The Mechanism of Hydrogen Peroxide Bleaching

By Michael Spiro and William P. Griffith, Imperial College of Science, Technology and Medicine, London, U.K.

ydrogen peroxide is finding in-

creasing application as the pre-
ferred bleaching agent in both indus-
trial and domestic situations. There is
general acceptance that it acts by de-
structively oxidizing the colored or-
ganic molecules involved, but the
mechanism of such oxidation is still
being debated.

Previous Work

Dannacher and Schlenker have re-
cently elaborated their earlier work on
the peroxide bleaching of tea-stained
cotton fabrics at 60C in alkaline buff-
ers.”? By the use of trap tests and other
experiments, they ruled out singlet
oxygen and the hydroxyl radical HO®
as the active oxygen species respon-
sible, but suggested that the active
agent was the perhydroxyl radical
HO;' formed by the disproportionation
reaction:

HO, + H,0, » HO,*+ HO" + HO* Eq. 1

In alkaline media HO," largely dissoci-
ated to the superoxide radical O,*. By
also considering the reactions of HO®
and HO,* with H,0, and the three
chain-breaking reactions by combina-
tions of radicals, Dannacher and
Schlenker estimated that the stationary
concentration of O, *was given by:
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where A was a complex but not explic-
itly stated function of the various rate
and equilibrium constants involved
and of pH. A plot of the calculated su-
peroxide concentration against pH
gave a maximum at about pH 10.8, as
did a plot of the experimentally ob-
tained first-order rate constants for tea-
stain bleaching.

Superoxide Radical

Dannacher and Schlenker concluded
that O,™* was the active agent involved
in bleaching the tea chromophoric sys-
tem. However, tea stains are complex
mixtures of colored polyphenolic com-
pounds with unknown protonation
constants.®4 Kinetic investigations of
peroxide bleaching are more easily in-
terpreted using single colored com-
pounds with known properties. It is
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therefore interesting that Dannacher
and Schlenker’s finding?? of a maxi-
mum bleaching rate at 60C at pH 10.8
is similar to the results in a paper by
Ohura et al. which they do not quote.®
Ohura et al. obtained maximum rate
constants at pH 11-11.5 in bleaching by
peroxocarbonate (which dissociates to
H,0, in solution)® of several colorants
in aqueous solution at 20C, but they
did not interpret their results mecha-
nistically.

Work with Single Colorants

We have obtained rather different re-
sults in a series of kinetic studies” ¢
that were not referred to by Dannacher
and Schlenker. The rates of bleaching
by hydrogen peroxide of phenolphtha-
lein,”8 alizarin,’ and crocetin? were
measured spectrophotometrically over
an alkaline pH range at 21C or 25C and
found always to be first order in
colorant and first order in hydrogen
peroxide. The second order rate con-
stants for phenolphthalein rose
steadily with increasing pH over the
range 9-14 and for alizarin and crocetin
from 10-12, with no maximum at
around pH 11. None of the rates was
affected by adding the trapping agent
N-tert-butyl-o-phenylnitrone’? which
ruled out HO® and HQO,® as the active
agents. Singlet oxygen played no ap-
preciable role either, as shown by the
absence of any effect on adding the
trapping agent 2,5-dimethylfuran or by
changing the solvent to 50 vol% D,0 in
which the lifetime of single oxygen is
greatly increased.?? In fact all the ki-
netic data could be accounted for quan-
titatively on the premise that HO, and
H,0, were the only active oxidizing
species of the various protonated and
deprotonated colorant species. Rate
constants so derived (Table I) showed
that for phenolphthalein and crocetin,
the perhydroxyl ion was a more pow-
erful oxidant than the H,O, molecule.

Table |. Rate Constant Summary

Colorant Temperature  ky/10 (L/mol s)
Species ©) HO;  H,0,
Phenolphthalein2 21 156 <17
Alizarin2 21 1.3 -
Crocetin2 25 3.9 0.26
Malvin* 25 - 39.5

At sufficiently high pH, the bleaching
largely occurs between HO,™ and the
most deprotonated form of the colorant
while, at sufficiently low pH, the pre-
dominant reaction is between the H,0,
molecule and the protonated colorant.
Hence plots of rate constant versus pH
take on distorted S-shapes, as with
phenolphthalein and crocetin. For al-
izarin (H,Az), however, the bleaching
rate constant reached a maximum
around pH 12 and was then predicted
to decrease to a lower plateau value at
still higher pH because the HO, ion
attacks the HAz" ion more rapidly than
the fully deprotonated Az? ion.

In the case of malvin chloride,
whose bleaching was studied over the
lower pH range of 1.5-4.0, the only sig-
nificant oxidant was the H,0, mol-
ecule.”” This species is therefore not as
inert as Dannacher and Schlenker be-
lieved.? The evidence of all the above
experiments shows that in peroxide
bleaching of a wide range of colorants
there is no need to invoke any oxidiz-
ing species other than HO, and H,0,.

Singlet Oxygen

Neither Dannacher and Schlenker? nor
Ohura et al.” added any chelating agent
to the bleach solution. However, we
found it essential® to add low concen-
trations of the transition-metal seques-
tering agent Dequest 2060 to the experi-
ments with alizarin and crocetin
because the rates of bleaching and per-
oxide decomposition were increased
by the presence of metal impurities. In
fact, certain metal compounds can
change not only the rates but also the
mechanisms. Thus, when significant
amounts of molybdate or tungstate ions
were added in the peroxide bleaching
of phenolphthalein, a new form of ca-
talysis appeared which was caused by
the production of singlet oxygen.*® It is
relevant to add that tea stains are likely
to include manganese and other metal
ions.™

Conclusion

We conclude that the main oxidizing
species in uncatalysed hydrogen per-
oxide bleaching of many colorants are
just the H,O, molecule itself (at lower
pH) and the HO,  ion (at higher pH).
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Gall for Papers

he technical program is now being developed for
AATCC’s 1998 International Conference & Exhibition
to be held September 22-25 in Philadelphia.

The program will feature 16 technical sessions including the
traditional Intersectional Technical Paper Competition, the
Herman and Myrtle Goldstein Student Paper Competition,
and the Olney Medal Address.

If you are interested in presenting a paper at the conference,
please submit a summary of the proposed paper (300 words
or less) prior to February 1, 1998 to the appropriate session
moderator (see below) or Jerry G. Tew, AATCC technical
director, AATCC Technical Center, P.O. Box 12215, Re-
search Triangle Park, N.C. 27709; telephone: 919-549-8141;
fax 919-549-8933; E-mail: tewj@aatcc.org.

 History
Moderator: FREDERICK K. JONES, Phoenix Dye Works,
4755 W. 150th St., Cleveland, Ohio 44135; telephone: 216-
267-0818; fax: 216-267-9690.

* Retailing Technology
Moderator: KAREN M. MUESER, Sears Roebuck & Co.,
D/817 FC-575-B, 3333 Beverly Rd., Hoffman Estates, I11.
60179; telephone: 847-286-5975; fax: 847-286-5991.

* Dyeing
Moderator: ROY J. BAMFORD, Schuylkill Haven B&D
Works Inc., P.O. Box 307, Schuylkill Haven, Pa. 17972-
0307; telephone: 717-385-2190; fax: 717-385-5130.

¢ Environmental
Moderator: To Be Determined.

*New Technologies
Moderator: WILLIAM D. HUNTER, Cotton Inc., 3701 Neil
St., Raleigh, N.C. 27607; telephone: 919-510-6250; fax:
919-832-8003.

¢ Preparation
Moderator: GLENN H. PETERY, Wolfe Dye & Bleach
Works Inc., 25 Ridge Rd., Shoemakersville, Pa, 19555;
telephone: 610-562-7639; fax; 610-562-4462.

AATCC’s 1998 International Conference & Exhibition
September 22- 25, Philadelphia, Pennsylvania

Color Science

Moderator: NANGY JO HOWARD, Philadelphia College
of Textiles & Science, School House Lane & Henry Ave.;
Philadelphia, Pa. 19144; telephone: 215-951-2888; fax:
215-951-2651.

Dyeing/Printing

Moderator: To Be Determined.

Finishing

Moderator: VELDA C. DENNETT, W. L. Gore & Associates
Inc., 297 Blue Bell Rd., Elkton, Md. 21921-1130; tele-
phone: 410-996-2598; fax: 410-392-4452.

Garment Wet Processing
Moderator: To Be Determined.

Dyeing/Finishing Troubleshooting
Moderator: To Be Determined.

General
Moderator: To Be Determined.

High Performance Fibers & Fabrics
Moderator: To Be Determined.

Poster Session
Organizer: BRENDA J. TRASK-MORRELL, USDA, South-
ern Regional Research Center, ARS Div., P.O. Box 19687,
New Orleans, La. 70179; telephone: 504-286-4532; fax:
504-286-4271.

Publication of Papers

In accepting an invitation to present a paper at the
conference, a speaker agrees to provide AATCC
with the full text of his or her paper by June 1, 1998.
Papers presented at the conference become the
property of AATCC and cannot be published else-
where without the express, written permission of
AATCC. Guest speakers receive complimentary
registration for the conference.
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