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INTRODUCTION

Organosilicon peroxides are among the best known of the orga-
noelement peroxides. The advances in this field of organoelement
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chemistry are well covered in the receni reviews dealing with or-
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ganic peroxides of non-transition elements of the first (xref. 148),
second (ref. 8), third and fourth (ref. 10) groups.

The chemistry of organic peroxides of the silicon subgroup ele-
ments also is covered in a number of reviews and monographs, di-
rectly or indirectly (ref. 3, 4, 31, 56, 42, 126, 127, 132, 149).

The publication of the present review is timely, as in recent
years systematic investigations of organosilicon peroxides have re-
sulted iIn a rather extensive accumulation of data concerning the '
preparation properties and applications of these compounds.

METHODS OF SYNTHESIS
Organosilicon hydroperoxides, RBSiOOH

RBSiOOHétype 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 (organic and inorganic bases).

RBSiCl + Héoz—*-RBSiOOH + HC1 1.1

HC1 + Nﬂé (for example)—-—HH401 1.2

In this manner first MeBSiOOH and EtBSiOOH (ref. 22, 74) and
then a series of other organosilicon hydroperoxides were obtained
(Table 1, compe 1=T).

Organosilicon hydroperoxides with two and more hydroxy-groups
on silicon have not been described. Such polyhydroperoxides seem
to be unstable.

Organosilicon peroxides, R4_nSi(OOR')n

Synthesis by reaction of organosilicon halides with organic hy-
droperoxides and their alkali metal salts. The general method
of synthesis of R4_nSi(OOR')n peroxides involves a reaction of the
appropriate R,  SiX & organosilicon halide (in most cases chlorides)

with hydroperoxides (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 capzble of binding the hydrogen
halide which is evolved.

For example:

R.SiCl + R'OOH ——= R,SiOOR' + HC1l : 1.3

3 3

HC1 + NHB-——-HH4C1 1.4

(Conﬁnued on p. 29)
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The high selectivity of this reaction should be mentioned.

This zllows the synthesis of organosilicon peroxides %o be conduc-
ted with retention of various and complex substituents on silicon
atom (Table 1, comp. 48-51, 66-83, 89-114).

The rTeaction of R4 SlCl with R'O0OH prcoceeds with consecutive
substitution of chlorlne on the Si atom by R'O0OH groups. This makes
possible the partial displacement of chlorine on silicon atom by
R'00-groups (Table 1, comp. 121-123).

In organic solvents the organosilicon halides react with ammo-~
nia: X = halogen
)YmSan-i-NH 1NH2 + HX 1.5

Rpe(uim "—‘R4-(n+m)Ym31Xn-

By (nm)Si¥pKn (FHy + Ry (o )Y SIX, — o

Ry (pam)YnSiX,_(NEX, _,SiY¥, R

A-(nsm) T HX 1.6

and so0 on.

Reactions 1.5 and 1.6 form the basis for synthesis of (CH ) -
51[000(CH3)3]NH (CgHs),51[00C(CH,) 5] RH, and (CH4),5i[00C(CH, )J—
NHSJ.[OOC(CH )3](cH, )2 (Table 1, comp. 124-126).

Trlalkylsllyl—substltuted amines, in turn, react with organic
hydroperoxides with formation of organosilicon peroxides (Teble 1,
comp. 8, 14, 52).

(CH3 )351m + (CH3 )BCOOH - (CH3 )33:"Looc(cﬁ3)3 + NH,R 1.7
(CH3 )335.1\1(015[3)2 + ROOH — (CH3 )33:100R + M—I(CH3 s 1.8

Organic acids are used to remove the amines.

It should be noted that alkali metal salts of organic hydroper-
oxides (R'QOM) react irreversibly with R4 3101 in bhydrocarbon me-
diums

Si(0OR'), + nMCl 1.9

SiCl, + R‘OOM-—*’R4_n

R4-n

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, comp. 115).
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Organosiloxane peroxides including polysiloxanes with orxrganosi-
licon peroxide substituents have been prepared:

[-r,xsi0-], + nR'00H ==[R,(R'00)510~]  + nHX 1.10

(Table 1, comp. 127-134).
In this case a base also is used for trapping the hydrogen halide.

Syntheses via organosilicon hydroperoxides. Organosilicon hydro-
peroxides can react with high selectivity with the ether function
of hemiacetols. For example:

(C6H5 )3 SiOOH+ClBCCH(OH)OCH3 —_— (CGHS )35100 (CIBC )CH(OH)-I»CHBOH 1.11

This reaction served as the basis fer another organosilicon perox-
ide syntheses. (Table 1, comp- 135).

oyntheses vie organomagnesium compounds. The reaction of R'COMgCl
with organosilicon chlorides is the baais of the yet another method
of organosilicon peroxide syntheses. The reaction is carried out in
organic solvents at room temperature or below.

xR'0O0MgCl + R, SiCli_—s= R, _Si(OOR')_C + xMgC1 1.12
4= n 4-n x -X 2

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

Syntheses by reactions of organosilicon compounds with oxygen and

ozone. The oxidation of some complex organosilicon compounds with
oxygen results in orgamosilicon peroxides in quentitative yield.
Thus, RR'C = CHN(R")SiH.e3 reacts with oxygen in the sir, in water
or a polar organic solvent a2t room temperature:

RR*C = CHN(R")Si(CHB)3 + O, — RR'C = CHH(R")OOSi(CHB)3 1.13

(Table 1, comp. 141-145).
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ORGANOSILICON PEROXIDES WITH SiQ0Si AND SiOOE LINKAGES

The general method of synthesis of peroxides of the 510031 Type
involves the reaction of an orgamosilicon chloride with hydrogen
peroxide in the presence of compounds which bind the hydrogen chlo-
ride evolved.

2R35i01 + Haoa—__‘:RBSiOOS:LR3 + 2HC1 ) 1.14

A gubstantial number of organosilicon peroxides with the Si005i
linkage was obtained in this way (Table 1, comp. 146-164). Alkali
metal peroxides mey be used instead of hydrogen peroxide (Table 1,
comp. 146).

Reaction 1.14 proceeds by way of intermediate organosilicon hy-
droperoxides (1.1). The organcsilicon hydroperoxide then reacts
with the organosilicon chloride:

R33100H + 11381012 R38100$:R3+ HC1 1.15

Unsymmetrical bis(silyl)peroxides may be prepared by this me-~
thod. (Table 1, compe. 165-176):

R

3’S:i.OOH + RiSiC1===R SiOOSiRé + HC1 1.16

3 3
Reaction 1.16 also proceeds readily when an organogermanium hy-
droperoxide is used. (Table 1, comp. 177-=183):

RBGeOOH + RéSiCl._~_R3GGOOSiR5 + HC1 1.17

or when chlorides of other elements are used.
Thus, the syntheses of peroxides with the Si00Sb system have
been prepared (Table 1, comp. 184-185):

Fh.

3SiOOH + Ph4SbGl:_:PhBSiOOSbPh4 + HCL 1.18

Organosilicon peroxides with S5i100Si linkages can be obtained
with quantitative yield by oxidation of (EtBSi)ZHg with oxygen in
the presence of catelytic quentities of organic bases (L):

(EtBSi)zHg + 0, Et SiOOSiEt3 + Hg 1.19

3



The reaction i=s conducted in hydrocarbon solution below room
temperature. (Table 1, comp. 146).

Peroxides with the Si00S linkage also have been described (35).
Their synthesis proceeds by way of the reaction of 503 with bis-
(trimethylsilyl )peroxide

(CH3)3310031(CH3)3 + SOB-———>—(CH3)38100802031(CH3)3 1.20
(Teble 1, comp. 186).
ORGANOSILICON PEROXIDES WITH THE PEROXIDE FUNCTION IN THE X'-POSI—

TION RELATIVE TO SILICON
The synthesis of more complex organosilicon peroxides have been

described:
o H,50, .
(CH3)3810=C(CH3)2COH + H202-————~ (CH3)3510=C(CH3)2COOH 1.21
HéSO

(CH,; );51C=CC (CH;),0H + ROOH —4—(033 );51C=CC(CH;),00R + H,0 1.22
Where R=(CH3 )30, 06H5 (CH3 ),C, HC‘:‘C(CH3)20, (CH3 )BSiCEc(CHB)zc
as well ag:

o H,50
(CH,);51C=C(CH;),CO0H + CH, = CH -C=C(CH,),COH =4
(Cﬂj)BSiCEC(CHB)ZCOOC(CHB)2CEC—CH=CHZ + HZO 1.23

(Table 1, comp. 187=-192).

Another procedure for the syntheses of organosilicon perox1de
with the peroxide function in theJ'-positlon utilizes the known
reaction of organosilicon chlorides with peroxide derivatives of
epoxy compounds:

_-CH,C1

~N
CH2OOC(CH3)3 n

c
sicl Hz\o’ \cnaooc (cn ) _pSijocH 1.24

R,

where n= 1,2,3 (Table 1, comp.).
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POYSICAL PROPERTIES

Under nomal conditions organosilicon hydroperoxides,
AlkBSiOOH, are liquids. The replacement of the alkyl groups on sil~-
icon by aryl groups results in scolids. As the number of aryl groups
on silicon increeses the melting points of the peroxides increase.
This is the case also for organosilicon peroxides. For peroxides
A1k4.nSi(OOA1k')n, as n increases the melting point increases (for
example,|Si 000(035)3]4 is a crystalline solid.)

The He3SiOOSiHB3 structure has been studied by gas phase elec-
tron diffraction (87). The following interatomic distances (A°) and
angles were found: O - O, 1.481; Si -~ O, 1.681; Si -~ C, 1.855;

¥5100, 106.6°; (Si00Si) 143.5°.

FPor hexamethylcyclotrisilaperoxane, [;Si(Mea)aoo—]B, (a crystal-
line solid under normal conditions) the following of internuclear
distances (A°) and angles have been found: O - O, 1.492; Si - O,
1.674; Si - 0, 1.833; <£Si00, 104.9°; & (Si00Si), 135.0°.

Analysis of the geometrical parameters of these organosilicon
compounds showed a significant weakening of the Si - O bond in com-
parison to the siloxane bond (for Si -0 ry is not more than 1.65 A°
(28)) and a small change of the 0 -0 bond distance compared to hy-
drogen peroxide (ra= 1.472 - 1.483 A°(73)).

The dissociation energy of the 0-0 bond in trimethyl(tert-butyl-
peroxy)silane(i121) is 47 kcal/mol, some 10 kcal/mol more than the
dissociatlion energy of the O - O bond in dialkyl peroxides, 37-39
kcal/mol (51, 92).

An infrared spectroscopic study of the acidity of the hydroper—
oxides, (06H5)3H00H, where M=C,Si,Ge,Sn(61), showed that the effec-
tive electronegativity falls in the following sequence: Si> Ge=C>

Sn, indicating a partial 77 -—character of the bonds between the
Si=gubgroup elements and oxygen.

The organosilicon peroxides show characteristic absorption bands
of the O -0 bond in the 890-940 cm~Vrange (70, 140, 165). The fre-
quency and intensity of the bands increase with the number of the
peroxy groups on the Si-atom (70). The IR-spectra of group 4 organo-
element peroxides make possible studies of the electromic effects of
organoeiement substituents. It was found that (p-d)7 - interaction
is much stronger in the Si = O bond than in the Ge ~O bond (91,141).

For organosilicon peroxides in the electromic ground state the
intraemolecular coordination between oxygen and silicon was proposed
to be of the Pollowing types (90):



34

>~
—

\

Si —~—— :0
NN, R

< o: Si

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, ami--
nes and others) act as electron donors toward the peroxide due to
coordination at silicon, while other solvents (proton donmors such
as chlorofaorm, phenylacetylene and others) show typical bydrogen
bonding, acting as electron - acceptors toward the o — oxygen atom
of the peroxide group.

CHEMICAL PROPERTIES
Thermal decomposition

Organcsilicon hydroperoxides, HBSiOOH. Thermal decomposition of
hydroperoxides proceeds at a measurable rate above 100°C (Table 2,
comp. 1-4). The formation of the appropriate dioxy-derivatives is
the major decomposition process.

R

3SiOOH — RZSi(OR)OH 3.1

An investigation of the dependence of the reaction mechanism on
the reaction conditions gave indication of both homolytic and heter-
0lytic decomposition processes.

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
33310’ — R2(R0)Si° 3.3
RZ(RO)Si' + HO'——-R2(R0)SiQH 3.4
R® + RBSiOOH —RH + R35i00° 3.5
2R38100 ——-ZRBSiO + O2 3.6

A heterolytic route should be Pfacilitated by 4 <bonding of si-
licon wlth thqja—oxygen of the peroxide group. Rearrangement of the
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hydroperoxide would then occur as shown below (179):

RBSiOOH — \\\Si —«—RZ(RO)SiOH 3.7

It should be noted (74) that the hydroperoxides of the Si-suyb-
group elements can disproportionate:

ZRBEOOH —'RBEOOE'R3 + H202 3.8
Reaction 3.8 may be accompanied by the formation of the perhy-
drate of the initial hydroperoxide, as was found in the case of or-

ganotin hydroperoxides(12).

Organosilicon peroxides, R4_nSi(OOR)n. Peroxides of this type
are thermally stable in inert solvents (Table 2) and they are more
stable than analogous peroxides of other elements of siliconr sub-
group .

The thermal stebility of AlkBSiOOGAlké =type peroxides decre~
ases when CH3 on Si is replaced by other alkyl substituents (Table
2, comp. 5, 14) or when the alkyl groups on silicon or carbon are
replaced by aryl groups (Table 2, comp. 5=8, 22=25) or when an aryl
group on silicon is replaced by SiR3. For peroxides of type Et(Me)
(CH,=CH)5i00CMe, R the thermal stability decreases in the following
sequence: Me>» Ph>Et (Table 2, comp. 30-32).

Compared to that of RBSiOOCRj, the thermal stability of the per-
oxides with a siloxane bond is significantly higher: (RjCOOSiRz)eo
or [—Si(OOCRé)R—O-]n (Table 2, comp. 5 and 42, 47-49). For polyper—
oxides, R4_nSi(OOCR'3)n, the thermal gtaebility decreases with in-
creasing n (Table 2, comp. 5, 26=-28). '

The results of various investigators suggest that thermal decom-
poaition of organosilicon pexoxides (depending on their nature and
envirormment) mey proceéd via different mechanisms:

bhomolytic decomposition:

R

3SiOO(Zﬁ' —_— RBSiO° + RjCO‘ . 3.9

3
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heterolytic rearrangement:

RBSiOOCRB' R2(R0 )Siocrtz" 3.10
RBSiOOC(H)Ré ——R3SiOH + R1CO 3.11
R,HSi00CR} —=R,5i0 + R4COH 3.12

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

(Continued on p. L48)
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RBSiO' + SH —-R3SiOH + S° 3.13
Réco‘ + SH RéCOH + S° 3.14
RBCO' ——o-RéCO + R'" 3.15
R*'* + SH —=R'H + S° 3.16
23° —=35=5 3.17
Decomposition products of MEBSiOOCMeZPh are given as an c€xample

in Table 3.

TABLE 3

Thermel decomposition products of peroxide
(CHB)BS:LOOC(CH3 )20635 at 200°C (C°=O.2 mol) (185)

Yield (in moles per mole of peroxide)

Compound
anisole isopropylbenzene n-nonane

(CH3 )3310}1 0.82 0.83 0.81
(cH3 )¢Si,0 0.04 0.04 0.07
CH, 0.65 0.55 0.44
CHBCOCGH5 0.64 0.54 0.47
CGHs(CHB)ZCOH 0.22 0.32 0.37
c6H5(c113 ),cc (CH3 )20635 - 0.9 -

Induced free radical decomposition of the peroxide can occur
and i8 a combination of the following reactioms (17, 14):

o BHX + R2 (R:H)SiOOCRB' 3.18
RBSiOOCR:',‘ + X* ——RBS:LOX + RéCO' 3.19
RiCOX + R,Si0* 3.20
3 3
RZ(R:_H)SJ‘.OOCBé —-—'RZS:LO + RéCO' + R-H 3.21

From MeBSioocaé to Mea(R)SiOOCRB', where R is another alkyl or
aryl group there is a significant competition of reaction 3.9 with
reaction 3.10. Composition data of the main products of R,He23i00311-t
conversion are presented in Table 4.
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TABLE 4

Products of peroxide thermal conversion (RiMeZSiOOBu-t, Cy,=0.2 mol)
in anisole at 180°C (144)

Yield (in moles per mole of peroxide conversed)

Ri acetone jezzzggﬁgl- hydroxysilane PRa) ;2;2
3.10

Et 0.470 0.302 0.606 0.220 3.07
Pr 0.258 0.335 indeterm. 0.360 1.50
Bu 0.375 0.429 indeterm 0.148 4.05
PhCH, 0.06 0.073 0.16 0.855 0.16
Ph 0.167 0.161 indeterm. 0.670 0.49
C4333 0.042 0.055 indeterm. 0.270 0.11

a) FR - the product of R;OMe,SiOBu-t rearrangement.

It is obvious from Table 4 that in the competition of reactions
3.9 and 3.10 the rearrangement predominates in the following Ri=
<Bu<Et<pr§PhCH€SC4H3S.

Decomposition of peroxides (0635)BSiOOC(CHj)n(06H5)3_n follows
two parallel directions: spontaneous decomposition and rearragement
(183, 184). Spontaneous decomposition predominates with increasing
Re .

Organosilicon peroxides of type R SiOOSiR' undergo rearrangements
only:

R, (RO )SiOSiRé 3.22
R;S100SiR§
RBSiOSi (OR' )R} 3.23

Thermal decomposition of peroxides of type PhBSiOOprh4 proceeds
in an enalogous way (135):

Ph3SiOOSbPh4 ——T*-PhBSiOOSbPhB(OPh) 3.24

Decomposition of (Ph3SiOO)‘?Sb}?h.3 occurs differently (128):

(Ph3Sioo)ZSb,Ph3 (Ph33i0 )2San3 + 0, 3.25

The mechanism of this reaction has not been yet studied.
The rate of rearrangement of RBEOOER3 ag well as the competition
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of R-group migration (from the heteroztom to oxygen) are determined
by the effective electronegativity of oxygen at the heteroatom (the
electronegativity increase is favoured by dy - Dy conjugation of
+he heteroatom with oxygen), nucleophylic reactivity of the R~groups
and vacancies in the bhetercatom coordination sphere. The difference
in the nucleophilicity of the substituents at the heteroatom is re-
sponsible for the competition of the possible rearrangement reac-
tions.

The characieristic feature of reaction 3.10, as opposed to reac=-
tion 3.9, appeara to be the seemingly “rigid" structure of the acti-
vated complex (negative entropy of activation), as well as the lower
potential barrier of the reaction, i.e., the lower activation energy
(Table 5).

TABLE 5

Main products (in moles per mole of the peroxide), kinetic and acti-
vation parameters for two stages of (06H5)38i000(0H3)206H5 decompo~
sition in anisole (C°=0.1 mol/1) (184)

C C-H, 5 5
. N - 65 6fs  K; 40107 K5 g10
empera e AL
® 6°53 . sec™ sec™!
065505100 (c:H3 )20635
160 0.226 0.76 5.1 1.5
170 0.330 0.665 9.7 4.9
i80 0.290 0.620 19.1 12.2
150 0.490 0.500 29.6 28.4
E(kcal/mol) 24 39.2
Lek, 7-8 15.0

Reactions of type 3.11 occur when CRB' is CH(Me)Et and, especial=-
1y, when CRy' is CH(Me)Ph or CH(Ph),. Thus, the decomposition pro-
ducts of KeBSiOOR {Table &), where R is n-Bu, &-Bu, CH(Me )th. or CH
(Ph)z, indicate that the peroxide decomposition proceeds via com—
peting reactions:

MeBSiO‘ + R*R"C(H)O" 3.26

Me,Si00CHR'R" —Me, (MeO )SiOCHR'R" 3.27

N

Me3SiOH + R'R"CO 3.28
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TABLE 6

Yield of the peroxide thermal decomposition products in n-nonane
(C,= 0.2 mol/1) (in moles per mole of peroxide) (155)

Peroxide R3E0H (RBE)20 R'R"CHOH R"“CHO RO(RZ)EO R'R"C=0
cliRlRll

(CH3)3Si

(CHé)BSi

00C,Hy~s 0.21 0.2 0.485 - 0.05 0.13

(c33)33100

CH(CH3)06H5 0.75 0.03 0.25 0.07 0.18 0.40

(CHB)BSiOOCH

(06H5)2 0.52 0.04 0.31 - 0.33 0.38

Thermal decomposition of organosilicon peroxides with more com-
plicated substituenis 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' )n is characterized by the stepwise cleavage of the first,
second, etc. peroxide bonds. This is due to the significant differ-
ence of their thermal stebility (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 which result from the peroxide bond homo-
lysis. From kinetic measurements it follows that the stability of
8ilixy radicals increases with the number of peroxide groups on Si
atome.

TABLE 7

Kinetic parametersz for decomposition of the first peroxide group
of organosilicon polyperoxides in anisole (C = 0.05 mol/l)

Ne Peroxide €8k, E Kcal
mo
1 (CH,),S1i00C(CH,) 13.940.2 37.940.5
373°70 373 =
2 (CH;),Si[00C(CH;);],  13.620.6 35.611.2

3 (cH;)si [ooc(cH, )] 5 12.7+1.21 31.8+2.4
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4 51[00C(CH3)5] 4 97203 23.410.6
10.240.1 24.640.2

E The total expression for the rate constant k=kO exp{FElﬁij
is derived at 180-210°C for 1, dat 170-200°C for 2, at 150-180°C
for 3 and 110-140°C for 4.

*® Kinetic parameters of peroxide 4 in isopropylbenzene.
Organosilicon peroxides of type [ROOSi(Ri)aj 50 (Table 2, comp. 42-49)
have the highest thermal stability.This may be due to enhanced intra-
molecular coordination between the oxygen atoms of the peroxide
group and silicon, facilitated by siloxane bond.

\ /

Si———-0 0 =-—8i

0” 1\o/ N and si” il\

\S-/,X = N ~ N, —
1 o C<—

Investigations of organosilicon peroxide thermal decomposition
have been conducted in viscous and very viscous media. Based on a
study of MeQSi(OO t—Bu)z, it was found that macro- and micro- vis-
cogity has little effect on the peroxide decomposition rate (145).
Thus, the changing of the macroviscosity of the medium in the range
of 0.18-270 cp essentially does not effect the rate constant of the
cleavage of the first peroxide bond on Mezsi(OOBu-t)2 (Table 8).

TABLE 8

The effect of medium macroviscosity on the decomposition rate con-
stant (K,) for He Si(OOBu-t)2 in n-nonane-polyethylene mixtures at
170°C and C_ = 0.5 mol/1

ey Zolystiylens NP 10%,, sec™"
polyethylene weight p.ce.
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
100 18.0
6500 80 34.0 T.1
100 2700 5.4
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Similarly, kinetic and activation parameters of the first and
second peroxide group cleavage for Me,Si(00Bu-t), are approximate-
1y equal for reactions proceeding in solvents significantly dif-
ferent in viscosities (Table 9 and 10).

TABLE

Kinetic and activated parameters of Me

9

in polyethylene and polystyrene

2Si(OOBu—t)2 decomposition

Sol- |C, |Para- | Parameter values at tem-|E; 5gk01 E, Egkoz
vent mol meters | perature, °C kcal kcal

1 170 |180 | 190 [200 [210 |mol mol
Poly-|0.05| ,cp | 270 }i80 | 115 |55 |15
ethy—- k,.107 | 5.4 [14.9]30.4|80.4| - |37.2]|14.1 [33.8]12.1
lene k2.1056 - | 7.2} 15.2]34.9!70.2|11.8]10.9 | 10.8]:0.4
Poly-{0.1 .107 12.6 | 4.6] 2.2} 1.1] 0.6
sty- k4102 | 5.5 [12.9]24.7|55.5| - [32.8|11.8 |28.8] 9.6
rene k,.107 | = [ 6.8| 9.6!24.3[43.8]|£1.9]10.9 | 1.5 |10.7
TABLE 10

Kinetic and activated

Barameters of’Mezsi(OOBu—t)a decomposition

in alkanes, C_ 0.05 M2

Sol- | Tem~ ,ep | k,.102| B Pekn, | k,.10%] E Lek

vent 'Eﬁig- 2 ;ec"‘l gégl o1 gec-1 gégl 02

mol mol

Nonane 170 0.180 4.2
180 | 0.165 | 11.4 | 34.7+ | 12.7+ 2.7 | 36.2+ | 12.8%
190 0.155 23.7 1.5 0.7 5.0 2.4 1.2
200 0.145 51.0 13.4
210 | 0.13 - 29.5

Hexa- 170 | 0.446 TeT -

decane | 180 | 0.409 | 13.4 | 32.3+ [11.72| 2.4 | 39.9+ | 14.64
190 | 0.377 | 30.1 2.4 1.2 5.8 0.9 0.4
200 | 0.349 | 75.6 15.4
210 0.323 - 34.4

Eico~ 17C | 0.€53 5.8 -

sane 180 | 0.598 | 12.7 | 33.2% | 12.1% 4.6 | 36.2 | 13.1%
190 | 0.548 | 30.3 0.9 0.4 11.1 2.4 1.2
200 | 0.505 | 60.1 30.1
210 | 0.467 - 60.5
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etra~ 170 | 0.897 |10.6

cosaneé 180 | 0.817 |22.0 | 29.5+ | 10.6%+ | - - -
190 | 0.747 |40.1 1.6 0.8
200 | 0.684 |89.9

Note: a) E, and E,, logarithms of preexponentials in Table 10 were
calculated by the least squares method with indication of
mean-root error.

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

TABLE 11
Microviscosity effect on rate constants of HeZSi(OOBu-t)2 decompo-—
sition in alkanes at 190°C and co 0.05 M

Solvent Viscosity k0102 Ky 107

n, »cp sec™1 sec™}
Octane 0.130 31.6 4,1
Nonane 0.155 23.7 5.0
Decane 0.195 21.2 5.4
Dodecane 0.236 24.8 6.7
Hexadecane 0.377 30.1 5.8
Eicosane 0.548 30.36 11.1
Tetracosane 0.TAT 40.1 -
Tetracosane-nonane 0.403 39.9

A

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 fcrm donor-acceptor complexes with olefins. In case of sili-
con perxoxide these complexes do not show up in the thermochemical
measurements but manifest themselves in kinetic studies (Table 12).

TABLE 12

Kinetic parameters of (CHé)BSiOOC(CHB)3(1) and (033)381000(CH5)2—
CGHS(Z) peroxide decomposition in olefins, C
ture of decompoaition is 170 - 210°C (6)

o =0.2 mol/1. Tempera-



0
94}

1 2
Olefin Lek, kLEi_ ASE,e.u B.gko kc::?:. AS#se.u
mol mol
n-Nonane™ 4.5 | 41.1 +5.1 | 15.6 | 41.9 +10.0
Heptane-1 14.0 | 38.8 +246 14.8 | 40.3 +6.5
L ~Methylstyrene | 13.1 36.6 =144 145 | 39.4 +5.0
Styrene - - - - - -
Cyclohexene 10.0 | 31.7 =-11.1 12.6 35.0 =3.5
1.1-Diphenyl-
ethylene 9.9 | 29.1 -16.2 | 12.1 | 34.0 -6.1

® The data are given for comparison.
The composition of organosilicon peroxide decomposition products
in olefins (Table 13) is indicative of a free radical mechanism for
the total process.

TABLE 13

The main decomposition products of Me SlOOCHe oPh in olefins (in mo=-

les per mole of peroxide) (C_=0.2 mol. i~ , T = 200°C) (7)

O Me

i | Addition product
Solvent MeBSiOH PhCMe PhMeZCOH MeO-S'iOCMeaPh

Me Me.,SiO* [PhMe CO*
3 2
n-Nonane®) 0.67 | 0.48] o0.19 0.3 absent |absent
A-Hethyl- 0.08 | 0.48| 0.11 0.27 0.65 | 0.1
styrene
Styrene 0.11 0.47 0.05 0.27 0.83 not det-
ermined
Tri-isobuty~ | .35 | 0.5 | 0.2 0.3 0.35 |absent
lene
Cyclohexene 0.65 C.26| 0.54 0.22 0.12
1.1-Diphenyl~ .02 | 0.65| sbsent | 0.07 0.9 | 0.28
ethylene

a) These data are listed for comparison.
The process can be pictured in terms of the following main reac-

tions:
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RgSiCOR' + X,C = CY, ——»[RBSj.?OR'.\ch = cya]

R4Si0CX,CY, + R'0° R'OCY,CX, + R3Si0°
(3.29) ‘ (3.30)
RySi0° + SH ——R3Si0H + S° 331
RyS10° + X,C = CY, ——R;Si0CK,CY, 3.32
R'0® + SH ——R'OH + S° 3.33
R'0* + X,C = CY, ——R'0CX,CY, 3434

In the competition reaction of 153.32/153.31 and 1:3.34/1:3_33
was determined for a series of olefins (Table 14) 72).

TABLE 14
The dependence of k3.32lk3'31 and k3'34/k3.33 upon R3EO° and sol-
vent at 25°C, Cé"—O. 1 mol/1

Radical k3.327%5.31 5 ¥3,34/K3,33
Nonane| i-nonane| 1=heptene| 1~hexene Cyclo=|2.3-dimethyl-~
hexene |1.3-butadiene
PhBSiO 0 0.69 1.74 - 1.00 -
Et3SiO o 0.69 1.72 1.74 1.00 24.0
HBBSiO 0 - 1.83 - -
EtBGeO (o) - 0.43 - 0.43 22.0
MeBGeO (o) - 0.37 - - -
MeBCO o 0 0 0 (o] 0.2
PhMeZCO (4] 4] (1] (3] 0 1.0

Teble 14 shows that for EtBSiO' the ratio k3.32/k3.31 decreases
in the series 1-hexene >>1-heptene 7>1-nonane. As the number of me-
thylene groups in the olefin increases, the probability of reaction
3«31 increases.

The temperature has a substantial effect on the 1:3.32/}:3.31 ra-
tio (Table 15).



TABLE 15

Activation parameters of competing reactions of hydrogen addition
and abstraction by Me.Si0O° radical in a solution of 1-heptene (72),
Me,Si00SiMe (1), Me ;Si00CMe ,Ph (2)

3
Activation Peroxide (1) Peroxide (2)
Parameters mol/1 mol/1
0.1 0.2 0.1 0.2
B3.31 ~ B33 keal 1.5 1.4 1.4 1.3
k3.32/k3_31a) 14.7 15.6 15.9 14.9

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 k3.32/k3'31 decreases.

ORGANOSILICON ACYLPEROXIDES RBSiOOC(O)R'

Silicon acylperoxides are unstable at room temperature (46, 48,
129). Their decomposition proceeds by parallel paths:

/R2 (RO)SiOC(O)R" 3.35

I

3

R3S5i00C(0)R'
Si0C(0JR* + O, . 3.36

When R is aryl, only the acyl peroxide rearrangement takes pla-
ce; when R is alkyl, the acyl peroxide decomposition proceeds si-
multaneously by both pathwayse

The mechanism of the silicon acyl peroxide rearrangement is
identical to that of the orgamosilicon peroxide rearrangement. The
silicon acyl peroxide decomposition proceeds via a cyclic activa-
ted complex with oxygen evolution:

ls) 0-0
i N Wi AN )
2R381000(0)R'-— C S1R3 ——2R38100(0)R' + 0, 3.37
\ /
// \ V4
R' o407
S \
R.Si C(O)R!

3
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SILICON-SUBSTITUTED CARBONIC PERACID ESTERS OF THE TYFE
R,S1-(CH,) C(O)OOR!

3

Such peroxides are thermally rather stable. Their decomposition
proceeds at a measurable rate at temperatures sbove 100°C (38, 124,
160). The nature of the decomposition products (Table 16) is indi-
cative of free radical mechaniesm. Spontaneous perester decomposi-
tion via peroxide bond cleavage results in generation of radicals:

RBSi(CHZ)nCHZC(O)OOC(Me)EBJ——RBSi(CHZ)nCHZC(O)O' + R'Me,CO” 3.38

where R = Me, Bt; R' = Me, Bt, Phs n = 0, 1, 2.
The reactions below then follow:

R451(CH, ), CH,C(0)0"—— R;Si (CH, ) CH, + CO, 3.39
SH “R'Me,COH + §° 3.40
R'Me,CO*—
R'COMe + Me~ 3.41
R.Si(CH,) CH —SB w R.Si(CH,)_CH, + S° 3.42
3 Hy )y 3 2/n"t3

Only a part of the trialkylsilylalkyl radicals dimerizes or dis-
proportionates:

. —{R;S1(CH, ) CH, ], 3.43
2RS1(CH,, ), CH;—
=3 RBSiCHZCH3 + RBSiCHhCHa 3.44

The mechanism of RBSi(CHé)nCHZC(O)OOCHbaﬁ' decomposition in tet-
raethyltin 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-
stannyl radicals:

(CH3 ):,’s:'.c!.{zcl.{zc(o)ooc(c:H3 )3 + (0235 )BSn‘ ———
(c113 ) 3SiCH,CH,C (o )OSn(Czﬁs )3 + 'oc(CH3 ) 3 3.45




“(“Ro)

- - - - - - - | oo - - oous® ()
27°0 - - - 90 - - | ¢9' - - “no)ugo ~ ¥
- - - - - oo | - - - - il - &
- 0z°0 | -~ - - - - - - - 1'% - g
- - - - - oo | - - - - €(Em)00u
- - - | 60° - 0°0 | 60°0 - v0°0 | ¥0'0 X =y
- - - - - gL*o | oomas| - - - H-4
62°0 oL'o | sb'0 | 9¢'0 | €€%0 gl'o | 66°0 | oc0 | oL0| o040 m
62°0 €20 | €€°0 | ot*0 - ¢€2°0 | ¥2°0 - p1°0 | L2*0 HO(0) 0¥
29°0 - - - 29°0 - - | g0 . - Ty
8L*0 - - | oz0 | 800 - - | 9tvo - - %%
- g9°0 | zv*0 | ol*0 - 120 | 02°0 - eo | 6e0 o
- 19°0 | o¥°0 | 0z°0 - 9€°0 | 02°0 - 90 | o1°0 00%( fmo)
€60 | tveolo9o| vho | 60 | 2ro| zeto | %90 | ss0| 660 100 1)
9€*0 2L'0 | 09*0 | 480 | &€°0 vheo | 6Leo | 1€0 | ss0| 49%0 %0p

zojsezed TBTRTUT JO Tow/serow ‘preTi
0002l = DoOLL = 000¢L = T
euezueq . euszusq sionpoxg
nmfmmmov ~OXOTHO |oueuma | oUrBtou=u qummm..B -oxoTyo | ewemo (ug? ( “yCn)| ewemo| srenou-u uo0T4 080y

nomors(fmp) o1 9

nomorst(Sn%0) sT u

2aotst( o) o7 u

©(*HD)000(0)0u O sjonpoxd woT3TEOAWOOSD TBWIGW

91 ATAVI




60

MeBSiCHZCH'ZC(O)OOCMe3 decompoaition in hexaethylditin proceeds
radically. An unusual perester rearrangement with RBSi group migra-
tion from carbon to oxygen has been discovered on investigation of
the decomposition of thec(-methy;j3~(trimethylsilyl)propionic pera=
cid t-butyl ester in a number of organic solventa (123).

+ R®* —

MeBSiCHZCH (Me )C (0O )OOCMe

3
Me_.Si
J 3 X
Lo
Me;CON0=C - CHR® Me,CO® + Me;SiOC(0)C(Me)=CH, + RH 3.46
|
Me

Cumyl esters of X-(trimethylsilyl )- and ¥ —(dimethylphenylsilyl)
propionic peracids in methanol undergo heterolytic rearrangement
with phenyl group migration from carbon to oxygen (124).

RBSi (CHZ )ZCHZC (o )OOCMeZPh. ——-—RBSi (CH2 )ZCHZC (0)oC(OPhn )Me2 3.47

CATATLYTIC DECOMPOSITION

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).

(~H20, + B;EA 3.48
R,EocH 14

(R,E0) | + ROH A 3.49

If E is Ge or Sn, the first reaction prevails, but if B is Si,
both reactions proceed simmltaneously. However, acids do not effect

the rate of decomposition of triphenylsilyl hydroperoxide in 1.2-di-
chlorobenzene (55).

Some nucleophiles (anions of organic and mineral acids and others
catalyze ithe isomerization of organosilicon hydroperoxides or per-—
oxides to non-peroxidic products (54, 55, 86, 134, 177).

BBSiOOH R, (RO )Si0H 320
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ArMe,Si00SiMe Ar ¥~ Me, (Ar0)SiOSiArle, 3.51

- y— -
Ph,5100GePh, Ph,, (PhO)Ge0SiPh, 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 known (30, 48, 60).
H OOSiMe3

I @ + Me 3SiOH 3.53
A=

M63810081Me3 MeBS:LA + Me3810_0 3.54

Complex silicon—organomercury peroxides deccompose readily with
formation of free mercury in the presence of many nucleophilic ad-
ditives (amines, pyridines, alcohols and so on) 5, 11).

RBSngOOSiRB—I‘- R,Si00SiR; + Hg 3.55

PHOTODECOMPOSIPION

Organosilicon peroxides are unstable to UV-irradiation (50, 55).
Their photodecomposition proceeds with homolysis of the peroxide
bond:

A\
RBSiOOR' —_— R3Si0' + R'O* 3.56
where R is Me, Et, Pr; R' is t-Bu or SiRB.

On photolysis of such peroxides in an organic medium the result-
ing R3Si0‘ and R*'0® radicals take part in the usual radical reac-
tions, the competitions of their reactions depending upon the na-
ture of the initial peroxide, the solvent and other factors. For
example, for trialkylsilixy radicalas (RBSiOOX photolysis in cyclo-—
pentane oxr in cyclopropane, temperature -120° to -20°C), the fol-
lowing reactions can compete:
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R3SiOH + 5°¢ 3.57
== ) 3.58
R;SiOH + XOOSiRp(R’ .
- R,5100X 3 2
RyS10° """  _R,Si(OH)CH,CH,CH, 3.59
C.H (where R is Pr)
ofy .
R,S10CH,GH,, 3.60

REACTIONS WITH ORGANIC AND INORGANIC COMPOUNDS

Such reactions of organosilicon peroxides can occur with reten-—
tion or with loss of the peroxide function. However, quantitative
physicochemical data on these reactions are not available. In the
most cases the mechsnism has not been investigated.

Organosilyl peroxides react reversibly with mineral and organic
acids:

RBSiOOH + HX :_."'RBSiI + H,0, 3.61
RBS:'LOOR' + BEX —— R3Si1 + R'OCH 3.62
RBS:'LOC)S:LZR3 + K= RBSiX + HZZO2 363

where X is OH, OC(O)R* , halogen, etc.

Although quantitative data on these equilibria are lacking, it
has been noted (1, 13, 41, 48), that organosilicon peroxide hydro-
lysis 18 negligible undexr normal conditions.

Organosilicon peroxides with an Si-Cl linkage. €.g8.,
MeBCOOSiBR'CL silylate compounds containing active hydrogen atoms
and other Pfunctional groups which can xeact with chlorosilanes (98).

Trimethylsilyl peroxide reacts with sodium ethoxide to give
Si - O bond heterolysis (23, 24):

Me;S100SiMe; + NaOEt ——Me;SiO0Na + Me;SiOEt 3.64

Si = O bond heterolysis also occurs on treatment of RBSiOOR'
and Si(OOR* )4 with alcohols (19, 48, 112). The reaction proceeds

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

+
R SiOOR' + RUOH H o RvOOR' + R;Si0H 3.65
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+
S1(GOR!), + RwoE — Si(OH), + R"OOR' 3.66

Sb = O bond heterolysis occurs in reactions of Ph3SiOOSbPh4
with water or with acids (135):

Ph,EOOSbPh, + HX —=Ph,EOCH + Ph,SbX 3.67
(X is €1, HO.)

Triethylsilyl peroxide reacts with lead tetra-acetate, chromic
oxide and triphenyl-carbinol in ice acetic acid (29). The stoichio-
metry of these reactions is very complicated and their mechanisms
have not been investigated.

On the basis of the reaction products isolated, the above-men-
tioned reactions are believed to proceed with Si - O bond cleavage.

In contrast fto its carbon analog, trimethylsilyl peroxide reacts
readily with alkali metals, tetracarbonylnickel, sulfur dioxide and
sulfur trioxide at room temperature or below 0°C (29, 30):

MeBSiOOSiMe 3 + 2M.— 2MeBSiOM 3.68
Me,S100SiMe, + Ni(co)i———{meZSio)zni + 4C0 3.69
MeBS:i.OOS:i.Me3 + 802 —-—MeBSiOS (0 )2OS:|‘.Me3 3.70
Me,Si00SiMe + 2503 ——Me3Si0S(0,)005(0,)051Me, 3.T1

These reactions proceed with peroxide bond cleavage. However, the
mechanisms of these peroxide conversions have been investigated.

The reaction of Me,SiO0OCMe, with NaHS0, (19, 47) and those of
bis(trimethylsilyl)peroxymonosulfate with hydrogen halides, alkali
metal halides and pyridine also proceed with peroxide bond cleavage
(35).

Priphenylsilyl hydroperoxide and a hemiacetel were found to re-
act with retention of the peroxide function (131):

Ph.BSiOOH + (313(':CH(OH)OC‘H.'3-—’*PhBSiOOGHI(C(H.3 JOH + HBCOH 3.72

REACTIONS WITH ORGANOELEMENT COMPOUNDS
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):

PhBSiOOH + Ph3E —’-Ph.BE(OH)OSi}?h.3 3.73

where E is p or Sb.
Trimethylsilyl peroxide reacts readily with nucleophilic or-
ganoelement reagents with peroxide bond cleavage (29, 30):

IS!IF.'BSiOOSiMe3 + Buli ———-MeBSiOB“u + Me3SiOI:i 3.74
}iIe3S:I.OOSiMe3 + R¥gX — MeBSiOR + Me3SiOMgX 3.75
Me3SiOOSiMe3 + Na.ﬁl}ﬁ2 (OCH20H20M8)2

——""H2 + NaAl(OSiMe3 )2 (OCH20H20Me )2 3.76
Me3SiOOSiMe3 + Ph.3E ——---MeBSiOSi]SI[e3 + Ph3E0 3.77

where E = P, Az, Sb
MeBS:LOOSJ.Me3 + RZS ~’—Me35105me3 + R2$0 3.78

Reactions of teri-butylperoxytrimethylsilane with PhBP, PhBAs
and (Et0)31>proceed similarly (34). The mechanisms of these reac-—
tions have not been investigated.

Organosilicon hydroperoxides retain their peroxide funciion in
some reactions, 3.79 - 3.82 :

PhBSiOOH + RBSiCl —-—-;PhBSiOOSiRB + HC1 3.79

(R = alkyl, aryl, aralkyl) (140, 152, 165, 167, 168, 169, 171, 172,
180).

PhBSiOOH + Ph.4SbX ——-PhBSiOOSbPh g ¥ HX 3.80

(X = C1 or Br) (128).

PhBSiOOH + Et3T1 — PhBSj.OO’.[‘].Et2 + 02H6 (130) 381

2PhBSiOOH + PhBSbO — (Ph38i00 )ZSbPh3 + HZO (128) 3.82



APPLICATIONS OF ORGANOSILICON PEROXIDES

The first communication on organosilicon peroxides (22) pointed
to their applications as polymerization catalysts and oxidizing
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, 109, 118). The problem of decreasing residusl monomer
content is one of the most important in polymer production. Unsati-
urated compounds remaining in the polymer cause deterioration of
the physico-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 polymexrized in
the presence of tert-butylperoxytrimethylsilane, alone or along
with a standard peroxide, to give polymers (molecular weight 4Q000-
-8Q000)which contain 0.03 - 0.6 per cent residual monomer (78).

The use of standard organic peroxide initiators leads to polymers
with no less than 0.5 per cent residual monomer. Polymerization of
styrene containing tert-butylperoxytrimethylsilane {0.001, 0.005,
0.01 and 0.02 parts by weight, respectively) in altermative 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)dimethylsilane (0.08 parts) is dissolved in
100 perts of styrene to give a polymer which contains 0.02 per cent
of monomexr (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 styrene and A -methylsty-
rene. Other catalysts mentioned were itris{tert-butylperoxy)methyl-
silane, tetrakis (tert-butylperoxy)silane, bis{tert-butylperoxy)-
methylphenylsilane and tris(tert-butylperoxy)phenylsilane (79).

Glossy polymers free from haze and colour with self-lubricating
properties have been prepared by the bulk polymerization of styrene
and (or) acrylonitrile in the presence of bis(tert-butylperoxy)ldim-
ethylsilane and polyethylene glycol or polypropylene glycol (77).
Organosilicon 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 an important commer-
cial process in which organosilicon peroxide initiators also can
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be used. tert-BuOOSiMeB, (tert-BuOOQZSiMeZ and (tert-Bu00),SiPh, have
been used to polymerize ethylene at 146-85°/20000 psi. These orgamc-—
peroxysilanes possess the usual advantages of peroxide polymeriza-
tion initisators, but they decompose more slowly at high tempexratures
and thus are more effective than the usual organic initiators for
preparing highly branched polyethylene having a narrow molecular
weight distribution (108).

Oligomeric organosilicon peroxides of general formulia R3COO—
(--SiRZO-)nSiRZOOCR3 have been used as initiators to increase the
process rate and to improve the composition of the f£inal product
in olefin polymerization by the high pressure method (156, 157).

Peroxides are the only vulcenizing agenits for saturated polymers
which are free of double bonds that can be attacked by sulfur (75,
105). In this application organosilicon peroxides are promising.
Compounds of formula Y(OSiRZ)nOOR' were proposed for hardening si-
licon compounds to obtain elastic materials (25, 26). As vulcan-
izing asgents, organosilicon peroxides CH2=CHCHQSiRm(-OOCR -)n,

CH,=CHSiR_ (00CR;)) (n+m=3) (189), R} Ry Si(00CR;), . ; (88), R X5 ~

SiR'OOR" (117) and silyl-acylperoxy compounds (45)were also used.
Orgenosilicon peroxides were used incross-linking polyolefins
(68, 104). This avoided the offensive odor' which is characteristic
of polymer samples crosg-linked in the presence of dicumyl peroxide
and mechanical properties were conserved. A blend of peroxides hav-

ing different decomposition temperature ranges was also 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 groups intoc 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 vulcanizing agents (95).

The Tormation of 3 peroxidative aerosil has been proposed by
treatment of the aerosil with an organosilicon peroxide (94). Such
aerosils may be used as a reinforcing and, simultaneously, cross-—

=linking f£iller for various polymeric systems, in particular sili-
cone rubbers (93, 97).
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SKTV-1 vulcanisation has been studied in the presence of vari~
ous organosilicon peroxides (106, 107). It was 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 presence
of peroxides such as Me,5i(00CMe;),, [Si(00CMe;),0], ¢ and [sime
(oocMe)0], ¢

Spectroscopic investigations of vulcanigzates 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 Me4_nSi(Oocme2Ph)n
—~type peroxides the cross-linking efficiency decreased with increas-—
ing peroxids group number "n". In the Mé4_nSi(00CMe3)n gerieg it in-
creased with increasing n and reached & maximum when n=3.

The vulcanizing capability of RSi(OOCMe3)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 formuls RHXEE(OOR')D, where
B =Si, Ge, Sn, Pb, As or Sb (136). The layers glued under pressure
at temperatures of 160-240° have interlaminar strength of 3-5 kg/cm.
The leyer strength without peroxide addition is 1.5 kg/cm. Reinforc-
ed plastics with high mechanical stirength have been prepared by coat-
ing glass fibers with tris({~cumylperoxy)vinylsilane (which func-
tlons as an adhesive and a polymerization initiatoxr), contacting
with unsaturated polyesters and curing (71). Iaminates for low-tem-
perature use, e.g. in vehicle windshields, were made from an adhe-
sive or a nonirradiated vinyl acetate-ethylene copolymer and a silyl
peroxide (146, 147). Peroxides of type Rm34~n-m§i(°°R )n were used
for combining elastomers with various materials on vulcanization
(111, 150).Elastomers 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 also
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are used for agglutinating metals, glass, plastics, cellulose and
other solid materials (43, 63).

Fan and Shaw have conducted systematic investigatiorns of the
adhesive properties of organosilicon peroxides (62-67, 69). They
found relations between peroxide structure and its capability +to
promote adhesion. For R.4_nSi(00R')n peroxides the efficiency of
promoting adhesion increases with increasing n.

Compounds containing a tert-alkylperoxy group on silicon atom
are more effective promoters of adhesion than arylalkylperoxysi-
lanes. A1l other things being equal, the efficiency of promoting
adhesion by R4_nSi(OOR')n ig higher if R is an unsaturated group
(vinyl, allyl and so on). The authors proposed a mechanism of ad-
besion promotion with organosilicon peroxides which involved the
formation of Si-0-Si, Si-O-M linkages (M is metal) or Si-0-C on
the interface (62).

Orgapnosilicon peroxides form a pew class of adhesion promoters
which differ from the well-kncwn adhesive agentis. They can be used
in those cases where cross-linking and promotion of adhesion are
required simultaneously. In addition to the above mentioned fields
organosilicon peroxides may be used as oxidizing agents (22, 52,
84), fuel additives (84), as well as flame=-retardants (102).

The first instances of commercial silylperoxide production have
been recorded. Union Carbide Corp. has registered vinylitri (fert-
-butylperoxy)silane as a commercial product ¥Y-5712; Kayaku Noury
Co. advertises the same product under the trade-name Koyabutyl C
(153).
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