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KINETIC STUDY ON THE RADICAL ADDITION OF SODIUM HYDROGENSULFITE

TO ALLYL ALCOEOL

Teijiro MIYATA, Akjhisa SAKUMOTO, Masamitsu WASHINO,
and Toshihiko ABE

Japan Atomic Energy Research Institute, Takasaki, Gunma 370

The kinetics of the radical chain reaction of sodium hydrogen-
sulfite with allyl alcohol in aqueous solutions was investigated.

1

The apparent rate constant was found to be 4.69 X 1074 M.sec™ at

16 1 -1

the dose rate of 1.35 X 10 eV-g ~.sec” . The kinetic chain

length was estimated to be 345.

Although ionic additions of sodium hydrogensulfite to olefins conjugated
with an electron-accepting group such as carbonyl, cyano or nitro group have
been studied extensively,l-B) little is known about the kinetics of the radical
addition to non-conjugated olefinms. The object of our study is to elucidate
the reaction mechanism and the kinetics of the radiation-induced addition of
sodium hydrogensulfite to allyl alcohol.

Irradiation was carried out with Co-60 Y-rays at ordinary temperature.
Sodium hydrogensulfite of GR grade was used without further purification.

Allyl alcohol was purified by distillation with 2,4-dinitrophenylhydrazine.

The concentration of hydrogensulfite ion was calculated from the observed pH
values and the activity coefficient ratio TSO{V/THSOJ = 0.6814) by using its
dissociation constant (pK2 = 6.991)5). Unreacted sodium hydrogensulfite was
determined gravimetrically as precipitate of barium sulfite. The determination
of allyl alcohol unreacted was performed using a gas chromatograph equipped with

a thermal conductivity detector and a 2 m stainless-steel columr packed with 60-
80 mesh Celite 545 coated with 30% Silicone DC 550.

The disappearance of sodium hydrogensulfite was proportional to hydrogen-
sulfite ion concentration (Fig.l) and the reciprocal concentration of allyl

alcohol (Fig.2).
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Therefore, the radiation-induced radical addition of sodium hydrogensulfite
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Fig.l. Plots of conversion of
NaHS0; vs. [HSOZ].
—0— ¢ allyl alcohol 1.11 M
—_— : " 1.47 M
NaZSOB: 0.25 M
Dose: 2.4% X 1017 eV.g'l

Fig.2. Plots of conversion of

NaHSO; vs. [allyl alcohol] -1,

1.52 X 1017 ev.g™t
19

Dose: e

-1

—0—  2.43 X 1077 eV-g

NaHS0,: 0.50 M, NaZSOB: 0.25 M

to allyl alcohol is considered to proceed as follows:

Hy0 —AN— ®aq’ -H, -O0H, H,, Hy0, (1)
A+ Hsog ———> AH + -sog (2)

+ 803 + CH,=CHCH,0H ——> HOCH,CHCH, 803 (3)
HOCH,CHCH,S03 + HSO3 —— HOCH,CH,CH,503 + *503 (4)
HOCH,CHCH,S03 + CH,=CHCH,0H —> HOCH,CH,CH,503 + CH,=CHCHOH (5)

where A denotes the intermediate radicals concerned in the initiation of the

addition reaction.

Application of the steady-state approximation to the concentrations of A,

- 503 and HOCH

2éHCHgSO§ leads to the following rate equation.
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a [NaHSO k, [HSOZ
—[ 3]= gIO + glo—4 3] (6)
at kg (RE]

where g, IO and [RH] denote G-value of A, dose rate and the concentration of allyl
alcohol, respectively. The concentration of hydrogensulfite ion is caluculated

to be 1.0% times that of sodium hydrogensulfite in the presence of 0.25 M of

sodium sulfite for pH adjustment. The gIO is negligibly small as compared with
gIOk4[HSOEJ/k5[RH] because of k4§> kg Therefore, Eq.(6) mey be simplified as
follows: dx (a-x)
—=1.03 k — (7)
dt (b =-x)
k
k = gl —4 (8)
o
kg

where a and b are the initial concentrations of sodium bhydrogensulfite and allyl
alcohol respectively, and x denotes the disappearance of sodium hydrogensulfite
at irradiation time *t.

Integrating Eq.(7) with the boundary condition, x = 0 at £t = 0, the

apparent rate constant of sodium hydrogensulfite is expressed by

1 (a-x)
k=z=——— (a-b )10 — + x (9)
1.0% t a

= Fig.3. Plot of
4 ((a-Db)1n (a-=-x)/a+ x)
" vs. irradiation time t.
@
< 1.0 )
i~ NaHSOB: 0.50 M, NaZSOB: 0.25 M,
1
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As is shown in Fig.3%, a good linear relationship has been obtained by plotting
[( a-b)ln (a-x)/a+ x) in Eq.(9) against t.
This fact indicates that the experimental findings are well explained by

the mechanism given in Egs.(2)-(5). The apparent rate constant of sodium
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1 6 -1,

hydrogensulfite k = 4.69 X 1077 M-sec™ at the dose rate of 1.35 X 10-° eV.g

sec™! was obtained from the slope in Fig.3.

When log k was plotted against logarithm of dose rate, a straight line was
obtained. A typical plot is shown in Fig.4. This shows that the apparent
rate constant k is proportional to dose rate. Then, the kinetic chain length
defined as the numbers of propagation steps per radical of initiator starting

6)

chains is obtained from Eq.(8) to be 345, when g is assumed to be 6.05 as

the total yields of the active species, e. , «H and « OH, produced in Y-radiolysis

aq?
of water,

Fig.4. Plot of log k vs. log IO.
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