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Sonochemical Synthesis of Fullerene Oxides [C79Oy](n=1~2)
Using Metal Hexacarbonyl Complexes M(CO)s (M=Cr, Mo, W)
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ABSTRACT : Sonochemical synthesis of fullerene oxides [C70n] (n=1~2) by fullerene[Cz] and metal
hexacarbonyl complexes M(CO)s (M=Cr, Mo, W) took place under air atmosphere. The reactivity of
fullerene[Cr] and several metal hexacarbonyl complexes M(CO)s (M=Cr, Mo, W) under same ultrasonic
condition increased in the order of Mo(CO)s > W(CO)s » Cr(CO)s. The MALDI-TOF-MS, UV-visible
spectra, and HPLC analysis confirmed that the products of sonochemical reaction were [CroOn]
(n=1~2).
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1. Introduction

Recently, sonochemical reactions have been pro-
ven to be a useful synthetic technique to generate
novel material with desirable properties.' Ultrasonic
synthesis of fullerene derivatives has attracted con-
siderable attention in materials science and solid-
state ch-':mistry.2 Power of ultrasound provides one

Y o) B A A e -mail : kowb@syu.ac.kr)

A 22w A407 A 3%, 2005

FE M(CO)s (M=Cr, Mo, W)] ¥
Zz7}5ke Jedlth. MALDI-TOF-MS, UV-visible
[CoOn] (n=1~2) Y& & %

174

H-2-A0-& Mo(CO) > W(CO)s
E#3} HPLCE ARE3H

PE

AHE
Eata

metal  hexacarbonyl complexes, MALDI-

of the most exciting way to synthesize nanomaterials
of fullerene derivatives for research and industry.3

The chemical effects of ultrasound arise from
acoustic cavitation : formation, growth, and implo-
sive collapse of bubbles in liquid.>* The implosive
collapse of bubble generates localized hot spots
through adiabatic compression or shock wave for-
mation within the gas phase of the collapsing
bubble. The conditions formed in these hot spots
have been experimentally determined, with transient
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temperatures of ~5000 K, pressure of 1800 atm, and
cooling rates in excess of 10" K/s.** These extreme
conditions attained during bubble collapse have
been exploited to decompose the metal-carbonyl
bonds and generate metals,™ and metal oxides.”

The oxidation of fullerenes[Cgo, C7o] has been the
subject of many researchers over the last decades.™®
Metal hexacarbonyl complexes M(CO)s (M=Cr,
Mo, W) were the original material to make several
metal oxides (MoOs, WQOs, CrOs) which used as
catalyst to synthesize fullerene oxides in air atmos-
phere under ultrasonic irradiation.

The most stable oxides of molybdenum are MoQ,
and MoQOs, where the oxidation states of Mo are
tetravalent and hexavalent, respectively.2

The presence of several metal oxides (MoQ;,
WO;, CrO; or MoO,, WO», CrO,) may promote the
formation of fullerene|[Cyo] oxides in air atmosphere
under ultrasonic irradiation.’

Herein, we report the fullerene oxides, [C7oOn]
(n=1~2) prepared by ultrasonic irradiation of
M(CO)s (M=Cr, Mo, W) and fullerene[C7] in hexane
under air atmosphere.

II. Experimental

Fullerene{Cy] used in this work had 99.9% at
purity and obtained from Tokyo Chemical Inc
(TCI). Metal hexacarbonyl complexes M(CO)s
(M=Cr, Mo, W) were purchased from Aldrich.
Hexane was purchased from Daejung Chemical
Company. The ultrasonic irradiation of all samples
was conducted in continuous mode with an Ultra-
sonic Generator UG 1200 made by Hanil Ultrasonic
Co, LTD. Ultrasonic equipment employed in this
research having frequency 20 kHz, power 750 W,
the configuration of the equipment is a horn type
system, and the size of the horn tip is 13 mm in
diameter. All the samples were analyzed by MALDI-
TOF-MS (Voyager-DE STR) and the matrix was a
cyano-4-hydroxy cinnamic acid. HPLC analysis was
performed with a Shiseido nanospace SI-2 model.
Column used was a Cosmosil 5 pPBB (250 X 4.6

mm) made by Phenomenex. UV-Detector was used
at 330 nm. The flow rate was 1.0 ml/min during
the mobile phase for toluene/hexane at the ratio of
6:4(v/v). The injection volumn was 20.00 yf at a
pump pressure of 5.0 MPa. The electronic absorp-
tion spectra was obtained by UV-visible spectro-
photometer (Shimadzu UV-1601 PC).

1. The reaction of fullerene[Cr] by ultra-
sonication in air atmosphere with chro-
mium hexacarbonyl

The solution of C (20 mg, 0.024 mmol) which
was dissolved in 50 ml of hexane was reacted by
ultrasonication with chromium hexacarbonyl (161.1
mg, 0.732 mol) for 24 h in air at 25~43 °C. The
resulting solution was evaporated and then the
remaining solid was obtained as a mixture of
fullerene[Cyo] oxides.

2. The reaction of fullerene[Cr] by ultra-
sonication in air atmosphere with molyb-
denum hexacarbonyl

The solution of C (20 mg, 0.024 mmol) which
was dissolved in 50 ml of hexane was reacted by
ultrasonication with molybdenum hexacarbonyl
(180.0 mg, 0.732 mmol) for 24 h in air at 25~43
°C. The resulting solutuon was evaporated and then
the remaining solid was obtained as a mixture of
fullerene[Cro] oxides.

3. The reaction of fullerene[Cr] by ultra-
sonication in air atmosphere with tung-
sten hexacarbonyl

The solution of Cy (20 mg, 0.024 mmol)which
was dissolved in 50 ml of hexane was reacted by
ultrasonication with tungsten hexacarbonyl (257.6
mg, 0.732 mmol) for 24 h in air at 25~43 °C. The
resulting solution was evaporated and then the
remaining solid was obtained as a mixture of
fullerene[C+] oxides.
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. Results and discussion

The sonochemical processing applied to the
synthesis of fullerene oxides by the reaction of
fullerene[C] with metal hexacarbonyl complexes
M(CO)s (M=Cr, Mo, W) which gives rise to the
oxidation of fullerene[C7] with the formation of
[C7004] (n=1~2). Spill-over of activated oxygen has
been proposed by Delmon and his coworkers in
explaining synergetic effects of physical mixtures of
metal oxides in selective oxidation reactions.™®

According to the donor/acceptor scale Delmon
proposed, carbon has to be a strong acceptor of
spill-over oxygen.” Therefore, fullerene[C79] may be
act to be a strong acceptor of spill-over oxygen. The
spill-over of activated oxygen is related to catalytic
formation of fullerene oxides[C70n] (n=1~2) be-
cause catalytic formation of several oxygen com-
plexes is proposed to be related to spill-over of
activated oxygen.6

For many chemical synthesis, ultrasonic reaction
has led to enhanced reaction rates compared to
conventional heating. The MALDI-TOF-MS spectra
and HPLC profile revealed the oxidation of ful-
lerene[Cy] by ultrasonic irradiation in the presence
of metal hexacarbonyl complexes M(CO)s (M=Cr,
Mo, W) under air atmosphere. The reactivity of
fullerene [Cr] with the metal hexacarbonyl com-

plexes M(CO)s (M=Cr, Mo, W) under ultrasonic
irradiation increased in the order of Mo(CO)s>
W(CO)e>Cr(CO)s.

The difference between various oxidation reaction
with and without ultrasonic irradiation is as follows;
the reaction time is shorten due to high pressure and
temperature under ultrasonic irradiation. They have
taken time more than 3 days to get same results
without ultrasonic irradiation. Epoxidation mediated
by ultrasonic irradiation in air atmosphere with
various metal hexacarbonyl complexes is efficient
for both electron-rich olefins and fullerene. The
MALDI-TOF-MS and HPLC analysis data reported
in Table 1 show the formation of [CyOn] (n=1~2).
The MALDI-TOF-MS analysis reported in the
Figure 1 shows the formation of [C7O.)(n=1~2)
observed at m/z 840(Cs),856(C7001),872(C702) in
the MALDI-TOF-MS spectrum. The most intense
peak was at m/z=840 in the MALDI-TOF-MS
spectrum in Figure 1 (a)~(c) which is due to the
unreacted fullerene[C79] and the fragmentation of
fullerene oxides [C7Oy](n=1~2). The HPLC analysis
data in Table 1 for the oxidation of fullerene[Cso]
in air atmosphere under ultrasonic irradiation with
metal hexacarbonyl complexes M(CO)s (M=Cr, Mo,
W) showed Cr, C1001, Cr0- at different retention
times, respectively.

The mechanism for the MoQs catalyzed carbon

Table 1. The MALDI-TOF-MS and HPLC Analysis of [C7On] (n=1~2) Produced by Ultrasonic Irradiation in Air

Atmosphere for 24 h

Metal hexacarbonyl Formation of Co(O)n Mass unit Retention times
complexes Fullerene (n=1~2) (m/z) (min )
C702 872 2137
Chromium hexacarbonyl Cro Crn 856 21.70
Crno 840 2262
C702 872 21.44
Molybdenum hexacarbonyl Cro C7oOn 856 21.75
Cw 840 22.65
Cr0 872 21.44
Tungsten hexacarbonyl Cro C704 856 21.72
(&) 840 22.63
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(b) The reaction of fullerene [Cy] with molybdenum hexacarbonyl, n=0, 1, 2 by ultrasonication in air atmosphere shows

the presence of Cq, C70;, CyOs.
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(c¢) The reaction of fullerene [Cy] with tungsten hexacarbonyl, n=0, 1, 2 by ultrasonication in air atmosphere shows the
presence of Crn, Cr01, COa.

Figure 1. MALDI-TOF-MS spectra of C7On (n=1~2).
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Figure 2. UV-visible spectrum of fullerene oxides [C70n] (n=1~2).
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oxidation was proposed by Silva and Lobo.”
Sonochemical reaction of fullerene [Cr] and metal
hexacarbonyl complexes M(CO)s (M=Cr, Mo, W)
under air atmosphere

Hexane ”
E—— M,0s + 12CO, ~
Ultrasonic

Trradiation

2M(CO)s + 17/20;

Hexane
M,05 ———— MO; + MO,
Ultrasonic

Trradiation

. MOy/MO,
Con + O, in air — C700n (n:1~2).
Hexane/Ultrasonic
Irradiation

Considering the presented result of the oxidation
studies, and data published in the literature, the
promotion of the formation of surface oxygen
complexes on the surface of carbon matenial by the
presence of MoQs, might be explained by spill-over
of activated oxygen.’

Electronic absorption bands(Ama) of [C7O4]
(n=1~2) in benzene were observed at 277, 306, 330,
358, 383 and 453 nm in the mixture of [Cy0y]
(n=1~2)(in figure 2). Due to the breaking of the
conjugated 6-6 ring junction by addition of oxygen
in the fullerene[Cx)}, the band of electronic absorp-
tion moved into blue shift.” By the additional
breaking of the carbon-carbon double bond on
fullerene[Cyo], the wave length of absorption bands
changed and became lower in the UV-visible
spectrum. This electronic absorption spectrum of the
oxidation of fullerene[Cro] by ultrasonic irradiation
in air atmosphere with various metal hexacarbonyl
complexes M(CO)s (M=Cr, Mo, W) is not similar
to that of pure Cy as the number of oxygen atom
increase. This indicates that the multiepoxide of
fullerene[Cyo] perturbs the # molecular orbital in
pure Cy. The reaction of fullerene[Cro] by ultrasonic
irradiation with various oxidants may proceed by
nucleophilic attack of various oxidants on the 6-6
bond (6-6 ring junction) in the fullerene[C),

followed by the heterolytic cleavage of the O-O
bond. The consensus mechanism for fullerene oxi-
dation by ultrasonic irradiation in air atmosphere
with various metal hexacarbonyl complexes involves
oxygen atom transfer to the fullerene[Cy). It is
suggested that the fullerene epoxides in the mixture
of [C7On](n=1~2) may be used as oxygen transfer
materials. Fullerene oxides [C700,](n=1~2) appear
attractive from a synthetic point of view as inter-
mediates for further, more selective derivatisation.

The epoxide is one of the most versatile func-
tionalities and provide easy access to further modi-
fication. Moreover, fullerene oxides show a rich
chemistry in reactions both with fullerenes and with
themselves. Epoxide of fullerene is a useful com-
pound to synthesize some other fullerene derivatives
such as alcohol, thiol, carboxylate, nitrate and so
on from a ring opening reaction. Therefore, we syn-
thesized fullerene oxides [C7(O)n] (n=1~2) under
ultrasonic irradiation. Also, the fullerene oxides, in
the mixture of [C70,] (n=1~2) are interesting
starting materials for the formation of other
fullerene-based entities.

IV. Conclusions

We have confirmed that the mixture of [Cro
On}(n=1~2) was formed in the reaction of Csx by
ultrasonic irradiation with metal hexacarbonyl
complexes M(CO)s (M=Cr, Mo, W) under air
atmosphere by MALDI-TOF-MS, UV-visible spec-
tra and HPLC analysis. These reaction are one of
sonochemical oxidation type of fullerene[Cro] with
oxygen in air atmosphere using metal hexacarbonyl
complexes M(CO)s (M=Cr, Mo, W). The reactivity
of fullerene[Cr] with several metal hexacarbonyl
complexes M(CO)s (M=Cr, Mo, W) under same
ultrasonic condition increased in the order of
Mo(CO)s>W(CO)e>Cr(CO). The epoxidation of
olefin by the mutiepoxides of fullerene, in the
mixture of [Cr0,] (n=1~2) is presently under
investigation.
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