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The Kinetics and Interaction Mechanism
of 1,4-bis(Dimethylsilyl)benzene with
Allylglycidyl Ester in the Presence of
Speier Catalyst

D. A. GIRGVLIANI, L. M. KHANANASHVILI, S. P. DAVTIAN, A. R. KHACHATRIAN,
N. |. TSOMAIA and A. O. TONOIAN

Tbilisi State University, 3 Chavchavadze Avenue, 380028 Tbilisi, Republic of Georgia

The kinetics and interaction mechanism of 1,4-bis(dimethylsilyl)benzene with allylglycidyl ester in the
presence of Speier catalyst is studied. Analyzing the dependence of the induction period, initial, maximal
and current rates of reaction on the initial concentrations of reactants, the reaction rate constants are
determined.

KEY WORDS 1,4-bis(Dimethylsilyl)benzol, allylglycidyl ester, kinetics

EXPERIMENTAL

The kinetics of the reaction was studied using the isometric differential calorimeter
DAK-1-1. The heat change was measured by the registration of electromotive force
using thermobatteries. The calorimeter constants were P/g = (6.3)1072-(6.8)10-2
J/mole sec, M/g = 9.4-11.3 J/mole.

The reaction was carried out in a 50 mm length and 8.6 mm diameter glass tube,
where the cycle and the solvent were loaded (40% solution). In addition a thin-
wall glass ball with 1,4-bis(dimethylsilyl)benzene was fastened to a special calorim-
eter syringe. This syringe is put into the glass tube containing the allylglycidyl ester
and the Speier catalyst H,PtCl.

The syringe, with a long pivot, is located out of the calorimeter, which allows
us to break the glass ball after the temperature program is set and the calorimeter
is in the working range. This allows us to fix the exact start of reaction.

The synthesis was carried out in a three-necked flask at 40°C.

RESULTS AND DISCUSSION

By the interaction of 1,4-bis(dimethylsilyl)benzene with allyglycidy! ester in the
presence of a Speier catalyst the silicon-containing diglycidyl ester was obtained:
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‘l’e . ‘l‘e H,PtCL,
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Me Me
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CH, CHCHZO(CHZ)3-Si-<9>—Si—(CH2)30CHZCH CH,
\"/ I | \ /
0 Me Me 0

The infrared spectra of the investigated substances was obtained both in the solid
(with KBr) and in the liquid states by apparatus UR-10.

In the infrared spectra of the obtained diglycidyl ester the adsorption bands at
1280-1250 cm~?! and 820-800 cm ~! correspond to Si—CHj, the adsorption bands
at 1429, 1130, and 720 cm ™! correspond to Si—Ph, and the band at 920 cm~! to
the epoxy group. In the infrared spectra the adsorption band at 720 cm~!, char-
acteristic of secondary alcohols, is missing. This fact proves, that the reaction (1)
proceeds through the double bond and without epoxy ring opening.

The kinetics and mechanism of reaction (1) was studied using the method of
isothermal calorimetry at 40°C.?

The kinetic curve of heat change for the reaction of 1,4-bis(dimethylsilyl)benzene
with allylglycidyl ester is given in Figure 1(a). In order to determine the heat of
reaction during the reaction, as well as at the end of each experiment, the quantities
of unreacted double bonds were determined.
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FIGURE 1 The heat change kinetics (a) and the dependence of heat change from the quantities of
reacted double bonds (b).
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The heat change Q of reaction (1) can be expressed as:
Q = qaE, 2

where ¢ is the heat of reaction and a = (E; — E)/E, is the degree of conversion.
E; and E are the initial and current concentrations of allylglycidyl ester. As seen
from Figure 1(b), the heat change Q of reaction (1) in the variables of Equation
(2) is linear.

Using the values of g, the experimentally obtained curves of heat change were
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FIGURE 2 The dependence of degree of conversion versus time for K, = 0.06 mole/l, E, = 4.6
mole/l, T = 313 K and Si, = (1) 0.42, (2) 0.84, (3) 1.68, (4) 2.52 mole/l.
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FIGURE 3 The dependence of degree of conversion versus time for E, = 4.6 mole/l, T = 313 K,
Si, = 2.52 mole/l, and K, = (1) 0.06, (2) 0.09, (3) 0.12 mole/l.
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FIGURE 4 The dependence of degree of conversion versus time for T = 313 K, K, = 0.06 mole/l,
Siy = 2.52 molefl, E, = (1) 4.6, (2) 3, (3) 2.2, (4) 0.8 mole/l.

transferred into a dependence of the degree of conversion versus time, for different
initial concentrations of E,, Si, and K,. The obtined kinetic curves are given in
Figures 2-4.

As seen from Figures 2—4, the kinetic curves for the reaction of 1,4-bis(dimethylsil-
yl)benzene with allylglycidyl ester have a clearly expressed S-form. From Figures
2 and 3 one can see, that the increase of K; and Si, leads to an increase of initial
and maximal reaction rates and degree of conversion. As for the induction period,
it does not change.

Figure 4 shows that the change of concentration E, does not affect the initial
reaction rate, and that the induction period is proportional to 1/E,.

From Figures 2—4 it can be seen, that the increase of concentration K,, leads to
the increase of the limit of degree of conversion. The increase of initial concen-
tration Si; also leads to an increase of the limit of the degree of conversion, but
in this case there exists the critical value of Siy, which leads to a sharp increase in
the limit of the degree of conversion.

The dependence of the initial reaction rate on Siy shows that the order of reaction
varies from 1 (for low concentrations of Siy) to 0 (for high concentrations of Siy).
As for the order of reaction by K, it is equal to one.

Using the obtained facts, the mechanism of reaction can be expressed by the
following kinetic scheme:

ky
Si + K= (SiK) 3)

k
(SiK) + E—> Si; + K (4)
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k;
Siy + E—Pr 5)
o ke
(SiK) — A (6)

In (3)-(6) the following notations were used:

Si—is the concentration of 1,4-bis(dimethylsilyl)benzene,

K—is the concentration of Speier catalyst,

(SiK)—is the concentration of 1,4-bis(dimethylsilyl)benzene and Speier catalyst

complex,

Si,—is the intermediate product,

E—is the concentration of allylgiycidyl ester,

Pr—is the reaction product,

A—is the deactivated form of (SiK).
During the interaction of 1,4-bis(dimethylsilyl)benzene with allylglycidyl ester the
hydrogen atom may split from Si.

The equations describing the change of concentrations Si, Si;, Pr can be written
as

‘Z—t = —k(SIK)E ~ k,Si,E 7)
dsi
711 = k(SIK)E — k,SL,E ®)
dPr )
—"i';' = kzsllE (9)

For the kinetic Equations (7), (8) and (9) the balance equation is:

d(E + Sij + 2Pr) _

dt 0

or
E + Si; + 2Pr = const
For the initial conditions, i.e., t = 0, E = E,, Si; = 0, Pr = 0 we have
Si;, = E; — E - 2Pr
For the concentration (SiK) one can obtain

d(SiK)

— = k:(SiK) ~ k7 (SKK) — K;(SiK)

where k+ means the formation of (SiK), and k; is the destruction of it.
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From Equations (7), (8) and (9) we have K = K, — (SiK) — A. Using the
principle of quasistationary concentrations in the case of Siy >> K, for (SiK) we
will have

- kSig(K — A)
= 1
(SiK) =77 k, + k;Sio (10)
where K, = k}/k7; k, = k,/k;.
Using the Equation (10), the kinetic equation for A can be written as:
dA _ ’ . - f k,Sio(KO - A)
g = R S = ke s (1)
the solution of Equation (11) is:
Y k:Siy
A =K, (1 — e T1+K,+ k,sn,'> (12)
Using Equation (10), from Equation (7) we can get
da_ KSilke = A) (L (GE, - 2P — o) (13)

dr T+ k,  KSi

where a = (E; — EYE,.
Taking into account, that whent = 0, « = 0, A = 0, Pr = 0 we will have:

do k,Siok,
— =V, = k, ——2% — 14
<dt>,:0 0 "1+ k, + K,Sip (14)

Equation (14) is in good correspondence with experimental data given Figure 5.
From Equation (14) it can be seen that the initial reaction rate is linearly dependent
as K, (as for curve 3 of Figure 5) and does not depend on E, (as for curve 2 of
Figure 5). The order of reaction by Si, varies from 1 (for low Siy) to zero (for high
Sig).

Let us rewrite Equation (14) in the following form:

1 14k 1 1
—_— — + —_—
Vo~ Tokko Sia | Kk (15)

It is easy to see, that Equation (15) is in good correspondence with the exper-
imental data given by curve 1 on Figure 5.
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FIGURE 5 The dependence of concentration K, (curve 2) and E; (curve 3) on the initial reaction
rate and the dependence of 1/v, from 1/Si, (curve 1).

Comparing the data obtained from Figure 5, with Equations (14) and (15), for
the reaction rate constants one can get:

ky

= (6.7) 102

1

1+ k

mole sec’

k

r

6.2 + 0.2

Let us find now the dependence of the induction period on the initial constants

E,, Si; and K.

Using Equation (10) and the fact that o = (E, — E)/E,,, we can rewrite Equation
(8) in the following form:

asi, _

k,Sig(k, — A)
d  "'1+k, + k,Si,

Eo(l — &) — ky(aEy — 2Pr)(1 — )E,  (16)

Taking into account that during the induction period the concentration A and
degree of conversion a are negligibly small (i.e., A = 0 and « = 0), Equation
(16) can be rewritten as:

dsi, ky
= kEo <k21 + k, + k,Si,

dt

The solution of this equation is:

g o ki kSick

k, Sioko

ky 1+ k, + k,Si

- Sil)

(1 — e~ k:Em) (17)
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Using Equation (17), from Equation (13) we can get:

da kk,Sigkq

_—= — p—k2Eor
G Tk ks 2T

the solution of which is:

K, Sigky ki kSik, .
= — - —x2Eot 1
O ks RE Itk + ks T ) (18

From Equation (18) for the induction period we will have:

1
Tind = 2k2E0

(19)

The comparison of Equation (19) with Figure 6 shows that theoretical results
coincide with experimental data: 7,,4 does not depend on Si; and K, (curves 1 and
2) and is inversely proportional to E; (curve 3).

The value of the reaction rate constant %, is:

1

k, = (1.09 = 0.051072 ———
2 (1.09 05)10 mole sec

Let us investigate now the dependence of the maximal reaction rate on the initial
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FIGURE 6 The dependence of concentration Si, (curve 1), K,, (curve 2) and l/E, (curve 3) from
induction period.



12: 27 19 January 2011

Downl oaded At:

KINETICS AND INTERACTION MECHANISM [353)/73

concentrations E,, K, and Si,. Taking into account that when maximal reaction
rate is reached, the concentration A is negligible, we can rewrite the equation
describing the change of « in time in the following way:

do _ _ kikSicke _ _ kikSike
dt 1+ k, +kSip 1+ k,+ kSi

+ sz(]a - 2k2PI' - szoaz + 2k2Pr0'. (20)

Setting the second derivative of a to zero, for maximal reaction rate W,, one
gets:

2k2E0(1 - am)ZSI'I"
" ki k,Sicky
k, 1+ k, + k,Sig

W, =
E(1 - o,) — SiT

To find Si; and a,,, let us write the equation describing the change of a and Si,
in general form:

% = k,(SiK)(1 — o) + k,Si,(1 — )
‘ @y
% = k,(SiK)(1 — @)Ey — k,Si;(1 — a)E,
From Equation (21) for «,, we get:
_ 2ki(SIK) In k,(SiK) 1 Si, )

%m = TRE, | ky(SK) — k,Si;  Eq
Using Equation (22) we will have:

dt

2%(SiK) | ki(SiK)

= ka(SIK)Ey ~ = k,(SIK) — k,Si;

+ Si;]

. 2k,(SiK) ky(SiK) ,
k,Si, [EO e Mmoo — ks TS

Assuming, that

2 (SiK) | Ky(SiK)

<< E, + Si,
ks %,(SiK) — k,Si, o 7 Sl
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we will obtain:

a (Eo + Sip[k,(SIK) — k,Si)]

The solution of this equation is:

_ Eoky(SiK)eWEo+ kSKnm — E k (SiK)

St ky(SiK) + k,Eqe®Eo + kiSiK)m

For the case of k,E, >> k,(SiK) this equation takes the form:

Eokl(SiK)ek:Emm _ Eokl(SlK)
k,(SiK) + k,EgekEom

Si, = (24)

Using Equations {22) and (24) for the maximal reaction rate we will obtain:

W = 2k,Eo(l — @)% (SiK)(ekEo — 1)
™ [k Ee(l — a,,) — k(SiK)]e*Eom — k,(SiK)(e*Eom — 1)

(25)

The estimates show that e :Ew= >> 1. Using this fact Equation (25) can be
rewritten as:

(1 - o) 1+k +kSiyl-0a, 1
W, a 2k, k,Siy ki, k-E,

m

(26)

or

1 — Q,, N 1 _ 1+ k, " 1
W, 2,Ef(1 — @) 2kkkoSio 2k kg

(27)

From Equations (26) and (27) it is easy to see that the dependence on the variables
are linear, which is in complete agreement with the experiment. Comparing Equa-
tions (26) and (27) with the curves of Figure 7, we obtain:

1 1+ k
1 k, = (9.06)10°3 ; 2 =58 + 0.05
mole sec k

k, = (6.91072 —— ;
1 = (69) mole sec ’

r

These values are in quite good agreement with the values of the same constants
obtained from Equations (14}, (15) and (19).

From Equation (13), using the fact that not far from the beginning of the reaction
Si; << Pr, we can get:

Y &Sty
k. Siy | ke 7T+ K+ KSi
da 1

= - — kyE, = k
di 1 - o T N Tk K Si (28)
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FIGURE 7 The dependence obtained in co-ordinates of Equations (26) (curve 1) and (27) (curve 2).

To compare Equation (28) with experimental data let us rewrite it in the following
way:

1-a 1+ k, + k,Siy ) k,Sig
= +
n w n kik,Sigk, k"l + k, + k,Siof (29)

where W = da/dr is the current reaction rate.

The results of Equation (29) coincide completely with experimental data (see
curves on Figure 8).

Comparing Equation (29) with the curves of Figure 8, we get:

K = 0.01 — Ltk 57404

4 mole sec ’ k

r

These values are in quite good agreement with the values of the same constants
obtained by experiment.

The kinetic scheme presented in (3)—(6) describes well the experimentally ob-
tained general regularities of the investigated reaction. The values of the reaction
rate constants calculated in the present paper are in good correspondence. with
experimental data.

It must be noted, that the obtained values of the reaction rate constants (k, >
k,) does not reflect the self accelerating character of this process. This seeming
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FIGURE 8 The linear dependence obtained in co-ordinates of Equation (29) for Siy = 2.52 mole/l,
E; = 4.6 mole/l, T = 313 K and K, = (1) 0.06, (2) 0.09, (3) 0.12 mole/l.

contradiction can be easily removed, if the condition Si; >> 6(SiK) is taken into

account. This condition is quite real, because of the very low concentration of
(SiK).
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