An Analysis of the Products of the Hydrolysis of
Diethyldichlofosilane és Influenced by Acids, Bases,

and Solvents, With Special'Reference to Benzene as a Solvent

A:Research'Paper“

Submitted to the Faculty
Of Saint Meinrad College of Liberal Arts
In Partial Fulfillment. of the Requirements
For the Degree pf Bachelor pf Science

Joseph Ernest Bickett
May, 1978

Saint Meinrad College

Saint Meinrad, Indiana




INTRODUCTION

‘The water hydrolysis of diethyldichlorosilane (EtZSiClZJ and the
relatéd compound , dimethyldichlordsilane (MEZSiC1é), is an exothermic
reaction which yields linear and cyclic producté containing silicon-
oxygen linkages.(1~21). At standard temperature and pressure diethyl~
dichlorosilane is a clear liquid. The literaturévboiling point at these
conditions is 12906 1.

Hydrogen chloride is a by-product of the reaction. The -cyclic
products of primary concern in this study afe hexaethylcyclotrisiloxane
and octaethylcyclotétrasiloxane, which will be referred to as the ethyl
trimer and ethyl tetramer respectivély. The structures of the cyclic

products are given below.
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Various published (1-14) and unpublished (15-21) studies indicate
that a great number of reaction variables affect tﬁe proportion of pro-
ducts resulting from the water hydrolyéié,of'alkylhalosilanes. These
variables include the presence oflan acidic or basic medium; the amount
§f médium; the presence of a solvent; the nature and ambunt of solvent;
the reaction temperature and pressure; the use of a catalyst; and the

purity of the dihalide,




Most-of the conditions inflﬁencing the proportions of the products
of this hydrolysis favor ihe prodﬁcﬁioﬁ of trimer and tetfamer (1.

The existence of a linear»dialkylsilanedidl intermediate has been
reported by several studies (i»&]; Diethylsilanediol (Et,Si(CH),)
crystallizes from ether as colorless; flat prismatic, monoclinic holo-
hedral crystals (2). The solubility of the intermediate diol appears to
|| affect the amount of cyclic volatile product formed (3). The mechanism
for this diol will be discussed later, as well as its behavior using
benzene,,(C6H6), as a solveﬁt.

Hydrolysis~usihg pure water

For the hydrolysis of any chlorosilane,>Shaffer and Flanigen (4)

propose the following as poésible reactions.

1. =SiCl + Hy0————> = Si0H + HC1

-~ — Si0H——>= Si0Si + H,0
Si0H +{ - - o
= $iCl— >~ Si0Si + HC1 .
2, 2(=s5iC1) + H0——> — §i0Si — + ZHC1
Applying this to a dialkyldichlorosilane, the possible products are
stiCl(OH], RZSi[OH)Z’ Cl(RZSiO)XBZSiCI, Cl(stiO)xRZSi(OH),
(O) (R,Si0) R,Si(OH), and (R,Si0). .
» Brewer and Haber (5) hydrolyzed Et,8iCl, by adding it drop by drop
to ice water to produce, on destructive distillation, cyclic (EtZSiO)n,

where n = 3 or 4 (obtaining the tetramer in greatest proportion). Hyde

and DeLong (6) observed cyclic trimeric condensation products in the




hydrolysis of diethyldichlorosilanes. Nasser and Gertner (7) hydrolyzed
fatty dichlorosilane derivatives which yielded cyclosiloxanés. .Pathet o
(8) obtained low molecular weight poly(dimethylsiloxanes) by passing
Me,SiCl

2 2 ‘
into a reactor maintained at 22-25°C. Andrianov and Sokolov (9) per-

and slight amounts of steam upward through a vertical column

formed a thermometric tracing of the hydrdlysis of RZS:‘LCI2 (where R = Me,
Et, Bu, Am). The complete hydrolysis with excess water takes place
obtaining higher order siioxanes as well as the monomer, RZSiO, which is
capable of polymerizatich. They noted that insufficient water yields a
halosilanol which condenses to siloxanes. This stepwise,condensétion to
siloxanes with an insufficient amount of water yields a multiplicify of
products. The results seem to indicate that a limited amountvof water
results in only a partial hydrolysis qf dialkyldichlorosiloxanes. In
reviewing the literature, Rochow (10) states that cyclic compounds such
as (Et 510 ) are typical prdductsiof'tﬁe hydrolysis of Et SiClé

In research on methylpoly5110xanes Patnode and Wilcock (11) added 4
liters of dlmethyldlchlor051lane slowly to. 12 liters of water at 15-20°C
with vigorous stirring. The oily product was fractionally distilled at
atmosPhéric pressure and at 20mm., yielding cyclic compounds of the type
UWe 5i0) 0’ where n ranged from 3 to 110. The methyl tetramer was 42.0%
of the product by far the largest 1dent1f1ed fractlon

In similar research, Ostdick (12) added 555 grams of dlethyldlchlo~
rosilane to 130 grams of distilled water, using the methods of Patnode
and Wilcock, and obtained from the hydrolysis a higher yield of ethyl
trimer (15%) and a lqwer yield Qf ethyl tetramer (30%) than Patnode and

Wilcock obtained from the methyl counterpart. Muich of the starting




material, EtZSiC12, was recovered unchanged as well as a large amount of -
non-volatile material.

Acid-base catalysis

Patnode and Wilcock (11) in their earlier studies of dialkyldichlo-
rosilanes concluded that acid or base in the hydrolysis media had an
effect on the proportion of low molecular weight product formed. For
example, in the case of dimethyldichlorosilane an acidic medium generally
increaséd the proporﬁion of the t;imer,and an alkaline medium had the
opposite effect. For example the hydrolysis of Me,SiCl, in water yielded
57% methyl trimer, and hydrolysis using a 6N HCl solution gave 71%
trimer. Conversely the hydrolysis with 6N NaOH solution gave a 37%
methyl trimer. Hyde and Delong (13) observed that the formation of a
‘cyﬁlic trimer from diphenylsilanediol is promoted by the presence of
aqueous HC1, ammqnia, or small amounts.of aqueous alkali.

| Ostdick (12) added diethyldichlorosilane with ether to 0.7M HC1
sqlution and produced the ethyl_ﬁrimer in uhusuaily high proportion.. The
prqduct was 80% ethyl trimef and 11% ethyl tetramer. On the other hand
diethyldichlorosilane and concentrated HC1 reacfed at 0°C for 1 hour
prqduced only 50% hydrolysis. In'the above:study George, Sommer and
Whitmgre (14) said the main products were "higher‘dialky%ichlorosilanes.”
Miller et al., (15-21) in a joint unpublished stﬁdy show that precise
effects. of solvents and acidic or basic media are not clearly known or
not easily predictable. Howéver certain trends ﬁere observed and will be
discussed further in the foilowing chapter.

Miller (lSj produced ethyl trimer and ethyl tetramer in a hydrolysis

of EtZSiCl2 using a 37% HCl solution and ether as a solvent. He repeated




the hydrolysis using a 24% HCl solution, to produce similar resuits of
trimef and tetramer.. Mulhern (20) in the same study performed fhe hydro-
lysis with a 37% HC1 solution inipure water,’the‘trimer was the larger
porﬁion of the productkand no tetramer was produced. Grisley (16) used a
21% HC1 solution aléng with ether as'a~solvent producing trimer and
tetramer suppprting Miller's claims. . Emﬁioying a still lower percentagé
HC1 solution (6,2%) in ether solvent he recorded a high percentage of
trimerkand also'more‘tetramer, Anzlovar (19) repeated the hydrolysis
using the 21% HC1l solution without the use of aﬁ'Organic solvent and
found the triﬁer in fair proportion, but no tetramer. Rush (21) then
-repeated the hydrolysié, But added:alcohol as a solvent to the 21% HCI
solution to yield a close ratio of trimer. to tetfamef. | |
Cyclic products are also deri?ed from the hydrolysis qf EtZSiCl2 in
a basic mediinn, ‘Ost>dic‘k (12) hydrolyzed Etzs:tciz using a 5.6 M sodium
hydroxiaé’soiution to produce 15% ethyl tetramer and SG%;ethyl trimer.
Wenske, Berwald, and Teischmann (22) hydrolyzed MeZSiC1é with potassium
hydroxide under a vacuum at 1005200°C to produce the methyl teframer. ,
The most exfensive study containing armarked amount of data for basic
media effect on the proportionAof cyélic hydrolysis products; is cur-
“rently unpublished. Miller (15), Grisley (16), Kirner (17), Verbish
(18), Anzlovar (19), Mulhern (20), and Rush (21); have hydrolyzed diethyl-
dichlbrosilané in various organic soiveﬁis over a range of aquééus sodium
hydroxidevcohcentrations. The 1argéét pércentége of ethyl trimer (42.6%)
was produced_ffom\the hydrolysisiOfiEtéSiC1étﬁsin§ diethyl ether as a
solVept in a theoretically caiculateq gqncent?éii§ﬁ of sodium hydroxide

that would (theoretically) heﬁtraiize the hydrogen chloride produced as a
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by-product during the hydrolysis (17). The yield of the ethyl trimer in
all concentrations but one (53.6% NaCH), exceeds the yield of ethyl
tetramer, with or without solvent.

Solvent effects

Numérous reports have confirme& that the nature, type, aﬁd amount of
solvent used in the hydrolysis has an efféct on the proportion of pro-
ducts produced. Hexaethylcyclotrisiloxanes were prepared by Dobay (23-
24) in the hydfolysis of Et,SiCl, using methyl alcohol and water as
solvents. A 81.0 gram yield of the trimer was obtained. He also pre-
pared octaethylcyclotetrasiloxanes by a controlledfhydrolysis'of‘EtZSiClé
added to a large amount of methyl alcohol and less water while stirring
vigorously. The yield of tetramer was 101.5 grams. . Sokolov and Akimova
(25) preparéd ethylchlorocyclosiloxanes by hydrolysis of EtSiHClZ'iﬁ
aqueous ethyl alcohol at 17°c Sokolov Andrianov, and Akimova (25)
added Me81HC12 to 200 grams of ethyl alcohol and water to produce a 96%
mixture of cyclic 51loxanes S “

Employing the methods ef Mlller et al. (15 21) in the unpublished
study, Rush (21) hydrolyzed Et SlCl2 u51ng ethyl alcohol as a solvent in
both ac1d1c and alkaline medla U51ng a'219 HC1 solution and ethyl
alcohol as a solvent Rush obtained 31.7% ethyl trlmer and 20. 6% ethyl
tetramer. Next in a 56 6% NaOH solutlon u51ng the same solvent he ob-
tained 11.7% trimer and 15.1% tetramer. \

~ McCusker and Greene (27) added diethylisopropoxychlorosilane drop-
wisé to potassium hydroxide in isépfOpyl alcohol below 20°C to produce
25% trimer and 49% tetramer. Miller et al. (15-20), in thelr unpubllshed

1nvest1gat10n of dialkyldichlorosilanes employed ether as a solvent in




the hydrolysis of Et,SiCl, along with various concentrations.of acids and
bases as well as pure water. Se&eyal‘trends‘appeared as a result of the
diverse combination§ of acid#Ease Eoncénfratiéns in the solvents. The
largest percentage of~ethyl trimef{(4§.7%) wésfﬁréduced using the ether -
solvent and no added acid or base. -~The lowest percentage of trimer was
found u51ng ethyl alcohol as a solvent w1th a strong basic solution,

that percentage be1ng~ll 7%. However the greatest percentage of ethyl
tetramer (22.4%) was obtalned in ether solvent with the 24% HCl solution.
The lowest percentagelyield (0%), was .in ether solvent and a strong NaCH
solution (and several céses where no soiventrwés present).

Karlin et al. (28), prepared organosiloxaneé and ethylene chloro-
hydrin by hydrolyzing organochlorosiloxanes in the presence of ethylene
oxide s@ivent. York and Baiiey (29) hydrolyzed (H,SiCl,) in hydrdcarboﬁ-
ether solution, a mixture of 7Q%‘C5H12 aqd diethyl ether to produﬁetcy-
clopolysiloxanes. Andrianov and Yakushkina (30) conducted the hydrolyéis.
of Et,SiCl, and"PhS‘iC.l3 with waterjin the presénce of &iéthyl ether,
benzeﬁe; or acetone. The solvents were observed to affect the CH group
contextAof‘thé cyclic products in the order: diethyl ether > acetone >
| benzene. ‘The highest molecular weight products Qere obtained when
benzene was employed as a solvent.

Kurlova, Dmokhovshaya Yuzhelevakis, Kagan,-and'Larionova (31)
hydrolyzed 511anedlols and’ dlalkyldlchlor051lanes in amine and organic
solvents to yield organocyclotrlslloxanes Patnode and Wi}cock (11)
added 33 moles of methyl homolog to 66 moles of water at 15 to 20°C with
vigordus stirring to produce only 0.5% methyl tfimer; but 42.0% methyl.
tetramer. In similér reseéréh, employing the same general‘methods as

Patnode and Wilcock, Ostdick (12) hydrolyzed EtZSiCl2 with én excess of
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0.2 moles of water. He obtained 15% ethyl trimer and 30% ethyl tetramer
as primatry products of the reaction, as well as a largé amount of the
starting dialkyldichlorosilane and a higher;boiling product.

Anzlovar (19) using the same procedure as Miller (15), Griéley (16) ,
Kirner (17), and Verbish (18), obtained 17.5% ethyl trimer and 7.5% ethyl
tetramer as primary pro&ucts from the pure water hydrolysis"of'EtZSiCl2
without any organic éolvent. Continuing the part of this study without
the use of organic solvent, Anzlovar (19) and Mulhern (20) in their
‘hydrolyses of EtZSiCl2 using various acid-base concentrations;'found that
the yield of trimer fell in most cases, while producing a variety of
changes in the yield of tetramer. It reméined under 15% in all cases,

and in two instances of high acidic medium no tetramer was found.

Mechanism: The Intermediate Diol |

In Rochow's discussion (SZ)PéffKipping'é éarlf publicétions on
organosilicon ;ompounds, an important intermediate, diphenylsilanediol,
was réported. From fﬁe hydrolyéis of diphenyldichlorosiiane, Kipping ‘ob-
served the ihtermoleculaf coﬂ&énsation of théISilanediol to cyclic and
linear siloxanes. The hydrolysisoof diélledichlorosilanes~is a more
| vigorous reaction. Therefore the dialkylsilanediols were not isolated_at
first, but the existence of such an intermediate was assumed on the basis
of the diphenylsilanediols.

Andrianov and Sokolov (3) in 1952 employed'thermometric tracing as a
method of proving the existence of an intermediate silanol in the hydro-
lysis -of dialkyldihalosilanes. Hydiolysis with insufficient water givesv

a halosilanol which condenses stepwise to siloxanes. With excess water




the complete hydrolysis takes place; however the stepwise hydrolysis is
not observed but assumed on the basis that the hydrolysis produces a
variety of products. Hyde and DeLong'(6) in.a study concluded ‘that the
condensation of an organosilanediol produces cyclic structures as well as
linear ones. Thus the cyclic trimer and tetramer.were among the first
molecular types to be isolated from mixed condensation products of di-
phenylsilanediol. |

Georgio, Sommer; and Whitmore (33) were the first to isolate diethyl-
silanediol by carefully controlling the condltions in the hydrolysis of
Et281Cl2 in dry ether solvent added,to a.1.5N alkali solution, at a low
temperature with a short reaction time. A'65%>yield of the intermediate
lel was produced Other hydrolyses included EtZSiCl2 in ether solvent
Aw1th a saturated aqueous NaCl solutlon at 0-5° C to glve a 40% Et Si(OH)2
Saratov, Reikhsfel'd Zakomoldina, and Kremniiorg (34), produced d1ethyl—

51lanediol and hydrogen gas in the reaction of Et SiH with ethyl alcohol—

37
sodlum ethoxide in dloxane methylcyanide and P(O)(NMeZ)3 Arakl and

Osuga (35) hydrolyzed Me SiCl2 to y1eld Me Si(OH)Z, the dimethylsilane-

2
lel Hydroly51s of Et Si(OAc)2 produced the diethy151lanedlol for
Adrianov and Zhdonov (36).

Gueyne and Duffaut (37) started with Et,SiCl, under hydrolysis and
polycondensation and produced siloxane polysilanols, H.OSiEt2 (OSiEtz)n
OSiEtZOH. Shostokovskiy, Kochkin, Konddrat'ev, and Rogov (38) obtained
EtZSiOH2 by adding NaOH or KOH to the hydrolysis of EtZSiCl in ether and
dry ether along with 6 drops of phenolphthalein below 40°C.

The intermediate diol is vital to the proportion of'products in the’
hydrolysis of dialkyldihalosilanes; The fOllowing simple reaction path

has been proposed:




AR,SiCl, + ZnH,0——>nR,S1(0H), + ZHCl—> (R,S10),, + nH,0
During the studies of the mechanism of HCl and HClO4 catalysis in the
condensation of EtZSi(OH)2 in dioxang, the gffects of additional small
amounts of methyl alcohol, isopropyl’alcohol,_aqd phenol as well as LiBr,
Bu4NI, and LiClO4 were measured. In this studijasopki and Michalska
(39J'discovered that at higﬁ conceﬁtrations'of alcohols, the condensation
was found to proceed. smoothly accofding to the!secohd.drdér kinetics up
to 15-20% conversion. Addition of salts had a pronounced effect on the
rate of condensation catalyzed by HCI. |

In a rate-acidity correlationiig‘cqﬁdeﬁsation of diethylsilanediol
in dioxane, Lasocki and Michalska tSé) foﬁﬁd that the effect of water on
the cqndensation of EtZSi(OHJZ dep;nds on the acid used as a catalyst.
The activation energies of fhe silanédiol condénsafions were determined
by ‘several water concentrations. These activation energies were very
low, increasing with H2804, and were much higher, almost constant, when
HC10, was employed as a catalyst. |

Andrianov and quolqv (3) reported that geﬁerally the améunt of
cyclic product formed depends on the solubility of the intermediate
RZSi(OH)2 in the medium, the better the solubility the higher the yield
qf cyclic products. They measured the solubility of Etzsi(OH)2 in grams
per 100 ml. of solvent at 20°C. In water the solubility is 9.7-10.8
g/ml; in ethyl alcohql 67.3-67.5 g/mi; 50% ethyl alcohol 38.8 g/ml; 25%
ethyl alcohol 13.5 g/ml; methyl alcohol 111.9 g/ml; butyl alcohol 33.8
g/ml; isoamyl alcohol 23.0 g/ml; diethyl ether 10.5 g/ml; acetone 29.7-
30.4 g/ml; benzene 1.12 g/ml; petroleum ether 0.35 g/ml; insoluble in

carbon tetrachloride, nitrobenzene, toluene, xylene, phenyl chloride.
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BtZSi(OH) does not condense even after 24 hrs. in N acetic acid or 12% |
Ammonium hydroxide, but is rapidly condensed in 0.IN hydrochloric acid or
0.1N sodium hydroxide. Nitric acid and sodium hydroxide are more ef-
fective than are hydchhloric or sulfuric acids; no condensation takes
place in sqlutions of inorganic salts. Sglubility of EtZSi(OH}2 in water
rises from 5% at 0° to 16% at 40°, |

Rochow (40) in his discussion of Kipping's earlier works, states
that, [RZSi(OH)Zj, these silanaisAcondense intermolecularly to form
polymeric organosiloxanes. The rate of their condensation is governed

principally by the size of the alkyl'group.A‘
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. DISCUSSION

In thié continﬁationvof the local study concerning the water hydro- ‘
lysis of diethydichlorosilane (15-21), a somewhat thorough attempt will |
be made to summarize and analyze the data ébllected thusAfar. Hopefully,
as a result of this further examination, a clearer view oﬁ the préblem
will be obtained by finding the conditions under which the trimer and
tetramer may be obtained. In addition, there will be a discussion of the
possible trends not yet mentioned by previous workers; as well as a |
summary of the trends and concluéions of Miller (15), Grisley (16),
Kirner t17), Verbish (18), Anzlovar (19), Mulhern (20), and Rush (21).

Comparisons will be made to show conflicting trends as well as to .
support«the'existence of other tfends. The méchanism and solubiiity of
the diol intermediaté will be treated in still another section of this

chapter.’

Product Trends for Hydrolysis Without Solvent

On examination of the data available in this study, there are five

| cases where the hydrdlysis was performed without employing the use of an
organic solvent (cf. Table I). Of'the five runs, two were carried out in
acidic m@dium, one, in pure water (however the overall hydrolysis was'
acidic because fhe hydrolysis produces HCl as a b&product), and'the final
two were performed in a diluie then more concen£rated basic medium.

Of these hydrolyses using no organic solvent, certain trends are

appareht. In the aci&ic medium, no tetramef waé produced. In the most
basic medium, the percentage tetramer is very léw. As the base concen-

tration decreases, the amount of tetramer increases considerably, and the
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'TABLE I: Percent Yield of Each Fraction and Percent Loss, Based on the Total Theoretical Yield of Et,SiO

. % Cyclic = % Non-
Acid or Base % % Volatile A Volatile B % Loss
Concentration Solvent - Trimer Tetramer Material . Material (100 - (A+B) Data Source
© 37% HC1 ether 32.8 19.3 . 67.5 11.9 20.5 Miller
37% HCL none  17.9 0 | 23.3 '19.9« | 56.8 Mulhern
245 HCL ~ ether  39.6 22.4 73.4 11.0 15.6 ‘Miller
21% HC1 ether  19.6 11:6 38.5 - 3.8 57.7 Grisley -
215 HCL ©  none 19.6 o - 3.6 . 19.4 43.0  fnzlovar
21% HCL alcohol ~ 31.7 20.6 68.3 2.2 29.5  Rush - .
6.25 HCL ~  ether  40.2 15.3 62.3 17.6 202~ Grisley -
pure water ~ _ether  49.7 6.5 70.3 . 16.5 3.2 Miller -
pure wafer none 17.5 7.5 32.5 12.0 . 55.5 Aﬁziovarﬂ
14.2% NaOH ‘ether  32.5 . 5.8 46.2 1.9 51.9 Kirner
14.2% NaOH none  16.1 14.5 57.8 18.6 43.6 Mulhern
28.3% NaOH  ether 42,6 2.5 74.0 1.5 24.5 Kirner
53.6% NaOH ether  34.7 0 64.3 1.3 34.3 Verbish
53.6% NaOH  none 25.1 2.8 57.4 0.6 42.0 Anzlovar
- 53.63 NaOH  alcohol  11.7  15.1 50.2 4.0 - 45.8 Rush
62.0% NaOH ether 24.2

0_ 54.7 2.3 43,0 : Verbish
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ratio of trimer to tetramer is within less than two percentage points
apart favoring the trimer, where there had been from 17.9 to 22 percen-
tage pdints between the two in favor of the trimer in other cases. To
conclude it seems as - though in more than half of the cases, the absence
of organic solvent has a negativeleffect on the production of both the
trimer and tetramer. | .

Supporting this is the faétrfﬁat the amount of cyclic volatile
material decreased to its lowest.percenfage iﬁ four out of the five rums
without organic soivent. .In the cases of the acidic solutions, the pure
water,_énd theidilute sodium hydéoxide_concentfation, the pércentages of
cyclic volatile material are‘lpw‘qdmpared to the ambunt of cyclic product
formed throughout the study (15-215. ALl four of these hydrolyses failed
to produce more than 19.69 trimer. Two of the hydrolyses, in,the acidic
media, produced no tetramer anq_fhe remaining two increased in tetramer
yield slightly. In the hydrolysis involving the strong-basic conditions
with no drganic solvent, the percentage of cyciic ﬁolatiie material
exceeded the other four runs. Yet only half of this modest yield was
ethyl trimer and a minimal amount was tetramer. In this case also, the
| trimer exceeded 19.6%. All of the percentages of trimer in the hydro-
lyseé without organic solvent are lower thah the average yield of trimér

in this.study, the average being 28.5%.

The Comparison of Product Trends for Hydrolyses Using Diethyl Ether

as a Solvent.

Concerning the hydrolysis of-diethyldichlorosilane'using'diethyl
ether as a solvent several trends are evident as the medium changes from

strong acid to dilute acid, pure water, dilute base, strong base. The
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percentage of trimer varies with the concentration of the hydrochloric
acid in diethyl ether. In general, as the acid concentration increases
the percentagé of trimer decreases. Conversely as the concentration
decreases to dilute.acid then to pure water,.the percentage of trimer
rises to 49.7%. This is the highest yield of trimer in the study.
Following a similar pattern, the mild basic medium and ether solvent
hydroiyses, produced practically the same pertentages of trimer as did
the dilute acid and ether hydrolysis. As the medium increases to stron-
ger basic concentrations, the percentage of trimer decreases. In the
case of the ethyl tetramer there is a general decline in the percentage
from strong acid to strong base. - The percentage tetramer declines steadi-
ly from 22.4% in strong acid to none in strong basic conditions. From
these trends it appears that the hydrolysis not only dependé on the .
presence of an organic solvent’(as'concluded‘in the previous sectioﬁ

without solvents); but also the acid-base concentrations.

The Comparison of Producthrends for Hydiolyses Using Ethyl Alcohol as a
Solvent | - .

Thus far in the study, ethyl alcohol has only been used as a solvent
in the two rTuns by Rush (21). Once ethyl.alcohol was used in the hydro-
‘1lysis of diethyldichlorosilane ﬁith a 21% hyd;ochloric acid médium, and
in a second run with a strong sodlum hydrox1de medlum ~ In both cases the
ethyl tetramer was aang the hlgher percentage yields in this study
Moreover in the strong sodium hydrox1de medlum and ethyl alcohol, the
percentage of tetramer exceeded the percentage of trimer for the first
‘time in the study. In fact this is also the 1owest percentage yield of

trimer (i.e. 11{7%) produced in the study. The. trimer and tetramer
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production in ethyl alcohol solvent'seems to be affected by the acid-base
concentrations when compared with all of the dgta( In the TUns with
acidic}mediuﬁ with no solvent,-ho tetramer was produced and under 20%
trimer was obtdined. Using the e£hyl alédhol aﬁd same aéidic'conditionss
the percenfage of trimer‘increased considerablyvand'the amount of tetra-
mer produced was only 1.8 percéntage pbinfsﬁfrom'being the highest yield |
of tetramer in the study.

In the 53.6% base mediun QSEng:éthéf és alsblvént 34.7% trimer was
yielded and no tetramer was produced. Under these same basic conditions
with ethyl alcohol as a solvent theltrimer dropped ‘to the lowest yield
(as stated above), and the tetramef_increased to a;relatively high amount.
Conversely, at the other end of the scale, the 21% acidic medium using
ethyl alcohol solvent producéd‘the same results as%the 37% acidic médium

and diethyl ether as a solvent.

Comparison of Diethyl Ethef'and Ethyl Alcohol to Nb?Solveht

There are two Obvioué results that are apparen? when comparing the
hydrolyses using organic solvents and the hydrolyse% not using.the sol-
| vents. " The production of cyclic volatile material'aroﬁs well below the
50% mark in four out of the five runs not employiﬁg%the solvént, whereas
in the case of diethyl ether~only_tw6 out of nine runs are below 50% and
both ‘ethyl alcohol runs are abové the 50% mark'(éf.ﬁTable I). Hence, the
solvent definitely has a tremendous effect on the ambunt of distillable
product. In additidn, the percentage yield of the %thyl trimer decreases
Substantially without the employment of the organicisdlﬁent; diethyl
ether in most cases. In one case the runs without %olvent exceed the run

1 .
using ethyl alcohol and strong base, in the production of trimer. In the
. |

8
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other hydrolysis using ethyl alcohol and acid medium, the production qf
trimer is greater than those hydrolyses employing no solvent.

At one extreme, tetramer is favored in the strong aéidic concentra-
tions and ether solvent, then declines to no tetramer in the strong base
and ether solvent. At the other extfeme, tetramer is favored in one
-hydrolysis without solvent in the basic concentrations, and no tetramer
is produced in the strong acidic conditions without solveﬁt. Ethyl
alcohol and/or acid-base concentrations favor the tetramer.yield.

"All of these trends and conclusions havé also been noted by Miller -
(15), Grisley (16), Kirner (17), Verbish (18), Anzlovar (19), Mulhern
-(ZO), and Rush (21). In addition Kirner (17), Miller (15) and Verbish
(18) note that most of the reports discussed previously on the hydrolysis
of dialkyldichlorosilanes usiﬁg salts in the medium reported a minimum of
cyclic products. In particular, sodium chloride was one of the salté
used by the British Thomson-Houston Co., Ltd. (41) to yield a minimum of
polymers boiling below ZOOQC in the presence of concentrated sulfuric
acid and no solvent. On the contfary, Verbish (18) and this study show a
high percentage of cyclic yield'in the preséhcé'of(sodium chloride,
possibly due to the use of ether as a\solvenp.l '

Kirner (17) after énaleing £he.WOrk of York (42); foﬁhd that in his
study the hydrolyses were performed uéing‘aﬁ alkaline medium, and the
temperature"of the reaction rose to 70°C (higher than the hydrochloric
acid hydrolysis).‘-This lea.him to,believglthat'the ethyl tetramer was
produced by the hydrolysis, but theﬁ Qas converted to ethyl‘trimer during
the reaction.' York found that.a limited amouht'df.alkaline, potassium
compound, such as the hydroxide or carbonate and heat converts ethyl

tetramer to ethyl trimer.
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As concluded in a previous section, the acid-base concentrationsv
have an effect on the proportion of the products. If this conclusion Qf
previous workers is taken one step further, it seems that certain com-
binations of solvents and acid or solvents and base concentrations in-
fluences the percentage of trimer and tetramer produced. For example
(cf. Table I), using ether as a solvent and sodium hydroxide; it appears
that as the sodium hydroxide concentration increases, the production of
tetramer ceases to occur. The highest yield of tetramer in the ether
solvent is.S.S% with mild sodium hydroxide concentration. As the con-
centration increases to strong sodium hydroxide concentration, thg per-
centage of tetramer dfops to zerél Conversely the ether-acid hydrolyses
have the opposite effects Dilute acid (2%) énd ether solvent produce
low tetramer percentages whereas when the medlum changed to more ac1d1c,
the tetramer percentage reached 1ts hlghest p01nt and then dropped
vSllghtly as the medium went to strong acidic condltlons

Agcordlng to the study pe?formed on the solubility of the diethyl-
silanediol, Andrianov and Sokolov;(Sj,uconclﬁaeé that the diol was more
solublélin ethyl alcohol than‘in'diétﬂyl ether therefore making the
production of cyclic volatile material higher in the case of ethyl al§0~
hol. Hence, the percentage of préducts (i.e. trimer and tetramer) should
increase with the greater solubility in the medium. The total amount of
cyclic volatiie maﬁerial produced in the study is in support of Andri-
anov; but the products, ethyl trimer and ethyl tetramer produced in the
presence of alcohol fall short of the percentages produced iﬁ diethyl
ether. Diethyl ether produces the best results thus far, and ethyl

alcohol in sodium hydroxide produces the lowest percentage trimer.
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Perhaps the basic condition suppresses the solubility of the diol in the
medium.

For the hydrolyses using diethyl ether solvent, the ratio of te-
tramer to trimer decreases from a maximum of 0.6 in strong acid media to
0.0 in a strong basic medium. The ratio using the 21% hydrochldric acid
and ethyl alcohol is about the same as it is for the ether solvent atlthe
same conditions; whereas in the case of the strong sodium hydroxide and
ethyl alcohol, the ratio is 1.29 and for the strong base and diethyl
ether the ratio is 0.0 (21). There are four instances in the study where
the tetramer was not produced at all, and the percentage of trimer was
particularly low in 3 of the four instances (cf. Table I). It appears in
the cases of acid concentrations and no solvent that the lack of solvent
had a pronounced effect not ohly on the percentage of tetraﬁer and tri-
mer; but alsag?he percentage of cyclic volatile material which dropped to
23.3% and 37.6%, respectively. Apparently the solvent is necessary in
the intermediate stages of the diol solubility, té produce more volatile
material. Ih addition, the change of acid concentrations also seemed to
have an effect on the percentage of cyclic volatile material. The more
highly concentrated acidic medium produced less volatile material than
the milder acidic medium.

Concerning the instances where the medium was one of strong base in
diethyl ether the production of ethyl trimer rises considerably compared
to the strong base and ethyl alcohol percenfages. However, the tetramer
is still non-existent. Apparently the strong basic conditions and ether
solvent prevent the formation of tetramer. This is sﬁpported by the fact

that strong basic conditions and ethyl alcohol produce high percentages
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of tetramer (relative to the production of tetramer throughout the study).
Yet these conditions that favor the tetramer also appear to affect the
production of trimer. The strong base and no solvent conditions appear
to have the opposite effect on the cyclic volatile material that the acid
concentrations did. Both hydrolyses using the:stiong base produced over
50% cyclic volatile material. In addition to this dilemna, highly con-
centrated acidic media'genefaily:produce‘Highlpercéntages of tetramer and
fair (relatively speaking) amounts of trimer. In conclusion it appears
that in the case of the concentrated base medium the specific solvent
used is the answer; whereas either of thé two" solvents in the high acid
conCentrations will work. If the tetramer is preferred, perhaps ethyl
alcohol solvent and high acidic conditions will produce an even higher

yield of tetramer than achieved thus far in this study.

Trends for Acid-Base Concentrations

As concluded previously, the acid-base concentrations have an effect
on the pfoportion of trimer and.tetramer produced. In general as the
medium goes from 37% hydrochloric acid concentration to 21%, the percen-
tage of trimer decreases. Then as the medium changes from 21% to dilﬁte
(2%) acid concentration the percentage trimer increases. In the mild
basic medium the percentage trimer starts ﬁo increase to the theoreti-
cally neutral point, 28.3% NaOH. As the basic concentration increases,
the trimer yield decreases. The tetramer yield increased with the acid
increase and ether solvent. In general there is a decline in tetramer
production in the basic media and ether solvent.

Strong acid concentration seems to give the highest percentage of

tetramer, while concentrated base gives low percentages of tetramer with

-20-




one exception, (53.6% NaOH and ethyl alcohol)., Dilute acid tends to
favor the trimer in its highest yields, only to be matched by the theo-

retical neutral point.

Mechanism

Throughout the years of research in thé water hydrolysis of diethyl-
dichlorosilane and the related compound dimethyldichlorosilane, the
presence 6f an intermediate silanediol was proposed and later actually
isolated. Many researchers (1,3,6,11) believe that the solubility of
this diol in the medium is a primary factor in the proporticn of ethyl
trimer -and ethyl tetramer.

It has been suggested by Andrianov and Sokolov (3), that the aﬁount
of cyclic material produced in the hydrolysis of diethyldichlorosilane is
dependent on the solubility of the silanediol in the medium. The com-
parison of Andrianov's data with the data from this unpublished study of
Miller et al. (15-21) produces interesting results. The solubility of
diethylsilan¢d101 was measured by-the amount of the diol in grams, that
was found soluble in 100 ml of solvent at 20°C.

In the case of water, only 9.7 to 10.8 g of the diol was soluble.
This indicates that the pure water hydrolysis of diethyldichlorosilane
should have a low amount of cyclic product formed. Supporting this,
Anzlovar (19) in a pure water hydrolysis of BtZSi(Jl2 obtained only 32.5%
cyclic-volatile material. Of the 32.5% cyclic product formed only 17.5%
was ethyl trimer and 7.5% ethyl tetramer. Thié”hydrolysis produced the
second lowest percentage of cyclic volatile_material as well as one of
the lowest percentages of trimer. On the other hand Andrianov and Soko-

lov (9) in their thermometric tracings of the hydrdlyéis of R,5iC1,
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(where R = Me, Et, Bu, Am), stated that the complete hydrolysis with
excess water yields higher order siloxanes.

It is surprising that only 10.5 grams of the intermediate diol was
found soluble in diethyl ether (3). According to these results the
amount of cyclic product should be low, as in the case of water. In this
case, the unpublished study (15-2)) does not support Andrianov (3). In
all nine cases using diethyl ether as a solvent in this study, the per-
centage of cyclic volatile material exceeded 38% (cf. Table I). TFor.
seven of the nine runs the percentage of cyclic volatile material ex-
ceeded 50%, several of which reached 70% or better. Perhaps the presence
of a variety of acid-base concentrations influence the solubility in the
medium, as well as the solvent.

In the presence of 21% HCl, the ethyl alcohol run prodﬁced the
highest percentage of cyclic volatile material, as expected from Andri-
anov's data. This percentage far exceeded the percentages obtained from
the diethyl ether and water hydrolyses; as did the solubility of the diol
in alcohol when compared to the solubility in water and ether. The
solubility results of the diol in water and diethyl ether are almost
identical. Furthermore, in the above comparison of data from this un-
published study (15-21), some of the results of the water and diethyl
ether hydrolyses are almost identical in their percentages of cyclic
volatile material produced. The ethyl alcohoi and acid run exceeds the
water and diethyl ether runs in produdtion of trimer and tetramer as well
as cyclic volatile mgﬁerial.

Using the same three solvents (i.e. ethyl alcohol, diethyl ether,

and water), in a stfong basic medium the data from the unpublished study
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supports that of Andrianov (3). Comparing the 53.6% NaCH rﬁn with the
21% HC1, fhe amount of cyclic volatile material almost doubles in the
cases of diethyl ether and water. Although this appears to.éontradict
Andrianov, it might support his conclusion, particularly if the strong
basic medium increases the solubility of the diol in the medium, causing
the pefcentage of cyclic VOlatile material to increase.

Although Andrianov does not take the acid-base concentrations into
account, it would seem that the acidic nature of the hydrogens of the
diol would make the diol very soluble in basic mediums. .Thus the in-
creasing solubility of the diol in the medium, due to the basic condi-
tions, will cause an increése in the production of cyclic volatile ma-
terial. This is éuppofted in the unpublished study (15-21) while using
stroﬁg sodium hydroxide conditions. Although Andrianov repdrts low
solubility of the diol in water and diethyl ether (therefore low per;
centages of cyclic product), in the present study using water and ether
in the pfesencé of strong base the'cyclic volatile product percentage
almost doubles. -

Using the results of Miller ét. al. (15-20) from the hydrolyses of
diethyldichlorosilane with water and diethyl ether in strong acidic
conditions, one can seen that Aﬁdrianov‘s conclusions are Supported.
According to Andrianov's solubility data, the diol is about equally
soluble in diethylAether and water, (about 10 g. per 100 ml for both
solvents). Therefore they should prqduce approximately the same amount
of cyclié vo;atile material under similar conditions. In stfong acidic
media the hydrolysis produces neérly the same amount of cyclic volatile

material in ether aﬁd without solvent.
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In the case of‘ethyl alcohol, in which the diol is very soluble,
Rush (21) achievea 68.3% cyclic volatile material in the first hydrolysis
using.an écidic medium. This Supports Andrianov's. data about ethyi'
alcohol, however the second hydrolysis using a strong basic medium dropped
in pefcentage of cyclic products. (Due to insufficient data at this time
the conclusions cén.be merely conjecture: on the data concerning ethyl -
alcohgl and ether.) Although thé diol is more soluble in ethyl élcohol
than in diethyl ether and water, the ether produced highef percentages of
cyclic product. Also the percentages of trimer in ether. exceeded the
percentage of trimer in almost all cases thué fgr; This leads one to the
conclusion that in addition tavéolubility; theAacid-base concentrations
seem to effect the pfoduction of'cyclié volatilé.matériaiAand trimer/

tetramer formation.

Discussing the Mechanism

Several proposals have beéncméde:és;to what actually takes place in
_thé intermediate steps of the hydrolysis of EtZSiClZ. Chrzczonowicz and
Lasocki (43) proposed the migration of the”hydronium‘icn for the conden-

sation of the diol without mentioning the cyclization of the product.

1 ., | N .
HO Si——O0H  + Hy0 > HO Si oHY  + H.O
| : 22
CHg | | - Uy
'Cf.{s ) If C|H3 o Cle Cf%‘
HO——S{l—OHz + 10— Sli OH—s HO— S‘i-—O——Sli—OH ¥ H30+ -
CH, | CHy, CH; CH,
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E C]Hs - Cfs - Q\Hs C{‘Is
D —Si— 0— Sli—OH + HO s HOr-S}i—‘f 0-—Si —O—Si«;—OH‘; + H0
CH, CH, | ci, a, Oy

The hydrolysis ;nd condensation above are n0£ distinct, clear cut, step-
wise reactions due to the fact that in their conductometric“titrations,
Shaffer and Flanigen (4@) indicated that an intermediate such as
Cl(RéSiO)xRZSiC1 is formed. This chlorine-end-blocked siloxane is fa-
vored by lowering the reaction temperature and increasing the hydro-
chloric acid concentration.

Lasocki and Michalska (45) generalized the previous mechanism for

the condensation of silanols by the following equation:

= SiOH + HA <——> = SilH, + A

ZSi0H, A7+ HOSEq—> = Si-0-51 T+ HO' A

C(46) ‘
Andrianov and Izmailov*proposed that the hydrolysis of R281C12 in dilute

3

hydrochloric acid forms cyclic and linear products, while concentrated
hydrochldric acid in the reaction leads to cyclic products exclusively;

Their proposed reaction is as follows:

RZSiCl2 * 00— R281(0H32 + ZHCL

R | R
) | |
(n)R,S1(0H), > HO 51 oj— JT:i—-— OH + (n-1)H,0
' ' R R
n-1
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T
‘ ) ’ ; .
HO4 Si—0 ?i__OH-———————s (RZSiO)n'+ éO.
| ' 4 o :
R R
. n-l ) . - .
Anzlovar (17) proposed an alternative to these two mechanisms involving a

chlorosilanol intermediate. ..

. "OH
’ /
Et.SiCl., + H.0—~——> Et, S1 + HCL
. 2 2 A 2 ~COH
’/OH : %t- EF
nEt, Si + n-1 H,0-=> ClL Sifl—0— Sie. OH + n-1 HC1 -
2N S A TR
OH . n-1
, E{c Et _
CL ﬁi — 0—Si—O0H > (Et,Si0)n + HC1
Bl Et

'There are a number of problems that arise on .examination of the
mechanism of the intermediate diol which leads té the cyclic products,
ethyl trimer and ethyl tetramer. For example the silanediol is reported
to bé very soluble in the sodium hydroxide medium (41, so it can be
inferred that the amount of cyclic produ;ts depends on the solubility of
the initially formed Et,SiCIOH (1) in the mediun. Mhen the chlorosilanol
is soluble in. the medium.it may convert to the silanediol more quickly,
and therefore the ring will close as soon as sterically possible. On the
other hand, when there is no organic'solvent ﬁresent, there is a pos-
sibility Qf forming loﬁg-chain poiymers before the final chlorine is lost
to close the ring. This, however, is contrary to experimental evidence |

while using diethyl ether and a basic medium which favors the trimer. On
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the other hand this is supported when ethyl alcohol and basic conditions
are employed; because the tetramer is favored.

In addition to the previous problem, more data mist be known; such
as activation energies, stability of the products, the ease with which
the first and second chlorine are removed, and whether the condensation
iﬁvolfes water elimination or hydrogen chloride elimination (17).

Rochow (40) concluded that aialkyldichlorosilanes condense inter-
molecularly to form.polymeric organosiloxane. The rate of condensation
is governed principaily by the size of the alkyl group. :According to
Patnode and Wilcock (11) the diols tend to condense by dehydration with
the passage of time. In addition they concluded that Si-O-Si linkages
may be broken by sulfuric acid to produce shorter chains, leading to a
rearrangement of the MeZSiO units. Kipping (1) on the othef hand con-
cluded that the formation of the cyclic trimer from the diol is promoted
by'the presence of acqueous hydrochloric acid, ammonia, or small amounts

of aqueous alkali.

Conclusions

Upon summarizing the pertinent data there are'several general con-
clusions that can be drawn concerning the production of ethyl trimer,
ethyl tétramer, and cyclic volatile material.

(1) It appears froﬁ local research (15-21), that ethyl trimer may
be produced at a maximum amount under the fqllowing conditions: the
hydrolysis of diethyldichlorosilane in ether and pure water with no added
acid or base. However, according to the findings of Andrianov (3), fhe
hydrolysis should employ methyl élcohol and a mild (2%) hydrochloric acid

medium in order to get a maximum amount’ of trimer and tetramer. This is
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supported because 111.9 grams of the diol is soluble in 100 ml. of methyl
alcohol. Hence, the higher the solubility of thé diol in the medium the
higher the amount of cyclic %olétile'materiai produced, and the higher
the amount of trimer and tetramer. The mild acidic.conditions are re-
quired according to this unpublished study (15-21), where Miller (15)
produced the highest yield Qf trimer. '

(2) 'Also ethyl tetfamér ma? be produced at a maximum amount under
these conditions: the hydrolysié of'diethyldichlorosilane in the pre-
sence of an organic éolvent with a relatively large alkyi group and a 24
to 37% hydrochloric acid medium. AThis is supported by séveral studies.
The ethyl tetramer is a higher molecular weight product than ethyl tri-
mer. in order to produce a larger percentage of high molecular weight
‘product, the alkyl gfoup of the solvent must increase (48].‘ In this
study diethyl ether and aéid produced the highest percentage of tetramer.
Yet Bentkowska (48) shows that diethyl ether produces 94% lower molecular
weight rings. He aiso showed that benzene producéd the largest percen-
tage of higher molecular weight rings, in comparison with diethyl ether
and acetone. It is possible therefore that a maximum yield of ethyl
tetramer could be obtained by using benzene and an acidic medium in the
hydrolysis of diethyldichlorosilane.

(3) In addition to the above conclusions, one can project that a
maximum amount of cyclic volatile material can be obtained by hydrolyzing
diethyldichlorosilane in the presence of methyl alcohol at a theoreti-
cally neutral point. This can be supported by Andrianov's (3) solubility
study. Generally the amount of cyclic product formed depends on the

solubility of the diol in the medium. Since our study supports this
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statement, methyl alcohol would be the logical solvent used due to the
fact that it has the highest solubility results (i.e. 111.9 grams of diol
in 100 ml of methyl alcohol). The reason for the theoretical neutfal
condltlons follows from the data in this study. Tﬁe highest amount of
cyclic product was obtained in a theoretlcally neutral point with diethyl
ether. Since methyl alcohol produces better solubility results than
diethyl ether, the former would be the logical choice.

(4) A final statement could be made concerning the support .that the
data from this studyl(lS;Zl), gives to Andrianov's conclusions regarding
the solubility of the diol and'its effects on the amount of cyclic vola-
tile material, as well as trimer and tetramer production. The solubility
results of watef,vdiethyl ether, and ethyl alcohol to produce specific
‘percentages 0f cyclic product were supported by this study in almosf
every case. The exéeption being that of ethyl alcohol in the strong
basic medium, which fell short of its expected yield. Also the amount of
tfimer.and tetramer distilled should be relatively related to the amount
of cyclic product. This is supported by this study's data in many cases;
however, varying concentrations of acids and bases does not allow a
closer‘examination of this conclusion. |

(5) Additional information has\beéome.eﬁi&ént as a result of this
unpublished study (15-21) and Anﬁfiandv's {35 work. Andrianov made no
mention of acids aﬁd béses infhisisoluﬁilifyiétﬁdy concerning the pro-
duction of cyclic volatile material. It'has been noted in this thesis
that while employing a strong alkall medium and the solvents, diethyl

ether and water (reportedly tha -diol was not very soluble in them, hence
a low yield of cycllc volatlle product}, that the amount of cyclic pro-

duct reached an unexpected high percentage. One possible explanation is
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that, due to the acidic nature of the hydrogens in the diol, it would

appear to be very soluble in the ba51c medzums hence the unexpected hlgh

yield of cyclic product.
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PROJECTIONS

The Hydrolysis of Diethyldichlorosilane in the Presence of Benzene

The purpose of this sectiqn is to discuss the possible yield of
ethyl trimer and ethyl tetramer using benzene as a solvent (in various
concentrations of acid and base), by analyzing the information available
concerning this solvent.

Andrianov and Yakusﬁkina (30) conducted a water hydrolysis of di-
ethyldichlorosilane and phenyltrichlgrosilane in the presence Qf diethyl
ether, benzene, and acetone. The solvents were observed to affect the OH
group content of the products in the.order: _diethyl ether > acetone >
benzene. The highest molecular weight producfs were obtained while using
benzene solvent. Benfkqwska (8) pfoduced cyclosiloxanes by reaction of
diethyldichlorosilane with mercury(I)oxide and copper(II)oxide, using
benzene as a solvent. The'&ield of cyclics was improved in tﬁe presence
of copper(I)oxide and a polar $olv§nf,such as ethyl ether instead of
benzene. Kuznetsova, etAal. (49) in a coh?drolysis of dimethyldichloro-
silane and methylphenyltrichlorqsilane in benzene yielded only 29-40% low
molecular weight riﬂgs'while in diethyl ether 94% low molecular weight
rings were produced.

As stated earlier in this paper, Andrianov, et. al. (3)‘conc1uded
that the solubility of the diol in the medium affects the amount of
cyclic products formed. The higher the solubility, the higher the yield
of cyclic product. It appears that the general trend of data leads to
the conclusion that as the alkyl group of the solvent increases, the

solubility of the diol decreases. There appears to be an inconsistency
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or contradiction in Andrianov's statement about cyclic yield and the
actual results. Only 1.12 g of the diol was soluble in 100 ml pf ben-
zene, yet in the same study EtZSiC12 and aqueous benzene gave 79% cyclic
volatile products. ‘ |

In considering the fesults of Bentkowska (48) and Andrianov (3}, .
there are several conclusions that may be.drawﬁ‘from the data. Bent-
kowska stated. that in benzene solvent’only 29-40% low molecular weight
rings were produced. The higher molecular:weight rings were favored.
Also, Andrianov éoncluded in his solubility research, that the amount of
cyclic volatile material in the hydrolysis of EtZSiC12, using beﬁzene as
a solvent, was high. Ethyl tetramer is a-higher:molecular weight product
than éthyi trimer, therefore in this case the tetramer percentage should
rise considerably and the trimer percentage should be suppressed 6r‘
relatively low. Furthermore, the ratio of trimer to tetramer should be
closer. | | _

£$waan¢n9$;b@gdeﬁerminedﬁifubenZQneﬁsQ%Y¢n$@E?Qﬁg9eﬁ;the
amount of trimef and tetramer deéired. waever;ﬁthere may be another
organic solvent which has been éverlcokeé, that will produce more than
satisfactory results.w Once agéin,:in'Andrianév and Sokblov‘s (3) solu-
bility test of the dioi in solvents, methyl.alcohol appears to be the
best solvent. The solubility of the diol in methyl alcohol is higher
than in any other solvent réported:' 111.0 gfamsiin 100 ml ofvmethyl
alcohol at‘ZOOC. In addition, Dobay (24) prepared octaethylcyclotetra-
siloxane (ethyl tetramer) by the controiled hydrolysis of diethyldichlo-
rosilane in methyl alcohol and water. In another study, Dobay (ZS)

employing similar methods, hydrquzed diethyldichlorosilane dropwise to

-32-



http:solubility.of
http:b'~,:.ig.et

methyl alcohol and water ‘to prodg;e hexaethylcyclotrisiloxane (ethyl
trimer). Not enoughlinformation is available to calculate the percentage
yield. | S |

In any case, perhaps mefhyl alcohol should be the next solvent used
in the hydrolysis of EtZSiCIZ. There seems f@lbe a trend in the solvents
as to'the production of cyclic volatile méteriél andftrimer/tetramer,
with regard fo the alkyl‘groups.l Methyll> ethyl > diethyl > isopropyl >
t-butyl > Amyl. It may Be that with the cbllection of sufficient data on
these organic éolvents in the'varioﬁs cdncentrations of acids and bases;
‘the conditions of optimum ethyl trimer and tetramer formation may be -

found.
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