Russian Journal of General Chemistry, Vol. 74, No. 3, 2004, pp. 376-378. Translated from Zhurnal Obshchei Khimii, Vol. 74, No. 3, 2004,

pp. 415-418.

Original Russian Text Copyright © 2004 by Sychev, Anikina, Isaak, Tsyntsaru.

Formal Bleaching Kinetics of Acid Blue 80

in Weakly Acidic, Neutral,

and Basic Aqueous Media

A.Ya. Sychev,df Zh. O. Anikina, T.V.lIsaak, and N.I. Tsyntsaru

Moldova State University, Kishinev, Moldova

Received July 16, 2001

Abstract —General kinetic relations were established for the first step of oxidation of Acid Blue 80 in
weskly acidic, neutral and basic media in the following systems: Fe#*-H,0,, Mn?*-HCO3-H,0,, and
Cu2+—phenanthroline—H202. The rate constant for the reaction of hydroxyl radical with the dye and the
dependence of the degree of bleaching upon oxidant and catalyst concentrations were determined.

The system Fe?*-H,O, (Fenton's reagent) [1] is
widely used for oxidation of various organic and in-
organic substrates, including indicators [1, 2], in
acidic medium (pH 1-3). Addition of some ligands to
that system makes it possible to avoid precipitation of
iron(l1) and iron(l11) hydroxides and to effect oxida-
tion in weakly acidic and neutral media [3]. The sys-
tem MnZJ'—HCO§—HZO2 is known [4] to be highly
effective in the oxidation of a number of organic subs-
trates in neutral medium; its efficiency is only dlightly
lower than that of iron(l11) complexes with triethylene-
tetramine (“inorganic catalase,” the most effective
catalyst for decomposition of hydrogen peroxide
among low-molecular-weight compounds). Also, the
high peroxidase and catalase activity of various cop-
per(1l) complexes in akaline medium has been re-
ported [5]. In particular, we selected the Cu?*—Phen-
H,O, system as the most efficient to examine the
oxidation process. The above systems can be used to
oxidize Acid Blue 80 (C.I. 61 585; D), which is a
large-scale product, over a wide range of pH (from 2
to 12). This process attracts considerable interest from
the viewpoint of solving various applied problems in
analytical chemistry (e.g., elaboration of new cataly-
metric methods for determination of iron, copper, and
manganese on a micro level) and ecological chemistry
(analysis of natural waters [6]). Oxidation of the dye
in the above systems destroys its chromophoric and
auxochromic groups. Insofar as the final oxidation
products (which may be toxic) were not identified in
this work, the use of the results in technological
processes requires additional purification procedures
(adsorption, photocatalysis, ozonation, etc.).

Bleaching of Acid Blue 80 was examined under
aerobic conditions. Experiments were performed in a
cell which was maintained at a constant temperature
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(298 K) and ensured control over pH variation during
the reaction (with the aid of a 673M pH-meter). The
dye gives rise to two absorption maxima in the elec-
tronic spectrum at A 581 and 625 nm. The substrate
consumption was followed by measuring the optical
density A at A 625 nm (¢ = 13.8x10% I mol™t cm™).
The other components of the reaction mixture, i.e.,
hydrogen peroxide and metal complex catalyst, do not
contribute appreciably to the optical density at the
selected wavelength. All solutions were prepared
using doubly distilled water. The optical densities
were measured on SF-46 and Specord M-40 spectro-
photometers. The structure of the molecule of Acid
Blue 80 is shown below (M 634).

We examined the kinetics of bleaching of Acid
Blue 80 with Fenton’'s reagent in acidic medium. The
initial concentrations were as follows: [Fe?*], = 1x
107, [H,0,], = 0.1, [D], = 4x10™° M; pH 2. Below
are given the dependences of the bleaching rate WP
upon [Fe*],, [H,O,]y [D], and pH:

HC O . O CHs
Q—HN O NHQ

H3C CH3
HO3S CHs HsC  SOsH
D
[Fe?*]gx 10°, M 1.0 1.7 2.3 6.5
WP 107, Imoltst 31 4.4 5.0 10.9
[Hgoz]0 x 102, M 5.0 75 10.0 15.0
wPx10’, Imol-tst 32 41 4.7 5.9
[D]px 10°, M 2.0 4.0 6.0 8.0
WP 10, Imoltst 25 5.3 8.3 10.4
pH 2.0 25 3.0
WP %107, Imolts? 55 2.8 14
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Fig. 1. Semilog plots for bleaching of Acid Blue 80 at
different concentrations of iron(ll) ions. [Fe2+]0>< 105 \v1:
(D) 1, (2 17, (3 2.3, and (4) 6.5. pH 2; [H,0,]g = 1x
1071, [D]p = 4x10° M.

It is seen that the rate of bleaching strongly de-
pends on pH. No oxidation occurs at pH > 3. Reduc-
tion of the oxidizing power of Fe**-H,0O, with in-
creasing pH is likely to result from formation of in-
active complexes like Fe(OH)". An almost complete
bleaching of the dye is attained within 4-5 min, and
the residual chromaticity decreases from 21.8 to 11%
(Fig. 1) as the catal)ést concentration increases from
1x10™ to 6.5x10” M. The degree of substrate
bleaching rises from 69.1 to 83.6%, depending on the
oxidant concentration (Fig. 2). Using these data, by
the van’t Hoff method we calculated the partial orders
of the reaction with respect to all the components. The
overal kinetic equation for the reaction rate as a func-
tion of reactant concentrations in Fenton's system
looks as follows:

WP = ky[Fe?*]%8H,0,]° D] {H]°®.
Here, k; is the apparent rate constant.

We aso examined the formal kinetics of bleaching
in neutral medium in the presence of hydrogen car-
bonate manganese(l1) complexes as catalysts. The rate
of decomposition of the dye increases with rise in the
concentration of Mn** and HCOj; ions and H,0O,.
While finding optimal conditions and determining the
partial orders of the reaction, the initial concentrations
were varied within the following ranges: [an"]0 17?
10°-3x10°°, [H,0,], 0.05-0.1, [HCO3], 0.2-0.5,
[D], 6x10°-1x 107 M. The plot of W5 versus pH is
a parabola with its maximum at pH 8.2-8.4, which
corresponds to maximal accumulation of [Mn(HCO,)]*
and [Mn(HCO;),] complexes in solution [4]. There-
fore, the subsequent measurements in these systems

were performed at pH 8.3. The results are given below.

[DY/[D]y x 100%

100 200 300
t,s

Fig. 2. Kinetic curves for bleaching of Acid Blue 80
([DJ/[D]gx 100%) in the system Fe?*-H,O,-Dye at
different hydrogen peroxide concentrations. [H,O0,]qx
10%, M: (1) 5, (2) 10, and (3) 15. pH 2; [D]y = 4x 1072,
[Fe?*]lp = 1x10° M.

[Mn?*]5x 10%, M 1.0 2.0 3.0
WP %107, Imolts? 1.0 2.2 2.9
[HCO3], M 0.3 0.4 0.5
WP %107, Imolts? 1.0 1.8 25
[H,0,]0x 10%, M 5.0 8.0 10.0
WP %107, Imolts? 15 1.9 2.1
[D]ox 10°, M 6.0 7.0 8.0
WP %107, Imolts? 15 1.8 2.0
pH 7.9 8.1 8.3

WPx107, Imol=tst 79 10.4 12.8
On the basis of these data (by the van't Hoff
method) we obtained the following overall kinetic

equation:

WP = keIMn*'THHCO3]"[H,0,]*9[D]*
2 [H+] 04 )

Here, k, is the apparent rate constant.

The concentration of manganese ions in the system
Mn?*-HCO3-H,0,-D considerably affects the dgree
of dye bleaching.

[Mn?*]5x 107, M 1 2 4 6 8 10
[D][D]ox 100% 80.0 76.4 449 255 49 24

pH 8.3; [H,0,], 0.05, [HCO3], 0.35, [D]y 6x 105 M.

In this system, at a hydrogen peroxide concentra-
tion [H,O,], of 0.1 M, the residual chromaticity was
as low as 3.3%. Simultaneous addition to the reaction
mixture of p-nitroso-N,N-dimethylaniline (PNDMA),
which is a specific acceptor of OH' radicals, and the
dye inhibits oxidation of the latter (Fig. 3). We can
conclude that the dye is oxidized with hydroxyl ra-
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Fig. 3. Effect of p-nitrosodimethylaniline (PNDMA) on
the oxidation of Acid Blue 80 in the system Mn®*-HCO3-
H,0,. A stands for the optical density. [PNDMA] x 104,
M: (1) 0, (2 1, (3 2 and (4) 3. [Mn®*]g = 2x10°5,
[H,0,]p = 3x1072, [HCO3], = 3x107L, [D]y = 8x
107>, M.

dicals and that inhibition of the process results from
competition between p-nitrosodimethylaniline and the
dye for OH' radicals generated in the system. Using
the competing acceptor technique [7], we determined
the elementary rate constant for the reaction of OH’
radlcals W|th Acid Blue 80: ko.p = (1.9+0.2)x
10 | mol~t st.

As catalysts for oxidation of Acid Blue 80 in al-
kaline medium (pH 9-12) we used agua ions and
copper complexes with o-phenanthroline (Phen),
histidine hydrochloride, 2,2'-bipyridine, tartaric acid,
citric acid, ethylenediamine, and tetrasodium ethylene
diaminetetraacetate. However, only the system Cu?*—
Phen-H,0O, turned out to be active in the oxidation.
The rates of oxidation of Acid Blue 80 as functions
of the initial concentrations of the components are
given below.

[Cu?*]yx 106, M 33 5.5 10.0
WPx107, Imoltst 59 7.4 10.0
pH 12; [Phen]y 1x107%, [D]y 4x 1075, [H,0,], 0.1 M
[Phen],, M 1.0 2.0 3.0
WPx107, Imoltst 27 6.1 9.8
pH 12; [Cu?*]y 1x 107>, [D]y 4x 1075, [H,0,] 0.1 M
[H,0,]0x 10%, M 1.0 5.0 10.0
WPx107, Imoltst 20 3.8 5.1
pH 12; [Cu?*]y 1x 1075, [Phen], 3x 10>, [D]y 4x10° M
[D]gx 10°, M 6.0 8.0 10.0
WPx107, Imoltst 79 10.5 12.6

pH 12; [Cu2+]0 1x10°5, [Phen]y 3x 107>, [H,0,] 0.1 M

pH 8.0 9.5 10.5
WPx10/, Imolts? 30 8.0 14.9
[Cu?*], 1x107°, [Phen], 3x 107>, [D], 4x10°°,
[H,0,]g 0.1 M

The following overall kinetic equation was derived
from these data

WD _ ks[cu2+]0.5[Phen]1[H202'|0.5[D]1
3 [H+]O.3 )

Here, ks is the apparent rate constant. As the oxidant
concentration increases by an order of magnitude, the
degree of bleaching changes within the range from
52.7 to 63.6%.

Analogous kinetic relations were observed for the
oxidation with the above three systems of some other
acid dyes of the anthraquinone series: Acid Blue 35,
Acid Green 27 (C.I. 61 580), and Acid Blue 78. A
conclusion can be drawn that the most effectlve sys
tem for the oxidation of Acid Blue 80isMn**~HCO5-
H,O,. It ensures minimal residual chromaticity rela-
tive to the other systems even at [H,0,], =3x 1072 M,
and the required concentration of manganese ions is
lower by an order of magnitude than the concentration
of copper and iron ions or complexes. The oxidation
in acidic or alkaline medium can aso be effected with
the Fe**~H,0, or Cu?**-Phen-H,O, system, respec-
tively. The use of various transition metals and li-
gands makes it possible to oxidize large-scale dyes
over a wide range of pH with hydrogen peroxide
which is one of the least expensive and most ecolo-
gicaly safe oxidants.
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