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Table 1 Conditions of Gas-Chromatographic Analysis

Apparatus
Column
Carrier gas
Column temp. 170°C

YANAGIMOTO MODEL GCG-3D
30% PEG-6,000 on 80-100mesh Celite 545, 2m
He, 100m!/min.

Factor (mole)

Substrate or Product

Retention Time (min.)

to Nitrobenzene

to Chlorobenzene

Benzaldehyde 4.2 1.0 1.1
Methyl benzoate 5.6 0.9 0.7
(as Benzoic acid)
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Time in hrs.

benzaldehyde/nitric acid/cyclohexane=1/4/5
(mole ratino)
®; NaNO;/HNO,=0
A ; NaNO,;/HNO,=2/100(mole)
Y ; Benzoic acid (mole)
A; Benzaldehyde (mole)¢.,

Fig.1 Effect of added sodium nitrite on the
reaction of benzaldehyde in cyclohexane
with 30 wt.% aqueous nitric acid under
stirring in the open vessel at 70°C.
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(A) Plots of Axx 100 vs. time
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(B) Plots of In (25X 100) vs. time

benzaldehyde/nitric acid/cyclohexane=1/4/5
(mole ratio)
A; 10wt 9% HNO,
©; 30 wt. 95 HNO,
X; Benzaldehyde (mole) consumed

Fig.2 Effect of nitric acid concentration on
the reaction of benzaldehyde in cyclo-
hexane with aqueous nitric acid in the
closed vessels at 70°C.
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k (sec™?)

e 1 2 o}
° 20 40
HNO; (wt. %)
benzaldehyde/niric acid/cyclohexane=1/4/5
(mole ratio)

©; in the open vessel
@ in the closed vessel

Fig.3 Effect of nitric acid concentration on
pseudo-first order rate constant in the
reaction of benzaldehyde in cyclohexane
with aqueous nitric acid at 70°C.

Table 2 Effect of addition of sulfuric acid on
pseudo-first order rate constant in
the reaction of benzaldehyde in cyclo-
hexane with aqueous nitric acid at

70°C.
benzaldehyde/nitric acid/cyclohexane=1/4/5
(mole ratio)
compositions k

-H -
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HNO,;-H,0=20-80 (wt. %) 2.8X10-% (sec-!)
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100

Time in hrs.

benzaldehyde/nitric acid/solvent=1/4/5
(mole ratio)
O; benzaldehyde (solvent: cyclohexane)
@; benzoic acid (solvent: cyclohexane)
A; benzaldehyde (solvent: nitrobenzene)
A ; benzoic acid (solvent: nitrobenzene)

Fig.4 Effect of solvent on the reaction of
benzaldehyde with 30 wt. % aqueous
nitric acid under stirring in the open
vessel at 70°C.
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benzaldehyde/cyclohexane=1/5
(mole ratio)
Q; benzaldehyde/nitric acid=1/4 (mole ratio)
&; benzaldehyde/nitric acid=1/3 (mole ratio)
A; benzaldehyde/nitric acid=1/2 (mole ratio)

Fig.5 Effect of mole ratio of acid phase to
oil phase on the reaction of benzalde-
hyde in cyclohexane with 30wt %
aqueous nitric acid under stirring in
the open vessel at 70°C.
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%X 100

A-X

Time in hrs.

benzaldehyde/cyclohexane=1/5
(mole ratio)
A; benzaldehyde/nitric acid=4/8(mole ratio)
Q; benzaldehyde/nitric acid=2/8(mole ratio)
&; benzaldehyde/nitric acid=1/8(mole ratio)

Fig.6 Effect of mole ratio of oil phase to
acid phase on the reaction of benzalde-
hyde in cyclohexane with 30 wt. %
aqueous nitric acid under stirring in the
open vessel at 70°C.
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Time in hrs.

benzaldehyde/nitric acid/cyclohexane=1/4/5
(mole ratio)
A; no agitation
O; moderate agitation
¢ ; strong agitation

Fig.7 Effect of stirring on the reaction of
benzaldehyde in ecyclohexane with 30
wt. % aqueous nitric acid in the open
vessel at 70°C.
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Table 3 Effect of temperature on pseudo-first
order rate constant in the reaction of
benzaldehyde in cyclohexane with 30
w1, 9 aqueous nitric acid.

benzaldehyde/nitric acid
/cyclohexane=1/4/5 (mole ratio)

-?:?nc;ie‘;; Pseudo-First Order Rate Constant
ture in open vessel in closed vessel
C) (sec)! (sec)™!

50 1.5%x10"%

55 2.1 3.3x10°
60 3.6 4.3

65 5.2 8.7

70 4.5 19.9
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(mole ratio)
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Fig.8 Arrhenius plots of pseudo-first order
rate constants in the reaction of
benzaldehyde in cyclohexane with 30
wt. % aqueous nitric acid.
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Nitration and Oxidation with Nitric Acid

V. Nitric Acid Oxidation of Benzaldehyde

by M. Tamura, T. Yoshida and K. Namba

Effects of reaction variables on the oxidation of benzaldehyde in cyclohexane with
aqueous nitric acid have been studied in the heterogeneous system.

Addition of urea prolongs the induction period as well as in the case of nitric acid
oxidation of benzyl alcohol, therefore the initiation reaction may be hydrogen-abstraction

one from benzaldehyde by NO,.

Addition of sodium nitrite increases the reaction rate.

As nitric acid concentration

and reaction temperature become higher, the reaction is accelerated both in the closed

vessel and in the open vessel.

In the closed vessel, where the concentration of ‘NO;

in the oil phase is higher because +NO; cannot escape from the system, the tendency
is of acceleration much more remarkable than in the open vessel.
These results support the mechanism which includes a rate-determining hydrogen-

abstraction step.

From the effects of solvent, mole ratio of benzaldehyde to nitric acid, and stirring,
the main reaction seems to be occurring in the oil phase.

(University of Tokyo, Hongo, Bunkyo-ku, Tokyo, Japan)
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