
I N I S - S D - - 157

•'-' A . '* * U

SD0100015

V/.

< > * / y ,-

By

Omaima Awad Mukhtar

A Thesis Submitted for the Degree of M. Sc

in Chemistry

Department of Chemistry

Faculty of Education

University of Khartoum

Supervised by

Dr. Omer YousifOmer

December 1999



dedication



Acknowledgments

Q/Vl/u tfocwMGA to zDw. Ky'mar- Qr/ots^ei &m<Z7i w/?x> acce/ifed W?

MKWK. Q/vl/u manna ane awo- fo:

Lima, Vfivof . QQ -̂ Qpftxvd, (dFacaJty o

f wpe-j lt&\/ a/rui z/Jft. c^M&aatfU ( CS&a&icu

<y~ cuwariartt od (^tuiu&ir-ial c/veaea^rc/ves cm<cl

cy
(7

Mo-iQy'a-cu/fru of

Qsec/inica/

I (7 1 (7 f

/rtd OJ/ie zjOwUiMi Toou/mx/ ZZMwa/mi' Q



Abstract

In this thesis the preparation of some metal alkoxides and

their hydrolysis products were studied. The characteristic of

each prepared alkoxides and their hydrolyzate were determined.

Tetraethoxysilane was prepared by the elemental route (the

reaction of silcon powder with liquid ethanol) in the presence of

tin ethoxide as a catalyst. The use of tin alkoxide is considered

one of the most developed ways used recently in chemistry,

compared to the usage of acids and bases as catalyst previously.

It had been confirmed by the usage of (infra-red) IR

spectroscopy, the structure of the prepared material. Also tin

isopropoxide had been prepared and hydrolyzed. Ethoxides of

aluminum, magnsium and tin had been prepared by the

elemental route. The gelation product had been analyzed.

Teraethoxysilane had been also prepared by the halosilane route.

Isopropoxides of each aluminum, magnesium and tin had been

synthesized, hydrolyzed, allowed to gel and analyzed by IR

(infra-red) spectroscopy and gas- liquid chromatography.

However, results obtained indicated that tin ethoxide is an

effective catalyst in the direct synthesis of tetraethoxysilane

from silicon powder and liquid ethanol. Gas - liquid

chromatography, infra-red (IR) analysis showed that the final

reaction product was tetraethoxysilane.
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One?

History of Metal Alkoxides



l i t INTRONDUCTION

Chapter one consists of three sections. The first section, 1.2, covers

all the work, which have been done concerning preparations and

discoveries. The second section, 1.3, deals with the methods required for

the synthesis of metal alkoxides. Section, (1.3.1), discuses the halosilane

route to metal alkoxides. Section 1.3.2 dealt with the direct synthesis of

metal alkoxides. ; Section 1.3.3 talked about the exchange route for metal

alkoxides synthesis. Section 1.3.4 deals with the reactions of metal

dialkylamide with alcohol. Section 1.3.5 discussed reactions of metal

hydroxides and oxides with alcohol and other methods.

1.2. DEFINITION OF METAL ALKOXIDES:-

Although known since, 1846, the field of alkoxide chemistry was not

successfully introduced until the early 1950's^ since been interest in the

synthesis of metallic and metaloidal alkoxides increased rapidly and their

rapid development was on the wake (1).

Metal alkoxides having the general formula ' M(OR)x can be

considered derivatives of alcohol (ROH), in which the hydroxylic

hydrogen is been replaced by a metal (M). Another way of defining



alkoxides is to consider them as derivatives of metal hydroxides M(OH)X.

Metal alkoxides involve M+ O -C bonds which are polarized in the

direction shown due to the highly electronegativity character of oxygen.

The degree of polarization in an alkoxide molecule depends on the

electronegativity of the central atom.

The alkoxy derivatives of elements with electronegativity of 2.0 or

less are known as alkoxides while the others are termed orthoesters.

Indeed such nomenclature has been found to be more convenient to

considering the alkoxy derivatives of all the elements as alkoxides ^'

On the other hand the common names have been retained, but in case

of higher alkoxides; the nomenclature is derived from IUPAC

convention. In naming mixed alkoxides derivatives in which alkoxy

groups have been partially replaced by halogens, the nomenclature is

strictly based on "halide" rather than the prefix "halo" e.g. TiCl2 (OC2

H5)2 Titanium dichloride diethoxide.

Incidentally, the first(2) known synthesis of an alkoxide namely

silicon tetra-iso- amyloxides was based on the reaction of

tertachlorosilane and isoamyl alcohol :-

SiCL, + 4ROH • Si (OR)4 + 4HCI. (1.1)



Eventually (3) the synthesis of other desired alkoxides such as

ethoxide and amyloxide by conversion reaction of boron trichloride by

the appropriate alcohol; have been reported.

j
Continued improvement of the processing variable reactants

revealed some difficulties such as in the case of tertiary alcohol in the

interaction with tetrachlorosilane are not in conformity with either

primary or secondary alcohol, which will yield tetrachlorosilane.

Boron triethoxide was prepared by digesting boric oxide with

ethanol at 120°C in a copper digester for about 24 hours. Boron

phenoxides was obtained by heating boron trichloride and phenol in a

sealed tube. The acid, oxide and acetate of boron have been employed by

several workers for the preparation of boron alkoxides. Higher alkoxides

of boron had been synthesized by alcoholysis of lower derivatives.

Thallous ethoxide(6) was prepared by the reaction of thallium metal

with ethanol in the presence of air. The reaction of alcohol with thallous

hydroxide also gave thallous alkoxides.

Dialkylthallium alkoxides(7>9) were prepared from dialkylthallium

bromide and thallium trialkoxides. The trialkoxides themselves were

prepared by the reactions of metal hydroxide with alcohol.

The solidification of titanium tetraethoxide(10) via the reaction of

tetrachloride with sodium ethoxide in excess ethanol has been reported.



Very good method of producing titanium monochloride triethoxide by the

direct reaction of tetrachloride with ethanol received recognition.

Titanium tetraethoxide prepared (11'12) by the reaction of titanium

tetrachloride with excess of alcohol in the presence of ammonia is also

wider circulations.

As for insoluble titanium(13) methoxide, prepared by the reaction of

tetraethoxide with excess methanol, has also been described.

Titanium tetra-tert butoxide (14) was obtained in a good yield by the

reaction of excess tert-butanol with hydrogen chloride formed in the

initial stages of the reaction in the presence of pyridine with the

subsequent treatment with ammonia.

Indeed a very significant discovery in the nineteenth century is

considered the preparation of aluminum trialkoxides(15) Aluminum

triethoxide was first prepared (15) by the reaction of aluminum with

ethanol in the presence of iodine as a catalyst. Treating amalgamated

aluminum with excess of the refluxing alcohol results in the formation of

aluminum alkoxides.

Aluminum trialkoxides were synthesized(16) via the reaction of

metals with alcohols using tin tetrachloride as catalyst. It has been

indicated that the abo ve reactions involving catalyst were very useful for

the preparation of primary and secondary alkoxides, but the reaction of



jnetal with tert butanol was very slow even in the presence of catalysts(17).

/aluminum tri-tert-butoxide was otherwise obtained by the reaction of

fliiuilgamated aluminum with refluxing tertbutanol(18)

It had been observed that (l9) when aluminum trichloride was

ill lowed to react with methanol, ethanol or propanol in the presence of

ether, it undergoes partial solvolysis.

The catalytic role of metal alkoxides had been discovered when it

had been observed that aluminum ethoxides reduced the aldehydes and

kctones to their corresponding esters (24)'

Magensium diethoxide was prepared (20) by the reaction of

amalgamated magnesium with ethanol or by the reaction of magnesium

metal with alcohol in the presence of iodine as catalyst.

Iron(25'26)* selenium*27-285* lanthanum(29), thorium(30), tungsten(31'32)'

alkoxides were investigated as well.

The synthesis of various alkoxides were described and this made it

possible to lay down the foundation of the "chemistry of double

alkoxides(21'23)-

The manufacturing of managese diethoxide(33), chromium

triethoxide(34) and cobalt triethoxide(34) were described employing the

reactions of these metal halides with their corresponding sodium

ethoxide.



1.3 PREPARATIVE METHODS OF METAL ALKOXIDES:-

The method required for the synthesis of alkoxy derivatives of an

element depends largely on its electronegatvity. Highly electropositive

elements with valences up to three react, directly with alcohols with

liberation of hydrogen and formation of metal alkoxides. For less active

metals, like beryllium and aluminum, a catalyst is required for successful

synthesis of alkoxides. For electronegative elements, their alkoxides can

be prepared from the reaction of their covalent halides with the alcohol.

Higher alkoxides of most of the elements have been synthesized by

alcoholysis or exchange reactions of the lower alkoxide. In this section a

brief account of the general methods employed for the synthesis of metal

alkoxides is given.

.3.1 THE HALOSILANE ROUTE TO METAL ALKOXIDES:-

Metal halides have been used as starting materials for the synthesis

of a large number or metal alkoxides. When a metal chloride is dissolved

in alcohol the initial process is called solvation. in the case of the more



electropositive metals(30'35>37)> partial solvolysis occurs while in the case of

the more electronegative(38'42) elements such as boron, silicon or

phosphorous, complete solvolysis of the chloride takes place with the

ultimate replacement of the halogen by alkoxy groups as seen below:-

BCL3 + 3C2H5OH • B(OC2H3)3 + 3HCI ft (1.2)

SiCI4 + 4C2HsOH • Si(OC2H5)4 + 4HCI ft (1.3)

PCI3 + 3CH3 OH • P(OCH3)3 + 3HCI (1.4)

Hence, it has long been postulated (43) that such reactions might

occur thorough initial coordination of the alcohol followed by elimination

of hydrogen chloride:-

CI n |H Cl| CL
S x 7 \ \ /

O • Si HCJ> 0 - ->Si

H ~a\ ci R RO ci

t -HCI

RO OR RO CI

Si and so on Si
/ \ « / \

RO OR RO CI

(Where R = alkyl or aryl group) (1.5)



Tetramethoxysilane has been prepared by treatment of an etheral

slurry of sodium methoxide with an alkyl chlorosilance. Since hydrogen

chloride, the by-product can ultimately react with alcohol to form water

partial hydrolysis products are formed. The water so obtained can

hydrolyze and polymerize the alkoxysilane, catalyzed by the hydrogen

chloride or iron(III) chloride FeCi3(44) present as impurity in

tetrachlorosilane (SiCLj), at the expense of the monomer product i.e>

ROH + HCI • H2O + RCI (1.6)

(RO)3 Si-OR + RO- Si (OR)3

(RO)3- Si-O-Si(OR)3 + 2R0H + etc (1.7)

Where (R= alkyl or aryl group)

If higher yields of monomer products are preferred, the process

must then be carried out in the presence of a tertiary phenyl amine

phN (CH3)2(45), or dimethyl analine as HCI acceptors causing the

hydrogen chloride salt to precipitate, it can then be removed by filtration.

Addition of a small amount of an organic solvent such as carbon

9



tetrachloride can effectively increases the yield. Then neutralization with

sodium ethoxide (C2H5ONa can readily be performed prior to

distillation(47).

It has been estimated that it was not easy to synthesize tetra-t-

butoxysilane from tetrachlorosilane and tertiary-butyl alcohol due to

steric reasons(48). Whereas the presence of pyridine in the reaction media

facilitates the process(49)"

A similar approach was reported (50) using tetra-chlorosilane and

sodium-t-butoxide in refluxing petroleum ether to produce tri-t-

butoxychlorosilane, however, the fourth chlorine can be replaced by an

ethoxy or isopropxy group.

Some tetra alkoxysilane have been prepared by using

tetrafluorosilane instead of tetrachloro, according to the equation(51):-

Si(OR)4 + 4HF (1.8)

(R= C2H5, BU, C a , BuC2H5 CHCH2 and ph)

Besides, tetrabutoxysilane had been prepared using

tetrafluorosilane and sodium-t-butoxide (52)'

Alkoxysilane are produced from glycol mono-ethers (HOCH2CH2OR) as

shown below:-

4HOCH2CH2OR + SiCL, —> Si(OCH2CH2OR)4 + 4HCI (1.9)

(R=Me, Pr, and nBu)

10



It has been demonstrated that the choice of tetrachlorosilane and

ethanol to synthesize tetraethoxysilane is an effective industrial and

laboratory method as illustrated by the following equation:

SiCl4 + 4 Q H5OH — • Si(OC2H5)4 + 4HCI (1.10)

Using dry ethanol gives tetraethoxysilane. In industry methylated

spirit or aqueous ethanol are used, and the resulting product as expected

technical ethylsilicates is a mixture of ethyl orthosilicate and

ethylpolysilicate bycondensation-polymerization due to the water present.

In the presence of pyridine the reaction takes place as follows:

SiCL, + 4C2H5OH Pjridi^e Si (OC2H5)4 + C5H5NHCI (1.11)

The by-product hydrogen chloride can be removed by blowing dry

air(53) or ammonia which gives a product resistant to air moistiW54)

The yield of tetraethoxysilane has been estimated to be 79%(55) or

85%(56) when the reactants were added at very low temperatures (from 0°

to 2° C. it was also reported that HCI if made to react at the beginning of

the reaction with the product can lower the yield, this reaction is

catalyzed by higher temperatures, not by higher concentrations of HCI(51)'

11



Si(OC2H5)4+HCI—• Si(OC2H5)3 CI + C2H5OH (1.12)

Tetraethoxysilane can be produced by the continuous method. The

continuous feeding of ethanol and tetrachlorosilane in automatic column

was described (:>7)' the resulting product was quantitative (85-87%).

Similary vaporized ethanol (82-85%), and tetrachlorosilane if introduced

in the glass column at opposite points, the hydrogen chloride escaped

through the reflux system and tetraethoxysilane is collected in a receiver

(82% Yield). This can also done in a stream of nitrogen gas(58)

Tetraethoxysilane having < 10 ppm HCI(59)' or with no halogen

content with < 5% di, tri and tetra content(60). Was produced, the resulting

product depends on the ethanol tetrachlorosilane ratio.

A procedure in which ethyl tetra-ethanoate is used instead of

ethanol to react with tetrachlorosilane is described (61) Such a method

gives a high yield of tetraethoxysilane (88-91%) with high purity.

The two possible mechanisms of the reaction involve the addition

of the lone pair of an alcoholic oxygen to tetrachlorosilane, which in turn

increases the electron density at silicon atom, and weaken the silicon

halogen link. These two mechanisms are shown as>

12



H+

X

CI

X

/
CI

R
/

O
i

a
Si

X
CI

H R+

\ i
> Si(0R)<T+4HCI O

4

CI
V

CI
V
Si SiO+2

CI f CI

O H2O

V-\
R H (1.13)

Since phenols do not react with hydrogen chloride like alcohols it

could, however, be postulated that phenols react with tetrachlorosilane to

produce tetra-phenoxysilane.

A facile method for the preparation of polyhalophenoxysilanes has

been described(62) and is based on the use of phenol in the presence of

amine catalyst, the reaction can be illustrated as follows:-

+ 4-nHO-<§) Catalyst RnSi [O-©) 1 4 n (1.14)

r —" /

R= alkyl or arly, X=Halogen, n=0,l,2

13



The reaction is carried out at elevated temperatures with the

reactant in the molten state or dissolved in an inert solvent such as

diethylether or toluene.

It had been indicated (63) that solvolysis of the germanium

tetrachloride increases with the concentration and the reaction appears to

proceed step wise as follows:

GeOU + nEtOH •GeCI4n(OEt)n+nHCI | (1.15)

Germanium tetraphenoxide was obtained on refluxing germanium

tetrachloride with phenol in benzene for about 150 hours(64)' The reactions

of chlorides of electronegative elements like boron, silicon and

phosphorus with alcohol proceed to completion provided that the

hydrogen chloride produced in the reactions is ultimately removed by

refluxmg or by passage of a current of an inert gas through the reaction

mixture.

It had been pointed (10) out that the formation of a product of the

composition TiCl(OET)3. HCI via the reaction of titanium teratachloride

with refluxing ethanol is possible. This findings been corrected by

demonstrating that the addition titanium tetrachloride to ethanol or

isopropanol resulted in the formation of a complex TiCl2(OR)2 ROH. It

had been also reported(65) that the exposure of a solution of titanium

14



tetrachloride in butanol and petroleum ether to sunlight caused the

reduction of Ti(IV) to Ti(l l l ) yielding TiCl3. 3BuOH. it is worthy to

mention in this respect that if a mixture of titanium tetraalkoxide and

parent alcohol containing lithium halide is been exposed to sunlight, the

reduction occurs resulting in the formation of titanium trialkoxides.

Respectively, it had been(66) disclosed that zirconium tetrachloride

undergoes partial solvolysis with ethanol in contrast to the earlier

observation (67> 68) that it forms zirconium hydroxide and alkyl chloride.

The reactions of chlorides of titanium, zirconium and thorium towards

ethanol showed a gradation:

TiCL, > ZrCL, > TI1CI4

In general when the dichloride diethoxide derivative of silicon is

treated with n-butanol, themixed alkoxide, Si(OC2Hs)2 (OC4H9 )2 is

obtained (1) . Although the reaction of silicon tetrachloride with primary

and secondary alcohols yields the tetraalkoxides directly, the reaction

with tertiary alcohols deposites both orthosilicic acid and tertiary alkyl

chloride (69) as seen below:

SiCI4 + 4C4H9
tOH • Si(OH)4 + 4 CaH^CI (1.16)

15



The reactivity of vanadium trichloride towards alcohols has been

intensively; investigated (70'71)'

Chromium trichloride forms alcoholates CrCl3. 3R0H when

treated with excess alcohol (72'73) Though iron dichloride and trichloride

do not react with alcohols, they form alcoholates such as FeCl2. 2R0H

and FeCl3. 2R0H respectively (74>75)- Similarly, cuprous and cupric

chlorides form alcoholates whenever treated with alky alcohol(74)

Besides, gallium dibromide monoethoxide is formed when gallium

heaxabromide replaced some of its bromide with alkoxides at various

temperatures (79)'

Tungsten dichloride triethoxide is eventually formed during the

electrolysis of tungsten hexachloride in ethanol (32)' It had been

observed(78) that on dissolving tungsten hexachloride in methanol or

ethanol, chlorine is evolved and a violent reaction occurs at higher

concentrations due to the formation of an aldehyde.

Molybdenum pentachloride reacts with alcohol to form dimeric

products (MoCI3(OR)2)2
(79) • Similarly, isolation, of MoOCI2(OEt)2

(80) by

refluxing molybdenum oxytetrachloride with excess of ethanol is

achieved.

Chromyl chloride reacts vigorously with ethanol and isopropanol

resulting in the formation of products of the type.

16



CrO2Cl(OR). 2ROH(81)

Cyclopentadienlyl chloride derivatives of transtions metals

undergo partial solvolysis with alcohol, yielding cyclo pentadienylmetal

chloride alkoxide.

Lanthanon chlorides form complexes with alcohols which can be

recrystalized unchanged from parent alcohols as LnCl3.

3RQH(35,36,37,82,83,84) .

The above observations lead to the conclusion that except for a few

metal halides, most of these undergo only partial solvolysis or no

solvolysis even under refluxing conditions. For a successful preparation

of pure metal alkoxides, free from halides, bases like ammonia, pyridine,

trialkylamine and sodium alkoxides are used. The base increases the

concentration of alkoxide anions which might then react with the metal

chloride as indicated below:

B + ROH — • (BH)+ + (OR) (1.17)

(OR) + M-CI — • M - O R + C I (1.17)

(BH+) + CI __^ (BH)+CI (1.19)

(Where R = alkyl or aryl group B = base)

17



The ammonia method (1M2) has been successfully applied for the

synthesis of a large number of metal alkoxides from their metal chlorides

and appropriate alcohols.

The highly hydrolysable nature of most of the alkoxide derivatives

makes the anhydrous conditions essential for a successful preparation of

the alkoxides by the ammonia method.

Ammonia is a better proton acceptor for the formation of metal

alkoxides from metal halides and primary as well as secondary alcohols.

However, this method fails to give pure tert-butoxide of titanium,

zirconium and other metals. This discrepancy is thought to be due to side

reactions of tertiary alcohols with tetrachloride reaction which could be

effectively minimized by adding pyridine to the tertiary alcohol before

adding the metal chloride.

The ammonia method for the preparation of metal alkoxides had

also been incapable to synthesize pure alkoxides in certain cases (85-87)

The attempts to prepare tin alkoxides, by the ammonia method, always

gave impure products contaminated with chloride and nitrogen impurities

(85,87) j t j i a (j k e e n attempted (85) to prepare tin tetraalkoxides by the

reaction of tin chloride with sodium alkoxides, but the resultant products

was a double salt of sodium and tin:

18



2SnCI4 + 9NaOC2H5 • NaSii2(OC2H5)9 + 8NaCI (1.20)

This double alkoxide on further treatment with hydrogen chloride

or the alcoholate of tin trichloride monoethoxide yielded tin tetraethoxide.

The tin tetraethoxide was found impure.

A special significance had been given to unsuccessful attempts(88'89)

to synthesize butyltin trialkoxides by the reactions of butyltin trichloride

with sodium alkoxides. But on complete replacement( °' ) of chlorines in

ethyltin and butyltin trichloride with primary, secondary and tertiary

alcohols resulted in obtaining a number of trialkoxids:

RSnCI3 + 3NaOR • RSn(OR )3+3NaCI (1.21)

(Where R is alkyl group)

The previous method employing the reaction of metal halides with

sodium alkoxides has been used successfully for the synthesis of

alkoxides derivatives of many elements. Their metal chlorides were

allowed to react with alkoxides in the presence of an excess of alcohol

and a hydrocarbon solvent such as benzenes:

MCIn+nNaOR—> M(OR)n+nNaCL (1.22)

(Where R= alkyl group, M = metal)

19



Though ammonia and sodium alkoxides appear to be the best

proton acceptors for the preparation of metal alkoxides, the method is not

applicable for the synthesis of insoluble methodxides. A new method

was, therefore, developed (92) preparing insoluble uranium methoxide by

the reaction of uranium tetrachloride with lithium mehtodxide:

UCL, + 4LiOMe — • U(OMe)4 + 4LiCI (1.23)

The method was later extended to prepare methoxide derivatives of

other elements.

20



1.3.2. THE DIRECT SYNTHESIS OF METAL ALKOXIDES

The halosilane route for preparing metal alkoxides suffers from

many difficulties (see section 1.3.1). The final product such as the tetra

alkoxysilane is a violent (93) and hazardous material. Moreover the by-

product, HCI pollutes the atmosphere. The yield of the product is thought

to decrease due to the side reactions, which are initiated by the hydrogen

chloride by product.

However, an alternative recent rapid and efficient procedure(94) has

been developed primarily within industrial laboratories. This method

involves the direct reaction of a metal with alcohol:

M + nROH • M(OR)n + 1/2H2 (1.24)

(Where R= alkyl or aryl group, M - metal)

In view of the acid character of alcohol, its reactivity would be

limited by strongly electropositive elements, such as alkali metals and

alkaline earth and in case of the less electropositive elements such as

magnesium, beryllium and aluminum, a catalyst is needed. Recently, this

method has been extended to lanthanons including yttrium and

scandium(9:))' The catalyst cleans the metal surface or perhaps forms

21



an intermediate derivative like chloride of iodide, which could react more

readily with alcohols.

Pure alkoxides of alkali metals (Li, Na, K) have been prepared by

dissolving the metal in alcohol at reflux temperature under an inert

atmosphere of argon or nitrogen(96'97)'

Sodium and potassium alkoxides had been successfully

synthesized(96'106) by the treatment of molten or amalgamated metal with

small chain alcohols. The facility of the reaction increases progressively

with the electropositive character of the metal and is directly affected by

the nature of alcohol. The reactions with tertiary alcohols have been

found to be extremely slow, this effect can be conveniently correlated

with the decreasing acidity of branched alcohol.

Considerable attention has been given to the elements of group

(11) of the periodic table as they do not react directly with alcohols but

each requires a catalyst. Beryllium for instance reacts with ethanol in the

presence of a catalyst to form beryllium diethoxide(107) However, when

beryllium is treated with methanol in the presence of a catalyst, products

of varying compositions having the general formula (nBe(0Me)2.

nBe(OMe)x where x is a halogen are quantitatively produced(107)'

On the other hand, magnesium react directly with alcohol in the

presence of a small amount of iodine to form the magnesium

22



dialkoxides(108'109'110) according to:

Mg + 2ROH Catalyst Mg (0R)2 + H2O (1.25)

(Where R = alkyl or aryl group)

Alkoxides of the alkaline earth metals, calcium, strontium and

barium have been also synthesized by the direct reaction of metal with

refluxing alcohol.

Aluminum requires the use of a catalyst for an effective reaction of

the metal with an alcohol. Aluminum triethoxide has been successfully

synthesized by the reaction of aluminum metal with ethanol:

AI + 3C2H5OH IV » AI(OC2H5)3 + 3H2 f (1.26)

Based on the reaction of amalgamated aluminum with ethanol(15)'

aluminum ethoxide has been reportedly prepared. The slow addition of

alcohol to the metallic aluminum suspended either in molten aluminum

triethoxide or in a solvent under refluxing conditions resulted in the

formation of highly pure aluminum trialkoxides.

Similarly, aluminum tri isopropoxide(1 *l)has been prepared by the

reaction of aluminum metal with an excess of is propanol in the
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presence of a small amount ofaluminumtriisoporpoxide to activate the

reaction.

Since fresh metallic thallium(6) does not at all react with alcohol even in

boiling solutions, it was reported that if the metal is exposed to air, the

reaction does occur in the presence of ethanol resulting in the formation

of pure thallous ethoxide.

The method involving^3'111^ direct reaction of metal with alkoxides

has been successfully extended to include lanthanons and the rare earth

metals, and from such reactions the role of mercuric chloride as a catalyst

has been finally confirmed.

Silicon alkoxides have been reportedly processed using metallic

and metal salt catalysts in the elemental route. Copper was used, to gain

40-45% yield of tetramethoxysilane and only 10% yield of

tetramethoxysilane when silicon metal is allowed to react with methanol

and ethanol respectively(Il2)'

4CH3OH + Si Cu Si(OCH3)4 + 2H2 (1.27)

250°-300°

Tetramethoxysilane in a high yield 85% was obtained using

as catalyst solvated in alkyl benzene(113)' The lower primary alcohols such

as ethanol, I propanol and iso-butyl alcohol react to give small yields of
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tri-alkoxysilane, where isopropyl, n-butyl, sec-butyl and t-butyl alcohols

did not correspondingly react( ' l4)

The reaction of ethanol with silicon at 230°C catalyzed by CuCI,

using an aromatic hydrocarbon having 1 to 4 alkyl groups as solvent, has

been reported (115) giving (75%), HSi (OC2H5)3, in another development

(50%) vol (C2H5O)4 Si was produced using CuCI ,NiCI2 and mixed

polycyclic aromatic hydrocarbons (280-450°C)(117) Also

tetraethoxysilane was prepared by bringing Me2NH in contact with Cu

activated silicon(117)'

The metal alkoxides of alkali metals especially those of sodium,

potassium, alkaline earth metal and even alkoxides of aluminum have

been thought to be effectively used as catalysts to synthesize sodium

ethoxide and 2-ethoxyethanol(119) Tin ethoxide has been employed as a

catalyst in the formation of silicon ethoxide from silicon and ethanol.

A highly pure and quantitative of tetraethoxysilane has been

reviewed using silicon and CH3OH in presence of NaOCH3 as a

catalyst(120) . Si(OR)4 (R=CM) are prepared from the corresponding

alcohol ROH and silicon in the presence of NaOR and Si(OR)4 as

solvent. In another approach KO2CH, NaCbCEt, NaOBu or KOAc are

reportedly used as catalysts (121)

Accordingly tetraethoxysilane was prepared using finely powdered
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silicon stirred at 200°C for 5hours in the presence of KOH (KOR or

RbORR=H,alkyl).

In this respect B11OCH2CH2CH2OK has been widely used as a

catalyst for the production of relatively pure tetraethoxysilane(123)
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1.3.3 THE EXCHANGE ROUTE FOR METAL ALKOXIDES:

Generally reactions of alkoxides with alcohols are collectively

termed alcoholysis or alcohol interchange reactions and they can be

represented by the following simple equation:

M(OR),, + xROH • M(OR)nx (OR)X+ xROH (1.28)

(Where M = metal and R=alkyl or aryl group)

The alcoholysis reactions are widely used to synthesize alkoxy

derivatives of various elements.

While the ammonia method is meant to hydrolyze the products, the

ikoholysis method is seriously affected by steric factors due to which

llixed alkoxides are obtained.

An effective method (124) for the synthesis of aluminum alkoxides

IIS the reactions of aluminum isopropoxides with organic esters is termed

BEsesteriflcation. When a metal alkoxides is appropriately treated with

lie ester the following equilibrium is set up:

t(OR)n + xCH3COOR OM(0R)nx(0R)x + xCH3COOR (1.29)

(Where M=metal, R=alkyl or aryl group)
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The equilibrium could be disturbed in one direction by

fractionating out the more volatile ester produced and the new alkoxide is

obtained.

The method has been successfully extended(1) for the synthesis of

tertiary alkoxides of certain elements.
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1.3.4 REACTIONS OF METAL DIALKYLAMIDES WITH

ALCOHOLS

This method has been reviewed(125) for the preparation of uranium

tetra alkoxides of the type:-

M(NR2)X + ROH • M(OR)X + R2NH (1.30)

(Where R = alkyl or aryl group)

Beside treatment of metal dialkylamide with alcohols is

extensively employed to produce alkoxide derivatives form various

elements.

1.3.5 RHCTIONS OF METAL HYDROXIDES AND OXIDES WITH

ALCOHOLS:-

The reactions of hydroxides and oxides of nonmetals with alcohols

to form esters and water have been reviewed in sufficient depth:

M(OH)n + nROH ^ M(OR)n + nH2O (1.31)

MOn + 2nROH • M(0R)2n + nH,,O (1.32)
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(Where M = metal R = alkyl group, n = 1,2,...etc)

Continuous removal of water is necessary to obtain good yields of

the final alkoxide products.

This technique is now well established and is thus widely used to

synthesize metal alkoxides of various elements.

1.3.6. MISCELLANEOUS METHODS:

Beside the foregoing methods of synthesis of alkoxide there are

several others which can be summarized as follows:-

1. The oxidation of uranium tetraethoxide by dry air to uranium

pentaethoxide which can be oxidized further to deposit poor yield of

uranium hexaethoxide(126)'

2' Tungsten pentaphenoxide preparation by the reduction of tungsten

hexaphenoxide with hydrogen using a catalyst(127)'

3. The photo oxidation of aryl tricarbonly chromium in methanol to get

chromium trimethoxide(128)

4. The reactions of metal alkyls with alcohol to form metal alkoxides and

the oxidation of metal alkyls to the same formation (129"130)-

5. Aluminum trihydride reacts with alcohols to form aluminum alkoxides

by the replacement of hydrogen atoms:
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ALH3 + nROH _ • AL(OR)n H 3-« + nH2 (1.33)

(Where R= alkyl group)

6. Monoalkyltin chloride alkoxides were synthesized by the reaction of

alkyltin tricholoride with the corresponding alkyltin tri-isoproxide (90)

7. Dialkyltin monochloride processing by the reaction of dialkyltin

dichloride and the corresponding dialkyltin dimethoxide(132>133).
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The Use of Metal Alkoxides

for Glass -Like Materials
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2.1 HYDROLYSIS AND CONDENSATION

REACTIONS OF METAL ALKOXIDES:-

Metal alkoxides are recognized to be very reactive substances due

to their electronegative alkoxy groups making the metal atoms

susceptible to nucleaophilic attack. Therefore metal alkoxides are apt to

hydrolysis by atomspheric moisture and require careful handling(134)'

The alkoxides react with the protons ofa large number of organic

hydroxy-compounds such as alcohols(1)'

Organosilicon alkoxides are indefinitely insoluble in water and

therefore are stable to water(134) they readily hydrolyzed when converted

to solution by adding an alcohol. The hydrolysis is slow in neutral

solution and took months to produce a precipitate, but strongly catalyzed

by acid or alkalis. In alkaline solution nucleophilic attack by hydroxide

ion take place as in:-

HO" + R3SiOR • R3SiOH + OR" (2.1)

OR' + H2O •R-OH + -OH (2.2)

In acid solution, protonation of the oxygen atom precedes

nucleophilic attack by water on silicon as can be seen from below:-
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+ + R3SiORN • R3Si0+HRx+ H2O (2.3)

R3Si0+HR" + H20 • R3Si0+H2 + ROH (2.4)

R3SiO+H2 + H2O •R3SiOH + H3O
+ (2.5)

The mechanisms depicted above involve cleavage of Si-0 bond

and not the O-R bond. The ease of hydrolysis of compounds of the type

RxSi(OR)4.x substantially increases in the order R3SiOR"< R2Si(OR")2 <

RSi(OR")3 < Si(OR")4 and decreases with increasing size of both R and

R-d34).

These reactions are of particular interest since they are used to

confirm characterization of some products prepared in this work.

It has been reported that the hydrolysis condensation reaction of

tetraethoxysilane for making SiO2 glasses is influenced by various factors

such as reaction temperature, concentration of tetraethoxysilane, species

of solvent, pH of solution, catalyst and amount of added water °35)

It had also been observed that initial molar ratio of added water to

tetraethoxysilane (H2O/TEOS =r) is important in the resultant SiO2

glasses(135)-

The reaction temperature accelerates to a considerable level the

hydrolysis-condensation reaction of tetraethoxysilane.
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The facts that the type of the siloxane polymer is temperature

independent and is determined by the initial H2O/TEOS ratio, and that the

reaction temperature accelerates the polymerization of tetraethoxysilane,

are very important for the technological application of the sol-gel

method(135)-

The mechanisms for hydrolysis in acid and base catalyzed

solutions of ethanol-water-tetraethoxysilane have been widely studied,

directly with titration and gas chromatography and indirectly by

monitoring changes in physical properties, most often viscosity. The

mechanism for acid-catalyzed hydrolysis is electrophilic attack and the

mechanism for base-catalyzed hydrolysis is nucleophilic attack. Beside

the difference in the mechanisms, it is clear that the kinetics are also

different. For acid catalysis, hydrolysis is complete and the number of

unreacted hydroxyls per silicon decreases with decreasing acid

concentration. For base catalysis, hydrolysis is incomplete and the effect

of polymerization is large. The solubility of salicylic acid in basic

solutions makes dissolution and rearrangement of the growing polymer

possible.

Several attempts have been continuously made(136) to compare the

effects of acid and base. One scheme that qualitatively predicts physical

properties of dried gels is that acid catalyzed solution yield linear
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polymers, which becomes tangled at the sol-gel transition, while base-

catalyzed solutions yield branched clusters which coalesce. The dried gels

can be classified by texture, either fine or coarse. Acid catalyzed gels

have higher bulk densities and the base catalyzed gels are very fragile.

Acid catalyzed gels have hydroxyl contents that scale with surface area,

while base catalyzed gels do not, since the solubility of salicylic acid

leads to internal condensation. Due to rearrangement in base-catalyzed

gels, the NH4OH content is continuously reduced and the polymer does

not get as a unit but appears to be particle sediment from the solution,

though the particles are not colloids.

2.2 CERAMIC MATERIALS PROCESSING FROM METAL

ALKOXIDES PRECURSORS:-

Hydrolytic and thermal decomposition of metal alkoxides is used

to manufacture high-purity oxide powers. Refractory oxides, with sub-

micrometer particle size can be efficiently prepared by a simple chemical

procedure to fulfill specific requirements that can not be obtained by

other conventional ceramic processing methods. When mixtures of

alkoxides are hydrolyzed, the different hydrolysis rate of each individual

alkoxide can cause microscopic inhomogeneities. If one species is

hydrolyzed faster than the others, then differential precipitation will occur
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Hming hydrolysis, while the other species remain unreacted. Silicon

alkoxides are slow to hydrolyze compared with other alkoxides.

The processing of ultrafine mullite, spinal and cordierite powders

by using multicomponent alkoxide systems is reported. The model system

chosen to study the temperature, reaction time, and PH effects on mixed

alkoxide hydrolysis was mulltite (3AL2O3 2S1O2). The size and

composition of ceramic powders obtained under different reaction

conditions are adequately reviewed(136)"
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2. 3 .1 THE REACTION OF TETRACHLOROSILANE WITH

ETHANOL :-

The preparatipon of tetraethoxysilane was held as follows :

The reaction apparatus was set up as given by fig . No . (1).

according to the formula :

SiC!4 + 4 (C 2 H5) 4 OH cM p, Si (OC2 H5) 4 + HCL^ (2.6)

One portion of tetrachlorosilane SiCl4 was reacted with 4

portions of ethanol C2 H5 OH . Ethanol was put into the round

bottom flask . Tetrachlorosilane S1CI4 was added drop by drop with

the application of the magnetic stirrer without heating over one hour .

A proper portion was added at the beginning then the separating

funnel was adjusted to the addition of tetrachlorosilane SiCl 4 drop by

drop simultaneously till the end of the period . The product formation

was apparent as a layer on the surface . The stirring was continued .

Noticed that while the last portion of tetrachlorosilane SiCl4 was

added , the gas entered to the separating funnel (may be this is the

reason for the simultaneouse addition.



DryingTube Cotton

Stopper

Separating Funnel

2 Necked Round

Bottom Flask

Magnetic Rod

Magnetic Stirrer & Hot Plate

FIG . NO. 1: SCHEMATIC DIAGRAM OF THE APPARATUS USED FOR

THE SYNTHESIS OF METAL ALKOXIDES.



simultaneous addition for the rest of the period). The layer on the surface

disappeared by the addition of excess ethanol.

The second day: heating was applied to 80°C. The electrical

stirring was not function well then it stopped forever till the end of the

whole practical. The loss of the stirring led to unneeded polymerization

between the tetraethoxysilane molecules. To overcome such problem

filtration was applied using microapparatus then distillation.

The third day: Heating temperature was not constant. Excess ethanol was

added. Reflux for one hour was held. The reaction mixture was left to

cool. One necked round bottom flask, funnel, filter paper and volumetric

flask were prepared for filtration. Filtration was held up, the solid product

was kept in the oven after distillation.

2.3.2 Preparation of Aluminum Isopropoxide:-

2gms of aluminum powder was weighed, dissolved in 150 ml

isopropanol. The reaction glass-ware were set up. Reflux of the above

solution for four hours and fifty-five minutes, no change towards the

formation of the product was noticed.

The second day: The reaction was held after the addition of mercury
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chloride as a catalyst. The reflux was continued for three hours and a

quarter of an hour.

The third day: the reflux was held up for eight hours and a quarter of an

hour. A few turbidity and a bit of grayish, white was noticed while

unreacted aluminum was apparent as gray.

The fourth day: the reflux was held for 7hours.

The fifth day: The reflux was held for one hour.

The sixth day: The reflux was held for one hour.

Cooling in an ice bath and scratching the crystals of the products.

2.3.3 Preparation of Magnesium ethoxides:-

2gms of magnesium was weighted. 100 ml absolute ethanol was taken

added to the magnesium in the apparatus as set in Figure No. (1) page( ).

The boiling was started without running the water. After about 5 minutes

the water had been run: Mercuric chloride HgCI as a catalyst was added

to the reaction mixture. The reaction had been started within the same

apparatus, no stirring was applied only heating, the experiment was run

out for five hours. Reflux was held for 15 hours.

2.3.4 Preparation of Tin Ethoxide:-

The 2gm of tin(Sn) was weighed, put into the round bottom flask,
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50 ml absolute ethanol were added to it, the reactions was established and

the reflux had been continued for twenty seven hours.

2.3.5 Magnesium Isopropoxide Preparation:-

2.03gms magnesium was weighed, cut into very small peieces. 100

ml isopropanol was taken in a breaker and the magnesium was added.

The reaction mixture was put into 250 ml one neck round bottom flask

and stoppered to the next day. The apparatus was set up greased and the

reaction had been started and the reflux had been continued for forty three

(43) hours until the product was gained.

2.3.6 Tin Isopropoxide Synthesis:-

In 16th , Oct. 1994; lOgm tin (Sn) was weighed and cut in very

small pieces and put into 500ml one neck round bottom flask. 200 ml

isopropanol was added and stoppered kept in a locked cupboard. Eight

days later, that is, in 24th Oct. 1994; the reactions apparatus was set up

and the experiment had been run the reflux was continued for fifty two

(52) hours to get the product.

2.3.7 Aluminum Ethoxides Synthesis:-

2gms of aluminum was weighed, pure into 250 ml round bottom
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flask then the weighing beaker was washed with absolute ethanol and

finally 40 ml absolute ethanol was added to the aluminum beside the

addition of the catalyst HgCI. The apparatus was set up and the reaction

had been established. The reflux had been continued for thirty hours and

twenty minutes.

2.3.8 Silicon Ethoxide By The Elemental Route Using Tin Ethoxide as

a Catalyst:-

2gms of silicon had been weighed, transferred by a funnel to 500

ml round bottom flask and 50 ml absolute ethanol was added by the same

funnel. The glassware was set up for the reaction. The experiment was set

up and the reaction had been run for seventeen and a half-hours reflux

before the addition of tin ethoxide as a catalyst. Reflux has been

continued for twenty four hours after the addition of the catalyst.

2.3.9 Repetition of The Foregone Experiment.-

2gms silicon metal, tin ethoxide, antibumping grcriuWwere put into

500 ml round bottom flask and the experiment apparatus was set up and

50 ml absolute ethanol was pured into the reaction mixture. Reflux had

been continued for twenty-two hours until the product was gained.
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2.4 HYDROLYSIS OF THE METAL ALKOXIDES

2.4.1 Hydrolysis of Tetraethoxysilane Result From the

Tetrachlorosilane Reaction With Ethanoh-

Sample 2 (result from experiment one) was transferred to a clean

beaker, 25ml dry ethanol were added to it. 10 ml of the above sample was

taken by a pipette, put into a test tube, 5ml ethanol were added beside the

addition of 1 ml water (H2O). Heating was applied and before boiling

drops of IMNaOH were added. This sample led to gelation after few

months.

Samples containing 3.5, 5mls of the dissolved sample 2 were taken

respectively, addition of 5 ml ethanol, lml H2O and few drops of

IMNaOH were done before boiling. These samples evaporate before clear

gelation was observed on them.

The side product of experiment one (sample 1) was hydrolyzed as

follows: sample one was dissolved in 10 ml dry ethanol. 2 samples each

contains 2ml of the dissolved sample 1 were taken. 1 ml ethanol and Vi ml

H2O were added to each in two separate test tubes. Each sample was

heated in a small beaker. Before boiling drops of IMNaOH were added to

one of the two samples while drops of IMHCI were'added to the other

sample. Both of these samples gave no result towards gelation.
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2.4.2 Hydrolysis of the Rest Metal Ethoxides (Magnesium, Tin,

Aluminum and Silicon Ethoxide Result From Elemental Routes):-

Each sample of the above metal ethoxide were taken separately and

dissolved in 10 ml dry ethanol. 2 samples each contains 2 ml of the

dissolved metal ethoxide were taken , lml ethanol and lA ml H2O were

added to each in two separate test tubes, each sample was heated in a

small beaker. Before boiling drops of IMNaOH were added to one of the

two samples, while drops of IMHCI were added to the other sample. l.R

and G. L. C had analyzed samples shown proper gelation.

2.4.3 Hydrolysis of Metal Isopropoxides (Aluminum, Magnesium and

Tin Isopropoxides):-

Each sample of the above metal isopropoxides was taken

separately and dissolved in 10ml isopropanol. 2 samples each contains 2

ml of the dissolved metal isopropoxide were taken 1 ml isopropanl, V2 ml

distilled water were added to each in two separate test tubes. Each sample

was heated in a small beaker. Before boiling drops of IMNaOH were

added to one of the two samples, while drops of 1MHCL were added to

the other sample. Samples shown proper gelation were analyzed by I.R.

and G. L. C.
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2.5 INFRA-RED SPECTRA OF METAL ALKOXIES AND THEIR

HYDROLYZATES:-

Infrared radiation refers to that part of the electromagnetic

spectrum between the visible and microwave regions-Although the

infrared spectrum is characteristic of the entire molecule, certain groups

of atoms give rise to bands at or near the same frequency regardless of the

structure of the rest of the molecule. It is the persistence of these

characteristic bands that permits the chemist to obtain useful structural

information by simply inspection and reference to generalized charts of

characteristic group frequencies(138)

The double beam infrared spectrophotometer consists of five

principal sections: source (radiation), sampling area photo meter, grating

(monomchromator), and detector (thermocouple).

Infra red spectra of a number of alkoxides were studied(140)" The

y(C-O) band appear in the region 900-1150 cm"1 and the position of

bands is determined by the nature of alkoxy groups. Isopropoxy

derivatives show bands at 1170-1150 and 950cm"1. The isopropoxide

derivatives exhibit a strong doublet at about 1375 and 1365cm"1. It had

been observed isoporoxy bands at about 1170, 1135 and 1120 cm"1 in

boron and aluminum isoporopoxides.

The band above 1000cm"1 in aluminum alkoxides had been earlier
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assigned to y(A*. O) stretching vibration(141)' Then in discrepancy/to the

foregoing assignment, it had been suggested(140) the band above 1000cm"1

was due to y(C-O) and a set of five bands observed in the range 3 5 9-699

were due to y(Al-O) stretching. It had been measured(142) the infrared

spectra of pure aluminum ethoxide and the hydrolyzed product and

concluded that on hydrolysis the intensities of the infra red bands

diminished to a considerable extent except the strong OH and Al-0 . N

band observed at 3340 and 935 cm". respectively.

Thus the y(C-O) bands in the metal alkoxides such as methoxide,

ethoxide, isopropoxide, n. butoxide and terbutoxides appear at 1070,

1025, 1070, 1025, 1375, 1365, 1170, 1150, 980,995; 1090, 1025 and

940cm"1 respectively.

The infra red and Raman spectra of group IV metal and transition

metal alkoxides have been studied in details (143"153) by several workers

and the y(M-O) and yM(C-O) bands have been firmly assigned. For

example, yas(Si-O) and ys(Si-O) bands in silicon tetra alkoxide appear in

the ranges 720 -880 and 640-780 cm"1 respectively. The alkyl group

shifts the y(Si-O) band position in these silicon alkoxides to higher values

on increasing the size of alkoxy groups. It had been(154) investigated the

infra red spectra of a variety of trialkoxysilanes (RO^SiH and the
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bands observed in the range 840-880 cm"1 have been assigned to''

stretching modes and the very weak band observed due to Yas1 (Si-Q)'"'i$

the infra red spectrum gave a highly polarized band in Raman spectra at

700cm'1.

The spectra of many alky It in alkoxidcs have been measured by

several workers and the band around 500 cm"1 was assigned to y (Sn-O)

stretching modes. The y (Sn-O) was assigned at 570 cm'1'1"'. Four sets of

bands in the region 700-500 cm"1 due to various y(Sn-C) and y (Sn-O)

stretching vibrations. The bands observed at about 670cm"1 have been

assigned to Sn-Cll2 rocking vibrations a rising due to gauche and trans

confirmations respectively. The other bands observed at 500 and 600 cm"1

have been assigned to ys and yas(Sn-C) stretching vibrations respectively.

The band observed at 500cm-1 was assumed to associated with y (Sn-O)

stretching and y(Sn-O) stretching vibrations could not be made due to

their coupling.

Inhere y is Wne nftmenc^ T/
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| Figure No.2 : Infra Red Spectra of Reaction (1) between
; Tetrachlorosilane and Etahnol.



s

of
U

—0

0
o
Q~
a
/)

CE

s.

0 —

C

0

c
a~



<toc na

t

j Figure No. 4 : Infra-Red Spectra of Reaction No.(3) between
Magnesium Metal and Ethanol.
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Figure N o ^ : Infra-Red Spectra of Reaction No.(5) between
Magnesium Metal and Isopropanol





"«

O

o

o

1

o

5)



kooo 3500

Figure No.^ : Infra-Red Spectra of Reaction No.(8) between Silicon
Metal and.Ethanol in the presence of Tinethoxide as a Catalyst.
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Figure No JO : Infra-Red Spectra of Hydrolysis product of Reaction
No.(l) ( between Silicon Tetrachloride and Ethanol ).
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Figure No, 12 : Infra-Red Spectra of Hydrolysis product of Reaction
No.(2) ( between Aluminum and Isopropanol). Catalyjdby HCL.
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Figure No. 13 : Infra-Red Spectra of Hydrolysis product of Reaction
No.(6) ( between Tin and Isopropanol by base Catalyst).
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Figure No. 14 : Infra-Red Spectra of Hydrolysis product of Reaction
No.(6) ( between Tin and Isopropanol) Acid catalyzed reaction.



Figure No. I S : Infra-Red Spectra of Hydrolysis product of Reaction
No.(7) ( between Aluminum metal and Ethanol) catalyzed by fc
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Figure No. Id : Infra-Red Spectra of Hydrolysis product of Reaction
No.(7) ( between Aluminum and Ethanol) catafeed by HCL.
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Figure No. 17 : .Infra-Red Spectra of Hydrolysis product of Reaction
No.(8) (iWV.GH of Silicon Ethoxide Hydrolysis by NAOH as catalyst)
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Figure No. 12 : Infra-Red Spectra of Hydrolysis product of Reaction
No.(&) Fveci.cVioo.op Silicon Ethoxide prepared by Tin Ethoxide as
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Table No. (1)

Infra - Red Spectra of Reaction (1)

Between tetrachlorosilane and ethanol

Frequency cm"1

3040^3700

2760/3040

1935

1600 1700

1250,1500

1080 1090

880

820

Assignment

O-H Stretching

C-H Stretching

O-H Bending or C-0

O O

C-H Bend in Plane

C-0

SiO4

C-H Bend out of Plane
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Table No. 2 : Infra Red Spectra of Reaction Between Aluminum Metal

and Isopropanol.

Frequency cm"1

3060,3560

2980

2945,2885

1470,1410,1380,1340,1310

1165,1130, 1110

955

880

Assignment

O-H Stretching

CH3

CH2

C-H

C-0

Al-0

C-C
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Table No. (3)

Infa - Red Spectra of Reaction

Between Mg metal and ethanol

Frequency cm"1

3040,3700

2800.3040

2540,2400,2260,2140

2000

1930

1600*1700

120071500

1050,1100

880

810

670

Assignment

OH Stretching

C-H

OO

C-H

Mg-O

C-C

C-Hbend
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Table No. (4)

Infra - Red Spectra of Reaction No. 4

Between Tin metal and ethanol

Frequency cm"1

3040/3700

2800,3040

2400, 2540, ,2260,2140,2000

1930

1600/1700

1250/1500

1000,1120

880

800

670

Assignment

OH Stretching

C-H Stretching

Weak bands

O-H bending or C-0

C=O

C-O or C-H bend in plane OH

bending

C-O- Sn

Sn-C

Sn-0
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Table No. (5)

Infra - Red Spectra of Reaction No. 5

Between Magnesium metal and isopropanol

Frequency cm'1

3046,3600

2746*3040

1920

1700*1770

1250/1500

1090,1200

960

820

670

Assignment

O-H

C-H

••

C-H

C-H

Mg-0

C-C
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Table No. (6)

Infra - Red Spectra of Reaction No. 6

Between Tin metal and isopropanol

Frequency cm"1

3236,2889

1641

1478

1389

1313

1036

998

830

700

Assignment

O-H Stretching

C-0

C-H

(C-O)Sn

C-H
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Table No. (7)

Infra - Red Spectra of Reaction No. 7

Between Aluminum metal and ethanol

Frequency cm"1

3236

2889

1916

1655

1458,1371,1336,1287

1110/1070

765

687

Assignment

O-H Stretching

C-H

Combination or overtone bands

Al-0 Stretching vibration

Al-0 Stretching (C-O)
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Table No. (8)

Infra - Red Spectra of Reaction No. 8

Between Silicon metal and ethanol in the presence of tinethoxide as a

catalyst.

Frequency cm"

3236>2631

1952

1655

1457,1380,1336,1286

962,928

764

687

Assignment

O-H Stretching

C-H

Si-0

(C-O)Si

*
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Table No. (9)

Infra - Red Spectra of Hydrolysis product of Reaction No. 1

(Reaction between Silicon metal and ethanol)

Frequency cm"1

3040,3600

2880,3020

160.0*1700

1200*1500

1050,1090

980

820

Assignment

O H Stretching

O-H Stretching

C=O

C-0 or C-H bend in plane OH

Bending

C-0 valance

SiO4 or C-C Stretch

SiO4 Anti symmetric stretch. C-H

bend out of plane
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Table No. (10)

Infra - Red Spectra of Hydrolysis product of Reaction 2

(Reaction between Aluminum metal and isopropanol)

Catalyzed by NaOH

Frequency cm"1

3020*3700

2980,3020

2000*2320

1600*1700

(1250;1500)

1300,1350,1380,1470

1090^1180

980

950

820

670

Assignment

O H Stretching

C-H Stretching

Overtone or combination band

C=O

C-H

C-0

Al-0

C-H Bend out or in plane
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Table No. (11)

Infra - Red Spectra of Hydrolysis product of Reaction 2

(Reaction between Aluminum metal and isopropanol)

Catalyzed by HCL

Frequency cm"

3020*3800

2920

2980

1950,2300

1600,1700

1300,1340,1380,1410,1470

1100*1170

950

820

Assignment

O-H Stretching

. C-H

Overtone or combination bands

C=O

C-H

C-H

Al-0

C-C
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Table No. (12)

Infra - Red Spectra of Hydrolysis product of Reaction 6

(Reaction between Tin metal and isopropanol)

By base Catalyst

Frequency cm"1

3010,3550 (b)

2980,2960,2900,2660,2400

200072200

1600,1700 board

1470?1420,1350?1340

1100*1180

950

820

660)670

Assignment

OH Stretching

C-H

C-0

C-H bend (saturated, olefinic in

plane)

C-0 Alcoholic saturated tertiary

(C-O) Sn

C-H2 Adjacent Hydrogens CH- out

of plane Bending Vibrations

Sn-CH2
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Table No. (13)

Infra - Red Spectra of Hydrolysis product of Reaction 6

(Reaction between Tin metal and isopropanol)

Acid catalyzed reaction

Frequency cm"1

3020,3760 (b)

2980

2960

1940,2300 broad

1550;1730

1260,1500

1070,1180

950

820

Assignment

O-H Stretching

C-H

Overtone or combination bands

CO

C-H

C-0

(C-O) Sn

C-H
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Table No. (14)

Infra - Red Spectra of Hydrolysis product of Reaction 7

(Reaction between Aluminum metal and ethanol)

Catalyzed by NaOH

Frequency cm"1

2700*3800

1900,2400

1590,1720

1050

970

Assignment

O-H Stretching

Overtone or combination band

C=O

C-0

Al-0 Stretching
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Table No. (15)

Infra - Red Spectra of Hydrolysis product of Reaction 7

(Reaction between Aluminum metal and ethanol)

Catalyzed by HCL

Frequency cm"1

3000*3800

2800,3000

1950,2310

1900? 1940

1600;1700

1400,1270

1050;1090

880?900

660

Assignment

O-H

C-H

O-H bending or C-0

C=O

C-H

C-0

C-C

Al-0 Stretching
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Table No. (16)

Infra - Red Spectra of Hydrolysis product of Reaction 8

(Reaction of Silicon ethoxide hydrolysis)

By HCL as a catalyst

Frequency cm"1

3000r3700

2000*2500

155071700

1040,1100

980

670

Assignment

O-H Stretching

Overtone or combination band

C=O

C-0

C-C Stretch

SiO4 symmetric frequency
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Table No. (17)

Infra - Red Spectra of Hydrolysis product of Reaction 8

(Reaction of Silicon ethoxide prepared by tin ethoxide as a catalyst)

By NaOH as a catalyst

Frequency cm"1

3020*3800

2980*2900

2440^2580

2000;2200

1900*1940

1600*1700

1000,1100

880

970

Assignment

O-H Stretching

C-H Stretching

Overtone or combination band

OO

C-0

SiO4
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2.6 GAS-LIQUID CHROMATOGRAPHY OF .METAL

ALKOXIDES & THEIR HYDROLYSIS PRODUCTS:-

Indeed, chromatography is the most widely used method of

analytical separation, a procedure applied in allbranchesofscience.lt

was invented and named by the Russian botanist Mikhail Tswett. In 1952

Nobel Prize was awarded to A.J. P. Martin and R. L. M. Synge for their

discoveries and contributions in the field of chromatography(158)

Chromatography makes use of stationary phase and a mobile one.

Components of a mixture are carried through the stationary phase by the

flow of the mobile phase. Separations are based on differences in

migration rates among the sample components.

In gas-liquid chromatography (GLC), the components of the

vaporized sample are fractional as consequence of partition between a

mobile gaseous phase and a stationary phase held in a column. The

concept gas-liquid chromatography was first introduced by Matin and

Synge in 1941. More than a decade latter that the value of GLC was

demonstrated experimentally.
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GAS-LIQUID CHROMATOGRAPHY APPARATUS:-

The basic components are :

A. Carrier gas supply :-

Carrier gas must be chemically inert, include helium, argon, nitrogen

and hydrogen, helium is most widely used. These gases are available in

pressurized steel cylinders. Associated with the gas supply are pressure

regulators, gauges and flowmeters. The carriers gas system often contains

a molecular sieve to remove water or other impurities. Flow rates are

controlled by pressure regulator.

B. Sample injection system:-

Liquid samples are introduced by using microsyringe to inject them.

Gas samples are introduced by means of sample valve. Solid samples are

introduced as solution.

C. Columns :-

Two types of columns are currently employed in GLC. One type is

fabricated from capillary tubing and so called capillary columns while the

other is fabricated from glass or metal tubes and is called packed

columns.
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D. Detection system: -

Detection devices for a gas-liquid chromatography must respond

rapidly to the concentrations of solutes emitted from the column, having

good stability over extended periods and uniform response for a wide

variety of compounds.
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Discussion



1.1 THE SOL-GEL PROCESSES

Three approaches are reportedly recommended to manufacturing sol-

gel monoliths:

Method 1: gelation of solution of colloidal powders.

Method 2: hydrolysis and polycondensation of alkoxide or nitrate

precursors followed by hypercritical drying of gels.

Method 3: hydrolysis and polycondensation of alkoxide precursors

followed by aging and drying under ambient atmospheres.

Sols: are dispersions of colloidal particles in a liquid. Colloids: are

solid particles with diameters of 1-100 nm. A gel, is an interconnected,

rigid network with pores of submicrometer dimensions and polymeric

chains whose average length is greater than a micrometer. The term "gel"

represents combinations of substances that can be classified in four

categories: (1) well-ordered lamellar structure (2) covalent polymeric

networks completely disordered; polymer networks formed through

physical aggregation, predominantly disordered; (4) particular disordered

structures.

A silica gel may be formed by a network growth from an array of

discrete colloidal particles (method 1) or by formation of an

interconnected 3.D network by simultaneous hydrolysis and
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polycondensation of an organometallic precursor (method 2 and 3). When

the pore liquid is removed as a gas phase from the interconnected solid

gel network under hypercritical conditions (critical point drying method

2), the network does not collapse and a low-density aerogel is produced.

When the pore liquid is finally removed by thermal evaporation

(called drying) and shrinkage occurs, the monolith is termed a xerogel if

the pore liquid is primarily alcohol based, the monolith is termed an a

alcogel. The term gel usually applied to either xerogels or alcogels. A gel

is qualified as dry if the water adsorbed physically is completely

evacuated between 100-180°C.

The processing steps indicated for making sol-gel derived silica

monolith for methods 1-3 are briefly reviewed below :

Step 1: Mixing: in method 1 a suspension of colloidal powders, or sol, is

formed by mechanical mixing of colloidal particles in water at an

optimum pH that prevents precipiation. In method 2 and 3 a liquid

alkoxide precursor, such as Si(OR)4, where R is CH3, C2H5 or C3H7 is

readily hydrolyzed by mixing with water as follows:-

OCH3 OH
I I

Hydrolysis H3CO - Si - OCH3 + 4H2O • HO - Si - OH + 4CH3OH
I I

OCH3 OH

TMOS + 4H2O Si(OH)4 + 4CH3OH

(3.11)
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Two models for the Si(OR)4 hydrolysis reaction have been

proposed, one in which a trivalent and another in which a pentavalent

transition state is thought to formed. Raman spectroscopy efficiently used

to study the hydrolysis of TMOS indicates that the model involving a

pentavalent transition is correct. In the case of base catalysis equation

(3.12), the reaction is caused by a hydroxy ion :

OH + = Si - OCH3 = Si - OCH3 = Si-OH + OCH3

OH

(3.12).

The OH" ion has high nucleophilic power and is able to attack the

silicon atom directly. These attacks are aimed towards the Si atom since

the silicon atom carriers the highest positive charge. At acidic conditions,

the proton is attracted by the oxygen atom of the OCH3 group, (equ.

3.13). This causes a shift of the electron cloud of the Si-0 bond towards

oxygen, and as a result the positive charge of the silicon atom increases.

A water molecule can now attack the silicon atom, and consequently a

transition state is set:-

H
I

H3O+ + = Si-OCH3 —H=Si-OCH3 —>= Si-OH + CH3OH + H+

H3O

(3.13)
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The hydrated silica tetrahedra interacts in a condensation reaction

(equ. 3.14) forming Si-O-Si Bonds:

OH OH OH
I I I

Condensation HO - Si -OH +HO -Si - OH — • HO - Si - O - Si - OH +H2O

OH OH OH OH (3 14)

Normally, linkage of additional s Si-OH tetrahedra occurs as a

polycondensation reactions (3.15) and result in a SiC>2 network. The H2O

and alcohol expelled from the reaction remain in the pores of the

network.

OH OH

HO-Si-O-Si -OH +6Si(OH)4

I I
OH OH

OH
I

HO- Si -OH OH

I I
O OH- Si - OH

I
OH O OH

I I
HO-Si-O- Si O Si-O-Si-OH-

I I I
OH O O OH

I I
HO-Si-OH OH- Si -OH

I I
OH OH (3.15)

The hydrolysis and polycondensation reactions are initiated at

numerous sites within the TMOS + H2O solution as mixing occurs. When
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sufficient interconnected Si-O-Si bonds are formed in a.region, they

respond rapidly as colloidal (submicrometer) particles or a sol.

The size of the sol particles and the cross-linking within the

particles depend upon the pH and R ratio (R = [H2O]/ [Si(OR)4] among

other variables.

Step 2: Casting: since the sol is a low viscosity liquid. It can be cast into a

mold, which must be carefully selected to exclude the adhesion of the gel.

Step 3: Gelation: Normally the colloidal particles and condensed silica

species link together progressively to become a three-dimensional

network. The physical characteristics of the gel network depend greatly

upon the size of the particles and extent of cross-linking prior to gelation.

At gelation, the viscosity increases sharply, and a solid object results in

the shape of the mold. The gelation point of any system including sol-gel

silica, is easy to observe qualitatively and defined but difficult to measure

analytically.

Step 4: Aging: when a gel maintained in its pore liquid, its structure and

properties continue to change long after the gel point. This process is

generally called aging which involves maintaining the cast object for a

period of time, hours to days, completely immersed in liquid. Four

processes can occur singularly or simultaneously, during aging, including

polycondensation, synerisis, coarsening and phase transformation.
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Step 5: Drying: During drying the liquid is removed from the

interconnected pore network. Large capillary stresses can develop during

drying when the pores are small. Theses stresses will eventually cause the

gels to crack catastrophically unless the drying process is controlled by

decreasing the liquid surface energy by addition of surfactants or

elimination of very small pores (method 1), by hypercritical evaporation

which avoids the solid liquid interface (method 2), or by obtaining

monodisperse pore size by controlling the rate of hydrolysis and

condensation (method 3).

Step 6: Dehydration or Chemical Stabilization:

The removal of surface silanol (Si-OH) bonds from the pore

network results in a chemically stable ultraporous solid. Porous gel-silica

made in this manner by method 3 is optically transparent with

interconnected porosity and has sufficient strength to be used as unique

optical components when impregnated with optically active polymers

such as flours, wavelength shifters, dyes or nonlinear polymers.

Step7: Densification: Heat treatment of a gel at elevated temperatures

substantially reduces the number of pores and their connectivity due to

viscous-phase sintering.
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3.2: SOL-GEL PROCESSING OF GLASS POWDERS

Sol-gels processing techniques for the fabrication of glass articles

have advantages over other methods, such as the homogeneity at

molecular level for the prepared material, sensitive microstructure

control, high purity, a low loss volatile components, a board range of

potential composition, and simple control of particle size and particle size

distribution. Disadvantages associated with sol-gel fabrication techniques

include: the stress cracking, which occurs during drying, obtaining the

same gel structure repeatedly is often difficult and that preparation of the

gel often takes along time.

A sol is a mixture including a combination of miscible liquids,

water-soluble solids, or very fine particles.

After the formation of the sol, it gels. Gelation occurs when the

liquid phase is followed by the solid phase through some form of

interconnection of the solid phase. The early stage of gel formation

involves particle growth through polymerization and Ostwald ripening.

This early phase of gel formation has been simply termed "micro-gel".

Gelation can occur through the hydrolysis of metal containing molecular

species in the sol and subsequent formation of metal oxygen-metal bonds,

Hydrogen bonding between particles are formed either by polymerization
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or they initially exist in the sol. Electrostatic forces between the particles

in the sol may contribute to the gelaiton process. The resultant gel

structure will subsequently determine the types of gel processing

methods, which can be used in drying, firing and fusion to a bulk glass

body.

A number of factors, including temperature, pH, sol composition,

the atmospheres above the sol, method and order of mixing of the sol

components, and gel volume, will necessarily effect the properties of the

gel.

3.2.1.GEL FORMATON METHODS:

Multicomponent compositions, which can be prepared, are

dependent on the miscibility of the components, the equivalence of their

rates of hydrolysis, and the possibility of incorporating appropriate

soluble salts into the sol. The nature of the sol-gel process employed

affects the properties of the powder and glass obtained.

Powders of various compositions have been processed by

dispersion of fumed silica sol, precipitation of colloidal gel, rapid

colloidal gel formation, and monolithic gel formation.
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3.2.2 FUMED - SILICA GELS:-

A sol can be prepared from a combination of fine fumed silica and

water. This mixture can be doped with a variety of water-soluble salts,

acids or bases to form mulitcomponent glass powders. A sol may be

processed in the sol state to form particles.

Another currently available method is to systematically introduce

the powder into a chilled liquid bath of acetone or other liquid which

forms a weak adduct with water.

The best way so far described to form the gel with optimum

homogeneity and composition control is to permit the sol to gel before

drying.

The bonding between particles which forms the fumed-silica gel is

primarily hydrogen bonding. During drying this may change to an

increased percentage of siloxane bonding but for the most part vander

waals bonding exchanges hydrogen bonding.

3.2.3. COLLODIAL GEL FORMAOTN:-

A better sol-gel method is to start with a sol comprised of miscible

liquids and water-soluble salts, acids, or bases if required. With such a

technique a reasonable mixing on the molecular level can be achieved.

The nature of the bonding of the more volatile species ensures a better
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maintenance of composition through drying and firing.

The actual optimum mixing obtaining depends on the kinetics of

the reaction of the components of a multicomponent sol. The starting

liquids can be a variety of metal halides and/or organiometalic liquids.

The sol is completed with the addition of water for hydrolysis. This

method is severely handicapped by water-solubility problem. Besides, the

particles-size parameters are extremely indicated difficult to control.

3.2.4. MONOLITHIC GEL FORMAOTN

In monolithic gel formation, organometallic precursors such as

alkoixdes have been used. These sols are catalyzed by the addition of

acids or bases and the pH of the media is slightly lower or higher than

neutral. In acid-catalyzed gels, the gelation occurs through the formation

of siloxane bonds between very small particles in the sol which form

from hydrolysis of the organometallics and subsequently react through

the hydroxyls to form siloxane bonds. The small particles join within the

same structure with polymer like branching. At a certain point in the

process. Because the bonding in the following solid network is stronger

than in the colloidal gel case, and the structure is based on finer

fundamental particles, the so-called "polymerized gels" show different

mechanical behaviour. These gels are to be dried on fire without been

broken to fine particles. Therefore, particles-size control is very critical
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and it is possible to obtain very narrow particle size distributions.

• Base-catalyzed gels are formed in a similar way to that of acid-

catalyzed ones, with the exception that the fundamental particles size is

much larger. The gel resemble packed particles rather than polymers.

Gelation of this type of sol is slow, with more than 100 hours being

common. However, through the addition of various chemicals or sol

heating, one can reduce the gelation time to less than one hour.

3.2.5. DRYING:-

The gel is dried by one of a number of methods. The method used

here had been dictated by the characteristics and composition of the

material. Drying techniques which have been employed are:

Filtration, ovendrying, vacuum drying, spray drying, micro wave drying,

liquid drying and freeze drying. Drying time has not been qualified.

3.2.6. FIRING OR SINTERING:-

During firing the hydrated species are converted to oxides and a

clear glass- like materials are obtained.
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3.3. DISCUSSION

3.3.1 THE STUDY OF HYDROLYSIS REACTIONS OF METAL

ALKOXIDES.

This work is carried out to review this fascinating area. The

synthesis of metal alkoxides is not completely known. The information in

the literature devoted to the detection, isolation and assay of metal

alkoxides is extensive for low molecular weight oligomers, but limited

for high molecular weight oligomers. The work discussed here is

concerned with the identification and quantification of oligomers in

simple or complicated ethoxysiloxane, isoproxymetaloxane mixtures,

aided by the use of recent innovations in analytical teclmiques an well as

established analytical method. The experimental investigation resulted in

the development of practical method procedure for, preparing hydrolysate

or ultimately a gel product suitable for ceramic purposes.

3.3.2 THE PREPARATION OF METAL ALKOXIDES

Preparation of Silicon alkoxides

The preparation of Si(OEt)4 from tetrachlorosilane and ethanol (see

section 2.3.1) was achieved with 98% yield and was 90% pure as

identified by GLC analysis.
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The preparation of Si(OEt)4 from silicon metal and ethanol using

tin ethoxide as a catalyst (see section 2.3.8 and 2.3.8) was achieved with

96% and 97% yield and was 95% pure.

It is conceivable that a mixture of ethoxypolysiloxane is obtained

with the boiling range and GLC analysis corresponding closely to that of

hexaethoxypolysiloxane and contain some tetraethoxysilane and

octaethoxysiloxane and other oligomers. The hydrolysis of TEOS is

earned out as shown in section 2.3.9. the separation of the crude reaction

mixture by distillation produced low boiling fractions with GLC data that

indicated several oligomers ethanol and water. It would appear that any

hydrolytic to ethoxypolysiloxanes will always result in the formation of a

number oligomers (see section 2.4).

3.3.3. PREPARATION & HYDROLYSIS OF METAL ETHOXIDES

(MAGNESIUM, TIN, ALUMINUM).

The preparations of ethoxides of magnesium, tin and aluminum

from the reaction of ethanol and magnesium, tin, or aluminum

respectively were achieved (see sections 2.3.3, 2.3.4. and 2.3.7

respectively) with yield %: 98% 90%, 95% respectively and were 90%,

87%, 80% pure respectively as identified by GLC analysis.
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3.3.4.INFRARED SPECTRA OF FINAL REACTION MIXTURES:

The infra red spectra of TEOS, hexaethoxy disiloxane and several

ethoxypolysiloxane and their hydrolyzates were recorded (see section

2.4). the infrared spectra of ethoxides and isopropoxides of magnesium,

tin and aluminum were also recorded (see section 2.4).

The infra red spectra of TEOS and hexethoxysilane were compared and

found to be indistinguishable. This is in spite of the presence of the

O

A
Si Si linkage in the dimer, which is, absent in the monomer. The band

at 930-1170 cm-1 in the spectrum of the dimer, assigned as the ystr

(SiOSi) absorption, is coincident with the yvai (CO) peak between 1000-

1150 cm'1 found in the spectrum of the monomer,and for that matter any

other ethoxypolysiloxane oligomes. However, comparison of the infraved

spectra of TEOS and ethoxypolysiloxane mixture (see Table 3.1) shows

only a slightly more intense yasym (S1O4) peak at 800cm-l and slightly

broader yst (SiOSi)/ yval(CO) band on 1100 cm"1 in the ethoxypolysiloxane

mixture with respect to the monomer (TEOS). The width of the band

around 1100 cm"1 is an indication of the degree of silicate cross-linking in

the material examined.
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Table 3.1 Infrared Absorption Frequencies and Assignments for

Ethoxypolysiloxanes

Frequency (cm"1)

1160-1600

1000-1150

960

800

655

Assignment

C-H deformations

C-0 valence or (Si-O-Si) stretch

C-C valence

SiC>4 valence, antisymetrical

SiO4 valence, symmetrical

The hydrolysis of ethoxides and isopropoxides of magnesium, tin

and aluminum seem to be a two step sequence, the hydrolysis and

subsequent condensation. The nature of the products is determined by

GLC analysis and 1-R spectrum. The products indicated that a broad

range of product had been obtained each in low yield.

3.3.5.DISTILLATION OF REACTION PRODUCTS:-

The fractional distillation of the crude reaction mixture (see section

2.3.1, 2.3.8 and 2.3.9) produced a number of fractions and each one was

found to contain some ethoxysiloxane compounds. The separation of the
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first fraction was analyzed by infra red spectra which suggested the

presence of ethanol. The second fraction was analyzed by GLC analysis,

which indicated the composition of this fraction was ethanol: 21%,

triethoxymethoxysilane 15% and TEOS 62%. The third fraction is a

dense residue, which was analyzed by 1 .R spectra and GLC indicating the

presence of mixtures of ethoxypoly siloxane oligomers.

3.3.6.GAS-LIQUID CHROMATOGRAPHY:

Ethoxypolysiloxane mixtures were resolved into component parts

on analytical basis by the use of chromatography. The GLC of the

component of the laboratory synthesised oligomeric ethyl silicate mixture

have been recorded and it was found that could be reproducibly identified

in ethyl silicate mixtures investigated. The peaks in the chromatograms of

ethyl silicate mixtures were numeric ally assigned on a comparative basis.

These peaks are initially identified but need to be further analyzed

using GLC. Mass spectra techniques which is believed to be the most

appropriate analytical method for analysis of ethyl silicate mixtures. .

GLC analysis of Second Product

The assignment of the lower components in reaction product

was achieved by comparing the retention time of these components with

those of authentic samples of materials expected to be present. A few
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percent of ethanol is known to be present and the presence of this alcohol,

the lightest component found was confirmed by GLC analysis, the

presence of other low molecular weight. The second component of crude

product is present in trace amount. The abundance of this component was

much greater is a distillate of the first few drops of volatile material of the

reaction mixture. GLC analysis of this distillate alone and with ethanol

TEOS added confirmed that the second component had a molecular mass

between ethanol and TEOS, which was later identified as triethoxy

methoxysilane. The presence of methoxy groups in such a product is not

unexpected as the ethanol used in the reaction is an industrial grade and

contains up to 1% methanol. The third and fourth component of the

reaction product is TEOS and hexaethoxydisiloxane respectively, the

monomer and the dimers were confirmed to be present by GLC analysis.

The above mentioned results (see Table 3.2) agree with previous results

reported in Literature.
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Table 3.2: Assignment and Normalized retention times of the Four

components of reaction product:

Component

Number

1

2

3

4

Retention Time

Normalized to

(ETO)4 Si

0.11

0.75

0.99

0.34

Known

Substance

EtOH

(ETO)3 SiOMe

(EtO)4Si

[EtO)3 Si]3O

Retention Time

Normalized to

Si(OET)4

0.11

0.75

0.99

1.30

Column at 100% or 250oC

3.3.7.Hydrolysis Reaction of Metal Alkoxides:-

The hydrolysis reaction of metal alkoxides has been carried out in

the presence of acid or base catalyst.

The gelation of metal alkoxides in the presence of water can be

accelerated controllably by the introduction of a gelling agent to the

gelling mixture. Traditionally the gelling agent is an acid or a base, but in
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recent years organotin compounds have been utilized as gelling agents.

The work discussed here is concerned the effect on gelation of organotin

compounds chemically modified by heating them with metal alkoxides .

Gelling agents which differ in gelling efficiency from the starting

materials were produced by pre-heating the organotin compound and the

metal alkoxide together before adding the resultant gelling agent to a

gelling mixture. It was found that increasing the extent (time and

temperature) of heating produced stepwise chemical changes in the

reaction mixture, which were distinguishable by spectroscopic and other

empirical means.

The gelling experiments were performed under thermostatically

controlled conditions, at temperature of 40°C. The water content of the

gelling mixture was determined by experiment with 10% V/Vorless

water addition to the gelling mixture "skinning". The actual species

responsible for propagating metal alkoxide gelation reaction using

organotin catalyst gelling agents are used has been proposed, but the

reaction pathway is not completely resolved. Gelling times vary with the

composition of the gelling agent and gelation is accepted to be a

hydrolysis condensation-polymerization reaction for ethoxysiloxane

compounds. On these premises it is therefore reasonable to say that the

gelation process is propagated by a reaction that combines
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ethoxysiloxanes via silanols, in the presence of water, also that the silanol

formation reaction is regulated by the gelling and it is the rate

determining step.

Metal alkoxide polymerization mechanism in the presence of

organotin compounds and water can be given by the following equations:

2Sn-OH (3.1)

H (3.2)

= Sn - OH + EtOSi s ^ = Sn-OEt+ = Si-OH (3.3)

= Sn-OEt+H2O ^ s=Sn-OH + EtOH (3.4)

= Si-OH + EtO-Si= • = Si-O-Si = + EtOH (3.5)

2= Si-OH •=Si-O-Si = + H2O (3.6)

(Where x = labile species)

3.3.8.Variation of Gelling Time:

The gelation process - metal alkoxide- water -ethanol solution is

very sensitive to gelling agent pH. If the gelling agent pH was too low,

gelation was slow. If the gelling agent pH was too high, gelation was so

fast.

3.3.9.GELATION OF METAL ALKOXIDES:

The experiment is carried out using silicon alkoxides. These are

believed to be a mixture of TEOS and hexaethyl disiloxane and some

ethoxypoloysiloxames. Several tests were carried out to estimate the
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optimum proportion of each ingredient in la gelling mixture was

determined. The gelling experiments were carried out by rapidly mixing

the components then measuring gelling to time in accordance with the

criterion of loss of self mobility.

3.3.1Q.Gelation / Setting & Gelling/Setting Times

Gellation setting was determined using the criterion of loss of

mobility. This is the point at which the viscosity of a gelling mixture has

increased to such a degree that it is no longer freely fluid under its own

weight.

The gelling /setting time of a gelling mixture was taken to be the

time interval from the moment all the ingredients are in contact, to the

moment the gelling mixture is no longer fluid of flowing under the

criterion of loss of mobility.
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