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The relative activities of four disiloxanes toward the cation exchange resin,
which was used as an equilibration catalyst, were determined in such a way that the equi-
librium initially present in an arbitrary chosen equilibrate was disturbed by adding the
respective disiloxanes to it, and then by recording the viscosity of the equilibrating mix-
tures as a function of reaction time. As a result, a set of different viscosity-reaction time
relationships was obtained, which implies different activities of disiloxanes toward the
catalyst. In this way the following decreasing order of acitivites was established:
1,3-tetramethyldisiloxane > 1,3-divinyltetramethyldisiloxane > hexamethyldisiloxane
> 1,3-bis(3-carboxypropyl)tetramethyldisiloxane.

Keywords: cation exchange resin, catalyzed siloxane equilibration, activities of disi-
loxanes, acidic equilibration catalyst.

INTRODUCTION

In the presence of ionic substances, either basic or acidic, the siloxane, Si—O,
bonds undergo the process of continuous breaking and reforming. If the reaction
time is sufficiently long, these redistribution reactions end with the formation of an
equilibrium mixture consisting of both linear and cyclic siloxanes. In such a case,
this process is called the equilibration reaction.! It is often used for the preparation
of different polysiloxane compounds, for example of o, w-difunctionally termi-
nated oligo- and polysiloxanes, which implies the use of a variety of difunctional
disiloxanes.2 For this reason, it would be advantageous to know how these
disiloxanes behave under equilibration conditions.

Another important feature of an equilibration process is the choice of an ap-
propriate catalyst. A detailed list of catalysts used for equilibrations can be found
elsewhere.3

It should be also mentioned that the literature data on the activities of
disiloxanes toward catalysts are rather scarce. Almost forty years ago, the following

*  Serbian Chemical Society active member.
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decreasing order of activities toward sulfuric acid-catalyst was established*: MM >
MM’ > M’M’ > M”M” (where: M: (CH3)3Si01/2; M’: BrCH2(CH2)2Si01/2 and
M”: CICH2(CH3)2Si01/2).

In this investigation, an acidic catalyst, a macroporous cation exchange resin,
MCER, was used, because of its easy-to-handle form> and particularly because of its
importance in commercial processes.® The activities of four disiloxanes toward the se-
lected MCER-catalyst were determined. They are, hexametyldisiloxane,
(CH3)3Si0Si(CH3)3, (HMDS), 1,3-tetramethyldisiloxane, H(CH3)2SiOSi(CH3)2H,
(TMDS), 1,3-divinyltetramethyldisiloxane, CH>=CH(CH3)2SiOSi(CH3)2CH=CHa,
(DVTMDS), and 1,3-bis(3-carboxypropyl)tetramethyldisiloxane, HOOC(CH2)3(CH3)2
SiOSi(CH3)2(CH2)3COOH, (DCPTMDS).

EXPERIMENTAL

Materials

Octamethylcyclotetrasiloxane, Dy, as well as all disiloxanes: HMDS, TMDS, DVTMDS and
DCPTMDS, were obtained from ABCR GmbH & Co KG, Germany, and used as received. A com-
mercial grade macroporous cation exchange resin, MCER, Duolite C 26, from Diamond Shamrock,
USA, having a total exchange capacity of 1.85 eq/L, was used as the acidic equilibration catalyst after
preliminary drying by vacuum filtration and an overnight warming at 50 °C.

Determination procedure

The determination was performed by registrating the viscosity as a function of reaction time
for reaction mixtures consisting of exactly weighed and constant amounts of an equilibrate, here
called “the basic equilibrate”,” and respective disiloxanes the amounts of which were also exactly
weighed and equimolar. The procedure was as follows: at first, both the basic equilibrate and the re-
spective disiloxane were charged into a reactor flask and the viscosity (as inherent viscosity), Ninn
(initial), was determined. Then, the MCER-catalyst was added and, at various arbitrarily selected
time intervals, samples were withdrawn, and the viscosities of these samples, n;,, (actual), were de-
termined. After a sufficiently long time, long enough for equilibrium to be attained (cca. 50 hours),
the viscosity was again determined, 1, (final).

Equilibrations

All equilibrations were carried out in a three-necked, round-bottomed flask equipped with a
mechanical stirrer, reflux condenser and a thermometer. The flask was placed into a constant temper-
ature oil bath. The amount of MCER-catalyst was in all cases 2.2 meq/10 g of reaction mixture. In
equilibrations aimed at the determination of relative activities, the reaction temperature was held at
50 °C, while the basic equilibrate was prepared by equilibrating the mixture at 95 °C for 24 hours. A
more detailed description of the equilibration procedure can be found elsewhere.>-’

Viscosities

Inherent viscosities, Nj,, = 1n (Mg/Mo)/c = 1n (t4/1g)/c (Where: 1;,y,: inherent viscosity, cm3/g;
TN, Ts: Solution viscosity and solution flow time, respectively; 1, To: pure solvent viscosity and pure
solvent flow time, respectively, and c: solution concentration, g/cm?3), were determined using an
Ubbelohde-type viscosimeter at 30 °C. Toluene was used as a solvent and the concentrations of the
solutions were approximately 0.15 g/mL.

*  Anequilibrate obtained by equilibrating a mixture of 99 wt% of D4 and 1 wt% of HMDS, which was an arbitrary
choice, as many other compositions could also have been used as long as they represent a real equilibrate.
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RESULTS

Table I gives the compositions of the starting equilibration mixtures and the
results obtained by measuring the inherent viscosities at arbitrarily selected reac-
tion time intervals, including both the initial and final viscosity values.

TABLE. Starting equilibration compositions and inherent viscosities at different reaction time inter-
vals

Inherent viscosities™ cm?/g after reaction time of Total viscosity

Disiloxan g 0 20 40 75 150 300 3000 change
minutes cm’/g
HMDS  0.1528 11.32 11.07 1049 1032 10.06 9.77 8.16 3.16
TMDS 0.1264 1134 10.67 1047 10.18 9.94 9.69 9.18 2.16
DVTMDS 0.1754 12.12 11.56 11.38 11.02 10.67 10.37 9.06 3.05
DCPTMDS 0.2884 11.39 11.35 11.09 1095 10.82 10.49 8.83 2.57

*In all experiments the amounts of basic equilibrate and MCER were constant and totaled 20 g and 0.9
g, respectively. **These values are averages obtained from 6 or 7 individual runs. Each individual run
did not differ by more than + 5 % from the average value.

Viscosity, although it represents only one of the mechanistic features of the pro-
cess and hence does not permit interpretation at the molecular level of what occurs in
the reaction, is at least a qualitative measure of the average molecular weight; its total
change, Aninh (total) = ninh (initial) — ninh (final), reflects the change in molecular
weights between the initial reaction mixture and the final equilibrium state.

It can be seen that the viscosities in Table | decreased as a function of reaction
time. This result is an expected one, because disiloxanes act as chain transfer agents
and are therefore used to control molecular weights.
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Fig. 1. Minn (fractional) as a function of reaction time.
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It is also clear that various disiloxanes could possess different activities to-
ward the equilibration catalyst. Thus, in order to determine their activities, the vis-
cosities, i.e., the viscosity changes of a reaction mixture, can be used, as it was done
here. For this purpose, the actual viscosity change, expressed as a fraction of the to-
tal change, Ninh (fractional) = [ ninh (initial) — Minh (actual) /A Ninn (total), was cal-
culated and the results are presented as a function of reaction time in Fig. 1.

According to the figure, the following decreasing order of activities toward
MCER-catalyst was obtained:

TMDS > DVTMDS > HMDS > DCPTMDS

CONCLUSION

A simple, precise and, at least in principle, generally applicable method for
the determination of the relative activities of siloxane compounds toward the equili-
bration catalyst is presented. It is based on the assumption that the viscosity change
of'an equilibrating reaction mixture, consisting of the siloxane compound the activ-
ity of which is to be determined, and of an arbitrary chosen equilibrate (the basic
equilibrate), could be used as a measure of the activity of the respective siloxane
compound. The reason for this assumption is simple: as the basic equilibrate alone
can not change its composition, it follows that the added siloxane compound is the
only ingredient of the equilibrating mixture that can cause such a change. Taking the
measured viscosity changes as fractions of its total change for the duration of the
equilibration reaction, enables the direct determination of the activity of the respec-
tive siloxane compound. The application of the method was demonstrated using a
number of disiloxanes as examples.

Acknowledgement: 1 would gratefully like to acknowledge the assistance of Mr. S. Petrovi¢ and
Mr. Lj. Ivkovi¢ with the experiments.

N3BOJ

AKTHUBHOCT JUCHUJIIOKCAHA ITPEMA KATJOHCKOJ JOHOU3MEBUBAYKOJ CMOJIA -
KATAJIIN3ATOPY PEAKIMIE CUIIOKCAHCKE EKBUJIMEPALIUJE

M. H. TOBEJIAPHIIA

UXTM, Lenttiap 3a xemujy, Odemere 3a iioaumepHe maitiepujane, hezoutesa 12, 11000 Keozpao

Onpebene cy penaTuBHe aKTUBHOCTH YE€THUPH AUCHIIOKCAHA IPEMa KaTjOHCKO] jOHOU-
3MEHUBAYKO] CMOJIH, KaTaau3aTopy peakliyje ekBunubdpanuje, 1 To TaKo LITO je AOJATKOM
aucuiiokcaHa nopeMeheHa MpBOOUTHO NMPUCYTHA paBHOTEXKa Y MPOM3BOJLHO OfabpaHOM
eKBUNINOpATYy, a 3aTUM je npaheH BUCKO3UTET Y 3aBUCHOCTH Off BpEMEeHa Tpajama peakiyje
exBunubpanyje. Kao pesynrar, fo6ujeHe cy pa3januuTe 3aBUCHOCTU BUCKO3UTET-BpEMeE Tpa-
jama peakiyje, ITO yKa3yje Ha pa3MuuTy aKTUBHOCT AMCUIIOKCaHa IIpeMa KaTanu3aTopy.
Ha oBaj HaumH ycTaHOBIbeH je cnepehn onapajyhu pegocnen aktuBHocTu: 1,3,-TeTpameTui-
IUCHITOKCaH > 1,3-IMBHHIITE TPAaME THITANCUIIOKCAH > XeKCaMe THIIIICHIIOK caH > 1,3-6uc(3-kap-
GOKCHITPOIIIIT ) TETPAME THITIUCHIIOKCaH.

(ITpumibeno 14. geuem6Gpa 1999, pesuanpano 5. jyna 2000)
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