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Removing metals from aqueous waste
streams with hydroxyfullerene
Included are a variety of main group and transition metals.

FULLERENE, WHICH IS ALSO KNOWN AS A
BUCKYBALL, exhibits a hollow sphere
cage structure similar to a soccer ball
that contains 60-carbon atoms. This
compound is prepared by vaporization
of graphite and is remarkably stable.
Since fullerene was discovered in
1985, this compound has been evaluated for use in such applications as solar cells and hydrogen gas storage. One
area where other carbon-based materi-
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Initial work with hydroxyfullerenes is very promising
because it shows great afﬁnity for zinc, which is a
difﬁcult metal to waste treat.
als such as graphene oxide have been
evaluated is in removal of heavy metals
from water through adsorption.
This application is very important
because water is a precious resource
and removal of metals from efﬂuent
streams generated in manufacturing
plants is mandatory. In a previous TLT
article, a new compound known as
copper hydroxide ethanedisulfonate
was found to have promise in removing anions from water though ion exchange.1 Among the anions removed
were dicarboxylates and metal oxo anions such as permanganate.
Andrew R. Barron, the Charles W.
Duncan Jr.-Welch Chair of Chemistry
and professor of materials science and
nanoengineering at Rice University in
Houston, indicates that past research
has focused on looking for compounds
that extract speciﬁc precious metals.
He says, “There have been lots of studies on nanomaterials to evaluate their
ability to extract specific precious
metals. One material that has shown
promise is graphene oxide, which has
been found in the literature to remove
transition metals, lanthanides and actinides from water.”
None of these nanomaterials have

the ability to extract all of the metals
that may be present in a speciﬁc efﬂuent stream. Barron says, “Based on the
work conducted with carbon nanomaterials, we decided to look at hydroxyfullerenes. Our initial work showed
that hydroxyfullerenes chelate ferric
ions (Fe3+) to form a water insoluble
complex.”
The other attractive reason for
working with hydroxyfullerenes is
that they function in a similar manner
to the phenolic derivative, catechol in
forming cross-linked complexes with
metals. A catechol derivative known as
3,4-dihydroxyphenylalanine is used by
marine mussel proteins to chelate metals. Barron says, “Hydroxyfullerenes are
a larger version of the phenolic ligands
seen in biological systems.”
Hydroxylation of fullerene takes
place through reaction with sodium
hydroxide in the presence of tetrabutylammonium hydroxide. Barron says,
“Depending upon the reaction conditions, over 20 hydroxyl groups can be
placed on a single fullerene molecule.
Some of the groups are alkoxides that
are neutralized with sodium cations.”
A recently completed study has now
shown that hydroxyfullerenes can extract
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