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ABSTRACT

The kinetics of the oxidation of formaldchyde by permanganate 1on
has been investigated in aqueous perchloric acd medium. The rate
of the reaction was found to be acid dependent and the empirical rate
law given as follows;

.4 ”g{””) = {as+ h[n*]}[nmm] [Mn()i]

=117 x10% b =671 x 1077 mol ™ ldm’s "L at [HY] =
0.05moldm™ [ =0 Smoldm™, 1 = 635nm, T = 25 £ 01°C

The activation pammuus were evaluated as, By = JS 1RKImol
AHY = 4276 KImol ' and 487 = - 16855 mol'K™! The outer--

sphere pathway was proposed for the title reaction.

INTRODUCTION

The permanganate ion has scveral ad
vantages as an analytical reagent (Insauti, et
al., 1995). Thus it is a strong vividly coloured
ovidant, serving as its own indicator. [t reacts
very rapidly with UV, PtC |4 Ti (1) and
VIV (Iyun & Ajibade, 1992) and the inncr

sphere mechanism has been suggested for
such reactions. It has also been suggested
that aliphatic kerones are oxidized by acid
permanganate via the enol form (Banerji,
1973). There is also the possibility that the
oxidadon of aliphatic aldchydes by MnOy
and other oxyanions may inva!. ¢ similar enol
intermediates.
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In a quest for more understanding of the
rcactions of aldchydes, the authors have in-
vestigated and reported the results of the
redox reactions between HCHO and BrO,
(Lohdip et g:’., 1995), CHLCHO and MnOj,
and Cr,O7°" (Iyun & Ajibade, 1992) and
CH,CHO and BrO, (Lohdip er al., 1996). In
this paper, the results of the HCHO/MnO,~
system are presented.

EXPERIMENTAL WORK

Materials

Standard solutions of formaldchyde
(Analar) were prepared before use. Potas-
sium permanganate (Analar) solution was
prepared and standardized using the conven-
tional mecthod (Bassett er al.. 1982).
Perchloric acid was used as the acid medium
and for investigating the cffect of hydrogen
ion on the rate, while sodium perchlorate was
used to maintain the jonic strength constant
at 0.5 mol dm™ Al other chemicals were
uscd as supplicd.

Stolchiometry

The stoichiometry of the reaction was
determined by spectrophotometric titration
using the mole ratio method, Reaction mix-
tures contaming varving ratios of HCHO and
MOy at (HY) = 0.0Smoldm ™ 1= 0.5 mol
dm™* (NaClO ) were allowed to stand until
. the reaction had gone to completion. The
absorbances of the soJutions were then
mcasurcd at 635 mm and the stoichiometry
was evaluated from the plot of the absor-
lmnt‘c versus m()k‘, ratjo.

Kinetics

All kinetic measurements were conducted
under pscudo-first-order conditions with the

concentration of formaldehyde maintained
in large excess over the permanganate. ion
concentration. The reaction was followed by
monitoring the rate of change of absorbance
of the reaction mixture at 635 nm using the
solid state photometer (Trojanowicz ef al.,
T9KRR; Lohdip et al., 1997). Pscudo-first-order
rate constants were obtained from the plots
oflog (A, - A|) versus time (where Ao and At
arc the absorbances at time zcro and time t
respectively). The temperature was main-
tained constant at 25.0 + 0.1°C for all runs,
(H*) = 0.05 mol dm™, and I = 0.5 mol dm’
(NaClOy), unless otherwise stated.

RESULTS AND DISCUSSION

Stoichiometry

The stoichiometry of the reaction be-
tween HCHO and MnOy4 " was found to be in

the ratio 5:2 and represented by equation(1).

SHCHO + 2MnO,” + 6H* -
SHCOOH + Mn** +3H,0 (1)

This stoichiometric equation is in agreement
with carlicr reports involving similar systems
(Iyun & Ajibade, 1992, Lohdip et al., 1995;
Lohdip er al.. 1996; Hassan, 1991). The
products of the rcaction were gualitatively
identificd. i e Mn2* by indole (Avoka et al,
1992) and HCOOH by reacting with
NaHCOx and testing with lime water (Ivun &
Ajibade, 1992 Lohdip et al, 1995, Lohdip et
al., 1990,

Order of reaction

" Pscudo-first-order plots of log (A, - A,)
versus time were lincar to more than 7072 of
the extent of reaction indicating first order in
[MnO4]. Least squates plot of the pscudo-
first-order rate constants k,, versus [Mn(Q)))
was lincar (r = 0.96) and a slope of about
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unity was obtained, confirming first order in
(MnO,"). The sccond-order-rate constants
ky, obtained as ky = ko / {MnO4 7] were fairly
constant (Table 1), indicating that the reac-
tion is also first order in [HCHO]. Therefore,
the rate equation for the reaction can be
written as in equation (2):

_ilﬂ%lﬂﬁl = k3 [HCHO] [Mn()f] (2)

ky = (2.29 + 0.30) x 10¢mol ™ 'dm's ™!

Acid dependence

The influence of HY on the rate of the
reaction was determined by varying HCIO1n
the range 0.01 - 0.15 mol dm™" with_ionic
strength kept constant at 0.5 mol dm™*. The
values of the acid dependent rate constants
are given in Table 1. A least squares plot of
ky versus [H'] was linear (r=0.94) with a
positive intercept and the relationship fitted

into equation (3).
ky=a+ b[H"| (3)

a=117 x ll)"s",

b=671 x 10" m()|“dmxs'l,

rate equation becomes;

_d[HCHO] _

dt
fa+ b[H*]}picHO) [Mnoj] (4)

2 so that the

Mn?* dependence

The cffect of M2t on the reaction rate
was studied and results presented in Table 1
Least squarces plot of k, versus [an | was
linear (r = 0.99) and the relationship is given
in equation (5).

ko = ¢ + d[Mn?*) (5)
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It has been reported (Hassa, 1991), that
acidificd MnOy” is reduced by Mn?* 10 give
intcrmediate forms as excmplificd by equa-
tion (6), so that if the intermediate man-
ganesc specics arc the active oxidizing
specics, the addition of Mn?" should cause
an acceleration of the reaction rate (Radhak-
rishnarmurti & Sabu, 1977).

MnO,” + IMn?* +8H*
< Mt + Mn*taH, 0 (6)

In our reaction system, the rate increased
with increase in the concentration ol added
Mn?* which supgests that Mn’* may be con-
verted 1o the, products via the intermediate
mangancse ions. This was confinned by the
obsceved disappearance of the induction
period. Mctal catalysis has alvo bheen ob
served for some Oxyaniop reaction systems
(Ayokoetal , 192, Iyun et al, 19924, b)

Ionic strength dependence

The rate was found to increase with in-
crease in the ionic strength of the medium in
the range 015 -1.95 mol dm’ ( Tablc 1). The
positive salt cffLu is an indication that the
rate determining steps or one such steps in-
volve(s) charged jons or an jon and a neutral
molccule (Hassan 1991) which 1s in agree-
ment with our expernential resullts.

Added anfon dependence

The effect of added formate and acctate
ions on the rate was investigated and found to
retard the rate. A plot of the added amon
dependent rate constants versus the anton
concentration is give in Figure 1. This de-
pendence is similar to ap carlier report (Has-
san, 1991) and is suggestive of the outer
sphere pathway.
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Table 1
Rate Constants for the Oxidation of Formaldehyde by Permangrnate lon In Aqueous
perchloric Acid
(HCHO] = 6.7 x 10 2mol dm>, 1= 635nm, Temperature = 25.0 = 0.1°C
IO‘!M“O‘; ] 102(11*!) I, mol dm? ""[an ‘J' k,, dm® mol ™!
mol dm mol dm mol dm 2 B

8.0 50 0.5 2.78
12.0 50 05 T 247
16.0 50 05 - 19
20.0 50 0.5 - 2.10
240 50 0.5 21
8.0 10 0.5 2.05
80 30 0.5 2.96
80 80 0.5 3183
RO 10.0 0.5 7.31
RO 12.0 0.5 1108

] 8.0 15.0 0.5 1100
R0 5.0 .18 2.06
8.0 5.0 0.25 2.24
80 50 0.15 - 228
80 50 045 2.3
R0 5.0 0158 2
8.0 5.0 06S 25
RO $.0 0.75 2.70
R0 5.0 09§ NN
8.0 5.0 1.9s RN
RO 5.0 0. 1.0 R
RO 5.0 0.5 2.0 293
8.0 50 0.5 50 411
RO 50 0.5 8.0 5.26 4
R0 50 0.5 10.0 1.75

B OV
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Fig. 1

Plot of k1 versus (X)) foe the Oxidativo of Ponnaldchydc by Pcnnnngxnatc ‘on in Aqueous

Peschloric Acid: (n) X = HOO); (b) X =
mol dm”? i (HCHO) = 67 mol dm’

Temperature dependence

The effect of temperature on the rate of
the reaction was studied over a temperature
range of 11°C
to be dependent on change in temperature.
Least squares analysis of the pk)u of In k,
versus T and In(K/T) wrsus T! gave the
following valucs of the actlvatmn
paramctcrs: [ = 4S 18 Kimol™; All
42.76 KJmol’ and AS* = .168.55 Jmol™!

O )
S 235C and the rate was found

Reactlon mechanism

The redox reactions of many oxyanions

have been observed to have strong depend-

61

C m( OO [H*) &= 005 mol dm™®; (MaO %) = 80x107
) m os-udn’ Am 635 mam, T=2510.1°C.

ence on acid concentratior (lyun et al,
1992a, b). Under the experimental condi-
tions, therefore, ft is reasonable to postulate
that MnO," is protonated in a fast step to
give HMnO4 which then reacts with HCHO
in a slow step to give the products (Hassan,
1991; Sen et al., 1995).

K,

MnO + HY «_

HMnO, (7)

K, = 229 x 10° dm® mol™! at 25°C

The mlcru:pl obtained for the plot of k,
versus [H*) indicates that the unprotonated
MnQO,~ also reacts with HCHO to from the
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products. In similar reaction systems, (Loh-
dip et al., 1995; 1996), [H*] dependence has
also been ascribed to the substantial and
rapid hydrolyzis of aliphatic aldehydes. From
the statement above, the following scheme is
proposed for the reaction;

K,
MnO, + H' «_ -+ HMnO, (N
K,
HCHO + Hy0 «— - HCH(OH), (8)
kl
HCH(OH); + MnO,~ —~ HCOOH + MnOy” + H,0 9)
k,
HCH(OH); + HMnO, —= HOOOH + HMnO4 + H,0 20)
Ky
HCHO + HMnO, —= HCOOH + HMnO, (11)
K,
HCHO + MnO,” —= HCOOH + MnOy~ (12)
MnO;" + HY —~ HMnO; (fast) (13)
2HMnO4 + 3HCHO + 4H* = 2Mn?* 4+ 3HCOOH + 3H,0 (fast) (14)

From the above scheme (7) - (14). the rate of loss of HCHO i« expre=s.ed by equation (15)

J[HCHO] _
dt

Equation (15) is similar to equation (4)
with (lez + k‘) = aand (klekz + k}Kl)
=b,K; = 229x 10 dm” mol ! at 20°G,

In trying to assign mechanistic pathway for
thits reaction the following points are con-
sidered:

i. The inhibition of the rate of this reac-
tion by the presence of added formate
and acetate ions tends to suggest that
the reaction occurs via the other

we

{(kiKz +10) + (kK Ky + 0Ky [n*]}[nmo] [Mno;] (15)

sphere pathway. The MnZ* Catalysis is
also in support of this mechanism.

The absence of gel formations after
addition of a tolution of acrylamide to
a partially oxidized reaction mixture
suggests the absence of a free radical
intermediate in the reaction. Altcrna-
tively if such a radical i formed it may
have a very small formation constant e
that it cannot be a major species in the



dctermining step. This evidence is also
in support of the outer sphere
mechanism.

iii. There was no change in Amax from 635
nm when the absorbance of the reac-
tion mixtures were recorded one
minute after mixing at different wave
lengths. This evidence is against the
inner sphere pathway, where a pre-
electron transfer association exists be-
tween the reactants.

iv.  Michcalis-Menten Plot of 1/kg versus
1/[MnOy"] was liner with an insig-
nificant intercept which suggests that
inner-sphere intermediate or ion- palr
intermediate is unimportant in this
reaction.

The evidence provided in (i) - (iv) above,
is in support of the outer sphere mechanism
and so this pathway is hereby proposed for
the reaction

CONCLUSION

The rate of oxidation of formaldchyde by
permanganate 1on was found to be depend-
ent acid, added cation and anion concentra-
tions. Other evidence was in support of the
outer sphere mechanism and so this pathway
was proposed for the process.
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