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The influence of Co(II) acetate on the Mn(II) acetate oxidation by air in
acetic acid has been studied. It was found out that the presence of Co(Ac), has
a profound catalytic effect on the reaction which is of the first order with
respect to the concentration of Mn(II) as well as Co(II) acetate.

Usyyanock nusiHue ykcycHokucnoro Co(II) Ha okHcneHne yKCyCHOKHCIIOro
Mn(II) Bo3nyXoM B NMPHUCYTCTBHM YKCYCHOH KHMCIOTEL. BbLTO HaiieHo, 4TO
Co(Ac), oka3sbIBaeT 3HAYUTENbHOE KaTAIUTHYECKOE [EWCTBHE, MNPHYEM
U3yyaeMasl peakis OKMCJIEHHS N0 OTHOLIEHHIO K KOHLEHTPALMH YKCYCHOKHC-
abix Mn(II) u Co(Il) sBnseTcs peakuuei MepBoro NOpsyKa.

It is well known that cobalt and manganese salts are effective catalyst of
hydrocarbon oxidation [1—4] and their mixtures obey a synergistic effect. In spite
of the practical importance of this effect, mechanism of synergism is still obscure.

In the present paper, the effect of Co(Ac), concentration on the oxidation of
Mn(Ac). in acetic acid is described.

Experimental
Chemicals

Co(Ac),-4H,0 and Mn(Ac),-4H,O of anal. grade were used without purification. Acetic
acid was purified by the method described [5].

The mixed solutions of Co(Ac), and Mn(Ac), were prepared by mixing their equimolar
solutions so that the overall volume of the solution as well as the sum of concentrations of
the components was always constant.
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Spectroscopic measurements

The spectra of solutions of metal acetates were recorded on a Specord UV VIS (Zeiss,
Jena) instrument using thermostatted cells of 0.5—5 cm thickness.

Oxidation

The oxidation of Co(Ac), and Mn(Ac), solutions in acetic acid was carried out in
a 100 cm® glass flask equipped with a stirrer, reflux condenser, and air supply. The flask was
thermostatted at 25.0+0.1 °C.

Results and discussion

While the solution of Co(II) or Mn(II) acetates in acetic acid are stable several
days or weeks, their mixtures are very sensitive to the presence of oxygen. Mixed
Co—Mn solutions in the presence of oxygen turn brown and at the same time the
increase of absorption intensity in ultraviolet and visible range is dependent upon
the ratio of Co(II) to Mn(II). The increase of absorption intensity for an isomolar
series of Co(Ac), and Mn(Ac), solutions is depicted in Fig. 1.
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Fig. 1. Dependence of absorbance increase of Fig. 2. Dependence of log (dA Yauny/dt) =
Co(II)—Mn(II) solutions on the mole fraction =f(log cuaan) at 1. 2.1 X 10* cm™'; 2. 2.0 x
of Mn(Ac), in the initial mixture. Oxidation by x10*cm™';3.1.8x10° cm™".
air at 25 °C for 20 h.

Experimentally measured ;
— — — — calculated from eqn (8).
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The electronic spectra of the above-mentioned solutions were analyzed for the
number of absorbing components having linearly independent spectra by the
method of the matrix rank analysis. The rows of the matrix consisting of spectra of
an isomolar series of Co(Ac). and Mn(Ac), solutions represent the absorbance of
the mentioned solutions at various wavenumber over the interval 3.0 X 10°—1.3 x
10* cm™', while the column represents absorbances of various solutions at given
wavenumber. The rank of the matrix written in this way agrees with the number of
absorbing components in the solution in the case when the spectra of these
components are linearly independent and the differences among them are at least
for one wavenumber greater than the accuracy of the spectral instrument used.

For the determination of the rank of the absorbance matrix the following
methods were employed:

i) graphical method of Colleman et al. [6],

ii) elimination method of Wallace et al. [7] with testing the statistical signifi-
cance of the elements of the resulting Gaussian matrix,

iii) iterative method of determining the eigenvectors of the analyzed matrix with
testing their statistical significance in the modification according to Maeder et al.
[8].

All three methods equivocally pointed out that in a freshly prepared isomolar
series of solutions, Co(Ac), is the only significantly absorbing component. The
changes of spectrum induced by the presence of Mn(Ac), are in the range of errors
of the spectral measurements. In solutions exposed to oxidation by molecular
oxygen, only one new absorbing component appears. From the comparison of
redox potentials of the studied components follows that Mn(Ac), will be oxidized
to Mn(Ac);. The following experiments prove this proposal. Thus, by adding
Mn(III) acetate to the brown-coloured mixed solution of Co(Ac), and Mn(Ac),,
the absorption is increased but the number of absorbing components remains
unchanged. Solutions prepared from suitable amounts of Co(Ac)., Mn(Ac)., and
Mn(Ac); have the same spectra as the brown-coloured mixed solutions of Co(Ac),
and Mn(Ac), with an equal overall concentration of cobalt and manganese. By
subtracting the spectrum of Co(Ac), from the spectrum of the brown-coloured
mixed solutions, a typical spectrum of Mn(Ac), is always obtained. Adding
a suitable colourless reducing agent, e.g. Na,SO;, the spectrum of the freshly
prepared solution is restored.

From the symmetry of the absorbance increase due to an increase of Mn(Ac);
concentration in an isomolar series of solutions (Fig. 1) it follows that the
concentration of Co(II) has the same influence on the rate of Mn(Ac), oxidation as
Mn(II). This suggestion was confirmed also by kinetic measurements showing the
dependence of the logarithm of the initial rate of the absorbance change for
Mn(Ac); on the logarithm of the initial Mn(Ac), concentration at constant Co(Ac),
concentration (Fig. 2) as well as on the logarithm of the initial Co(Ac), concentra-
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tion at constant Mn(Ac), concentration (Fig. 3). From the dependences plotted at
ten wavenumbers the estimated reaction order with respect to the concentration of
Mn(II) acetate is 1.0+ 0.1 and for Co(II) acetate 1.1 £0.4. The apparent rate
constant at 25 °C has the value 1.5+ 0.7 dm* mol™' h™".

Thus, for the rate of Mn(Ac), concentration change (cm.am), the following
equation holds

dcmnam

dt = ket Cmnan - Cooan (1)

where k.. is the apparent rate constant; Cm.a and cc.an are analytical concentra-
tions of the appropriate components. The rate of change of Mn(Ac). absorbance
(A maam) is expressed by

dAm.
'—thL") = Emaamy- d - ke Cmnan * Ccoi) (2)

where &maam is the molar extinction coefficient of Mn(Ac), and d is the cell
thickness.

If ccoany does not change in the course of oxidation, after treatment and
integration of eqn (2), the following equation is obtained

AMn(lll) = Emnqn * d. C(h)'in(ll) [1 —€Xp ( — ket Cooan t)] (3)

where cmaan is the initial concentration of Mn(Ac).. For other reaction orders, the
following equations can be written
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Fig. 3. Dependence of log (d A vuuy/dt) = Fig. 4. Dependence of A i) ON Cpaqny at
=f(log ccoan) at 2.1 x 10* cm™". 1.21x10°cm™";2.2.0x10*cm™';
3.1.8x10°cm™".

Reaction time 20h at 25°C; ccon=
=5x%x10"" mol dm™, d=1 cm.
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dCmnan " "
'd—;(l-_— k.:r'Cr:4n(1|)'C("l‘»(ll) (4)

AMn(lll) = Emnn” a- C:in(ll) [1 - (1 EE (n - 1)' kcr' Ca»(ll)' C‘h:lr:(lll)‘ t)m_"] (5)

As seen from Fig. 4, the dependence of Awmaan on the concentration Chnany fOT
constant cc.ay and equal reaction times is linear, which confirms the first order of
oxidation with respect to the concentration of Mn(II) acetate. Good agreement of
the theoretically computed and measured dependence of Awnan VS. ccoan (Fig. 5)
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Fig. 5. Dependence of A yaqny 0N ccoanyat A2.1xX10°cm™ ;@2.0x10°cm™';01.9% 10° cm™'.
Reaction time 20 h at 25 °C; cynmy =5 % 107> mol dm ™ ; @ values calculated from eqn (3), d =1 cm.

for constant cy.ay and equal reaction times confirms the first order of reaction with
respect to Co(Ac), concentration. In addition to it, eqn (3) can be transformed to
a form enabling estimation of the absorbance increase in the studied isomolar series
of solutions. If the sum of Co(Ac), and Mn(Ac), concentrations is denoted as ¢,
and the mole fraction of Mn(Ac), as Xmaan, then

Cnan = Xuaan * Crot (6)

ccoan = (1 = Xnmaan) " Cox (7)
Amnamy = Emaainy " d* Xmnan * Crot *

: [1 - CXP( — ke (1 - XMn(ll)) *Cot* l')] (8)

The values of A m.an) calculated from this equation are compared in Fig. 1 with the
measured ones.

The above-mentioned results and kinetic analysis point to the existence of
Mn(II) oxidation to Mn(III) in mixed solutions of Mn(II)—Co(II) acetates in acetic
acid with molecular oxygen.

Chem. zvesti 37 (4) 527—532 (1983) 531



A. KASZONYI, M. HRONEC, J. ILAVSKY, B. BRYNDZA
References

1. Kamiya, Y., Bull. Chem. Soc. Jap. 43, 830 (1970).

2. Kanai, R. and Kamiya, Y., Nippon Kagaku Kaishi 9, 33 (1974).

3. Aleksandrov, V. N., Pugacheva, S. A., Golubeyv, G. S., Khomin, V. V_, Kanavina, L. K., Zabelina, G.
V., Emelchenko, S. A., and Teplov, N. L., Kinet. Katal. 21, 645 (1980).

4. Kogani, K., Bull. Chem. Soc. Jap. 41, 1552 (1968).

5. Perrin, D. P., Armarego, W. L. F., and Perrin, D. R., Purification of Laboratory Chemicals.
Pergamon Press, London, 1966.

6. Colleman, J. S., Varga, L. P., and Mastin, S. K., Inorg. Chem. 9, 1015 (1970).

7. Wallace, R. M. and Katz, S. M., J. Phys. Chem. 68, 3890 (1974).

8. Maeder, M. and Gampp, H., Anal. Chim. Acta 122, 303 (1980).

Translated by S. Bachraty

532 Chem. zvesti 37 (4) 527—532 (1983)



