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Abstract—Spectrophotometry is applied to study the oxidation of ethylene glycal, triethylene glycol, glyceral,
etriol, pentaerithritol and mannitol by ozone in agueous solutions at 277-304 K. Rate constants and activation
parameters of the reaction are measured. It is proposed that the oxidation of these alcohols by ozone occursvia
the same mechanism. The formation of an intermediate complex is arate-limiting step in the case of diols; the
decomposition of the complex is arate-limiting step for tri- to hexatomic alcohols.

INTRODUCTION

The kinetics of the oxidation of monatomic alcohols
with ozone in CCl, and H,O solutions was studied for
many substrates (S) [1-6]. The second-order rate law
describes ozone consumption:

w = -d[O;]/dt = K[S][O;],

where k is the rate constant for the reaction.

Kinetic data on the oxidation of polyols by ozone
are very scarce [7—9]. The reaction of ozone with
diatomic acohols (trimethylene, tetramethylene, pen-
tamethylene, diethylene and neopentyl glycols) was
studied in agueous solutions[9]. The rate constants, but
not the activation parameters, were determined for
alcohols with a greater number of hydroxy groups
(glycerol and pentaerithritol) [7]. However, the struc-
ture of an alcohol can substantially affect the kinetics of
its reaction with ozone.

In connection with this, the goal of thiswork wasto
study the kinetics of the oxidation of 2—6-atomic alco-
hols using ethylene glycal (1), triethylene glycol (11),
glyceral (111), trimethylol propane (1V), pentagrithritol (V),
and mannitol (V1) in agueous solutions a 277-301 K.
| and 11 are diatomic acohols, and 111, IV, V and VI are
tri-, tetra-, penta- and hexatomic alcohols, respectively.

ey

EXPERIMENTAL

To study the reaction kinetics, ozone consumption
in aliquid medium [9] was monitored by spectropho-
tometry. Experiments were performed in a constant
temperature cell of an SF-16 UV spectrophotometer.
Optical density was measured at A = 270 nm.

Ethylene glycol (chemically pure) was dried with
anhydrous N&,SO, and distilled under vacuum. Trieth-
ylene glycol (chemicaly pure) and glycerol (chemi-
cally pure) were distilled under vacuum. Pentaerithritol
(chemically pure) and trimethylol propane (chemically
pure) were recrystallized two times from doubly dis-
tilled water and acetone (extra-pure), respectively.

Mannitol (extra-pure) was used without purification.
Doubly distilled water was used as a solvent.

RESULTS AND DISCUSSION

Experiments were performed at [S], > [O,],, where
[S], and [O;,], are the initial concentrations of the sub-
strate and ozone, respectively. In special experiments,
we found that the rate of ozone decomposition was neg-
ligible compared with the rate of ozone reaction with S
under similar conditions.

Figure 1 showstypical semilogarithmic anamorpho-
ses of ozone consumption for alcohol oxidation. It fol-
lowsfrom Fig. 1 that thereaction isafirst-order process
with respect to ozone:

—d[Og]/dt = k‘dpp[o3] 5

wherek,,, is the apparent rate constant of the reaction.

We observed the first order of the reaction with
respect to ozone for every alcohol over the whole range
of experimental conditions.

In the case of diatomic alcohols | and I1, the rate
constant k,,,, linearly increases with an increase in the
initial concentration of the substrate (Fig. 2):

kapp = k[S]o,

and, in agreement with [9],

w = —d[O;]/dt = K,,,[O5] = K[S][O;]. (2)

We found from the dependence of the second-order

{ﬁta? constant k (I mol~! s!) on temperature (Table 1)

logk = (14.6+1.9)—-(20.2+2.6)/0,
forl, and

logk = (12.7+1.9)—(17.6 £ 2.5)/0,

forI1; © =2.303RT kcal/mol.

In the case of alcohols111-VI, the apparent second-

order rate constant K,,, = Ke/[S]o decreases with an

increase in the substrate concentration: Table 2 illus-
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Fig. 1. Semilogarithmic anamorphoses of ozone consump-
tioninthereaction with (1) ethylene glycol, (2) trimethylol pro-
pane, and (3) pentaerithritol a 277 K; [S] = 8 x 1072 mol/l.

trates thiswith the data obtained at 277 K. The analysis
of the data shows that 1/k,,,, increases linearly with an
increasein [, (Fig. 3).

It is possible to explain the results of this work
assuming that the hydrated molecul es of reactantsform
a complex of acohol with ozone X before the forma-
tion of oxidation products; besides, we can neglect the

Table 1. Rate constants for the reactions of ozone with eth-
ylene glycol and triethylene glycol at different temperatures

[S]p % 10%, mol/l

Fig. 2. The apparent rate constant K, versus the concentra-
tion of (1) ethylene glycol and (2) triethylene glycol at
277K.

association of alcohol over the studied range of the sub-
strate concentration [10]:

k
S+0, == X,
“1

X 2. Products.

The formation of a substrate complex with ozoneis
typical of the ozonation reactions. Thus, the formation

Table2. Apparent rate constant ky,, at different concentra-

tions of alcohols III-VI at 277 K*

HOCH,CH,OH (I) H(OCH,CH,)sOH (II)
T,.K k, I mol-ts? T,K k 1 mol?tst
277 0.043 £ 0.005 277 0.067 £ 0.008
283 0.087 + 0.009 281 0.116 + 0.017
290 0.151 £ 0.027 285 0.140 £ 0.008
297 0.427 £ 0.054 289 0.223+£0.018
304 1.200 + 0.140 293 0.310 £ 0.035

297 0.532 + 0.065
301 0.920 £ 0.140

(5] x 102 Kapp | mol™ st
mol/ 11 Y \Y \
1.0 0.497 0.263 0.755 1.426
20 0.353 0.223 0.466 0.901
3.0 0.260 0.195 0.364 0.727
4.0 0.190 0.190 0.298 0.509
50 0.169 0.166 0.256 0.454
6.0 0.154 0.152 0.247 0.412
7.0 0.125 0.141 0.228 0.379
8.0 0.135 0.154 0.244 0.343
* [I1—glycerol, 1V—trimethylol propane, V—pentagrithritol,
VI—mannitol.
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of ozone complexes with a number of saturated hydro-
carbons was justified in [11, 12]. Ozone also forms
labile intermediate complexes with aliphatic alcohols,
unsaturated and aromatic hydrocarbons, phenols, and
other compounds [1, 13, 14].

If all X molecules transform into reaction products
(K., <k, [X] < [O3]), theformation of an intermediate
complex determines the overall process rate:

w =Kk [S][O;]. 3)

This is the case of ozone reaction with mono- and
diatomic alcohols, and in this case, k = k; in Egs. (1)
and (2).

Decomposition of the intermediate complex is the
rate-limiting step in the oxidation of alcohols I11-V1I.
Under quasiequilibrium conditions (k_, > k,), the rate
of ozone consumption is described by the equation

_ Kiky[S]o[Osl;
1+Ky[S]p
where K, = k;/k ;; [O;]s = [O4] + [X] is the total con-

centration of unbound ozone and ozone bound in the
complex.

It follows from Eq. (4) that
K1k2

“)

kapp = 1+ Kl[S]o (5)
and
1 1 1
= = = +2[9], (6)
Ky K1k Lo
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Fig. 3. L/kgyp Versusthe concentretion of (1) glyceral, (2) trim-
ethylol propane, (3) pentagrithritol, and (4) mannitol at 277 K.

The latter equation agrees well with the experimen-
tal results (Fig. 3); this confirms the suggested scheme
of the process and enables us to find the rate constants
k, and the equilibrium constants K,. Table 3 contains
the values of constants for the studied temperature
range. Table 4 shows the activation parameters of the
decomposition of the intermediate complex calculated
from the data of Table 3. The error of the equilibrium

Table 3. k, an K;for the reaction of ozone with alcohols 111-V1 asafunction of temperature

k, x 10%, st Ky x 102, I/mol
T, K
1 v \Y VI 11 v V VI
277 1.0 19 1.8 32 1.0 0.2 0.6 0.6
281 1.2 2.3 2.4 3.6 1.0 0.4 0.7 0.5
285 2.2 3.6* 34 7.7 1.6 0.2* 2.0 0.2
289 39 6.1** 45 11.2 1.3 0.2** 25 0.9
293 4.7 Q.2%** 45 15.1 0.3 0.2%** 1.6 0.6
297 7.0 79 4.8 338 0.4 0.2 3.0 0.3
301 - 16.2 79 - - 0.2 49 -
* 286 K.
** 200 K.
*xx 204 K.

I ll—glycerol, | V—trimethylol propane, V—pentaerithritol, VI—mannitol. The measuring error was ~15% (ko) and ~30-35% (K4).
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Table 4. Activation parametersfor the decomposition of the
intermediate complex in the oxidation of alcohols I11-VI
with ozone

Alcohol logA, [s] | E,, kcal/mol

HOCH,CH(OH)CH,OH (I11) {105+16 | 158+2.1

C,HsC(CH,0H); (1V) 105+15 | 156+19

C(CH,0H), (V) 61+15 | 100+19

HOCH,(CHOH),CH,OH (V1) [ 13.7+3.9 | 19.3+50

constant K, determination was rather high; we only can
consider the values K, as rough estimates.

Note, that E, linearly depends on logA, for alco-
hols111-VI (compensation effect):

E,=(2.6+0.7) + (1.23 £ 0.13)logA,.
This may indicate the existence of a unified mechanism

of the rate-limiting step in the oxidation of acohols
[11-VI with ozone.

=
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