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The paper deals with instability of solutions of quaternary ammonium permanganates, @MaO
tetraethyl-, tetra-1-propyl-, tetra-1-butyl-, tetra-1l-pentyl-, tetra-1-octyl-, and cetyltrimethyl
monium), in dichloromethane and presents the rate constants and activation parameters of the
tion of permanganate. Attention was paid to the properties of colloidal Mn(IV) intermediate.
stability of the solutions depends markedly on the quaternary ammonium salt used.
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Oxidations of various reductants with permanganate were extensively studied
past. In order to facilitate the oxidation-reduction reactions in various organic solv:
the permanganate ion is combined with organophilic cations, mostly quaternan
monium and phosphonium iohsSuch solutions of solubilized permanganate are
stable due to the reactivity of the permanganate which attacks practically all or
solvents. The reduction product of permanganate was mistakenly described as a
manganate(V) diestef. However, Simandy and Jaky pointed out that the product
tually was a form of manganese(IV) (Rf.Later some evidence was given that tl
form is of colloidal natur®’. An exhaustive study on the occurrence and propertie
the colloidal form of manganese dioxide in both aqueous and organic media ha:
reported recentfy Dichloromethane is frequently used as a solvent in the investigz
of oxidation reactions with solubilized permanganate. In the solvent, permangan
slowly reduced to vyield first a yellow transparent solution and finally a brown pre
tate of MnQ.

The aim of the present work was to investigate the reduction of various quate
ammonium permanganates in dichloromethane. Attention was focused on the co
intermediate of Mn(1V) formed in the course of the reaction studied.

EXPERIMENTAL

All the chemicals used were of reagent grade (Merck). The quaternary ammonium permang
were obtained by precipitating aqueous solutions of corresponding quaternary ammonium br
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with the saturated solution of potassium permanganate as described.iffhefsolutions of the salts
in dichloromethane were checked spectrophotometrically by measuring the absorbance at &
where the permanganate band exhibits the molar absorption coefficient of 2 $8tbkdhcm (see

ref19, this value being independent of the cation used. The absorption spectra were measur
the use of a Specord UV-VIS spectrophotometer, and the reactions were carried out in the me
cell of a Spekol 11 spectrophotometer (both Zeiss, Jena) equipped with a thermostatted cell
In a typical experiment, a 50 ml volumetric flask containing dichloromethane was kept in a the
stat at the required temperatuee Q.1 °C) for about 10 min. Then quaternary ammonium perman
nate was added and the solution was stirred by means of ultrasound for about 10 s. An app
amount of the solution was immediately transferred into a thermostated cell of the spectophotc

RESULTS AND DISCUSSION

A typical time dependence of absorption spectrum of the reacting system is shc
Fig. 1. The absorption peaks of permanganate diminish, whereas the absorbal
creases at shorter wavelengths. The spectra exhibit an isosbestic point at 485 n
oxidation state of manganese in the yellow solution (in the absence of perman
absorption bands) found iodometrically according to'tefas 4.1+ 0.3. The rate con-
stant k of permanganate reduction can be evaluated from the spectral ch:
measured. The Guggenheim equatibnfér first-order reactions was found to be vali

In AA = —kt + const (D]

AAis the absorbance difference at titrendt’ wheret —t' is a constant time interva
greater than the reaction half-life. The temperature dependence of the rate const
the temperature interval from 20 to 3C was used for calculation of the activatic

Fc. 1
Absorption spectrum of solubilized permang:
nate in dichloromethane; 1.5 .7fomol dni®
(CgH17)sNMNO,, 2 cm cell path, the numbers &
curves denote reaction time in seconds, curve
600 75 h from the start of reaction, temperatur€ @5

1 1 L
400 450 500 A, nm
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enthalpies and entropies which are given in Table | along with the rate constant€at
The rate constant values presented are mean values of 3-5 measurements. Th
given show that the rates of reaction investigated depend on the length of alkyl ct
the quaternary ammonium cation. Like with some other physico-chemical propert
quaternary ammonium salfs the dependence shown is not monotonous. Nega
values of the activation entropies indicate that the activated complex is more t
organized than the initial state. The formation of a complex with increased coordir
number of manganese, theoretically calculiteagrees with experiment.

The absorption spectrum recorded at the end of the reacédoafter complete con-
sumption of permanganate, showed a uniform absorbance increase with decr
wavelength (Fig. 1, curvé), which is consistent with the Rayleigh law for light sc:
tering. The relationshig between absorbanc®in a system with small colloidal par
ticles and the wavelengih

A=C\*4, ()

whereC is a constant including the polarizability, mass and concentration of the c
dal particles, means that the plot of lhgslog A should be linear. All the experimente
plots obtained gave straight lines with correlation coefficients of 0.999 in most ¢
however, their slopes were somewhat lower than the theoretical value of —4 in ¢
freshly prepared solutions. With progression of time after completion of the redu
of permanganate, the lo§ vslog A plots were linear with slopes approaching t
theoretical value (Table Il). Similar behaviour was observed also in other oxidatic
duction systems with permanganate, which is interpreted by further reduction c
colloidal manganese(IV) species in dichloromethane solitioftse presence of the
colloidal particles in the solutions of permanganate with solubilizing higher alipt
alcohols has recently been prov&oly the dynamic light-scattering measurements. T
TasLE |

Rate constants at 2%, activation enthalpieAH”, and activation entropiesS” for reduction of qu-
aternary ammonium permanganategNMnO, in dichloromethane

R k.1, min™t AH*, kJ mor? AS, J Kt mor™
Ethyl 15.0 £ 0.2 50.7+ 2.0 -10A 7
1-Propyl 7.2 0.13 44,1+ 1.0 -13% 4
1-Butyl 11.7+£04 58.8+ 4.4 —2% 14
1-Pentyl 6.4& 0.19 39.3+ 1.3 -156t 5
1-Octyl 9.82+ 0.30 60.8+ 1.8 -85+ 6
Cetyltrimethyl 142+0.1 41.7£ 1.9 141+ 7
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colloidal manganese(lV) produced during the reduction of permanganate solubiliz
dichloromethane was investigated by the same méthod

Additional evidence for the colloidal nature of the brown-yellow intermediate of
permanganate reduction was obtained from simultaneous monitoring of the absorl
of quaternary ammonium permanganate solutions with the initial concentragiahs
418 and 526 nm. The two absorbandgggat 418 nm and\s,gat 526 nm, are interre-
lated as follows”.

Asze= CoEse™ + [(Es06™ — 526 9)/E416 7 Asss 3)

wheres® ande@ are the molar absorption coefficients of permanganate ion and 1
ganese(lV) dioxide, respectively, at the wavelengths indicated. According t@)Ea.
linear dependence should exist betwées, and A5 The linear dependence was o
served in a reaction system containing tetraoctylammonium permanganate (F

TasLE Il
Slopes of the straight lines according to E?). for the reaction intermediate of reduction of perma
ganate at various timdsafter completion of the first reaction step; temperaturé@5

t, h Slope
90 —4.54+ 0.13
160 —4.43t 0.06
200 —4.20t 0.07
240 —4.12+ 0.05
300 —3.99t 0.08

0.9 T T
As26

0.7 b

Fic. 2
Au1gVs Aspgplot according to Eq2j;
11.2.10%*mol dm® (C,H),NMnOy;
‘ 21.6.10*mol dn®(CgH;),NMnOy;
0 01 0.2 0.3 04 Apg 05 2 cm cell path; temperature 26
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curve 1). On the other hand, when tetraethylammonium permanganate was used
oxidant, a concave curve was obtained instead of a straight line (Fig. 2,3uBch

behaviour of the\,;5vs Agplot is generally interpreted in terms of the stability and
coagulation of the colloidal MnOntermediaté®. Its instability in our systems is als
demonstrated in Fig. 3 showing the successive scans of the spectrum of the solu
tetraethylammonium permanganate. It can be seen that the isosbestic point at 48
less sharply defined than that in the solution of tetraoctylammonium permang
where the rate of permanganate reduction was high compared to that of floccula
the colloid. The difference observed between tetraethyl- and tetraoctylammoniun
manganates is evidently due to the different abilities of these species to be adsor
the surface of the colloidal Mn(particles, the adsorption being responsible for |
stability of the colloid. The presence of Mpf@recipitate observed in the solutions
tetraethyl- and tetraoctylammonium permanganates is consistent with this inter
tion. In the first case the precipitation of manganese dioxide occurs within a
whereas the solutions with tetraoctylammonium permanganate are stable and r
cipitation was observed at room temperature even after several weeks.

0.6

0.4

0.2

Fic. 3
Absorption spectrum of solubilized permanga-
nate in dichloromethane; 1.2 .fanol dni3
(C,Hs),NMNnQO,, 2 cm cell path, the numbers’
at curves denote reaction time in seconds,l__. L L !
temperature 28C 400 450 500 A, nm 550
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