, such as those where a gas reacts with a low=¥olatile
liguid (e.gqg. HI/MeZGeBrz) vessel 'F' was used. Reactions S o

involving passage of a gas through a solid were conducted in C

1l

vessels of type 'E'; e.g. the prepa;ation'of H_ GeF, by passage

3

of H,Gel over PbF,; the volume of the vessel was ca 150 ml.

For exothermic reactions, where the product is .susceptihle 'to

décomposition or hydrolysis (e.g. H,SiI passed over HgS) » I

3
vessel 'L' was used. The éoluﬁn was equipped with two U-traps, s
2 MS819 ball joints, a constriction and a 524/30/3bint for

, /
packing and cleaning purposes. For sealed zﬁbe reactio

(e;g. (H3Ge)2Se/H28e) n.m.r. capi%laries {144 mm o.d.) drawp
from the MS19 jeoint 'G' were utilized. Hese were filled ‘
and sealed off on the vacuum line. For/sealing, an appropriate,.
torch was used to give a sharp hot flape, so that the timé

required to soften the glass was shoyt and the heating was - '_ | I

e

localized in a narrow area. Sometimes it was advantageous to

use a standard n.m.r. tube (5 mm o.d.) -attached to a MS19 5

' i
joint with a constriction at the neck 'HY, so that the sealing

could be TWompleted quickly at the constriction. Opoling of
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such tubes on the vacuum line'was effected by the tube breaker
'J', equipped with a MS19 ball joint and a greased (6 mm) tap.

I.4 CLEANING OF RE-USABLE GLASSWARE

The cleaning of re-usable glassware is one of the
important aspects in successful experimentation. This factor

was considered when the apparatus and the species were selected

~

for the edxperiment. Different methods weie employed in clean-
ing glassware, with respect to both réagents and processes. The
_ following cleaning fluids were most common: water, dilute or

concentrated acids (e.g. 10% HF, HCl/HNO, 3:1), sodium hydroxide/

3

ethanolic solution, organic solvents detergents, etc. The

-
’

techniques included soaking, washing with a brush and in some
. e

cases washing by ultrasonic devices. In many cases, the

cleaning required several steps in a certain sequence. After

cleaning, the glassware was dried in an oven at 100°c..

I.5 INSTRUMENTATION AND PHYSICAL METHODS

. .
(a) Infrared spectroscopy: & gas cell 'K' of 50 mm

or 90 mm path length, fitted with KBr plates (4000-350 cm_l)

was used for volatile sampies; A small finger permitted
distillation of small gquantities of material into the cefIf7
In general, gas pressures ranging from 1 to 15 mmHg were
employed. Low volatile liguids wére recorded as smears
between (sl plates (4000-200 cm_l) in an air-tight device.

A Beckman I.R. 12 (4000-200 cm ') spectrometer was used. The
positions of shafp peaks were accurate to =1 cm_l.

(b) Raman spectroscopy: Liquid'and solid samplek were




9
sealed under vacuum in Pyrex glass capillaries (ca. 2 mm o.d.,
ca. 50-100 mm long} and placed it in a Spectra Physiés/Beckman

700 laser-Raman spectrometer with an argon laser source.,

Accuracies of *2 cm_l'were routinely available on sharp peaks.

(c) Nuclear magnetic resonance spectroscopy (lH n.m.r.):
Samples were sealed in Pyrex glass capillaries (ca. 2 mm o.d.)

which were placed inside standard n.m.r. tubes with CCl, to

»

ensure good sample spinning. Samples were run neat or in

-

presence of a solvent (CC14, C6H12) an% a reference (TMS, C6H12).
A Jeolco C-60HL spectrometer eqguipped with a standard variable
temperature probe and electronic integrator was used for lH

analysis and structural determination.

(d) Mass spectrometry: Mass spectra were obtained

using a Varian MAT CHS Double Focusing spectrometer equipped
with an INCOS 2000 computer systeé; at an e1ectrm1énergy

of 70 eV. Samples Qere admitted to the spectroﬁeter from a
small finger with a 3 mm Teflon-in-glass étopcock. Sealed
tubes Qere broken using a tube breakér 'J' on a small vacuum

line connected to the inlet system of theEZfectrometer.

Core-electron

(e) X-ray photoelectron spectrosco
binding energies were determined on a McPherson ESCA-36

photoelectron spectrometer, using magnesium Ko X-radiation

(1253.6 eV or 200.8 aJ) for photoelectron excitation. Samples

were introduced in the vapour phase at pressures close to

3

5 x 10—2 Torr (6.67 x 10 ° kPa). Argon gas was bled in to

form 20% of the total sample. Binding energies in excess of
o .
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v & .

120 eV were referenced to -the argon 2p3/2

level at'248n63
eV.

All other blndlng energies were refere

nced indirecﬁly,
via Ar 2p3/2, to the neon 2s level at 48 47 eV. 3

(£)

Vapour presanres:

The compound under investigation
was distdilled 1nto a small finger, immersed in Narious slush

baths, and allowed to expand against a mercury manomet

er.
- 1\
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-
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- THE PREPARATION AND PURIFICATION OF STARTING

~

e

CHAPTER II

—

‘/ ﬁ»

MATERIALS

11
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A

- 'The compounds listed below were either commeréially

available or had well established preparative routes. They

-

are considered ‘'starting materials' as the interest was not
primarily associated with their preparation. Their purity

’/;ydg—checked by-infrared/Raman°spéctroscopy (i.x./R}y
1

3

H n.m.r. spectroscopy (n.m.r.) and/or vapour pressure measure-

ments (v.p.) where appropriaté.

ALUMINUM, Al: commercial;d used as obtained.

ALUMINUM TRIIODIDE, ALI.: commercial ;° stored at r.t.-under

Nz; resublimed and dried under vacuum.ki ' R

AMMONIA, NH3: coxqmercial;l pumped off under vacuum through a

trap held at--78°hand dried over sodium or lithium.

ANTIMONY TRIFLUORIDE, SbF . : commercial ;X dried in a 65° oven

for five hours or longer prior to use.

BORON TRIBROMIDE, BBrB: commercial;b degasied_at -78° prior
to use. Stored at r.t. in vessel 'B' fitted with a Teflon- _
in-glass stopcock; i.r.

BORON "TRICHLORIDE, BCl,: commercial ;T degassed at -112° prior
5 -

to use and stored at r.t. as for,BBrB; i.r.

BROMOTRIMETHYLGERMANE, Me.GeBf: commercially available;?

degassed at -78° and stored in vessel 'B' at r.t.; i.r.7;

n.m.r.8 ! ) .

.

s . 1,m
BROMOTRIMETYLSILANE, Me,SiBr: commercial;” ' degassed at

-78° prior to use and stored at r.t. in vessel 'B'; i.r.,

11
n.m.r.

9,10 ;

: . . . b
CHLORODIMETHYLSILANE, Me HSiCl: commerclially available;

2
degassed at -78° and stored in vessel 'B' at r.t.; i.r.lz, n.m.y,11
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CHLOROTRIMETHYLGERMANE, Mg3GeCl: commercialb; degassed at

-78° and stored in vessel 'B' at r.t.; i.r.sf n,m,r,af : ) .

_CHLOROTRIMETHYLSILANE, Me

3SiCl: cdmmercial;b distilled throﬁgh .

traps held at -45°, -78°, and ~196°. The pure MeBSiCl was

rqtézned"in the -78° trap and sfored at r.t. in veésel 'B';
i.r.l3, n.m.r.ll, v.p.2

DICHLOROEIMETHYLGFRMANE, Me,GeCl,: commercially available;b
dégassed at -78° and stored at r.t. in vessel 'B!; i.r./R,l4' :
n.m.r.l4 L |

DICHLORODIMETHYLSILANE, MezsiClzz commercial;b degassed at

~78° prior to use. Stored at r.t. in vessel 'B¥; n.m.r.,15 v.p.2

DICHLOROMETH?LSILANE, MeHSiClz: commercial;b degassed at =78°

and stored in vessel 'B' at r.t.; n-m\{>ﬂll V.p.2

DIMETHYLGERMANE, Me_GeH.: preparedl6 by the reduction of

2 2
MezGeCl2 with Id[AlHu} iﬂ'n-BuéO. St?red at r.t. in vessel ‘
'A'; i.r./R,l7’18 n.a;n.r.,lg'vip.2
DIMETHYLSILANE, Me,SiH,: prepared?® %l by the reduction of
MeZSiCl2;3f¢Me2HSiC1 with LitAuhﬂ inr%Buzo. Stored iq vessel
'A' at ﬁ@ i.r%,?z v.p.2
ETHANETHIOL, bH;éﬁzgg: c:ommercial;a degassea at --78° beque
use; i.r.,23 v.p.z i

ETHANOQL, CH32529§: commercial;® degassed at ~78° prior to use;

. 23 2
i.r., v.p: .

= 24-27
JFLUOROGERMANES, Me_ H GeF (n = 0 —»3): prepared ;. by

passage of Men

3-p GeX (X = Br, I{ n=20,1,2) through a loosely
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packed column of PbF, and glass wool. Stored at -78° or

-186° in vessel 'B'. MeﬁGeF was also prepared from.(Me3Ge)20
with AsF3,28 and stored at r.t. in vessel 'B'. -The purity
was checked by i.r.2%12,29731 n.m.r.24’25’12’3l’3?

GERMANE, GeH4: .commercially ava_ilable;l purified by passage

through traps held at =126° and degassed at -196°. Stored

33 32 2

at r.t. in vessel 'A'; i.r. n.m.r., v.p.

3

4

HEXABUTYLDISTANNOXANE, (n —Bu Sn) ,0: commercially available,b
used as—~uiBtained.

HYDROGEN BROMIDE, HBr: commercial;® degassed at -196° and
34

stored in vessel 'A' at r.t.; i.r.

HYDROGEN CHLORIDE, HCl: commercial;® degassed at -196° and
‘ 34

stored in vessel 'A' at r.t.; i.r.

-

HYDROGEN IODIDE, HI: Although HI may be obtained by pumping

on hydroiodic acidb through a trap held at -78°, it was quickly
and efficiently prepared as fof!_lows.35 A reaction vessel
'F' (250 ml; containing a stirring bar and fitted with a
dropping funnei) was chérged with red phosphorus (10 g) “or
with phosphorus pentoxide ( 40 g). The adapter to the vacuum
line was plugged'with glass wool to reduce confamination of

the line by iodine vapour. The system was evacuated and a
solution consisting of ;odine (4 g) and hydroiodic acid
'YBOg;or,gL 50 ml1) wasladded dropwise. $he reaction was carried
out at room temperature and HI was collected in a pﬁre state

T at -l96°; after %irst passing through traps held at -23°

and -78°, Stored at r.t. in vessel 'B'; i.r.34
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HYDROGEN 'SELENIDE, H,Se: prepared.36 Typically, a s&rip of

burnfng magnesium ribbond_was plﬁnged into a finely powdered
mixt&re_of alumihumd (3.3‘g) and selenrium (5.6 g) contéined in
a small cruicible-tq_produci‘A128e3. The‘cr&icible and alloy
were placed, when ccoled, into a'}eaction vessel equipped with
a»dfopping funnel and an attachment g%‘the vacuum systeg.

The contents were evacuated. Distilled water was then slowly
added to the alloy. Rapid formation of=H25e rgsulted and it
wagxballggted in a trap held at -196°; after first being
passed through‘a trép at -78°, and then stored at r.t. in

vessel 'A'.

HYDROGEN SULFIDE, H2§: prépared37 in an analeogous manner to

that for HZSe, and stored at r.t. in vessel 'A"'.
IODINE, I1,: commercially available;d resublimed and degassed

from -78° prior to use.

IODOETHANE, CH39§2£: commercial;f degassed at -78° prior to
use.
IODOGERMANES, Me H. Gel (n = 0;1:§$i prepared®® 2®&27,38

4-n

by the reaction of MenGeH
~78° or 196° in vessel 'B'///. -

(n =0,1,2) with I stored at

2’

TODOMETHANE , CH3£= cornmercial;f degassed prior to use.

o -
ICDOSILANES, MquB—nSiI (n = 0,1, 2):N prepared39 43 by the

reaction of MenSiH4_n (n = 0 —3) with HI in the presence of

catalytic amounts of AlI
42 ,44-46
. r

3 Stored at r.t. in vessel 'B';
- 11,47,48

i.r m.r

.

N .

|
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LEAD _(II) CYANAMIDE, PbCN,: commercial;9‘" dried under

" vacuum conditions before use.

LEAD (II) DIFLUORIDE, PbFz: commercial; 9'" dried under vacuum \
conditionsg before use. : g
LEAD (II) g;;DE, PhO: 'commercial;b used as obtained. -

@

| AN
LEAD (II) SULFIDE, PbS: commercial;b use as obtained.

LITHIUM, Lig commercial;b cleaned with petrolium ether prior.

to use.

LITHIUM ALUMINUM HYDRIDE, Li[AMﬂJ 1 comﬁercial;b used as

~

supplied.

LITHIUM OXIDE, Lizg: commercial;b used as supplied. .

LITHIUM SULFIDE, LiZS: commercial;b used as supplied.

MERCURY QXIDE, HgO: comrnercial;b used as supplied.

MERCURY SULFIDE, HgS: 'commercial;b used as supplied.

METHANETHIOL, CH.SH: kindly donated by Dr. J. M. McIntosh.

3
. p a g . NN . 34
Commercially available;  stored in vessel 'B' at r.t.; 1i.r. ~
METHANOL, CH39§: commercial;a_degassed at -78° before use;
. , 49 2
i.r., n.m.r.; V.P.

METHOXYTRIBUTHYSTANNANE, BuQSnOMe: commercially available;b

and used as supplied.

METHYLGERMANE, MeGeH3: prepared50 by the reaction of germyl
potassium with iodomethane in 1,2 - dimethoxyethane. The
volatile products were fractionated through traps at -126°,.

—i60° and -196°. The pure MeGeH, collected in the -160°

3 .
17,18

trap was stored at r.t. in vessel 'A'; i.r./R, 13

n.m.r.

P

RV V-
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METHYLSILANE, MeSiHB: prepa‘redzo'51 by reduction of MeHSiCl2

or MeSiCl3 with Li[AlH,] in n-butyl ether. The pure product

was collected at -196° after passage through & trap at -78°

Stored at r.t. in vessel 'A'; i.r./R.,52 n.m:r.,47 v.p 2

SELENIUM' POWDER, Se8: commercial;d used as supplied.

SILANE, SiH4: commercially available:l degasséd‘at -196°

and storéd at r.t. in vessel 'A'; i.r.,33 n.rrn.r.48

SILVER (II) OXIDE, AgO: commercial;b-used as supplied.
SOLVENTS: dimethyl etheri was used as sup iéd. Diethyl
ether,f‘n—butyl ethe:;,a monoglyme,e diglymjfe benzenef and
tetrahydrofurane were dried and stored over'Li[A1H4] in vessel
'F' at r.t. prior to use. Spectral--gradec’j carbon tetrachloride

and cyclohexane were vacuum distilled and stored in vessel

"B at r.t.

TELLURIUM POWDER, Te: commercial;d used as supplied.

TETRAMETHYLSILANE, Me
16

4§£: commercial;h stored at r.t. in

vessel 'B'; n.m.r.

TRICHLOROMETHANETHIOL, CC13§§: commercial;a degassed prior

toc use.

'2,2,2, - TRICHLOROETEMNOL, CC1.CH,OH: commercial;® degassed

before use.

TRIBROMOMETHY LGERMANE, MeGeBrB: commercial®; degassed at -78°

and stored in vessel 'B' at r.t.; ;.r./R7

2,2,2, - TRIFLUORCETHANOL, CF.CH

3 295: commercial;a degassed

at -78° before use.
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TRIFLUOROMETHANESULFENYL CHLORIDE, CF.SCl: commercial;o

degassed at -196° and stored in vessel 'B' at r.t.; i:r.,53 -

- 54
n.m.xr.

COMMERCIAL SUPPLIES

a. Aldrich Chemical Co., Milwaukee, Wisc.

b. Alfa Inorganics Inc., Beverly, Mass.

c.  Anachemia ChemiEals Ltd., Montreal

d. The British Drug Houses Ltd., Poole, Dorset, Eng; ]
e. Eastman Organic 2hemicals, Rochestef, N.Y.

.f. TFisher Scientific Co., Fair Lawn, N.J.

g. ICN Life Sciences Group (K & K), Plainview, N.Y.
h. Laramie Chémical Co., Laramie, Wy.

i; Matheson Gas Products, East Ruéherford, N.J.

j.~ NMR Specialiﬁie; Inc., New Kensington, Pa.

k. Ozark~Mahoning Co., Tulsa, Okla.

l: PCR Inc., Gainesville, Fia. |

m. Pet;arch Systems, Levitto%n, Pa.

n. Research Organic/Igorganic Chem. Corp., Sun Valley, Calif.

o. Columbia Organic Chemicals, Co., Inc., Columbia, S.C.
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Although the novelty of silyl and germjl species h;s
long passed, the fact that they feature in an increasingly
large number of compounds reflects a continuing rese?rch interest.
several excellent review articles outline the synthesis and

properties of the silanes and their <ilerivatives.55_61 The

LY

»

chemistry of the germanes and of germyl derivatives was devéloped
more slowly because of thgfmal instability problems and the;
scarcity of synthetic prbcedures. However, at this time, a.

large number of these compounds have been prepared and studied and
many of the interesting compariséﬂs made between simple carbon and
silicon compounds can now be extenéed to include the analogous
germanium compouqu. The synthesis an§ properties of the .
germanes and their derivatives have been summarized in several

recent reviews60’62_65. A quick'comparisdn of the series of

3

residue, is essential in assessing the bonding and chemical
=

R3C—, R3Si— and R.Ge- derivatives, where R = H or organic

characteristics of a particular linkage as one proceeds from
¢ —S5i—Ge. .

Along the series C—Si—»Ge—>Sn —»Pb there is (i) an
increase in atomic size and hence effectively a decrease in ¢
steric shielding by substituents, (ii) an increase in polarity
of bonds to the more electronegative substituents and (iii) a
more extensive electron cloud and an increase in polariz-

ability66. Although these properties may not be rigorously

related to chemical activity, certain general trends are clear.

—tt

il e P it
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Thus, the Si-X bond of Rasix, where X=halogen, is usualiy more
reactive and more labile than fhe analééous C-¥X bond, while

. the Ge-X bond is more labile than thehsi—x bond, but reacts
rather less readily with oxidizing reagents. The Si-0-5i
linkage, which reéults from oxidation of‘the Si-X bond, is the
most important inorganic one while the C-C bond is the most
impgrtant organﬁc linkage. ‘The C-C bond is more étable than

the Si-Si bond but the Si76=S§¥bond sequence is more stable’

//;hah C-0-C. The electron-Withdtawal resulting from increasing

iﬁgéiggenatioﬁ in CH3SiH3 decreases the étability of the C-Si
bond to hydrolysis sd that water cleaves CCl3SiC1367 and
CF3SiF3§B wherehf base leaves CH3SiH3 intactl. The non-polar
nature of the C—gi bond/reduq?s attack by polar reagents so

" that (CH,) 481 is gfaﬁiglin waéér\whereas the more polar

SiBr4 reacts vigorously.

« The M-H bond energies of the tetrahydrides, MH,, decrease
along the series C-—Pb, as apparently do those of the two
H3M—MH£ and H3M~M'H3 seriesﬁg, where M = Si, Ge and M' = a

Group IV element. Consequently whilst the M-H bond is thermo-
dynamically able to underxrgo many. reactions as tompared with
the C-H bond, the heavy étom bonding in the system C-M-H is
rézatively inert. The course of the reactions is gre@tly
affected by thé polarity of}the M-H bond, which is actually
similar to the C-Br link rather than the C-H (Table III.1)

and therefore, many reactions of the silanes and germanes are
b}

similar to the reactions of alkyl halides.



Table IIT.1.

St g~ §+ §- 4~ &+ &+ §-

Bond Si-H Ge-H C-H C-Br

{ .
Electronegativity 1.8 2.1 1.9 2.1 2.5 2.1 2.5 2.8
Electronegativity difference +0.3 +0.2 -0.4 +0.3

jhe effect of the silicon atom and its subgroup is not
limited to bonds by which it is directly attached to carbon or
other elements but extends to mofe remote bonds. The C-Cl
bond.is more reacfive toﬁard'nucleophilic reagent570 in
Me3SiCH2Cl than it is in Me3CCHECl, presumably because of the
lower steric hinderance. However, MeBSiC?ZCl is less reactive
toward AgNO3 than Me3CCH2Cl, due to the high electronegativity
of the group which hampers electrophilic attack on the halogen.
An interesting feature is the so called ﬁ—-effect, i.e. the

tendency of silicoA and germanium compounds with a halogen

at a 3- carbon, eﬁg. Me3SiCH CH,Cl to decompose with formation

2
of Me3SiCl and CH2 = CH2, while the carbon analog can be
obtained by condensation of MeBCCl and CH2 = CH271. Among these

effects it is worth noting the addition of bromine %at the triple
bond of vinylethynylsilanes in contrast to the addition at
the double bond of vinylacetylene analogst.
These differences and similarities based on comparisons
of bond polarities are limited by assessments of the extent

-

and effect of JT ~type interactions? Unlike carbon, silicon

’ -/

N

—
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and germanium may both be considered to have low lying d-orbitals

suitable for (p+4d)X bonding with ligand'orbitals of correct

56,69

symmetry. There has been much speculation about the

role of d-orbitals in chemical bonding since the classic work

of Pauling on orbital hybridizati6n73. The formation of

(p —+d)T bond was considered theoretically by Craig74_77'

Jaf£e78, Moffitt79 and Cruickshankao'al, and it appears that
the extent of this typb of bonding is considerable when the
central atom carries a formal positive charge in. the dingly
bonaed structure and is sﬁrrounded by atoms or groups more
electronegative than itself. The“effect of the gormal positive

charge on the central atom is to increase the electron affinity

and to contract its d-orbitals making them less diffuse. This

should then increase the overlap integral between the d-orbitals

making them less d(?fuse. This should then increase the overl‘
integral between the d-orbitals of the central atom gnd the

p-orbitals of the atoms or groups attached to it. As a_ ult
of these theoretical considerations, the role of d-orbitals
in the bonding of silicon and germanium compounds has been
widely discussed in the literature. The reviews by Stone82

83 69 Y 84 .
Burger ~, Ebsworth and Attridge deal with the problems of

!

obtaining signf%icant experimental evidence for (p—d)@T
interactions involving elements of the silicon subgroup. It
is generally thought that I -interactions involving germanium

are less important than silicon and to a lesser extent with

P
e o aga
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donor atoms of second-and lower-row elements. fhe‘reasons
for the differences in Jr-electron ecceﬁtor capability of
silicon and germanium have not been astablished conclusively.
It may be related in part to the presence of a radial node
in the 4d-orbitals of germanium but not silicones. The most
frequently quoted evidence for (p-—d)m bonding is discuésed
in Chapter VI where only those aspects relévant to my‘research
project will be mentioned.

This research project has been concerned with three
studies of the lower Group IV elements and is a continuation
of work started by Dr. J. E. Drake and his reéeérch group.
The first study involved the synthesis of new Main:Group
Organometallic and Hydride derivatives as well as the improved -
synthesis of known compounds containing a silicon or germanium
atom bound to a Group VI element. The second study stemmed
from the realization that these species, with relativély simple
structures, were ideal:for spectroscopic investigation.
lH n.m.r., Raman, infrared and X-ray photoelectron spectroscopic
studies}\i??well as mass speétrometry were u;ed as essential

_ . .

analytical tools for the characterization of these hydrides

and organometalloids. This was particularly the case because

.

conventional analytical procedures are inappropriate when #

dealing with these compounds which typically are highly air

and moisture sensitive.
/‘\.
The interest in the third study was centered around the

¥
-
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,reacfivity of the M-E (M=Si, Ge; E=0,5,Se,Te) bond with
selected reagents. The thermal instability of the M-E species.
produced.interesting fesults. The modes af decomposition were
stu@ied and compared with those of rel?%ed systems.

A search into the background of these §eries of analogous
compounds of silicon and germanium.feveals that although a

//éz;at deal of intriguing work has been done with the parent g;

Silyl- and Germyl- Group VI Species, much work qf interest
remained to be done on these and Related Species and this is
reported in this thesis. A brief review.of the previous pre-
parative and related studies of the simple Silyl- and Germyl-
Group VI Sbecies provides a base for the present investigationﬁ
Where pbssible, the studies of the Silyl- and Germyl- Group VI
Species are dealt with together but frequently it is mo;e con-
venient to treat them separately.

IIX.l. SILYL- GROUP VI SPECIES

The tendency for silicon to favor the formation of the
siloxane bond (Si-0)} was first recognized by Stockl through
his pioneering work with boron and silicon hydrides. He .
isolated (HBSi)EO and (H55i2)20 via the hydrolysis of the Si-X
bond where X = Cl,.Br, I and he coined their name siloxanes.
(H3S£)20 and its methyl analogs can also be formed by
hydrolysis of many other silyl compounds includin%; silyl-

86,87 and —arsinesa7; disilyl—sulfides,88'89

and -telluridego. The last three compounds have

_ phosphines

QSelenideBB



“been prepared by the interaction of halogenosilanes with

mercuric sulfide, silver selenide® Q‘SS?. lithium sulfide,92

90,99

selenidegg‘ and telluride , seleno and telluro Grignard

reagent593, Table III.2. A conversion series for the reaction
of silyl and organq;ilyl compounds with silver salts has been
formulated which indicates how certain bonds attached to silicon

94-96

may be ‘interconverted. The order of the series is as

N
fbl{gvs:
(R381)2Te ——%R381I ——&(R3Sl)28e-——+(R351)2S ——+R3§1Br———4

SiNCS —

3 3 3

R,SiNCN — R, SiCl —> R,5iNCSe ——+(R35iN)2C-——iR3

0 —R_SiF

2 3

. R.SiCNO — R_SiN
g 3

3 3 —_— (RBSi)
The R groups in' the above compounds may Ee hydrogen, aliphatic
or aromatic groups, Or co %nations of thége. Convgrsions

in this series may be carrieé out satisfactorily by the reaction
of any compound earlier in the series ﬁzth the‘appfopriate *
silver salt. For example, the desired disilyl sulfide can be
obtained from the reaction of disilyl selenide with .silver
sulfide, e.gq. (RBSi)zse + Agzs-*—+(RBSi)éS + AgZSé (11].

The direct production of R3M—E—}\4R3 species, where E = S,Se,Te,
by the reaction of R3Six where X = Cl,Br,I with Hgs,Iﬁ[Al@m)q]
where E = §,5e and Li2Te will be described in the following
chapter and provides a general method for application to organo-

gsilicon and hydride ghemfstgy. -

Studies on the S5i-E systems have'céntered around the
1
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nature of the heavy atom bonding. In genefal, Lewis acids97

(e.qg. AlI3) cleave tge Si-0 bond while Lewis base598 (e.g.NH3)

encourage condensation. Van Dyke has shown ' that the ampho-

173

Teric phosphorus (III) halides cleave H,SiOMe but not (H3Si) 0,

3 2
indicating a reduction in Lewis basicity with additional silyl

substitution as is also found for‘the series Me N through to

pp 100 , -, 101 102 - .
(H3SL)3N. With BZHG and MeBGa as reference jflds,

(H3Si)20/is a weaker nucleophile than Me, 0 but stronger than
| ‘ . .
his is expected since the result of several inves-

tigakions indjcate that the skeleﬁal Si-0-5i angle is ca.l44103,

Table III.3. A marked degree of (p—-d)fT bonding is implied
by such a wide angle when carbon is replaced by silicon. The
discovery of the effect of skelétal angle widening in siloxanes

aroused interest in related germyl species.

IIT.2. GERMYL- GROUP VI SPECIES l “J-

These are known for the seguence (RyGe) ,E where

E = 0,5,%,Te and R = H,Me. The preparative routes involve

reactions of’ germyl carbodiimides®??/1%% germylphosphite or

106,107

arsine with Group VI hydrides; exchange reactions of

halogenogermanes with metal salts (PbO,lOBHgs,logLi S,110

2
111 s s o 99 .
Na,Se or Na,Te ) and disilyl chalcogenides , and silent

2 2
electrical discharge reactions of germane with HZS and HéSellz,

Table III.2. The former routes were reexamined and subsequently
improved upon, as will be described in the following chapter.

The speculation as to the Ge-E-Ge bond angles for E = O,S .

113,114

from calculations based on the %.r. spectra have been

e

[}
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Table II1.2. Preparative and reaction routes for d5511y1~ and

-

digermy]-énpup-%l species

-

Reactants : Product Reference
. ' chalcogenide

t,S1AsH, ‘ H,0 (Hy81),0 | 87
HgSTPH, Hy0 o o (Hy81),0 87

© (HgS1),PH Hy0 (H351),0 86
(H81),5,5e ~ Hy0 C(HgS1)0 88
(H8i)pTe . 1/20p (R451),0 90

 (MehpSi)ys Hy0 {Met,51),0 a2
HeH,Si1 Hy0 (MeH,S51),0 02 -
Me, HS i1 Ag,C0, (Me,H51),0 89
Me, HSi 1 " Hgs . {Me,Hsi),s -89
MeH,S11 Hgs ' (MeH,Si), ‘ 42
HyST Hgs . - (Hg81),S . 88
HySiBr Li,S (Hg81},8 92, 129
HqSiBr Li,E (HySi),E E=Se,Te 99
HaSil Li,Te (HyS1),Te 90
Me ,SiC1 Li,Te + (MegSi),Te 90
H Si1 . Ag,Se (Hy51),5e 91, 88
Me 51C1 PhEMgBr (MeySi),E E=Se,Te 93

| (HyGeN),C H,Se (HySe),Se 104
(MeHz GeNl,C  HoE (MegHynGe) E E=0—sTe 105, 125
Haé;AsH; T e (Hé&é)ég. E=S,Se 106, 107
H3GePH, “ H,E (HyGe),E E=S,5e 106, 107
HyGeBr PbO (H,Ge),0 ( 108
HyGel +HgS%, (H46e),0 109
HqGeBr LIS . (Hg8e),S Lo
Me36e61 NazE (Me3Ge)2E E=Se,Te 111
HqGeBr (HySi),E  (HgGe),E  E=Se,Te 99
H4GeF (H3Si)25 (H3Ge)25 174
HgM H,E (HoM)E M=Si,Ge; E=S,Se 112

28 |
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:%cxgﬁified\by an elettron diffraction examination which. places the

S | o 115,116 -
Ge-O~Ge angle at 126 and that of Ge-S-Ge at 99, 7’ Table III.3.
The fgrmer angle has been cited as evidence for fr-bond character but
of a{lesser degrée than occurs for the silicon analogue. "

N . - | '\_\‘\ {
Table I71.3. Comparison of bond angles in analogous Group IV compounds*
Molecule <M-0-M <M-5-M <M-Se-M

(deg) (deg) . (deg)
(HyC),E 11,5 £1.5 98.9 0,2 96.2 0.2
" (Hg$1),E 144.1 :0.9 97.4 0.7 96.6 0.7
(HyGe),E” 125.6 0.4 98.9 0.3 94.6 0.5
(Mo 5i),E" ¢ 148.0 3.0 122.0 -
(MeGe) £ 141.0 0.5 123.0
(Measn)ZEa’c 141.0 0.5 1240
| (F3Si)2_ob 185.7 2.0
b -
(H2510)4 ‘ 148.6 +1.2
(Me251E)3b’d 31.2/f675—‘ 10,0
(Me,si0)® 1448 212 -
. 2 4 T o
(Me,Sis),’ 75.0
(MeSi)4sse ‘ : 104.5 0.1 ¢? |
(MeGé)4sﬁf : 104.6 +2.0

*Quoted from: ®B. Rozsondai and I. hafgittai, Acta Chim. Acad. Sci.

Hung., 90(2),157 (1976); L. V. Vilkov and L. S.thaikin, Topics in )
Current Chemistry, 53, Springer, Berlin (1975).°B. Csakvari, Zs. Wagner,
P. Gomory, F. C. Mijlhoff, B. Rozsondai, and I. Hargittai, J. Organometal,
Chem,, 107, 287 {1976). ¢s. Sorrio, A. Foffani, Aé Ricci, and R. Danieli,
J. Organometal. Chem., 67, 369 (1974).$Ref.195. J. C. J. Bart and

J. J. Daly, Chem. Comm., 1207 (1968). 'R. H, Benno and C. J. Fritchie,

J. Chem. Soc. (Dalton), 543 (1973).
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THE SYNTHESIS OF BIS (SILYL)~ AND BIS (GERMYL) - CHALCOGENIDES

(Me H,  M),E WHERE M=Si,Ge,E=0,S,Se,Te AND n=0-3

; 2

——
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IV.l. INTRODUCTION

2 This chapter is primarily concerned with the synthesis

of bis(silyl) - and bis(germyl) - chalcogenides of the formula
(MenH3_nM)2E where M=Si,Ge; E=0,5,Se,Te and n= 0—-3. The
syn;het;c routes include comparative reactions of some halo-
genosilanés, disilazanes, bis(silyl) - and bis{(germyl) - carbo-
diimides with Group VI speé' r~and metathesis reactions of some
halogeno-silanes and -germines with complex aluminates, mercury
(IT), lead (II), silver (I lithium (I} and silicon (IV) )
species. For the preparation of the fully substituted species,
(Me M) E, commér¢ial y'availabl, Egk%ﬁes, Me  MX where X = CI1,
Br were used for the most- part. In the cﬁsé of the hydridic
species, (Me H3_nM)2E whgre n=20,1,2, th; use of previously

n
prepared MenH nMx halides prevailed. The preparative routes

3-

are well-defined and includ%.the reactions of silanes with

-

hydrogen iqdide in the presence of catalytic amounts of a}uﬁinum

triiodide43 [1], the cleavage of phenylsilane with hydrogen
iodide or bromide43 [2], the halogenation of germanes with
iodine43 [31, boron_trichloridq43 [4] and exchange reactions of
chloro—-, or bromo- germanes with hydrogen bromide or iodide43 (5].
’ » o AL

I"IGRSJ.I'I4_‘1'__1 + HI '—'——"‘ Me_I}_H3_ESlI + H2 [1}

PhSiH, + HBr ——> . H,SiBr + PhH [2]

MeEFQH4_E + I, et Me233_EFeI + HI i3]
6Me£§eH4_E.+ 2BCly  ~—~——— 6Meeﬁ3_2§eCl + BZHﬁ\ [4] ‘
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Me H. GeCl + HBr ———» Me H GeBr + HC1 [51]
n 3-n n

n 3- ‘ | 4{

The fluorogermanes used in the exchaﬁge reactions with

bis(silyl) - garbodiimides-ahd —chéﬁcogenides were prepared by

N
"the interactioq_gfhan iodogermane with lead (II) fluoride27

[6] or by the action of SbF3 on (Me3Ge)20 (71, i.e.
2MeEH3_EGeI + PbF, —— 2MeEH3_EGeF + PbI, (6]
3(Me3Ge)20 + ZSbF3 _ 6Me3GeF + Sb203 (71
I
IV.2. EXPERIMENTAL | ) ’ §
(a) FReagtions of halogenosilanes with water
N\
2Me233_281x + HZO —_— (Men 3_251)20 + 2HX [8]

In a typical experimént, MestiI (4.06 mmol) was condensed,;
under vacuum conditions, into a reaction vessel (ca. 70 ml,
type 'B') containing 8 ml of degassed distilled water. The
stopcock was closed and the contents allowed to react at room
temperature with some shaking. After ca. 15-20 minutes a small
amount of hydrogen was pumped off while the vessel was held at
-196°. The volatile material was then allowed to distill
through a series of U-traps held at -45°, -78° and -196°C.
The trap at -45° retained the excess H20 while that at -196° re-

tained hydrogen iodide. The fraction at }\78° was passed again

through traps held at -45°, -78° and —196°.\\3Ei/¢rap at -45°

-

TSy .
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contained a small amount of waterlwhile pure (MeHZSi)zo (1.80
mmol, 89%) was retained at -78°, aé identified spectroscop- )
ically44: Trages of (MeHZSi)ZO were also collected in the trap

at -196° and the amount increased with longef fractionation

time and back‘pumging. By a similar procedure MeZHSiI (2.92

mmol) was reacted with H20 (ca. 6 ml} to give (MezHSi)ZO (i.39
mmol - 95%; identified initially by its 1H n.m.r. parametersll).
.The analogous reaction of Me3SiBr (2.67 mmol) with H20 {ca. 6 ml)

was allowed to occur for 35 minutes. Upon fractionation through
traps held at -23°, -78° and -196°, the excess water was

collected at -23° while the trap at -196° retained hydrogen
bromide.34 The fraction at -78° was refractionated through

traps held at -23° and -78°. The former trap retained traces

of HZO and the latter pure (Me3Si)20 (1.20 mmol, 90%). The~
infrared spectrumll7 showed prominant features at: 2959 (ms),

9899 (m), 1410(m), 1252(vs), 1055 (vs), 843(vs), 823(m), 756(m), \\\
688(m), 620(m), 522(w), 330(vs) em Y. Analogously, H,SiBr

(2.64 mmol) and HZO (ca. 5 ml) were allowed to react for 15 A
minutes with shaking to give (H3Si)20 (1.07 mmol, 81%) retained

at -126°, HBr at -196° and H20 at -78°C. Features in the infra-

red spectrum of (HBSi)20117 assignéble to the silyl group were

at 2183(s), 2169(s), 1105(s), 957(vs), 764(m) em L.

(b) Reactions of disilazanes with H20, st and ste ;

(Me2H51)2NH + H20 — (Me2H81)20.+ NH (9]

3



. BM e Me3SiCl
(Me ;Si) ,NH + H,S—> e,SiS) NH, ———> (MesSi)pS + HNHgCl [10]

Typically, (MezHSi)zNH (3.48 mmol) was condensed under
vacuum conditioﬁs into a reaction wvessel (ca. 70 ml, type }B')
containing 4 ml of degaésed distilled water. Thelétopcock was
closed and the contents were allowed to react at room temperature
for 20 minutes with some shaking of the vessel. Fractionation
of the products through.a series of traps held at -45°, -78°
gnd -196°C gav%pthe pure (MeZHSi)ZO (3.39,mmol) in a 97% yield
as condé;;ate in the -78° trap. The excess water was retained
at -45° while NH3 was collected in the -196° trap.. The analogous
reaction of (Me3Si)2NH (2.77 mmol) with a slight excess of H,0
for 25 minutes at room temperature gave.(MeBSi)zo (2.70 mmol)

. ;t -78°, NH, at -196° and traced of water at -23°.

In another experiment (Me3Si)2NH (2.58 mmol} was pombined
with excess st as above.. On warming to room temperature a
white solid adduct was formed immediately. After 25 minutes
the vessel was immersed in a —45° bath and the volatile material
was collected in a trap held at -196°. Spectroscopic invest-
ig;tion showed that the contents of the -196° trap consisted

of HZS' traces of MeBSiSH and [Me3SiS]_NHZ. The reaction vessel

was then held at -196° and Me3SiC1 (1.08 mmol} added. - The

mixture was brought to room temperatureé;néfallowed to react

for 4 hours. Fractionation of the volatile products gave
N 4
(MeBSi)ZS (0.18 g, 1.01 mmol) in a trap Q?l%!?t -23° and traces

.
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of Me3SiCI and a white solid at -196°. The white solid in the
HY !

vessael was shown to be NH4Cl and unreacted [Me3SiS]-NHZ. By
a similar procedure (Me3Si)2NH {(2.03 mmol) was reacted with

excess HZSe. Subsequent reaction of Me3SiCl (1.19 mmol) with
'[MeBSiSe]_NHZ gave (Me3Si)2Se (0.22g, 0.98 mmol). Contamination
of the vacuum system with the solid adduct made this synthetic

route inconvenient. The purity of the products was- initially

checked by their infrared spectfhll7: (Me ,Si)

3 2
2890 (m), 1452(w), 1406(m), i252(s), 865(s) , 845(vs), 828(vs},

§ - 2950(s),

755(m), 692(m), 628(s), 493(vs), 441(m), 243(s}, 225 cm-l-

4

(Me3Si)28e - 2960(s), 2900(m), 1406(m), 1257(vs), 843(vs),,

823(vs), 747(s), 686(s), 623(s), 369(vs), 363(sh), 215(s),

232 em L.

L

(c) Reactions of bis(silyl)- and bis{germyl)- carbodiimides

with H2E where E=0,S5,Se

(Me MN) ,C + H,0 ~———  (MejM),0 + 1/2(HoNCN) [11]
M = Si,Ge

Bis(silyl)=- and bis(germyl)- carbodiimides were prepared
in high yields by the direct reaction of iodomethyl-silanes
and —gérmanes or bromotrimefﬁyl-silane and —-germane with lead (II)
cyanamide. Typically, MeZHSiI (5.83 mmol) was passed back and
forth through a column (type 'L') of fresh anhydrous lead (I1)
cyénamide'(25g; packed in alternating layers with glass wool).

After four double passes the volatile material was fractionated

through traps held at -45° and -196°C. Pure (MeZHSiN)zc, in



.

89% yield, was retained at -45° and identified spe.'c.t:r'osn:opica'l'I_y-l05
"Similar conditions were empldyed to synthesize (MeH,SiN) ,C
and the corresponding germyl carbodiimides in overall yields

of B6%. For the reaction involving H,SiI or H,Gel the column

3 3

was cooled with ice because of the exothermic nature of the
reaction and the thermal instability of the reaction’contents.
Some hydrogen was evolved during -the reaction, but waslremoved

by pumping as it formed; After three double passes fractionation
of the volatile material through traps held at -78° and -196°
revealed (H3SiN)2C in 84% yield or (H,GeN) ,C in 80% yield in

the former trap with some traces of SiHi’3 or GeH33 in the

4
latter. By contrast, the high thermal stability of Me3SiBr
and MeBGeBr allowed the reactions with PbCNé to be carried out
at high temperatures. Typically Me3SiBr (5.21 mmol}) was con-
densed inﬁo a vessel (ca. 25 ml, type 'B') charged with PbCNz.
The stopcock was closed, the bath at -196° removed and the veésel
was placed through the top hole of an oven set at ca. 100°C.
After B85 hoprs the vessel was reattached to the vacuum line,
the system evacuated and the volatile material collected at
-196°. This material was passed further through traps held at
-2§°, -78° and ~196°C. The trap at -23° retained pure

(Me3SiN)2C in 82% yield, while the trap at -78° contained some

traces of (Me3si)20.117 Similarly, (Me3GeN)2C was obtained

in 80% yield, and its purity was confirmed by spectroscopic

105

analysis. Bis(germyl) carbodiimides were also prepared by

the reaction between bis(silyl)carbodiimides and fluorogermanes.

4
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Typicélly, (Me3SiN)2C (0.40g, 2.15 mmol) was distilled into a
reaction vessel (10 ml, type 'B') held at -196° containing a
slight excess of Me3GeF (6.06 mmol). The mixture was allowed to
react at room temperature for ca. 45 minutes, with shaking,
and then vacuum fractionated. A pure sample éf (MeaGeN)ZC
(0.54g, 1.96 mmol) was retéined in a trap at =-23°; the exéess
of Me,GeF in a trap at -78°, and Me3SiF (4.09 mmol) at -196°.
The analogous reactions using MenHB-nGeF (n=0,1,2) with (Me3SiN)2C
gave (Menﬁ3_nGeN)ZC in 95% yield; ang their purity was checked
spectrosgopigally.l05
In the experiments involving the reactions of hydrogen
chalcogenide with bis(silyl)carbodiimide only water was found
té react leading to the formation of the corresponding disiloxane
in high yield. The analogous reactions involving bis{germyl)-
carbodiimides lead readily to gexmyl-Group VI species and
dicyanodiamide. Typically, (MezHGeN)zc t0.26g, 1.05 mmol) was
condensed, in vacuo, into a previously evacuated 35 ml reaction
vessel (type 'B') held at -196°. An excess of st {(1.50 mmol)
was then distilled into ;he vessel. The mi;ture was allowed to
react at room temperature with shaking. After 20 minutes,
vacuum fractionation of the products at -78° and -196° was
carriéd out. éhe -78° trap retained (MezHGe)ZS {0.23g, 0.96
mmol, 91%) while the -196° trap retained HZS (0.40 mmol) 3
identified by its vapour pressure.37 White, polymeric dicyano-

diamide was retained in the reaction vessel. The same procedure

/
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PP

was used to produce (Me H,_  Ge).E where E = 0,5,5e and

n =.0—>3 in ca. 94% overall yields.

(d) Reactions of halogeno-silanes and -germanes with

LiT‘[Al(SHj:‘;] and Li[Al(SeH) ,]

,In a typical experiment, fresh Li[AlH4] (0.05g, 1.32 mmol)
was piaced in a reaction vessel (ca. 70 ml, type 'B', equipped
with‘a Teflon-in-glass stopcock) which was attached to the
vacuum line .and tharoughly evacuated. The connector was packed
with glass wool to prevent contami;ation of the vacuum line with
Li[AlH4]. Methyl ether {(ca. 10 ml) was then condensed in at
-196° followed by an excess hydrogen selenide, HESe (6.82 mmol)“
The reactants were allowed to react, with cautious warming while
monitoring the pressure of the volatile species. A Viéoxous
effervescence, with evolution of hydrogen, was immediately
apparent as soon as the téo phases mixed. The veseel was then
held at —-196°, the stopcock closed and the noncondensable gas,
Hz, pumped,offf When the system was thoroughly evacuated the
manifold was closed and ehe stopcock of the vessel was reopened
allowing the noncondensable gas to expand against the mercury
manometer. The stopcoek was closed again and the hydrogen gas
pumped off. When the system was thoroughly’?é—evacuated the
procedure was repeated with occasional gquenching at -78° ox
—1963 (because the reaction became too vigorous) until no

hydrogen was liberated. The contents were then isolated again,

by closing the stopcock, and brought to room temperature for



39

20 minuteg, with occasional ;haking. After this time, the 3
vessel Qas held at -196° and the stopcock was reopeneq and some
traces of hydrogeh were pumped off.' I% this manner, over a /7

relatively chort time (ca. 40 minutes) 5.2 mmol of hydrogen

were evolved. A similar procedure was flso usedf to prepare .

Li[Al(SH)4].

.Seve;al-ékperimenﬁs were carried out in an attempt to
deterﬁine the conditions for a maximum yield of bié(silyl)—
and gis(germyl)— chalcogenides. The experiﬁental details given
here répresent.?he optimum conditions found for the reaction.
Typically, HBSiI (2.39 mmoel). was condensed at -196° into the
reaction vessel containing the selenoaluminate and allowed to
react at -45° for ca. 2 hours with occasional shaking. Fraction-
ation of Ehe= volatile material through U-trap$ held at -78°
and -196° gave pure (H,Si),Se (0.14g, 0.99 mmol, g83%) at -78°
and Me20 and HBSiSeH (identified by its lH n.m.r. parameterslls)v
at -196°. In a similar set of experiments using HBMI (M=S;,Ge)
and Li[Al(EH)4] E=5,Se gave similar yield of bis{silyl)- and
bis(germyl) - chalcogenides which were identified spectro-
scopically. The analogous reactidhs involving ha;ogenomethyl~
silanes and —gergénes were carried out in the absence qf solvent
at- room temperature for ca. 2-3 hours witﬁ bonstant shaking.
Lower yields .of fully methylated chalco-silanes and -germanes
were obtained due to the higher thermal stability]of the Me3MEH
species as compared with the hydridic chalcogenols. Details

of the preparations are collected'in Eéble Iv.1l.
J

-

el

R
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_Table IV.1. Reactions of halogeno-silanes and -germanes with Li[A'I(EH)4]*

GHySTT + "LiCAT(EH), 3" —-2(HS1),Se + 2H,Se + LI + All,
I 11
, ' _E=S E=Se E=$S E=Se _Yield %
Me HyMX 71 T Product I I
=7 = (mmo1) {mmo1) - (mmol) (mmol) E=S E=Se
HySiT" 4,08 2.39  (H3Si),E 1.88 0.99 92 .83
- 1
. ol Q4 \\
Nl STI 376 3.04  (HeH,SilE 3 170 142 90 83
| Me,HSil  2.43  3.68 (v, Hisi), 1.07 1.60 8 87
Me,SiBr 3.6 2.89  (MegSi)E 1.12 0.80 .61 55
HyGel" 428 315 (Hgfe) 2.0 1.43 9% 91
Me,Gel ~ 3.93 2,90  (MeGe),E 179 128 91 . 88
g Hoel 2,87 3.06 (MeHGe),E 1.2 1.38 92 90
veGeBr  3.21 2.3 (Negelf T 120 0.80 75 68

*In all reactions an excess of "Li [A1(EH)4]“ was \used,

+The reactions were allowed to occur in presence of MeZO at -45 .

Rt
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(e) Reactions of haYogeno-silanes and —-germanes with heavy

\

metal salts .

(1) - MenH

3_2511 with HgS
The reactor was a horizontal tube (ca. 25 mm i.d. X 350
mm long, type 'L') equipped with U-traps at either end (one

end had a constriction and the other end was detachable via

a B-24 joint to facilitgte packin

The tube was packed altern-
—aﬁély with glass wool and anhydrqus ed mercuric sulfide iEE.ZOg).
The tube was attached to the vacjhk 1%ne and thoroughly

evacuated éor ca. 1 hour, through the constricted end to avoid
contamination of-the vacuum line with the packing materialf
.Iodosilane (HBSiI; 0.430% g;‘2.73 mmoles) was then aliowed to
pass through the columh from one U-trap to the other. Typically
after two double passes, the volatile products yere fractionated
on the vacuum’ line using cold traps at -4534/4;:°, and -196°.

No volatile species were present in the -45° trap, except whén
disproportionation occurred. The second trap retained bis(silyl)-
sulfide ['disilathiane (HBSi)ZS; 0.1164 g, 1.24 mmol] while the
-196° following trap contained only traces of disiloxane
(identified by its infrared épectrumll7). No hydrogen was

formed. The yield of disilathiane, based on the iodosilane
consumed, was 91%. Optimum yields were achieved by minimizing
the amount of moisture in the system. The infrared spectrumllg

showed prominent bands at 2180(vs), 962 and 951(vs,B),

907(vs,n}, 675(ms}), 635(s,C), 610(s}, 517(s) and 480 (ms) cm_l
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In the same mannef, the iodosilane (MeHZSiI, 2.38 mmol;
MezHSiI, 1.01 mmol; MeBSiI, 1.94 mmol) was passed through the
tube four times. The volatile products were collected and
fractionated, using cold traps at -45° and -196°. The former
traz retained the corresponding methyldisilathianez‘viz. -
(%? 281)25, 97%; (MeZHSL)zs, 92%; (MeBSl)ZS, 95%. Any unreacted
ibdide or siloxane was collected in the -196° trap. The
“—-—-...,__/l .

formation of siloxanes was again minimized by carefully removing

moisture from the system by thorough evacuation.

(2) - HjGeIl with HgS

The reactor and conditions were identical to those.
described in part (1). Typically,_HBGeI (2.83 mmol) was allo&ed
to pass back and forth over 'the anhydrous mercuric sulfiée. N
After two double passes, lH n.m.r. spectroscopic examination
revealed considerable émounts of residual iodide; A further
four double passes, followed by fractional distillation and
spectroscopic examination, revealed ca. 35% conversion of HBGeI
'gnto (H3Ge)25 and some disproportionation, invelatile, by-

product in the U-traps.

(3) - MeHZGeI and Me3GeI with PbS

Because the conversion of H3GeI ;q;(H Ge) S was poor and

tedious, the direct synthesis of germyl §ylf1des and Oxldes

from iodo- and bromo-germanes and lead (II) salts was 1nva9hgated.

In a typical reaction, MeHzGeI (1.03 mmol) was allowed to

il At SR AR
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react with excess of PbS at 25° for ca. 30‘minutes.' Fraction~

-

“ation of the volatile materiﬁls thrdugh traps held at ~78°

and -196° gave a mixture of (MeHzGe)ZS and MeH,Gel in

and a small amgunt of GeH. in the latter. The conver ion of

3
t
MeH,Gel into (MeH, e),S was ca. 39% as estimate

respective peak ratios in the 1H n.m.r., spectrum. Me3GeI
(2. 40 mmol) at 80° for 2 hours gave (Me Ge) S (0. 90 mmol,

75.0%).

(4) - MeH,GeBr and MeBGeBr with PDbS

A mixture of MeH,GeBr (1.89 mmol) and exXcess of PbS was
allowed to react at 25°% for ca. 25 minutes as.in (3). Fraction-
ation of the volatile material gave unchanéed MeHZGeBr (1.80
mmol). No reaction occurred even when the mixture of Me3G§§§ (2.96

‘_'-\‘
for ca. 2 hours./

.
- \

mmol) and excess of PhS was heated at 84&°

(5) - MenHB_EFeBr Tlth PbO

3 [12]

2H.,GeBr + Pb —_— (H3Ge)20 + PbBT

Typically,. lead (II) oxide (ca. 10-15g) was placed in a
reaction vessel (ca. 45 ml, equipped with a Teflon-in—glass
valve and MS19 ball joint, type 'R'), attached to the vacuum
line. (glass wool was packed in above the vessel to prevent con-
tamination of the vacuum ‘line by PbL0O) and d;gassed.- Upon
evacuation, bromogermane (H3GeBr \0 92 mmol) was condehsed into -

the vessel held at -196°. The vaﬂVe was ctosed and the reactants

allowed to warm to /room temperature. The reaction proceeded
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ek a2

. for ca. 8 minutes with constant shaking. éeparqgion-of the
volatile materials at -126° and ~196° gave digermoxane
[(H3Gé)20; 0.42 mmol] condensing ih the -126° trap and traces
of gerﬁéne (identified spectroscopically) in the -196° trap.

The yield (low yields may result due to thé rapid decomposition
of bromogermane in_contabt with silicone-grease) of digermoxane,
based on ihe bromogermane consuméé, was 91%, and the purity

was confirmed by its infrared spectrumll4 giviné prominent
absorptions at 2112(s), 928, 882, 798(vs), 784(vs), 674 and

452 cm_l.' o

By a similar procedure, the bromogermane (MeHZGeBr, 1.56
mmol; Me,HGeBr, 2.98 xyaol; Me,GeBr, 3.67 mmol) was allowed to

react with a large excess of Pb oom temperature for

20745 minutes. After ghis time the valatile products were
collected and fractionated, using cold traps at -78° and -196°.
The former trap retained the corresponding methyldigermoxane,
viz. - (MeHzGe)ZO, 0.76 mmol, 97.4% (MeZHGe)zo, 1.47 mmol,
98.7% and (Me3Ge)20; 1.83 mmol, 99.5%. Traces of methyl- and'
dimethyl-germane wefe found in the -13%6° trap.

However, when gaseous*MeHzGeBr (1.41 mmol) was allowed
to pass back and forth six times at room temperature over a
mixture of PbO (ca. 20g) and a small amount of powdered glass

held ;;\F column (type 'L') on glass wool, the recovery of

MeHzGeBr (1.39 mmol) was almost quantitative.

AN
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o

(6) - Megg E?eI,Wlth PbO

3_
Typically, MézHéeI (1.46 mmol) was condensed onto excess
of PbO in an aﬁal&goug'manner-to'(S). After ca. 15 minutes
at 25°, fractionétion of the voiatile materials at =-78° and
~196° gave (MezHGé)zo (0.45 mmol, 61.7%) in the former and
MezGeH217’18.(0.20 mmol) in the latter. Similariy, H3GeI
{0.86 mmol), MeHZGeI (i.22 mmol) and Me3GeI (3.67 mmol) were
converted by PbO to the correéponding oxides, viz. -
(H,Ge) ,O (0.15 mmol, 34.9%), (meazée)zo (0.28 mmol; 45.2%)
and (Me3Ge)20 (1.82 mmol, 9?.9%).

In the dlternative preparation, when Me H, Gel (n=0,1,2)
was stregmed as a gas over a previously evacﬁ;ted_églumn of
PbO as_in (1), very little}formation of germoxanes (5-15%) }*

was achieved as verified by the relative intensity of the

stretching vibrations, vg(Ge-0) and y(Ge-I) in the Raman spectra.

(7)) - MeBGeX (X=F,Cl,Br}) and MezGeBr2 with AgO

The reactions of halogenogermanes with heavy metal salts
were extended to include the use of Ag0. Because of- the
exothermic nh;ure of the reactions only selected halogeno-
germanes were used.

In a typical experiment, Me3GeC1 (0.1840g 1.22 mmol)
was condensed at -1963% into a reaction vessel (ca. 10 ml,
type 'B', equipped with a Teflon-in-glass stopcock) containing
‘AgO (0.9g). When the mixture was allowed to react the vessel

became warm and a gas was evolved. The vessel was then shaken

P
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and left at room temperature for 5 minutes. Fractionation

of the volatile material through U-traps ﬁékgiat ~78* and -196°
gave pure (Me3Ge)20 (0.1408 g, 0.56 mmol) in the former and
chlorine iﬁ the latter trap. The yigld of hexamethyldigermoxage
based on Me3GeCl conﬁumed, yas 92%. 1Its purity was confirmed

by the ﬁamén spectruﬁ. In another experiment mal; amount of (
- l
mercury was added to the reaction mixture an£/ihere was no
Eeaction between mercury and chlorine nor between the hexa-
methyldigermoxane and chlorine.

In a similar manner, Me3Ge§r (0.3251 g, 1.65 m&ol) was
completely consumed in an exothermic reaction with AgO ?}70 g)
with formation of‘(MeaGe)zo and bromine, retained at -45°,
and a small amount of non-condensable gas. Subsequent Raman
spectroscopic examination of the mixture revealed the presence
o?‘g,typical Ge-0 stretching vibration, véGe—O), at 452 and

»(Br-Br) at 286 cm Y but not v,(Ge-Br) at ca. 263 et ¢
The removal of bromine was effected by mixing the mixture with

b
a small amount of mercury for 10 minutes, and fractionating!

the volatile material through traps held at -45° and -196°.
The former trap retained pure (Me3Ge)20 while HgBr2 remained
the vessel. Thus the reactions appeared to be:

?MejGeX + A0 ——— (Me Ge) ,0 + AgX, . o [13]

AgX, —= AgX + 1/2X, (X=C1,Br) ‘ [14]

(Me3Ge)20 + x2 ————» * 1o reaction [15]
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Cl, + i —— no reaction _ [16] g\\

Br, + Hg —m» HgBr [17]

2 2 -
The reactiens of chlorotrimethyl—, or bromotrimethyl-
germanes with AgO may proceed with ekblosive violence and should
be carriéd out on a small scale. MezGeBr2 (0.6298 g, 2.40 ﬁﬁol)
reacted explosively with AgO (1.0 g) when an attempt was madé to
prepare heterocyclic germoxy species. By contrast when Me3GeF

(0.1151 g, 0.87 mmol) was allowed to react with AgO (1.0 g)

no reaction occurred and Me3GeF was recovered quantitatively.

(f} Reactions of some halogeno-germanes and -silanes with

lithium salts

{1y- MenH nGeX with lithium oxide

3_
Despite the amount of research by several workers on the

use of alkaline salts as synthetic reagents, there had been no’

report in the literature on the use of L120 before the commence-

ment of this study. Several experiments were carried out‘ih an

attempt to determine the conditions of exchange reactions between

halogenogermanes and Li20. v )
Typically, MeZHGeI (0.80 g, 3.48 mmol) was condensed at

-196° into a reaction vessel (ca. 60 ml, type 'B', equipped

with a Teflon—-in-glass stopcock) contéining Lizo {0.060 g,

2.00 mmol), followed by MeZO (ca. 10-15 ml): The reaction vessel

was isolated and warmed to -78° with occasional shaking. After

gé. 96 hours, the reaction vessel was opened and fractionation
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of the volatile matefials gave a l:1 mixture of (Me HGe)20

2
and Me,HGel (ca. 0.3% g) as well as small amounts of immiscible
droplets of water retained in the trap at -78° (as identified

spectroscopically) and Me20 in the -196° trap. Attem ts 't

separate the (MezHGe)zo from'MezﬂGeI by trap to trap fractional

distillation were unsuccessful. Longer reaction times and
. :
i

appreciable excesses of Li20 had little effeqt on the product
mixture. 1In a similar manner & mixture ofﬂ(MeHzGe)zo and

MeHZGeI was isolated. By contrast, bromeotrimethylgermane,

>

Me GeBr (0.58 g, 2.91 mmol) and Li,0 (0.04 g, ca. § mmol) “in
Et20 left at 25° with continuous stirring for ca. 80 hours gave
(Me yGe) ,0 (0.3570 'g, 1.42 mmol, 98%). The purity of (Me JGe) ,0
was confirmed by the absence of the stretching vibration,

vg(Ge-Br), at ca. 263 em ' in the Raman spectrum.

(2 - MenH nGeX and MenH nSix with lithium sulfide,

3- 3=
selenide and telluride

Comparatively few of these reactions were known. Dis-

proportionation of initially formed Me3SiEPh (E=Se,Te) probably

accounts for the unexpected formation of (Me3si)2E in the

reaction of MeBSfbl with PhEMgBr.93

have been obtained more directly via Li

2
0 and selenide,lzl (H3Ge)2E (E=5,8e) " have

The compounds (MeBSi)zE

E species.go'lz_0

Digermyl sulfidell

been .obtained -by the exchange of bromogermane with LizE and

99

(HBSi)ZTe from bromo-, ‘or iodo—gosilane and lithium telluride.

&R
Following the preparative procedur% of the latte% three compounds
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a very poor conversion of the halogenomethyl-germanes and

R

-silanes into the corresponding chalcogen compounds was
achieved. Disproportionation and the thermal instability of

the reaction products was a major problem in the preliminary

studies and therefore attention was centered on the preparation
of the lithium salts. Thus, I describe the preparation of

LizE (E=Se,Te) and their metathesis reactions with some
halogeno germanes and —-silanes.

Typically, powdered selenium -{0.403 g, 5. 10 mmol) and
clean lithium wire (0.069 g, 10.00 mmol) were allowed to react
in dry ammonif”(gg -15 ml) at -78° in a reaction vessel
(ca. 70 ml, type 'B') attached t% the vacuum system via a
Teflon-in-glgss stopcock. The reaction was accelerated by
occasional reémoval of the -78° bath accompanled by shaking and
cautloue warming while monltorlng the NH3 pressure until the
blue color of dissolved lithium is discharged (this was' slower
if lithium had an oxide coating). After typically 12 hours
the NH3 was pumped off. Glass wool was placed in such a way

,dS to‘prevent the contamination of the vacuum llne by lese

/} powder resQltlng from the sudden expansion of the NH3 The

light grey £E$t was heated at 140°-160° for & hours in vacuo

and stored under nitrogepn at room temperature. Lithium telluride
was prepared in the same way and it is characteristically a
darker grey than the selenide. Hydrolysis.éave typically 98%

of the Se content required for Li,Se. as H,5e, whilst ca. 80%

resulted for.the release of H2Te from Li2Te.

~
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In a typical reaction, the vessel containing Lizse

(ca. 0.46 g, 500 mmol) was attached to the vacuum li and

-

thoroughly eva uated. Then, dimethyl etﬁer (ca. 10- 1)

followed by e, HGeI (8.80 mmol) was condensquin at -196°.

The reaction vessel was isolated and warmed to -78° with occasional

shaking. After ca. 96 hours, the reaction vessel was opened

~

and the volatile materials fractionated at -78° and -196°..

The latter trap retained Me,0 and traces of Me,GeH, and Me

2 2 2 2
which were identified spectroscopically. The material at -78°

Se,

~ was furthqf fractionated thrdugh tfaps held at -45° ané -78°.

The -45° trap contained pure bis(dimethyl germyl) selenide’

) :
[ (Me,HGe) ,Se, 3.90 mmol, 88%; P m/e 279-294 (Me,H Ge Se)+].
2% 2 T 4"n" "2
No MezHGeI waé fgéovered; The analogous reactidﬁs of iodo-

4
5\:ilanes (H3SiI, 6.65 mmel and MestiI, 7.96 mmol) with slight

xcess of Li2Te were carrigd out in the same way and gave
(HBSi)zTe90 (2.98 mmol, 90%) and (MeHZSi)zTe (3.52 mmol, 88%),
respectively. The reactions involvinq bromotrimethylgermane
and chlorotrimethylsilane were allowed to occur at room temper-
ature in Me20 or Et20 with continuous stirring. The purity of
the compounds was confirmed spectroscépically. The 8-, Se-

and Te- residues in the reaction vessel were handled in an
efficient fume hood. Smell contamination was cdnsiderably
reduced by treatment of the residues with a.strong bleach

solution followed by an acid wash. Details of other preparations

are collected in Table IV%2.

A
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Table IV.2. Exchange reactions of iodogermanes and chloro-

//réilanes with LiE

2Megﬁ3_amx + L12E —_— (Megﬁ3_2¥)2E + 2LiX
(1) ' (1X)
E =25 E = Se E = Te

MenH3_nM I IT Yield I IT Yield I - IT Yield

= - {(mmol) (mmol) (%) (mmol} (mmol) (%) (mmol)  (mmol) (%)
H3Ge . 2.76 0.92 67 4.16 1l.61 77 8.45 3.52 83
MeHzGe 4.32 1.80 83 3.56 1.43 80 7.14 3.17 89
Me2HGe 1.71 Q.70 82 8.80 3.90 89 9.88 4.20 85
Me3GQ* 3.16 1.43 91 12.25 5.23 85 5.78 2.49 86

\

MezHS% 9.96 4.72 95 8.02 3.60 90 11.38 5.25 g2
Me,Si ( 7.00 3.20 91  8.34 4.00 96 10.36 4.95 93

-
* ¥ = Br

When E = O, ihcomplete conversion of the iodogermanes afforded

1l:1 mixture of (Megﬁ EQe)zo and MenHB—nGeI {n=1,2).

3-
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(g) Reactions of fluorogermanes with bis(silyl) chalcogenides

The experimental details-given below represent the conditions
whereby a high yield of chalcogermanes were p;oduéed, in a
relatively short reaction time.

The reactor was a glass ampule {(ca. 10 ml) fitted with a
high vacuum Teflon-in-glass valve and gléss MSlQ'joint for attach-
ment to the vacuum line. The ampule was evacuated and cooled
to -196° and H3GeF (0.6l mmol} and a slight deficit of (Me3si)zs
{0.24 mmol) we?e distilled in., The mixture was allowed to react
at room temperature for 5 - 10 minutes. The volatile materials
were then fractibnéted in vacuo using trapé held at -45° and
-196°. Unreacted H,GeF ' (0.10 mmol), Me,SiF?% (0.47 mmol)
and traces of GeH432 were identified by analysis of the lH
n.m.r. spectrum of the contents of the trap which was held at
-196°. The trap held at -45° retained pure digermyl sulfide,

(HBGE)ZS (0.23 mmol, 96 © Similar experiments using excess

MeHZGeF and MezHGeF gave (MeH2 2 2 2

The analogous reaction of (Me35i)25 ({3.28 mmol) with excess

Ge) .S (95%) and (Me,BGe),S (100%).
Me3GeF (8.15 mmol) for 45 minutes at .room temperature gave a
mixtu;e of (Me,Ge),S, (Me S1i),5 and the mixed ‘sulfide
Me3SiSGeMe3 at -23°, and Me3SiF and Me3GeF at -196°. All species
were identified by their lH n.m.xr. parametersa’ll'lZB. Similar
product distribution was obtained with longexr reaction times.
However, when (Me3Si)2S (0.14 mmol) and Me3GeF (0.41 mmol) were

allowed to react in a sealed tube at high temperature (ca.80°C)
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and left overnight, then (MeBGe)ZS (0.14 mmol) was formed
quantitatively. Details of all preparations are collected in

Table IV.3.

2
Table IV.3. Exchange reactions of (MeBSi)zE species with fluoro-

germanes

(Me,Si) E +2Meﬂﬁ3_EFeF —> (MeEFB_EFe)ZE +2Me ;SiF

(I) (x1)

E = S§,S%,Te; n=10,1,2,3

E=2S8 E = Se E = Te

Me H,_ Ge- I IT' vield . I II Yield I IT Yield
-7 (mmol) (mmol) (%) (mmol) (mmol) (%) (mmol) (mmol} (sg)
MeH,Ge 0.43 0.43 100 1.02 1.00 #98  1.32 1.30 98
Me,HGe 0.23 0.22 - 96 0.79 0.78 99 1l.22 1.22 100
Me ,Ge 0.14 ©0.14 100 ©0.85 0.85 100 0.85 0.85 100
H,Ge 0.24 0.23 96 0.23 0.23 100 0.95 0.94 99

IV.3. PHYSICAIL PROPERTIES

Bis(silyl)- and bis{germyl)- chalcogenides are all clear,
colorless liquids when pure but the telluro species become readily
pale yellow to brownish at room temperature. The sulfur com—
pounds have a well-earned repufation with regard to their bad

odor. The selenitm=and tellurium compounds are worse and the

4
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smell has a tendency to stick to the cloﬁhes, the hair, and indeed
the whole person. I, as a syﬁthefic éhémist}'becam; aceﬁstomed .
to it but the other members of the laboratory and other associates
. did not. The repulsive smell was in itself a good protection
against these toxic and. noxious gases or liQuids, but the adeéuate
fume hood and efﬁective ventilation were indispensible. Of
course, one must édmit that this noxious factor has certainly
delayed the deve;opment o% M-Se and M-Te chemistry where
M = a Group IV element. The current interest in organoselenium
research is to a considerable extent due to the possible biological
effects and their practical consequences. . |

The Si-S, Si-Se and Si-Te species are very easily oxidized,

e.g. by air, but are otherwise stable. The hydridic species
i.e. (H3Si)2E (E=Se,Te) apd (H3Ge)2E (E=S,Se,Te} are stable at
room temperature for some time but diséroportionation is likely
to occur over extended periods of time. Whilst, (H3Si)2E
(E=0,S) are the most stable of the fully hydridic’ species,
(H3Ge)20 is the least stable and it was stored in sealed glass
tubes held at -196°. Indeed, all the compounds were best kept
in sealed glass tubes and stored in a refrigerator. All of these
chalcogen compounds are sufficiently volatile thatbthey could
be easily handled undex vacuum line conditions, provided contact
with silicone-grease was kept to a minimum. Other physical

-~
properties are summarized in Table IV.4.

e ————————————



Table IV.4. Physical Properties of_ some Silyl- and Germyl- Group VI Species

‘ M.p. (°C) B.p. °C{torr) T Ref.
Compound . ‘ .
i Ge S Ge Si Ge 59 Ge
(H3M)20 -4 -15 a
(MeH,M),0  -138 35 65 22 42 b
(Me, HM) .0 73 116 21 89 b
(Me M) ,0 61 100 129 26 d ¢
(HM),, 70 =35 59 23 88
(MeH M), -120 105 22 42
(MeyhiM),s 146 145 16 89
(Me gM),S -22 162 40/1 ‘ 95 192
(H4M),Se 68 -41 85 23 88 99
(hksM)ZSe T 58 . | 117
. 49
(H M), Te 75 90 99
(Me ), Te o O | Rt

*T=Trouton's constant, (cal mole” 1 deq™ L

ap.C. Lord, D.#.Robinson, and W.C.Schumb, J. Am. Chem. Soc., 78, 1327 (1956)

Prer. 169. €J.E.Griffiths and M.Onyszchuk, Can. J. Chem. , 39, 339 {1961).

dR.0.Sauer, J. Am. Chem. Soc., 66, 1707 (1944).
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Iv.4. DISCUSSION

The Si~-0 bond is the ultimate product of oxidation or

hydrolysis of almost all silicon compoungs. The hydrolysis of
124

monohalogenosilanes gives disiloxane and not silanol though
it is presumably formed as an intermediate, e.g.

(/z‘ H3SiBr + H20 L "H3Si0H“ + HBr " [18]
2 HBSLOH —_— (H351)2O + H20 fll9]

L
r

The fact that halogenosilanes react with fission of the Si-X

bond in preference to the Si-H bond can be rationalized in their

-

terms which take into account the greater polarity of the Si-X

linkages. Thus, the process SiH-——a-Si+ + H requires

1 {10406 kJ-mol—l) whereas the proce§s SiBr ——

-1,94

250 kcal.mol

+

Si” + Br requires only 179 kcal-mol L (748.9 kJ.mol™ ™)

Also, the greater tendency for chloro-, bromo-, or iodo:silanes
compared with fluorosilanes to readt with nucleophilic reagents
can be explained in part in térms of the greater degree of :
(p —~d)JT bonding in the Si-X bond when X is F, an effect which
not only gives a ﬁery strong Si-F bond but also :énders the
silicon d-orbitals less avéilabyg for use in forming a low energy
transition state with five bonds from‘silicoh of the sp3d type.94
In view of this, the'comparative'exberiments indicate the .
preferential formation of the Si-O bond [20] pver the 8i-§ boﬁd
[21] and the latter over the Si-N boﬁd (22] relative to the Gé—N

~

bond [23], i.e.
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H SINCNSiH, + H,0 ——— H,SiOSiH, * 1/2(H,NCN) [20]
H3SiNCNSiH3 + HéS ——— -no reaction [21]
. w L8
Me,SiNHSiMe , + 2H,S T--» Me ,5isTNH, + Me,SiSH (22]
H,GeNCNGeH, + H,§' ———+ H,GeSGeH, + 1/2(H,NCN) [23]

3 3 2 3 3

Thus, the interactibn of bis{germyl)carbodiimides,

(MenH3 nGEN) C with Group VI Specles} represents aconvenient

small—scale syq;hetic route to the corresponding chalcogenides,

(Me H_, _Ge) E/ahere E =0,5,8¢e and n = 0—3. Proponemts of the

3-n
iﬁ;ﬁrtance of (p—d) T bonding in “the Si-N sys-temse'69 relative

to the Ge-N, would no doubt accept this as further evidence of =«

-

the 'extra' stability of the Si-N bond or of the decreased pqlarit&
,:of-the bond making the silicon less open to nucieophilic attack.
It seéms improbable that the supposed relative weakness of thg .
Ge—-N bond éLuld comﬁietely account for the quantitatiée cleavage
.

of the Ge—N bg&d to form the Ge-0,-S and -Se bonds. Howevef, the

&
ready cleaviage of the Si-N bond by H

%

O is probably assocmated
126,127

2
with the formation cof the strong Si-0 bond.

For this reason, very few methods were available that
/ %

\\\\kiii:h:o-thio- and seleno-silanes, and consequently convenient
- :
syn tic routes were sought. In recentwyears, interest has

. been focused on the partial reduction ¢f Group V and VI species
with Li[AlH4].128'129 Analogousiy, the thio- and seleno-aluminates,
"Li[Al(EH)4]" were produced and used to further attack by halogeno-

e
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silanes and germanes leading to the formation in high yield,

of (MenHB—nM)2E where M = Si,Ge; E = 5,Se¢ and n = 0,1,2, in a

relatively short time. The formation of these species is likely
to occur via intermeclecular condensatioh of ,the intermediate

siiaqe— and germane-chalcogenols, MenH3

_ﬁMEH. The results of -
the experiments are listed in-Table Iv.l.

- The metathesis reactions that halogeno-silanes and -germanes

< .
undergo with heavy metal salts are analogous to the 'halogen

" 130

exchange' reactions in organic chemistry.” The halogen on

silicon and germanium which exchanges with the heavy metal salt,

PbO,'AgO and-HgSvig_usually bromide or iodide, whdre presumably

131

the soft bromine or iodine, 'in the Pearson sense, has a greater

affinity for the soft metal than does the hard-cllalcogen, e.qg.

b

h s s h. h h s
2Ce-Br + "Pbo‘;:f'_‘—> Ge20 + PbBr

where hﬁhard, s=soft

[24]

-~

2 Lo

Various authors have formulated copversjon series for the reactions

95,96,132

between silyl and germyl species.ith metal salts. The

series more or less follow the order of bond and lattice energies
and the ease with which conversion may be brought abot at room
temperature shows that the activation energies in the systems

are probably low. Thus, at ambient temperature without the use

133 16

of solvent, lead (II) oxide and mercury (II) sulfide

provide facile conversion of Me H 3_nSiI into

respectively. . The

3-

I_1.'.5‘»1)25 series

GeBr and Me_ H
n n

I(Me H Ge)20 and (MeEQ

n 3-n 3-

corresponding reactions using MenHB_nGeI give lower yields

—_ - .

J
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(ca. 35-60%) and appreciable amounts of decomposition by-product,

rmane, MenGeH where n = 0,1,2. By contrast, when iodo-

4-n
and bromo-germanes were passed as gases over lead(II) oxide

there were essentially no reacti_ons..133 Similarly, dibromo-

dimethylgermane does not react with léad(II) oxide even under

forcing conditions, in contrast to the highly exothermic reaction
< .

with silver(II)'oxide.‘ Whilst bromogermanes ‘do not react with
' 95,96,132

-

PbeiAgZS and HgS (in accord with the conversion principle )

there is partial conversion of iodogermanes into the corresponding
sulfides. This can be compared with the reaction of iodosilanes
with HgS. Nevertheless, the lower reactivity of iodogermanes

toward PbS relative to Lizs is aiso shown in the reactions witpf”

PbSe contrasted with Li,Se. However, while iodo- and bromo-

germanes react with lithium:sulfide, selenide and telluride in
ether to give thigh yields of chalcogermanes, Table IV.2, the

- corresponding reactions of iodomethyl-.and iododimethyl-germane
with lithium oxide do no£ go té completion at -78°, but iodo-

and®bromo-trimethylgermane afford high yiélds of-Héxamethyldiger-

133

moxane at room temperature. ‘An important contribution to the

reactions must be the high lattice energy of Li, O with other o

2

possible contributions coming from thg specific reaction conditions
and the novel raplid exchange {on the n.m.r. time scale) between
the halogenogermanes and the corresponding oxides, i.e. .

{Me_H Ge) ,O0/Me_H GeX where X = Br,I and n = 0—3, This
n-3-n"""2""""n 3-n

3~ 3-
observation placed some doubt on the reported conversions of

/‘f‘ ' .

i
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N
H3GeI to (H3Ge)20 with HgO and of (H3Ge)20 to H
113

3GeI with

[

H912

The quantitative conversions to chalcogermanes,

(Megﬁ3_E§e)2E, were obtained by treating the (Me£§3_2§1)2E species

in absence of solvent with the appropriate fluorogermane aceording

. ¢
to the following reaction:

(Me351)2E +2MeEFB_E§eF-ﬁ+(MeEF E-Ge)zE + 2Me.SiF [25]

3- 3
E = 8,5¢,Te; n = 0—3

In contrast to the"heavy metal” salt conversions, this type of

conversion may be explained in terms of the greater ability of
131

the harder moiety to be attached to silicon, i.e.

h S s h s s h h
51 - E + Ge F —» Ge g E + 8i - F [26]
95

Some time ago Eaborn suggesteé that in discussing

reactions of organosilicon compounds with heévy metal salts
more'meaningful prediction regarding to the favoured direction

of reactions obtained by using "ionic bond energies" rather than

usual bond energies. The "ionic bond energies" indicate the

energy necessary to break bonds heterolytically (i.e. Six-—’-Si+ + X))
rather than into atoms. Accordingly, the attempts to prepare
chalcogermanes by this method using the more readily available >
chlorides were unsuccessful because mixed species of the type
MeBSiEGeMe3 were obtained, i.e.

(Me Si)zs + Me.GeCl ——> Me _SiSGeMe. + Me_SiCl [27]

3 3 3 3 3
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The equilibrium position of the reaction appéars to be related
. T T

to "ioni’c bond energy" differences in the reactants and products

rather than by simple bond enefgies.95 Thus, the "ionic bond

"energies" of the Si-S and the $i-Cl bond are very close and

{ ot
suggest an equilibrium situation, Table V.5. .

~
~a

'\/ .
. Table V.5. Selected bond energies*

Bond energy' . Electron affinity "Ionic bond engrgy"
Bond kcal/mole kJ/mole kcal/mole kJ/ﬁole .kcal/mole 'kJ/mole
si-s ca. 70.0 292.9 61 255.2 197.0 824.2
§i-ClL . 96.0 201.7 86 3508  198.0  828.4
Si-Br © 75.6 316.3 84 *351.5 179.6 1.4
Si-I 56.0  234.3 76 318.0  168.0 702.9
Si-F - 142.0 - 594.1 95 397.5 235.0 983.2
si-o 108.0 451.9 48  200.8 248.0 , 1037.6
Ge-F 113.0 472.8 200.2 837.6
Ge-0 82.0 . 343.1 216.2 904.6
Ge~Cl 81.0 338.9 \ : '177.2 741.4
Ge-S ca. 58.0 242.7 179.2 749.8
Ge-Br 68.0 284.5 ' S 166.2 695.4
Ge-1I 51.0 213.4 ot “157.2 657.7

-

*Paken in par from ref: 69,95,134,143 and 145 and converted

to kJ/mole. ' . . .

e e — et i ekt g bttt
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Clearly, by using a fluorogermane the bond energy and
also the "ionic bond energy" in the products will be greater and

so the formation of the Ge-S, Ge-Se and Ge-~Te bonds is'thermo-

dynamically favoured product.



CHAPTER V

THE CHARACTERIZATION OF BIS{SILYL)- AND BIS{GERMYL)- CHALCOGENIDES

(Me_H. .M).E where M=Si,Ge; E=0,S,Se,Te and n=0—=3
n 3-n°'2- o

3

N
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Th tudy of silyl and germyl species containing a Group

‘VI ela{ment p-rese’h'ts a number of interesting problems™ to the
‘spectroscopist. The primary cbmplications are the handling,
sampling and the most significant.of all is the interpretation of
the spectroscopic parameters. I report herein an attempt of
comparative lH n.m.r., infrared, Raman and mass spectrdscopic
investigation of these species, viz. - (Me H, M),E where M=Si,
Ge; E=0,5,5e,Te and n=0—3 as well as cle;vag; reactions of the

M-E bonds with anhydrous hydrogen halides.

v

v.1l. lH NUCLEAR MAGNETIC RESONANCE SPECTRA #~ i

The interpretation of nuclear magnetic resonance (hum.rny
parameters for compounds of the Group IV elements has provoked
much discussion and cantroversy in thg literature. Most studies
have been concerned with empirical correlations of such parameters
‘as the chemical shift or coupling constant with changes in physical

phenomena produced by substituent effects.ll’47'48’69'138 The

data are undoubtedly of great significance but it is still un=-

certain how the measurements are related to the electronic dis-

tribution within the molecule.69 b

The lH n.m.r. spectra of the compounds were recorded on

a Jeol C60HL high resolution spectrometer at 60 MHz. Because of
their malodorous nature and air sensitivity the samples were

sealed in Pyrex glass capillaries (ca. 3 mm o.d.) either as neat
liguids for obtaining the coupling constants or as solutions for

measuring the chemical shifts relative to tetramethylsilane (TMS)

a3
b
1
[
1
Az
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or cyclohexane. The solvent used was CC14 since previous
lH n.m.r. studies of the related silyl and germyl species utilizing
CCl4 showed little or no dilution shifts.27 In some cases,
eyclohexane (<§CH = 1.44 p.p.m.) Qas selected as both solvent
and internal standard; it being nonpolar and relatively anis-
otropic and therefore unlikely to significantly affect the chemical
shifts. The capillaries were then placed into standard n.m.r.
tubes (ca. 5 mm o.d.) containingrccl4 to ensure good sample
spinning. The spectrometer was calibrated to etﬁylbenzene at
a sweep width of 10 p.p.m. The chemical shifts are accurate to
+0.02 p.p.m. and coupling constants (measured at 5 and 2 p.p.Mm.
sweep width) to *0.05 Hz for proton coupling, JVAE , and
+ 0.1 Hz for satellite spectra, J(l3CH) or J( SlH) _arising
from the presence of 13C (f.l% natural abundance with'I = 1/2)
or 2981 (4.70% natural abundance with I = 1/2), Figure V.3.
Satellites arising from proton coupling with the magnetic 1sotope
of selenium (77Se 7.58% natural abundance with I = 1/2) and
te%lurium 0 125Te 6.9%9 naﬁural abundance with I = 1/2) were also
observed. The compounds had to be obtained in a high state of
purity because small quantities of impurities led to unresolved
2951H and 13CH satellites. The redetermined parameters for the
parent species, viz. - (Rfﬂz where E=0,S, Se Te and R=H,
Me are in good agreement with the literature values.

The lH n.m.r. spectra not only-;}bvided the initial

t

characterization for the chalcogen compoundé, but also confirmed
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their purity based on thedabsence of proton containing impurities.
Typical 1H n.m.r. spectra are displayed in Figures V.l - v.3

and the cbserved parameters for (MenHB;nM)zE where M=Si,Ge;
E=0,5,S5e,Te and n=0—~3 aré collect;a i; Tables V.1l and V.2.

All of the chalcogenides gave first order spectra consisteﬁt with
the free rotatiqn about the skeletal bonds. For the purposes,

‘of discussion the CH and MH protons are denoted as follows, .e.g.

H,C-H,Si-0-SiH,-CH, S

B d 4P

Thus the (MeHzM)zE species gave the f3 —proFon reionance as a
1:2:1 triplet, intenéity 3, to the high field of an associated
1:3:3:1 quartet, intensity 2, attributable to o((MHZf protons,
Figure V.1, while tﬁe (Me2HM)2E species gave the 8 ~proton
resonance as a 1l:1 doublet, intensity 6, to the *high field of an
associated 1:6:15:20:15:6:1 septet of intensity. 1 due to of (MH)
protons at lower field, Figures V.2 and V.3. For the parent
sequeﬁ%e (Me3M)2E‘the CH proton resonances appeared as a singlet

at high field while the MH proton resonances for (H3M)2E appeared

at lower field, Figures V.4 and V.5.

(a)(i - proton chemical shifts

. L
An examination of the ol -proton chemical shifts in Table

V.1 [ §(SiH)] and Table V.2 [d (GeH)] shows that the largest
_consistent trend comes about as the chalcogen changes from
00— S —> Se—>Te in the series (H3Si)2E or (H3Ge)2E. As the less

electronegative chalcogen is introduced the ol -proton resonances



' y.,1 The 14 n.m.r. spectrum of {MeHy5i),5e:

Figure
CC'l4 solution

Y

Figure V.2 The M n.m.r. spectrun of (Me, pisi),Se:
CC]4 solution
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are shifted to higher field. 1In other words, the less electron-
withdraying chalcogen leates the o -proton most shielded which is
as pight\be expected if the inductive effect is the controlling
factor. The trend persists equally well for both.the,(MeﬂzM)zE -
seties and also for the (MezHGe) E series. In this respect,

these. trends resemble those observed with regard to o -substitution

in the related halogeno-s:.lanes47 and -germanes,25 1135 MeH . MX

2
and Me.HGeX where X=F,Cl,Br,I.

2

It is interesting to note that as protons are replaced by
methyl groups on the M atom the ci-proton shift is to lower
field. However, the shift is mucﬁ less for E = ¢ .than for E = Te
and in general the magnitude-of Ehe trend for S and Se fall in
between. On the above 'inductive model' this implies firstly,
that-methyl greups, in this context, are more electronegative
than protons, and eecondly that they are able to exert a great
influence when Si or Ge is attached to Te rather than to O. Indeed,
any redistribution of®electronic envirenment of the cr-protons
brought about by methyl substitution are minimal on oxygen. The
net result on the (Me2H51) E series results in the trends result—

ing from changing E, being reversed for E = Te,Se and S. This

deVLatlon is in contrast to the d- -proton shifts of the Me2H81x
105, 133

'spec1esll and related halogeno—25 and chalco- germanes.

(b) ﬁ -proton chemical shifts

The chemical shift of the £ -proton resonances in all cases

decreases (shifts to higher field) with increasing methyl sub-
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Table V.1, The 1H.n.m.r. parameters* of (MenH3_nSi)2E species

Compound Stme) sty o¥ic 3%y 13y
(Hg8i),00 - 4,61, - 221.5 - -
,
(MeHySi )50 0.28 . 4.66 3.33 213.0 121.5
C . : .
(Me,HSi),0 0.14 4.69 2.85. . 204.9  120.0
[&] 1 0. - - - .
(MeySi), o¢»d 0.06 118.0
(H s:) - 4,35 - 223.7 -
(MeHZS1)ZSb . 0.49 4.47 3.83 2147 123.0
(Me,HSi),8" 0.38 . 4,63 3.39 - 205.1 . 121.2
PHST)5
(Me 351),5 5€+¢ 0.31 - - - 119.3
. d '
(H,81),Se - ) 4,12 - 224.0 -
(MeH,S1),Se 0.59 4.43 3.98 215.8 124.5 -
(He,HS1),Se 0.51 4.73 3.54 205.5 121.4
) d
| (Me3S1)25e 0.42 - o= - 120.6 |
. e
(H;51),Te - 3.71 - 224.4 -
(MeH,S1),Te 0.73 4.25 4.14 216.2 125.3
(Me,HS1),Te 0.63 4.82 3.74 206.0 122.7
(Me351)2Ted’f 0.58 . - v 121.5

“* The spectra were recorded at ambient temperature. Chemical shifts
(510,02 p.p.m.) are in p.p.m. to low field of Me,Si as internal
standard in CC1, solution (5% v/v}. Chemical shifts of the tellurides
were measured rélative to cyclohexane. Deviations for coupling constants
of neat 11qu1ds are J(HH)} £0.05 Hz, J(S1H) 1 Hz, J(CH) 0.2 Hz.

f
ARef. 48; CRef. 47; Ref 113 dRef 93; “Ref. 90; Ref. 117.

Compare with (Me) (Me S1 Te C Hip so1ut10n) of 0.67 ppm in ref.117.
and 0.60 ppm (CC]4 so]ut18n in ref. 95
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Table V.2. The 1H n.m.r. parameters* of (MenH3_nGe)2E species
; _ - | ; : .
-Compound ﬁl S(Me) 5(GEH) JH%C ' ‘ 313y A
(Hq6e),03 - 5.28 . Ny - . C—-’T’-"'//f—
(ThHZGe)ZOb 5059 528  2.91 -  129.1
(Me HGg)Z 0,40 5,40 2.43 128.2
d
(bb3G?)20 0.29 -.‘ - 1  125.9 ;
(Hsg_fa)zse - w2 - -
_ (agnzee)zs 0.66 4,87 3.30° 129.4
(Fe,tiGe), 5 0.54 4,93 2,91  129.0
If(Hg3Ge)ZSd T 05y - . - 127.5
(HBGe)ZSpE.‘ - 4,23 - .- .
(tet,Ge),Se 0.77 4,55 3,38 130.1
(e, HGe),Se 0.69 4.73 2.96 129.3
(te 6e) 5" | 0.58" - - ’ 128.1
(H,Ge),Te - 159 - -
(MehGe),Te 0 0.93 512\ 353 Rt
(NezHGe)zTef " 0.80 ses 39 1817 |
(Me3Ge);TE§ L0 - SO %

* See footngte to Table V.1.

J(SeGeH) 12.1 Hz, J{TeGeH) 19.4 Hz 1n ref. 99, gj .
ompare with the values (MeH,Ge) ) 0.49, &§(GeH) 5.12 ppm and
(MezHGe) 0 &Me) 0.42, 6(GeH 5, %4 ppm in ref,169.
CCompare w1th &{Me) 0. 13 §{GeH) 5.45 ppm (Et,0 so]vent in A.R.Dahl,
C.A.Heil, and D.Norman, Inor? Chem,, 10, 25%2 (1975).

dcompare with 8(tte) of (MegGelpE (CC1, solut1on) of 0.31 (0), ) 53 (S),
0 66 -(Se) \ppm-in ref.8,

fRef J.E.Drake”and C. R1dd1e,gﬂ .Chean. Soc. (A), 2710 (1968) ‘
Recorded in CgHyp (5% v/v). O 74\ppm (C6H12 so1ut1on) in ref. 11,

L] - LA, l

3

-
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stitution but increases as the chalcogen changes from

0—5-—*Se —-—bTe.' This is the case for the fB-proton shifts in’
11,47 25,135

the corresponding halogenosilanes,
3

and rglated halogeno-

and chalco—l germanes. This general feature appears to be

more related to\the size of the substituents and hehce has’been

’ 8,136

attributed to anijotropy and related effects. In this

respect the anisotriopy contribution of the M-E bond might accghnt
for the observed anomaly just mentioned for the }i—protons.
A slight correlation exists between the internal chemical shift

[ 6(SiH2)— 6(CH3) and dlSiH)—'é(CH3)] and electronegativity of:

L

the substituent. Howevej, with decreasing electronegativity

the internal chemical shift of (Me HSi)zE where E=S,Se,Te alters

2
only slightly: é(smz)- cS(CHB)E; 0, 4.38—5,3.98 ~—>Se,

3.84 —>Te, 3.52; J(SiH)- cS(CH3)E; 0, 4.54'—=5, 4.25->Se, 4.22
—Te, 4.21. It is unwise to place too much emphasis on the

significance of these trends but they are useful as an aid to

and confirmation of assignments.

{¢) Coupling constants

The 130- and 29

Si-proton coupling constants were obtained
from the well resolved satellites equally spaced either side
of the P - and o[—proton resonances, Figure V.3. Satellites were

also observed due to,proton coupling with magnetic isotopes of

77 125

both Se and Te so that under the conditions studied there

-

is QQ;exchange of silyl oi germyl groups. Proton coupling with

. . : s . ﬂ
\ the active 73Ge nucleus (73Ge, 7-8%’abun%nt; I = §@as not
+ L . /

P ¥

A

-~

e B 125 B e L Wit
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obsérved but has been reported only in the highly symmetrical
z ¢ .

molecules GeH432 and GeMe4 149 ' 3

s

The magnitude of the coupling constants for some of the
parent species, (R3M)2E wh?re R = H,Me+and other re%ated silyl
and.germyl compounds\ﬁas been disctissed in the literature in
terms of the s-character in the intervening bonds and hence fo
the Fermi contact term 8,56,137-141 and to T -type interéctions
.as well as hyperconjugation of the d-orbitals of the chalcogen

atom Wlth the SiH bonds.56’112'142

-
constants decrease with increasing methyl substitution, but

At_this point, the coupling

.
increase as the\}halcogen electronegativity decreases (or its
bulk increases) which implies that the.C-H and M-H bonds increase

win s-character from oxygen t+o tellurium. The larger magnitude

of J(Gel3cH) 125.9-132.6 Hz, Table V.2, relatife to J(Si'iCH)

118.0-125.3 Hz, Table V”ﬁ, also conforms to an increasing coupling

constant with increa51ng mass. However, the smaller values of"

the v101na1 interproton coupling, ngg , as the mass of

M (M‘G&)-Sl) increases could possibly bg due to the longer distance
in the H-C-Ge-H fragment.25 1150

Long—-range, H~(M-E-M" —)H', coupling has been observed'
fﬁf some Group 1V hyeildes, 1%'142 HBM—EfM“H' where M and M" =

Cc,Si,Ge and E=S,Se. or the nixed species (M=%=M such coupling
is directly observed in the main, first order lH n.m.r. spectrum
put in the simple hydrides (M=M") may only be observed in the

13C and 295i satellites, Figure V.4, gimilar coupling is not
&

L

v e e i
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bbserveq in the oxygen analogues, H3M-O—M“H3{ indicating that
thé H-H ' distance and the exteﬁt of Tfjbondiﬂg are not of prime
importance in determining the value of J(HH" .- It has been
suggested therefore that the d~orbitals of'sﬁifur and selenium

56,112,142

play an: important role. Evidence for this type of

-coupling was sought in this study for the analogous hydride,
H3SiTeSiH5. The appeg¥ance:of the 2°
S

quartets,.Figure V.5, .indicates that the d—o;bi%als of tellurium

\ .
SiH satellites as 1:3:3:1

are also available of involvement in long-range coupling. Thus

in the series H3SiESiH§ as E changes from S—»Se—Te, J(HH"
decreases: 0.70—0.63—0.59 Hz. The significance of .the

magnitude of thesg‘vaiues and prepbnderance of the afore-
mentioneé effects in determinéizethe value of the coupling constdﬁ%s .
are poorly undérstooa but it is important to have comﬁarative

data for the series of compounds.

v.2. VIBRATIONAL SPECTRA

The vibrational (both i.r. and Raman) spectra of
(MeBM)ZElll'117'l44fl46 and (H3M)2E 88,9Q ,113,114,119 where

-

M=Si,Ge and E=0,5,Se,Te have appeared in the literature, so only
the intermediate species will be discussed. The assignments.of
the vibrational modes in the speétra of (MeHzM)zE and (MeZHM)zE

e
are based firstly, on comparisons along the series E=0-—»S —>

4 : .
Se —Te and secondly, on comparisons with the spectra of the
- .

aforementioned parent chalcogenides and related monohalogeno- '

46,147 4 ggermanes.25'148 The vibrational spectra of’

Y 1

silanes
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some (MeH2M)2E and (MezHM)zE species are displayed in Figures

V.6 - V.15 to provide representative examples,. while, the observed

frequencies along with intensities, p°1ariji3522,§9é;’ and tentative

aésignments, are présented in Tables V.3 - V.6.

b

N T . s
The general features in the spectra which are characteristic.

of the heavy—atgm skeleton,‘MaE—M, appear as follows: :Si-0 .
stretching (asymmetric and symmetric bands) at ca. 1079 vs (i.r.)
and 581—547 vs, p(Raman), compared with v (Ge-0) at ca. 882 (i.r
and 501-480 m,p (Raman); v (Si-8) ca. 489 vs (i.r.) and 473-461
vs, p (Raman), compaxed with v(Ge-S) ca. 410 s (i.r.) and ca.
371 vs, p (Raman); v{Si-Se) 93.384 ms (i.r.) and ca. 383 vs,
p (Raman), compared with v{Ge-Se) ca. 280 s (i.r.) aﬁd ca. 276
vs,p(Raman); and v(8i-Te) ca. 329 s (i.r.) and ca. 332 va, P
(Raman), compared with v(Ge-Te) ca. 235 m (i.r.) and ca. 229 cm
vs,é (Raman). A closer inspection of the Raman spectra of the
(Mezﬂsi)zE species, where E=S5,Se,Te; Figure V.8 , reveals that
the v; (Si-E) splits in two lines in contrast to the single line
of the vg (Ge—~E). The eause of this splitting, as that of the

J(SiH)- proton shifts, is not clear but the most probable ex- i
pranatloﬂ’would be that there is a mixture of conformers

The assignment of the asymmetric Ge-0 stretch was com- ’
plieated by the presence of F(CH ) and ‘J(Gqﬁg vibrations and
examination' of the literature suggests that others have also
found this vibrational mode difficult to assign for. (H Ge) O
114 : 135 151

HBGeOMe} MeHzGeOAc, (MeBGe)zo and related spec1es.152

.)
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Table V.3. The {.r. and Raman spectra (em~1) of the bis(methylsilyi)chalcogenides*

78

* gpectra recorded at roam temperature.
m = meditm, s = strong, w = weak, v = very, sh = a}nzlde_r br =broad, ma = :rode.ratelystrcmg,
p = polarized, dp = depolarized

Tentative (MeHzSi) 0 (Mejlzsi) 58 (H:H.zsi) ,Se (HeHzSi) ,Te
Assiqgument i.r. {gas) Raman(lig) 1i.r.(gas) Raman{lig) i.r.(gas} Raman{liq) i.r.{lig) Raman{lig) .
. a) 2970 mw 2967 m,d 2979 m 2973 mdp 2975 m 2967 m,dp 2966 m 2965 m,dp
U(C}I3) . '
8) 2908 w 2908 va,p 2912 mw 2909 vs,p 2906 w 2903 vs,p 2903 mw 2901 s,p
v(siﬂz) 2157 vs 2159 va,p 2159 vs 2155 va,p 2158 vs 2155 va,p 2151 vm 2147 a,p
a) 1418 vw 1422 w,dp 1417 wbr 1418 brw,dp 1418 w 148 w,dp 143 m 1411 w,dp
G(CH3){ ’ ‘
s) 1265 8 1259 m,p 1261 m 1255 m,p 1262 m 1251 m,p 1246 8 1249 m,p
6(siH,) (sc) 970 s 97 m,dp 9498 944 m,dp 942 sh 936 mdp 935 8 931 m,dp
919 vs 516 whr 908 8 907 w,p 500 sh 896 m,p 877 va 877 8.p
p(CH ){
877 m 866 nw,dp 873 vs 868 me,dp 870 vz 868 brsh,dp 834 vs 835 wash,
dp
v(SiC) | 766 m» 756 B,p 745 ms 743 8,p 137 s 733 8,p 720 vs 721 8,p
wag) 720 vs,p 699 W 698 8 693 5,p 685 s,p
ﬁ(SﬂE){
. 695 sh,dp 672 sh,dp 657 sh,dp 638 br,dp
D(Siﬁz) 518 w 519 mw,p 510 ms 505 ma,p 495 w 493 m,p 475 mw 473 w,p '
1085 vs 489 sh | W 332 s
W (SJ.E) <[
8) ca.575 w 581 vs,p 461 vs,p 380 vs,p 328 vs,p
221 sh,dp
m,[
261 sh 198 s,p 186 8,p 173 s8,p
6 (ESiE) 227 m,p 115 w,p ca.% p ~ca.B5 wi,p
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a‘l‘ab'le V.4, The i._rj,f'aﬁd Raman spectra {cm™!) of the bistdimethylsilyl)chalcogenides*

Tentative {Me.1iS1) .0 (Me,HS1) ,S (Me,H51) S8 {Me,liSi) Te
Assignment i.r.(gas) Raman{lig) i.r.(gas) Raman(liq) i.r.{liq) Raman{lig) d{i.r. (liq) Raman(lig)
a) 2965 m 2066 m,dp 2965 o 2967 mdp 2965 ms 2962 m,dp 2959 ms 2961 m,dp
v(cH,) -
8) 2907 w 2904 ve,p 2905 m ° 2903 ve,p 2901 m 2902 vsyp 2899 m 2899 vs,p
v {SiH) 2125 8 2129 vo,p 2130 vs 2137 s,p 2136 ve 2138 5,p 2130 ve 2135 &,p
a) 425w 1425 w,dp 1425 m 1425 w,dp 1426w 1423 w,dp 142l m 1416 w,@p
s{cy) 1393 1399 w,dp 1398 sh® 1396 w,dp 1394 sh 1392 w,dp 1393 sh 1391 w,dp
s) 1265 s 1258 m,p 1255 va 1254mp 1254 ve 1254 m,p 1250 v 1253 mw,p
(a) 9158 907 mw,dp 896 vs 894 nw,dp B93 vs 885 m,p 874 vs B77 m,p
o(cnf[m) 886 va 880 w,dp  B69 vB B60 w 854 vs 862 wsh 851 va 847 vwsh
. a,s) 836 m 836 me,p 833 vs 841 wsh 831 v 837 wsh 829 wsh 835 wwsh
a) T4 764 mdp 768 8 767 mdp 765ms 765 me,dp 758 ms 762 w.dp
v(Sic) j
8) 670w 670 ya,p 663 ms 667 ve,p 657 ms 664 5,p 662 sh 661 ms,p
s)ca. 730 w 748 m,p 716 ms T s m,p 703 ms 702 m,p 684 8 688 m,p
& (Sil) .
a) 630w 626 m,dp 635 m "633mdp 632 m 634 me,dp 628 m 629sh,dp
a}) 1074 vs 489 vs 379 vs 326 8
v(S4iE) 472 sh™ 72 va,p 387 vs,p 335 va,p
s)ca.565 we 547 va,p 460 wah 459 sh,p 372~ﬁshb Li73 e (s snp
& (Csic) 285 gh 254 W° 255 m,p 250 m,p 240 m,p
8) 259 sh 215 sh 199 sh
5{CSiE
' a) 211 sh 188 s,p 184 8,p 177 s,p
8 (SiESi) 193 8,p° 103 rw,p 89 wsh ca.78 w

* See footnots to Table V.3.

alj_q., Pgaa
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Table ¥.5.. The {.r. and Raman spectra (cn']) of the bis{methylgermyl)chalcogenides*

Tentative {Meli,Ge),0 (Meif Ge),S (HeH Ge) ,Se (Meti Ge),Te
Assignment T.r.(gas) Raman{1iq} 1.r(gas) Raman{11q) T.r.{gas} Raman{11q) i.r.(11g}Raman{119
(a) 2997m 2930m,dp  2939m 2988m,dp 2998m 2987m.dp  2991m 2984m,dp
v(cty) {; (2970)m (2967w
(s} 2923w 2920s,p 2923 2N 9s,p 2923w 2916s,p 2916m 2915ms ,p
(a) 2077sh  207\vs,p 20B2vs 2078vs 2061vs
v(BeHz{
(s) 2057vs  2058m,p  2070vs 2060vs,p 2066vs  2057vs,.p 2048vs,p
(a) 1418w 1420w,dp 1420w 1416w.dp 1413w 1414w,dp  1405m 1407w, dp
&{cHy) { . )
{s) 1259 1248m,p 1262m 1243m,p 1263w 1240m,p 1238m 1238m,p
d(sellz) (sc) 876s  B75m,dp  B73sh 87Im,dp  873s 868m,dp B65S 865m,dp
gravs P _ ~
. {a} , 840s B45wsh 852s : " B853s 848sh,p 832vs 837w
plcH,) { '
(s) 800vs 831vs 823w 823vs 820w,dp B08vs 815w
{wag) 725s 726w,dp  709s 708n,dp  698s 695m,dp  674s 677m,dp
a(sauz){ '
{tw) 661m,dp 632sh,dp 625sh,dp ca.619sh,dp
vigeC) 6l0ms  610vs,p  605s 603vs,p  604s 602vs,p 5955 597s,p
o (GeH,) 454vw  4S3m,p  44Sas 48im,p  450w,br  45lm,p 230m  429w.p
(a) 90ish®  900sh.dp  409s 402m,dp 2353
\J(&-E}{ (833)b
(s} 486a 501m,p 378vw I7ivs,p 279vs,p 226vs,p
& (c-Ge-E) 236w ) 163ms,p 158ms ,p 147s,p
& (Ga-E~Ge) 182m,p 101ms ,p 84ms ,p 77ms ,p

* Spectra recorded at room tesperature. )
@ = medium, s = strong, w = weak, v » very, sh = shoulder, br = broad, ms = moderately strong,
. p = polarized, dp = depolarized. /

2 cas. Pin ccl, solution
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Table V.6, The i.r. and Raman spectra (c.'l) of the bis(dimethylgermyl}chalcogenides*
—
Tentative (He,Hce) 0 {Me he) S (Mo HiGe) )Se (Mell Ge) e
Assignment i.r.(gas) Raman{1iq) {.r.{gas} Raman{Tiq) 1.r.{T1q} Raman{Tiq} f.r.(1ig)Raman{ iq)
_ {a) 2597s 2987m,dp  2987m 2988m,dp 295§s 2979m,dp 2982 2978m,dp

u(ﬁia) {

{s) 2926m 2918vs,p  2915m 297vs,p  2914s 2915vs,p  2912s 2910s,p
viGeh) 2040vs  2034vs,p 2042vs  2044s,p  2039vs  2044s.p  2036vs  2038s,p

{a) 1422m 1418n,dp  1410m 1812w,dp  1410m -1415w,dp  1408m 1414w .dp
5((:13){ o

{s) 12555 1247m,p 1248m 1244m,p 1238s 1246m,p 1236s 1241m,p

{a) 849s 847m,p 847s 852m,p 846vs 898w . 839%vs 843m,p
p(ma) {(s) 805vs 800w 824vs B26w 820vs 820sh 819vs 820sh

{a,s) 762m 758w 763m 752w 758m 751w 756m 752w

a) 702s 698m,dp° 6785 683m,dp  668s 666m,dp  650s 650m,dp
& (GeM ) {: '

5) 664w 634m,dp 662w 630m,dp 634w 630m,dp 625m,dp

a) 613s 609m,dp  607s 609m,dp  607vs  603m,dp 6035  60Im,dp
v(BeC}) {

5) 591s 593vs,p  587s 590vs,p 583s 587vs,p 579s 581s,p

a) 882s B83w,sh  410s 409m,dp  280s . 2345
v(&e-E)E : ' .

s} 480m 485m,p 379vs,p 273vs.p 232vs,p
§ (C-Ge~C) 250sh ) 198s.p 18%m,p : 188m,p

{s) 214sh ‘

8 (C-Ge-E) {ja, 193sh 1625,p 1585,p. 152s,p
& {Ge-E-Ge ) 169m,p 95@,p 76a,p 63m,p

See footnote to Table V.5.



Table V.7. The i.r. and Raman spectra (cm~l) of the digermoxanes*

g2 ;
]

3

Pk

Tentative (Me3Gé) 0 Tentative
2
. Assignment i.r.(gasi Raman(1iq) i.r.{gas).Raman{1iq) Assignment
(a) 2241 w 2239 m,dp 2988 s 2983 m,dp (a)
. v(CD3)—[ : ' . }-v(CH3)
(s) ca.2134 wsh 2128 vs,p 2919 m 2912 vs,p (s)
v(GeH, ) 2062 vs 2057 vs,p 1408 w1409 w,dp (a)
(a) 1037 ww 1032 w,dp 1349 w . —5(CH3)
(o) .
(s) - 980m 972 s,p 1245 s - 1246 myp  (s)-
$(cetty) (sc) 871 s 879 m,dp 817 sh 820 w,p  (a)-
810 vwsh 815 mw,dp 801 vs 792 wsh (s)-—g(CHB)
d(GeH,) 731 m,dp 757 m . 758(d:dp(a,s}
o 660 s 655 w,dp 609 s 607's,dp (a)
. - v(GeC)
(a) 770 vs 778 sh "569 m 575 vs,p (s)-
Q(CD3),{
L(s) 610 wsh 604 w,dp 882 vs ca.868 w (a)
]—v(GeO)
v(GeC) 555 m 554 vs,p 460 w 470 ms,p (s)
(a) 905 vs 245 sh (a)
: U(GeO)"{ . )}—J(GeCB)
(s) 460 vw 473 s,p 196 s,dp (s
?(GeHz) 425 vw 426 m,p 160 s,p £ (GeDGe)
$(CGe0) ,204 vwsh
&(GeOGe} 167 m,p

tgee footnote to Table V.5.
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Figure V.6 The Raman spectra®of methy]disf]y] chalcogenides
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Figures V,13-V.15 - The gas phase infrared spectra of:

(MeH Ge)ZO .

2
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‘Deuteriation at carbon prod&éed-the gxpeéted low frequency shift
in all CH modes®’ {Figures V. 9 and V. 10} and cgmparison along
the germoxéne series (Tébles V.5 - V.7, Figures V.9 - V.15)
facilitated the assignment of the .vg(Ge-0) at ca.B882 emL.

The M-E-M deformation mode is clearly observed in the
Raman spectra and thg resultinggtrend,of 0> S> Se>Te and Si)~Ge
is a direct consequence of the weight of the E .and M atoms.
Thus for (MéHiM)zE oné can observe a shift in the M-E-M defor-.
~ mat;.on as follows: Si 227 m,p, Ge 182 m,p [0]; Si 119 w,p,
Ge~101 ms, p [S]; Si ca. 96 p, Ge 84 ms,p (Sel;  Si ca. 85,
vw,p and-'Ge 73 ms,p [Te] wh}Eh ;s similar to that:of the
(MeZHM)ZE series, viz. - Si 193 s,p, Ge 169 m,p [0];. Si 103
mw,p, Ge 95 m,p [S]; Si 89'm,p, Ge 76 m,p (Sel; Si ca. 78w
and Ge 63 m,p [Tel.

The CH3 stretching and dgformatiqn modes are unambiguously

assigned in the expected 3000-2890 crrl_l and 1410-1235 cm_l

as are the MH stretching modes at 2159-2125 cm L (SiH) and

regicns

2080-2030 cm_l {GeH). ' The remainder of the assignments for the
Megﬁ E¥~m01et1es (i.e. PCH3, chHZ, PMHZ, SMH) are comparable
46,147 25,27,148

3_

to the related monohalogeno-silanes and —-germanes.

V.3. MASS ‘SPECTRA .

-2

The. mass spectra of'the-(MenH -nM)zE species provided

3._.
molecular weight confirmation and furtherg;agport.for the a

priori assignment of the lH n.m.r. and vibrational spectra.

o

Thus the molecular or "parent" ton " or ions derived from the’

~—

~
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molecular ion by £ﬁe loss of any number of hydrogen atoms
{P—nH)+ were consisfently observed (excepl for the (Me3M)2O
where M=5i,Ge) in the expected m/e ranges as shown in Table V.8.
For convenience and comparisons of the characteristic fragments
resuiting,from molecular breakdowﬂ at the ionising potential of
70eV the intermediate (n=1,2) and parent species (n=0,3) are
discussed separately. The polyisotopic nature of germanium,
selenium -and tellurium lead to comp;icated spactra but the observed
distribﬁtiOn and inteﬂsitiss may be corre}ated with their known
abundances, Table V.9. In addition, with the hydridic sbecies,
difficulty arises from overlapping polyisstbpic fragments resulting'
from 'hyd;ogen stsipping'. However, resolution of the ambiguities
is largely made possible By summing the hydrogen loss and using
. computer prodrammed analysi5153 to produce a 'gsperalized' frag-

mentation assignment. -~

l Y

v.3.(a) The mass spectra of (Mel,M),E and (Me,HM),E series

The ion clusters and-their relative abundances for the
intermediate chalcogen compounds of silicon snd germanium are
presented in Tables V.10 - V.13 and réprésentative experimental
spectra are displayed in Figsxes v. 16 - V:IB . It can be seen
from these daﬁa that tﬁe parsnt molecular 'ion (including P‘EH+)

o M
is present in all cases but in larger abundances for the mono- .

methylated species. For the silyl species the’ relative abundance

-~

'of this ion varies in the order ®>» S>Se> Te. The germyl species,

however, do not reflect this trend, and in the Jcase of the sulfides,

-



Table V.8. Observed mass spectral parent peaks for the

(Me£H3_nM)2E species

92

Parent ~ Range, m/e
fragment
E =0 E =8 E = Se E = Te
(H3Si)2E+ 72-80 88-96 130-146 178-194
(MeHZSi)2E+ 102-108 . 118-125 160-174 208-222
(Mezﬂsi)2;+ 132-136 148~153 - 190-202 238-250
+ . r ‘ . 1 . "
3S1),ET 162-164% 178-181 "220-230 ° 268-278
(H3Ge)2E+ 146-174  172-190 216-238 264-285
(MeHzee)2E+‘ 186-202 202-218 246-266 294-314
o R
(Me HGe) ,E'  216-230 ° 232-246 276-294 324-342
(Me3Ge)2E+ 236-258% 262-274 306-322 ' 354-369

* not observed.

-
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f

Table V.9. Mass and abundances of Ge,S5i,S5,Se,and Te isotopes*
Isotope mass (lzc)_ %‘abundance
706e 69.924277 20.56
7266 71.921740 27.42
T3ge '72.923360 7.79 .
T4ge 73.921150 36.47
756 75.921360 7.76
285 27.976929 92.21
2953 28.976497 ' 4.70
30g; . 29.973772 3.09 .
324 31.972073 95.0
335 32.971459 0.76
34g 33.967870 4.26
T4ge 73.922477 0.87
T63¢ 75.919212 ° 9.02
se 76.919913 7.58
7850 77917309 23.52
B0ge 79.916525 49.'82
8254 81.916708 9.19
12056 119.904024 0.089
1225 121.903056 2.46
12300 122.904282 & 0.87
124 123.902830 4.61
125¢e 124.904426 6.99
1260, 125.903312 18. 71
1284 127.904468 31.79
1304, 129.906232 3 34,48

* Reference

: 62, "Handbook of Chemistry and Physics", R.C.Hest, ed.,

The Chemical Rubber Co., Cleveland, Ohio (1975),
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‘eelenides and tellurides, the 'relative abundance varies in the

. ;Bpoéite order, i.e., 0> Te> Se> S. Ffagmentation,along the

CMEMC skeleton affords»large abundances of ions resulting, from

loss of Me, Me H3 M and Me H3 nME._ The'most abundant 1dn in

the dlmethylated germyl specmes is due to (Me H Ge) sdggesting

a migration of a methyl group from one germanium atom to the
other. A.51m11ar rearrangement 1is not observed in the methyl-
germyl derivatives but cou%d occur in the- ox1des and sulfides
where the overlapplng of fragments Takes such an asSLgnment purely
speculative, ‘as in bls(dlmethy151lyl) - ox1de and tellurlde

4
2) ' (Me4HEFe2) and (Megdgdlz) fragments observed

The (MeZHﬁge
in the mass spectra of (MeHzGe)ZSe, (MeZHGebSe, (MezHGe5Te and

and (MezHSi)zTe, respectively, restilt from the effective elimination
of the central chalcogen atom. The elimination of the central

atom in the M-E-M linkage is not uncommon and has been observed -

in the mass spectra_of germyf phenyl ether,\154 germyl carbo-
diimideslzé, trigermylphosphine, trisilyl-amine and -phosphine

and N-methyl disilylamine.155 However, since the oxides and
sulfides do not undergo the condensation-type reactions observed

fon the selenides and tellurides where elimination of Se or Te

affords (MeEHM)2 species, I assume that if these fragments do

exist they will be in very small abundances.

V.3.(b) The mass spectra of (H3§12E and (Me3§le series

The mass spectra of the hydridic and fully me;hylated

chalcogenides are summarized in Tables v.1l4. and V.lS;SJiFé"
L 4

&
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Table V.iq. Ion clusters in the mass spectra of the

%§$ bis (methylsilyl)chalcogenides*

Relative Abundance (%)

Ion
Fragment
E = 0 E'= S E = Se E = Te
. -+
(Me,ti S1,E) 41.6 369 R 32.8 17.3
(MeH_Si,E)" 17.4 17.5 12.0 5.5
, 4
(H_S1,E) 20.2 : 6.1 3.4 4.2
(. si.)” + 7.5 7.2 7.7
n~"2 O . ’ T
(MeHhSiE)+ 9.3 13.9 29.5 . 41.9
(MeHnSi)+ 4.7 10.0 9.6 14.5
ot ,) ) -
(H_SiE) 5.3 4.9 3.6 6.4
= >
(Hnsi)+ 1.5 B . 1.9 2.5

* The value of n is summed from 0—2 for Si and 0— 4 for Siz.
+ Contribfttion summarized with (MeHnSiE)+.
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Table V.11l. Ipn clusters in the mass spectra of the
' bis(dimethylsilyl)chalcogenides*
Relative Abundance (%) ‘
Icon
Fragment E = B =S E = Se E = Te
R +
(Me4gE§12E) 35.5 13.3 13.9 8.2
. N . + .
(Me4HE§12) - - - 5.8
- . +
(¥e3HE$12E) 40.9 28.8 15.6 1.2
: +
- M83H2812) - - 1.7
. +
}Mezﬁagle) 3.0 7.5 0.5 -
. +
(Me2H2812) - - - 1.4
(MeH_si_E) " 1.8 1.1 _) -
n 2 . .
(MeH2812)+ _ _ _
(Me JH siy*t. 14.3 17.6 11.4
n _
(Me2HE$1E) 6.0 j} . }; :P'
T+ 7.6 15.0 27.1
(HESg.;zE) s .

H siyt - - - 1.1
n i, - - .
(Me H siy”t ]_ 7.9 C16.1 15.2

o 6.1
(MeH_SiE)™ B.2 8.0 17.9
(MeHnSi)+ ]_ 5.3 7.5 5.3
(_sim) 3.7 3.0 2.6 1.8
(HnSi)+ 3.0 3.0 — 3.2 1.9

* The value of n is summed gsom 0—1 for Si and 0—>2 for Siz.

N

:\.l: .



Table V.12.

Ion clusters in the mass spectra of the

‘ biS(methyigermyl)chalcogenides*

97

Ion:

Relative Abundance (%)

Fragment )
E =20 E = S‘ E = Se = Tg
. - " + l '
(Mezﬂﬂgezﬂ) 231 8.9 , 14.4 19.2
(MeH Ge,E)™ - ~ 11.8 14.5 15.8
. ]133.3
(Mezﬁnsez)f . - - 14.2 4.0
| 5.e ' 17.0
(H_Ge.E)T 11.4 10.9 11.2
2 ~
(MeH_GeE) " . 12.4 12.6 25.0
L 134 X -
3 N . _
(MeanGe) = X
n 17.5 -
(HnGEE)+ . 7.3 7.3
n L 15.6
(MeHnGe)+ . 24.5 20.0 13.6
- .
(Megggez) 1* 1.1 -
(H_Ge.) ¥ 0.7 0.7 0.5 0.9
Bez . . -
.
(H_Ge) 2.5 6.1 5.6 3.0
* The value of n is summed from 0—=2 for Ge and 0—4 for Gez.

%' (MeHnGez)+ may givg'some contribution to the (HnGeZO)+

fragment but it is expected to be very small in abundance.



Table V.13.

£

~

Ton clusters in the mass spectra of the -

bis (dimethylgermyl)chalcogenides*

98

\ . -
Relative Abundance (%)
Ion
Fragment E = 0 E =8 E = Se - Te
\ -
(Me, 8, GeE) 8.8 5.3 8.2 9.0
(MeanGezE)+ :¥ 11.5 8.5 4.0
n. - Las.s X
(Me H g$ y " 14.6 T
. 4nye 10.3
+
(Me, 8, Ge,E) 8.8 1.8 3.7
(MeH Ge.E)T! 4.0 3.9 0.7 6.2
n-"2 ’ ‘
. .
(Hggezs) 4.7 2.8 4.9 5.3
(MeanGeE)+ 5.2 4.0 14.0
n 26.3 -
(MeBHnGe)+ ) 20. 4 21.0 15.3
(MeHnGeE)+ 3.6 " 3.0 12,87
n 11.4 -
(MeanGe)+ . 17.1 15.6
n : :}19.8
(HnGeE)+ . 1.5 1.9
- }11.0 P
(MeH Ge)” 13.7 12.4 9.6
. _(HnGé)+ 1.5 3.5 2.3 2.6

* ?hé value of n is summed from

o

0—1 for Ge and 0—>2 for Gez.

+ Contribution summarized with (MeHnGeE)+.'
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Figure V.16 The mass spectrun df-(MeZHSi)zo
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molecular ion is the predominant ion in the former which is

very-similar to the corresponding carbodiifnides,125 (H3MN)2C.

A

Althoggh the fragment is complex, it.appears that the P-1 ion

is the principle cdntribution in the disilyl oxide and

“telluride , Figures V.19 and V.20, while the molecular jon is

predominant ip the disilyl sulfide and selenide. The principle

fragmentation procdesses, aside from hydrogen stripping, involve

the loss of‘%he chalcogen atom [1], H M (21, H ME (31, i.e.,

' T t
(Hﬁﬁ)zE _— (Hﬂm)2 + H ° [1)] -
M. Ef —s HMET + HM R . 2]
n-2 n al
(H_M) ZE*-" — “‘”Hnm*-" ¥ HME . [3]

The appearance of (HnSi)gf in the oxide and sulfide results

from the loss of an electron from the (HnSi)zfion, 5.e.

.+ o ¢
(HE§1)2 . —_— i)5 + e [4]

In the methyl alggues, (Me3M)2E, the molecular ion is

observed in all cases except fqg_the oxides. However, these may

be identified by the P-15 ion due to the loss of a mg;hyl group,

Figure V.21, i.e. : . .
) )
+ + N
MeBMOMMEB' —_— Me3MOMMe2' +  Me (5]

8
L}

The loss of methyl group is a common process in the fully sub-

sti%uted chalcogenides as is the cleavage of the M-E-M bond to

w7

produce (MeBM)T, i.e.
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Table V.14. Ion clusters in the mass spectra of the

bis(silyl)- and bis(germyl) - chalcogenides*

Relative Abundance (%)
Ion
Fragment

Si Ge . Si Ge 51 Ge Si Ge

(HanE)+ 73.6 74.2 57.5 47.7- 58.2 29.6 39.1 41.0

a

(5 M) " ‘3.5 1.4 10.7 0.8 42.5 0.9 26.8
- 2+ - \ — —— — — —_—
(H M) 12.0 _ 2.5 .

IHnME)+ 4.6 15.1 28.7 . 26.4 35.7 54.5  26.0
© T ”

(HnM)+ 9.8 7.2 9.9° 15.2 5.3 27.9 5.5 6.2

* The wvalue of n is summed from 0—3 for M and 0 —6 for Mz.
A

Peaks are summed together due to'6ﬁerlap.

Cnn

=
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Table 'V.15. ' Ion clusters in the mass spectra of the

.
-

bis (trimethylsilyl)- and bis(trimethylgermyl) -

chalcogenides | ,
. Relative Abundagce (%)
Ion f -
Fragment 0 g . a Se
si Ge si Ge si Ge si
(Me M‘zE)+ — — 9.2 1.2 19.2 8.1 5.7

(Me M 2E) 78.6  72.78 43.5 7.7 30.0 27.6 ° —

(Me ME)T — 2,43 —  41.2 — 1.9 —

'(Me ME) T — 0.78  — 4.6 — - =

(MeZMZE) — 0.50  — 1.0 — 1.5 —

(MeMzE) — w7 — — - — —

()" - 1,42 — 1.2 S — —

(Me3ME)+ L -_ - — — — 2.

kMezﬁE) o — — — — —

(MeME) " — — — — 2.0 0.8 —

ME) T 1.8  — — — — — —

(Me3M)+ 12.7 14,98  43.4 29.7  42.7  47.2 64.9
(Me M) " 1.6  2.47 — 4.3 1.4 3.6 8.8
(Mem) T 1.1 2.78 2.7 7.1 1.7 8.4  12.

M) T 4.2 0.10 1.2 2.0 3.0 0.9 5.
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st

+ : +
Me ;MEMMe , — Me,M' + Me3ME [6]

The fragments attribhtéblg to MenME+ are observed in the
selenides and tellﬁfides.and are_ﬁf ISQ abundance. In the
silicon chalcogenldes, only one methyl group is lost before
fragmentatlon along the Si-E-Si bond results, although in the
germanigm analogues (particularly the gxide and sulfide)
successive methyl stripping occurs until the Ge-E-Ge skeleton
is form;d. The (ﬁesM)+ fragment_ié of eonsiderable gbundance
and appears to increase along the series Te)> Se> 8> 0. - This is

in contrast to the (Me,ssizE)+ ion which exhibits an opposite

trend and paraliels the bond strength of the Si-E bond.

V.4. CLEAVAGE REACTIONS OF THE M-E BOND WITH HYDROGEN HALIDES

Further anal§sis of the MenH3_nM-moiety in the chalcogen

series was accomplished by protolyticvcleavage of the M-E bond

with an excess of gaseous hydrogen bromide or iodide, e.qg:
' !

(%FE§3_Eﬂ)2E +2HBr — &HenHB_nMBr + H2E [7].

Stoichimetric quantities of the well-known bromo-silanes and
-germanes were isolated and identified by their lH n:m.r. agd
vibrational parameters.

Typically, (MeHzGe)zs (1L.25 mmol) and HBr (3.12 mmol)
were‘condgnsed in vacuo into a émall ampule (93; 25 ml; type

'B', equipped with a Teflon-in-glass stopcock) held at -196°.

The contents were subseguently allowed to warm to room temperature

>
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for cd. 20 minutes. Fractionation of the products at -78°

GeBr (2.46 mmol; 98%; identified by “H
27,148

2

and vibrational spectroscdpy
3
the former and a mixture of st and unreacted HBr in the latter.

—

Similar reactions with the other chaltogenides.and HBr or HI «j;m‘J

and ~196° gave MeH

27,24

n.m.r ) condensing in-

provided indirect evidence for the monomeric nature of the :}
(Me H M) ,E where M=S8Si, E=S5,S5e,Te and M=Ge, E=0,S,Se,Te.
n 3-n ‘2

\
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X-RAY PHOTOQOELECTRON SPECTRA OF THE BIS(SILYL)- AND BIS{GERMYL) -
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The inclusion of X—iay_Photoelectron Speotroscopy, which -
is commonly termeg e&¥a o6 (Electron Spectroscopy for:Chemical
Analysis),.as a technigue in this research-is a logical extensicn
to ﬁhe attempt to develop an understanding of\the reactivity-

-

structure-bonding relat;onships within the analogous compounds .

- of silicon and. germanium.

VI.1l INTRODUCTION

Few ESCA studies of related Group WI derivatives have
appeared in the literature. Van Wazer et Ei 157 porU3151luxm
2p level bioding energies of several silicon-oxygen dontaini *
species and of the bolymeric sulfide (Sisz)m . all recorded with
solid or liguid samples. Their work was extended to similar |
derivatives of other Group IV elements.158 Unfor;unotély;

correlations between data collected from condensed phasg@ﬁamples

are liable to be poor. Per:%.aod Jolly have made extensive

correlations between vapor-phase determined binding energies and

calculated charge.159 In discussing the importance of d-orbital

participation-théy concluded that "the data offer little support
for the participation of d-orbitals zgﬁthe bonding of silicon~
and germanium compounds".160 Although they mainly reported

binding energies for simple hydrides and halides, two Group vI

S -
derivatives, Me,O and (SiH,),0, were included. 397180
r
A -communication by Plgnataro et al. 161 reported sulfur

2p 3/2 binding energies for a series’of compounds H5 6—S—ﬁMe3

where M=C, 85i, Ge, Sn, Pb. These were compared with the }3C NMR

g

ot L
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chemical shifts of the ring'carbon attached to sulfur. The

/ authors conciudeﬁ that the concept of (p—a)T —bonqing, from
suifur to the métal, M, is supported because the ionization
. energy of the sulfur 2p 3/2 level increases alo;g the series
Q-\-Si{Ge(Sn(}?b. However, the value of the binding energy of
sulfur for H.C,-S-CMe, falls between those of*the germahium )

576 3

‘and tin derivatives.

The hydrides (H3M)2E where M=C, Si, Ge and E=0, 5, Se, Te

162

have been the subject of a PES study which assigned the observed

bands to expgctéd valence shell levels and concluded that the
results @ere consistent with th; existence of (p—>d)T -bonding
for‘all cémpouﬁds where.M=§i or Ge. Glidewell163 reconsidered
thig data, taking into account that the ionization energies for
the lone-pairs of the Group VI atoms increase in the order
(HBC)ZE >(H3Ge)2Eﬁ>(H3Si)2E. This led him to conclude that the
SiH3 and GeH3 groups are not electron acceptors by means of

(p— d)TT -interactions but are, in fact, net electron donors,
relative té hydrogen. He suggested that aiﬂ}peﬁnﬁbathh-camxﬁ
by mixing of the.pll lone—pair»orbitai of M with‘another, more
tightly béund,.orbitél of T-symmetry, is oéerative.

- / .
Bock et al have publ}shed the results of extensive molecular
orbital calculations assi@ning the PES of the two series
(H3crn-E—(Sig3)22g:ﬁhefé n=20,1,2 and & = 0'%* ana 5.1%° For

L

the ether series tﬁey concluded that conformational changes are
surpfizingly important and that the bond-angle wideniné on sub-
stitution of silfl groups "may as much be a mechanism to relieve
. \
3?\\ AN
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coulombic repulsions ... as it is partially a result of oxygen -

164

silicon pTr — AT dinteraction".” For the sulfide series, they

conclude that (p — d)T interactions from sulfut to silicon play
a significant role in increasi?g the binding-epergy of'the sul fur
"lone-pair" in tﬁe'Zb molecular orbital®? alsoc the concentration
of lgcalized charge in thepsulfides is far less critical ghan‘in
the ethers.165
With this limited background of ESCA and related stpdies,
I decided to investigate a large number'of silicon and germanium -
Group VI species. Thus I have measured core-level binding energies
of all atoms in closely related series of éompounds. In this way
I can study the changes in binding energy and thence in charge
throughout'eéch molécule, as stepwise substitutions of atoms.or
groups occur:. The series repor£ed in this chapter are the methyl

substituted disilyl and digermyl chalcogenides, (Me H E

. n3-n" 2
where M. = Si or Ge, E= 0, S, Se, Te and n = 0 —3. Binding
energies are also reported for the dimethyl series MZE.where
E=290, 8, Se, Te; for the hydrides_H2E where E = 0, &,.5e and

for the methyl hydrides MeEH where E = 0, S.

-

VI.2. EXPERIMENTAL

N

The core-electron binding energies were determined on a
Mcéherson ESCA-36 photoelectron spectrometer (located at the
University of Western Ontario, London, Canada) using an energy
source for photoexcitation of 1253.6 eV (200.8 aJ from Mg K{

X-radiation). Samples were introduced into the spectrometer

2 =3

chamber at a pressure of ca. 5 X 10 - torr (6.67 X 10 ° kPa).

-
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Argon was bled into the system to form 20% of the sample ayiits
2p3/2 level at 248.63 eV (39;83 aJ)5 was used ae a,refenaﬁﬁ:for
all atoms whose binding energies were greater than 120 eV

{19.2 aJg). The gef}{leﬁiufn 3d and silicon 2p levels wereareferenced
to the neon 2s level at 48.47 v (7.76 aJ).> Each scan consisted
of a five-fold accumulative scan over a 10 eV rahgegusipg a lll
point array. The dwell time was one second per point. A curve-
fitting computer program (designated ESCAPLOT and developed by
L. Coatsworth to run on the Windsor IBM S/360-50 series‘computerf
was used for the-observed spectral lines. Mixed Gauss—Lorentz
band contours were fitted on a quadratic baseline while peak
position calculations were performed without the introduction of
constraints. Good spectra gave normal Gauss fractions 0.3~
0.9 while poorer gquality spectra gave values either Outside the
range or would not give a computer fit. The reproducibility
from separate runs was such that binding energies were quoted

to +0.05 eV for C 1ls, Si 2p, .0 is and S 2p3/2 and to +0.10 ev
for Ge Bd} Se. 3d and Te 4d.5 A typical X-ray photoelectron

0 is displayed in Figure VI.l and the computer-

381)

fitted peaks are displayed in Figures VI.2—VI.B.

2

VI.3. RESULTS AND DISCUSSION

Table VI.1 gives a complete listing of the binding energies

observed in this work. The previously reported values for H20,

MeOH, H 8156 and for Me,0 and (HBSi)202L59'160 agrees well, allowing

2

for minor calibration differences. In Tableﬂg}.2 two peak
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parameters are.displayed, the full width at. half maximum hqight,
FWHM, and the Gauss Fraction, obtained .from the collected computer
fits of all the data. 1In generalf the sharper the peak, i.e.
the lower £he FWHM value,.the more precisely is its position
determined. Thus oxygen, sulfur and carbon afe the peaks showing
best argument between duplicates. Silicoﬁ, gefmanium and tellurium
are next best and selenium peaks exhibit‘éhe poorest statistics.

The quality of the peaks observed was also dependent upon-
fhé stability of the samples under the instrumental operating
-cénditions. All the tellurides had a teﬁ@éncy to decompose in
the instrument and frequent cleaning of the system was necessary.
Peak quality suffered only slightly, mainly due to the count
. rates being reduced. It is possible however, that some of the
minor anomalies in the data result from the effects of sample
 decomposition. Digefmyl ether is Enown to be of low stability104
and we were only able to obtain a weak spectrum, unsuitable for
computer treatment, but of sufficient intensity to be able to fix
the peak positions to *0.2 eV.

The most striking feature of the binding enerqgy data is the
-lack of any substantial shifts. Intuitively, large differences
might be expected between binding energies of oxygen compounds
and those of the .other Group VI elements; or at least consistent
trends along the sgries. Such is not generally the case.

Consider first the c;rbbn ls levels. Although it is true

that in these levels the least changé might be expected; along

~o
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any serdies the ;élue df the C 1ls binding energy hardly varies,
regardless of the nature of E. For example, in the series
(Me3Ge)2E the C 1ls values are:- 289.7% (E=0); 289.81 (S);
289,82 (Se); 289.84 ev-~(Te). A few individual values do vary
within some series. For example, the sulfur compouné has a
value ca. 0.15 eV higher ( A = +0.15 ev) than the mean in the
(MeHzéi)zE series; the oxygen compound has A= -0.13 for the
(MeBSi)ZE series and A= +0.23 for the (MeZHGe)zE series. The
few exceptions are random-and could result from aberrations in
the'éxperimental determinations. Thus, the postulate that the
R3Ge— and R3Si— groups (R = Me or H) behave as invariant molieties
regardless of whether they\are éttached to oxygen, sulfur,
selenium or tellurium is generally upheld. 'Any changes in
partial charges with a -change in the central atom should therefore
be most noticeable in the changipg binding energies of the M and
E atoms that are invdlved in mutual bonding. The slight general

‘increase in the value of the C ls level as H atoms replace methyl

groups in the R3M moieties is possibly the result of changes in .

relaxation effects. In the studies on Me
11166

3MX (x = C1,Br,I)

compounds, Drake et noted a small but consistentlyﬁﬁggher
value for corresponding C ls levels when M=Ge compared with M=5i.
In these Group VI series, of the twelve possible.corresponding
pairs of compounds, the germanium compound has the higher C 1s
value in all four (Me3M)2E pairs of compounds, in three of the

(MezHM)zE pairs, but only.ih one of the (MeH2M)2E pairs. This

could be related to the changes noted above on the introduction
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of H atoms into the R3M moiety.
In the MeZE_series the C 1ls binding energies are close for
E=S, Se, Te-but for E=0 a considerably higher value results
A= +1.5 ev. A large shift, A= +1.0 eV, occurs between MeOH.
and MeSH also. This is discussed later. -
Consider next the silicon 2p and germanium 3d binding
energies. Again, alongfa series, there is no dramatic change or
general trend. All sixteen silicon values are contained within a
1.2 eV spread_and all the germanium values are within a 1.4 eV
spread.' Thus for the (Me3Si)2E serieg the exper%ﬁental value
for Si 2p is constant for E=0,:S and Se and risqéﬁﬁor;E=Te,

4

~whereas for the (MeH,Si),E series it is lowest for lTe. The
normal expecﬁation, pased on the relative Pauling e?éétré—
negativities of 0, S, Se and Te would be for the silicon or germanium
atoms to be relatively the most positive wgbn attached to oxygen
‘and therefore to have the highest binding energy -for the‘

(RBM)ZO species with a fairly regular decrease along thekseries
(RBM) 20 >> (R3M) 25 > (RBM) 25e> (R3M) 2Te. Clearly the relative
electron-withdrawing powers of the Group VI elements are being
equalized by some mechanism. The results of the halogenomethyl-
silanes and -germanes also led to the conclusion that the halogens
(Cl1,Br and I) all "behave" as though they had similar electro-
negativities. Simple charge calculations suggest that this

comes because the halogen s-orbitals are being utilized to varying

degrees in the bonding between the halogen and the Group IV

element. Indeed, if the s-orbital participation is only ca 5%

g
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greater fpr Cl than for Br and a further 3-5% greater for Br

than for I, then the similarity of binding energies of the

166,167

MenMXB—n series can be explained. It seems reasonable to

assume, a similar argument applies to the Group VI elements.

The increase in s-character would not be so large as to require

a dramatic increase in the'M-E—M angle, although it would require
an angle greater than 90°. For example, the introduction of 10%

s-character requires an increase in angle from 90 to 96°,, which

is approximately the angle at S or Se where known.156 }%

Lo
; 4

The same mechanism cannot be used for the (R3M)20'dompounds.

It is well established156 that the M-0-M bond angles are gppreciably

larger than the corresponding M-E-M angles where E = 5, Se,

Te. This wide angle requires an eﬁen larger involvement of the
s-orbital of oxygen and hence a much higher binding energy is
expected for the silicon and geimanium atoms. However, bdond
;angles of 120° and more are those required to maximize (p-d)T
60,69,164,165

-bonding. Where this is extensive, a significant

redistribution of charge back from oxygen to silicon and germanium
is expected, thus reducing the electropositive nature of the atom;l
and hence the wvalue of their binaing energies; exactly the
situation that we have here. The fact that the binding energies
are so close is possibly fortuitous because relaxation éffects
have been ignored. Nonetheless, a model that suggests that there
are‘varying degrees of small s-orbital participation by S, Se

-

and Te to make the binding energies similar in (R )2E compounds,

3
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~—«fithout invoking d—orbital.participation,\is consistent with the
ocbservations. .Howevqr,;for (RBM)zo species, where Q—orbital
pérticipation must be large, the .occurrence of (p— d)T -bonding
appears to be  the most logical rationalization. In the compounds
MeOH and Me20, where (p— d)T -bonding cannot occur, there are
indeed considerable binding energy shifts, the carbon atom being
considerably more electropositive in the oxides than in the
sulfides, selénides or tellurides. ) g
Finally, I examine the binding energies of the centfal atoms
themselves. With three exceptions, [(H3M)2S, (Me3M)28 and
(Me3M)2Te]'all of the silicon compgunds have higher binding energies
. for the core-level of the Group VI elements thaﬁ do the germanium
/analogues. In this respect the results parallei those found for
the lone-phir orbitals in the two series (H3Si)2E and (H3Ge52E

where E = 0, S, Se.159

Within the silicon and germanium compounds,
as hydrogen atoms successively gsubstitute for metﬂyl groups,
within the R.M moieties, there is.a corresponding general increase
in the binding energies of all levels measured. Such changes
could be the result of relaxation effects, however the changes

are as predicted if it is assumed that the hydrogen atom is
"behgving" as a weakly electronegative halogen atom. This is

not unreasonable as the Si-H and Ge-H bonds are polarizsi‘l68
with HJ‘. Thus the successive introduction of the more electro-

negative hydrogen atom increases all the binding energies within

the molecule. For example, the bindingx energy increases in the

C
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. (Ry81),0 column as R = Me —>H are: A0 1ls = + 1.07; A si
2p = +1.22; and Ac 1s = +0.70 eV. With few ekceptions, all
columns show the same trend. This is exactly as in the

series where X = Cl, Br, 7,166,167
4-n .

MenGeX
- _ The collected data do not allow a definitive analysis of

bonding mechanisms in the Group VI compounds. Assuming that

the changes in binding energy reflect the overall changes in

charge distribution that result from a variety of competing

"mechanisms", such as (p— d) W — bonding varying s-orbital par-

ticipation and inductive effects, then only the dominant mechanism,

and not the relative importancé of competing mechanisms, will be

reflected in the data.
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Table VI.1 Observed binding energies of Group VI derivatives.

\

General Core E
Formula Level 0 s Se ‘Te
N + + ‘
H,E E 539.93 170.51 62.62 -
MeEH c 1s 292.42% 291.41 - -
E 539.01 J169.79 - -
Me,E C 1s 292,17 290.74 290.88  290.39
E 538.50 169.28 61.52 47.02
(H,81) HE. si 2p 107.79° 107.45 107.72  107.50
E 538.17 168.60 61.91 46.93
(MeH ,Si) ,E si 2p 107.27 107.29 107.3  107.11
. c 1s 290.20 290. 40 290.2 290.18
E 537.80 168.29 61.6 46.60
(Me,HS1) ,E Si 2p 106.83 106.85 106.99  106.70
C ls 289.93 289,93 289.97  289.90
E 537.32 168.00 60.%§ 46.94
(Me,Si} B si 2p 106.57 106.57 106.58 106.67
¢ 1s 289.64 289.79 289.79  289.85
E 537.10 167.78 61.11 45.85
(H,Ge) ,E Ge '3d 37.8 37.56 37.36 37.11
E 537.2 168.66 61.05 46.86
(MeH ,Ge) ,E Ge 3a 36.82 36.92 36.93 36.78
c 1s 290. 25 290.10 290.14  290.10
E 536.34 167.99 60.57 46.44
(Me HGe) ,E Ge 3d 36.91 36.62 36.51 36.78
¢ ls 290.23 289.94 289.99  289.84
E 536.45 167.85 60.28 46.11
(Me ,Ge) ,E Ge 3d 36.53 36.50 36.40 36.39
C 1s 289.79 289.81 289.82  289.84
E 536.02 167.84 60.07 46.07

&

*The core levels observed angd their average widths (eV) at

half maximum height are:

(1.26), O 1s
(1.35).

+ . . . .
These values compare with the following reported in Siegbahn

et al

156= u

s ‘ep3/? 170.

These values compare with the following reported by Perry «’j
at 248.46 eV:

an,

€

0 1s

Jolly

538.46.

(1.21), S 2p

2
2.

159,160

3/2

and referenced to Ar 2p
0, Cls 292.14, 0 1s 538.86; ‘H3Si)2°' 5i 2p

3/2

o, 0 1s 53%.7; MeOH‘C ls 292.3, 0 1ls 538.9; H.,S

3/2

si 2p (1.52), Ge 34 (1.53), C 1s

{1.04), Se 34 (1.68), and Te 44

2

107.68,
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Table VI.2 Average peak characteristics

Core L FWHM ¥ GFAC +* No. of spectra
' ¢
si 2p 1,52 0.13 0.73 0.16 22
Ge 3d 1.53 0.19 0.55 0.27 22
C 1s ;.zé 0.14 0,53 0.26 40
0 1s 1.21 0.23 0.46 0.23 12 -
s 2p3/2 1.04 0.29 6.6/ ‘ éi;;\\\ﬁa 15
Se 3d 1.68 0,13 0.88 0.21 16
Te 4d 1.35 0.35 0.57 0.6 9

*Standard deviation

/“\~../

F
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CHAPTER VII T

THE FORMATION AND IDENTIFICATION OF SOME CONDENSEP SPECIES

S
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VII.1. INTRODUCTION

The condensation phencmenon of many species containing
silyl and germyl groups is a characteristic feature of their
chemistry. The cohdensation maiﬂly involves exchange,dispro-
portionation,oxr elimination reacgions with subsequent formation
of condensed species. Stock1 first noted the base-catalyzed
condensation of HjsiCl with ammonia as indicated by the nonappearance
of HBSiNH2 and (HSSi)zNH to give'(HBSi)BN. He aiso suggested that
"(H3$i)20 readily loses SiH4 to give polymeric prosiloxane,
(stio) 0 Ca.mpbell-—Fergusonl?0 re-examined this condensation. in
the pr;seﬁce of various bases as well as the }eactkm of dihalo-.
genosilanes and water and found that both formed prosiloxane,
(H,S510) , and highe.r oligomers. MacDiarmid reported that (H,S1) 50

gives B Si(OSiHB)Z, HSi(OSiH3)3 and SiH, in the presence of

2 4
. 171 . . . , ... 172
Lewis bases, while (HBSl)ZS gives (stls-base)n and SlH4 . The con-
densed oxides are also identified in the int?ractionof(HfﬁJzo

1)

with PBrB, but without formation of SiH4l73. Sujishill3-suq¥5ted

that.(H3Ge)20 slowly decomposes at 0° in unknown manner and may

be catalyzed by the presence of wateér but GeH4hEsrmm formed. This

’

B e
implies that the condensation processes are governedby the nature

2 A
of the catalyst andg reaction conditions. More recently Drakelo7

reported that (H3Ge)2Se:decomposes to H2Ge(SeGeH3)2,H&ﬂsakm3)3

and Ge(SeGeH3)4 with evolution of GeH He also reported the

4
formation of H3MEH and H3SiEGeH3 via co—condensationof(HékﬂzE

with H2E and in the silent electrical discharge reactions of the
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mixture~MH4 - HZE and GeH4 - SiH4 - H2E where M = Si, Ge and
_ 112 174 , .
E =8, Se. - Van Dyke prepared H3SJ.SGeH3 and Me381SGeH3

by incomplete exchange reactions of the corresponding disilthianes
\_ \ T
with fluoroge{pane, while the oxide, MeBSiOGeH3, is obtained from
-+ ' : :

Me3SiOLi with H,GeCl. Similarly, Ebsworth used H,5iELi (EﬂLS,Seﬂjs

3
.- 176 A . ' .
and H3SlE NH4+ (E = §,8e) as synthetic intermediates with
Me SiCl and H,GeBr to obtain Me SiESiH, and H,SiSGeHj. All these

species were identified spectroscopically and their liquid-phase
disproportionation leading to the parent species is a frequently
noted occurrence. I used this background in my studies of the

(MenH3_nM)2E compounds and I present a large number of reactions

leading to various MenH3_nM - condensed species.

VII.2. EXPERIMENTAL

A number of observations which were made in the early

stages of this work had an influence on the choice of starting

‘'materials and conditions for subsequent reactions.

(a) Formation of MégGe(SeGeHMéz)2 and (MEZHGe)2 . v

The lithium salx, containiﬁé excess of selenium, was pre-
pared as described in Chaptg? Iv.2.(f), and the wvolatile material
was removed by back pumping and élight heating (ca.70°, using-a
hair dryer) for 15-30 minutes. %?ﬁ another experiment, lithium
selenide was prepared in a fume hood without the use of the vacuum
line, but this procedure led to oxygen-containing products when
tellurium was used. The iodide, Me HGel (0.84 g, 3.61 mmol) was

v

RN
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allowed to reacE.with an excess of lithium selenide in Me20

(25. 10-15 ml) at -78° with occasional shaking. After ca. 100
hours‘the produchs were fractionated. The fraction at -196°

was Me20 and that igvolafile at -78° was refractionated through
tfaps held at gg.‘OP, -23°, -78° and =196°, The first trap con-
tained pure MezGe(SeGeHMez)2 (0.19 g, 0.41 mmol) while the -23°
trap retained (MeZHGe)zse (O.QB g, 0.29 mmol) and that at -78°
retained pure'(MezGeﬁ)z (0.18 g; 0.87.mmol). Mifallic selenium

was retained in the initial trap. The lH'n.m.r. spectra showed

resonances at: Me'Ge(SeGeHMez)z— S(Me) 0.31, J§(GeH) 3.73,

2
$(Me') 0.37 p.p.m., J ;;c 3.98 Hz; ~ (Me,HGe), - StMe) 0.29,
S(GeH) 3.90 p.p.m., J(HGeCH) 4.5, J(HGeGeH) 3.8, J(CH)

130.5 Hz. The mass spectrum of (Me?_HGe)2 showed the following

L

cluster of peaks at m/e values: 200-214 (Me4HnGe2)+; 185-199

+ + +
(Me3HEFez) ; 170-184 (Me2H29e2) ; 155-169 (MeHggez) ; 140-154

+ + ' + +
(Hﬂgez) ; 115-121 (MeBGe) ; -100-107 (Me2HEGe) ; 85-92 (MeHnGe) and

70-77 (HnGe)+. The i.r.l77 and Raman (parentheses) spectra of

1

(MezHGe)2 showed prominent features at'(cmd Y: 2989 m (2982 m,dp)

Ua(CH); 2910 m (2913 s,p) v, (CH,); 2020 vs (2017 s,p) v (GeH);

1416-1460 wbr (1466 wbr,p) d,(CH;); 1252 mw (1271 m,p)  &(CHJ);

849 s, 815 vs (877 wbr, 840 vw, 803 vw) p(CH,); 753 mw, 652 mw

(720 vwsh, 644 sh,dp) o(GeH); 598 s, 568 s (598 vs,P) 4(CGe);

(275 s,p) v(GeGe); (191 sh) &(C,Ge); (170 ms,p; 104 w) skeletal
'deformations. The Raman features of MezGe'(SeGeHMezfé characteris-

tic of the germyl group and heavy atom skeleton appeared at (cm—l):
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2982 m,dp * va(CH4); 2913 s,p 1@(dﬁ3); 2003 s,p v(GeH); 1421

w,dp ég(CH3); 1241 m,p Saunyﬁ; 848 w,p P(CH;); 629 m,dp
vg(CGe); 580 vs,p vg(CGe); 566 sh, dp v (CGe); 290 m,dp
va(GeSez); 251 s,p 1@(Ge8e2); 157 s,p, 112 sh,p (skeletal modes);

58 sh 5(Ge5e2), S(Ge,Se) .

(b} Reactions of (MezGeH)2 with HC1l, HBr and HZSe

Typically, (MezGeH}2 {(0.60 mmol)'gnd HC1l (0:35 mmol) were
sealed together in a semimicro n.m.r. tube and allowed to react
at room Eemperature for ca. 15 minutes. Subsequent lH n.m.r.
analysis showed that resonances [ é(Me) 0.40, S(Me') 0.73,
5(GeH) 3.98 p.p.m.] indicative of Mez'ClGeGeHMe2 predominated.
After four days ca. 10°, the lH n.m.r.nspectrum was consistent with
the quantitative formation of Me2ClGeGeHMe2 and traces of (Me2ClGe)2,
Fiéure VII.l. Features in the Raman spectrum assignable to

v(GeCl) and u(GeGe) were at (cm—1

): 363 ms,p and 268 vs,p.
In an exaétly analogous reaction, (MezGeH)2 {0.04 mmol)
and HBr (0.07 mmol) were sealed in a semimicro n.m.r. tube with
a trace of TMS and allowed to warm to room temperature. After ca.
10 minutes the lH n.m.r. spectrum indicated a rapid formafion of

1

Me BrGeGelMe, [ S(Me) 0.42, S(Me') 0.90, &(GeH) 4.12 p.p.m.]

which was accompanied with a trace of (MezBrGe)2 5(Me) ca. 1.00
p.p-m. In another experiment, (MeZHGe)2 (0.05 mmol) and HZSe
(1.00 mmol) were combined together as above. Sequential recording

of the lH n.m.r. spectra revealed no reaction had occurred after

ca. 2 hours.
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F1gure0\’II.1 The
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Y onom.r. spectrum of MeszeGeHMez



(c) Elimination of' tellurium - ?

Typically, (Me,Si) ,Te (0.50 mmol) and Me,GeCl (1.30 mmol)

3
were sealed in a semimicro n.m.r. tube and allowed to react at

room temperature for ca. 30 minutes. The lH n.m.r. analysis of

the mixture indicated the formation of mixed telluride, Me_ SiTeGeMe,.

3 3
The tube was theén placed in an oven which was set at 100° for

ca. 15 hours. Tellurium was deposited and subsequent Raman
analysis showed the absence of $i-Te and traces of Ge-Te stretching
mode. Fragtional condensation through traps held at -15°, =-23°

and =-78° gave MeBSiCl and unreacted Me_GeCl in the latter trap,

3 ‘
while pure (MeBGe)2 (0.28 mmol) was retained i the former traps

178

as identified by its 4 n.m.r. parameters §(Me) 0.20 p.p.m.,

J(CH) 125.3 Hz.

In another experiment (Me2HSl)2Te f1.20 mmol) was acgifipffg’#ﬂ‘\\

exposed to air. Immediately tellurium was-aeposited in the reaction ’\
vessel. Fractionation through traps held at -23°, -78° and -196°

gavé H2Te in the latter trap which readily decomposed on warming

to H2 and Te. Traces of (MezHSi)zTe were retained at -23°

while a mixture of predominantly (MeZHSi)2 and scme (MezHSi)zo

was retained in the -78° trap. The attempts to separate (MezHSi)2
from (MezHSi)20 by trap to trap distillation were unsuccessful.

The lH n.m.r. spectrum179 of the mixture showed resonances at

S(SiH) 4.71, 3.75 and &(Me) 0.15 p.p.m., relative to TMS. The

Raman features characteristic for (MeZHSi)zo were at: (SiH)

2128 sh,p;  ve(Si0) 547 m,p; and for (Me,HSi),'’° - v (SiH) 2106

vs,p, v(8i5i) 408 vs,p qm_l.
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In one case a sample.of (MeHzGe)zTe was moderately heated
{(ca. 60°) over an extended period of.ﬁime. Subsequeqp lH n,m.r.
analysis showed resoéances assignable to M Ge'(TeGeHZMe): K\\-———~Fh
- §(Me) ca. 0.93, J&(GeH) ca. 4.12, 5(1-1:&.53, S(GeH')
5.75 p.p.m.; and MeGe'(Te&eHZMQ)3 - d(Me) ca. 0.93, JS(GeH)
a. 4.12, &(Me') 2.13 p.p.m. Darkening of‘ the tube walls was

indilcative of the elimination of tellurium.

{(d) Disproportionation of (H3Ge)20

The (H,Ge),0 (ca. 0.71 mmol) was sealed in a semimicro
n.m.r. tube and its decomposition was monitored by lH n.m.xr.
spectroscopy at room temperature. The first spectrum recorded
within ca. 7 minutes indicated its purity (ca. 99%) by the absence.
of other proton-containing impurities: After ca. 15 minutes
resonances, indicative of the formation of H,0, GeH,
germanes, appeared and continued to grow for ég. 1 hour, Figure

and higher

ViI.2. After this time, the samp&p became milky_ and contained
immiscible droplets and the peaks in the 1H n.m.r. spectrum

became broad. Raman analysis showed features at 139 vs,p;

214 W, é79 s,p; 462 m,p (cm—l), ?pich have been also cobserved

114

by Cradock.”™ In the following hour the sample turned vellow

and further observations were disregarded.
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Figure VI1. 2 The 1H n.m.r. spectrum of the disproportionation of (H3Ge)20



a

136

(e) Co-condensation of (RBM)ZE with HZE where M = 5i,Ge;

E = 8,5 and R = H,Me

Typically, (HBGe)zs (0.23 mmol) and st (1.6 mmol) were
condensed into a semimicro n.m.r. tube which was then sealed’
and allowed to warm to room temperature. ‘The lH n.m.r. spectrum
showed the resonances to be expected for (H3Ge)25 and HZS and
the doublet-guartet pattern readily assignable to H3GeSH. The
latter resonances ‘grew in intensity to reach equilibrium in ca.
50 minutes by which time ca. 80% conversion into H3GeSH had
occurred. - The thiol was sufficiently stable at low temperature
to permit the recording of its mass spectrum. Thus, with the
vessel held at -78°, HZS was pumped away and rhe thiol was passed
into the mass spectrometer, P m/e 102-112 (HnGeS)+. The analogous
reactions with HZSe readily gave the corresp;nding germaneselenol,
P m/e 146-162 (HnGeSe)+, in contrast to the slow formation of
H3SiEH and Me3MEg where M = 5i,Ge and E = 5,5e. Although the re-
actions of the (Me3M)2E species with H2E occurred relatively
slowly, the formation of Me3MEH was quantitative. Alternatively,
the germanethiols were formed from the &xides; the germaneselenols
from the oxides or sulgﬁdes [P m/e 147-155 (MeBQeSH)+, P m/e
191-204 (Me,GeSeH)']; and the silane-thiols and ~selenols from
the tellurides Wlth H E 211 these~nspecies were identified by
their lH n.m.r. parameters which are collected in TableEVII 1.
After extended perlods of time, the reactions gave no indication

lH n. é‘r. analysis of the

/

of further condensed species, but the
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reaction of (H3Ge)28e with H,Se in the presence of TMS after ca.

40 days showed resonances assignable to HzGe(SeGeH3)%07 -

- §(GeH,) 5.40, S(GeHB) 4.33 p.p.m. and GeH, - $(GeH) 3.20 p.p.m.
?’ . .

(f) « Redistribution reactions and the identification'of nixed

species

‘ App;oximately equimolar quantities of the symmetrical
species were sealed in sémimicro n.m.r. tubes. The zourse_of
the reactions was monitored, by lH n.m.r. spectroscopy, by com-
paring the peak hights and positions of the pe& resonances
relative to those of the parent species or TMS. Typically,
(H3Ge)25e,(0.04 mmol) and (Me3Ge)ZSe {0.04 mmol) were allowed to
react at room temperature. After ca. 10 minutes resonances
attributable only to the symmetrical selenides were observed at
d (GeH) 4.23 and d(Me) 0.56 p.p.m. After ca. 2 hours additional
fesonances had appeared at 4.06 and 0.62 p.p.m. in the ratio 1:3
assigndble to the mixed species H3GeSeGeMe3 which accounted for «
ca. 80% of the redistribution mixture, Figure VII.3. After ca.
33 days, further con@ensation was observed as evident from thepﬁ
appearance of additional resonances at 5.10, 4.96, 4.23, 3.15,
0.64, 0.62 and 0.2q p.p.m. preéumably assignable to HZGe(SeGeH3)
($eGeMe3), H2Ge(SeGeMe3)2 and Me3GeH relative to the peék at
3.15 p.p.m. assignable to GeH4. The mass spectrum was then recorded
~and indicated only» the presence of H3GeSeGeMe3 [P m/e 261-280

(Me3HnG8288)+]' but yellowish involatile material in the tube



Figure VI1.3. The 1H n.m.r, spectrum of an cquilibrium
- mixture of (”“36")25“ and (HyGe),Se {1:1)

shawing the presence of l‘lt:]'.?nSeGEi'l3

(teGe),Se ¢ (HjGe)pSe === 2Me GeSclelly
: a b c d

Loy
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breaker remained unidentified. Germyltrimethygermyl selenide \

was also obtained from an incomplete exchange reaction between
VoL i A
(MgBGe)ZSe and H3GeF. = q;

A similar redis;ribution reaction of (Me3

with- (H,Ge) ,Se (0.13 mmol) did not occur to the same extent. The
additional resonances at 0.47 and 3.98 pP.p.m. in the ratio ca.

1:3 were assignea to H,GeSeSiMe, [P m/e 219-234 (228)

3 3
(HnGeSeSiMe3)+] which accounted for about 15-208% of the re-

. . . . 1 ' _ .
distribution mixture. Further "H n.m.r. cbservations, after ca.

15 days, showed additional resonances attributable to:

H2Ge(SeGeH3)%O7 - 5(GeH2) ca. 5.3l and é(GeH3) 4.33 p.p.m.;

and presumably assignable to: HZGe(SeGeH3)(SeSiMe3) - JGGeHZ)

5.28, O(GeH,) 5.11 and §(Me) 0.50 p.p.m., Figure VIL.4.

In the same manner, H,GeSGeMe, [P m/e 217-232 (Me3HnGe25)+]

+ o .
H3GeTeGeMe3 [P m/e 309-327 (Me3H2§e2Te) ] andIHBSlE81Me3 where
E = §5,5e,Te were formed and identified by their lHn.mdﬁ parameters,

Table VII.1.

(g) Fast exchange reactions between digermoxanes and iodo-

and bromo- germanes

Typically, (Me,HGe),0 I d(Me) 0.40, §(GeH) 5.40 p.p.m.]
and Me, HGeI [ &(Me) 1.08, O(GeH) 4.71 p.p.m.] in a ratio of ca.
1:1 akd a trace ef TMS were sealed in a semimicro n.m.r. tube.
The lH n.m.r. spectrum showed resonances centered at S(Me) 0.78

and ©{GeH) 5.17 p.p.m. Similarly, (MeH,Ge) ,0 and (Me,Ge),0 with

¢

si),Se (0.12 mmol)
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‘4§eGeHMe2)2; 1,1',2,2' - tetramethyldigermane, (MezHGe)

141

"the corresporiding iodo-, and bromo-methylgermanes gave a single,

well resolved resonance intermediate to the resonance positions

{

of the pure compounds.

VII.3. DISCUSSION

The -difficulties .encountered in my initial attempts at the

-

synthesis of (MezﬂGe)zse from thg metathesis reaction of iodo-
dimethylgermane with lithium selenide are clarified when conden-
sation reactions are considered. Thus, the reduction of the yield

‘~ »
of (MezHGe)ZSe with formation of the condensed selenide, Me ,Ge

o and the
deposition of metallic selenium is consistent with the base-

”~
catalyzed condensation-type reaction, ie.

NH3,L1NH2

2(Me2HGe)2Se 3 Me Ge(SeGeHMe2)2 + Me_GeH ‘ [1]

2 2 2

NHB,LiNH2
MezGe(SeGeHMez)2 _— %y (MezHGe)2 + (MezGeSe)n + Se [2]

LY

An unusual feature of this condensation is the formation of
tetramethyldigermane, (Me2HGe)2. In view of this, very few,
low yield, preparative routes have been reported for the form-

ation of digermanes,l’’+179,180

so these side reactions could
represent viable synthetic methods for (MezHGe)z. In passing, I
should comment that a vile feature of this dihydride is its

property to cause severe itching. By contrast to monogermanes,

the digermane reacts readily and selectively with hydrogen chloride
a
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or bromide without a catalyst, i.e.

{MezHGe)2 + HX ———— MeZHGeGeXMe2 + H2 [3]

Me, HGeGeXMe, + HX — jMe2XGe)2 + H {X = Cl1,Br) [4)

L2

Cleavage of phenyl groups froi‘n*(PhMezGe)2 with HCL; nxﬁstrﬂmﬁion

of methyl groups on (Me3Ge)2 with SnCl4lBl; deméthylation of

182

(Me3Ge)2 with H.SO, and NH4C1; and halogenation of (Me

2774 2
with Br2 and 12 have previously been used to prepare 1,2 -

HGe)2

dihaiotetramethyldigermanesq but these procedures are not as
convenient as the.direct halogenation of (MezHGe)2 with HX to
give MeZHGeGeXMe2 and (Me2XGe)2, selectively and quantitatively.
Pure samples of the chalcogenides, in general showed little
evidence for condensation or elimination. However, increased con~
densation was observed in the telluro species, as was evident from

the slow condensation of (MeHzGe)zTe at room temperature over an

extended period of time, i.e.

2 (MH,Ge) ,Te — MeHGe (TeGeH,Me) , + MeGeH, [5]
\
2MeHGe{TeGeH2Me)2 -_ MeGe(TeGeHzMe)3 +  MeGeH, (6]
. Moderate heating of the condensed species in this instance led #

177

to the elimination of tellurium and formation of (MeHzGe)2 .

By contrast the fully methylated species, (Me3M)2Te where
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M = Si,Ge, did not release tellurium even when heé{ef-to ca.
‘200°, but theyiturned'to a redish coiour. However, the reaction
between (Me Sl) Te and Me3GeCl readily proceeded at ca. 100°

with ellmlnatlon of tellurium and formation of {Me Gel2 .Similarly,

condensation and elimination of tellurium were observed\when

P

telluro- germanes and —311anes were sealed over extended perlods

(ca. 30 ‘days) in cyclohexane solution.

Previous reports'?®7197 y.ve shown that hydrogen sulfide

. . [
and selenide react with either germyl- phosphine or -arsine to.

give (H3Ge)2E via_H3 eRH intermediates. In an analogous manne?};f
(MenH3_nM)2E species react with H2E,in sealed tube cdnditions with

the formation of MenH _nMEH where M = Si,Ge; E-= §,Se and n ="

3
0,3; e.qg. .
fast i
'(H3Ge)zs + (excess) H,yS R m—.{ 2H3GeSH - [7} .
, slow ‘
jMe3Ge)2S + (excess)HZS — 2Me3GeS§ [8]

The silyl species react similarly but more slowly under comparable
conditions. Attempts to isolate the hydridic chalcogenols failed,
since ohly the symmetric chalcogenides could be obtained by
fractionation. By con;raet, the trimethylated chalcogenols are

more stable and showed slow condensation to the symﬁetric chal-
cogenides. This observation suggests that the hydridic chalcogenols
are more acidic than the trimethylated analogs. However, both

. types of chalcogenols were sufficiently stable at low temperature

o
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to permit the recording of their mass spéctra whiéhconﬂhmed-ﬂm
presence of the parent ions. iiigzgs of this kind, H3MEH, weFe
further studied by Ebsworth.18
The formation of mixed silyl and germyl chalcogenides,
) /

: ' . . C ok L
MeaMEMH3, resulted from the equimolar exchange interaction of .

the 'symmetric species, i.e.

N =,
(MeBM)ZE + (H3M)2E ;::::E 2Me3MEMH3 [9]
Whereas/the silyl mixtureshtook longer time to cometo equilibrium
the germyl mixtures in general reached'equilibrium relatively
guickly implying that the Ge-E bonds are more labile to redistrib-
ution than the Si-E bonds. An excess of one of the components-
fe.qg. (H3Ge)28é] forces the equilibrium to the right to give
3
The values obtained for the egquilibrium constant, X.

250’.
were: Si~ ca, 0.12; 0.16; 0.19; Ge- 0.05; 0.09; 0.18 (S — Se —Te)

essentially quantitative formation of Me3i£?eGeH

where K,5o traditionally is defined by

Kygo = [(Me M) ,E] [(H M) 2E]/ [Me3MEMH3]2 [10]

These values are aﬁproximate because of difficulties in integrating
the methyl resonances. Nevertheless, the values are clearly less
than the statistical random value éf'0.25 and exhibit the consistent
trends K(Si) > K(Ge) and K{Te) > K(Se) >> K(S). The latter trend
118

has been also observed for the H3MEH species.
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The mechanism for these redistribution reactions may
proceed through a four center intermediate involving expanded

coordination spheres for silicon and germanium, i.e.

. Habl“
. B
s - N
. . ; ~ 5
(Me 3M) 2E + (H3M) 2E p— MeBM\ /M.H3..¢-— 2Me 3MEMH3 (Y
~ /’
E
I .
Me3M \

»
>

[ - .

A similar four center reaction mechanism has been

al
for the disproportionation of hologenosilanes184 and” fluoro-

germane185 to’&ﬂnalogenosilanes and silane, an ifluorogermane

-

and germane respectively, but this disproportionation is non-—

reversible, e.dg.

P
Ge\/ \Geﬂ

~
~

2H.GeF —>» H

3 3 F —> GeH4 + H.,GeF . [12]

2 2 2
: /
The formation of GeH4 and_MeBGeH from the disproportionation

of the selenogermanes is apparently indicative of the same

_mechanism. .[In view of this, I confirmed the decomposition of
>

107

(H3Ge)28e to HzGe(SeGeH3)2 and GeH4 1. The formation of

‘Me.GeH is indicative of the formation .of further condensed species:

3

—_— :
(Me3Ge)2Se + (H3Ge)25e puet—— 2Me3GeSeGeH3 [13]
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2.(H3Gle)28e —_— HzGua(SeGFAH3?2 + Gei—l4 | [14]

(HyGe) ,Se + Me GeSeGeH; —> ﬁ‘zee(SeGeHB)z + MejGeH  [15]

2Me3GeSeGeH3 —_— H2Ge(SeGeH3)(SeGeMe3) + Me3GeH [16]

2Me3GeSeGeH3 —_— H2Ge(SeGeMe3)2 + GeH4 _ [17]

- (Me3Ge)ZSe f‘Me3GeSeGeH3 __ H2Ge(SeG§Me3)2 + MeBGeH [18]

: Similarlgj’;;é disproportionétioﬁ/SE\Tﬁgée)20 observed in

—— this work is suggestive of an analogous|-initial mechanism, i.e.

3(H,Ge) ,0 —> H,0 + 2(GeH,) + GeH, + HyGE(0GeH,), [19]

1
y

(GeHZ) + GeH4 —_ H3GeGeH3’ (GenH2n+2) [20]
\\\\\\ As previously mentioned, the attempts by others to clarify
the decomposition of (H3Ge)20 by vibrational spe_ctroscopyllB'114

!
L failed, so monitoring by lH n.m.r. is a much more relisble approach

to the elucidation of the disproportionation pathway. The peak
centered at ca. 6.02 p.p.m. is assignable to the H2Ge-proton
resonance of HzGe(OGeH3)2, whereas that gf QGeHBAis presumably
overlapéing with the parent resonance of (H3Ge)20. The other
resonances in the region ca. 3.15 - 3.62 p.p.m. are attributable

to GegH2£1_+2 species ancﬁ that at ca. 4.52 p.p.m. to Hzo,Flgure VII.2. -

o
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Apparenﬁly there is no long range coupling, in contrast to the

J (HH) 0.85 Hz. The hydrldlc

coupll?g in HzGe(SeG 3)2,

chalcogenols, HBMEH, also gave long range, first ord?r, coupling

between the three hydrogen atoms attached to M and tﬁe lone

hydrogen attached to-tbe chalcogen atom. The resultant doublet-qu-
a4 ) .

artet pattern (intensity 3:1) has been observed previouély107'lls.

The coupllng, H-H, is not observed in the case of Me3MEH species

nor is the longer range H-H coupling observed in Me3MEMH3 where

the spectra showed two singlet peaks (1nt§n51ty 3:1) attrlbut?ble

to &(Me) and é(MH),&Eigure VII.4. However, the dihydrides,\

(Me ﬁM)z, showed multiplet resonances only for the HM protons

and doublet for the methyl proton§ ,while (MeH 51)2 showed complex

resonances for both the methyl an% silicon protons. The lowering

of th;\P-H stretching frequenciéé for (Me,HGe), 2017 en ' and

(Me HSi), 2106 cm  as well aé/MeZGe(SeGeHMe)2 2003 cm b is a

distinctive féature as compared with the chalcogen species,

1

4,G8) ,E 20822036 em™l, and (Me H, Si),E 2159-2125 cm ~;

(Megﬁ nf3-n

E = O —»Te, Tables V.3 - V.6,

An examination of the proton chemical shifts in Table,VII.l
shows that they follow the trends observed for the parent spécies
described in Chapter V.4. The sequential shifts in bqth the
H3C- and HM- proton resonances with changing chalcogen electro-
negativity permit the a priori assignment of the signals for the
mixed species. Based on the observed H3Ge shifts; the order of

-

the inductive withdrawal of the SR entity is: 8SiH, < SSiMe

SH <:SGeMe3 £ 5GeH Thus for the series HBGeSSiH —

3° 3
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Table VII.1 The H n.m.r. parameters* of the condensed species

Compound SMe)  Sm) T OS(EH)  a(HH)  J(cH)  J(SeH)
HasisHa - 4.31 -0.01 4.70 - -
Me ,SiSH 0.34 - -0.05 - 121.5 -
H 51 Seh® - 4.24 2,14 4.90 - 51.0
e ,SiSeH 0.44 - -2.26 - - -
HySiTeH - 3.77 -7.46 - 4,80 . 57,6
H3GeSHa - 4.52 -0.23  4.10 - -
Me GeSH 0.56 = - -0.32 - 129.0 -
HGeSeH? +D - 4.26 2,23 4.30 - s
e GeseH 0.66 - -2.38 - . 8.7 , 2.6
H3GeTeHa - 3.62 -7.44 4.40 - 51.9 .
-HESSiOSiHBC‘C' 0.08 2.61 - . - -
Si0GeH ¢ 0.05 5.1 - S
bbssiSSiHBC'e 0.36 4.28 .- - - -
Me 5515GeH. 0.31 - 4.43 . - - .
H3SiSGéH3d’e - 4.59(GeH) 4.41(SiH) - - -
MEBSiSeSiHBe 0.47 3,98 - - - -
Me351SeGeH3 0.44 4,05 - - - -
Me jSiTeSiH, 0.58 3.43 - - . -
Me JGeSGeH 0.56 4.54 - - . -
Me3GeSeGeH3 0.62 4,06 - - - -
Me JGeTeGeH, 0.73 3.38 - - - - -
HZGe(SeGeH3)2b - 5.31(H,Ge) 4.33(GeH,)- } -
MeéGe(SeGeHMez)z 0.31 0,37 3.73 - 3.98 - -
MezHGeGeC1Meé 0.40 0.73' 3.98 -, - - .
MezHGeGeBrMeé 0.42 0.90" 4,12 - - - -
(Me,ClGe ), 0.83 - - - - -
(MezBrGe)z 1.00 - - - - -
(Meshce), | 0.29 3.90 - 2.50(HH') 130.5 -

3.80(HH)

*The spectra were recorded at room temperature. Chemical shifts of
Me Hq SIEH were recorded in cyclohexane (5% v/v).

'
3ef. 118, ref. 107, CRef. 175, Ref. C.il, Van Dyke and A.G. tacDiarmid,
Inorg. Chem., 3, 747 (1964). CRef. 174. ®Ref. 176, "Ref. 177.
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H3Ge551Me3——9 H3GeSH-—+.H3GeSGeMe3——a-(H Ge) S the HgGe ~proton
resonances Shlft to lower field, i.e. 4.41— 4 43 —>4. 52-—>4 54—+
4. 64 pP-p.Mm., whlle the H3Sl - proton shifts suggest the order
Me,Sis < SH < H,sis {H,GeS in the series Me,SiSSiH, }S(Siﬂ) .
4.28 —> H,SiSH S(SiH) 4.31 — (H,51),8 O(SiH) 4\&——)H ,GeSSiH,
5(SLH) 4.59 p.p.m. The same is true for the H3C - proton
resonances in both silyl -and germyl species. Thus for the series
MeBSlsGeHB-—> (Me si) S —e-Me3slsH —)Me381881H3 the H3C -
resonance moves to the low field, i.e.: 0.31 — 0.33 > 0.34 —
0.36 p.p.-m. The cbservation of separate signals for the components
of the equilibria.confirms that the exchange process is slow on
the n.m.r. time scale. However, the lH n.m.r. spectra of the

iodo-, and bromo- germanes with the corresponding digermoxanes

are explainable ae'being the average resulting from fast exchange.

s

PP
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THE REACTIVITY AND CHARACTERIZATION QF M-E SPECIES
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VIII.1l. INTRODUCTION

In this chapter emphqsié is plaéed_on.%he reactivity
of‘metal;chaléogen bonds from which synthetic routes are
devised‘for large scale preparations of samples of the highest
purity, in a relatively'éhort time. Althéugh the anaiogoué
silyl and germyl spegies show‘simiiar properties, consider-
able differences exist between the Si-E and Ge-E (E=0,5,Se)
bond. Interconversions of metal-chalcogen bonds have been

195 Similar reactions for

noted for both silicon and tin.
germanium have gone virtually unrecognized. This lesser
interest in germanium species is probably‘duesto the scarcity

of synthetic procedures or to the obnoxfous nature of the

compounds.

VIII.2. EXPERIMENTAL

The many types of reactions that result in the form-
ation of M-E-R species are classified under the following
headings:

{a}) Reactions of (MenH3_nSl)25 with ROH

(1) - Wlth'CF3CH20H and CC13CH20H

129

Glidewell has reported the preparation of ®

H3510CH2

However, disilathianes are readily accessible and react

CE3.from the reaction of H3SiPH2 with CF3CH20H.

with CXBCHZOH according to [1].

(H351)25 + ZCFBCH2OH — 2H381OCH20F3 + H2S [1]
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In a typical reaction (H3Si52§*(l‘57 mmol) and
CF ,CH,0H (3.14 mmol) were condensed at -196°, in vacuo,
.in a reaction vessel (ca. 10 ml) attached to the vacuum
line yia a Teflon-in-glass stopcock. The reactants were
isoclated ‘and allowed to react at room temperature. After
ca. 15 minutes the volatile products were fractionated
through_traps'helé at -96° énd -196°. The former trap

3 2773
6l (100%)] while the latter retained H

contained H.SiOCH.CF. [3.12 mmol, 99%; P-69 (HBSiOCH2)+

2S {1.57 mmol).

By the same procedure the remainder of the siloxy

' species MeH.,SiOCH.CF. [P-15 (H,Si0CH

2 2773

Me2H81OCH2CF3 [P m/e (Me2H81OCH

. , + s
Me3S:LOCH2CF3 [P-15 (Me281OCH2CF3) 157 (42%)], H3SJ.OCH2CC13

. + _ .
[P-117 (H3SLOCH2) 6l (lOO%)]z MeHESlOCHZCCl3 (p-1

HSiOCH

<+
2C?3) 129 (7%) 1],

+
2CF3) 158 (3%) ],

(MeHSibCHzcuB)+ 191 (6%)], Me ccl, [P m/e

2 2

+ .
9 2CC13) 207 (2%)] and Me3S:LOCH2CCl3 [P-15

(Mezsiocnzcc13)+\go7 (9%)] were produced in high yields,

(Me ,HS1i0CH
ca. 95%. The ¥ n.m.r. parameters and the core-level
binding energies for each atom in every compound are

summarized in Tables VIII.2 and VIII.3.

(2) - With MeOH and EtOH

Most of the general methods useful for the pre-
paration of organosilicon alkoxides are unsuccessful for
silicon hydrides because of the reactivity of the Si-H

bond. The interacﬁion of disilathianes with MeOH has been
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186-188

described. Alkoxysilanes prepared by this route,

as in (1), include H,SioMe [P-1 (stiOMe)+ 61 (100%)1; ;

MeH.SiOMe: Me.HSiOMe [P-1 (MeZSiOMe)+ 89 (74%)]; Me,SiOMe

2 2
[P m/e (Me,SiOMe)’ 104 (3%)], H;SiOEt [P m/e (1,8i0Et) "
76 (23%)]1, and MeBSiOEt. The 1H n.m.r. parameters and the

[
¥,

core-level binding energies for each atom in every compound . .

are listed in Tables VIII.Z2 and VIII.3.

(b) Reactiens of (MezHSi)ZO with n—Bu3SnOMe

Typically, (Me2HSiL20 f2.00 mmol) was distilled into
a reaction vessel (ca. 15 ml, type 'B') containing 6.10
mmol of degassed‘n—Bu3SnOMe. Thé reactants were isolated
and allowed to react at room temperature for ca. 22 hours
with occasional shaking. Fractionation of the volatile
material through traps held at -23° and -196° gave;pure .
[Me, (M€0)$i],0 (1.87 mmol) [P-15 175 (Me 5i,09) 7 & (Me) =
0.08, & (Me0) 3.41 p.p.m.], in the former trap, while an

involatile material was retained in the reaction vessel.

(c) Reactions of Me Hj  MX and Me MX, with n-Bu,SnOMe

Preliminary experiments showed that the H-M and ¢
M-X (X=Cl,Br,I) bonds react competitively’with n—Bu3Sn0Me,
so the attempts to prepare MenH3_nMOMe (M=Si,Ge; n=0,1,2)

2

react with a slight excess of n—BuBSnOMe, as in (b}, at

.species were unsuccessful. When MeH,GeF was allowed to

room temperature for ca. 5 minutes, n—BuBSnF was rapidly formed
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(R}

as a white solid. Upon fractlonatlon a pure sample of

MeHzGeOMe was retained at -78° trap in a 80% yield.

S .
Similarly,nazHGeOMe was isolated in a 83% yield. These

\

compounds and H3GeOMe wzre also obtained, in an analogous

\\\ manner, from the reacti n of,(Me H GeN) ,C with MeCH.

3
By an identical procedure, Me Mx4 -n reacted

exothermlcally w1th n- BuSSnOMe to give Me M(OMe) 5 where

M=Si,Ge and n=0-—+3 in about 96% yeilds. The purlty of

these species was ascertained by lH n.m. r., X-ray photo—“

2N
electron and maéa spectral analyses.

(d} Reactions of germoxanes with Rﬁh species

(1) - Preparation of. MeSeH and EtSeH

Methane-, and ethane- selenol were not commerc¢ially

. available. Three methods for methaneselenol have been re-
134,189,190

ported; 7 i.e., S ’
- d ’ -
NaSeH + MeI ——»> ' MeSeH + Nal o [2]
. Y - .
N 3 H,S0, .
Me,Se, + 2Li" ————> 2MeSeLi. —=——> 2MeSeH + Li,50, [3]
MeLi + Se —ily MeSeLi —2PLy MeSeH + LiBr (4]

. ‘./"‘
. o T . .
\s\\EEi\:i:aods exemplified by [3] and [4] were very tedious
and 4 e'cdnsuming, running into days. For this reason my
‘ attention was centered on developing more conveniént,'high

yield, syntheses of both MeSeH and EtSeH.

In a typical experiment, Li25e2 (10.00 mmol) was

L

i
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i

prepared frqm'the elements in liquid ammonia as described
in Chapter IV.2(f). MeI (15 mmol) was then condensed into
the reaction vessel (ca. 125 ml, type 'A') and allowed to

react by shaking and cautious warming while monitoring the

NH3 pressure. Heavy reddish droplets of Me28e2 were readily

formed and after ca. 1 hour the volatile material was
fractionated through traps held at -78° and -196°. After
ca. 1 1/2 hours, fr&dtionatign gave pure Me,Se, in a 89%

yield [ §(Me) 2.48 p.p.m.}>°t

retained at -78° while NH,
was collected in the -196° trap. The diselenide was stored
in a storage vessel "(ca. 20 ml) of type 'I'.. The same
prodedure was used to prépare.étZSez.
In one experiment, Me25e2 (0.30 mmol) and HZSe A1.20
mmol) were sealed in a semimicro n.m.r. tuBe and allowed
to react at room temperature. Selenium was depésited in

LY

-the tube and the lH n.m.r. spectrum revealed the high yield
formation of MeSeH | S(Me) 1.86 and. 5(SeH) - 0.80 p.pl.m.].191
In another experiment, Me28e2 (1.53 mmol) and HZSe (6.02

mmol} were condénsed in a reaction.vgssel (ca. 20 ml)

attached to the vacuum line via a Teflon-in-glass stopcock.
The reactants were isolated and allowed to-react.at room
temperature with shaking. Large quantities of Se were
deposited and after ca. 10 minutes the stopcock was' care-
fully opened {to prevent sudden expansion of the very

volq?ile material and contamination of the vacuum line

L

with Se) allowing the wvolatile material to pass through

-
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traps held at -78°, -96° and -196°. The fractions: ' )
(H,Se) at -196° and Mezsez‘at -78° trap were returned to

the reactlon vessel -and allowed to react as above. Further
deposition of Se was observed and after 5 minutes the
material was fractionated. Small amounts of Me28e2 were
again retained at -78° which in a similar manner reacted
with H,Se to give MeSeH. The overall yield of MeSeH

retained in the -96° trap.was 90%. By the same procedure

Et28e2 reacted with HZSe to give EtSeH in a yield of B6%.

L]

{(2) {Me H3 Ge) 0 with H E MeEH and EtEH where E=5,5e

The work described herein is synthetlcally important

w,-;a-
and represents the qulckest method to prepare a requlred )

thio-, or seleno—germane.

Typically, the germoxane amd hydrbgen chalcegenide
were condensed, in vacub, into a reaction.vessil-(gg. 5 ml)
attached to the vacuum- line via a Teflon—in-glaéé stop-
cock. The reactants were q;ldé;d to react at room temperature
for ca. 15 minutes with some shaking. The ;olaﬁile
products were subsequently passed through glass wool

supporting a small amount (ca. 0.5 g) of P205 to remove -

the wate:’anzﬁigé}ected in a U-trap Held at -78°. The

presence of e chalcogermane in guestion was confirmed

by lH.n.m.r. spectroscopy, Table VIII.2. Any eXcess water

-
in the product mixture was removed by repeating the pre-

1
ceedlng drylng procedure. To ensure complete conversion

' Vd

7
i
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of the germoxanes, -a slight excess of the hydrogen chal-

cogenide was used. With a large excess, Me3GeEH was

formed in large.quantities. Preparative details are

" given in Table VIII.L.

Table VIII.1 Protolysis of digermoxanes with HZS'and HZSe

(MeZHGe)ZO + HZSe —————>(Me?§G§LZSe + HZO

Reactant (mmol) - Product (mmol) ° Yield-%
germoxane E=S E=Se chalcogenide E=S E=Se E=5 E=Se
(H3Ge)20 1.23 1701 (H3Ge)2E ) 1.17 0.94 95 93
(MeH,Ge) ,0  1.12  1.31 (Mehzee)zE 1.07 1.24 96 95
(MezHGe)ZO 2.35 2.12 (MezHGe)zE 2.32 2.06 - 98 97
(Me3Ge)20 1.67 1.03 (Me3Ge)2E— 1.54 0.96 92 93

*The analogous reactions of germoxanes with excess of methane-,

and ethane- thiol and selenol also gave excellent yields of

the corresponding thio- and seleno-germanes, viz. - H3GeSMe

(94%), MeH.GeSMe (92%), Me GeSMe (91%);

2 HGeSMe (96%)., Me

2 3

H,GeSEt (95%), MeH,GeSEt (97%), Me,HGeSEt (93%), Me,GeSEt
(89%); (H GeSeMe (92%),'MeH2GeSeMe (97%) , Me2HGeSeMe (94%) .,
MeBGeSeMe'QSO%); H3GeSeEt (98%), Me3GeSeEt (93%).

Principle features in the i.r. spectra of the ethyl-
selenogermanes occurred at: H3GeSe§;\- 2979 ms, 2940 ms,

2880 m, 2140 shL12100 vs, 2070 vs, 1455 mw, 1385 w, 1241 s,

)
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1080 y, 960 w, 870 s, 815 vs, 750 w, 540 ms (cm %) Me,GeSeEt -

2993 m, 2920 mw, 2879 w, 1430 wbr, l§40 m, 1150 wvw, 1075 wbr,
965 vw, 830 s, 755 w, 660 w, 609 m, 568 mw (cm ). b
>\'.
(3) - Me Ge(OMe)2 and MeGe{OMe)3 with MeSH HZS and H Se
The protolytic cleavage of the\Ge-0 bond was extended

further in an anologous manner, as in (2), to prdv1de the

synthesis of MezGe(SMe)z_and MeGe(SMe)3{ In this case the

other product is MeOH which can be easily separated from the

less volatile metbylthiogermane.l - '

In view of-the reactions involving MezGe(OMe)2 and
HZE_(E=S,Se) it is important to make a comment. Most 'chemists
approach the synthesii'of chalcogen species with the feelifg
’that if one can make a sulfur compound, its selepium analog
can be made by the same method. This approach is viable on
occasions, but it is certainly fallible. This is the case
with the reactions described herein. .

In a typical réaction MezGe(OMe)2 (0.13 mmol) and excesé
HoS (1.00 mmol) were condensed in a semimicro n.m.r. tube
attached to the vacuum line via a Teflon-ln-glass stopcock.
The reactants were isolated andfallowgd to react at room
temperature for ca. 20 minutes with some\éhékin&.i After this
time the tube was reattached to'thé vacuum line and the stop-
cock was opened slowly (to prevent contaminétion of the wvacuum
line with the product) and the volatile material was allowed

'
to pass through traps held at -78°¢ and -196°. The trap at
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~-78° contained MeOH and that at -196° unreacted st.’ A
‘white so0lid, which was subsequentlylidentified as (MezGeS)B192
(0.045 mmol, 1008), ['H n.m.r. (cc1,, T™S) S(Me) 0.93 p.p.m;
J (CH) 129.9 Hz] was fetained‘in the tube. The mass spectrum
gave the molecular ion (Me GeS,)™ at 396-412) 404 (41%).

The analogous reaction of Me Ge(OMe)2 with HZSe gave

2
ap‘oily immiscible liquid in the reaction mixture. After the
removal of Ehe volatile material, CCl4 and a trace of TMS

were condensed into the n.m.r. tube. When the tube was warmed
two layers were formed; The lH n.m.x. spectrum showed a
singlet centered at 0.95 p.p.m. presumabiy assignable to
192,193 '

(MezGeSe)n.species. Further efforts to prepare

(MeZGeSe)3 from the reaction of (MezGeS)3 with HZSe were also
unsuccessful.

An identical procedure’ involving MeGe(OMe)3 and H,E

gave readily heterocyclic species of the type (MeGe) ,E. in a

476
100% yield. The mass spectrum gave a molecular ion at:
(MeGe) ,S, [P m/e 532556 (Me,Ge,S )" 544 (100%) 17°% ana
+ .
(MeGe)4Se6 [P m/e 814-837 (Me4Ge4Se6), 827 (100%)].

{e) Reactions of (Me3Ge)20 with SbF3

The interaction of (MeBGe)ZO and related germoxanes with
‘AsF3 has .been demonstrated as a corivenient route to fluoro-
methylgér‘manqs.28 I found that.SbF, is a useful fluorinating

-

agent for (MeBGe)ZO.

Ag :

o
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= Typically, (MeBGe)zo (5.02 mmol) was set aside with
SbF, (ca. 15 g) at room temperature {ca. 3 hours) in a
reaction wessel (ca. 75 ml) fitted with a'Teflon-ih-glass

stopcock. Fractional condensation of the volatile material

gave Me3GeF24 (9.51 mmol, 95%) [ S(Me) 0.51 p.p.m.].

¢f) Preparation of some new methylthiosilanes: MestiSMe,

Me

2HSiSMe and MeHSi(SMe)2

An exactly analogous procedure as described in Chapter
IV.2(d) was further extended to include the preparation of

M SisSMe (n=0—3), MeHSi(SMe)2 and Mezsi(SMe)2 in ca. 96%

®n"3-n

yields, i.e.

Me . O
Li[AlH,] + 4MeSH o LilAl(SMe) ] + 4H, (5]
'Li[Al(SMe)4] + 4M82HSiI—*>4MezHSiSMe + 1,iI + AlI3 [6]

The nature of the compounds was uneguivocally cohbirmed
by their sp%Ftroscopic parameters, which can be found in
g?ables VIII.2 and VIII.3. The observation of parent peaks
in the expected m{e ranges provided cdnfirmatqry evidence for

the proposed species: H3SiSMe - [P m/e 75-80 (HBSiSMe)+ 78

(100%)1; MeH,SiSMe - [P m/e 90-94 (MeH SiSMe)+ 92 (50%)1;

2 2

Me HSiSMe - [P m/e 105-108 (MezHSiSMe)+ 106 (20%)];

MeHSi(SMe) , = [P m/e 137-14L,(Me3HSi82)+ 138 (100%)];
f .

Me SiSMe - [P m/e 120-122 (MeBSiSMe)+ 120 (38%)] and

Mezsi(sm'e)2 - [P m/e 152-155 (Me4si52)+ 152 (71%)1.
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. Major features in the vibrational spectra were observed

at:

Raman {(lig.}: gaggggg - 2995 w,dp; 2927 s,p; 2899 w,p:
- 2179 sh; 2151 vs,p; 1441 wbr,dp; 1319 w,p;
968 sh; 914 w,dp; 690 m,p; 624 w,dp; 507 vs,p;
466 w,p; 202 m,p (cmi;).
MeH,SiSMe - 2990 sh,dp; 2967 mw,dp; 2926 vS,P;
2907 vé,p; 2844 w,p; 2142 vs,p; 1430 w,dp;
e 1410 vwbr;'l319 w,p; 1250 w,p; 958 wsh; 929 w,dp;

876‘w, 734 m,p: 701 vs,p; 669 sh; SUg VS, P
483 vs,p; 241 ms,p; 177 m,p (em 1), -
ggQHSiSMe — 2991 sh; 2967 m,dp; 2928 vs,p;
2904 vs,p; 2848 w,dp; 2126 s,Pi 1428 wbr;
1318 w; 1251 w; 970 vw; 396 w; 870 w; 840 vw;
763 w,dp; 699 s,p: 661 s,p; 630 sh; 481 vs,p:
472 sh: 261 m,p; 229 sh; 208 m,dp; 150 w,p (em™ by .
Me Siste - 2990 sh; 2963 m,dp; 2930 5,p; 2900
vs,p; 2850 w,p; 1442 w; 1411 w; 1252 w,p;
863 sh; 839 w; 747 w; 702 ms,p; 463 vs,p; 272
m,p; 231 ms,p; 207 ns,p; 190 m,p; 146 w,p (cm_l).
MeHSi(SMe)2 -~ 2995 w,dp; 2970 w,dp: 2927 vs,p;
2905 s,é; 2843 w,dp; 2147 m,p; 1435 w,dp;
1403 wbr; 1318 w,p; 1255 w,P; 972 w,p; 862 w;
gl14 w,p; 730 m,p; 698 s,p; 666 sh,dp; 530 w,dp;
472 sh; 451 vs,p; 294 w,p; 252 m,p; 199 w,dp:

133 w,p (cm 1).
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Infrared(gas): gggagiggg - 2990 sh, 2974 m, 2939 m, 2921 m,
2850 w, 2179 sh, 2154 sh, 2146 s, 1441 w,
1326 w, 1270 m, 972 sh, 960 sh, 929 sh,
© 899 vs, 892 vs, 885 sh, 740 m, 710 sh, 498 m
(cm—l).
Me,HSiSMe - 2970 s, 2931 ms, 2850 w, 2189 sh,
2175 sh, 2157 sh, 2139 sh, 2130 vs, 1435 mw,
1329 mw, 1265 s, 960 sh, 880 vs, 840 s, 769 é,
710 s, 665 m, 635 w, 487 s (cm 1).
Me SiSMe - 3025 sh, 2970 vs, 2929 sh, 2908 sh,
2856 sh, 1445 m, 1410 m, 1326 m, 1260 vs, 1075

-

vs, 845 vs, 755 ms, 700 m, 638 m, 466 m (cm 1).

MeHSi(SMe) , < 2998 w, 2970 w, 2930 m, 2846 w,
2160 s, 2151 vs, 1440 w, 1410 vw, 1325 w,
1261 m, 969 w, 865 s, 820 vs, 735 m, 702 w,

540's, 479 w, 456 w (cm 1) .

VIIL.3 Discussion

The differences in the reactivity of silyl- and germyl-
Group VI species are readily illustraﬁed by the favoured
formation of silicon-oxygen over silicon-sulfur bonds -in
contrast to germanium-sulfur over germanium-oxygen bonds.
This contrast is intriguing and probably reflects metalloid-
chalcogen orbital overlap differences in the two types of
compounds. Interestingly, the reactions of the germyl

species closely parallel those of the corresponding organotin
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185

derivatives. This propefty has been described in terms

of the increasing degree of soft acid characteristics of the

Me3M— grodp as the atomic weight of M increases.143 Con-

sequently, it is not surprising that iodo-, and bromo- silanes

and -germanes underwent exothermic reactions with n—Bu3SnOMe
to produce methoxy- silanes and —germaries in excellent

yields.196

Me3GeBr + n-Bu3Sn0Me-—4-Mé3GeOMe + n—Bu3SnBr 71 -

However, (MezHSi)zo reacted sluggishly with n—Bu3Su0Me to

give [Mez(MeO)Si]ZO. Whilst the exchange between silicon and

tin is predictable on the basis of thermodynamic arguments,
the relative softness of Me3Ge— grouprcompared with silicon

and tin shoﬁld be ripionalized carefully. A steady increase

in AH for the reaction [8] is guoted, supporting the proposal

that it is reasonable to prepare alkylthio derivatives of

tin from agueous solutions but not for silicon or germanium.

MeBMOEt + n—BuSH MeBMSBu—n + EtOH [8]

However, the position of germanium in this situation is less

clear. On the one hand, (MezGeS)3 slowly undergoes hydroly-

197

sis in moist air while HZS reacts readily with e.g.

(MeBGe)zo to give (MeBGe)ZS and»Hzo. In addition, the
equilibrium for the exchange reaction between thiosilanes
and alkoxygermanes strongly favours the thiogermane and

alkoxysilane.l98 ¥



164

.Mezs;(SMe)2 + MezGe(OMe)2———>Me251(OMe)2 + MezGe(SMe)2 {101}

Nevertheless, éhe-reactions involving gisilthianES and
hydrokyl reagents, ROH, occur cleanly and readily as do
those of the germﬁxy species with RSH and RSeH.

Alkylthio —silanes and -germanes have been prepared
by the reaction of the appropriate halogeno —silane and
-germane with MeSMgI,93 MeSH in the presence of base?B'199

and NaSngs. The use of complex aluminates as synthetic

reagents has been studied considerably.128’134 These'wére
exteﬁded to Li[Al(ER)4] to include .a convenient preparation
of alkylthiosilanes and an alternative preparation of alkyl-
thiogermanés in high yieldé in a relatively short time.

The purity of the compounds was initially confirmed by

lH n.m.r. spectroscopy. The first-order spectra (summarized

'in Table VIII.2) are consistent with the free rotation about
the skeletal bonds. The MeHZM- and MeZHM— species gave the
expected guartet-triplet and septet-doublet 1H n.m.r. patterns.
The alkyl group of the thio-entity in Me H, MSR (n=1,2)

did not couple, however, with the substiZuen;s attached to

M as do those at M atom, when E=Se. Although structural
information is not available, the long-range coupling appears
to be dependent on the preseﬁce of fluorine atoms in the
‘sbecies MenH3_nSiOCH2CF3 where n=0,1,2, since the analogous

coupling in MenH3_nSiOCH2CHé is not observed. The chemical

shifts of the germyl or silyl and methyl protons of MenH3_nM
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Table VIII.Z  The Wnomr. parameters* of Group VI derivatives

o

Compound SiMe)  JM)  Jlewp)  deH)  J(SiH)  J(HH) “I(HF) J(CHg)
Hy510Me” - 4,50  3.41 - 2.2

MeHZS'IOMea 0:23 4.6  3.42 - 207.6

MezHSiOMea 0.12 460 © 3.3 . 200.5

Me‘aswnea'b'd 0.04 % .27 118.0 -

Mezsi(OMe)zb'd 0.01 5 3.34 118.5 -

MeS{(OMe), P4 502 . ¥ 119.4 -

si(owe) ¢ 0.00 - 3.43 - - )

H S10EE ¢ - 4,48 3.60 - 218.1 1.13
resioee!  0.23 S 387 o - 1.10
r-bESi(OEt)Zd 0.20 " “3.66 - 118.0 - 1.12
HySTOCH,CFST - 4.62  3.89 - 9 0.98

P‘lu*"'.HZSiOCHZCF3 0.35 4,70 3.9 123.6 217.1 .42 0.92
l"!eaf'IS‘iOCHZCF3 0.25 4.72 3.92 121.1 206.1 .02 0.84
Me3510CH2CF3 0.16 - 3.93 120.2 -

i T - .8 .20 - .
H:‘]S10C}‘|2CC'I3 4,80 4 222.4
P'ie}<|25'iOCl*12(:C]3 0.43 4,83 4,23 123.0 217.8 3.3

bﬁezHSiOCHZCCl3. 0.31 4,79 4,17 ~ 121.3 207.0 2.97

Mo, ST0CH,CC1;  0.22 - 4.19[ 120.6 -

H Ge0te™ - 5,12 3.49 - -

et GeOte 0.56  5.20  3.47 .

Mo, HeOHe 0.45  5.28  3.45. -

:4e3seox~1ef 0.33 - 3.43  128.3 -

HySisted - 4,29 2.02 - 218.9
Melt,S1SMe™ 0.42  4.45  2.03  123.0  21L3  4.09
Mo Histe* 0.3 4.58  1.98  122.3  205.1  3.60
Mesiste” bF g.26 - 1.92 1215 -
MeHsﬂswe)z* 0.49 5.01 1.99 124.2 ' 3.21
Me,Si{sHe),” 0.3 - 1.8 1223 -

Con'd

+Cyclohexane used as solvent and internal standard, aR.‘af.:lB}‘.lBa.
bRef.:ldD. 141, “Ref. 129. dRef.BB.K. Hunter and L.W. Reeves, Can. J. Chem.,
46, 1399 (1968). €pef. G.A. Gibbon, Y. Rousseau, C.H. Van Dyke, and J. Mains,

H

Inorg. Chem., 5, 114 (1966). ‘Ref. 139,
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TabTe VIII.2. Con'd

compound (W) (GeH) I()  d(eW) (Ne) (C)
HoGeste 9 - 4.8 -5 - 2,05

Ve Gestie® < 0.65 477 3.52 1307 2.11

e Heeshe" . 0.56  4.86  3.24 1295 2.04

MeBGeSMef-‘ 0.51 - - 125.7  L97 |
Ve, Ge(Ste), 0.85 . - 130.0 2.16 ]
MeGe(SMe); 1.26 - - 132.0 2.38

Hobesete I - 4.19 - - 1,95

MeHZGeSeMej 0.74 4.8  3.50 - 188

MezHGeSeMej 0.67  4.68  3.20  129.6 1.85

MeBGeSeMe‘j’k 0.55 - - 128.0 -1.78 ¢

HGeSEL - 4.50 - - 1,31 2.59

e GeSEt  0.63  4.67  3.42  130.5 1.29  2.56

Ve HGeSEt ~ 0.54 4.8 3,06 129.0 1.28  2.58

Me JGeSEt 0.46 - - 128.0 1.25 2.49

H GeSeEt - 4,15 + - - 1,44 2.58
Me,GeSeEt  0.53 - - - 137 2.46

IRef. J.T. Nané and C.H. Van Dyke, Inorg. Chem., 7, 1319 (1968).

heet. 105. \Ref. E.V.Van den Berghe, D.F. Van de Vondel and G.P.

Van der Kelen, Inorg. Chim. Acta, 1, 97 (1967). jRef.laa.kRef.134, 190.
*The spectra were recorded at room temperature in CCi, (ca. 5% v/v).
Chemical shifts (6%0.02 p.p.m.) are given in p.p.m. to the low field

of internal tetramethylsilane (TMS}).
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. "o
show similar changes with substituent electronegativity as

the halide series Me Hy_ MX (X=F—>I, n=0—>3)11/23/47,135
Thus for any‘éeries,més E;Q-—as-—>5e, the value of JXMH)
moves to higher fiélé values consistent with a decrease in
the inductive deshielding. The accompanying downfield
shift in 5(Me) may be related to anisotropic effects.e’136
Additional éonfirmation of the molecular species came from
vibrational, mass and X;ray photoelectron analysis, while

the cleavage reactions of the M-E boﬁds with REH reagents
confirmeéd their monomeric nature. The chalcogen species

are all clear, colorless liquids, but @éide from the oxides
vile smelliné.

The experimentally-determined computer-fitted binding
energies for the silyl ahd germyl chalcogenide series are
listed in Tablé VIII.3. The data are used as an aid‘for iden-—
tification of the compounds. A mpre detailed study in relation
to their structure and bonding mechanism is another research
project. Nevertheless, it is important to‘make a few comments.
.The most striking feature of the binding energy d%ta is
the lgck of any substantial shi{ts which parellels the
3-
‘effecfs of the a%kyl groups attached to the chalcogen atom

results observed in the (MenH nM)ZE series. Inductive
on germanium and silicon may’be anticipated via observation
of the § 2p3/2 Ge 3d and Si 2p binding energies but the

shifts are either small or within the experimental limits.

e
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Table VIT1.3. Observed binding energies of Group VI derivatives ”
. -t -
Compound + Core Jeve) :
- ! Si 2p C1s 01ls xt Ge 3d C1s 01s
| )
itioMe £y 107.63 292.18 537.97 37.74 292,09 537,90
4. L4 M x
neuznorfe 107.11 291.95 537.6% 37.22  291.79 . 537,20
T o( _ 289.83 , 290.01
e e IiHOMe 106.81 291,83, 537.52° 37.09 291.49 536.99
i 289.65 289,78
Me 10t 6.57 291,38 -.537.30 36.82  291.47 536.84
; 289.44 289.66
' < netiglore) 106.94 291.64 537.60 :
; z - 289.70 ‘
legh(Ote), 107.01 291.83 537.47 36.91 291.89 537,04
- 289.51 . _ 289.79
(¥, le0M),0 107.10 ~ 291.82 537.34 . .
. (e 2 _ 289.51 » f
) Melt(Otle),  107.55 291.89 537,63 37.33 29171 537.14
¢ 289.54 289.77 :
Jn(ore), 107.87 291,97 538,10 38.07 292.09 537.70
w o/ ligoEt 107.12  291.80 538.21 ‘
N " 289.94 ;
7 Me MOEL 106.25 291.07 536.86
f 3 - 289.18.
te,M{OER) 106.69 291.60 537:81
N Z 289.91 .
;7 H_SioR! 107.70 293.60 548.94  694.20 ,
- / 3 290.31 -
, ell,S10R 107.39 293.43 538.64  694.09
. o ﬁ 290.00 : o
Lo e HSTOR «  10R07 292,91 538.43  693.99 :
;o - ‘ 289,85
, tie ;S10R 106.80 292.60 538,12  693.80
3 u; B . 289.60 :
: \)/ MelSi{OR) 107.81 293.00 538.75  694.14
> : 2 290.00
J o Me.Si(OR),- 107.57 292.96 539.04  694.05 .
J A 289.90 T
/ HyS10R! 7.65 294.45 538.55  207.74 ’ ! ' .
; _ 292.61 206.09 . _ ‘
 IeM_sioR! 107.24 294.33 538.20 % 7.63
‘- . 2 - 292.59 5.4
. ~ 289,82 o
_ Me_HSiOR’ 106.75 204.78 537.97  207.91 O .
- . 2 - 292.49 205.98 :
R 289.61 o
ﬁ‘} ' Me gS10R" 106.58 294,12 537.84  -207.62
: . 292.38 . 205.81 . . )
. 289.35 .
, CliCil, 0N - 291.63 538.49 Loy :
. 290,22 . '
“CFLCH,OH . 292,99 539,79  694.20
. 289,82 ‘
CC1,CH, 0 : 204.38 539.29 20399 :
- 300,64 206, 20 .
ACH, {SH)CH, 01 290.26 538.62 - .
. : 169.845 o)
- : S o 168.65°> °P _
' . . ' _ Con'd.
81 i i iz  tyn .
AR , _%’_C”zc’:s' R-CHZCC13. ’fF 15 or Cl 2‘p3[2 o .
[t ' ' - £ ; - .f . . . o
‘ * - 5 . ' K.
: F L cT T
t J e . "o . L®
“ s . . . v‘ L
‘ 1 C . ¢ .
AN -/ . - + rﬁhﬁj o - A g , ‘:-(;_:' _nl
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Table VIII.3. Con'd “\\
Compound N . Core level
: . : 3/2 E+
Si2p C1ls S 2p Ge 3d Cls .
H_MSMe 107.38 291.12 168,98 37.11  290.59  169.96
3 _ ‘ 168.74
Pel, e 107.05 290.71 168,96 36.95 291.93 169.73
| . 290.55  168.62
Me_ HMSMe 106.81 - 289.98 168.92 36.82 289.90  169.43
Z . | 168. 31
te HiSMe  106.72 289.80 168,55 36.40 290.97  169.02
- 289.75 167.92
MeHM(SMe ) 106.81 290.24 169.32
2 168.35
e M(She), 106.83 - 290,20  169.42 36.490 290.73 169.74
: 168. 40 168. 46
MeM(She) 5 36.52 290.81 168.21
HoHSEL 107.35 291.21 168.90 37.09 290.48 170.14
~ T 168. 81
MeH, HSEL 106.92 1291.10  168.95 36.91 290.46  169.26
(290,00 168.62 : 168.43
Me, HHSEL 106.78 290,90  169.72 36.52 290.22 169.15
289.89  168.56 168.09
Me JMSEL 106.45 290.79  169.30 36.48 289.83 169.00
289.85 168.10 168.00
MehM(SEL), 106.95 290.62 169.01 .
. 168.23
HoMSeMe . : 37.12 290.85. 61.15
MeH, Msebie . 36.80 291.20  60.98
| : 290.46
Me HitSete .3%.53 289,92  60.70
Me JMSette ' " 96.27 290.83  60.35
289.84
CH4CH, SH . 290.26  169.84
168.65
(cH,) (CsH _ 289.86 169.36
3 " 168.18 . ,
CH_(CH.)_SH | 289.96 169.31 ' :
322 168.41
CH.(CH,).SH 290.86  169.71
3723 S 168.51
CHa{CH,),SH 289.71 169.66
32 - 183
CH.(CH_)_SH 289.66 ~ 169.46
325 ; 168.76
. C_H_CH,CH,S 289.36 169.16
657272 - 168.56
‘ .
a ' , N
=5 2p°/2 " or Se 3d ; ﬁE:D-
. '-{:; . -




Resolution of the C 1ls signal into separate peaks is best
aﬁhieved for the oxygen series than for the fully methylated ¥
sulfur specieé. Fér the hydrido-sulfur series the separation
is ?ither-small or not. observed. I the\cése of .
[Meé(MeO)Si]ZO two peaks are obsexrved for the C ls level.but
only ‘one fof the O 1ls level. There are marked changes in
the binding energies of the carbon atom directly attached to
F, él‘or’H. With the CX3 groups of the silicon series, the
highest binding energy in generél'and hence relatively highest .
positive chargé, resides on carbon attachedAﬁo X. The
incredse'of ﬁﬁf binding energy for O ls and Si 2p could
indicate the éreater stiffness of the mdiecule with fluorine

N .

relative.to hyérogen.

-

' -
1 N

!
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