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INTRODUCTION 

The hydrolysis of diorgano-silicon halides is 

generally accompanie.d by dehydration to for;m complex 

condensation products containing silO.xane linkages (1-8). 

Although the reports of the hydrolysis of diethyldichloro

silanes, Et2SiC12 , confirm a strong tendency toward the 

formation of cyflic structures containing silicon-oxygen 

link~ges, there is a lack of consistency toward the 

amounts, of cyclic products produced by the hydrolysis. 

This lack of clear understanding led Saint Me',inrad College 

to an investigation of the hydrolysis of Et2SiC~2', the 

results of which are described briefly in'the pre~ent 

paperc The cyclic products of primary interest, for.: :this 

study are hex2?ethylcyclotrisiloxane and,o,ctaethy~cyclo~ 

tetrasiloxane, which will be referred to as ethyl trimer 

arid ethyl tetramer respectively: 

Et2 
Si 

/, \ 
O@ 0 
I I 

Et2Si SiEtz\/ ' 
o 

Ethyl Trimer Ethyl Tetramer" 

The water hydrolysis of Et2S1Cl 'and the related 
,. . 2 

compound, dimethyldiclilQrOs:ilane, Me2SiC1 ,' is ·an'2



exothermic reaction which yields cyclic products containing 

silicon-oxygen linlcagese Hydrogen chloride is a by

product of the reaction. Various reports (3,9,10) of the 

water hydrolysis of Et SiC1 indicate the existence of an2 2 
intermediate, diethylsilanediol, Et2Si(OH)2' in the 

formation of these cyclic products. Diethylsilanediol 

is a white, orthohormic, crystalline solid which melts at 

960 C. and boils with decomposition at about l400C.' The 

existence of such a linear diethylsilanediol intermediate 

from the water hydrolysis of Et2SiC12 allows the proposed 

simple reaction path: 

nR2SiC12 + 2nH o -+ nR2Si(Oh)2 + 2nHC1, ~ ,(R2SiO)n + nH20.
2

Various reports in the literature indicate that a 

large number of reaction variables influence the 

proportion of products derived from the water hydrolysis 

of alkylhalosilanes. These variables include the presence 

of acid or base medium; the amount of medium; the amount 

of time the halosilanes react in the medium; the presence 

of a solvent; the nature and amount of solvent: the 

reaction temperature and pressure; use of catalyst; and 

the purity of the dihalide. 

It is known that, with nonbulky, substituted 

dichlorosilanes; such as dimethyldichlorosilane, both 

linear and cyclic polysiloxanes are obtained on hydrolYSis. 

Complete hydrolysis of Me SiC1 in various media primarily2 2 
yields the methyl trimer and methyl tetramer for Patnode 
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and Wilcock (4). They observed that reducing the pressure 

reduces the yield of lower-boiling materials (4)8 With 

bulkier substituted dichlorosilanes, such as diphenyl

dichlorosilane, hydrolysis under mild conditions proceeds 

only to the diphenylsilane-intermediate stage, and cyclic 

siloxanes are only obtained on usually more drastic 

condi tions (5). 

In contrast to the unstable silanol interme~iate 

obtained on hydrolysis of diethyldichlorosilanes, the 

corresponding buIlder phenyl chlorosilanes gave stable 

silanols which showed a lower tendency to condense (1). 

For the lower alkyl homologs, the diol intermediate has 

been isolated only by special techniques. George, Sommer 

and Whitmore (10) isolated diethylsilanediol in low yield 

by means of shortened reaction times and lower tempera

tures. Andrianov and Sokolov (9) propose that it is the 

stepwise condensation of the diol intermediate which 

accounts for the variety of products obtained by the 

hydrolysis of dialkyldichlorosilanes. They also report 

(9) that the amount of cyclic products of the hydrolysis 

of dialkyldichlorosilanes depends on the solubility of the 

intermediate diol in the medium. 

The proposed reaction path, as already described, is 

altered under certain conditions which faver the produc

tion of linear products. Lasocki (11) describes the 
"fi;

formationI\02Si (OH] 20 from the reaction of R2Si(OH)2 in 
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aqueous dioxane at 25°C. in the presence of hydrogen 

chloride. Patnode and Wilcock (4) report that chlorine 

end-blocked linear polysiloxanes are produced from the: 

partial hydrolysis of Me SiCl • Shaffer and Flanigen (12),
2 2 

in performing a conductometric hydrolysis of 'a difunc

tional chlorosilane system, foUnd that lowering the 

reaction temperature and increasing the hydrogen'chloride 

concentration suppressed the hydrolysis of Si-Clbonds 

and favored the formation of chlorine end-blockedlinear 

siloxanes.. However~ they identified methylchloropoly,:"" 

siloxanes of the type Cl Si(CH3)20 xSi(CH3)2Cl (where 

x = 1) which added to the formation of 'methyl trimer 'and 

methyl tetramer. 

Solvent Effects 

Assuming the formation mainly of cyclic products, 

the percentage of trimer compared to tetramer also varies 

according to, conditions. An example of this is pr~vided 

by a comparison of two patents issued to Dobay (13,14). 

Both patents involve the hydrolysis of Et2SiC12 in methyl 

alcohol and water. The greater proportion of methyl 

alcohol in one case favors the formation of the ethyl 

tetramer; while a greater proportion of water in the 

other case promotes the production of ethyl trimere 

According to some reports,- solvents have little or 

no effect on the condensation of the silanol groups. 
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Kuhowski (15) reported that solvents may be inert to 

organosiloxanes and dissolve silanol groups. He 

attributed the increased rate of condensation to the 

increase of temperature. 

Other reports indicate that the type and amount of 

solvent used in the hydrolysis has an effect on the 

proportion of products. Bentlwwoska (16) reported that the 

hydrolysis rate increased with the temperature and water 

content. The percentage of condensed silanol groups 

were greater for water than salt solutions. Patnode and 

Wilcock (4) added 33 moles of the methyl homolog slowly 

to 66 moles of water at 15-200 C. with stirring and 

obtained 0.5% methyl trimer and 42.0% methyl tetramer as . 

well as higher boiling products. Following the same 

general procedure for the hydrolysis of Et2SiC12 and 

using 0.2 moles excess water, Ostdick (17) obtained 15% 

ethyl trimer and 30% ethyl tetramer. Ostdick also 

received a large amount of unreacted Et2SiC12 and a 

higher-boiling product. 

A patent assigned to Kriebl.e and Elliott (18) 

describes the hydrolysis of halosilanes by mixing the 

silanes directly vIi th agitated ice and water. Stirring 

was used to prevent high local concentration of the acid 

generated during hydrolysis, so as to reduce the. number 

of silanol groups in the product. Andrianov and 
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Sokolov (9) obtained 54% cyclic products from the· 


hydrolysis of Me Si012 in pure water.

2

Generally, the amount of cyclic product formed 

depends on the solubility of the intermediate'R2Si(OH)2 

in the medium; the better the solubility. the higher the 

yield of cyclic produc ts. .1tndr.ianov·.' and" S'okblov>,( 9) 

reported that the solubility of Et2Si:(OH)2 ingrams.:'per 

100 mle solvent at 20 0 0. for pure water is 9.7-10.8: for 

ethyl alcohol. 67.3-57.5; for 50% ethyl alcohol, 38.8; 

for 25% ethyl alcohol, 13.3; for methyl alcohol, '111~9; 

for pettroleum ether; 0.35. George Sommer a..Yld Whitmore (10) 

reported that the intermediate R2Si(OH)2 is partly soluble· 

in the presence of benzene., 

Other reports indicate that the solvent has peculiar 

effects on the intermediate R2Si(OH)2' Kurlova, et. al. 

(19) notedC.tha t Et2Si012 in amine and organic solvents 


added to tetraorganodisiloxane-l,),-diol yields 


organocyclosiloxanes. Karlin, et .. al. (20) conducted 


the hydrolysis of organochlorosilanes in the,presence of 


ethylene oxide with cooling; the subsequent treatment of 


the organosiloxane mixed with water at 1000 0. gave. 


simulta...Yleous preparation of ethylen~ chlorhydrin and 


siloxanes. Nitzsche, et. al. (21) hydrolyzed Me2Si012 


. with methyl alcohol and active charcoal, obtaining almost 

exclusively polymeric dimethylsiloxanes. 

-6



Acid-Base Effects 
,Me 

Peridical and patent references indicate thatAuse of 

various acidic and basic m~dia influences the relative 

proportions of cyclic products. Andrianov. and Izmailov 

(22) report that hydrolysis of R2Si012 in dilute HOI forms 

cyclic and linear products, ,while in concentrated HOI with 

regeneration of HOI gas the reaction leads to cyclic 

products exclusively. The reactions were run in mixtures 

of ethyl ether with aqueous HOI at 200 0. Karlin and 

Mitrofanov (23) noted an increase in the 'number of OH 

groups in the products of hydrolysis of compounds of the 

type R2Si012 when the HOI concentration in the aqueous 

phase was increased, and attributed this increase, to the 

increased yield of linear polysilanolss Patnode and 

Wilcock (4) found that in general, hydrolysis in a strongly 

acidic medium increased the proportion of low molecular 

weight material as does the use of a water miscible 

solvent '~ while hydrolysis in a strongly basic medium 

reduces the proportion of low boiling 'weight material .. 

Rodziewing and Bertkowska (24) reported that the hydrolysis 

of Et2Si012 in the presence of CuS04 produced 14% ethyl 

trimer and 86% ethyl tetramer. The comparison of such 

cyclic structures indicate that CUS04 broke the siloxane 

bonds to yield linear polymers of higher molecular weight. 

Kipping and IVIartin (25) performed a hydrolysis of 
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2Et SiC12 in pure water obtaining linear polymers of 


molecular weight 530-694e However, Hyde and DeLong (1), 


in a similar hydrolysis obtained first fraction of 


molecular weight 297 ,and found the molecular weight of 


, the residue to be 519-5348 Young and co-workers (26) 

obtained 62% volatile products in the hydrolysis of 

Et2SiC12 in ether using ice, as compared with 27%'when no 

solvent was used, and 22% when boiling water was the 

hydrolyzing agent.. Mi~ler (27) ,hydrolyzed Et2SiC12 with 

ether in pure water and obtained 70.3% volatile material, 

while Anzlovar (28) hydrolyzed Et2S,iC12 in pure water and 

obtained 32.5% volatile material. Anziovar (28) and 

Mulhern (29) studied the hydrolysis of Et2SiC12 in the 

presence of HCl with and without org~nic solvent. They 

found that the amount of cyclic volatile material was 

greater in the case where organic.".'solvent waS'l,lsed. 

George, Sommer and Vlhi tmore' (10) report that 15 mL, 

of Et2SiC12 added to 20 mle concentrated HCl results in 

50% hydrolysis with the main product b~ing sym-tetraethyl

dichlorodisiloxane. In related experiments, they,found 

that the addition of previously prepared diethylsilanediol 

to concentrated HCl at OOC. resulted in rapid polymer

ization, although 'the same diol appeared to be quite ' 

stable in a slightly basic solution at room temperature. 

The results of Miller (27), Grisley (30), Kirn~r (31) and 

.. ' .. 

-8



Verbish's (32) hydrolysis of Et2SiC12 with ether in various 

concentrations of acid and base at 72.00-142eOoC. 

indicated no signs of crystalline products, diethylsilane

diol or sym-tetraethyldichlorodisiloxane. However, as 

will' be shown later in this paper, different concentrations 

of acid or base are vital factors in the mechanisms of 

forming ethyl trimer and ethyl tetramer based on the >. 

reports of these workers. 

Various literature reports indicate that acid and 

base concentrations in the presence of alcohols have a 

definite effect on the hydrolysis of E~2SiC128 Ponomarev, 

et. al. (33) reported that in a circulating reactor 

operated at 3000C., Me2SiC12 in:.'the presence of methyl 

alcohol gave no methyl chloride as long as HCl was absent. 

Dobayts (13,14) reports indicate that the hydrolysis of 

Et2SiC12 in methyl alcohol and water produces maximum 

yield of ethyl trimer when excess water is present in the 

hydrolysis, and gives maximum yield of ethyl tetramer 

when a deficit of water compared to ethyl alcohol is 

present in the hydrolysis. Rush (34) performed a limited 

study of thereffect of low concentrated hydrochloric acid 

and high concentration of sodium hydroxide with ethyl 

alcohol on the hydrolysis of Et2SiC12 using strictly 
. . . .. . 

controlled conditions. Rush (34) found that the proportion 

of trimer to tetramer was greateI,' in HCl ;thai!' in NaOH .. 
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Literature reports indicate that the hydrolysis in 

the presence of an acid or base depolymerizes polyorgano

siloxanes to trimer or tetramer. The reports of Wenske, 

Berwaid and Teischmann (35) indicate that the vapor 

reaction of Me2SiC12 hydrolyzate with }cOH under a vacumm 
. 0 

at 100-200 0" formed methyl tetramer upon depolymerization. 

So}1,olevskii, Nazarova and Lotarev (36) reported that 

polyorganosiloxanes were prepareq by hydrolytic co

condensation of respective chlorosilanes followed by 

catalytic rearrangement in the presence of H2S04

Kinetics 

.Many reports indicate that the-rate of condensation 

of Et2Si(OH)2 in the presence of an acid is of the second 

order kine2tics. Lasocki and Mickalska (37) reported
"-'" 

that the rate of condensation of Et2Si(OH)2 in the presence 

of water· or higher concentrations of alcohols with an acid 

follows the second order kinetics. Later, Lasocki and 

Mickalska (38) reported,iJ.that the addition of salts had a 

pronounced effect on the rate of condensation when in the 

presence of HCl. Shaffer and Flanigen (2) found that the 

hydrolysis rate in ethylene ~lycol-dimethyl ether changes. 

apprecially with 8l)M HCl due to the fact that above -this 

concentration there is more than one HClmolecule per 

solvent molecule, and there'fore the rate of hydrolysis 

of Et2SiC12 with excess HOI increases as the concentration 
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of HCl increasese Anzlovar(28) and Mulhern (29) studied 

the hydrolysis of Et2SiC12 in the. presence of HCl with or 

without organic solvent. They found th~t the amount of 

cyclic distillable material was less in the case where 

organic solvent was not present. 

Bragin and Karapethyants (39) found a temperature 

dependence of the' vapor pressur~ of cyclodimethylsiloxanes 

. (rfle2Si)20 by calculations res~mbling Henglein's equation 

log Tl = AlogT2 + B. They have calculated a relationship 

between temperature and pressure for cyclodimethyl

siloxanes. Lasocki (11) had found the rate coefficient 

to be 0.091 for the reaction 2Et2Si (OHl72 ~ [Et2Si (OH)]O 

+ H20 when performed in aqueous dioxane at 2.5°C. with HCl. 

Proposed Mechanisms 

Shaffer and Flanigen (12) propose the following 

reactions for the formation of Si-O-Si linkages for the 

hydrolysis of Me2SiC12 in the presence of hydrochloric 

concentrations with ether; 

1) =SiCl + H20 -+ =SiOH + HCl. 

2a) =SiOH +. =SiOH ~ =Si-O-Si= '+ H20 

2b) =SiOH + =SiCl ~ =Si-O-Si= + HCl 

3)2 (=SiCl) +. H~O ~ =Si-O-Si= + HCl 

Lasocki and Mickalslca (37) generalized: the '.mechanism for 

the condensation of silanols: 
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=SiOH + HA ~ =SiOH2+A

. + - + =SlOH2 A + HOSi= ~ =Si-O-Si= + H30 A 

These seem to' give the hydrolysis reaction mechanism which 

describes the part played by hydrochloric acid in the 

condensation of the silanediol. 

Shaffer and Flanigen (2) propose the following 

mechanism for the total hydrolysis reactionofdialkyl"; 

dichlorosilanes including some solvent effects: 

S = solvent 

H 0 + HC1-S ~ H20-HC1"S2
R2SiCl2 + H 0pHCl'S ~ R2SiCl{OH) + 2HCl'S

2 

R2SiCl{OH) + H2o~HCl·S ---?' R2S.i(OI-r)2 + -2HC1"S " 

R2Si{OH)2 + R2SiCl2 ~ HO{R2Si)O{R2Si)Ci + HCl 

Condensation of the silanediol is 'also' affected by 

ion exchange resinse Kunowski (l5) reported that the 

condensation of organosilanediols in the presence of ion 

exchange resins leads to organosiloxanes practically free 

of the silanol group. 
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DISCUSSION 

In this s,tudy, a conjecture about the results of 

the hydrolysis of Et SiC12 with ethyl alcohol as solvent2
in both acidic and alkaline media will be attempted. The 

percentage results of Miller (27), Grisley(,30), 

KiI'ner (,31), Verbish (,32), Mulhern (29), Anzlovar (28), 

and Rush (,34) in Tables I and II will be reanalyzed. 

Table II contains the percentage yields of the fractions 

and the percentages of loss as calculated from the 

reaction: 

Product Trends of the Hydrolvsis With Solvent 

Trimer. As noted in Chart 1, when,,:~he water" 

hydrolysis of Et2SiC12 is performed with diethylether as 

solvent in the presence of HCl or N?,OH, the percentages 

of ethyl trimer range between 19.6% an~ 40.2% o~tainabl~ 

product. As the HCJ. concentration increases, the per

centage~of ethyl trimer generally decreases. ~nd'also, 

as NaOH concentration increases, the percentage of ethyl 

trimer generally decreases. 

It appears that when more points on the curve 

pertaining to ethyl alcohol are determined experimentally, 

the shape of that 
, 

curve may well he similar to that 

pertaining to ethyl ether. This conjecture is reasonable 
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Table I: Percentage of Each Fraction to the Total Amount ,of Distillable Product 
Acid or Base 
Concentration 
37% HCl 

37% HOI 

24% HOI 

21% HCl 

21% HOI 

21% HOI 
,

..6.2% HCl 

pure water 
pure water, 

14.2% NaOH 

14.2% NaoH 
,28.3% NaOH' , 

, .. 

53.6% NaoH 

53.6% NaOH· 

53.6% NaOH 

62.0% NaOH 

' ITetramer/ \ ,I Data' %' ;', J % ,I % Inter-I % 
"% B Trimer Solvent Source% AForerUn Trimer mediate Tetramer 

._"0.0: 41 
.. 

19 24 85 15 0.59 ether Miller 

0.0 42 12 0 54 46 0 none Mulhern 

0.0 46 14 26 87 13 0.57 ether Miller 


' 0.0 46 17 28 "91 9 0.61 ether ~risley 

. '.~ 

0 66 34 0 none Anzlovar0.0 34 31 


19~ 6 45 6.2 29·3 97 3 0.65 alcohol Rush 


0.0 	 58 8 19 78 22 0.33 ether Grisley 


.. 8 81 19 0.14 ether Miller
3 57 14 

0.0 39 17 16 73 27 0.41 none Anzlovar 

.. 0.0' 
,-

" 
.. 

67 16 12 96 4 0.18 ether Kirner 

26 	 0.90 none Mulhern0.0 29 13 	 67 33 
,0.0 56 38 3 98 2 0.05 ether Kirner 

46 0 98 2 0 ether Verbish0.0 52 
0.12 none Anzlovar0.0 43 38 5 99 1 


29 21.6', 14.2 27.8 92.6 7.4 1.29 alcohol Rush 


0.0 42 53 0 96 4 0 ether Verbish 

of forerun, trimer, intermediate j and, tetramer.A: Oyclic Distillable Material = the sum 


Bc Non-Distillable Material = material not distillable above 220':'2800 0. 'a t 1.5-2.6 rom. 
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Table II: Percent ; Y,ie+,<i of Each Fraction and Percent Loss, Based of 

I 
I-' 

V\ 

I 


~ ,the Total Th~6r~:ticai,Y i eld of'Et2SiO 
%' i%' ':':' . ~', ,. '% Loss DataAcid or Base Solvent % Inter

%'~-~,,,,,, (100 - (A+B) ) Source 

37% HCI 

Trimer Tetramer % A Concentration mediate 

ether 32.8 15.4 19.3 6795 11.9 20.5 Miller' 

37% Hca none 17.9 5,4 0.0 23·3 19.9 56.8 Mulhern 

24% HCI ether 39.6 11.5 22.4 73.4 11.0 15.6 Miller 
21% HCI ether 19.6 '7. 3 11.6 38.5 ' 3.8 57.7 Grisley 

21~~ HCI none 19.6 18.0 0.0 37.6 19.4 43.0 Anzlovar 

21% HCI alcohol 31.7 16.0 20.6 68.3 2.2 29.5 Rush 


6.2% HCI 
 ether 40.2 6.8 15.3 62.3 17.6 20.2 Grisley 

pure water ether 49.7 14.1 6.5 70~3 16.5 13~2 Miller 

pure water none 17.5 7.5 ;'7.5 32.5 12.0 55.5 ' 
--

Anzlovar 

-14.2% NaoH ether 32.5 7.9 5.8 ,46.2 1.9 51. 9 Kirner 

14.2% NaOH none 16.1 ' 7.2 14.5 ,37.8 18.,'6 43.~· , Mulhern 

28.3% NaOH ether 42.6 28.9 2.5 74.0 1.5 
',' 

24.5 Kirner 

53.6% NaOH ether 34.7 29.6 0.0 64.3 1.3 34.3 Verbish 

53.6% NaOH none 25.1 27.9 2.8 57.4 0.6 42.0 Anzlovar 

53.6% NaOH alcohol 11.7 23.4 15.1 50.2 4.0 45.8 Rush 

62.0% NaOH ether 24.2 30.5 0.0 54.7 2.3 43.0 Verbish 

AI Cyclic Distillable Material 

B: Non-Distillable Material 

I 
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Chart 1: % Trimer vs. Acid-Base Concentrations 

<tJ with ethyl alcohol 
with diethyl ether 

--- without solvent 
50 

45 

40 

35 /
30 

. ....' ~% 25 
Trimer 

20 .,... ...... -t __ """ 

,., -

15 

-~Ii'" -,

10 ~ 

5 

0 
40 0 

t % HCl %NaOH ) 

for two reasons. (1 ) As mentioned earlier, Lasocld and 

Mickalska (37) reported that when EtzSiClz is hydrolyzed 

in the presence of HCl with alcohol as solvent, the 

condensation of EtzSi(OH)Z follows second order l{ineticse 

There is every reason to belieye that it will be the 

same with diethyl ether as solvent. (z) Ponomarev, 

~t. ale (33) reported that in a circulating reactor 

operated at 3000C ., when Me2SiCIZ reacted with Hel and 

methyl alcohol, some methyl chloride was produced. It 

is well-known that methyl chloride and methyl alcohol 

; .. r 
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can react to produce dimethyl ether. Therefore, in a 

similar context, when ethyl alcohol is present there may 

also be present a certain concentration of diethyl ether. 

Tetramer. As noted in Chart 2, when the water 

hydrolysis of Et2SiC12 is performed with diethyl ether 

or ethyl alcohol as solvent in the presence of HCl or 

NaOH, the percentages of ethyl tetramer range from 22 .. 4% 

to 0.0%. Using diethyl ether as solvent, the percentage 

of obtainable ethyl tetramer generally decreases as the 

medium changes from acid to pure water to base. It is 

evident that ethyl tetramer is not obtainable when diethyl 

ether is used in the presence of a high NaOH concentration. 

Chart 2: %Tetramer vs. Acid-Base Concentration 
~ with ethyl alcohol 

with diethyl ether 
without solvent 

251

201 ®. 

% 15
Tetramer. 

10f- / '-.... 
/ '

51'-
'-.. 

.-----.~'-'-.. 
. "'" 

o~ j I \ I .' " " ~' i 
40 30 20 10 o 10 20' JO ~O 50' 60 

~ %HCl %NaDir 

If the proposed conjecture of ethyl alcohol as 

solvent is true, alcohol in the absence of acid may· have 

a definite effect on the yield of ethyl trimer and ethyl 

tetramer. It appears that when more points on the curve 

• 
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pertaining to ethyl alcohol in the presence of NaOH are 

determined experimentally, ethyl trimer ,may be obtainable 

in good yield compared to the case of using diethyl ether 

as solvent9 

Lasocki and Mickalska (38) reported that,the addition 

of salts had a pronounced effect on the condensation 

rate of the diethylsilanediol intermediate in the,presence 

of HCl and methyl alcohol as solvent. The possible for

mation of a methyl chloride salt is the main consideration 

here. It is interesting that the hydrolysis of Et2SiC12 
in the presence of 21% HCl concentration and alco'hol as 

solvent yield a greater percentage of ethyl trimer and 

ethyl tetramer' compared to the same hydrolysis with 

ethyl ether or no solvent. 

TetramerLTrimer Ratio. ' As noted in Chart 3, when 

using ethyl ether as solvent, this ratio generally 

decreases in a regular way from a weak acid concentration 

to a strong base concentration. It appears that when 

more points on the, curve pertaining to ethyl alcohol are 

determined experimentally, the ratios ~ay, 'well be 

exemplifications of the reports of Dolay (13,14). His 

reports indicate that the hydrolysis of Et2SiC12 yield 

maximum amounts of 'ethyl trimer when excess ,vater with 

methyl alcohol is present in the hydrolY13is. The''best, 

percentage yield of ethyl tetramer v1as produced when 

. .~, 
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Chart 3: Tetramer/Trimer Ratio VSe 

b a 
~ ~ 

~ ~ d 
1.00 

Q ~ 

~ "ad
°0 / '\ t/~ 

():) Cl 

(0- I .;)0'<.
V:J <. 

or--. / cJ<J 
VQ '0

Co oP
'::>on.{q () If) 

/ 
/ 

0.25 
/ 

/
0.00 /

40 30 20 10 0 10 20 30 40. 50 60 
{ % HCl %NaOH ~ 

the hydrolysis was conducted in the presence of excess 

methyl alcohol with little quantity of original water (13). 
, 

The projective data for ethyl alcohol as solvent 

can be indicated as drawn in Chart 3$ The hydrolysis 

in the presence of ethyl alcohol increases the production 

of ethyl tetramer as compared to the same hydrolysis 

with ethyl ether or pure water as solvent. 

Intermediate. The intermediate indicated in' Tables . I 

I and II are not the intermediate-diols spoken of ~n 

Chapter I. Instead, this intermediate is simply the 

middle run betwe"en the distilled pure ethyl trimer and 

tetramer. 

As noted in Chart 4, when using ethyl ether or ethyl 

lt25 

~ 

Acid-Base Concentration 
~ with ethyl alcohol 

with ethyl ether 
wi thout solYt,ent 

(1 
(} 

o 
d 
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alcohol as solvent in the presence of HCl or NaOH 

concentrations, the percentage yield of ~he distilled 

intermediate ranges between 19% and 53% product. As 

HCl concentration increases, the percentage yield of 

intermediate increases. Ironically, it seems that the 

minimum amount of distilled intermediate precedes the 

maximum amount of pure ethyl. tetramer. In the same manner, 

the maximum amount of distilled intermediate precedes ·the 

minimum amount of ethyl tetramere 

Chart 4: %Intermediate vs. 

50 
(l) 

+' 40ro 
•r-! 
'0 
(l) 30 
S 
H 
(l) 20
+' 
£! 

H 10 
~ 

0 

Acid-Base Concentration (cf. Table I)
® 	 with ethyl alcohol 

with.ethyl ether 
without solvent 

;
/' . 

,.
,.1' .... , 	 .,.,/ 	 ., ,.

I "-	 .,.,
/ "-	 ,.

" .,.,J- "----'" ,.
,I' 	 ---./ @ 

~ 

40 30 20 10 0 10 20 30 40 50 6.0 

( % HCl . % NaOH )'. 

In using ethyl ether or ethyl alcohol as solvents 

in the presence of HCl concentrations t, the yield of pure 

tetramer exceeds the yield of intermediate. In using 

either solvent in the presence of NaOH concentrations, 

the yield of intermediate exceeds the yield of pure 

tetramer. An experimentally controlled analysis of the 
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distilled intermediate material shduld be conducted so 

as to understand the types and amounts of organocyclo

siloxanes that may comprise the distilled intermediate 

materials. 

Total Cvclic Distillable Material and J'l"on-Distillable 

FIlateriaL .I\.s depicted in Chart 5, the hydrolysis. wi th 

ethyl ether as solvent in the presence of a base medium 

yields a greater percentage of cyclic distillable material 

than in the presence of an acid medium of the same 

concentration. As indicated in Chart 6, the opposite 

trends of acid and base mediums occur in the comparison 

of non-distillable materials. 

Chart 5: %Cyclic Distillable Yield vs. 
Acid-Base Concentration (cf. Table I)

® .with ethyl alcohol. 
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The hydrolysis in the presence of an ,acidic medium 

with ethyl alcohol as solvent yields the greatest per-' 

centage of cyclic distillable material as compared to 
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Chart 6: %No~-Distillable Yield vs. 
Acid-Base Concentration (cf. Table i)

® 	 with ethyl alcohol 
with ethyl ether 
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the 	same hydrolysis with ethyl ether or no solvent. 

However, the hydrolysis in the presence of a base medium 

with ethyl alcohol as solvent yields the lowest percentage 

of cyclic distillable material as compared to the same 

hydrolysis with ethyl ether or no solvents. The 

percentage yield of non-distillable material is extremely' 
" ,

small when ethyl alcohol is used as s6lventin the presence 

of an acid or base medium. 

Emphasis on the Relation Between Table I and Table 

II. The ti t1.es of Charts 7 and 8 indicate'the sources 

of the data portrayed in the Charts. ,The Charts also 

establish the definition of the term, Subdivision. 

Subdivision by subdibision, the curves in the two Tables 

are 	not necessarily similar. Within Chart 7 the curves 
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Chart< 7: % Hydrolysis Products vs. Acid-Base Concentration,. in Pr.esence of 

Ethyl Ether (cf. Table I), Based., on the Total Amount of' Distillable Product" . ,. 
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Chart 8: %Hydrolysis Products vs. Acid-Base Concentration, in Presence of 

Ethyl Ether (cf. Table II)" Based on the Total ~heoretical Yield of Et2SiO. 
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for the percentages of cyclic distillable material and 

non-distillable material are shown to be reflections of 

each other. Within Chart 8 the corresponding, curves 

are not reflections of each other, ,but instead reproduc

tions. Considering Charts 7 and 8, the two curves for 

percentage of non-distillable material are ,quite similar. 

Because' of the variation in these relationships, it is 

difficult to draw any firm conclusions. 

Comparison of Earlier Work Without Solvent 

Trimer. As is clear from Chart 1, for all acid 

and base concentrations the yield of trimer is less 

when no solvent is present than in the corresponding 

concentrations when ethyl ether was used as a solvent8 

The absence of solvent in all acid and base hydrolyses 

~estricts the yield of trimer to a 9 point range of 

16.1% 'to 25.1%. 

Tetramer. As depicted in Chart:~:2, the absence of 

solvent in all acid and base concentrations restricts 

the yield of tetramer to 14.5% or less. For the 

hydrolysis without solvent, the greatest yield of tetamer 

is found in low concentrations of' NaOH. ,No tetramer 

was found for the hydrolysis without solvent in HCl 

concentrations. 

Tetramer/Trimer Ratio. As shown in Chart 3. without 

solvent, the tetramer/trimer ratio is 0.0 in concentrated 
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acid, increases.to,a maximum of 0.9 near the theoretical 

neutral point (40), and decreases to 0.1 in concentrated 

base. The shape of this curve is identical to that of 

the tetramer yield from the hydrolysis without solvent. 

Inter~ediate. With or without solvent, as depicted 

on Chart 4, the percentage of intermediate increases 

with increasing NaOH concentration. With or without 

solvent, the increase is at about the same rate8 

Without solvent, the percentage of iritermediate 

tends to decrease with increasing HCI cOhcentration. 

On the other hand, with ethyl ether, the percentage of 

intermediate generally increases with increasing HCI con-

6entra:ti6n~~:," ~ Since the conjecture indicates that ethyl 

alcohol may follow the same pattern as ethyl ether,in 

concentrated HCI, th'e percentage of intermediate may 

generally increase with increasing HCI concentration in 

ethyl alcohol. 

Total Cyclic Distillable Material and Non-Distillable 

Material. The percentages reported in Chart 5 indicate 

that the amount of cyclic distillable material generally 

increases as the medium changes from strong acidic to 

neutral to strong alkaline conditions without the use of 

solvent. The curve of percentages depicted ip Chart 6 

indicate that the amount of non-distillable material is 

directly opposite to that of cyclic distillable material 

of the same medium conditions. This is no surprise since' 
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the percentages of the non-distillable material are based 

on the percentage of the total cyclic distillable amounts. 

A.s indicated from Table II, the amount of cyclic 

distillable material is less for the hyd~olysis without 

solvent as compared to the same hydrolysis with solvent. 

The report~ of Patnode and Wilcock (4) indicate the'same 

general oblervation with the hydrolysis of Me2SiC12. , 'I ' , 
They reported that when the hydrolysis was 'conducted in 

!foo 'cco etter and !foo cc. water,'ayield,df 9.8% 

distillabl~ cyclic material resulted. Howev'er, 57% 
, I 

distillable cyclic material was obtained from the same 
, 

hydrolysis without solvent in 600 cc. water. Moreover, 

Patnode and Wilcock (4) indicate' that the type of medium 

in the hydrolysis without solvent has an effect on the 

total percentage yield o'f distillable cyclic products. 

The St. Meinrad reports (cf. T~ble II) of the 

hydr?lysis of Et2SiC12 indicate that ,the 'presence ',of:' 

ethyl ether with pt,lre water.or with a,high HCl concen':' 

tration produced a substantially greater, percentage of 

cyclic distillable produc'ts 'thah tl:le same hydrolyses 

without the presence of a soivent~ However, the 

difference of the percentages of cyclic distillable 

products is not as great in the comparable hydrolyses 

with a high NaOH concentration. These results along with 

Chart 5 indicate that the amount or.type of solvent and 
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the medium conditions have an effect on tpe hydrolysis. 


Emphasis on the Relation Between Table I and Table 


II'. The titles of Charts 9 and 10 indicate the sources 

I 

of the data portrayed in the Charts. The Charts also 

establish the definition of the term,. Subdivision. 

Subdivision by subdivision, the curves in the two tables 

are generally similar. Considering Charts 9 and 10, the 

two curves for percentages of cyclic distillable material 

.are quite similar with the exception of the hydrolysis 

conducted in pure water. And also, the,two curves for 

percentages of non-distillable material are quite similar, 

including the hydrolysis conducted in pure water. 

It has already been established, .that it is difficult 

to draw any firm conclusions from the variation of these 

relationshaps in Charts 7 and 8. Therefore, it is 

difficult to draw any firm conclusions on ,how the medium 

conditions with the amount or type of solvent have on 

the effect of the hydrolytic production of the distillable 

cyclic products. 

Mechanism. For the hydrolysis of diethyldichloro

silane to form cyclic products t~ere.isdefinite evidence 

. indicating the existence of a diethylsilanediol 

intermediate, but beyond that th,~re is little de'fini tive 

evidence regarding the specific reaction m'echanism. 
• ' • ~ • _ - , ,I ; 

Lasocki (11) has articulated a hydronium ion chain 
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Chart 9: % Hydrolysis Products vs. Acid-Base Concentration, In,Absence of 

Solvent. (cf. Table I), Based on the Total Amount of Distillaple Product • 
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Chart 10: % Hydrolysis Products vs. Ac-id-Base Concentration. in Absence of 

Solvent (cf. Table II), Based on .the Total Theoretical Yield of Et2SiO. 
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mechanism for the condensation of Me2Si(OH)2: 

CH
JHO-~i-OH + ,HJO+ ) 


CHJ 


H 0 ' 2 

CHJ CH 
H \ JI +

HO-Si-OH2 + :O~Si-OH 
I I 

, CH CHJ J 

H 0+ tJ e c. 

Lasocki (11') doe~ not mention the cyclization of the 

longer chains, but it-_:would s eem feasible that the longer 

chains could form cyclic products by splitting out H 0.2
Anzlovar (28) has suggested that a chlorosilanol

intermediate mechanism is compatib~e with observed data: 

.......OH 


> Et2Si 
'Cl 

+ HCl 

Et 
... OH I 

nEt2Si 
'Cl 

+' (n - 1)H2 0' --=-ff') Cl S·-O-Si-OH 
:', \ 

+ (n-l )HCl 

E n-l' Et 

E Et 
/ 

Cl S· -O-Si-OH )- (Et2SiO)n + HCl. 
\ 

-E -1 Et 

When the hydrolysis was conducted in 21% hydrochloric 

acid with ethyl alcohol as -solventtthe results indicates 
. ' I . ,,' -

(cf; Table II) that a higher percentage of cyclic 
I ' 

distillable materi~l was obtained,than' in the same 
'.' ~ 

hydrolysis with ethyl ether or no. solvent. 
" 

On the other 

hand, when the hydrolysis was conducted in 5J.6%'NaOH 
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with ethyl alcohol as solvent, the results indicate a 


lower percentage of' cyclic distillable material than in 


the same hydrolysis with ethyl ether or'no, solvent. 


Andrianov and Sokolov (9) state that the amount 


of cyclic product formed depends on the solubility of 


the intermediate, diethylsilanediol, in the medium; the 


better the solubility, the higher tne yield of ,cyclic 


,product. Fol'lowing Andrianov and" Sbk6.lov ,: '( 9) , 

Anzlovar (28) conjectured that the amount of cyclic 

distillable product produced is dependent on the solubility 

of the chlorosilanol intermediate. ' 

If either Andrianov, et. al. (9) or Anzlovars' (28) 


statement is universal, then it could well be that the 


silanol intermediates are more soluble in the presence 


of sodium hydroxide than in the presence of hydrochloric 


,acid. The results mentioned in Table II indicate ,such 

a possibility. However, when more experimental data 

with ethyl alcohol is obtained, the 
, 

silanol 
, 

intermediates 

could well be found to be more soluble in the' presence 

of hydrochloric acid with ethyl alcohol as solvent than 

in the same hydrolysis wi~h ethyl ether or no solvente 

Or, the silanol intermediates could well be less soluble 

in the presence of sodium hydroxide concentrations with 

ethyl alcohol as solvent than in the same hydrolysis 

with ethyl ether or no solvent. 
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A definitive statement of mechanism, for these .:":; 

reactions require, among other things, that the relation

ship between solvent effect and media concentration be 

more clearly established for a wider range of solvents 

and media* Such information seems "necessary before a 

more thorough investigation into the kinetics of the 

reactions can be undertaken. 
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SUMW\.RY OF PROJECTIONS 

It has already been mentioned that the relationship 
s~o{,lld 

between solvent effect and media concentrations...... be more 

clearly established for a wider range of solvents and 

media., This paper proposes that two more hydrolyse.s 

should be conducted in the presence of ethyl alc.ohol as 

solvent; (1) with the presence of 37% HCl, and (2) with 

the presence of 14.2% NaOH. The percentage results that 

might be expected are as follows: 

. Trimer. Lasocki and Mickalska (37) reports that the 

addition of salts has a pronounced effect on the rate of, 

condensation of diethylsilanediol intermediate in the' 

presence of HCl and methyl alcohol as solvent. The possi

bility of methyl chloride salt is the main consideration 

here. The hydrolysis of Et2SiC12 in the presence of 37% 

HCl concentration and alcohol as solvent should yield a 

greater percentage of diethyl trimer compared to the 

same hydrolysis in the presence of diethyl ether or ·~o 

solvent. 

Based on the water hydrolysis conducted in the 

presence of 53% NaOH concentration and ethyl alcohol, the 

percentage yield of ethyl trimer in the presence of,14.2% 

NaOH should be less than the same hydrolysis with ethyl 

ether or no solvent. 
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Tetramer. Based on the reports of Lasocki and 


Mickalska (38); the hydrolysis conducted in the presence 


of 37% HCl condentration and ethyl alcohol should yield 


, a greater percentage of ethyl tetramer compared to the 

same hydrolysis 'l,!Tithethyl ether or no solvent. Based 

on the reports of Rush (34), the hydrolysis conducted in 

the presence of' 14.2% NaO:ij and ethyl alcohol should yield 

a greater percentage of ethyl tetramer compared to the 

same hydrolysis with ethyl ether. However, it is 

questionable ,,!Lutnether the hydrolysis in the presence of 

ethyl alcohol would yield a greater percentage of ethyl 

tetramer than the same hydrolysis without solvent. 

Tetramer/Trimer Ratio. Dofiay's (13,14) reports 

indicate that the hydrolysis of Et2SiC12 in methyl alcohol 

and water yield maximum amounts o£ ethyl trimer when 

excess water compared to methyl alcohol is present in the 

hydrolysis The best yield of e:thyl tetramer is pl"oduc ed e 

when insufficient water compared to methyl alcohol is 

present in the hydrolysis.' Following DObay (13,14) the 

ratio of tetramer to trimer may well be near 1.00 when the 

hydrolysis of' Et2SiC12 is, conducted in the presence of' 

37% HCl concentration with ethyl alcohol' as solvent. The 

r-atio of tetramer' to trimer may well be near 0,.5 when the 

hydrolysis is conducted in the presence of' 14.2% NaO}l' 

concentration with ethyl alcohol as solvent. 
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l'r'Iechanism. The silanel intermediates. die~thyl

silanediel er chleresilanel, ceuld be less seluble in 

·the presence of sedium.hydrexide with ethyl alcehel as 

selvent than in the same hydrelysis with ethyl ether er 

no. selvent. On the ether hand, the silanel intermediates 

ceuld be mere seluble in the presence ef hydrechleric 

acid with ethyl alcehel as selvent than in the same 

hydrelysis with ethyl ether er no. selvent. The two.' 

prepesed hydrelyses sheuld cenfirm the abeve ~enjectures .. 

Tetal Distlllable Preductse The cenjectures in the 

discussien ef the mechanism may indicate that when the 

hydrelysis is cenducted in 37% HCl cencentratien with 

ethyl alcehel as selvent~ the percentage yield ef cy&lic 

preducts may be greater than in the same hydrelysis with 

the presence ef ethyl ether er no. selvent. The percentage 

yield ef cyclic preduc ts .may be less when the hydro.lysis is 

co.nducted in the presence ef 14.2% NaOH with ethyl alcehel 

as selvent than in the same hydrelysis with the presence 

ef ethyl ether er no. selvent. 

General Cenclusien. 

The percentage results briefly described ~n_ 

the present chapter are net cenclusive~ They are made 

available so. that the actual results from the experimental 

hydro.lysis may cenfirm ef dispreve theme . Thls may'lead 

to. a clearer understanding as to. the ameunts o.f cyclic 
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structures produced b,;y the hydrolysis of diethyldichloro

silane. ' 

-37



REFERENCES 

Hyde, 	 J. K., and DeLong, R. C., J. Am. Chern.. Soc.,
Q3., 1194 (1941). . .. '. . ' 

Shaffer, L'~;H., and Flanigen, E.lYI., J. Phys. Chern., 
61, 1595 (1957)., : , 

DiGiorgio, P.A., Sommer, L.:fI.,and Whitmore, F.C., 
J. Am. Chern. Soc., 68, 344 (1946). 

(4 ) Patnode, W., and'Wilcock, DF., J., Am. Chern. Soc., 

68, 358 (1946). , ' . 


. (5)' Brewer, S.D., and Haber, C.P., J.' Am. Chern•. Soc., 
,1Q, 38888 (1948). 

(6) 	 Pathet, R., Ger ~t. 1,,937,736 (July 24~ 1968); 

C.A., ~, 67537k. ' 


Volkovich, P~, and Weber, W., J. Organomet. Chern., 
99, (2) 231 (1975), c. A., ~, 206374x. .' . 

(8 ) Nasser S., and Gertner, D., J. Am. Oil Chern. Soc., 
52, (1).t 18 (1975); C.A~. 82. 125629m. ' . 

Andrianov, K.A., and Sokolov~ N.N. ,Doklad{Akad., 
Nauk 8.S.SeR., 101, 81 (1955); C.A., .iQ, 2418:f. 

(10) 	 Ge'orge,' P.D.', Sommer,' L.H., andJ'fhitmor~, ,'F, •. G~, 
J. Am. Chern Soc., 1.5., 1585 (1953). " 

Lasocki, ·Z., Bull. Acad. Polon. ScL, Sere Sci. 
Chim. 11, 637 (1963); C.A., 51. 6659i. , 

(12 ) 	 Shaffer, L.H., arid Flanigen, E.M., J. Phys. Chern., 
61, 1591 ( 1 957 ) • " 

Dobay, D~ G., U.S,~ Pat.:-2~·~769-,B2~i. (-Nov;, 6, 1956) 
c. A., 	.51, 7403d. 

(14) 	 Dobay, D.G., U.,S;.-_Pat~=-2i769;'839_(I'fov~ 6",;1;956)
C.A., ..51, 7403e.' - - ' , -

Kunowski, H., Ger. Pat. 1,069,388 (Nov. 19, 1959); 
C.A., 53., 12297i. 

-38



(16) 	 BentkovlSka, H., Zeszyty Nauk Roli tech. Gdansk, 
Chern., ~ (6), 47 (1963); C.A.,61, 5475h. 

Ostdic,k, '~;- Doctoral Dissertation, University of 
Notre Dame, (1958). 

(18) 	 Krieble,'R.H~. and'Elliott~ JeR., U8S. Pat. 2,501,525 
(March ~1, 1947); C.A., 44, 5641i. . 

Kurlova, T. V., Dmokhovskaya, -E. B., Yuzkeleyaldi, Y.A., 

Kagan, E.G., Larionova, O.N., U.S.S.R., 

Pat. 296,771 (~~r. 2, 1971); C.A., 12, 77505z. 


(20 ) 	 Karlin, A.V., Troitskii, A.D., Lobkov, V.D., 
Kuseleva, S.F., Teryaeva, I.M., U.S.S.R. Pat. 388,001; 
C.A~, 80, 27847ve 

(21 ) 	 Nitzsche, S., et.al., Ger. Offen, 2,148,669; 
C.A., la, 160,475. 

Andrianov, K.A., and Izmarilov, B.A., Izo. Akad. 
Naulc. S.S.S.R., Ser Khim., 1.2.Q1. (5), 1070 (1967);
C.A., 68, 29752m. ' 

(23)' 	 Karlin, A.V., and Mitrofanov, L.A., Khim. Pron., 
12Q}, (3), 166 (1963); C.A~, 22, 12835q. 

(24)' 	 Rodziewica, W., ,Bentkowska, H., Roczniki Chern., 
16,285 (1962); C.A.,.51, 1514~a.- " . 

Kippir?g" F. $. ,and" Mq.rtin, : G>" ,J~ Ohem'., , $oc., .2.5., 
313 :;(1909h, : , ' 

(26) ,Young, C.W., 	 Servois, P.C., Currie, C.C., 
Hunter, M.J., J. Amer. Chern. Soc~, ZQ, 3758 (1948). 

(27) 	 Miller,_ K., Bachelor of Science Thesis"S~int 
Meinrad College (1970). 

(28) 	 Anzlovar, J., Bachelor of Science Thesis, Saint 
Meinrad College (1973). , 

(29) 	 Mulhern, T., Bachelor of Science'Thesis, Saint 
Meinrad College (1975). 

(30) 	 Gripley, T., Bachelor of Science, Thesis, Saint 
Meinrad College (1972).', " 

(31) 	 Kirner, T., Bachelor of Science. Thesis, Saint 
Meinrad College (1972)~ 

'-39

http:C.A.,.51


" 

(32) 	 Verbish, T., Bach~lor of Science Thesis~ Saint 
Meinrad College (1972.). , 

Ponomarev~ V.V., Andrianov, K.A., Duskechkin,'A.P., 
Golubtsov,·S.A., Sere Khim, 1.21J., (6),1332 (1973), 
C.A., 	22~ 104709k. 

Rush, R., Bachelor of Science thesis, Saint 
Meinrad College (1976)., 

Wenske, R.,' Berwald, S., Teischmann~ H., .. 
Brit. Pat. 1,198,197 (Aug. 21,1968); C.A., 1.3., 78846q 

Sobolevskii, M. V., Nazar-ova, D. V. ~ Latarev, M. B. " 
Plast. Massy 1968, (12), 30 (1968); C~A., LQ, 58345c. 

Lasocki, Z., and Mickalska,'Z.,'Bull. Acad. Polon: 
3c1, Ser. Sci. Chim., 14, 819 (1966); C.A., 61, 8152d. 

Lasocki, Z., and Mickalska, Z., Bull. acado Polon. 
Sci.~ S~~. Sci. Chim., 14, 825 (1966);
C. A., 	92;' 32717p. 

Bragin, G.P., KaraJ?ethyants, 'M,? 'Kh. Zh. Fiz. Khim. 
48 (4), 1049 (1974); C.A., ~, ~1518n. 

(40) 	 Theoretically neutral conditions are those in which 

the number of moles of base present is exactly equal 

to the number of moles of acid generated by the 

reaction. 

-40



I 





