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The oxidation of 2,4-pentanedione by the Mn(III) ions in the solution of

sulfuric acid is an inner-sphere reaction which proceeds via intermediary
complexes. The reaction is a first-order reaction with respect to concentration

of the Mn(III) ions even if the concentrations of both reactants are equal. The:

experimental rate constant k.,,/s™' increases initially linearly and subsequently
nonlinearly with concentration of the substrate, reaches the maximum value
and afterwards it decreases. A plausible reaction mechanism was proposed
according to which the slow and rate-determining step is an intramolecular
redox reaction of the intermediary Mn—Enol complex or of the less reactive
Mn—(Enol), complex.

The temperature dependence of the experimental rate constant was used for
evaluating the activation parameters, i.e. activation enthalpy and activation
entropy which were also dependend on temperature. On the basis of tempera-
ture dependence of these parameters, the activation heat capacities AC,=
—1.4 kJmol™'K™! in the presence of oxygen and AC, = —2.2kIJmol'K™" in
nitrogen atmosphere were calculated.

Oxucnenue 2,4-nenraHguoHa noHamu Mn(1II) B pacTBope cepHoit KHCIOTBI
SBJISETCS BHYTPUC(EPHON peaKuuei, MPpoXoasied ¢ 06pa3oBaHUEM IIPOMEXY-
TOYHBIX KOMILTEKCOB. Peakuusi MpOTeKaeT M0 NepBOMY MOPSAKY OTHOCHTENLHO
KoHUeHTpaim¥ KOoHOB Mn(III) pnaxe npu paBHBIX KOHLEHTpaUHMsX OGOMX
peareHTOB. DKCIepMMeHTallbHasi KOHCTaHTa ckopoctd Kk, /c™' ¢ Bo3pacra-
HMEM KOHUEHTPaluM cy6cTpaTa CHavyala pacTeT JHHEHHO, 3aTeM HEeJMHEHHO,
AOCTHTaeT MaKCHMaJIbHOTO 3HauyeHHUs U 3aTeM yoObmBaeT. [IpennoxeH Bo3aMox-
HbI MeXaHH3M PeaKlUM, B COOTBETCTBUM C KOTOPbIM ME[JIEHHOH M CKOPOCTh
onpepnensomen cragfuell IBIAeTCs: BHYTPHMONIEKY/ISPHAas OKHCIINTE1bHO-BOC-
CTaHOBHTENIbHasl PeaKIMs NPOMeXyTOYHOro KoMmiekca Mn—EHon win me-
Hee peakuuoHHocnoco6Horo Mn—(EHon),.

Ha ocHOBaHMH TeMnepaTypHOIi 3aBUCHMOCTH 3KCIIEPEMEHTAIbHOM KOHCTaH-
Thl CKOPOCTH ObLIM OLEHEHb! aKTHBAlLMOHHbIE NMapaMeTpbl — SHTAIBIHUS
¥ SHTPONHMS aKTHBALMH, TAKXKE 3aBUCSALLIKE OT TEMIIEPATYPhl, a HA OCHOBE UX
TEMNEePaTyPHbIX 3aBUCHMOCTEH ObLIM PaCCYMTaHbl AKTUBALMOHHBIE TEILIOEM-
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koctH AC:=—14k[lx Mons™' K-' B npucyrctum xucnopopa u AC, =
—2,2 klIx Monb™' K™' B atMocepe a3ora.

As a rule, the Mn(III) ions oxidize those aldehydes and ketones which are able to
form the enol form [1—3]. In these cases, the reaction is of the zero order with
respect to concentration of the Mn(III) ions and of the first order with respect to
concentration of the H;O™" ions. In conformity with this observation, a reaction
mechanism was put forward according to which the slow and rate-determining step
is the acid-catalyzed enolization which precedes the oxidation of the enol form. On
the other hand, it has been observed [4—12] that the oxidation of some aldehydes
and ketones is a reaction of the first order with respect to the Mn(III) ions and, for
this reason, we may assume a direct attack of the Mn(III) ions on the keto form of
substrate giving rise to an intermediary complex. In either case, the intermediary
complex decomposes and produces an intermediary radical which is attacked in
subsequent step by another Mn(III) ion.

The kinetics of oxidation of 2,4-pentanedione by the Mn(III) ions which is
important from the view-point of complex study of the Belousov—Zhabotinskii
reaction [13—15] has not been thoroughly described in literature by now and, for
this reason, it was chosen to be the topics of this study.

Experimental

The kinetics of oxidation of 2,4-pentanedione by the Mn(III) ions was studied polaro-
graphically by investigating the time dependence of the limiting diffusion current of the
Mn(III) ions on the dropping mercury electrode at the potential of —0.2 V against the
potential of Hg|Hg,SO, in 1.5 M-H,SO,. The present values of rate constants are average of
four independent measurements at least.

The solution of the Mn(III) ions was prepared by 10 min electrooxidation of 5 X
X 10~ M-MnSO, in 1.5 M-H,SO, on a large surface platinum electrode in nitrogen atmo-
sphere (electric bulb industry nitrogen).

The used chemicals were anal. grade reagents. 2,4-Pentanedione (Reakhim, the USSR)
was redistilled. All solutions were prepared with redistilled water.

The values of activation parameters were evaluated by the procedure described in paper
[16].

Results

The kinetics of oxidation of 2,4-pentanedione by the Mn(III) ions was studied in
solutions of 1.5 M-H,SO.. These solutions are usually used for investigating the
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course of the Belousov—Zhabotinskii reaction involving 2,4-pentanedione as
substrate [13—15]. The reaction is of the first order with respect to the Mn(III)
ions because the dependence of logarithm of the limiting diffusion current of the
Mn(III) ions on time is linear in the first two half-life periods. The value of
diffusion current was determined in comparison to its value after the third half-life
period of reaction. The value of the rate constant k..,/s™' was determined from the
slope of kinetic curve. The first reaction order with respect to concentration of the
Mn(III) ions was observed even if the initial concentrations of both reactants were
equal (5% 107 moldm™). The reaction order with respect to concentration of the
substrate is more intricate because the experimental rate constant k.., increases at
the outset linearly and subsequently nonlinearly with substrate concentration
reaches its maximum value and afterwards it decreases (Fig. 1). The value of the
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Fig. 1. Variation of the experimental rate constant with concentration of 2,4-pentanedione.
[H.SO.] = 1.5 moldm™; [Mn(III)] =5 X 10™* moldm*; ©®=5°C.

experimental rate constant does not change with concentration of the H;O" ions
within the concentration range 1.5—5.0 moldm™>. Similarly, it does not change
with ionic strength in the ionic strength interval between 1.5 moldm™ and
4.0 moldm™.

Special attention was given to the study of the temperature dependence of the
rate constant in the presence and in the absence of oxygen. The dependence of
logarithm of the numerical value of rate constant on reciprocal value of absolute
temperature is not linear in broader temperature interval (Fig. 2). It results from
this fact that the values of activation enthalpy as well as activation entropy depend
on temperature (Table 1). From the temperature dependence of activation
enthalpy we determined the value of activation heat capacity for which we obtained
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an b i [H:SO4}=1.5 moldm™"; [Mn(III)] =

’ =5X10"* moldm™; [2,4-pentanedione] =

=5%10"" moldm™.
13.7 1 1 -@ In the presence of oxygen; O in nitrogen
33 3.4 35 10°K/T atmosphere.
Table 1

Temperature dependence of activation enthalpy and activation entropy
[H.SO.]=1.5 moldm™; [Mn(III)] = 5 X 10~* moldm ™*; [2,4-pentanedione] = 5 X 10™* moldm *

AH*/kImol™' AS*/Jmol'K™!
T/K
with O, without O, with O. without O,
283.2 57.1 74.4 - 72 - 11
288.2 45.2 57.6 —115 -7
293.2 50.2 51.1 - 97 - 93
298.2 33.0 39.3 —155 -133

AC,= —1.4kIJmol ' K™ in the presence of oxygen and AC, = —2.2 kimol ' I"™!
in nitrogen atmosphere.

The reaction stoichiometry was ascertained by polarometric titration of 2,4-pen-
tanedione with the Mn(III) ions. It appeared that two Mn(III) ions were consumed
for one substrate molecule.

Discussion

On the basis of the described results we may assume the subsequent reaction
mechanism. The dependence of the rate constant on concentration of 2,4-pen-
tanedione has the character resembling the pertinent dependence valid for enzyme
reactions with two or several intermediary complexes the reactivity of which
decreases with the number of coordinated substrates [17]. The oxidation of
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2,4-pentanedione by the Mn(III) ions in a solution of sulfuric acid obeys an
inner-sphere mechanism according to Scheme 1

ks k2
Mn(llI) + Enol === Mn—Enol —= Mnlll) + R-
k4
+ Enol
(A)
k—zﬂkoz

k
Mn—(Enol), —3= Mn(lll + R+ + Enol

Scheme 1

where k; < k;, Enol is the enol form of substrate, and R is an intermediary radical
which decays in the following step by oxidation or recombination. The reaction rate
reaches its maximum value provided the reaction proceeding through the
Mn—Enol complex prevails. At higher concentrations of the substrate the reaction
proceeding through the Mn—(Enol), complex prevails. Owing to electrostatic
repulsion of two coordinated anions, this complex is less reactive.

The temperature dependence of the experimental rate constant includes the
influence of temperature on the above-mentioned rate constants and equilibrium
constants. The influence of oxygen on its course (Fig. 2) as well as on the values of
activation parameters may be explained by interaction of oxygen with intermediary
products, as reported in the paper dealing with the oxidation of 2,4-pentanedione
by the Ce(IV) ions [14], as well as by coordination of oxygen in intermediary
complexes or in the corresponding activated complexes. Recently, the coordination
of oxygen in manganese complexes was treated by Coleman and Taylor [18].

Scheme 2 is in harmony with the measured stoichiometry

CHQ—CO—CHZ—CO—CHa + 2H20 + 2Mnl(lIn) =

= CHyCOOH + HO—CH,—CO—CH; + 2Mn(lll + 2’ (8)

Scheme 2

Chem. zvesti 36(6) 785—790 (1982) 789



S I iR

e
WN=O

M. MRAKAVOVA, L. TREINDL

References

Drummond, A. Y. and Waters, W. A., J. Chem. Soc. 1953, 440.

Land, H. and Waters, W. A., J. Chem. Soc. 1957, 4312.

Drummond, A. Y. and Waters, W. A., J. Chem. Soc. 1955, 497.

Kemp, T. J. and Waters, W. A., J. Chem. Soc. 1964, 339.

Banerji, K. K., Nath, P., and Bakore, G. V., Bull. Chem. Soc. Jap. 43, 2027 (1970).
Banerji, K. K., Nath, P., and Bakore, G. V., Z. Naturforsch. B26, 30 (1971).
Banerji, K. K., Nath, P., and Bakore, G. V., Z. Naturforsch. B26, 318 (1971).

. Banerji, K. K., Nath, P., and Bakore, G. V., Indian J. Chem. 8, 337 (1970).

. Kemp, T. J. and Waters, W. A., J. Chem. Soc. 1964, 1192.

. Littler, J. S., J. Chem. Soc. 1962, 832.

. Nath, P. and Banerji, K. K., Curr. Sci. 39, 369 (1972).

. Murdia, M. S., Shanker, R., and Bakore, G. V., Z. Naturforsch. B29, 691 (1974).
. Treindl, L. and Fabian, P., Collect. Czech. Chem. Commun. 45, 1168 (1980).

14.
15.
16.
17.
18.

Treindl, L. and Kaplan, P., Collect. Czech. Chem. Commun. 46, 1734 (1981).
Tkac, 1. and Treindl, L., Collect. Czech. Chem. Commun., in press.

Marko, E. and Treindl, L., Chem. Zvesti 28, 31 (1974).

Haldane, J. B. S., Enzymes. Longmans, London, 1930.

Coleman, W. M. and Taylor, L. T., Coord. Chem. Rev. 32, 1 (1980).

Translated by R. Domansky

790 Chem. zvesti 36 (6) 785—790 (1982)



