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Catalytic activity studies of some new transition metal complexes in the oxidation
of ascorbic acid to dehydroascorbic acid
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Certain new Mn(II), Fe(III), Co(II), Ni(II) and Cu(II) complexes of the Schiff bases derived from
quinoxaline-2-carboxaldehyde have been screened for their catalytic activity towards the oxidation of
ascorbic acid. Results of the screening studies indicate that among the various metal complexes synthesised,
only the Cu(II) complexes are highly efficient catalysts towards oxidation of ascorbic acid although a few
other complexes also exhibit slight activity. The kinetics of oxidation of ascorbic acid in the presence of
Cu(II) complex of the Schiff base quinoxaline-2-carboxalidene-2-aminophenol have been studied in detail in
methanol water mixtures. These studies indicate that the reaction is first order in catalyst and zero order in
ascorbic acid. Added ligand retards the reaction. A suitable mechanism has been proposed to explain these
results.

Ascorbic acid, an important reducing agent in
biochemical systems, is easily oxidized by many
transition metal centres to dehydroascorbic acidl-3.

A number of reports are available on the oxidation
of ascorbic acid4-11catalysed by Cu(II) and Fe(III)
ions and their complexes. We have synthesised and
characterised certain new Mn(II), Fe(III), Co(ll),
Ni(II) and Cu(II) complexes of the Schiff bases
derived from quinoxaline-2-carboxaldehyde'2. All
these complexes were screened for their catalytic
activity towards the oxidation of ascorbic acid. Our
results indicated that among the various metal
complexes synthesised, only the Cu(II) complexes
were found to be good catalysts towards oxidation
of ascorbic acid. It was therefore found interesting
to understand the mechanism of oxidation of

ascorbic acid in the presence of these copper
complexes. For this purpose, one of the Cu(I1)
complexes has been chosen as the catalyst and a
detailed kinetic study of the oxidation of ascorbic
acid in methanol-water mixtures was carried out.

The results of these studies are presented here.

Materials and Methods

The Mn(II), Fe(III), Co(ll), Ni(I1) and Cu(I1)
complexes of the following Schiff bases were used

for the present study (i) quinoxaline-2-
carboxalidene-2-aminophenol (QAP), (ii)
quinoxaline-2-carboxaldehydesemicarbazone
(QSC), (iii) quinoxaline-2-carboxalidene-2­
furfurylamine(QF A) and (iv) quinoxaline-2­
carboxalidene-o-phenylene- diamine (QOD).

The synthesis and characterisation of the metal
complexes .are reported elsewhere'2. All the
solutions of the catalysts (LOx 10-4mol dm-3) were
prepared in methanol afresh before each kinetic run.
A 1.0 x 10-3 mol dm-3 solution of I-ascorbic acid

(BDH, Analar) was prepared in water afresh before
each kinetic run. A l:l mixture of methanol and
water was used as the solvent for the reaction

mixtures. Analytical reagent grade methanol was
used through out the study. All other reagents used
were of analytical grade purity. Triply distilled
water was used throughout the study.

A Shimadzu UV-Vis 160A spectrophotometer
with I cm quartz cells \vas used for absorbance
measurements.

All kinetic runs were carried out at 28 ± 0.1 0c.
Requisite amounts of all the reagents except
ascorbic acid were taken in a reaction bottle. The

reaction was initiated by transferring the calculated
amount of ascorbic acid into the reaction bottle and
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Table I - fnilial rates obtained in the screening stu~ies ofcatalytic actirity of the complexes on the oxidation of akcorbic
aCid. I

Kinetic study of the oxidation (!( ascorbic acid in
the presence ol the copper complex of quinoxaline­
2-ca rboxa lidene -2-aminophenol

The initial rate data obtained in the present
kinetic investigation on the catalytic oxidation of
ascorbic acid to dehydroascorbic acid is presented
in Table 2.

In the present reaction, the order in catalyst is
unity as evidenced by a linear plot of initial rate
versus [complex], passing through the origin.

When the kinetic runs were carried out in the

presence of varying amounts of ascorbic acid in

activity in the oxidation of ascorbic acid to
dehydroascorbic acid, and none of the manganese(II)
complexes were catal)1ically active. Next to the
copper complexes, iron(IlI) complex of the ligand
QOD has the maximum activity. Apart from these
complexes, QAP complexes of cobalt(II) and
nickel(II), QF A complex of iron(IlI), QSC
complexes of nickel(lI) and iron(IlI) and QOD
complex of cobalt(ll) also have a slight catalytic
activity. Among all the copper(lI) complexes, the
complex of the ligand QSC was found to be the
most active catalyst.

Ascorbic acid IS found to be oxidized by several
iron(lIl) and copper(ll) chelatcs. In most of these
studies the rate was found to be independent of the
partial pressure of oxygen and dissociative
mechanism was assumed. Hence it was proposed
that the stability of the metal chelates and the steric
factors related to the orientation and dimensions of

the ligand donor groups can affect the rate6.

The present investigation indicated that in spite
of the considerable variation in the structure and

stability, all the copper complexes were found to be
active, while in the casc of the other complexes, the
slight activity observed had no regular dependence
on either the nature of the ligand or the structure of
the complexes as a whole. Thus it can be inferred
that the catalytic activity of the synthesised
cornplexes of the Schiff bases derived from
quinoxaline-2-carboxaldehyde is highly influenced
by the nature of the metal ion involved. But it is not
clear whether dissociative type of mechanism is
operative in these reactions also and therefore it is
proposed to make a detailed kinetic study in order to
obtain an insight into the mechanism.

Rate of conversion

(dm3 mor' s·') x 109
2.29
3.69

3.80

13.3

7.27
J03.15
145
803
2.14

23
1050
3.56

5.08
0.59
14

54')73
2.22

315.98

6.f1&

319

444.01

[Ascorbic tid] = 1.0 x 10-4 mol dm-3~[catalyst] = 1.0
i mol dm·3

~atalyst
ii_

[~(QAP)2]

[Fe QAP)2CI)

[e QAP)2]

IN (QAP)2]
[C (QAP)2]

[NtI QSC)Cbl

[Fe QSClCbl

[Co QSC)Cb]
[Ni QSC)CbJ
[Cu QSC)Cb]

[Mn QFA)2Cb]
IFe(Q AXOH)2Chl

ICo QFAhCb]
INi FA)2Cb]
[Cu QFA)Chl
IMI QOD)Cbl
[Fe QOD)Chl
[Co QO]))Chl
[Ni QOD)CI21

CU QOD)Cb

and Obtaiting the slope of the curve!3 at t =-~o. A

software alled "axum" (Trimetrix, 1989) w ' used
for this p rpose All the kinetic results were found
to be repr ducible within an error of 5 %.

Results a d Discussion
Screen in studies

The r suits of the catalytic activity f the
synthesis complexes are given in Table I The
data ind cate that among the various metal
complexe synthesised all the complex's of
copper(ll \\ere found to show significant c, talytic

monitored by following the absorbance of as orbic
acid at 26 nm, where it has maximum abso bance
and all her substances present in the r action
mixture have negligible absorbance. The
concentra ion of ascorbic acid was obtaine from

the abso ance data using a molar abs rption
coefticien of 7500 at 265 nm.

The ini ial rates of the reaction were obtaited byfitting th concentration versus time data ·nto a
pOI)11OmiI of the form,
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... (4)

... (2)

... (3)

... (1)Cu(II)L + L

~ DHA + Cu(I)L
slow

K
~

Cu(l)L + O2 f ) Cu(II)Last

where Cu(II)L2 represents the undissociated
complex, and Cu(Il)L is the monodissociated

Cu(II)L(AA)

K,

Cu(lI)L + AA ~ Cu(II)L(AA)

Cu(II)L2

where Mk is the undissociated complex and ML is
the monodissociated species, or due to the ligand
being liberated during the formation of the
intermediate between the complex and ascorbic
acid.

On the basis of the observed results, the
mechanism of the reaction in the first case may be
assumed to be the one given by Eqs(1-4).

The zero order dependence of the initial rate of
the reaction on [ascorbic acid] gives the impression
that the mechanism of the reaction involves the

oxidation of the catalyst by molecular oxygen in a

slow step, followed by a fast step in which ascorbic
acid is oxidised. If this is the mechanism of the

reaction the rate determining step should be
independent of [ascorbic acid]. In that case the rate
of the reaction should be equal to the rate of
oxidation of the complex in the absence of ascorbic
acid. However, when the rate of decomposition of
the complex was monitored in the absence of
ascorbic acid, even at the highest concentration of
the complex that has been employed in the catalysed
reaction, the rate of decomposition of the complex
was much less than that of the oxidation of ascorbic

acid. Therefore, in order to explain the observed
zero order dependence of initial rate with respect to
ascorbic acid, the' formation of an intermediate

between the complex and ascorbic a~id which
further reacts with molecular oxygen has been
presumed. Further, the observed ligand effect
indicates that either the catalyst exists as an
equilibrium mixture of two species, as may be
expressed by the following equation

[catalyst] [ligand]SolventInitial rate
x 106

x 106dielectricx 108

(mol dm-3)
(mol dm-3)constant(dm3mor1s'( )

(D)1.0

0.055.582.2
2.0

0.055.585.0
6.0

0.055.5815.0
10.0

0.055.5825.3
1.0

0.055.582.7
1.0

1.055.582.2
1.0

6.055.581.9

1.0

8.055.581.7
1.0

10.055.581.5
2.0

0.060.172.2
2.0

0.057.893.3
2.0

0.053.296.5

2.0

0.050.9913.6

[ascorbic acid] = 1.0 x 10-4mol dm·3

Table 2- Effect of varying the concentration of the catalyst
and added ligand and the dielectric constant of the mediwn on

the initial rate

the range 2.0 - 20.0 X 10-5 mol dm-3, at a constant
catalyst concentration of 1.0 x 10-6mol dm-3 in 1:1
methanol water mixtures, the initial rate of the
reaction is found to remain constant within the

limits of experimental error. It can therefore be
inferred that the reaction is zero order with respect
to ascorbic acid. The initial rate of the reaction

decreases with increase in added ligand
concentration (Table 2). A plot of reciprocal of the
initial rate versus [ligand] is found to be linear with
an intercept on the rate axis.

To study the effect of polarity of the solvent on
the rate, kinetic runs were carried out, varying the
composition of the solvent. The dielectric constant
(D) of the solvent is calculated assuming linear
relationship of dielectric constant with composition.
A plot of liD versus log(initial rate) (Table 2) is
found to be linear with negative slope. From this
plot it can be inferred that, the undissociated acid is
the reactive species in this reaction.

In order to study the self decomposition of the
complex, reaction was carried out in the absence of
ascorbic acid, in I: 1 methanol-water mixtures

employing the concentration of the complex as 1.0 x
10,5 mol dm'3. The reaction was initiated by
transferring the catalyst solution into the solvent and
was monitored by following the absorbance of the
complex at 235 nm, From this study, the initial rate
of self decomposition of the complex was
determined to be 3.5xlO,IO mol dm-3.
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species, and DHA represent ascorbic aCil and

dehYdroas.c rbic acid respectively, and the s eciesformed by the interaction of AA with Cu(II L is
represente by Cu(II)L(AA). Cu(I)L is the re uced
form of th species Cu(II)L and it is oxidised back
to Cu(II)L y molecular oxygen.

Cu(ll)L(AA)~ Cu(l)L + DHA ...(11)
slow

Cu(I)L is then oxidised by molecular oxygen to
give Cu(II)L in a fast step.

This mechanism leads to the rate expression,

-

This mechanism leads to the rate Eq.(5)

Rate == k~Kl[cat!tlAA]j{K+[L]} {1+K,[AA]t}I .• , (5)

where: [caf; t represents the total concentratipn of

all the sp ies of the catalyst and [L] that bf the
ligand.

If 1 « K'!AA 1c ' &\ (5) reduces to, Eq (6)

Rate = kt [cat]t/{K+[L]} 1 .. (6)

If K« [i], Eq (6) reduces to Eq (7)

Rate=k'K'[Cu(II)h[L ]e[AA]el {[L]e+K/[AA]e}
...(12)

where [Cu(II)] t is the total concentration of all the

species of Cu(II) in solution.

Assuming [AA] e is equal to the total
concentration of ascorbic acid [AA], from Eq(12)

we get,

Rate = k'K' [Cu(II)ltlLle[AA] I {[L]e+Ki[AA]}
...(13)

Rate = kK [cat]tl [L]. ...(7)
If K' [AA]»[L] e then Eq (13) reduces to Eq (14)

IIRate =~[L]j I kK[cat]t} + {[Ll. I kK[cat]t} I ... (9)

Since [L] represents the total concentration of the
ligand p sent in the solution, it indud s the
concentra ion of the ligand formed from

equilibriu I as well as the concentration f the
ligand ad ed. If we represent the former s [L] i

and the la er as[L] a' we obtain the rate equa ion as

TI
9
f

j

<i'

If

,,"

...(14)Rate = k'[Cu(II)] t

This may be the case in the absence of added
ligand. But probably when the ligand is added [L] e

is no longer negligible compared to K'[AA]. Under
such conditions If it is assumed that the

concentration of the ligand at equilibrium [L]eis

equal to the concentration of the ligand added [L],
Eq (13) becomes, Eq (15).

Rate = k'K' [Cu(II)lt[AA]/{[L]+K/[AA]} ... (15)

which can be rearranged as Eq (16)

IIRate = [L]/{( k'K' [Cu(II)lt[AA]) + (II k' [Cu(II)lt)}

... (16)

Equation (16) indicates that at constant [AA] and
the [catalyst l; (l/rate) versus [L] should be linear
with an intercept on the rate axis, as has been
observed.

Thus both the proposed mechanisms can explain
all the kinetic results obtained. In both the proposed
mechanisms, the rate determining step involves
dissociation of the intermediate species formed
between the catalyst and ascorbic acid.

... (8)

Cu(II) L(AA) + L I ... (10)

Equati n (9) indicates that a plot of I(initialrate) ver s lLl a should be linear with an iqtercept
on the ra axis, provided [L]j is a constant.

Consi ering the other case, if the observe ligand
effect is ue to the liberation of the ligand du ing the
fomlatio of the intermediate between the atalyst
and asc rbic acid, then the mechanism of the
reaction ay be represented as given byes (10)

and (ll).,
I K'

CU(1l)L21+AA ~
I

Rearrang~ng Eq (8)

Rate = !K [catltf{[L]j+[L].}
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