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iNTRODUC!PIOX 

Organosilicon peroxides are among the best known of the orga- 

noelement peroxides. The advances in this field of organoelement 

chemistry are well covered in the recent reviews dealing with or- 
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gauic peroxides of Eon-transition elements of the first (ref- 148). 

second (ref. 8), third and fourth (ref. IO> groups. 

The chemistry of organic peroxides of the silicon subgroup ele- 

ments also is covered in a number of reviews end monographs, di- 

rectly or indirectly (ref. 3, 4, 31, 56, 42, 126, 127, 132, 1491. 

The publication of the present review is timely, as in recent 

years systematic investigations of organosilicon peroxides have re- 

sulted in a rather extensive accumulation of data concerning the 

preparation properties and applications of these compounds. 

METHODS OF SYRTHRSIS 

Organosilicon hydroperoxides, R3SiOOH 

R3SiOOH-type hydroperoxides are obtained by reaction of the ap- 

propriate organosilicon chloride with hydrogen peroxide in an or- 

ganic solvent in the presence of agents which can scavenge the hy- 

drogen chloride evolved (orean5.c and inorganic bases). 

R3SiC1 + %O,-R3SiOOH + HCI 

HCl + 9 (for example) -DX4C1 

In this manner first Ide3SiOOH and 

then a series of other organosilicon 

(Table 1, camp. l-7). 

Organosilicon hydroperoxides with 

1.1 

1.2 

Et3SiOOH (ref. 22, 74) and 

hydroperoxides were obtained 

two and more hydroxy-groups 

on silicon have not been described. Such polyhydroperoxides seem 

to be unstable- 

Organosilicon peroxides, R4_nSi(OORr)n 

Synthesis by reaction of organosilicon halides with organic hy- 

droperoxides end their alkali metal salts. The general method 

of synthesis of R 
4-n 

Si(OOR')n peroxides involves a reaction of the 

appropriate R4_n SiXn organosilicon halide (in most cases chlorides) 

with bydroperoxides (R'OOH). The reaction is reversible. It pro- 

ceeds in inert organic solvents at room temperature or below and in 

the presence of agents which are capable of binding the hydrogen 

halide which is evolved. 

For exempler 

R3SiC1 + R*OOHzER3Si00R* + HCl 1.3 

HCl "IXEr~-- EH4Cl 1.4 

(Continuedonp 29) 
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The high selectivity of this reaction should be mentioned. 

This allows the synthesis of organosilicon peroxides to be conduc- 

ted with retention of various and complex substituents on silicon 

atom (Table 1, camp. 48-51, 66-83, 89-114). 
The reaction of R 4_nSiCln with R'OOH proceeds with consecutive 

substitution of chlorine on the Si atom by R'OOH groups. This makes 

Possible thePartialdisplacement of chlorine on silicon atom by 

R'OO-groups (Table 1, camp. 721-123). 

In organic solvents the organosilicon halides react with ammo- 

nia: X = halogen 

R4-(n+m1yms% + m3 zR4-(n+~)y~sixn_jm2 + EX 1.5 

R4-(n+m)s'ym%-1% + R4-(n+m)ymsi% z 

Z!ZR 4-(n+m)ymsi%-lNIMn-1siymR&-(n+m> + Hx 1.6 

and so on. 

Reactions 1.5 and 1.6 form the basis for synthesis of <CH3)2- 

Si[OOC(CH3)JNH2, (C6R5)2Si[OOC(CH3137R132 and (CH33),Si[OOC(CH3)d- 

RHSi[OOC(CH3)3](CH3)2 (Table 1, camp. 124-726). 

Trialkylsilyl-substituted amines, in turn, react with organic 

hydroperoxides with formation of organosilicon peroxides (Table 1, 

camp. 8, 14, 52). 

(CH3)3SiNHR + (CH3)3COOH +- - (CH3)3SiOOC(CH3)3 f- 1JI12R l-7 

(CH3)3SiX(~3~, + ROOHZ (CH3)-j3iOOR + NH(CH3J2 1.8 

Organic acids are used to remove the amines. 

It should be noted that alkali metal salts of organic hydroper- 

oxides (R'OOM) react irreversibly with R4_nSiCln in hydrocarbon me- 

dium: 

B 4_aSiC1n + R'OOM -R4_nSi(OOR')n + n&El 1.9 

In this case no additives are required in order to drive the re- 

action to completion. This procedure was useful for syntheses of 

some organosilicon peroxides (Table 1, camp. 115). 



Orgauosiloxane.peroxi.des including polysiloxanes with organosi- 

licon peroxide substituenta have been prepared: 

7 
~R.$SiO-]n + nR~OOH~z+R2(R~OO)SiO-J, + nHX 

(Table 1, camp. 127-134). 

1.10 
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Sn this case a base also is used for trapping the hydrogen halide. 

Syntheses via organosilicon hydrcpercxides- Organosilicon hydrc- 

perotides c&n react with high selectivity with the ether function 

of hemiacetols. For exemple: 

(C6H&SiOOH+CZ3CCH(OH)OCH3- (C6~>3SiOO(C13C)CH(OH)+CH30H 1.11 

This reaction served as the basis for another organosilicon perox- 

ide syntheses. (Table I, camp- 135). 

Syntheses v-is organomagnesium compounds- The reaction of R'OOMgCl 

with oxg8nosilicon chlorides is the basis of the yet another method 

of orgauosilicon peroxide synthesee. The reaction is carried out in 

Ol?gtUiiC solvents at room temperature or below. 

XR'OOMgCl -t R4_nSiCln -R4_nSi(OORr)xCln_x + xMgC12 1.12 

(Table 1, camp. 121, 136-140). 

Syntheses by reactions of organoeilicon compounds with oxygen and 

ozone. The oxidation of aome complex organosilicon compounds with 

oxygen results in organosilicon peroxides in quantitative yield. 

Thus,RR'C= CRR(R'*ISiMe3 reacts with oxygen in the air, in water 

or a polar organic aolvent at room temperature: 

RR'C = CRlT(RfI)Si(CH3)3 + O,-RR'C = CHK(R**)OOSi(CR3)3 1.13 

(Table 1, camp- 141-145). 
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ORGfCKOSILICO~ PwOXIDE23 WITH SiOOSi AND SiOOE LIHKACGS 

The general method of synthesis of peroxides of the SiOOSi Type 

involves the reaction of an orgenosilicon chloride with hydrogen 

peroxide in the presence of compounds which bind the hydrogen chlo- 

ride evolved. 

2R3SiCl + H202 zR3SiOOSiR3 + 2HCl 1.14 

A substantial number of organosilicon peroxidea with the SiOOSi 

linkage was obtained in this way (Table 1, camp. 746-164). Alkali 

metal peroxides may be used instead of hydrogen peroxide (Table 1, 

camp. 146). 

Reaction 7.14 proceeds by way of intermediate organosilicon hy- 

droperoxides (1.1). The OrganoBilicon hydropemxide then reacts 

with the organosilicon chloride: 

R3SiOOH + R3SiClZE R3SiOOSiR3+ HCl I.15 

Uneymmetrical bis(silyl)peroxides may be prepared by this me- 

thod. (Table I, camp. 165-176): 

R3SiOOH + RjSiClZR3SiOOSiR~ + HCl 7.16 

Reaction 1.16 also proceeds readily when an organogermanium hy- 

dmperoxide is used. (Table 1, camp. 777-183); 

R3GeOOH + R;SiClZ R3GeOOSiRj -I- HCl 7.77 

or when chlorides of other elements are used. 

Thus, the syntheses of peroxides with the SiOOSb Bystem have 

been prepared (Table 1, camp. 784-785): 

Ph3SiOOH + Ph4SbClZ Ph3SiOOSbPh4 + HCl 1.78 

Organosilicon pemxides with SiOOSi linkages can be obtained 

with quantitative yield bg oxidation 

the presence of catalytic quantities 

(XI 
0t3Si)2Hg + 02 - Et3SiOOSiEt3 

of (Et3Si)2Hg with oxygen in 

of organic basea CL): 

+Hg 1.19 
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The reaction is conducted in hydrocarbon solution below room 

temperature. (Table 1, camp. 146). 

Peroxides with the SiOOS linkage also have been described (35). 
Their synthesis proceeds by way of the reaction of SO3 with bis- 

(trimethylsilyl)peroxide 

(CH3)3SiOOSi(CH3)3 + S03~CH3)3SiOOS020Si(CH3)3 1.20 

(Table 1, camp. 786). 

ORGANOSILICON PBROXIDES WITH THE PEROXIDE FUNCTION IN THE -POSI- 

TIOE lZEI&-CIVE TO SILICON 

The synthesis of more complex organosilicon peroxides have been 

deecribed: 

%!sC4 (CH3)3SiCzC(CH3)2COH + H202- (CH3)3SiCrC(CH3)2COOH 1.27 

H2s0 (CH3)3SiC'CC(CR3)20H + ROOH ~(CH3)3SiCGCC(CH3)200R + H20 1.22 

where R=(CH#, c~H+cH~)~c, Hc=C(CH~J~C, (CH3)3SiCrC(CH3)2C 

a8 well as: 

%zsO (C~)3SiC=C(CH3>,COOH + CH2 = CH -CZC(CH~)~COH 4 

-ACE&& SiCZC(CH 1 
32 

COOC(CH ) 
32 

C=C-CHAZH2 + 50 1.23 

(Table 1, camp. 7870792)- 

Another procedure for the syntheses of organosilicon peroxide 

with the peroxide function in thel-position utilizes the known 

reaction of organosilicon chlorides with peroxide derivative8 of 

epoxy compounds: 

- CH 
R4_nSiC1n + %i? '0' \CH200C(CH3)3--R4_nSi 

,CSCl 

1 

1.24 

LCH200C(CH3)3 zz 

where II= 1,2,3 (Table 1, camp.). 
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PRYSICAL PROPRRTIRS 

U n d e r normal conditions organoeilicon hydroperoxides. 

Alk3SiOOH, are liquids. The replacemen% of the alkyl groups on ail- 

icon by aryl groups results in solids. Ae the number of aryl groups 

on silicon increases the melting points of the peroxides increase. 

This is the case also for organosilicon peroxides. For peroxides 

Alk4_nSi(Oo81k')n, aa n increase8 the melting point increases (for 

example;lSi OOC(CR3)3J4 is a crystalline solid.) 

The Me3SiOOSiMe3 structure has been studied by gas phase elec- 

tron diffraction (87). The following interatomic dietances (AO) and 

angles were found: 0 - 0, 1.481; Si - 0, 1.681; Si - C, 1.855; 

GWIO, 106.6O; (SiOOSi) 143.5O. 

For hexamethylcyclotrisilaperoxane, FSi(Me2)200-13, (a crystal- 

line solid under normal conditions) the following of internuclear 

distances (A") and angles have been found: 0 - 0, 1.492; Si - 0, 

1.674; Si - 0, 1.833; $SiOO, 104.90; g (SiOOSi), 135.0°- 

Analysis of the geometrical paremetere of these organoeilicon 

compounds showed a significant weakening of the Si - 0 bond in com- 

parison to the siloxaue bond (for Si -0 ra is not more thau 1.65 A0 

(28)) and a small change of the 0 -0 bond distance compared to hy- 

drogen peroxide (ra= 1.472 - 1.483 AO(73)). 

The dissociation energy of the O-O bond in trimethyl(ter.t-butyl- 

peroxy)silsne(l27) is 47 kcal/mol, some 10 kcal/mol more than the 

diaeociation energy of the 0 - 0 bond in dialkyl peroxides, 37-39 

kcal/mol (51, 92). 

An infrared spectroscopic etudy of the acidity of the hydroper- 

oxides, (C6H5)3MOOH, where &C,Si,Ge,Sn(61), showed that the effec- 

tive electronegativity falls in the following sequence: Si>Ge=-CP 

Sn, i.udicatLug a partial r-character of the bonds between the 

Si-aubgroup elements and oxygen. 

The orgsuosilicon peroxides show characteristic absorption bands 

of the 0 -0 bond in the 890-940 cm-'range (70, 140, 165). The fre- 

quency and intensity of the bauds increase with the number of the 

pemlpr groups on the Si-atom (70). The I&spectra of group 4 orgauo- 

element peroxides make possible studies of the electronic effects of 

orgsucelemeut substituents. It was found that (p-d>r- interaction 

is much stronger in the Si T 0 bond then in the Ge -0 bond (91,147). 

For orgenosilicon peroxides in the electronic gmuud state the 

intramolecular coordination between oxygen and silicon was proposed 

to be of the following types (90): 
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+i a :O 

lo' \CG and 

>Si - 

YO>Si_ 
0: 

All the organosilicon peroxides are monomeric, covalent com- 

pounds, which are soluble in ether, benzene, chloroform and other 

organic solvents. However, the solubility in normal hydrocarbons 

is limited. An interaction of the specific solvation type is observ- 

ed between organosilicon peroxides and some organic compounds(7,18). 

As this takes place, some organic solvents (olefins, pyridines, smi- 

nes and others) act ~EI electron donors toward the perotide due to 

coordination at silicon, while other solvents (proton donors such 

as chloroform, phenylacetylene and others) show typical hydrogen 

bonding, acting as electron - acceptors toward the d- oxygen atom 

of the peroxide group. 

CHPXICAI, PROPRRTIES 

Thermal decomposition 

Organosilicon hydroperoxides, R3SiOOH. Thermal decomposition of 

hydroperoxides proceeds at a measurable rate above 100°C (Table 2, 

camp. I-4). The formation of the appropriate dioxy-derivatives is 

the major decomposition process, 

R3SiCOH-R2Si<OR)OH 3.1 

An investigation of the dependence of the reaction mechauism on 

the reaction conditions gave indication of both hormlytic and heter- 

olytic decomposition pmcesses, 

The insensitivity to changes in the polarity of the medium, the 

accelerating action of UV-irradiation and the absence of acid cata- 

lysis point to a homolytic mechanism of the reaction (53, 55); 

R3SiOOH -R3SiO' + HO' 3.2 

%SiO' - R2(RO)Si- 3.3 
R;!(ROISi' + HO'- R2(RO)SiOH 3.4 
R' + R3SiOOH -RR + R3SiOO' 3.5 

2R3SiOO'- 2R3SiO' + 02 3-6 

A heterolytic route should be facilitated by d -bonding of si- 

licon with t&)-ozqgen of the peroxide g&up. Rearrangement of the 
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hydroperoxide would then occur as shown below (179): 

R3SiOOH - -R2(RO)SiOH 3.7 

It should be noted (74) that the hydroperotides of the Si-sub- 

group elements can disproportionate: 

2REQOH-REXXER 
3 3 3 +a202 

Reaction 3.8 may be accompanied by the formation 

drate of the initial hydroperoxide, as was found in 

ganotin hydroperoxides(l2). 

Orgauosilicon peroxides, R4_nSi(OOR)n. Perotides 

3.8 

of the perhy- 

the case of or- 

ofthistype 

are thermally stable in inert solvents (Table 2) and they are more 

stable than analogous peroxides of other elements of silicon sub- 

group- 
The thermal stability of Alk3SiOOCAlk~ -type peroxides decre- 

ases when CH3 on Si is replaced by other alkyl substituents (Table 

2, camp. 5, 74) or when the alkyl groups on silicon or carbon are 

replaced by aryl groups (Table 2, camp. 5-8, 22-25) or when an aryl 

group on silicon is replaced by SiFf3. For peroxides of type Et(MeI 

(CH2=CH)SiOOCMe2R the thermal stability decreases in the following 

sequence: Re> Ph>Eli (Table 2, camp. 30-32). 

Compared to that of R3SiOOCR3. the thermal stability of the per- 

oxides with-a siloxane bond ie significantly higher: (RjCOOSiR2)20 

or I-Si(OOcaj)R-O-In (Table 2, compt 5 and 42, 47-49). For polyper- 

oxides, R 4_JX(OOCR*31n, the thermal Stability decreases with in- 

creasing n (Table 2, camp. 5, 26-28). 

The results of.various investigators suggest that thermal decom- 

position of organosilicon peroxides (depending on their nature and 

envimnment) may proceed via different mechanisms: 

homolytic decomposition: 

R3SiOOCR3 '-R SiO' + R'CO' 
3 3 3.9 
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heterolytic rearrangement: 

R3SiOOCR;- R2(R0 )SiOCaj 3.10 

R-$XOOC<H)E$ -R$3iOH + %CO 3.11 

% Rj- 
HSiOOC R2SiO + RjCOH 3.72 

In a hydrogen atom donor solvent, the following free radical 
process occurs after eq. 3.9 

(Continued OR p. 48) 
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R3SLO' + SH -R3SiOH 

R;CO* + SH -R;COH + 

R3CO' -+-R$CO + R" 

R" + SH -R'H + S' 

2s‘ 4-s 

+ S’ 

S’ 

3.13 

3.74 

3.15 

3.16 

3.77 

Decomposition products of Me3SiOOCMe2ph are given as an example 

in Table 3. 

TABLEi 3 

Thermal decomposition products of peroxide 

(CH3)3SiOOC(CH3)2C6H5 at 2oo"c (c,=o.2 mol) (185) 

Compound Yield (in molea per mole of peroxide) 

aniaole isopropylbenzeAe A-AOAatle 

(CH3j3SiOH 0.82 0.83 0.81 

(CH316Si20 0 -04 0.04 0.07 

cH4 0.65 0.55 0.44 

CH3COC6H5 0.64 0.54 0.47 

C6H5(CH3)2COH 0.22 0.32 o-37 
C6H5<CH3)2CC(~3)2C6H5 - 0.9 

Induced free radical decompositioA of the peroxide can occur 

and is a COmbiA8tiOA of the following reactions (17, 14): 

/' 
HK + R2(RfH)SiOOCEj 3.18 

R3SiOOCR; + X l ?P-X++$;~: 3.19 

3.20 

R2<RLH)SiOCCRj --wR,SiO + R;CO* +- R_H 3.21 

From Me3SiOOCR; to Me2(R>SiCOCaj, where B is another alkyl OF 

aryl group there is a significant competition of reaction 3.9 with 

reaction 3.10. Composition data of the main products of R,Me,SiOOBu-t 
conversion are preSeAted in Table 4. 
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TABLE4 
Products of peroxide thermal conversion (RiMe2SiOOBu-t, C,=O.2 mO1) 
in anisole at q80°C (144) 

Yield (in moles per mole of peroxide conversed) 

%. acetone .tert;xxM&- hydroxysilaue 
PRa' 5 

R3:lO 

Et 0.470 0.302 0,606 0.220 3.07 
Pr 0.258 0.335 indeterm. 0.360 1.50 

33u 0.375 0.429 indeterm 0.148 4.05 

PhC% 0.06 0.073 0.76 0.855 0.16 
Ph 0.167 0.161 indeterm. 0.670 0.49 

c4H3s 0.042 0.055 indetexm. 0.270 0.11 

a) PB - the product of RiOBEe2SiOBu-t rearrangement. 

It is obvious from Table 4 that in the competition of reactions 

3.9 and 3.10 the rearran gement predominates in the following Ri= 

%u<stc_%_PhC~.=C4H3S. 

Decomposition of peroxides (C6R5)3Si00C(CR33),(C6R5)3_n fOllOWAs 

two parallel directions: spontaneous decomposition aud rearragement 

(183, 184). Spontaneous decomposition predominates with increasing 

Il. 

Organosilicon peroxides of type R SiOOSiR* undergo rearrangements 

only: 

R2<RO)SiOSiRj 3.22 

R3SiOOSiRs 

R3SiOSi(OR')R$ 3.23 

Thermal decomposition of peroxides of type ph3SiOOSbph4 proceeds 

in an analogous m7ay (135): 

Ph3SiOOSbPh4 ~ph3SiOOSbPh3(OP4) 

Decomposition of (Ph3SiOO)2SbPh3 occurs differently (128): 

3.24 

@h3SiOO)2SbPh3 -(Ph3SiO)2SbPh.3 + O2 3.25 

The mechanism of this reaction has not been yet studied. 

The rate of rearrangement of R3S00ER3 as well as the competition 



of Z-group mZ@;ratLon (from the heteroatom to oxygen) are determined 

by the effective electronegatrivitg of ozxygen az; the heteroatom <the 

electronegativity inoxease is favoured by dn - pz conjugation of 

the heteroatom w&i& oxygen), aucleophylio reactivi"cy of the R-gx~ups 
and vacancies in the heteroatom coordination sphere. The difference 

in the nueleop~llieit;g 0% the substituents at the heteroatom 2s re- 

spoasible for the competition of the possible reazrarigement reac- 

tionf3. 
Tfie charactefistic feame of reaction 3-10, a8 opposed to zeac- 

ticn 309, appears to be the seemingly *YrS@dl* skcucA?.xre of the acti- 

vated complex ~xzeg&kve entropy of activation). as well as t&e lOW8r 
potez&ial barrier of the reaction, i.e., the lower aetlvation energy 

(Tabfe 51. 

Main products (in moles per mole of the peroxide), kinetic and acti- 
vat&on parameters for two stages of fC6E+SiC 
sltion in anisofe (C,=O.? mol/l) C184) d 

iOC(CH3)2C6EIg decompo- 

160 0.226 0.76 5*-l 1.5 
170 0.330 0.665 9.7 4.9 
180 0.290 0.620 19*1 12.2 
190 0.490 0.500 29.6 2S.4 

E(kcal/mol) 24 39.2 

e&O 
1*8 15.0 

Reactions of type 3 -11 tmm.r when CR3 ' is CH(l&)Et; and, especzial- 

ly, when CR3 * is CE@de)+ or GHfPh)2. Thuat the decomposition pro- 

ducts of Me3SiOOR (Table S), wb.ere R is rx43ixr s-Bu, GEWe)Ph ox? CH 

&%l12* indicate that the peroxzide decomposi.tZon proceed8 via eom- 

peting reactions: 

rz 
Me3SIO’ + R'R"C(H)O' 3.26 

~e3S~~~'~~ -~e2~~eO~S~O~ *Rsfi” 3.27 

\ 
Me 3 S&OH + 3W'CO 

3.2s 
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TABLE6 

Yieldof the peroxide thermal decomposition products in n-nonane 
Go= 0.2 mol/l) (in moles per mole of peroxide) (755) 

Peroxide R3EOH (RJR)20 R'RWHOH R"CR0 RO(R+ R'R"C=O 

CRR'R" 

(CH3 13Si 
ooc4Hpl 0.6 0.14 0.34 0.1 - 

tCH3)3Si 
OOC4H9-s 0.21 0.2 0.485 - 0.05 0.73 

(CH3)3SiO0 

cR(cR3)c6H5 o-75 0.03 0.25 0.07 0.18 0.40 

(CH3)3SiOOCH 

('SH5 )2 0.52 0.04 0.31 - 0.33 0.38 

Thermal decomposition of organosilicon peroxides with more com- 

plicated substituents on the Si atom (Table 2) proceeds by combi- 

nations of such reactions, However, some characteristic properties 

are noted for a number of peroxide groups. 

Thermal decomposition of organosilicon polyperoxides R4_nSi- 

(OOR'In is characterized by the stepwise cleavage of the first, 

second, etc. peroxide bonds, Thie is due to the significant differ- 

ence of their thermal stability (Table 7). 

The rate of thermal decomposition of the first peroxide group 

increases with increasing n, The effect of the number of peroxy 

groups on the strength of the peroxy bond is associated with the 

stability of the radicals wbioh result from the peroxide bond homo- 

lysis. prom kinetic measurements it follows that the stability of 

aildxy radicals increases with the number of peroxide groups on Si 

atom. 

TABLE 7 

Kinetic parameters* for decomposition of the first peroxide 
of organosilicon polyperoxides in &sole (Co = 0.05 mol/l) 

group 

No Peroxide m0 
E KCdL 

-iiix 

1 (CH3)3SiOpC(CH3)3 13.9&O-2 

2 (CH3)2Si@OC(CH3)3]2 

37.9$*5 

13.69.6 35.621.2 

3 NH3XX fOOCW13)3-j3 12.7+7.21 37.822.4 
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4 Si&OC(CH3)3]4 9.7+3 
10.2+0.1= 

23.45.6 
24.6s.2 

* The total expression for the rate constant k=ko eat-E/RTj 

is derived at 180-210°C for 7, at 170-200°C for 2, at t50-180°C 

for 3 and 110-14~°C for 4. 
s Kinetic parameters of peroxide 4 in isopropylbenzene. 

Organosilicon peroxides of iZYpe fROOSi(Ri)d20 (Table 2, camp, 42-49) 

have the highest thermal stability.This m&y be due to enhanced intra- 

molecular coordination between the oxygen atoms of the peroxide 

group and silicon, facilitated by siloxaue bond. 

\I 

and Si 

,0-ii'\ 

% \ 
NoA \cL 

\ 

Investigations of organosilicon peroxide thermal decompositSon 

have been conducted in viscous and very viscous media. Based on a 

study of Bae,Si(OO t-Bu12, it was found that macro- &.ld micro- vis- 

cosity has little effect on the peroxide decomposition rate (145). 

Thus, the changing of the macroviscosity of the medium in the range 

of 0.78-270 cp essentially does not effect the rate constant of the 

cleavage of the first peroxide bond on Me,Si(OOBu-t)2 (Table 8). 

TABLE8 

The effect of medium n+croviscosity on the decomposition rate con- 
stg; &X)Sfor Me SL(OOBu-t)2 in n-nonane-polyethylens mixtures at 

o = 0.5 mol/l 

Molectiar Polyethylene 
z 

3 CP 
weight of COIlteAt, 

lf35K,, -' set 

polyethylene weight p.c. 

0 0.18 4.2 

70 1.0 8.7. 

3300 80 3.5 9.0 

85 8.0 9.7 

90 13.0 8.7 

700 18.0 

6500 80 34.0 7.1 
700 2700 5.4 
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Similarly, kinetic and activation parameters of the first and 

second peroxide group cleavage for Me,Si(OOBu-t)2 are approldmate- 

lg equal for reactions proceeding in solvents significantly dif- 

ferent in viscosities (Table 9 and 101. 

TAP&E9 

Kinetic and activated parameters of Me2Si(OOBu-t)2 decomposition 
in polyethylene and polystyrene 

cO 
mol 
1 

0.05 

0.1 

Parameter 
perature, 

values at 
OC 

190 200 

+ 

175 55 

30.4 80.4 

15.2 34.9 

2.2 1.1 

24.7 55.5 

9.6 24.3 
I 

tem- 

I5 

70.2 

0.6 

43.8 

TABIX 10 

T 3 @o: 
kcal 
mol 

t 

37.2 14.1 

~1.8 20.9 

32.8 11.8 

21.9 +0.9 

Kinetic and activated_aarameters of Me2Si(OOBu-t)2 decomposition 
in alkanes, C & 0.05 &P-l 

7 

Sol- 
vent 

Nonane 

Eico- 
sane 

T ICW- 
pera- 
ture 

2 l cP 

170 0.180 

180 0.165 

190 O. 155 

200 0.145 

210 0.13 

170 0.446 

180 0.409 

190 0.377 

200 0.349 

270 0.323 

170 0.653 

180 0.598 

190 0.548 
200 0.505 

210 0.467 

klJOf 

sec- 

4.2 

11.4 

23.7 

51.0 

7.7 

13.4 

30.1 

75.6 

5=8 

12.7 

30.3 
60.1 

El 
kcal 
mol 

34.72 

1.5 

32.3~ 

2.4 

33.22 

0.9 

bgkO1 

12.72 

O-7 

Il.?& 

la2 

12.13 

O-4 

k2.10! 

sec- 

2.7 

5.0 

13.4 

29.5 

2.4 

5.8 

15.4 

34.4 

4.6 

11.1 

30.7 

60.5 

E2 
kcal 
mol 

mo2 

36.22 12.82 

2.4 1.2 

39.95 14.62 

0.9 O-4 

36.2 73.72 

2.4 1.2 



l-70 0.897 10.6 
180 0.817 22.0 

790 0 -747 40.1 
200 0.684 89.9 

29.52 10.62 - 
1.6 0.8 LL 

Ziote; a) El aud E2, logarithms of preexponentials in Table 10 were 

calculated by the least squares method with indication of 

mean-root error. 

Microvi6cosity, a8 it turns out (145) also has a weak influ- 
ence on the rate of organosilicon peroxide decomposition (Table 11). 

Microviscosity effect 00 r&e conf3tants of 

sition in alkanes at 190°C and Co 0.05 h¶ 

Me2Si(OOBu-t)2 decompo- 

Solvent Viscosity 

0. *cp 

Octane 0.130 
IXonane 0.755 
Decane 0.795 
Dodecane 0.236 
Hexadecane 0.377 
Eicosane 0.548 
Tetracosane 0.747 
Tetracosane-nonane 0.403 

kl.102 

set -1 

31.6 

23.7 
21.2 
24.8 
30.1 

30.36 
40.1 

39.9 

4.1 
5.0 
5.4 
6.7 
5.8 
71.1 

The behavior of organosilicon peroxides in olefins is different 

than in saturated hydrocarbons. As mentioned above (see "Physical 

Properties"), the organic peroxides of the silicon subgroup ele- 

ments form donor-acceptor complexes with olefins. In case of sili- 

con peroxide these complexes do not show up in the thermochemical 

measurements but manifest themselves in kinetic studies (Table 12). 

TADLE 72 

SZinetic parameters of (C~)3SiCCC(CH3)3(7) and (CEi3)3SiOOC(CH3)2- 

C6H5(2) peroxide decomposition in olefins, Co -0.2 mol/l. Tempera- 

ture of decomposition is 770 - 210°C (6) 



Olefin 

n-Xonane= 

Heptane-1 

L-Methyletyrene 

Styrene 

Cyclohexene 

l.l-Diphenyl- 

ethylene 

r -I I 2 

6, 
kcal 

G#,e-u &.gk, D, 
kcal 

AS#,e-u 

mol mol 

34.5 41.1 t-5.1 15.6 41.9 +lO.O 

14.0 30.8 +2.6 74.8 40.3 +6.5 

13.7 36.6 -7.4 74.5 39.4 t-5.0 

10.0 31.7 -11.1 12.6 35.0 -3.5 

9.9 29.1 -16.2 12.1 34.0 -6-l 

s The data are given for comparison. 

The composition of organosilicon peroxide decomposition products 

in olefina (Table 13) is indicative of a free radical mechanism for 

the total process. 
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The main decompoeition products of Me3SiOOCMe2Ph in olefins (in mo- 

les per mole of pemxide) (Co=O.2 mol.lB1, T = 200V) (7) 

Solvent 

0.3 

0.27 

0.27 

n-Honanea) 0.67 0.48 0.19 
Xaethyl- 0.08 0.4S 0.11 

styrene 

Styrene 0.11 0.47 0.05 

Tri-isobuty- 
o-35 0.5 0.2 

lene 

Cyclohexene 0.65 0.26 o-54 

l-l-DiphenyL 0.02 0.65 absent 
ethylene 

a) These data are lieted for comparison. 

0.3 

0.22 

0.07 

i 
Me3SiOH PhChIe 

Me 
I 

6eO-giOCMe2Ph 

Me 

'hMe2COH 
Addition product 

LIe3SiO* PhA!Ie2CO* 

3bsen-t; absent 

0.65 0.14 

0.83 not det- 

ermined 

0.35 absent 

0.12 

0.9 0.28 

The process can be pictured in terms of the following main reac- 

tions : 
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R3SiOOR' + X2C = CY2 -x=R3SiO/R"'~C = CY2] 

,SLOCX2&2 + R'O' R'OCY26X2 + R3SiO' 

(3.29) (3.30) 

R SiO" 
3 

+ SH -R SiOII + S' 
3 

3.37 

. 
R3SiO' + X2C = CY2 -R3SiOCX2CY2 3.32 

R'O* + SH -R'OH -I- S' 3.33 

. 
R'O' + X2C = CY2 ---R'OCX2CY2 3.34 

In the competition reaction of k3.32/k3 31 and k3 34/k3 

was determined for a series of olefins' (T&e 14) (7;). 

. 
33 

TABLE74 

The dependence of k3.32/k3_3, and k3_34/k3_33 upon R3EO' and sol- 

vent at 25W, C,=O. 1 mol/l 

Ph3Si0 0 

st3Si0 0 

Ke3Si0 0 

M3Ge0 0 

!de3Ge0 0 

k3C0 0 

?bMe$O 0 

T 
k. 

i-nonam 

0.69 

0.69 

0 

0 

3.32fk3.31 ; k3.34'k3.33 
I I 
I-heptenc I-hexem Cyclo- 

hexene 

1.00 

1.00 
l-74 
1.72 

1.83 

O-43 

0.37 
0 

0 

7.74 

0 

0 

0.43 

0 

0 

1 

2.3~dimethyl- 
l-3-butadiene 

24.0 

22.0 

0.2 

7.0 

Table 14 shows that for Et3SiO- the ratio k3_32/k3,31 decreases 

in the series I-hexene71-heptene>l-nonane. As the number of me- 

thylene groupa in the olefin increases, the probability of reaction 

3.31 increases. 

The temperature has a substantial effect on the k3_32/k3 3, ra- . 
tio (Table 15). 
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TABLE 15 

Activation parameters of competing reactions of hydrogen addition 

and abstraction by Me3SiO' radical in a solution of l-heptene (72), 

Ma3SiOOSiMe3 (11, Me3SiOOCMe2Ph (2) 

Activation 
Parameters 

Perozo;; (1) Peroxide (2) 
Inol/l 

0.1 0.2 0.1 0.2 

*3.31 - E3.32 9 1.5 1.4 1.4 1.3 

k3.32'k3.31a) 14.7 75.6 15.9 74.9 

a) 
k3.32 

and k3,31 are preexponentials of the hydrogen addition 

and abstraction reactions, respectively. 

The nature of this reaction is such that with increasing temper- 

ature the ratio k 3.32/k3_31 decreases. 

OEGAEOSILICO~ ACYLPBROXIDES R3SiOOC(0)Rr 

Silicon acglperoxides are unstable at room temperature (46, 48, 

129). Their decomposition proceeds by parallel paths; 

_H+ (RO)SiOC(O)R' 3.35 
R3SiOOC(0)RW 

\ R3SiOC(0)R' i- O2 3.36 

When R is aryl, only the acyl peroxide rearrangement takes pla- 

ce; when R is alkyl, the acgl peroxide decomposition proceeds si- 

=ltaReOUsly by both pathways. 

The mechanism of the silicon acyl peroxide rearrangement is 

identical to that of the organosilicoz peroxide rearrangement. The 

silicon acyl peroxide decomposition proceeds via a cyclic activa- 

ted complex with oxygen evolution: 

2R3SiOOC(0)R1+ ohR 
/ 3 

/ 

0 
/ 

\ 
C(O)R' 

1 -2R3SiOC(0)R' + O2 3.37 



SILICOI'LSURSTITUTRD CARBORIC PRRUID ESTREfS OF TRE !.LYPB 

R3Si-(CH2)n C(O)OORI 

Such peroxides are thermally rather stable. Their decomposition 

proceeds at a measurable rate at temperatures above 100°C (38, 124, 

160). The nature of the decomposition products (Table 16) is indi- 

cative of free radical mechanif3m. Spontaneous perester decomposi- 

tion via peroxide bond cleavage results in generation of radicals: 

R3Si(CII;,)nCH2C(O)OOC(Me)2E'--R3Si(~R2)n(X2~(O)O' + R'le2CO' 3.38 

where R = Me, Et; Rx = Me, Rt, Ph; n = 0, 1, 2. 

The reactions below then follow: 

R3Si(CR2)nCH2C(0)0 '--R3Si(CR2)nkH2 + CO2 3.39 

RfZde2CO*- 

3.40 

3.41 

R3Si(CH2),kH L R3Si(CR2),CH3 + S‘ 3-42 

Only a part of the trialkylsilylalkyl radicals dimerizes or dis- 

proportionates: %p CC% ),cH2] 2 -c 3.43 

2R3Si(cB2)n&2 

xl=1 R3 SIC - II2 
CH3 i- R3SiCEtGH2 3.44 

The mechanism of R3Si(CR2)ncH2C(0)OOCMe2R* decomposition in tet- 

raethyltiu solution seems to be essentially analogous. A distin- 

guishing characteristic of the process in this case is a consider- 

able contribution from induced perester decomposition by triethyl- 

staunyl radicals: 

(CH3)3SiCH2CH2C(0)OOC(CH3)3 + (C2H5)3Sn'-----~ 

-(CH3 )3SiC~CH2C<O)OSn<C.$15)3 + 'OC(CH3)3 3.45 
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Me3SiCR2CR2C(0)OOCMe3 decomposition in hexaethylditin proceeds 

radically. An unusual perester rearrangement with R3Si group migra- 

tion from carbon to oxygen has been discovered on investigation of 
the decomposition of the&-methyl@trimethylsilyl)propionic pera- 
cid t-butyl ester in a number of organic solvents (723). 

Me3SiCH2CH(Me)C<O&30CMe3 + R'- 

ye3Si 
x 

$ p 

Me3co+O& - c!+HR* 
I 

-MegCOo + Me3SiOC(OIC(Me)=CH2 + RK 3 -46 

Me 

Cumyl esters ofg-<trimethylsilyl)- and)(-(dknethylphenylsilyl) 

propionic peracids in methanol undergo heterolytic rearrangement 

with phenyl group tigration from carbon to oxygen (724). 

R3Si(~)2Cti;LC<O)~C?de$h -R3Si<CH;!)2CH2C<O)CC(OI)h)Me2 3.47 

The catalytic decomposition of organosilicon peroxides has re- 
ceived little study. In the presence of strong acids (HA), hydro- 

peroxides decompose with loss of active oxygen (177, 179). 

3.48 

f ROH 3.49 

If E is Ge or Sn, the first reaction prevails, but if B is. Si, 

both reactions proceed simultaneously. However, acids do not effect 

the rate of decomposition of triphenylsilyl hydroperoxide in 7.2-di- 
cblorobenzene (55). 

Some nucleophiles (anions of organic and mineral acids and others 

catalyze the iaomerization of organosilicon hydroperoxides or per- 

oxides to non-peroxidic productfi (54, 55, 86, 134, 177). 

Y- 
R SiOOHpR 3 2 <RO)SiOH 3.50 
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ArMe,SiOOSiMe2Ar&Me2(ArO)SiOSikMe2 3.51 

Ph3SiOOGe_Ph3& Ph*@l.O)GeOSipb3 3.52 

The rate determining step of reactions 3.50 - 3.52 seems to be 

coordination of nucleophilic ligand (y') at the heteroatom as 

it occurs in the case-Group 4 organic peroxides with other Lewis 

bases (olefins, amines, pyridines) (6, 7). Yet in the presence of 

Lewis bases the nature of the organosilicon peroxide decomposition 

depends on the type of peroxide. Other types of decomposition are 

also krown (30, 48, 60). 

0 #I 

+ Me 
3 
SiOH 

A' 
MegSiOOSiMe3 Ne3SiA + Me3SiOO- 

3.53 

3-54 

Complex silicon-organomercury peroxides decompose readily with 

formation of free mercury in the presence of many nucleophilic ad- 

ditives (amines, pyridines, alcohols end so on) 5, 11). 

R$WigGOSiR+- R3SiOOSi.R3 + Hg 3.55 

PHO!NDECOMPOSI!PIOR 

Organosilicon peroxides are unstable to XIV-irradiation (50, 55). 

Their photodecomposition proceeds with homolysis of the peroxide 

bond: 

d 
R3SiOOR' - R3SiO' + R'O' 3.56 

where R is Me, Et, Pr; R' is t-Bu or SiR3. 

On phetolysis of such perotides in an organic medium the result- 

ing R3SiO' and R*O' radicals take part in the usual radical reac- 

tions, the competitions of their reactions depending upon the na- 

ture of the initial perordde, the solvent and other factors. For 

example, for trislkylsilixy radicals (R3SiOCX photolysis in cyclo- 

pentane or in cyclopropane, temperature -120° to -20°C), the fol- 

lowing reaction8 can compete: 
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R3SiO- 

+ S’ 

+ XOOSiR2(R& 

=z 

1 

3.57 

3.58 

3.59 

3.60 

RRACTlOlVS WITH ORWXKSC AND SRORCXBIC COMPOIR'iRS 

Such reactiona of organosilicon peroxides can occur with reten- 

tion or with loss of the peroxide function. However, quantitative 

physicochemical data on these reactions 82-e not available. In the 

most cases the mechanism has not been investigated. 
Organosilyl peroxides react reversibly with mineral and organic 

acids: 

R3SiOOH + RX zZR3SiX + H202 3.61 

R3SiOOR' + RX= R3SZX + R'OOH 3.62 

R3SiOOSiR3 + RX= R3Si.X + R202 3.63 

where X is OR, OC(O>Ry , halogen, etc. 

Although quantitative data on these equilibria are lSCkiIIg, it 

has been noted (1, 13, 41, 48), that organosilicon peroxide hydrc- 

1~~5,s is negligible under normal conditions. 

OrganosilZcon peroxides with an Si-Cl linkage. e.g., 

Me3COOSiRR'C1, silglate compounds cant aining active hydrogen atoms 

and other fux&Aonal groups which can react with chlorosilaues (98). 

Trimethylailyl peroxide reacts with sodium ethoxide to give 

Si - 0 bond heterolysis (23, 24): 

Me3SiOOSihle3 + EaORt -Me3SiOOX8 + Me3SiOEt 3.64 

Si - 0 bond heterolysis also occurs on treatment of R3SiOOR' 

and Si(OORgj4 with ~~Icohols (19, 48, 112). The reaction proceeds 

quantitatively in acetic acid and in the presence of catalytic 
amounts of sulfuric acid. 

R SiOOR' Hi‘ 
3 

+ R"OH- R"OOR* + R3SiOH 3.65 



63 

Si(OOR'j4 + R"OH lx+ - Si(OH)4 + R"OOR' 3.66 

Sb - 0 bond heterolysis occurs in reactions of Ph3SiOOSbPh4 

with water or with acids (135): 

Ph3EOOSb:Ph4 + HX -ph3E00H + .Ph4Sbx 3.67 
(X is Cl, HO.) 

Triethylsilyl peroxide reacts with lead -tetra-acetate, chromic 

oxide andtriphenyl-carbinolin ice acetic acid (29). The stoichio- 

metry of these reactions iS very complicated and their mechanisms 

haV8 not been investigated. 

On the basis of the reaction products isolated, the above-men- 

tioned reactions are believed to proceed with Si - 0 bond cleavage. 

In contrast to its carbon analog, trimetbylsilyl peroxide reacts 

readily with alkali metals, tetracarbonylnickel, sulfur dioxide and 

sulfur trZoxide at room temperature or below O°C (29, 30): 

Me3SiOOSiSBe3 +ZM.p 2Me$iOM 3.68 

Me3SiOOSiMe3 + IE(COl4 -(Me2SiO)2Xi + 4C0 3.69 

h¶e3SiOOSiIde3 + S02--AIe3SiOS(O120SiXe3 3.70 

Xe3SiOOSikIf33 + 2S03 -Me3SiOS(02100S<02~OSiMe3 3.71 

These reactions proceed with peroxide bond cleavage. Rowever, the 

mechanLsms of these peroxide conversions have been investigated, 

The reaction of Me3SiOOCXs3 with ZWHS03 (19, 47) and those of 
bis(trimethylsilyl)peroxymonosulZate with hydrogen halides, alkali 

metal halides and pyridine also proceed with peroxide bond cleavage 

(351. 
Triphenylsilyl hydroperoxide and a hemiacetal were found to re- 

act withretentionof the pexxxide function (137): 

Pb.3SiOOH + C13CcR(OH)O~H3 -Ph3Si00CH(CC13)OH + H3COR 3.72 

RISACTIOIG WITH ORGAN0 ELEWZIT COBl?OUBDS 

The investigations of reactions of organosilicon peroxides with 

organoelement compounds are few in number and non-systematic. 
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Oxidative addition of triphenylsilyl peroxide to triphenylphos- 

phine and triphenylstibine is known (128): 

Ph3SiOOH + PI&j3 -Pb.3E(OH)OSiPh3 3.73 

where E is p.or Sb. 

TrZmethylsilyl peroxide reacts readily with nucleophilic or- 

ganoelement reagents with peroxide bond cleavage (29, 30); 

Me3SiOOSiMe3 + BuLi -le3SiOBu + Me3SiOLi 3-74 

3fIe3Si00SiMe3 + I&&X- Me3SiOR + I&e3SiOX@ 3.75 

MepOOSiMe3 + T&iAlE$(OG~G~OMe)2- 

-% + NaA1(OS~e3)2(OCH2CH20~e)2 3.76 

Ne3SiOOSiMe3 + Ph3E -le3SiOSiMe3 + Ph3E0 3.77 

where E = P, As, Sb 

Me3SiOOSibIee3 + R2S -FfIe3SiOSiMe3 -t R2S0 3.78 

Reactions of tert-butylperoxytrimethylsilane with Ph3P, Ph3As 

and (Et@)3Pproceed similarly (34). The mechanisms of these reac- 

tions have not been investigated. 

Organosili&on hydropemxides retain their peroxide function in 

some reactions, 3.79 - 3.82 : 

P 
b3 

SiOOH + R3SiC1 

(R = alkyl, aryl, 

180). 

Ph3SiOOH + Ph.qSbX 

-:Ph3SiOOSiR3 + HCl 3.79 

aralkyl) (140, 152, 165, 167, 768, 169s 777s 172s 

-Ph3SiOOSb?hq + HX 3.80 

(X = Cl or Br) (728). 

P43SiOOH + Et3Tl- Ph3Si00TlEt2 + C2H6 (730) 3.81 

2Ph3SiOOH i- Ph3Sb0 --b(Ph3SiOO)2SbPh3 + II20 (128) 3.82 
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APPLICATIONS OF ORGAROSILICON -PEROXIDES 

The first communication on organosilicon peroxides (221 pointed 

to their applications as polymerization catalysts and oxidiztig 

agents. Almost all patents on peroxide synthesis contain informa- 

tion on tests for practical utilization. 

The most important application of organosilicon peroxides is 

their use as initiators of polymerization processes (44, 45, 59, 

'74, 83-85, 709, 178). The problem of decreasing residual monomer 

content is one of the most important in polymer production. Unsat- 

urated compounds remaining in the polymer cause deterioration of 

thephysico-mechanical characteristics of final product (shock re- 

sistance, transparency, rupture resistance and so on). Orgenosili- 

con peroxides have allowed us to make progress in solving this 

problem (76-80). Styrene and its derivatives can be polymerized in 

the presence of tert-butylperoxytrimethylailsne, alone or along 

with a standard peroxide, to give polymers (molecular weight 44000- 

-8CpW)which contain 0.03 - 0.6 per cent residual monomer (78). 

The use of staudard organic peroxide initiators leads to polymers 

with no less than 0.5 per cent residual monomer. Polymerization of 

styrene containingtert-butglperoxytrin?ethylsilane(ii-OCl, O-005, 

0.01 and 0.02 parts by weight, respectively) in alternative tem- 

perature conditions (80) produces polymers with monomer contents 

of 0.69, 0.42, 0.09 and 0.05 per cent,respectively. 

Bis(tert-butylperoxy)dimethylsilaue (0.08 parts) is dissolved in 

100 parts of styrene to give a polymer which contains 0.02 per cent 

of monomer (79). Other polymers were similarly prepared using the 

same quantity of p-chlorostyrene, o-, m-, and p-methylstyrene, mix- 

tures of styrene and acrylonitrile or of stgrene and d-methylstg- 

rene. Other catalysts mentioned were tris!tert-butylperoq)methyl- 

silane, tetrakis (tert-butylperoxy)silane, bie(tert-butylperoxy)- 

methylphenylsilane and tristtert-butylperoxyg)phenylsilane (79). 

Glossy polymers free from haze snd colour with self-lubricating 

properties have been prepared by the bulk polymerization of styrene 

and (or) acrylonitrile in the presence of bisctert-butylperPry)dim- 

ethylsilsne and polyethylene glycol or polypropylene glycol (77). 

Orgenosilicon peroxides act effectively at a high degree of poly- 

merization, at high temperature, and result in an increased degree 

of monomer conversion. 

Production of high pressure polyethylene is au important commer- 

cial process in which orgauosilicon peroxide initiators also csn 
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be used. tert-BuOOSiMe3, (tert-Bu00!2SiMe2 and (tert-BuOO)2SiPh2 have 

been used to polymerize ethylene at 146-850/20000 psi. These organo- 
peroxysilaues possess the usual adVaIIiQ8ge8 of peroxide polymeriza- 

tion initiatora, but they decompose more slowly at high temperatures 

and thus are more effective than the uf3u81 organic initiators for 

preparing highly branched polyethylene having a narrow molecular 

weight distribution (IOS). 

Oligomeric organosilicon peroxides of general formula R3COO- 

(-SiR20-)nSiR2OOCR3 have been used as initiators to increase the 

process rate and to improve the composition of the final product 

in olefin polymerization by the high pressure method (156, 157). 

Peroxides are the only vulcanizing agents for saturated polymers 

which are free of double bonds that can be attacked by sulfur (75, 

705). In thia application organosilicon peroxides are promising. 

Compounds of formula Y(OSiR2)nOORW were proposed for hardening si- 

lLcon compounds to obtain elastic material8 (25, 26). As vulcan- 

izing agents, organosilicon peroxides CH2=CHCR2SiRm(-OOCR3-)n, 

CH2=CHSiI&(OOCR3)n(n+m=3) (1891, RA RiJ Si(OOCR3)4_a_b (881, RnX3_g 

SiRfOOR1l (117) and silyl-acylperoxy compoundef45)were also used. 

Orgenosilicon peroxides were used incross-linkingpolyolefins 

(68, 104)- This avoided the offensive odor' which ia characteristic 

of polymer samples cross-linked in the presence of dicumyl peroxide 

and mechanical properties were conserved. A blend of peroxides hav- 

ing different decomposition temperature ranges wa8 alS0 used for 

cross-linking polyethylene (27). This blend gave a cross-linking 

rate intermediate between those of either peroxide alone. The com- 

bination affords a cross-linking system for almost any conceivable 

time-temperature requirement, 

One promising method for the modification of synthetic materials 

is the introduction of peroxide group6 into an oligomeric chain. 

These generate free macroradicals when heated and on recombination 

of the latter a three-dimensional structure forms. Organopolysil- 

oxanes have been prepared with a given number of peroxide groups 

regularly distributed in the chain. These could be vulcanized and 

co-vulcanized without application of vulcauizing agents (95). 

The formatian of a peroxidative aerosil has been proposed by 

treatment of the aerosil with an organosilicon peroxide (94). Such 
asrosils may be used as a reinforcing and, simultaneously, cros8- 

-linking filler for various polymeric systems, in particular sili- 
cone rubber8 (93, 97). 
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SKTV-1 vulcenisation has been studied in the presence of vari- 
ous organosilicon peroxides (106, 107). It WOES found that rubbers 

formed with the help of organosilicon peroxides are somewhat in- 

ferior in rupture resistance to rubbers containing dicumyl perox- 

ide as the controlling vulcanizing agent. However, relative elon- 

gation and elasticity of filled rubber is higher than that of vul- 

canizers obtained with the help of dicumyl peroxide. Heat aging of 

rubbers at temperatures around 300" during 60 - 120 hours occur 

more slowly if rubber vulcanization is conducted in the preeence 

of peroxides such as Me2Si(OO(;1yIe3j2, [Si(OOCMe3)2~]4_6 and [Sire 

(OOoMe3)Oj4_6. 

Spectroscopic investigations of vulcanizates showed that the 

cyclic organosilicon structure of the peroxide which had decomposed 

had been preserved. Probably, this is responsible for the elastici- 

ty and the thermal stability of rubbers formed. 

Fan and Shaw studied organosilicon peroxides as cross-linking 

agents for high pressure polyethylene (107). For FLe4_nSi (00CMe2Ph), 

-type peroxides the cross-linking efficiency decreased with increas- 

ing peroxide group number CQ.z'i. In the Bile 4_nSi<OOC;aae3)n series it in- 

creased with increasing n and reached a maz&num when n=3. 

The vulcanizing capability of RSi<OOCXe3)3 is little affected 

with changing R. In the past decade there have been many studies 

concerning the capability of peroxides to promote adhesion. For ex- 

ample, for combination with metal surfaces, polyolefins are combined 

with organoelement peroxides of general formula RnXmE(oOR~>,, where 

E = Si, Se, Sn, Pb, As or Sb (136). The layers glued'under pressure 

at temperatures of ~60-240~ have interlaminar strength of 3-5 kg/cm. 

The layer strength without peroxide addition is 1.5 kg/cm. Reinforc- 

ed plastics with high mechanical strength have been prepared by coat- 

ing glass fibers with tri.s(&cumylperoxy)vinylsilaue (which func- 

tions as an adhesive and a polymerization initiator), contacting 

with unsaturated polyesters and curing (71). Isminates for low-tem- 

perature use, e-g. in vehicle windshields, were made from a.u adhe- 

sive or a nonirradiated vinyl acetate-ethylene copolymer and a silyl 

peroxide (146, 147). Peroxides of type RmR&n_mSi(OOR In were used 

for combining elastomers with various materials on vulcanization 

(111, ~5OJ-sl as t - _ omers were combined with ferrous and non-ferrous me- 

tals, wood, glass, ceramics, cord, PVC, polyolefins and resins. The 

combination has high mechanical properties and is stable toward var- 

ious media. Adhesives based on organosilicon peroxide compounds alao 
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are used for agglutinating metals, glass, plastics, cellulose and 

other solid materials (43, 63). 

Pan and Shaw have conducted systematic investigation8 of the 

adhesive properties of organosilicon peroxides (62-67, 69). !J%eg 

found relatkons between peroxide structure and its capability to 

promote adhesion. For R4_n Si(OOR'In peroxides the efficiency of 

promoting adhesion increases with increasing IL. 

Compounds containing a tert-alkylperoxy group on silicon atom 

are more effective pmmoters of adhesion than arylalkylperoxysi- 

18nes. All other things .bedng equal, the efficiency of promoting 

adhesion by R4_n Si(OOR'), is higher if R is an unsaturated group 

(vinyl, ally1 and so on). The authors proposed a mechanism of ad- 

hesion promotion with organosilicon perotides which involved the 

formation of X-O-Si, Si-O-M linkagea (Zd is metal) or Si-O-C on 

the interface (62). 

OrganosilLcon.peroxidea form a new cla8s of adhesion promoter8 

which differ from the well-known adhesive agents. They can be used 

in those ca8e8 where cross-linking and promotion of adhesion are 

req%Lred simultaneously. In addition to the above mentioned fields 

organosilicon peroxide8 may be used a8 oxidizing agent8 (22, 52, 

841, fuel additive8 (84), as well a8 flame-retardants (102). 

The first instances of commercial silylperoxide production have 

been recorded. Union Carbide Carp, has registered vinyltr& (tert- 

-butylperoxg)silane as a commercial product Y-5712; Kayaku Xoury 

Co. advertise8 the 8eme product under the trade-name Koyabntyl C 

(153). 
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