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PHYSICAL CHEMISTRY
I. V. ROZHKOV

ON THE DEPENDENCE OF THE OXIDIZ-
ABILITY OF HYDROCARBONS IN THE
LIQUID PHASE ON THEIR STRUCTURE

(Presented by Academician N. N. Semenov, 27 IV 1957)

N. N. Semenov (1'!!), proceeding from the general principles of chain theory,
came to the conclusion that the rate of oxidation of hydrocarbons should be
determined by the strength of the weakest C—H bond in the molecule. In the
present article we attempt to consider the data available in the literature (>%°)
and our own data () (see also Fig. 1) on the oxidizability in the liquid phase
of hydrocarbons with 7-10 carbon atoms and to compare them with data (3:11)
on the strength of the C—H bonds in these hydrocarbons (Table 1).

Fig. 1. Oxidation of paraffin hydrocarbons and toluene

(ty = 100°; p, = 1 atm). Oxygen absorption on the ordinate axis: oxygen
absorption, mole/mole - 10%.

1—n-heptane, 2—n-octane, 3—n-nonane, 4—n-decane, 5—2,6-dimethylheptane, 6
—2,2 4-trimethylpentane, 7—toluene.

According to the views of representatives of Hinshelwood’ s school (7), in low-
temperature oxidation of paraffin hydrocarbons molecular oxygen attacks first
of all the middle groups of the chain, which indicates that the weakest C—H
bonds are located in the middle of the hydrocarbon molecule; analysis of the
equations of V. V. Voevodskii (*) also leads to an analogous conclusion.

The structure of the hydroperoxides of 2-methylhexane, 2,2,4-trimethylpentane,
and 2,7-dimethyloctane shows that the experimental data (?) and the existing
theoretical ideas (*>7) concerning the location in the molecules of these hydro-
carbons of the weakest C—H bonds coincide. With respect to n-heptane there is
no such agreement; contrary to opinions widespread in the literature, oxidation
of the straight paraffin chain begins not at the first (%) and not at the middle
(%10) but at the second (%) carbon atom of the chain. The structure of the
hydroperoxides of normal octane, nonane, and decane, unfortunately, is as yet
unknown.
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The dissociation energies of the weakest C—H bonds in normal paraffin hydro-
carbons with 7-10 carbon atoms, calculated from the equations

Table 1

Energies of rupture of the weakest C—H bonds and the oxidizability
of certain hydrocarbons in the liquid phase

Location of the
weakest C—H
bond (asterisks)
and direction of
the primary
oxygen attack
according to K.

Energy of rupture of

Characterization
of oxidizability
of the

Name of I. Ivanov the weakest C—H  hydrocarbon in
hydrocarbon (arrows) bond, kcal/mol  the liquid phase
Paraffin Paraffin Paraffin Paraffin
hydrocarbons hydrocarbons hydrocarbons of hydrocarbons
of normal of normal normal structure of normal
structure structure structure
n-Heptane CH;—CH,— 86.64' 2 Oxidizes at the
CH,—*CH,— same rate as
CH,—CH,— 2,2,4-
CH;1 trimethylpentane
and toluene
(274’6)’ and
considerably
more slowly
than normal
octane, nonane,
and decane (°)
n-Octane CH;(CH,)o— 86.35%  Oxidizes
*CHy— considerably
*CH,(CH,),CHjy more vigorously

than n-heptane,
2,2 4-
trimethylpentane,
and toluene,

and almost the
same as normal
nonane and
decane (%)
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Location of the
weakest C—H
bond (asterisks)
and direction of
the primary
oxygen attack
according to K.

Energy of rupture of

Characterization
of oxidizability
of the

Name of I. Ivanov the weakest C—H hydrocarbon in
hydrocarbon (arrows) bond, kcal/mol  the liquid phase
n-Nonane CH,(CH,)4*CH, 86.08%  Oxidizes
—(CH,);CH, considerably
more vigorously
than n-heptane,
and almost the
same as
n-octane and
n-decane (%)
n-Decane CH,(CH,)4*CH,*CH, 85.92?  Oxidizes
—(CH,)3;CH;, considerably
more vigorously
than n-heptane,
and almost the
same as
n-octane and
n-nonane (%)
Paraffin Paraffin Paraffin Paraffin
hydrocarbons hydrocarbons hydrocarbons of hydrocarbons
of of iso-structure of
iso-structure iso-structure iso-structure
2-Methylhexane CH;|CH;— 85.95%  Oxidizes
*CH(CH,)3CH4T considerably
more readily
than n-heptane
and 2,2,4-
trimethylpentane
()
2,2,4- CH; CH;| |CH,4 84.54%  Oxidizes at the
Trimethylpentane —C—CH,—*CH same rate as
— n-heptane and
CH;| TCH, toluene (2,%,)
2,6- CH, CH;,| |CH, 84.16%  Oxidizes
Dimethylheptane — considerably
*CH(CH,);*CH more vigorously
—CH,4 than n-nonane

(®)
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Location of the
weakest C—H

bond (asterisks)
and direction of

the primary Characterization
oxygen attack of oxidizability
according to K. Energy of rupture of of the

Name of I. Ivanov the weakest C—H hydrocarbon in
hydrocarbon (arrows) bond, kcal/mol  the liquid phase
2,7- CH, CH;| |CH,4 84.06%  Oxidizes more
Dimethyloctane  — vigorously than
*CH(CH,),CH— n-decane (°)
CH,4
Aromatic Aromatic Aromatic Aromatic
hydrocarbons hydrocarbons hydrocarbons hydrocarbons
Benzene 993  Practically does
not oxidize in
the liquid phase
(2
Toluene H,*C-H 77.5%  Oxidizes at the

same rate as
n-heptane and
2,2,4-
trimethylpentane
(2,4.9)

)

attached to a
benzene ring

Notes. 1. The energy of rupture of the C—H bond marked with an asterisk
is given; the energy of rupture of the C—H bond at the point of attachment of
the methyl group is 88.9 kcal/mol. 2. Calculated from the equations of V. V.
Voevodskii (). 3. Experimental data (11).

V. V. Voevodskii’ s (3), are very close. However, if n-octane, n-nonane, and
n-decane (see Fig. 1) are indeed oxidized in the liquid phase almost identically,
then n-heptane is distinguished by its high resistance to oxidation.

Isoparaffinic hydrocarbons that do not contain a quaternary carbon atom are
characterized by the presence of weaker C—H bonds in their molecules than
the corresponding normal paraffinic hydrocarbons; in the liquid phase they are
oxidized much more readily than the latter (cf. 2-methylheptane and n-heptane,
2,6-dimethylheptane and n-nonane, 2,7-dimethyloctane and n-decane).

However, the very high resistance to oxidation in the liquid phase of paraffinic
hydrocarbons that contain a quaternary carbon atom (trimethylpentanes) (+9)
is in complete disagreement with the strength characteristics of the C—H bonds
in these hydrocarbons, calculated from the equations of V. V. Voevodskii (3);
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these equations do not take into account the “screening” effect of the quaternary
carbon atom in isoparaffinic hydrocarbons.

In toluene and benzene, as indicated, the value of the energy of rupture of the
weakest C—H bond has been determined experimentally (!1); for toluene it is
considerably lower than the assumed values of the energies of rupture of the
weakest C—H bonds in any paraffinic hydrocarbons. On this basis it would
seem that toluene should be oxidized much more readily than the paraffinic hy-
drocarbons investigated. However, the experimental data (*°) (see Fig. 1) show
that toluene not only is not oxidized more vigorously than paraffinic hydrocar-
bons, but is considerably more resistant to oxidation in the liquid phase than
n-octane, n-nonane, and n-decane, and in this respect is approximately equiv-
alent to the most stable of the paraffinic hydrocarbons investigated—n-heptane
and 2,2 4-trimethylpentane.

For benzene, on the contrary, the high value of the energies of rupture of the
C—H bonds corresponds to an exceptionally high resistance to oxidation in the
liquid phase.

Thus, we arrive at the conclusion that the experimental material currently avail-
able does not permit one to note regularities between the values of the energies
of rupture of the weakest C—H bonds in hydrocarbon molecules and their oxi-
dizability in the liquid phase.
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