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INTRODUCTION

The etudy of the chemistry of orgsnosilicon compounds
hag recelved a tremendous impetus in recent yesars with the
dlscovery of interesting and useful properties quite differ-
ent from those of related carbon anazlogs. Of these proper-
ties, the great thermal stsbility of many of these gilicon
compounds hee been explolited very succegsfully. There exist,
however, only the moet preliminary investigatione to estab-
lish the theoretlcal grounds for this reslstance to high
temperaturee, There 18 no published systematic study to
- determine gualitatively the susceptibllity to thermal de-
compoeltion of various orgenic moleties bonded directly to
the gilicon atom,

This work wes undertsken in the hope of syntheslzing
organoslllcon compounds for poeclble use ae synthetic
lubricante at very high temperatures, The synthesis excluded
all materlialas contalining the sillecon-oxygen bond, Because
of the empirlical approach requlred by lack of previous or
published studles, there wlll appear in the Experimental
part some rather non-gystematic and unrelated indlvidual
compounds, If the organlic group chosen did not seem to
impart thermal resistance to a molecule, no further work

was done with 1t, Promising groupe were incorporsted in



& defined serlies of compounds tc obtzlin more complete date
and investigate any possible trends and devliatione. 4 teble
listving the dats obteined from thermal steblllty teste
carried out on the syntheslzed compounds follows the Experi-
mentsl part,

In the Historicecal part, the literature concerned with
the relative gtablilitles of organosilicon compounde has
been thoroughly reviewed through 1953 and as %ell a8 possible
into May 19551. Publicatione degling with compounds con-

taining the silicon-oxygen-carbon linksege are azlso included.

1"ham;oa d Abstrecte were reviewed through the 1953 in-
dex. The Journal of the American Chemicsl Socisty, the
Journal of Urcenic Chewletry snd Current Lhemical rapers
have been covered through Mey, 1955. Chemical Haviews
were checked through April, 1955.



HISTORICAL

Much hes been written2'3’u'5’6 degeribing the prepara-
tion, properties and uses of organosllicon compounde. How-
ever, the literature iz very gparse on the subject of the
theoretical basls for the high thermal stabllity of some of
these compounds,

It would be of adventage to gualify here what 1g meent
by the term thermal stability. In the context of thle study
1t will mesn the cleasvege of one or more of the organo-
gllicon bonds., Considering thie crlterion, the data most
vital to the discusgelion will be that of the energy required
to rupture these bonds, A measure of this energy 1s often

described ag the bond dissocistion energy.

2, A, Burkhard, E. G. Rochew, H. §. Booth and J. Hartt,
Chem. Reve., 41, 97 (1947).

3u, w, Poet, "8ilicones and Other Organosilicon Com-
pounds ", Reinhold Publishing Corn., New York, N, Y., 1949,

bE. G. Rochow, "An Introduction to the Chemlstry of the
$4licones ", 2nd ed., John Wiley & Sone, New York, N, Y., 1951.

5H. Gilmsn snd G. E, Dunn, Chem, Reve,, 52, 77 (1953).

6y, =, McGregor,}“ﬁilicones and Thelr Uses", Mclraw-
Hill Book Co., Inc., New York, K. Y., 1954,



Pyrolytic decomposition 1e generelly considered?’s to
be due to the acoumulation of amplitudes of thermsl vibra-
tion of one bond, It 1g also stated that the order of
cleavege of orgesnic groupe in thls decompoeitlon veries with
the exrerimentsl conditions. The wvesristion in individual
8tabllity is explelned by sscuming two antagonistic factors,
The first, tendlng to favor stability, 1s a steric factor
which dependes on the incressing number and gtructural
organization of the carbon atome, The second, tending to
decresse stability, 1ls a polar factor. There 18 slso noted
that the higher stability of aromstic molecules, compared
to peraffine of similser molecular weilght, may be due to the
fact that cleavage of one cromstic bond doeg not regult in
the decompoeition of the entire molecule as would be the
cage for the paraffin,

From these statements 1t can be assumwed that, 1in
general, the aryl organometalllic compounds are more thermally
registant than the ocorresponding slkyl compounds of llke
molecular welght., Also, that for slkyl-metallic compounds,

etability incresses with lncressing chain length. From the

7I, V. Obreimov, Zhur. Ekepl, Teoret, Fiz., 19, 396
(1949), [Originel not avsilable for exsminstlon; sbstracted

8a. retit, Bull. soe chim.;EXgnce, 12, 224 (1943)
[C. 4., 39, 271 TISHST. T




generallzations in the litersture, the aryl compounds are
the more stable, but, the smaller chain alkyl-metalllc
molecules decompose lesg readily than do thelr longer chain
homologs.

In the orgenosilicon compounds more work hse been done
on molecules containing the sillicon-oxygen-carbon bond than
on aryl- and alkyl-substituted egilanes. Dolgov and Volnovg,

testing the theory of Hertkornla

, that an oxygen atom be-
tween the carbon and eillcon stoms weakens the attractive
forces between the latter two, have found the following re-
sults., The work was done in a hydrogen atmosphere. Tetra-
ethoxysilane, heated for 25 hours at 200° and 100 atmosvheres,
gave ethanol and hexaethoxydisilane as products. At 280°
the same ethoxy compound was decomposed into ethylene and
tetrahydroxyellane., (Tetraethylsilane is stable under
comparable conditions.) Tetraphenoxysilene weas completely
cleaved at 380° into phenol and silicon. The corresponding
tetra-p-cresoxyellene afforded sllicon dloxide as well as

ellicon and p-cresol. Tetrahexyloxysilane gave quantlitative

yields of hexyne and sllicon dioxide,

9B. N. Dolgov and Yu. N, Volnov, Gen, Chem, (U, 8.
8. R.), 1, 330 (1931) [C. A., 26, 2168 193217]

103, Hertkorn, Ber,, 18, 1697 (1885).

L]



In the case of ester chlorides of orthoslilicic acld,
1t can be statedll that stability increased with 1ncreszse
in molecular weight. The aromatic esters resisted thermal
decompogition more resdily than the aliphatic esters, There
wag also & notable decresse in stabllity from the normal to
iso esters. It may be of intereet to note here thet such
compounds se triethoxychloreosilane, hexyloxytrichlorosilane
and og~anisyltrichlorosllane gave silicon tetrachloride as
one of the decomposltion products.

Gilman and Dunn5, in thelr compsrison of analogous com-
pounde of carbon and sllicon, have found that even though
the bond dissoclation energy of the carbon-carbon bond 1s
greater than that of the silicon-carbon bond, some compounds
containing the latter linksge are very stable at high
temperatures, Tetraphenylsllane can be bolled without de-
composition at temperatures as high as 428°, and is stable
to 5909 and higher. Tetraphenylmethane resiste theee con-
ditlons equally well, There is, however, the expected
finding that the tetraalkyl eilanes are more susceptlible
to thermal cleavages than thelr carbon snslogs.

The same suthors claim that the weakness of the sillicon-

gllicon bond ie a factor in the pauclity of molecules containing

1lyu. N. Velnov, J. Gen., Chem. (U, 8. 8 R.), 17, 1428
(1947) [Ce Ax, k2, 2230 (ION&)T.



such a bond, However, they further state that the thermal
instseblility of this type of linkage is most probably not the
entire reason for the scarcity of these compounds, Examples
of this type, such as 1,2-diethyl-l,2-diphenyl-l, 2-dipropyl-
disllane and hexaphenyldisilene which have 2 bolling point
of 268° at 100 mm. end melting peint of 355° reepectively,
resigt all decompogition at these temperatures,

There appears to be s case in which the silicon-silicon
bond 1e stronger than the corresponding carbon-carbon analog.
Hexaphenyldlsilane, prepared by Schlenk te compare ite tend-
ency with that of hexaphenylethane to dlscoclate into free
radicals, lg more stable than the bond energles would predict.
In fact, two other such compounds, hexa-p-tolyldlellane and
hexa-p~biphenylyldisilane, melt undecomposed at temperatures
above 350°. The authors point out two factors in the di-
gllanes important in an explanation of the unexpected
8tability. The first is that the sterlic strains 1ln this
type of compound should be considersbly emaller than in
anslogoue carbon compounds because of the larger size of
the silicon atoms, The second is s decressed resonance
stabilization due to the very low abillty of sillicon to

form ellicon~carbon double bonds.



In & recent studyl? on chlorinated chloromethylsilanes
end methylsiloxanes, Zimmermann dlecovered a serles of ex-~
tremely labile organoslilicon compounde. He postulates the
following structural requirements for these molecules which
decompose almost explosively. There must be present the
trichloromethyl group; at least one hydrogen bonded to &
carbon stom; and the latter carbon atom directly connected
to the silicon atom, The compound, trichloromethyldimethyl-
chlorosilane, falls into this group. The compound, tri-
chloromethyltrichlorosilane, was found to be quite stable.
He also noted that lesser chlorinated molecules, present
a8 impurities, tend to stablilize the lablle compounds,

Thie he secribed to the formation, through intermolecular
reasctions, of meterisls structurally different from those
defined in the above criteria. It is possible to cause a
glow and continuous decomposition of the explosive types by
gentle heating, svolding any locslized overheatling. The
cleavage products obtalned almost alwaye include hydrocen
chloride and dirfferent sillicon-chlorine bonded molecuvles,
Examples of the varlety of cleavage products from trichloro-

methyldimethylchlorosilane are hydrogen chloride, chloroform,

12%. Zimmermann, Bep,, 87, 887 (1954).



hexachlorobenzene, methyltrichlorosllane and silicon mixed
with cerbon, It is of interest to note that the carbon
analog, 1,1,1,2-tetrachloro~3-methyl propane, 1s guite
g8table at the conditlions requlred to decompose the corre-
geponding silane,

Fritzl3 hae lsolated from the thermal decomposition
of ellane, & small quantity of diellane. The monosilane
was heated to 470-480° at 4 mm, and then quickly cooled.
It was his intention to show that the above decomposition
dld take place through a free radical mechanism, Earlier

wcrkermlu

, unable to isolete any disllene, proposed a non-
radical type mechanlsm, Thie author cleimg that the
temperatures previously employed were high enough to
gqulckly decompose any disllane formed.

The same authorls has carrled out some experiments on
the decomposition of ethylsilanes such as ethylsilane, di-
ethylsilane and triethylsilane, At 480°, diethylsilane gave
the following producte: ethylene, silene, methylsilane,

dimethylsilane, propene, propene, CgHoufl,, a high bolling

13@. Fritz, Z, Neturforsch,, 7B, 507 (1952).

l“?. R, Hognese, T. L. Yilson and ¥. C. Johnson, J,
Am, Chem, Soc., 58, 108 (1936); H. J. Emeleue and C. Reld,
Jds Chem, Boe,, 1939, 1021,

(195 :;5@. Fritz, Z, anorg. u, allgem. Chem,, 273, 275
1953).
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oil, and & solid of empirical formula (CK3$1)X. The Cg-
compound wase found to be monomeric in benzene and to contaln
the slllcon-silicon bond. It wae not further 1ldentifled.
Pyrolysie of ethylellane and triethylsilane also gave tetra-
methylsilene in additlion to products similar to those men-
tioned.

The patent litersturel® describes the preparation of
some vinyl-aromatlic silsanes by the pyrolysls of a beta-
chlorinated orgsnosllicon compound of general formula
X331~A(Y)3331X3, where A 1g a saturated tervalent carbon
radienl; B is a saturated blvalent carbon radical; R 1 a
bivalent arcmatic radicel; and X and Y are halogens. Mate-
riele of this type are obtained from molecules prepared by
the reaction of a haloalkyleilane, such as l- or 2-chloro-
ethyltrichloreellane, and an aromatic compound, such as
benzene, ln the ratlo of 2:{1 in the presence of sluminum
chioride., The latter reagent is removed from the reaction
mixture as an aluminum chloride-phosvhorue{V)oxychloride
complex. Chlorination of the products, such as bis-(betg-
trichlorosilylethyl )-benzene, from this reaction ylelds

materiale having the structursl requirements listed above.

18;, B. Hatoher and R. ¥, Bunnell, U. 8. 2,570,551
(Oct. 9, 1951), [Originsl not svailable for examination;
abstracted in C, A., 46, 4568 (1952).]
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They are then pyrolyzed at 309«4000 in the presence of an
inert gas, In an example, the products of the chlorination
of bis~(beta-trichloroeilylethyl)-benzene, when pyrolyzed,
gave gllicon tetrachloride, dlvinylbenzene end a fraction
bolling in the range 150-210° at 3 mm. Redistillation of
the latter materisl glves the desired vinyl-beta-trichloro-
gllylethylbenzene, It 1s of interest to note the resultal7
of some qualltative studles on the etabllity of certsin
organic groups carrled out by & number of workers in This
L&boratarylg. The bseic setructure of the molecules con-
glsted of phenyl groups attached to silicon or other Group
IVB elemente, The orgsnic moleties other than phenyl were
then oconsldered to be the cause for variastions in suscepti-
billty to thermal cleavage, ‘

Une group of compounds which showed promise contailned
long-chained, p-alkyl substituents. Tetrsa-n-undecyl-,-n-
dodecyl-,-n-tetradecyl-,-n~hexadecyl- and -n-octadecylclilene

all volatilized, at regularly incressing temperstures between

17Th@ compounds, contained in & caplllery melting vpoint
tube, were placed in an electricelly-heated, copper block
and obeerved through a mica window cut into the base of the
block., Volatillity wae determined by the presence of a liquld
in that paert of the tube extending above the copper.

186. W, Gerow, J. J. Goodmen, R. D, Goreich, R. K.
Ingham, D, H, Mllee and X, Olta, unpublished studies, Iowe
State College,
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u35~aem°, without any elgne of decomposition, All but the
lJatter two are ligulds =t room temperature, WYhen phenyl
groupe were introduced into the molecules there were gigns
of & decreasse in stability ae indicated by a yellow colora-
tion of the compounds near their bolling pointe. Triphenyl-
n-decyl-, =-n~dodecyl~, and -n-octadecylellane were pale
yellow ligulde at 400° gnd volatilized at sbout Lyl 50,
The bis-substituted compounds, such as diphenyl-bis-(n-
dodecyl)-ellane, were found to boil in an intermedlate range.
The genersl trend does indicete that the more n-alkyl groups
of the length C17-Cyg, the higher the volatilization tempera-
tures, The shorter-chained molecules veporlized at somewhat
lower temperatures, yet, there were no signs of decomposi-
tion, Triphenylmethylellane wse volatilized at 300° without
any previous digcolorstion or residue, Triphenyl-n-propyl-,
-n~-butyl~, and -n-hexylsilene have bolling points at about
3650, 380o and 4009, respectively.

isnother serlies tested was of the mixed alkyl-aryl
types., The compounds triphenylbenzyl-, diphenyldibenzyl-
and phenyltribenzyleilane volatilized well sbove 400°, The
tribenzyl-gsubstituted molecule volatlilized about 15° higher
than the other two mentioned. None of the three showed

slgne of decomposlition. Materilsls having the aromatic group
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further out on the chaln, triphenyl-keta-phenylethylsilane
and diphenyl-bis-{(gemma~phenylpropyl)-silane, are somewhat
more susceptible to decomposition.

Polyeyelic groups gave a variety of resulte. A perles
of phenyl-9-fluorenyl-silsnes tested showed that an increase
in the number of 9-fluorenyl groups raised the vaporization
tempersture conslderably. However, all these molecules gave
a deep red color at about 500°, Teste on some l-indenyl-
containing compounds showed no definite trends, Triphenyl-
1-indenylelilane, melting point 1360, became glightly milky
at 400° and volatilized at about 47302 without eny residue.
However, 1,1-ble-{triphenylsilyl)-indene, melting point 208°,
was light yellow at 4009; light brown by 423°; red-brown by
&509 and black at 465°, The residue finally volatilized at
470%, Another group of considerable interest was the 2-
biphenylyl., The members of this seriee had vaporization
temperatures between 480-520°, In 8ll cases there was con-
glderable darkening of the ligquld melt and & colored resldue
at the vaporization pointe. Both the glpha- and beta-
naphthyl groups were tested and showed greeter thermal re-
gistance then the phenyl groups. Triphenyl-glpha-naphthyl-
gllene volatilized from 472-474° without vieible decomposition,
the beta lsomer became a light-yellow liguid at that tempers-

ture and finally vaporized at about 490°. The number of
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avallable molecules containing these groups wae 8o smsll
that & generallzatlion or trend in thermal stability proper-
tiee wae not poseible,

Another series tested contained halogen-~-substituted
phenyl groups. The varistions included not only the type
of helogen but also its position on the ring. From these
gtudies 1t wae concluded that the disposltion of the halogen
on the benzene ring does not materially affect thermal
etability., There wes, however, a notlceable difference in
bolling tempersture between the chlorophenyl and fluorophenyl
groups teeted, Tetrakie-(m-fluorophenyl)-silane volatilized
et 39&9; the chlorine analog at 4729, Nelther showed appre-
cleble decomposition., The melting points of the fluorine-
subgtituted phenyl groups were generally much higher than
those for corresponding chlorine compounds. The bromine
and i1odine analoge were not aveilable for study.

Molecules conteining a silicon-oxygen bond showed
varying thermal properties, Hexsaryldisiloxenes of the
type (Arsﬂi)zﬂ were found to be guite stable to decomposi-
tion., Mixed alkyl-aryl disiloxanes, audh ag 1,1,1-trimethyl-
3,3,3-triphenyldieiloxane, were vaporized in the range 340-
3790. A fully alkylated disiloxane, hexa-n-butyldisiloxane,
waes volatilized at about 325°, All members of this class

of compounds showed 11ittle signs of decomposition at their
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boliling points., Of the silsnole tesgted, triphenyl- and
tribenzylelilanocl were converted to the corregponding hexa-
substituted dislloxenes on heating well above thelr bolling
points. The boiling ranges for thoge molecules which re-
tained their chemical structures extended from about 292°
for diphenyldlethoxysllane to #500 for triphenylbenzhydryl-
oxygilane, There wae a much more consistent trend noted 1in
resistance to decomposition by thie class of compounde,
¥With the exceptlon of several menmbers which became slightly
yellow, the representatives of thile clags were vaporized
without decomposition.

In the heterocyclic serles severszl compounds containing
the dibenzothlophene eystem were screened, The 3-trimethyl-
gilyldibenzothiophene volatilized at about 362-364° without
signe of decompoeition, The analogous 4-position isomer
was black at 485° and left e residue on boilling at 5355409,
8ince there was some doubt as to the purity of the latter
sample, no generallzetions could be made., The 2-, -3- and
h.trimethyleilyldibenzothiophene-5-dioxide were also tested.
A11 three volatillzed at temperatures of 420-427° without
extenslve decomposition. The latter, however, was a pale-
yellow color near its bolling point. In this case agsain,
the paucity of molecules for observsetion mskeg any sound

generellzation difficult.
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& wvery definlte concluslon cen be drawn from the tests
conducted on anslogoue compounde differing only in the
Group IVB element present, One series studled wae the type
containing four phenyl groups. It 1ls interesting to note
that the melting pointe of tetraphenylsilane,-germane, -tin,
and -lead lie within the range 228-233°, However, the silane
and germane boll undecomposed at temperatures of h28~430°
and 433-435° respectively. Tetraphenyltin leaves a gray
regidue at @000, and tetraphenyllead 18 decomposed into &
black mase at 275°., Another similar series screened con-
tained the triphenylbenzyl-group. Agsin all members hsd
similar melting pointe, 88-92°, In this case the triphenyl-
benzyleilasne vaporized at s temperature slightly above that
of the germenium analog. The corresponding tin and lead
compounds decomposed into black residuee at much lower
temperatures. From s conslderable number of other indi-
vidusl epecimens tested, 1t can be unegulivocelly stated
that tin- and lead~-containing msaterisls are definitely more
sugceptible to thermal cleavages than those of sillicon end
germenium. A comparison of the organometallic compounds of
8lllicon and germenium leads to no clear-cut clesgiflication
at this time, Iriphenyleilane snd triphenylsermene, both
melting at about 42-45°, volatilize undecomposed at 350°

and 354° respectively, The corresponding tetrskie-n-
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tetradecyl molecules are not nearly so similar. The silsne
becomee & vapor in the vicinlity of 435-440° without decompo-
gltion., Tetrakls-n-tetredecylgermane, on the other hand,
became light to dark hrown through the range 372-411°, and
generally volatilized at about 415° leaving & small smount
of resldue. In the cese of hexaphenylgermoxane and hexsa-~
phenyldiesiloxane, the melting points sre 185O and 22?~229°
respectively; asnd the corresponding volatilization tempera-
tures 480° and 515°, Thus, it can be seen that in gome
caseg the gllicon-contalning molecule poseesses greater
thermal etabllity; in others, the organo-germanium compound
is superior in thls respect. From the evidence availlable
at this time there seems to be a significant incresse in
thermel resistivity of fully-alkylated snd triphenyl mono-
alkylated sllanes when compared with thelr germsnium analoge.
It is egsentlel to point out here that the volatiliza-
tion of the escreened molecules does not neceesarily colncide
with any decomposition temperatures. On the contrary, those
materisles noted to have vaporized without decomposition were
probably capable of withstanding a greet deal more hest
before any bond cleavege would taeke place. The rather
qualitetive messuring technlque employed was primarily in-
tended to glve an order of megnitude of stabllity from room

temperature to the vaporization point.
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Gilman and Bailielg have carried out a etudy on the
pyrolysis of some orgesnolesd compounds of the type R3PbeB3.
Perhaps the dats given on the easge of cleavage of various
orgenic moletles may be of & generasl nature regardless of
the Group IVB central atom, The materlsls were hested in
xylene and the time required to deposit lead noted. The
authors gilve the following order of decreasing thermal
etability: meeltyl, cyclohexyl, alpha-nsphthyl, o-ethoxy-
phenyl, o-methoxyphenyl, o~tolyl, p-ethoxyphenyl, p-methoxy-
phenyl, p~tolyl, m-tolyl, phenyl, ethyl and methyl., The
firet three members of the series showed no deposition of
lesd after 6 hours of refluxing in xylens, The suthors
ascribe thie thermal resistance partially to steric fectore.
They also point out that ell three lesd compounds were pre-
pered in rather low ylelds. Pogition lsomers were notlceably
different in their esusceptibility to pyrolytic cleavage, The
o-~methoxyphenyl and p-methoxyphenyl molecules took 60 mlnutes
and 3-5 minutes, respectively, to deposit metsel, The corre-
sponding ethoxy compounds gave black sollds in 17 minutes
gnd 1-3 minutes, In the tolyl serlies, the order grtho, meta
and pars took 45, 0 and 3-5 minutes, respectively, for

deposition to be noted, These results do not agree with

~ 19H, eiiman ené¢ J. €, Beille, J. Am. Chem, Soc., 61,
731 (1939).
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the previocusly mentioned study in the silane serles in which
poeltion lsomers possesged no eignificant difference in
thermal resletence., They do, however, glve credence to the
inportance of steric factors in this problem. Hexaphenyldi-
lead decompoeed immediately in the bolling xylene, The
alkyldllead molecules, such as hexaethyl- and hexamethyldi-
lead,were cleaved before the bolling temperature of the
Xylene golution was attained. Thie regult agrees well with
the generzlization thet short-chained alkyl groups show very
poor thermal stability.
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EXPERIMENTAL

General Proceﬁurezg

Inert atmosphere

Nitrozen. Commercially available, prepurified (99.9%

pure) nitrogen was used throughout the study.

Apparatus

The spparatus ueed for all experiments consleted of a
3-necked, round-bottomed flask, Tru-bore stirrer with glass
paddle and reflux condenser. All of the equipment was
dried in an oven at 100° and sllowed to come to room tempera-
ture under nitrogen., Thie lnert stmogphere was maintained
throughout the entire experiment if an orgsnometallic re-

ag@nt was an intermediate 1n any of the reactions.

20&11 melting pointe reported here are uncorrected
values, They were determined by the caplllary tube method
at & rate of heating of 1%/minute near the melting point.
An electrically-heated, copper block was used throughout
the entire study.
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Reagente

Solvente. The dlethyl ether wee & commerclal, an-
hydrous grade stored over sodlum wire, All other solvents
emnloyed were commerclally available "reagent grades', They
were stored over sodium wire for at least 24 houre prior to
use,

Organic haildes. The organle halides employed for the
preparation of the corresponding orgsnolithium or Grignard
reagents were of Eastman "white label' or equivealent grade
of purity, They wers not further purified before use.

Lithium, The lithium wire was one-elghth of an inch
in dlameter and weighed 3.4 to 3.7 g. per meter, The wire,
conted with gresre, wass stored under mineral oil. The vro-
tectlive coatings were carefully wiped off with a towel be-
fore the wire was cut into small nleces. Excess metal, 1if
present sfter the completion of a reazction was removed by
flltration of the organoclithium solutlon through loosely-
nlugged glsss wool,

Magneegium. The ccmmebcially avallable grade labeled
"for Grignard reaction® wee used for all preparatlons.
Unreacted ﬁagn@gium was separated from the reaction mixture

by the method used for the removal of excese lithium.



22

Produet lsolatlon orocedurs

After completion of the resction period, the resultsnt
mixture wae hydralyzea. Water was the reagent normelly em-
ployed for orgesnolithium preparstions. In the experimente
using Grignard reagents, the hydrolyeis wes ecarrled out
with 3 N hydrochloric secld, The orgsnic layer wae serarzted
and drled over anhydrous sodium sulfate for at least 4 hours.
The eolvent waeg then distlilled at atmospheric prescure.
Treastment of the residue is described under the individusl

compounds.
Alkyllithium Compounds

n-Butyllithium

The preoedﬁre used wae In essentlal accordance with
that reported by Gliman and co-workerg?t, The modificatlon
em~loyed wes coolling the reactlon mixture to & temperature
betwesn -35 and -40° after the addition of the n-butyl
bromide~ether solution had been started. A represcntative

preparation follows.

21y, Gllman, J., A. Beel, C., G. Brannen, M., W, Bullock,
?. g.)nunn and L. ©. ¥iller, J. 4m, Chem, Soc., 71, 1499
1949). ‘
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To & stirred suspension of 4,5 g. (0.66 g. atom) of
1ithium wire (cut into pieces leese than 1 cm. in length) in
150 ml., of ether were added 30 drope of & solution con-~
taining 41.1 g. (0.30 mole) of n-butyl bromide in 75 ml. of
ether, Ag soon ss the resction begsn, se indlcated by a
turblidity in the stirred solution, the mixture was cooled
to *350 by meane of & Dry Iece-acetone bath, The dropwise
additlon of the remeinder of the ethereal solutlon wses begun,
This esddition reguired 30 minutes. The temperature of the
reaction mixture was c.refully meinteined between -35 and
~40° during thie period by ralsing or lowering the bath.
The mixture was stirred at this temperature for 30 minutes
after completion of the sddltion., Then the bath wese re-
moved and the reactlon mixture allowed to stir for 2 more
houre at 0°. The yield of n-butyllithium as determined by
the double titration meth@dzg was 89%.

In succeeding p?&parations the yields ranged from

86"92%.

22H. Gilman and A. H, Kaubein, 1ibid,, 66, 1515

(1944).
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Aryllithlium Compounds

Phenyllithium

This reagent waeg prepared according to the procedure
of Jones and Gilman<3, A typical preparation follows.

To a stirred suspension of 3.10 g. (0.445 g. atom) of
lithium wire (ocut into pleces lees than 1 cm. in length)
in 150 ml, of ether were added 10 ml. of & solution of 33.0
g. (0,210 mole) of bromobenzene in 75 ml, of ether. The
solution became turbld after several minutes. The remsinder
of the etheresl solution wasg then added at a rete sufficlent
to maintaln gentle reflux of the reaction mixture, After
the addition wee completed, external heat was supplied to
continue the refluxing for an additional 30 minutes, The
24 wae 977,

In succeeding prepesrations the ylelds ranged from
94-100%,

yield, determined by & slmple acid titration

23R, 6. Jones &nd H. Gilman in R. Adems, "Organic Re-
actione”, John Wiley & Sons, Inc., New York, N. Y., 1951,
Vol., 6, p. 354,

Q&H. Gilmen, P, D, Wilkinson, Y. P, Fishel gnd C. H.
Meyers, J, Am, Chem, Eoc., %5, 150 (1923).
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Organoegilicon Compounde

1,4-Bile~(triphenylsilyl )-benzene

To 200 ml. of an ethereal solution containing 0.190
mole of p-butyllithium were eglowly added 150 ml, of an
ethereal solution containing 22.4 g. (0.095 mole) of p-
dibromebenzenez5. The temperature of the reaction mixture
wag meintained (by means of & Dry Ice-acetone bath) at -15°
during addltion, Color Test II26 wae found to be negatlive
one hour &after completion of the addition., To thies mixture
were then slowly added 250 ml, of an ethereal solution con-
taining 56.0 g. (0.190 mole) of triphenylchloroeilane. A
white precipltete formed during the sddition. Color Test
127 wes negative on completion of the addition. The mixture
wae allowed to come to room temperature and stirred for one
hour.

The solid was flltered off, washed with 200 ml. of

water and dried. There was obtalned 35.2 g. of white powder

25§, Gilman and R. G. Jones, ibid., 63, 1443 (1941).
26H, Gilmen anc J. Swiee, ibld., 62, 1847 (1941).

27H, Gllman and F. Schulze, ibld., 47, 2002 (1925),
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melting over the range 338~356ﬂ. The ether layer wae hydro-
lyzed with 500 ml, of water. The organic layer was seps-
rated, drled and distlllied. There remalned a white solid
melting over the range 3&&~358°. One recrystellization of
the comblned sollids from tri-n-butyl phosphate gave only
23.7 g. (#2,0%) of pure product melting sharply at 360°.

ﬂngl.gg Celed. for GAZHB%ﬁlzz 21, 9.45, Found: 814,
9.41, 9.47.

To 180 ml. of an etheresl solutlion containing 0.165
mole of p-butyllithium (st -15°) were slowly sdded 125 ml.
of an etheresl solutlion containing 27.1 g. (0.083 mole) of
di-p-bromophenyl ether2?, Color Test II wae negative after
15 minutes., There were then added 300 ml., of &n ethereal
eolution containing 48.68 g. (0.165 mole) triphenylchloro~

sllasne., The blue color of the orgesnometallic reagent was

zaﬁeat gllicon analyees were carried out sccording to
the procedure of H, Gilmen, B, Hofferth, H. ¥W. Melvin, Jr.
and G. ., funn, ibid., 72, 5767 (1950). For those compounds
which have a glllcon-containing group easlly volatillzed
during thie procedure, note will be mede to reference 43
degoeribing a modified analyels,

29H, Gilman, V. Lenghorm and ¥, ¥W, Moore, ibid,., 62,
3277 (1940).
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dipcharged on completlon of addition., Color Test I wae
negative after 10 minutes. The reaction mixture was allowed
to come to room temperature and then refluxed for 2 hours
wlth constent stirring.

The cooled solution was then hydrolyzed with 300 ml.
of water, The ether layer waes separsted, drled, and dle-
tilled, There wae obtained 46.4 g, of a white so0lid melting
over the range 289~3060. This material wes recrystallized
from tri-p-butyl phosphate. There was finally obtalned 28.1
g. (45,2%) of white cryetals melting at 306-307°.

Ansl. Caled, for CugHyp081p: Bi, 8,19. Found: B8i,
8.22, 8.25.

To 10% ml, of an ethereal solution containing 0,090
mole of n~butyllithium were sglowly added 75 ml., of an
ethereal solution containing 22.4 g. (0.090 mole) of p-
bromophenyl phenyl etnﬁr,zg The temperature of the reac-
tion wae maintained at —156. Color Test Il wes negative
after 2 houre. Then there were slowly added 50 ml, of an
etheresl solution containing 9.60 g. (0.038 mole) of 4i-
vhenyldlchloroeilane, The resctlion mixture was allowed to

come to room temperature and stirred overnight, Color Teet
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I was negative at that time and a white eolild was suspended
in the reaction mixture, Hydrolysis with 200 ml. of water
resulted in two clear, liquld layers. The ether layer was
separated and & e0lild began to precipitate from it, There
~ was flltered off B.4 g. of & white eo0lid melting over the
range 156~159°‘ The ether layer was drled and distilled.
There was recovered 4,5 g. of p-bromophenyl phenyl ether,
In addition the residue contained 1.l g. of a white golid
melting over the range 15“*1580. The combined product was
recrystallized from a mixture of dioxane and 95% ethanol,
There was obtained 7.20 g. (36.8%) of pure product melting
ot 162-163°.

Anal, Calcd. for C4gHpg0pB1: 81, 5.39. Found: 81,
5.34, 5.40,

To 110 ml, of an ethereal solutlon containing 0.0895
mole of n-butyllithium {(at -15°) were slowly added 75 ml,
of an etheresl solution containing 22.4 g. (0.090 mole) of
gpbfmmophenyl phenyl athsrzg. Color Teet I was negative
after 4 hours. There were then glowly added 25 ml. of an
ethereal solution contailning 5.30 g. (0.025 mole) of phenyl-

trichlorosilene., Color Test I was immedlstely negative,
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The resction mixture was allowed to come to room tempersture
under congtant stirring., Hydrolysle with 200 ml. of water
gaeve an insoluble white product (10.1 g.) melting over the
range 160-180°, The ether layer was sepsrsted, dried and
dletilled., There wae 1lsolated 3.3 g. of a white solld
melting at 158-159°, The combined solids were recrystal-
lized from & mixture of dioxane snd 95% ethanol to give
10.2 g. (87.1%) of pure product melting at 149-150°,

Anal, Caled, for C@gﬁsgﬂjﬁlz 81, 4.57. PFound: Bi,

h.51, 4,61,

To 115 ml. of an ethereal solution containing 0,095

mole of p-butyllithium (at -15%°) were slowly added 75 ml.

of an ethereal solution containing 23.7 g. (0,095 mole) of
p~bromophenyl phenyl eth@rgg. Color Test II was negative
after 2 hours stirring, There were then glowly added 2§

ml, of an ethereal solution containing 3.4 g. (0.020 mole)
of sllicon tetrachlorlide, The temperature of the mixture
was allowed to rise slowly and then brought to reflux for

4 hours. Color Test I wae negative at that time., The white

reaction mixture wase cooled to room temperature and hydro-

lyzed with 175 ml. of water. A white solld, suspended
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There was obtalned 10.7 g. of materisl melting over the
range 200-204°, Separation, drying snd dletillstlon of the
ether solvent gave an oily liquid having the odors of n-
butyl bromide and p~bromophenyl phenyl ether, The collected
golld wae recrystallized from ethyl acetate. There was
finally obtained 8.721 g. (58.3%) of the desired product
melting at 204°,

Anal, Caled, for Gagﬁjﬁcaﬁiz 81, 3.99. Found: 84,
3.95, 3.90.

A solutlon of 47.5 g, (0,190 mole) of p-bromophenyl
phenyl athﬁrzg in 75 ml, of ether wae added to 210 ml, of
an ethereal golution containing 0.187 mole of n-butyllithium,
The temperature of the reactlion mixture was meintalned at
~15° throughout the sddition, After 2 houre stirring, Color
Teet II was negative, There was then added a eolution of
17.6 g, (0,057 mole) of p-dodecyltrichlorosilane in 50 ml.
of ether., The temperature wee then raieged to reflux and
mailntained there for 18 hours. A white precipltate slowly
formed during this time, Color Test I was then negsotive.

Hydrolyelie with 200 ml, of water resulted in two clear
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layers., The ether fraction was separated, dried and then
distilled, The product obtained was a highly-viscous, amber
oil which resisted sll oryetallizetion attempts by use of
verious solvents, The 01l was finally distllled in s tem-
perature ranze of 315-320° at 0,004 mm, in e Hickmsn
molecular 8till., Totel weight of this lliquid wes 10.3 g.
(25.2%).

Anal., Caled. for CygHgp0s51: 81, 3.99. Found: 51,
4,03, 4,09,

Tris-{p-phenoxyphenyl)-silane (attempted)

Run _I. ‘There were added to 4.5 g, (0.18 mole) of mag-
neslum turnings suspended in 100 ml, of ether 50 drope of
an ethereal solution containing 45.0 g. (0.180 mole) of p-~
bromophenyl phenyl ether?? and a small erystal of lodine,
After 15 minutes, the mixture became turbld and some reflux
was noted, The remalining 75 ml, of solution were added at
a rate sufficlent to meintain gentle reflux, After 2 hours
gtirring, there was obtained a 94% yleld of the Grignard
reagent as determined by the simple scid titration. The

reaction mixture wae cooled to 0° and 20 ml, of an ethereal
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solution containing 6.8 g. (0.50 mole) of trichlorosilane >
were glowly added, Immedlste resctlon was noted by the
formation of a white precipltate, EBeveral hours stirring
were necesssry to glve & negatlive Color Test I, Ae the
temperature of the mixture was graduslly reised to reflux,
the solution turned from a pale-amber to & deep-brown color.
The resction flask was cooled very quickly sfter reaching
the reflux temperature, Hydrolysls with 100 ml., of 3 N
hydrochloric seild resulted in s yellow ether layer and dis-
golution of the so0lid. The orgsnic soclvent was separsted,
dried and distllled, The regidus conelsted of a deep-brown,
viscous oll, Vacuum diestillation of the materisl gave the
following frections:

1. Colorless viscous liguid, b.r. 65-85° (1.0 mm.)

2. Amber viscous liquid, b.p. 85-92° (1.5 mm.)
Neither fraction could be crystellized. Infrared datadt
falled to discloge the wnresence of the silicon-~hydrogen

bond in either fraction.

30Thﬁ procedure wesg in esgentlal sccordance with that
of F. C. Vhitmore, E. ¥, Pletrusza and L. H., fommer, ibld,,
89, 2108 (1947) for the addition of trichlorosilane to &
rignerd reagent.

31Thﬂ author 1e grateful to Dre. V. A. Fagsel, Marvin
Margosheg, Mesere, Richard M, Hedges, Robert D. Kross and
Robert MeCord of the Ingtitute for Atomic Research for the
determination of and asslstance in the interpretation of
the infrared spectra.
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Run II, The geme quantities of all reagents were em-
ployed. One modification was that the tempersturs of the
reaction mixture was not ralsed sbove 28°. The other was
that the volume of the golutlion wes concentrated to 100 ml,,
with the ald of en asplrator, after the trichlorosilane had
been added, Resulte essentially the same as those for Run
I were obtalned,

Bun IIT. The additlional modification employed in this
experiment wss that the temperature of the p-phenoxyphenyl-
magnesium bromlde solution was cooled to ~25° prior to the

pddltion of the trichlorosilane golution., Hone of the

deslred product was igolated,

To 250 ml, of an ethereal solution containing 21.2 g.
(0.127 mole) of fluorene < were slowly added 150 ml, of an
etheresl solutlon contalning 0,127 wmole of phenyllithium,
The solution became yellow, then orange during the addition.
There were then glowly added 75 ml. of an ethereal solution
containing 12,7 g. {0.050 mole) of diphenyldichlorceileane,

The reaction mixture bhecame a muptard coler during this

32%., Ziegler and L. Jekob, Ann., 311, 45 (1934),
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sddition., Color Tept I was negative after refluxing over-
night.

The reaction mixture was hydrolyzed with 250 ml, of
water, The ether layer was separated, dried and distilled,
The residual white s0lid was recrystallized from a mixture
of dloxane and 95% ethanol. There was lsolated 2.4 g. of
a white golld melting over the range 225.240°, Several re-
erystallizations did not narrow the melting point range.

Concentrastion of the original recrystallizing solvent gave

2.7 g. (10.6%) of pure product melting at 270°.
Anal, Caled, for 63332861: 51, 5.47. Found: 81,
5'55’ 5‘500

To an ethereal solution of 12.3 g. (0.075 mole) of
fluorene in 150 ml, of ether were rapldly added 122 ml., of
& solution contalning 0,075 mole of phenyllithiumBZ. The
mixture became yellow and then rust-red during the addition,
After 4 hours of reflux, there was slowly added a solution
of 4.88 g. (0.023 mole) of phenyltrichlorosilane in 25 ml.
of ether, Color Test I wag found to be negative after 8
houre of reflux, Hydrolysie with 250 ml. of water resulted

in the suspenegion of a white s0lid between the ether and
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water layers. The golid, filtered end sir-dried, welghed
10.0 g, and melted over the range 290-318°. The ether
layer was separated, dried snd distllled, There was iso-
lated 2.1 g. of rust-colored solid melting over the range
152~196° and heving an odor similer to fluorene, This
material wes not further purified.

The solld originelly collected was recrystallized from
s mixture of ethyl acetate and 95% ethasnol. There was
finslly obtained 6.8 g. (48.6%) of desired product melting
at 333-334 .

Ansl, Caled. for Guﬁﬁégﬁi: 81, 4.66., Found: Bi,
L,62, 4.50.

Tetrakis-(9-fluorenyl)-gilane (attempted)

Bun I. 7o 150 ml, of an etheresl solution containing
13.0 g. (0,078 mole) of fluor&ne32 were added 96 ml, of &an
ethereal solution containing 0.078 mole of phenyllithium.
The resultent ruet-red solution was refluxed for 4 hours
after completion of the sddition, There were then sdded
to the mixture, &t room temperature, 50 ml, of an ethereal
solution of 2.90 g. (0,017 mole) of eillcon tetrachlorice.
A reaction wae lmmediately noticed as the mixture begen %o

reflux, The color became yellow and remained so during 24
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houre of reflux, The yellow s0lid which preclipitated was
filtered and weshed with water., A small quantity held in
a Bunsen flame gave the crimson color of lithium., Further
washing with water resulted in a dark-brown, glassllke
solid,

The ether layer wes hydrolyzed with 200 ml. of water.
After drying and distilling the organic solvent, there re-
mained 18,5 g. of a dark-brown, glass-like sollid., No
solvents produced any change in this solid.

Bun II. In another preparation, the silicon tetra-
chloride wag added very slowly to the rezction mixture at
0°, The solid finally isolated had the physical appearance

and properties described above.

Diphenyl-bie-(g-trifiuoromethylphenyl)-silane

To a solution of 0,087 mole of p-butyllithium in 112
nl, of ether at -~15° was slowly added an ethereal esolution
of 19.5 g. of m-triflucromethylbromobenzene in 50 ml, of
ether >, The solution turned brown durlng the addition,
Color Test 1I was negative after 2 hours, There were then

added 50 ml. of an ethereal solutlon containing 8.85 g.

33K, Gilman and L. A, Yoods, J, Am, Chem, f£oc,, 66,
1981 (1944),
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{0,035 mole) of diphenyldichlorosilane, The tempersture
was allowed to rise slowly, and then heat wae applied to
bring the solution to reflux. After 24 hours, Color Test
I was doubtful., Hydrolysie with 150 ml, of water resulted
in a brown ether layer and colorless, aqueous layer, The
ether fraction was separsted, dried and distilled., There
remained an oil which became s esemi-s0lid on cooling in an
lce bath., Btirring with methanol gave a white s0lild melting
over the range 93~96°. Recrystallization from the same
golvent ylelded 9,1 g. (56%) of desired product melting at
97-98°.

Ansl. Caled. for CpgHgFgS1: C, 66.0; H, 3.82.
Founda: ¢, 65.6, 65.55; H, 3.86, 3.92.

Phenyl-tris-(m-trifluoromethylphenyl)-silane

To 121 ml. of an ethereal sclution conteining 0,094
mole of n-butyllithium at -15° were slowly added 55 ml. of
an ethereesl solution containing 21.2 g. (0.094 mole) of m-
ﬁrifluoromethylbromﬂbenzane33. Color Test II was negstive
after 2 hours. At the pame temperature wae then added a
solution of 5.71 g. (0.027 mole) of phenyltrichlorosiliane
in 25 ml, of ether, Color Test I was negetive after 24

houre of reflux, The resction mixture was hydrolyzed with
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150 ml. of water, After peparating, drying and dletilling
the organic lsyer, there remained an olly residue, Thie
product orystallized on standing overnight. It welghed 7.4
g. and melted over the vrange 78-81°, Heveral recrystalliza-
tione from methanol gave 6.3 g, (43,4%) of pure product
melting at 81°,

Anel, Caled, for Gggﬁlngﬁi: ¢, 60.0; H, 3.15,
Found: €, 60,09, 60.24; H, 3,23, 3,20.

Tetrekis-(m-trifluoromethylphenyl)-silane

To 0,190 mole of p~butyllithium in 205 ml, of ether at
~-15° were added 50 ml. of & solution containing 42,7 g.
(0.190 mole) of m-trifluoromethylbromobenzenel3, After 2
hours of stirring, Color Test II was negative., There was
then added a solution of 7.48 g. (0.044 mole) of silicon
tetrachloride in 25 ml. of ether., As the tempersture of the
reaction mixture was brought to reflux, a cream-colored nre-
cipltate was noted, Total reflux time was 24 hours. Hydrol-
yels with 250 ml., of water produced a gelatinous layer
between the ether and water., The organic layer was sepa~
rated, dried and diletilled, There remeined s "wet" solid
which melted over the range 100-103°, After several washings

with methanol and recrystallization from petroleum ether
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{b.p. 60-70°9), there wae isolated 11.1 g. (41.7%) of desired
product melting at 102-103°,

insl. Calcd. for CjuH)oF) Sl ©, 55.4; H, 2.63.
Found: C, 55.47, 55.43; H, 2.67, 2.66.

Tris-{m~trifluoromethylphenyl )-silene

Thirty drops of an ethereal solution of 56.4 g. (0,250
mole) of m-trifluoromethylbromobenzene were added to a sus-
pension of 6.1 g. (0.25 mole) of maegnesium and a small
orystel of lodine, The solution became turbld after several
minutes and the remaining 100 ml, were added at a rate suf-
ficlent to maintain gentle reflux., After 2 houre of stirring,
a simple acid titration gave an Bl¥ yield, The Grignard
reagent wae cooled to 0° and 50 ml. of an etheresl solution

containing B.12 g, (0,060 mole) of *!::t*1.'31'13.:'::'.5»-3;?lewyp

wvere
glowly added. Then the tempersture was allowed to rilse
slowly and hest applied to bring the reaction mixture to
reflux, Color Tust I was negative at that time, Hydrolysis
with 100 ml, of 2 W hydrochloric aclid resulted in two color-

lege layers, The ether fraction wae separsted, dried and

( ?“R. A. Benkesser and F, J. Riel, ibid,, 273, 3472
1951).
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distilled, A deep~brown, viscoue oll remesined. Vacuum
dletillation gave the following fractions:

1. Colorless liquid, 4.3 g., b.p. 32-50° (0.45 mm.)

2. Colorlese liguid, 25.4 g., b.p. 147-150° (0.05 mm.)
Fraction 2, on treatment with aqueous-alecoholic potaceium

ey
hy&roxiaejﬁ

, evolved a gas (Hy) indicasting the presence of
the silicon-hydrogen bond., The liguld has the physical
constantse, ngg 1.4948 and ﬂgg 1,3500, There was obtained
25.4 g. (92.2%). .

Ansl, Cslcd, for Calﬁi3$ééi: C, S4.4; H, 2.81; MRD36,
100.1, PFound: C, 54,12, S4.25; H, 2.88, 2,91; MR, 101.3,

Trl&e(gftrirluaromethylphanyl)~g;phenoxyphenylsilane

{attempted)

There was slowly added a solution containing 5.48 g.
(0.022 mole) of p-bromophenyl phenyl-etharzg in 25 wl, of
ether to 60 ml, of an etheresl golution contasining 0.022
mole of n-butyllithium at -15°. A negative Color Test II
wes obtalned after 2 hours. To this orgsnolithium reagent

were then added 25 ml., of an ethereal solution contalning

35, P. Price, ibid,, 89, 2600 (1947),
3, L. Werrick, ibid., 68, 2455 (1946),
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7.35 g, (0.0158 mols) of tris-{m-triflucromethylphenyl)-
g1lene3’, The resction mixture wes then refluxed for 2k
hourg. The resultant turbld solution wee hydrolyzed with
100 nl, of water. Considerable frothing and bubbling was
noted during the hydrolysis. A white solid formed during
the water additlon, but dlesolved on further stilrring.
Bepsrstion, drying &nd diestillation of the ether solvent
geve a small quantity of a viscous oll, Attempts to erys-
tallize thies material by treatment wilth varlioue solvents
failed. There was an odor similar to that of diphenyl ether
agsoclated with the product. Vacuum distillation procedures
caused decomposition of the residue without obtaining any
distillate.

Phanyl~tris~(ﬁrtrifluaromethylphsnz}}~a11ane (attempted)

To 0.010 mole of phenyllithlium in 50 ml, of ether was
added a solution containing #,0 g. (0,009 mole) of tris-
(m-trifluoromethylphenyl)-eilane in 50 ml, of ether>>, The
reaction mixture was then refluxed for 24 hours. Color

Teet I was falntly positive at that time, The turbid

373. Gilman end 8, P. Massle, ibid., 68, 1128 (1946);
R. N. Meals, ibid,, 68, 1880 (194¢),
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solution wag hydrolyzed with 100 ml, of water. A gray
golld, formed during the hydrolysis, dissolved on further
stirring., The ether fraction was separated, drled and
digtilled. The olly reelidue had an odor elmilar to that
of benzene, Further distillation 4ild afford several grams
of liguid boiling at 80°, All sttempts to crystallize the

residual viescoug, semli-solid were unsuccessful.

Iriphenyl-m-tolylsilane

Method 4. To 0.052 mole of m-tolyllithium® in 75 ml.
of ether were slowly added 100 ml, of =an ethereal solution
containing 13.5 g. (0.046 mole) of triphenylchloroeilane,
The mixture became & rust color on completion of the addl-
tion, The tempersture of the soclution was ralsed to reflux
and maeintained there for 6 hours, Color Test I waes then
negative., Hydrolysis with 150 ml, of water turned the ether
solvent & pale-amber color. The organic layer was sepsrated,
dried and distilled. There remeined 14,8 g, of & white
golld melting over the range 143-148°, After recrystalliza-
tion from petroleum ether (b.p. 60-70°), there was obteined
12.3 g. (77%) of desired product melting at 150-151°,

38xindly furnished by Dr. K. Olita.
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Ansl, Caled. for CpgHooB1: 81, 8,00, Found: 81,
8.02, 8.08,

Method B, To & etirred suspension of 0.49 g, (0.066
g+, atom) of lithium wire (cut into pleces leeg than 1 cm,
in length) in 50 ml. of ether were adied 25 ml, of &n
ethereal solution containing 5.13 g. (0.030 mole) of m~
bromotoluene3?. The addition wae carrled out at a rate
sufficient to mainisin gentle reflux, After stirring for
1 hour, there wae obteined s 93% yleld as determined by
gimple acid titration, To this lithium resgent were added
50 ml, of an ethere:zl solution conteining 7.27 g. (0.028
mole) of triphanylﬁilaﬂaag. The reaction mixture began to
reflux and a white precipltate formed during this sddition.
Color Tegt I wae negative after 2 hours. Hydrolyels wlth
75 ml, of water resulted in the dissolutlion of the solid,
The ether layer was separsted, dried and distllled. The
regidual white solld welghed 7.7 g. and melted over the
renge 134-142°, Seversl recrystallizations from petroleum

ether (b.p. 80-70°) afrorded 5.8 g. (59%) of desired product

M. @ilman, E. A, Zoellner and W. M, Selby, J. Am,
Chem, Soc., 55, 1252 (1933).

HO0y. H, Nevergell ana 0., H. Johneon, ibid., 71, 4022
(1949).
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melting st 149-150°. A mixture of thie material and an

41

authentic sample '~ melted at 149-150°.

Diphenyl-bie-(m-tolyl)-silane

To 0.975 mole of mutolyllithium38 in 95 ml, of ether
was added a solution of 8.85 g. (0,035 mole) of diphenyldi-
chlorosilane in 50 ml, of ether, Color Tegt I was negative
after 6 houre of reflux, The resction mixture changed from
& rust-red to pale-amber color on hydrolysis with 125 ml,.
of water., The ether layer was separsted, dried and dis-
tilled., The remaining white sgolld weighed 11,6 g. and
melted over the range 112-116°., Seversl recrystallizatione
from a mixture of 95% ethanol and benzene ylelded 9.7 g.
(76.5%) of pure product melting at 119-120°,

dnal, Caled, for CpgHyy,S1: 81, 7.69. Found: £4,
T7.7%, 7.74,

Phenyl~tris-(m-tolyl)-silene

To 0.096 mole of gptolyllithium38 in 110 ml. of ether

were glowly added 50 ml, of an etheresal solution containing

“Lonie Thesis, p. k2.
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6.36 g. (0,030 mole) of phenyltrichlorosilane. After
stirring % reflux temperature for 6 houre, Color Tegt I
weg found to be negative., Hydrolyseis with 150 ml, of water
resulted in a pale-amber organic layer. The ether fraction
wes then geparated, dried and dilstilled, A white solid
weighing 9.2 g. and melting over the range 120-1260 re-
mained. Several recryetallizations from a mixture of 95%
ethenol end benzene afforded 8.6 g. (76%) of desired com-
pound melting st 128-129°,

Anel. Caled. for CppHpgSi: S1, 7.40, Found: 81,
7.41, 7.48,

Tetrekis-(m-tolyl)-silane

A golution of 5,45 g. (0.035 mole) of silicon tetra-
chloride in 50 ml. of ether was added %o 150 ml. of &n
ethereal solution contalning 0.154 mole of m-tolyllithium38,
The rust-red mixture was refluxed for 6 hours. Color Test
I wee negatlive after that time. The ether layer became
pele-yellow on hydrolyesie with 200 ml, of water, After
geparation and drylng of the organic layer, 1t was dis-
t1lled, There remained 9.2 g. of a white solid melting over

the range 142-149°, Severel recrystzllizations from a
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mixture of 95% ethanol and benzene gave 8.9 z. (65%) of
pure product melting at 155-156°.

Anal, Celed. for CpgHpgSi: 8i, 7.15. Found: 51,
724, 7.19,

Irimethyl-2~-biphenylyleilane

There was glowly added to & stirring suepension of
1.06 g. (0,154 g, atom) of lithilum wire (cut into pleces of
lese than 1 em, in length) in 75 ml. of ether & solution of
18.3 g. (0,070 mole) of 2«bromebiphﬁnylb2 in 35 ml. of ether.
Heating to reflux was required to stsrt the resection., Once
underway, the formation of the orgenolithium compound
evolved enough heat to meintaln reflux, simple acld titrs-
tion showed a 95% yleld of 2~biphenylyllithium. To this
organometallic reagent at 0° were sdded 25 ml. of sn ethe-
real eolution containing 6.0 g. (0.055 mole) of trimethyl-
chlorosilane. The color of the resction mixture became
yellow during this addition and a precipitate elowly
appeared, Color Teet I gave & negative result after 12

hours of reflux, On cooling, the suspenslion was hydrolyzed

42, 0ita, Unpublished Ph.D. Thesls, Iowa State College
Library, 1955.
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with 100 ml. of water. The ether layer was separsted,
dried and distilled., The remaining viscous o0ll gave the
following fractione on vacuum distillation:
1. Biphenyl, 1.2 g., b.p. 55-88° (0,075 mm.)
2. Trimethyl-2-biphenylyleilsne, 10,2 g., b.p. 97~
102° (0,06 mm,)

The physical properties of Fractlon 2 are ngo 1.5655,

and agg 0,9750, The yield of desired product wee 82.8%.
Aga1,43 Celed, for 015H18$1: g1, 12.4; MRD 75.03.

Found: 51, 12.1, 12,2; MBp 75.5.

Bis-{p,p'~trimethyleilyl)-diphenyl ether

To 195 ml., of an ethereal solutlion containing 0,181
mole of p-butyllithium at 0° was slowly added a solutlon
consisting of 28.8 g. (0.092 mole) of di-p-bromophenyl
ath@rzg in 128 ml, of ether. Color Test II was negative
after 4 hours stirring., There were then added 50 ml. of
an ethereal solution containing 15.3 g. (0.140 mole) of

trimethylchlorosilsne, The reaction mixture was then

u3ﬁnalysiﬁ for sllicon in molecules poessessing the
easglly cleaved trimethyleillyl-group wae carried out by the
procedure of C, L, Teeng and T. Y, Chao, fZclence Repts,
Netl. Univ, Peking, 1, No. 4, 21-37 (1936). [Original not
?V&il?%%e for examinstion; abstracted in G, A., 31, 655
‘1937 .
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refluxed for 24 hours. Color Test I was negative at that
time, Hydrolyels wes carried out with 250 ml. of water.
A white go0lild, formed during thie process, wee dissolved
on continued stirring., The ether fractlon was separated,
dried and distilled, The residusl oil gave two fractlons
on vacuum distillation.
1. Colorless liguld having the odor of diphenyl ether,
b.p. 80-110° (0,01 mm.)
2. Bils-(p,p'-trimethyleilyl)-diphenyl ether, 21.3 g.,
b.p. 119-125° (0,02 mm,)
. The desired product (Fraction 2) has the following

conatantsg ! :nff;3 1.5430 and 620

20 1.0251. The yield of pure

product was 95.6%.
E" v
fnal,’” Celed. for Gy gpg0S1p: 81, 17.81; MRy 96.5.
Found: 841, 17.5, 17.7; Mﬁﬁ, 96,2,

Tris-(p-trimethyleilylphenyl)~silane

To a suspension of 18.7 g. (0.770 g. atom) of magnesium
turnings in 150 ml, of ether and a small crystal of iodine
was added & solution of 171 g. (0,750 mole) of trimethyl-

g«bramaphenyleilaneu“ in 110 ml. of ether. The resction

“%4, Gilmen sna H. W. Melvin, Jr., J. Am. Chem, Soc.,
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begen after seversl minutee (es evidenced by & turbidity
of the suspension) and the addition rete was controlled to
maintain a gentle reflux, Simple acid titration, after 2
houre at the bolling temperature, gave a 93.5% yield., The
reaction mixture was cooled to 0° and there was added a
solution of 27.0 g. (0.20 mole) of trichlorosilane in 50
ml., of ether., The addlitlion was carried out very slowly
because of the violent reactlion noted ae each dron hit the
¢rignard resgent. The resctlion mixture became & white,
pvasty mees a8 the addition of the sllene neared completion.
Color Test I wae found to be negeative after 4 houre reflux.
& large cuesntity of gelatinous, white solid remsined after
hydrolyele with 250 ml, of 3 N hydrochloric acid, This
materisl was flltered off and eir-dried. The voroduct
(54,6 g.) melted over the range 154-158°, Separ:tion,
drying and distillation of the ether layer gsave 10.2 g.
of product melting over the renge 156-159°., The combined
golids were recrystallized from a mixture of 95% ethanol
and ethyl scetate. There was finally 1solated 61.3 g.
(64.8%) of desired compound melting at 159-160°,

£ﬂ§£&?3 Caled. for GZ?Hﬁoﬁlaz 84, 23.5. Found:
81, 24.1, 23.8.
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Tris-(p-trimethyleilylphenyl)-p-phenoxyrhenylellane

(attempted)

To 0.024 mole of n-butyllithium in 35 ml. of ether at
-15° were slowly added 30 ml. of a solution contalning 7.45
g. (0,030 mole) of p-bromophenyl phenyl sther<?., Color
Teet II wae negative after 3 hours stirring. To the organo-
lithium reasgent at 0% wee then added a suspension consisting
of 8,0 g. {(0.017 mole) of tris-(p-trimethylsilylphenyl)-
gllane in 50 ml. of ether., After 18 hours of reflux, Color
Test I wae found to be negetive, Hydrolyeis with 100 ml,
of water resulted in two, colorless layers. The ether
froaction was sepsrated, dried and digtilled, There re-
mained 6.8 g. of a white £0l13 melting over the range 150~
154°, A strong odor resembling diphenyl ether was aseociated
with the =so0lid. Recryetsllization of the solid from a mix-
ture of 95% ethanol and ethyl acetate gave a 70% recovery
of tris-{(p-trimethyleilylphenyl)-silane, 1dentified by the

mixed melting point method, MNo other compound was lsoclated,

Triamggwtrlmatnylallylyhenyl)*z—biphenylylaxlane (attempted)

To 110 ml. of an ethereal solution containing 0.168

h2

mole of 2«biphenylyllithium™ © were added 100 ml, of an
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ethereal suepension containing 0.0168 mole of tris-(p-
trimethylsilylphenyl)-silane., Thie mixture wag brought to
reflux and that temperature meintsined for 40 houre. Color
Test I was faintly positive at that time, The deen-brown
solution wee hydrolyzed with 200 ml, of water, Ceparation,
drying end distillation of the solvent gave & tan solld and
& dark-brown oll, The e0lid was collected snd the oil
treated with a mixture of 95% ethanol and ethyl acetate,
Thie resulted in the solidiflcstion of the oll., Bothof
the solids melted over the range 149-156°. Recryetalllza-
tion from the mixed solvents gave & 62% recovery of the

starting orgenosillicon compound,

Tris-(p-trimethylsilylphenyl)-m-trifluoromethylphenyleilane

§attemg§ga2

To 190 ml, of an ethereal solution contalning 0.174
mole of n-butyllithlum were added 50 ml. of an ethereal
solution containing 40,5 g, (0,180 mole) of m-trifluoro-
methylbromobenzanaBB. After stirring for 2 hours at 00,
Color Test II wase negative, There was then slowly added
&t the eeme tempersture, a suspension of 8,0 g. (0,017
mole) of trie-(p-trimethylsilylphenyl)-silane in 100 ml,

of ether, The mixture wae brought to reflux and maintalined
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there for 40 houre. Color Test I wss falntly positive at
that time, Hydrolysie with 150 ml., of weter resulted in
conglderable frothing and bubbling. The ether fraction was
then separated, dried and disgtilled., There remalined a deep-
maroon liquid, Vacuum distillation of this resldue gave the
following fractions:

1., n-butyl bromide, 5.5 g., b.p. 35-41° (0.17 mm.)

2. Colorlese liquid, 4.6 g., b.p. 49-55° (0.17 mm,)

3. Colorless liguid, 6.1 g., bup. 74-115° (0,12 mm.)

All sttempte to crystallize Fractions 2 and 3 were
unguccessful, Neither of them wasg further ldentified.
There was no recovery of the starting eilane as in the
previously desgcribed experiments involving the uee of the

initisl tris-{p-trimethylsilylphenyl)-silane,

Trie~(p-trimethylsilylphenyl)-m-tolylsilane (attempted)

Run I. To a stirred suspension of 0,198 g. (0.0708
mole) of lithium wire (cut into pleces less than 1 cm. in
length) in 50 ml. of ether was added a solutlion containing
2.4 g, (0,014 mole) of §,~bremotoluen339 in 20 ml. of ether,
The mixture was refluxed for 1 hour and stlirred for &n
additional hour, ©Simple =zcid titratlon gave a yleld of

91%. There were then added 50 ml, of an etheresal suspension
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containing 5.5 g. (0.1) mole) of tris-(p-trimethylsilyl-
phenyl)-gilane, No vigible resction occurred during the
addition. The mixture was brought to reflux and maintalined
&t that temperature for 6 hours. Color Test I was negative,
Hydrolysis with 100 ml. of water gave two colorlese layers.
The ether fractlion wae separsted, driled and distilled.
There remained 4.2 g, of & white solid melting over the
range 140-146°, Several recrystallizations from & mixture
of 95% ethanol and ethyl acetate afforded 3.6 g. of a white
g0l1d melting at 159-180°, A mixed melting point carried
out on a mixture of this maeterisl and an authentic sample
of the starting sllene showed no depression. The recovery
was 64,44, HNo other compound wae isolsated,

Run II. Thle experlment was carried out with the same
quantities as in Run I. The modification in the technigue
was that a benzene solution (50 ml.) of tris-{p-trimethyl-
gilylphenyl)-silane replaced the ether suspension., After
completion of the addltion of the silane, the reaction
mixture was heated snd the ether (present from the m-
tolyllithium preparstion) was distilled. Then the remaining
benzene solution was refluxed for 4 houre. Hydrolysis with
50 ml. of water was followed by the separation, drylng and
distillation of the benzene layer, There remained 5.4 g.
of a crystalline eolid melting over the range 133-1390.
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One recrystallization of this product from s mixture of 95%
ethanol end ethyl acetate affofded.b.? g, of & go0lld melting
over the range 138»1590. Further recrystallizations did

not narrcw the melting point renge., All attempts to sepa-
rate the probable mixture of compounds by frsctional

crystallization technicues were unsuccessful,

Phenyl-tris-(p-trimethylsilylphenyl)-silene

To 25 ml. of a benzene solution containing 3.5 g.
(0.0074 mole) of tris-(p-trimethylsilylphenyl)-eilane was
added & solution of a 0,015 mole of phenyllithium in 60
ml, of ether, Color Tesct I was negative immediately after
completion of the addition, Hydrolysis with 75 ml. of
water resulted in two colorless layers. The organic frac-
tion wae separated, dried and distilled., There remalned
3.3 g. of & white solid melting over the range 141-183°,
Fractional crystallization from a mixture of 95% ethanol
and ethyl scetste gave 2.1 g. of a white solid melting &t
190-191°, and 1.1 g. (31.5% recovery of starting silane,
The compound melting at 190-191°% was i1dentified as phenyl-



55

trlsu(ggtrimethylgilylwhenyl)~silane45 by the method of

mixed melting points. The yleld of desired product was 52%.

Tris-{p~trimethyleilylphenyl)-n-dodecylsilane

Method A. To & etirred euspension of 1.5 g, (0.22 g.
stom) of 1lithium wire {(cut into pleces less than 1 cm, in
length) in 50 ml, were added 75 ml. of an etheresl solution
containing 2,14 g, (0,0935 mole) of trimethyl-p-bromophenyl-
silanau&. The resaction began in several minutes ss evlidenced
by an increasing turbldity of the resction mixture. The
remaining solution wae added at such a rete that the gentle
reflux never stopped. {Thie control must be carefully
malntained ae cessation of reflux may entell the termination
of the formetion of the lithium reagent. It 1s 4difficult
to resume the reaction once it hes stopped.,) The esolution
became pink, then red-brown during the addition, After 2
hours reflux, there was obtalned only & 59% yleld of p-
trimethyleilylphenyllithium aeg determined by the simple
acid titratlon method.

There wae then added to the orgenolithium rescent at

45pp, B. Fuche, unpublished etudlee, Iowa State College.
This compound was prepared by the resction between phenyl-
trichloro:s ilane and p-trimethyleilylphenyllithlum,
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0° & solution of 4.55 g. (0.0150 mols) of p-dodecyltri-
chlorogilane in 50 ml. of ether. The temperature of the
resultant solutlon was raised to reflux and maintained

there for 18 hours. (The nitrogen supply ran out during

the night, There was an inert stmosphere for at lesst 8
hourse.) Color Teet I wes negative at thet time., Hydrolysie
with 150 ml. of water resgulted in pale~brown ether leyer and
g turblid, deep~brown aqgueous layer. The organic fraction
was separated, dried and distllled, There remalned a brown
llguid. Vacuum distlllation of this material gave the
following fractions:

1, Colorless liquid, 1.2 g., b.m. 38-42° (0.1 mm.)

2. ‘Trimethyl-p-bromophenylsilane, 4.7 g., b.p. 4b-b46°

(0,05 mm,)

There remsined & considersble quantity of & highly-
viscous oll whieh did not diegtill under these conditions,
Frection Z had the characteristic odor of the starting
sllane and the same refrsctive index, 1.5280 at 20°, Total
recovery was 22%. Distilletion of the high-bolling residue
in a Hickman molecular stlll gave 6.3 g. of a psle~yellow
01l bolling over the range 210-218° at 0,005 mm., After two
days there wers slgns of crystallizatlion taking place in
the oil. The entire maee wae & "wet® s0lld one month later.

o
The product melted over the range 68-74 .,
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Method B, To = stirred suspension of 0.38 g. (0,055
g. atom) of lithium wire {cut into pleces of less than 1
cm. in length) in 50 ml, of ether were added 15 drops of a
solution of 6.25 g. (0.025 mole) of n-dodecylbromide in 25
ml. of ether. As soon sg & turbidity develoved in the eolu-
tion, the temperature of the mixture was lowersd %o -20° by
means of & Dry Ice-acetone bath., The remsinder of the
ethereal solution was added over e perlod of 30 minutes,
The tempersture was now raised to 0° and maintained there
for 2 houre., The yleld of y-dodecyllithium, as determined
by the dcubles titrztion pracaﬁﬁre wag 85%.

To this orgsnometalllc reagent, at 0°, were slowly
added 75-ml, of & benzene solution containing 11.4 g,
(0,024 mole) of tris-{p-trimethylslilylphenyl)-silane, The
resction mixture was then hested to the reflux tempersture
end maintsined there for 24 houre. Color Teet I wee negative
£t thet time, Fydrolyele wlth 157 ml. of water cauced the
evolution of & gas., The regultent ether fraction was sepa-
rated, drlied and distllled., There remalned a light-brown
0il., This materisl becarme a "wet' golld melting over the
range 68-75°,

A1 sttempts to recrystallire the product from sither
Hethod A or B resultsd in an oll which could not be

gollaifizd.
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M‘}_& Calcd, for 6395‘{6“31‘#; ,‘53" 17.1.},. Found: ﬁ‘i,
16‘?1‘ 16090

Trig-{p-trimethyleilyiphenyl)-n-octadecyleilene (attempted)

To 2.8 g. (0.34 g, atom) of lithium wire (cut into
pleces less than 1 cm. in length) suspe=nded in 150 ml. of

ether were added 10 ml, of an etheresl solutlon contsining
b

30.0 g. (0.131 wole) of trimethyl~gfbrommphenylailana“’.
#sfter the resctlon hsd begun, espg indlceted by an increcsing
turbidity of the stirred gusvenslon, the remalining 110 mi.
of golution were added at a rate sufficlent to maintain
gentle reflux, The regultant pink<brown solutlon was
gtirred for 730 minutes after completion of the addition.
Analysle by the simple scid titration procedure gave & 68%
yield, To the organolithium reagent, at roon temperature,
wag then slowly sdded a solutlon containing 1i.4 g. (0.0297
mole) of trichloro-p-cctadecylsilane in 75 ml, of ether,
The color of the solution became gray~tan on completion of
the addition., After & hours of reflux, Color Test I was
found to be negative. There was some reaction noted during
hydrolysls of the reaction mixture with 250 ml. of water,

A golld, formed during the addition of the trichloro-n-

octadecyleilane, was diesolved during this procedure, The
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ether layer wae then separated, dried and distilled, There
remained a turbld, yellow liguid, Vacuum distillation of
the residue gave 7.3 g. (24.3%) of trimethyl-p-bromophenyl-
gllane and a highly viscoue semi-szo0lld. All attempts to
induce crystalllzatlon of this masg falled, Dietillation
in & Hickman molecular still gave 4,2 g, of pale-yellow
liquid boiling over the range 126-201° at 0,005 mm. This
material nor the undlstilled glasslike residue could be
further identifled.

Tris-(p~bromophenyl)-gilane

To & stirred suspension of 7.6 g. (0.31 g. atom) of
magnesium turnings in 100 ml., of ether were added 10 ml, of
a solution of 72.5 g. (0.307 mole) of grdibromobenzeneue in
250 ml, of ether., After the reactlon had begun, as evldenced
by an incresgling turbldity of the reactlion mixture, the re-
mainder of the solution wzs added at rate sufficlent to
maintain gentle reflux, Total additlon time wes 2 hours.
Simple acld titretion gave & 90% yleld. To the p-bromo-
phenylmagnesium bromide at room temperature were then added

50 ml., of an ethereal eolutlon containing 12,0 g. (0,089

b8z, 4, Zoellner, Unpublished bh.D. thesls, Iows State
College Library, 1933.
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mole) of trichlorosilane, This solutlon was added dropvwise
becange of ths violent reaction between the Grlgnerd agent
and thie sllane., After completion of the additlion, the
mixture was refluxed for 1 hour., Color Teet I was positive
at thet time, Hydrolysis wee carrisd out with 150 ml, of
3 ¥ hydrochloric acld cooled to 0%, The ether layer wae
then separated, dried and dietlilled. There remsinad z
hlghly~viscous, tan oll which did not erystellize on trest-
ment with 95% ethanol, This solvent was dietilled and the
resldue vacuum distilled, There sublimed in the avparstus
6.6 g. of & white g0l1ld identilfled as p~dibromobenzene by
the method of mixed melting points. This wae & 9,19 re-
covery. The remeining liguid was then dletllled over the
range 175-192° 2% 0.02 mn. This product became a semi-
g0lid on stending. Treatment with hot, 95% ethanol left e
emall guentity of an immlecible oll., The solvent was gepa-
rated and cooled, There weae precipltatsd 6.5 g. (14,95
of white needles melting at 10?w308°. Trestment of ihis
produet with acuecus-slcohelic potascium hydroxide svolved
& gas €ﬁ2) indlceting the presgence of silicon-hydrogen bond33
The emell guantity of oll was not further ldentified.
4nal. Caled, Tfor UjphHqBrgfl: B1, 5.61. Found: &1,
5.55, 5.51.
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Trigs-{triphenylegermyl )-gllane

Run I. Into 250 ml. of anhydroue smmonia (at -45 to
-55°) wae placed 10,0 g. (0.0165 mole) of hexaphenyldigermane.
To this etirred suspension was added 0,76 g. (0.033 g. atom)
of sodium metal cut into emall piecea“7. Ae the sodium
dropped into the sgolvent, an intense blue color developed.
After several minutes, the color changed to yellow., The
reection mixture was yellow after all the sodium metal had
been sdded, The Dry Ice-acetone bath was removed and the
ammonls allowed to evaporate. The resldue was then heated
(80-100°) and a vacuum pump attached to the system, The
pump was run for 15 minutes at that tempersture. The color
of the remsining solid became s light-grsy. There were
then added 200 ml, of ether. To the stirred suspvenslion were
added 25 ml, of an ethereal solution containing 3.8 g. (0.03
mole) of trichlovosilanﬂus. Considerable heat developed
during the addition. The mixture was refluxed overnight.
Then the ether wae distilled. The derk-gray resldue was

tre:zted alternately with benzene and water, There was a

“70. A, Kraus and L, 8. Foeter, J, 4m. Chem, Soc., 49,
Lgy (1927).

1950), “




g0lid suspended between the resulting two lliguld layers.
The s0lid wae separated and sir-dried, There wasg recovered
5.7 g. (57%) of hexaphenyldigermane, The benzene layer was
geparated, drled snd distilled. The resgidue was & small
quantity of solld which did not melt up to 500°. None of
the desired product wae obtalned.

Run II. The quantities of all materials used were the
same as thoee of Run I, The modification in technique was
that all contact of the reaction mixture with the atmosphere
wag scrupulously avolded. The sodlium metal, cut into 20
pileces under an inert solvent, wae attached to the reaction
flask by means of a short plece of Gooch rubber tubing.

The additlion of the metsl wes thus made in the nitrogen
atmoegphere pregent over the reaction mixture, The ammonla
wag allowed to evaporate by having the end of an outlet

tube under tmebﬁurfaca of an inert solvent, The last traces
of the ammonia were evaporated under nitrogen. The stirrer
wag removed before the vecuum pump step of the procedure

and the system brought to atmoepherle pressure with nitro-
gen after the pump was stopped.

There was recovered 2.4 g. (24%) of hexaphenyldigermane
suspended between the two liculd layers., Separstion, drying
end distillation of the benzene layer gave 3.1 g. of golld

melting over the range 162»1900. Thie product was recrys-
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tallized from a mixture of ethyl acetate and petroleunm
ether (b.p., 60-70°), There was isolated 1.8 g. of desired
compound melting at 188-189° (alpha-modification). Con-
centration of the recrystallizing solvent afforded 0.8 g.
of tris-(triphenylgermyl)-silane melting at 171-172° (beta-
modification). The infrared spectra of these two zamples

are identical. The total yield was 10%.

. Iris-(triphenylgermyl)-triphenylplumbylsilane {attempted)

Into the usual apparatue were placed 1.71 g. (0,00179
mole) of tris-(triphenylgermyl)-silane, 0.123 g. (0,00179
g. atom) of lithium wire (cut into pieces less than 0.5 cm.
in length) and 50 ml., of anhydroue ethylamine. The solutlon
wae stirred at 0° until all the metal had rescted and a
turbid, yellow solution remsined, The reaction mixture was
allowed to come to room temperature and the solvent evapo-
rated under nitrogen., & total of 50 ml. of ether was added
during the removel of the ethylamine, There was then added
a esolution of 0.5% g, (0,00179 mole) of triphenyllead
chluridea9 in 50 ml, of benzene., The color of the reaction

mixture changed from yellow to a deep-green during thils

M9ginaly rurnished by Dr. T. C. Wu.
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addition. After 8 houre stirring at room temperature, there
was noted the depositlion of & bleck solid, The color of

the solution was then amber. The mixture was hydrolyzed
with 100 ml, of water. The black s0lid was flltered off

and found to be inorganic meterisl (Pb). The ether-benzene
fraction was separated, drled and distilled. There remsined
a golid and & small quentity of oil, The eolid, 0.97 g.
(57%), wee identified by the method of mixed melting points
ag tris-(triphenylgermyl)-silane, The oil could not be

erystallized nor further identifled.

Trig-{triphenylgermyl

To 50 ml, of enhydrous ethylamine at 0° were added
1.71 g. (0.00179 mole) of tris-(triphenylgermyl)-eilane and
0.123 g. (0.,00179 g. atom) of lithium wire cut into pleces
legs thsn 0.5 em. in lensth., The solution wag stirred at
that temperature untll all the metal had reacted and a
turbid, yellow solution remeined. The solvent wag then
allowed to evaporate at room tempersture under nitrogen,
An equal volume of ether was added durling the ethylamine
eveporation. To the resultant suspeneslon cooled to 0°,

were added 50 ml., of & benzene solution containing 1.04 g.
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(0.00177 mole) of triphenyltin chloride’’., The mixture was
gtirred overnight, Hydrolyeils of the pale-yellow suspension
with 100 ml., of water resulted in two, colorlesgs layers.
The organlic layer was separated, dried and distilled, There
remzined & s0lild melting over the range 197-260° dec. and
posgsessing an amine-like odor. This product was recrystal-
lized from a mixture of chloroform and petroleum ether (b.p.
60-70%). There was ieoleted 0.36 g. of a white powder
melting at 3#0-3&2“ dec, Concentration of the recrystal-
lizing solvent gave 0,74 g, of & tan solid melting over the
range 1#0«34&0 dee, Further treatment of this material did
not narrow the melting range. The yleld of vproduct melting
at 3h0~3ﬂ20 dec. was 15.5%. It gave qualitative teste for
both tinsl and @ilican-germaniumSZ.

Anal. Caled. for OppHgpGes©1Sn: Mixed oxides, 28.3;
EnﬁB, 9.2, PFound: Mizxed oxides, 28.7, 28.5; &n, 9.0.

5QK1n&ly furnished by L. 4. Glest, Jr,

( ?1H. Gilman and T. N. Goresu, J. Org, Chem,, 17, 1470
1952).

524, Gilmen, R. K. Inghem and R. D. Gorelch, J, hm.
Chem, Soc,, 76, 918 (1954). -

53E. R. Caley and M., ¢. Burford, Ind, Eng, Chem,,
Anal, Ed,, 8, 114 (1936),
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Orgenodisilanes

To 20,0 g. (0,435 mql%) of sbsolute e't;lmmmii.ﬁi't was
added glowly and with etirring 2.0 g. (C.0042 mole) of
ﬁentaphaﬂylshlgrodig11&nﬁ55. The mixture wae refluxed with
etirring on a water bath for one hour. At no time dild com-
plete solution teke place, After cooling the resction mix-
ture, which was acld to litmus, a s0lld meteriel was filtered
off. There wae obtained 1.84 g, of & white powder melting
over the range 207-211°. on gtending there was separated
from the mother licucre 0.15 g. of materisl melting over
the renge 207-210°, fTwe recrystzallizations of the combined
solide from petroleum ether (b.p, 60-70°) gave 1,70 (83.3%)
of product melting at 210, 5-212°,

4nsl, Celcd. for Gﬁgﬁjﬁmﬁigz £1, 11.50. PFound: 81,
11.35, 11.58.

5“Exeess of slcohol wag used a8 solvent in all cases.
A product of high purity wss obtained by thie »nrocedure.

55H. Gilman, T. C. Wu, H. A, Hartzfeld, G. A. Guter,
&, G, Smith, J. J. CGoodman and 5. H. Eldt, J, Am. Chem,
Soc,, 74, 561 (1952).
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To 20,0 g, (0.185 mole) of benzyl aleohol?™ was added
slowly and with etirrine 2.9 g. (0.0042 mole) of penta-
phenylehlorodislilane, The mixture wae heated and complete
golution resulted st 85-90°. The reaction mixture wse then
heated to 135Q and allowed to cool slovly. There was fil-
tered off 1,40 g, of white crystals melting over the range
164-167°. An additionsl 0.25 g. of crystals melting over
the rsnge 168~171° wae separsted from the mother liguors.
Two r&mry&talliiatiwna of the comblned solide from petroleum
ether (b.p. 60-70°) ylelded 1.35 g. (58.7%) of crystale
melting at 170-171,5°.

4nsl, Celed. for Cqpl3,081,: 81, 10.20. Found: 81,
10,20, 10,31,

Reactlon of secondary or f-~butyl alcohol with penta-
phenylehlorodisilsne gave no alkoxydisilane derivative.
Since the molar quantity of organosllicon compound ls so
emall, & minute amount of moisture in the reasgentes could
be responsible for the product isolated, pentaphenyl-

56

hydroxydisilane, Specilal drying techniques appllied to

the reagents produced no desired derivative,

56L. F. Fleser, "Experimente in Orcanic Chemistry",
2nd ed., D. C. Heath Co., Boston, Maes., 1941, pv. 358-359.
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Pentephe wydroxydieilane (attempted

To 2.0 g, (0.0042 mole) of pentaphgnylchlorodisilaneSS
was added 95 ml. of 5% ethanolic {95%) potassium hydroxide,
The mixture wee refluxed over a water bath for 4 hours,

More of the alcohollec hydroxide wes added untll the total
volume wes 120 ml. and complete solution resulted., After
cooling, the solutlion was evaporsted to dryness. A white,
gsolld resldue was extracted eseveral times with hot petroleum
ether (b.p. 60-70%), The remsining meterial was water and
ether extracted, The ether layer was drled, distilled and
the residue recrystallized from petroleum ether (b.p. 60-
70°), From the flrst petroleum ether extrect there was
finelly isolated 0.80 g. (69%) of material melting at 142, 5
144°, Thie solid wes identified ae triphenylsilanol by a
mixed melting point., From the ether extract there was
finally obtained 0,20 g. (8,9%) of shiny orystale melting

at 220-222°, This product was ldentified as hexaphenyldi-
slloxane by & mixed melting polnt,

The reaction using 1% ethanolic (95%) potaesium
hydroxide was carried out in the same manner, The ssme

products were isolated and in similer ylelds,
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Pentaphenyl hydroxydisilane

To 20.0 ml., of dioxane was added 2,0 g. (0,0042 mole)
of pentaphﬁnylchlarodia11&ne§5. On gentle warming the solid
diesolved. Then 10.0 g. (0.56 mole) of distilled water was
added, The golution was refluxed for 5 hours znd sllowed
to cool, There was filtered off 1.81 g. of solids melting
over the range 111,5*1150, The material was recrystallized
three times from petroleum ether (b.p. 60-70°), The first
yield of product was 1.62 g. (84.4%) melting at 134-134,5°,
An infrared gpectrogram showed s strong absorption band for
the hydroxyl group.

Anal, Gmlcd; for 6303259812: £1, 12.17; active H,
1.00. Found: 81, 12,15, 12.30; active H, 1.06, 1.08
(Zerewltinoff).

Attempts to prepare the sym-bis-(triphenylsilyl)-
tetraphenyldisiloxane proved unsuccessful. Using penta-
phenylhydroxydisilane and formic acid (98-100%)57, there
wae obtained a 50% recovery of the starting material. From
the reaction of the sodium ezlt of pentaphenylhydroxydisilane
and pentaphenylchlorodisilane, a glase-like substance which
has thus far resieted eryetsllization wase the only product

isolsted.

57u, w, Melvin, Jr., Unpubliehed Ph.D. thesie, Iowa
$tate College Library, 1954,
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In a dry, three-necked flssk fitted with Trubore glass
stirrer, gae lnlet tube, and a glass stopper were placed
5.0 g, (0.011 mole) of pentaphenylchloredisilane>> and 100
ml., of anhydrous ether, After the silicon compound hed
diesolved, there was added 4,0 g. (0.11 mole) of lithium
aluminum hydride, The mixture wag brought to reflux and
kept there with conetant stirring and under dry nitrogen
for 18 hours. The excess lithium sluminum hydride wsas
slowly destroyed with water and the reaction mixture acldi-
fied with 3N hydrochloric scid. The ether and water layers
were geparated. After the water layer had been extreaoted
with ether geveral times, the combined ether fractione were
dried and the solvent distilled., The white residue welghed
2,01 g. Several recrystallizations from a mixture of 95%
ethenol and benzene gave 1.22 g. of shiny, Tlaky crystalse
with & melting point of 128-129°, The mother liquore gave
an additionsl 0.25 g. of this material., The total yleld of
pentaphenyldisilane was 1.50 g. (32.3%). A silicon-hydrogen
bond was present in the infrared spectrogram for this com-
pound.

Anal, Calecd, for 330%Q§612: S8i, 12.67. PFound: 81,
12.50, 12.60,
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Hexaphenyldigilane

Method &, To 0.27 g. (0,00061 mole) of pentaphenyl-
disllane in 20 ml. of anhydrous ether was added 2.5 ml.
(0,0021 mole) of phenyllithium. The mixture was etirred
under dry nitrogen wlth & magnetic stirrer., ¥Within 5
minutes, a milky solution resulted. After the golution was
stirred and refluxed under dry nitrogen for 4 hours, a white
precipltate settled out. As the reaction mixture wse hydro-
lyzed with distilled water, a gas was evolved, The eolid
wag now suspended between the ether and water layers. The
material was flltered off and dried. There was obtalned
0.306 g. (97.8%) of white powder melting at 361-363°, This
wae identified by s mixed melting point as hexephenyldlsi-
lane.

Hethod B, To 0.50 g. (0,0010 mole) of pentaphenyl-
éthmxydiﬁilane in 25 ml, of & benzene-ether (1:1) solution
was quickly added 2 ml., {(0.0017 mole) of phenyllithium,

The sclution wae magnetically stirred, The resction mixture
took on a milky-white appearsnce in 15 minutes, After 1
hour, the suspended sgolids were filtered off, washed with
petroleum ether {b.p. 60-70°), and air-dried., There was
obtained 0,44 g, (83%) of material melting st 361-363°.
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This product was ldentified as hexaphenyldisilane by a

mixed melting point,

Organogermanium Compounds

'riphenyl-4#-pentenylgermane

To a stirred suspeneion of 7.3 g. (0.30 g. atom) of
magneslum turninge in 15 ml, of ether wae sadded a eolution
of 7.45 g. (0.050 mole) of 1~bromo~4»penten358 An 30 ml, of
ether., The reaction began immedlately as evidenced by a
refluxing of the suspension, After 1 hour of sdditional
refluxing, there was obtained a 74% yleld of the Grignard
reagent as determined by a simple acld titration. To this
b-pentenylmagnesium bromide solution were then added 60 ml.
of & mixture of benzene and ether (1:1) containing & suspen-
sion of 14,2 g. (0.037 mole) of triphenylbromogermane.
There was complete golution after the completion of the
addition, Color Test I was found to be positive at that
time, Hydrolysle with 100 ml. of 3 N hydrochloric scid

resulted in two, colorless layers, The organic fraction

58H, Gilman and J. H, McGlumphy, Bull. socec. chim,
France, (4) 43, 1325 (1928).
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wag separated, dried and distllled, There remsined a sgolid
and & liquid., The g0lld wae separated and recrystallized
from 95% ethanol. There was recovered 5.1 g. (36%) of tri-~
phenylbromogermane. The 0ll was treated with boliling 95%
ethanol, On cooling, there precipitated 7.2 g. of ‘wet?
80lid melting over the range 35-38°, This material, on
vacuum distillation, gave 6.8 g. of liguld boiling over the
range 189~192$ at 0,32 mm, The product solidifled to give
a white solid melting at 37~38°, The yleld of triphenyl-~
b-pentenylgermane wag 77.9%.

Anal, Caled, for ngﬁguGa59= Ge, 19.5. Found: Ce,
19.3, 19.86.

Into the ususl experimental apparatuc were pleaced 5.0
g. (0.013 mole) of triphenyl-4-pentenylgermane, 26.0 g.
(0.10 mole) of triphenyleilane, 0,30 g. (0.0013 mole) of
benzoyl peroxide and 25 ml, of heptane., The mixture wae
heated to 85-90° and maintained with constant stirring at

that temperature for 20 hmursse. The resultant solution

596. W, Gerow, unpubliehed studles, Iowa Btate College.
60gr, b. Gorsich, unpublished studles, Iowa Etzste College.
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wae & pale-amber color., The heptane solvent wag dlsgtilled
&t room tempersture. Vacuum distlillation of the remsining
0ll gave 21.2 g. of msteriel bolling over the range 123~
1310 at 0,04 mm, and a emell guentity of s highly-viecous
oil., The distilled material solldified on standing and was
ldentified by mixed melting point ae triphenylsilane, The
recovery wag 51.5%. Trestment of the residual oll with hot
95% ethanol resulted in a tan sclid melting over the range
166m118°. Several recrystallizations of this product from
e mixture of 95%¢ ethanol and ethyl acetate afforded 2.4 g.
(27.3%) of desired compound melting at 137-138°.

insl, Celed., for Cy,Hy,CeBi: Mixed oxides, 18.9.
Found: Mixed oxides, 18.7, 18.9.

Tetrakis-~{p-bromophenyl)-germane (attempted)

Rup I. To & etirred suspeneion of 10.3 g, (0.425
g. atom) of magnesium turnings in SO ml, of ether were added
10 ml, of 2 solution containing 100 g. (0,424 mole) of p-

46 in 300 ml. of ethesr., After the reaction

dibromobenzene
began, ae evidenced by an increasing turbidity of the re-
action mixture, the remainder of the solution was added at

8 rate sufflecient to maintain gentle reflux. Total asddltion

time waeg 2 houre, Analysle by the slmple acld titratlon
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method gave an B4% yleld, To the Grignard reagent was then
added a solution of 18.3 g. (0.085 mole) of germanium tetra-
chloride in 50 ml, of tcluenaﬁl. During this addition the
temperature of the resction mixture was maintained at re-
flux, The ether solvent (from the preparation of p-bromo-
phenylmegnesium bromide) was distilled (under nitrozen) and
replaced by toluene, Color Test I was found to be positive
after 3 more hours of reflux. The hydrolyeie was carried
out with 250 ml, of 3 N hydrochlorlc acld., A yellow eolid,
suspended between the aqueoug and organlc layers, was
geparated and alr-dried. All attempts to recrystalllize
this highly-inesoluble materisl failed, The solid, 23.1 g.,
softened at about 2550, but falled to melt by 500°, This
material left & residue from the ignition of & emall sample
in the Bunsen burner., It was not further identified.

The toluene layer was separated, drled and distllled.
There remsined a tan oil. Vascuum distillation of this
product caused the sublimetion of 12.2 g. of p~dibromoben-
zene, The recovery was 12.2%, The reeldue in the distille-
tion flagk wee too small to be dletllled,

Run II. %o 0,297 mole of n-butyllithium in 310 ml, of
ether at -15° was slowly added a solutlon of 70.8 g. (0,30
mole) of p-dibromobenzene in 350 ml, of ether, Color Test
Il was negative on completlion of the addition, The
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temperature of the solutlon was raised to the bolling point
and the ether solvent distilled. Toluene was added to re-
place the ether., When all of the low-boiling solvent weoe
replaced, & simple acid titrstion wes carried out. There
wae obtalined an 18% yleld, The germanium tetrachloride
golution was not added,

Run III. There wag prepared 0,377 mole of p-bromo-
phenylmagnegium in 350 ml., of ether by the procedure glven
in Bun I, The ether wase then distilled and replaced by
toluene, Slmple ascid titrstion showed no significant
change in the yield, There were then added 40 ml. of a
toluene solution containing 16.1 g. (0.075 mole) of ger-
manium tetrachlorlide., Consliderable heat developed during
the addition. The remainder of thls experiment wse carried
out by the technigues of Run I. The resulte, also, were

gimilar, None of the deelred product was lesolsated.
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Table 1

Thermal stabllity testel8 on gynthesgized compounds

Compound M. P, Obeervations

1. Diphenyl~ble~-{p- 162-163 Slight volatility at
vhenoxyphenyl)- 400-410°. Incressing
gllane volatility, pale amber

at 475-4800, Complete
volatility about 505-
510°.

2. Phenyl-tris-(o- 149~150 Light amber about 460°,
pnanoxyphenyITQ Sli§ht volatility about
sllane 5009, goiling point at

530-533"; no further
discoloration,

3. Tetrakis-{p- 206 Melted to a pale-yellow
phenoxyphenyl )~ liquid, Slight voletil-
sllane ity about 5009, Vapori-

zation temperature 550-
5609 with noticeable
derkening.

4, Tris-{p-phenoxy- 1iq. Mierobubblee from 405°,
phenyl)~n-dodecyl- (pale- 81ight volatilization
silane yellow) about 418-420°, Boiling

point around 423-4250
with no further dis-
coloration,

5. Triphenyl-m-tri- 100-101 Very slight volatility
fluoromethyl- at 245-250°, increasing
@h@nylailansﬁg graduslly around 375-

380°, Some refluxing at
385-390°, Total volatil-

3757 (1953).

1ty at 400-405°, very
pale-smber color.

624, Gilmen, A. G. Brook and L, S. Miller, ibid., 75,

The sample wae prepared by L. S. Miller,
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Table 1 (Continued)

Conmpound M, 0. Obgervations

6. Diphenyl-bis-(m- 96-97 Very slight volatility at
trifluoromethyl- 250Y, increasing slightly
phenyl)-silane about 320-340°, Conelder-

eble refluxing at 360°.
Total volatility about
375-~3800 with a pale-
amber color,

7. Phenyl-trie-{m- 80-81 Microbubblee around 330°,
trifluoromethyl- Conglderable volatility
phenyl)-silane at 365°, Complete reflux

at 370-3749 with & psle-
smber color.

8. Tetrakis-(m-tri- 102-103 Microbubbles and slight
fluoromethylphenyl )~ volatility at about 345-
silane 350°, Consildersble re-

fluxing around 360°, be-
coming pale amber., Total
volatility at 362°, no
further discoloration.

9, Triphenyl-m-tolyl- 150-151 Very, very slight volatil-

10,

gllane

Diphenyl-ble-{(m~ 119-120
tolyl)-gilane

1ty around 300-3100,
Pale-amber color at 375-
3809, Color deepens at
395-400°, Mierobubbles
noted from 415°. Complete
vaporization around 4309,

Very pale amber and slight
volatility about 315-3259,
£teadlly increasing reflux
from 375-410°, Color dark-
ening and microbubbles
from 422-430°, Completely
volatility at 435° with a
deep-amber color.
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Table 1 (Continued)

Compound

M, V.

Observations

il.

12,

13.

14,

15,

Phenyl~tris-{m-
tolyl)-eilane

Tetrakis-(m-
tolyl)-silane

Triphenyl«9-
fluorenyleilane

Diphenyl-big~
(9-fluorenyl)-
gilane

Phenyl-tris-
{9-fluorenyl)-
gilane

128«129

150-151

183184

270~271

333334

flight volatillty around
"%10-320 + Psgle amber at
360°, Microbubbles con-
tinuing from 3800, Com-
plete vaporization about
boo-4250,

Some ve%atility around
295-300", Microbubbles

from 3300 Fale yellow
and increased volatllity
about 375-380°, Com-
ﬁlately vaporized at 435~
38° with a deep-amber
color,

Microbubbles above 2800,
Pale yellow at 440° with
some volatilizetion.
Residue dark red by 480°
gnd bolling point around
009,

Orange at 300*3050
red by 330-333%. o Micro-
bubblee from h20 . Con-
giderable rerluxing at
4400, Deep red at 455-
Les® with notlceable
decomposition,

wine

Melted to give a red 1ig-
uld. Mi&robu bles from
340-360°. Slight volatil-
ity around 350-355°, Con-
slderable darkening and
refluxing at 390°, Com-
plete vaporization and
gome decomposltian about
h10-b20°,
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Table 1 {Continued)

Compound M.P. Observations

16, Trimethyl-2- 1liq. KMicrobubbles noted about

biphenylyleilane . 260-265°, Bolling point
around 270-2729 with no
diegcoloration,

17, Phenyl-trig-(p- 189-191  Miecrcobubblee noted at
trimethylellyl- 365-3702 with very slight
phenyl)-silane volatility. Completely

refluxing at 475-480°
with & pale-yellow color.

18, Bile-(p,p'-tri- liq. Microbubbles from 355-
methylailyk)» 3600, Comgletely refluxing
diphenyl ether at 372-373°.

19. Bis-(p,pf-tri- 306~307  Mierobubbles from 480-
nhﬁﬂylallyl)« Lgso, %light volatility
diphenyl ether around 5000, pale-yellow

color., Completely re-
fluxing 2t about 557-
560°,

20, Tris-(p-trifluoro- liq. Sli§ht volatility at 155~
methylphenyl)- 160 Microbubbles from
silane 255°, Considerable re-

fluxing 275-280°, Boiling
point about 322-325°, no
discoloration.

21, Tris-{p-bromo- 107-108  Microbubbles from 355°.

phenyl )~silane

2light golatillty about
375-380"., Dale amber
around 390»395 Incresns-
Ing volatility and be com-
1ng dzep-amber at 415-
l20°, Comglete volatility
at 454-456° with conelder-
able decompositlon.
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Table 1 (Continued)

Compound M.P. Observations
22, l-Triphenyl~ 137-138  Microbutbles from 360°,
germyle S«tri- 51light yolatility sabout
phenylsilyl- 380-38% . Pale-yellow )
pentane around 410-415°, Consid- -
erable volatility st 425~
43009, Complete volatili-
zation at 435-4370 with a
deep~-amber color.
23. Triphenyl-i- 37-38 81l1ght volatility sround
pentenylgermane 2?0»2759. Microbubbles
from 295-300°, Conslder-
able volatlility at 355-
360°., Bolling at 382-
384%, psle yellow color.
2k, Tris-{(triphenyl- 171-172  Hicrobubbles from 347-350°
germyl)-silane {peta- becoming pale yellow,
modlifica- Considerable volstility
tion) around 400-405°, Gomglete
volatility at 412-414
with no further color
change.
25, Tris-(triphenyl- 188-189 Milerobubblee from 285-290°,
germyl)-gilane ( a~ Pale-yellow color at 360-
modifi-  362°, Some volatility
estion)  around 387-390Y, turning
smber, Completely vola-
tilized at 0410-412°,
26, Trig-(p-trimethyl~ 68-74 Microbubblees around 277~
silylphenyl)-pn- (pale- 2809, Some volatility
dodecyleilane yellow)  around 345-350%, becoming

pale amber, Complete vola-~
tilization at 390-392°
without further decomposli-
tion.
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DIBCUSEION

Theoretical Conslderatlon of Bond Energy and Bond

Dissociatlion Energy Measurementse

A meassgure of the thermal stabllity of sn organic molety
in an organometallic molecule 1s the energy reguired to
break lts carbon-metal bond. This quantlity of energy 1is
defined ae the bond dissoclatlion energy. There 1s in gen-
eral use, however, the term "bond energy" which can be
related to, but iz not necessarily ildentlcsel with the bond
dissoclation enargy63. Since both terms had a common be-
gimming, there has been considerable confusion resulting
from thelir non~critical, interchangeable use,

Fajanaﬁn, who introduced the éoneept of bond energy,
essumed that the amount of energy necessary for breaking
any particulaer bond wes "a constant msgnitude, character-
istlc for esch type of bond, and independent of the environ-
ment of the bond within the mclecule“aS. It followegd,

therefore, thet the hest of atomlzation of =2 molecule be

63&. Glockler, Ann. Rev. of Phys, Chem,, 3, 151 (1952).
6%, Fajans, Ber., 53, 643 (1920); 55, 2826 (1922).

( ?5M. Szwarc and M, G, Evans, J, Chem, Phys,, 18, 618
1950).,




83

an additive property corregponding to the sum of 211 the
individual bond energies. There wae then evolved from the
theoretical equations derived from thlis hypothesis & system
of bond energles calculated from the heate of combustion of
organic molecules.

Further development of this 1des by Paulingﬁﬁ

showed
definitely that the asegumption of constant valuee for bond-
energles, regardlese of all other orgaenic groups present,
wag not acceptable., Concurrent with his work, several ex-~
perimental methods®? were devieed which made 1t poeelble
to caleculate bond dlesoclation energles. It wae then
quickly recognized that bond energy and the dlesociation
energy of s bond did not have the same value,

Szware deflnes the dissoclation energy of the bond
¥~Y in molecule {(or radicel) M as the "heat required to de-

compoge M into the fragmente X and ¥ (atoms, radicals or

moleculer) by rupture of only the X-Y vond. 65

M = X+ Y - D(X-Y) Xxoal./mole

661:. Pauling, "The Hature of the Chemical Bond",
Cornell University Press, Ithaca, N. Y., 1940,

67M. szwerc, Chem. Revs,, 47, 75 (1950).
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The calculetione must be made for the stateg of M, X gnd ¥
in the gaseous phase at zero pressure and 0° K. If these
conditions ere met, there are then celculated unamblguous
valueg for the bond dlsgoelation energy, D. It ig 2lso
gstated that the path followed for the cleavage does not
effect the value found for the endothermiclty of the
reaction.

The concept of bond energy cannot be stated in as
gimple a manner, It depende critically on the velue of the
heat of atomlzetion of the particles involved. There is,
at thie time, no commonly sccepted flgure for thile value
for carbon. Epringell definse the heat of atomlzation as
the "enthalpy chenge (A H) present in the transformastion of
1 2. atom of carbon (graphite form) to the free ground state
(BP) atomﬁ”ﬁg; The eymbol L representg the letent heat of
sublimation for the graphite transformation et 0° K. This
energy term ie directly involved in all sppllicetione of
molecular structural idess to thermochemical data in organic
chemistry. & grest number of experiments, mainly from
gpectroecopic data (eepecially for carbon monoxide) and
thermodynamic end kinetic data, have regulted in seversl

valueg for the L of csrbon., Theee were all sccurately

685, D. Springsll, Research, 3, 260 (1950).
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determined and have relieble ilnvestigators as proponents
for each. Values are 170.4, 141,2, 136.1 and 125.0 kecal./g.
atom., Since an uneguivocel eveslustion hase not yet been ob-
tained, there must be & measure of doubt assoclated with all
bond energy calculations.

There is llkewise considerable controversy about the
value for sllicon. The figure used by Pauling wag obtained

by & doubtful direct measurementgg. Gilman and Dunn5

use
a number twice that calculated for the dlessociation energy
of the silicon~-slllcon bond from the thermal decomposition
of ﬁiﬁil&ne?gm

The use of these varloue L values forbide the direct
comparison of many published data even for obtalning dif-
ferences in orders of magnltude for these energies. Another
problem involves the final state of the particleg in the
atomization process. In the dissoclatlon energy case, there
is sn increase from one to two particles on which the finel
state measurement must be mede. In a polystomic molecule

of even comparstive simpliclity, the measurement probleme at

complete atomization are spperent. Nore difficulties and

69?. R. Blchowskl and F. D. Roegeinl, "The Thermochem-
istry of the Chemical Substances", Reinhold Publishing
Corp., New York, N. Y., (1938).

70y, &, Skinner, Treng. Faraday Soc,, 41, 645 (1945).
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ambigulties sre encountered when the attempt 1lg mede to
dletribute the heat of atomlzatlon between the various bonde
in the molecule, Compounds with one type of bond, such as
CHy, sre easlly handled, with the total bond energy belng
four timee thet of one C-H linksage. Much remalne to be

done with molecules containing severasl typee of bonde. From
the above statements, 1% can be geen that both amblguous
definitione and uncertaln physical constants contribute to
the slow progrese of theoretical and preactical evalustions
in the field of thermal stability.

Helm and M&ak71, from & kinetlc study of the thermal
deconposlition of tetramethylellane, have calculated & value
of 78.8 keal./mole Tor the energy regulred to break the
first silicon-methyl bond, In an extenslon of these studies,
varing’ 2 determined the dissoclation energy for the firet
carbon-gilicon bonde in tetraethyl- and tetre-p-propylsilane.
The values found were 50.5 and 46 kcal./mole respectively.
The suthor pointe out thet he is uncertain as to whether
to attribute thie difference to the negative influence of
the additlonal methyl group, or to slight varlstion in the

two resction mechanlemes, He postulates the following

"lp. F. Helm end E. J. Mack, J, Am, Chem, Soc., 59, 60
(1937).
72

C, E. Waring, Trene, Farsdsy foc., 36, 1142 (1940).
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mechanism for tetraethylellane from kinetic datsz and

chemicel enzlyeis of the products:
Primary process 31(62ﬁ5)u

or  51(CpHg)y

éi(czﬁg)g

Secondary process  CplHg
»

oH
CaHy

1]

n

H

= 81 + A4CpHg ,

2]

§1(CoHg)g + OgHs (slow),

H

S1 + 3C,Hy .

Coly + H,
Hy (fast) ,
C + CHy .

For the tetra-p-propyleilane, the primasry process is

analogous, but the gecondsary process 1s thought to be:

fecondary process 6337
2H

GBHQ + 2H

Coby

=

-
-

i

1]

CiFg + H ,
H, (fest) ,
CoHy + CH, ,

C+ CH .

By carrying out the reaction in the presence of nitrogen(II)

oxide, he formulazted the free rzdlcsl mechanlism and clalmed
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that the decomposition involved no chain reactions,

#11 three authors indicate that the carbon-sillicon
bond 1s the firet bond to be ¢leaved. Calculations on
Peaullng'e scele, previouely mentioned, resulted in essgen-
tially equal velues for the carbon-carbon and earbon-sillcon
bond energles, The identical evaluations made by Gllman and

5

Dunn” from Bkinner's work lead to the conclusilon thet the
carbon-sllicon bond 1s definitely weaker, The latter fact
ig in agrecement with experimental results Jjust described,

In an another attempt to determine which of the values
for the hest of stomlzation of silicon wae correct, a study
wag carrled out on the heats of formetion and combustion of
grome organogllicon cempaunda73. All the molecules contslined
at leaet two sllicon-oxygen bonde. There was good sgreement
between the observed and caleulsted (Pauling's data) values
for the heat of formation of hexamethyleyclotrislloxane.
Values for hexaphenyleyclotrislloxane, diethylellendiol,
dimethyldiethoxysellane and di-p-propyldlethoxysilene varled
from 23.5 to 93.4 keal./mole from the obgerved values,
Gilman and Dunnﬁ, uging thelr reviged data for the silicon

heat of atomization, obtaln good agreement for the dimethyl-

73¢9, Tanske, U. Tekshashi, R, Okwars snd T. Yatasi,
J. Chem, Phye,, 19, 1330 (1951).
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and dihydroxysilanes. However, there 1ls & poor correlation
for both the first and last compounds studied,

Bome work has been done with the dissociztion energles
of carbon-germanium, -tin snd -lead bonds, Geddes and Maek7“
glve the value of 51 kesl./mole as the diseoclation energy
for the decomposition of gaseous tetresethylgermane, There
is & good Indicetion from the typee of carbon-contalning
products obtained, thet some energy wes used in the breaking
of carbon-carbon as well as germanlum-czrbon bonds. This
would mean & lower value for the dissocistion energy of the
latter linkege. For the casrbon~-tin bondg, Long and Norrish?s
report a total dlessoclation energy of 195.9 kecal./mole, If
the divigion by four accurately glives the value for the
cleavage of the initlsl carbon-tin linkage, the figure would
be 49 keal./mole. The authors also resdily point out that
some doubt s8till exiete about the constant for the heat of
atomization of the metal, 4 kinetlc study cn the decomno-
gltion of gaseous tetrsethyllead was carrled out by

Leemakere’©, He reports the energy for the “decomposition'

7&R L. Geddes and E. Mack, J, Am. Chem, Soc 152
4372 (1930). e T T

A 241, 587 (1949).
767, 4. Leemskers, J. Am. Chem, Soc,, 535, 4508 (1933).

?SL. H. Long and R, ¢. ¥, Horrleh, Tranes. Roy. Soc.,




90

to be 36.9 keal./mole. No definite statement ie made as
to whether this value 1lg to be construed es thet required
to break the firet carbon-lesd bond.

It should be polnted out thet the germenium and lead
studies zntedate the clasrificstion hetween bond energy and
bond diesociction energy ss formulsted by Pauling.

An investigstlion inte the theorstlesl basie for the
t hermsl stebility of organlc radicale wes made by Szware’ .
He ascribsd the difference in chemlical behavior of thesse
gpecles to thelr generally low thermal stability and high
reactivity compared to moleculeg and lone, The lowered
t hermel resistance was due %o & consliderable decrease in
the dismoclatlon energy of some of thelr» bonds, Coneld-
ering the reactlon,

-

CHy-CHp-H =  CHp=CHy + H ,

the author states that simultensourly with the bresking of
the C~H bond, there ig formed "the other hslf® of double
bond of ethlylene. The energy liberated in this formetion
thus reduces the endothermlcity requilired from sn outside

gource for the C-H boné cleavsge. The bond dlseoclation

77w, 8awarc, Discussions Farad. Soe,, 10, 143 (1951),
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energy for the ethyl rsdicel is, therefore, lower than that
for ethane by the quantlity needed tc complete double bond
formation. The claim is sleo made thet the bond dissocle-
tion energy and concomitently, the thermel stabillty le
increased through resonance stabllizatlon., For the sske

of accuracy, he polinte out that thermal stebllity 1s not
megsured by the disecclatlon energy, but by the sctivation
energy of the dlsgocliatlon process. Thlse energy 1eg larger
than that of bond dissocliation by the activaetion energy of

the addlition procese
olefin4+ R = olefin-R .

If R equals methyl or hydrogen, the value of the extra
energy is so emall that it doee not chenge the comnarstive
thermel reelstence of rasdicale es caloulated from bond
dissocliation energy.

Seware postulstes that molecules incapable of doubls
bond formatlon should be expected to possese higher thermal
resietivity then those forming the unsstur:zted linkage. For
that reason, the benzyl radicsl would be more stable than
the allyl readlecal, év&n though the regonance stebllization
of the latter would be higher, He expects other redicals

of this type, euch as phenyl, diphenylmethyl, beta-
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naphthylmethyl and triphenylmethyl to have rather high

thernal reslztance.

Orgenosllicon Compounds

In addition to the problem of finding organic groups
capable of imparting high thermal stability to a molecule,
there wag the concomitant problem of having thls ssme com-
pound possess & rather low melting point, Actually, the
mogt deelirable materials wers to be liqulde &t room tempers-
tures, It was soon very evident from the concurrent atudieslg
in Thie Laboratory that the promising compounds must be un-
symmetrical types. These moleculeg, in general, had the
lower melting pointes. In the series dlphenyl-bis-(p-
phenoxyphenyl)-, phenyl-tris-{(p-phenoxyphenyl)- and tetrakie-
{p-vhenoxyphenyl)-silane the melting pointe are 161-162°,
149-150° and 204°, For the corresponding compounde having
the p-triflucoromethylphenyl sroup replacing the p-vhenoxy-
phenyl, the regpective melting points are 97~98°, 80.5»810
and 102-103°, In both groups, the phenyl-tris-substituted
molecules possessed melting points 10~15° lower than those

of compounds having more gymmetrlcal structures, This was
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not the case, however, for the p-tolyl eerlies. In the four
compounds syntheglzed there was a decrease in the melting
'pnint from triphenyl-p-tolyleilane, m.p. 150-1510, to di-
phenyl-bie~{m-tolyl)-silane, m.p. 119~1200, and then a
steady increase ag the number of m-tolyl groupe was 1lncreased,
Phenyl-tris-(m-tolyl)- and tetrakis-(m-tolyl)-ellane had
melting pointe of 128-129° and 150-151°, respectively, For
the 9-fluorenyl-containing molecules there was a continuous
increasse in the melting pointes for the syntheslzed compounds.
PTriphenyl-9-fluorenyl-, diphenyl-bis~{(9-fluorenyl)- and
phenyl-tris~(9-fluorenyl)-silane had melting pointe of 183-
184°, 270-271° and 333~33ﬂn, regpectively, The tetrakig-9-
fluorenyl-molecule could not be made, In order tc more
aceurately vieualize the possible sterie hindrance present
in the latter compound, a Flscher-Hirschfelder-Taylor model
wae attempted. IY was not poesible to form the fluorenyl
nucleus. & model of the related diphenylmethyl system indl-
cated that steric factors mey considersbly hinder the
formetlion of the deglired compound,

It 1¢ to be noted that with the exception phenyl-tris-
(m-trifiuoromethylphenyl)-eilane, m.p. 80.5~81°, all the
compounds degceribed above melt at or over 100°, Thus, it
became evident that at least one unlt of a group known to

give low melting point properties had to be incorporsasted
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into thece molecules to meet the low melting point require-

ment of the problem.

Volatilizetion temperature reletionships

The wolatilization temperature ranges of the synthe-
gilzed serles of compounds ranged from a low of 362° ror
tetrakis-(m~-trifluoromethylphenyl)-silane to a high of 550~
560° for tetrekie-(p~phenoxyphenyl)-eilane, It is inter-
eeting to note that both the loweet and highest bolling
molecules are fully-symmetrical, tetrs-subetltuted compounds.
A1l members of the m-trifluoromethylphenyl-substituted
series had volatilizetion temperatures in the range 362~380°.
The bolling pointes for the four membere in order of in-
creasing number of fluorinated-substituents are 400-405°,
375-380°, 370-374° ana 362°, respectively., This is a con-
tinuoue lowering of the volatilization tempersture with an
incresse in molecular weight. In the m-tolyl series there
was found a nearly constant range of bolling polnts., The
values for the molecules from the triphenyl-m-tolyl- through
the tetrakis-m-tolyleilane are 430°, £35°, 422-425° and
&35~h38°, respectively. Thus 1t can be seen that revlsce-

ment of fluorine ztome by hydrogen in the trifluoromethyl
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group on the benzene ring leadg to a considersble increase
in the wvolstillzatlon temperatures.

The phenyl-9-fluorenyl-sllane compounds have steadlly
decressing bolling pointe as the number of 9-fluorenyl
groups 1s increszeed, This trend 1s simllar to that of the
p-trifluoromethylphenyl series, but the lowering between
succeseive membere ls much more pronounced., Triphenyl-9-
fluorenyleilane 1ls completely volatilized at 500°, dalphenyi-
big-{9-fluorenyl)-silsne sbout 455-465° and phenyl-tris-
(9-fluorenyl)-silane at 410-420°, The differs=nce in boliling
roint between the first and third compound is 80-90°. The
enslogoue lowering in the p-trifluoromethylphenyl-contalning
molecules is 25-30°, It must be point=d out that all the
9~-fluorenyl compounds were red liqulds and suffered notice-
able decomposition near their veporization points. There
is conglderables reseon to believe, therefore, that the
voletilizetion temperstures noted were not of the pure
“compounds, but of some decomposlition products.

Another pattern in boiling point veriatlion wss die-
covered in the phenyl-p-phenoxyphenyl-slilane group. There
was & continuous increase in volstillizatlon temperstures
with an inecrease in the molecular welght, The boiling
points glven in order of increasing number of p-phenoxy-

phenyl groups are, #?5~b80°, 590-533° ana 550~§60°. The
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introduction of thie group into the molecules gave the

compounde with the highest volatilization temperatures.

The ceriterion uged to determine the degree of decompo-
gition of the tested compoundes was the amount of discolora-
tion of the material with increasins temperature, The
series showing this phenomenon closest to the melting pointe
of the Aindividuszl membere wag that containing the 9-fluorenyl
group. Triphenyl-9-fluorenylellane, m.p. 183-184°, becanme
pale yéllcw et 440° and dark red by 480°. The dirhenyl-bls-
(9-fluorenyl)-silane was orange at 300-305°%, only 30° above
the melting point, The tris-9~fluorenyl-substituted molecule
melted at 333-334° to give & red liquid. All three com-
pounde finelly volatilized after conelderable decomposition.
Another group suffering noticeable darkening below the
volatillzation temperatures was the m~-tolyl. Although &
pale~yellow color was not visible until an everage of 220-
240° above the melting pointe, the deep-amber appearance at
the vaporlzation temper:ztures gave evidence of consldersble
decompogition, The m-trifluoromethylohenyl-containing
molecules poseess undesirably low boiling pointe but have

the sdvantage of little discolorstion at theese temperatures,
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None of the four compounde of this seriee listed in Table

1 became darker than pale amber from room temperature to the
vicinity of 360~370°. The group cepable of withstanding the
higheet heat intensity 1s the p-phenoxyphenyl. With the ex-
ception of tetrakie-{p-phenoxyphenyl)-silane, which melted
to & pale-yellow liquld, the members of thie serles d4id not
ghow any slgns of decompositlon until sbout 460°, This 1s
approximetely 100° higher than the m-trifluoromethylphenyl
compounds, The diphenyl-bisg-(p-vhenoxyphenyl)- and phenyl-
tris-(p-phenoxyphenyl)-silane volatilized in the 505-535°
range without further discoloration, The tetra-substituted
molecule, though boiling at 550-560°, showed signe of
darkening in that tenmperature range. It can thus be stated
that the latter serles was the most promlsing toward méeting
the thermal gtabllity requirements of the problem,

The formation of microbubbles well below the boiling
pointe of most of the compounds listed in Table 1 has lead
to epeculation concerning their significance. C. P, Haber78
hae noticed thls phenomenon in related work with polymers
at high temperatures. He reports thet on cooling a sample

which has been heated snough to evolve these bubbles there

8¢, 5, Haber, U. 8., Naval Ordnance Lasboratory, Corona,
Cglifornia, in private communicstion of April 18, 1955 to
Dr. Henry Gilmen.
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1¢ no apparent change in the phyeical properties of the
polymer tegted, Yet, he can find no plausible explanatlion
for thle effect other then an indicatlion of decomposition.
The melting point of some compounds from Table 1 (especlally
those which dld not appreclably darken during the thermal
stability tests) were retsken after evolution of the micro-
bubblee. HNo changes in this phyelcal constant were noted.
In addition, deterioration, as evidenced by dlecolorstlon
of the teeted gampleg, did not necessarily coinclde with
the formetlon of the bubbles, Many samples were colorless
at their vaporizastion tempersatures although mlcrobubbles
were evolved., The svidence at thie time seems to lndicate
thet gases, trapped during the melting of ¢0lild compounds
or dlstillatlon of liguid samples, may be responsible for

thie phenomsnon,

Synthetlic problems

The n~trimethyleilylphenyl-group was found by other
wmrkaralg in Thie Laboratory to impart rather high thermal
etabllity to a molecule, yet give materiesle with low melting
points., The tris-(p-trimethylphenyl)-cilene wsse prepared.

It wae planned to react this materlal with orgsnolithium
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r@agantg?g prepared from groups heving known thermal re-
slstivity, The desired RB&iR' compounds could not be pre-
pared., At first the low eo0lubllity of the silicon-hydrogen
bonded molecule in ether was held responeible for the fallure
to effect the desired reaction, The use of benzene solu-
tions dld not aslter the lasck of reactivity, The poesibility
that electricel effects may retard reactlon seems unlikely
from the findinge of Roberts, Hcilhill and Armstronggo.

They showed that the electron-releasing abllity of the p-
trimethylsilyl group 1s of an inductive nature and should
not impart sny eppreclable negetive charscter to the sllicon
atom bonded to the hydrogen. A sample of trie-(p-trimethyl-
silylphenyl)-silane made by Fischer-Hirschfelder-Taylor
models substsntiated the thought that steric factore pre-
vented the degired resctions. The same factor may be re-
sponsible for the absence of any interaction between
trie-(m-trifluoromethylphenyl)-eilane and organolithium
reagents, ©Since even the preparation of tris-(p-nhenoxy-

phenyl)~gilane failed, this entire approach to the synthesls

%% @ o
H, Gilman and R, N, Clark, J. Am, Chem., Soc,, 89
%Q%Q %lgzggi H, Gilmen and H. W.’ﬁalvin, Jr., 12161: 1;:
050 (1949).

- 805, p, moverts, E. A. McELhill and R. Armetrong, ibid.,
71, 2923 (1949).
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of & promising serieg of unsymmetricsl organoeilicon com-

pounds wee unsuccessful,

Suggestions for Further Research

Since organic groupes imparting thermal stability to a
molecule in the vielnity of 5000 have been found, the prob-
lem of undeslrably high melting pointe must be studied,

The groups most promising in thelr ability to provide & low
melting point without the sssocliated pgrezt decre:rse in
thermal #tablllty are of the long-chalined, n-alkyl typee.
When the number of carbone in the chain was from sleven to
eighteen, one such melety in & molecule brought the melting
point well below 100° and, in many casee, well below roonm
tempereture. The preparstlon of a series of triaryl-pn-Cyq-
C1g alkyl-gilanes should be carrled out. The synthetic
problems involved are of such & nature that mixtures are
often obtalned, Add to thle the high boiling points and
high viscoslty of the desired compounds, and the need for

a rather complex dlgtillatlion apperatus becomes evident.
With such equipment, the synthesis of molecules of the

type RoR'810y1-Cig~-n could be considered. Materials of
this nature could be custom-made from groupe glving thermal

resistlvity over verying temperature ranges.
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Another possible area for investigation hag been opened
with the synthegls of the gillicon analog of 9,9-diphenyl-
fluorene, The introduction of silicon intoc the fluorene
geyetem heg led to the formatlion of a cyclic gystem with
gllicon ag the hetero atom. More molecules of this type
ghould certeinly be prepared and investigated to determine
their resletance to high temperatures.

The comparison between orcanosillicon and -germanium
compounde in regsrd to their thermal etability le by no
meene complete, The gmsll number of commerclally avalleble,
germanium-containing, etarting compounds has hindered the
work. Attemptes should be made to prepare more germenium
snslogs of promlsing molecules in the silicon series., The
preparation of organic compounde contalning both germanium
and sllicon has produced molecules with conglderable thermal
resletance., Thig approach to the egtablility problem may

prove to be of interest.
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SUMMARY

A spurvey of the literature on the pyrolyeie snd thermal
s%abllity of orgenosilicon and some orgsnclead compounds was
made.

An abetrset of a long-term study in progress on the
thermal stabllity of varioue organometallic compounds was
made through May, 1955,

There were syntheslzed several serles of organosilicon
moleculeg of the type triphenylmonosaryl- through tetrasryl-
sllane, Ths aryl groups were p-phenoxyphenyl, m-trifluoro-
methylphenyl and m-tolyl. A similar series containing the
9-fluorenyl group wee slso prepared., In only the m-tolyl
geries were gll four compounds made,

Table 1 listing the resulte of thermsl stablillty
studies on the syntheslzed molecules was prepared,

Tris-(triphenylgermyl)-triphenyletannylcilane, a mole-
eule having four Group IVE elemente bonded to ezch other
wee syntheslized in 15% yield,

Some regctions of pentaphenylchlorodigllane were studled
to compsre them with those of anslogoue monosllanes,

Some organogermanium and organceillicon-germanium com-

pounds were prepared and tested for thermsl stabllity.
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An attempt wag mads to distinguish between bond energy
and bond dissoclation energy as related to the theoretical

basle for thermal stability etudles.
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