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Abstract: Gold nanoparticles were synthesized by reacting potassium tetrachloroaurate (KAuCl4), potassium carbonate

(K2CO3), and isopropyl alcohol in the presence of fullerene oxide [C60(O)n, n ≥ 1], which was, in turn, prepared from [C60]

fullerene and m-chloroperoxybenzoic acid under refluxing conditions. The crystallinity and morphology of the prepared

gold nanoparticles were confirmed by UV-vis spectroscopy, X-ray diffraction, and scanning electron microscopy. The activ-

ity of the gold nanoparticles in the reduction of 4-nitroaniline was measured in order to determine its capability as a catalyst.
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Introduction

After Kroto et al. discovered [C60] fullerenes in 1985, a

number of studies were conducted on a variety of possible

applications.1 Owing to its semiconductor properties and

ability to absorb electrons, the use of fullerene as an oxi-

dizing agent has been extensively investigated.2 Furthermore,

modifications of the surface or insertion of other molecules

inside the empty space of fullerene have also been explored

in order to tune its physical and chemical properties.3 The

oxidized fullerene has different types of functionalities and

needs to be studied for its effects.4 In particular, many

researcher are interested in the ability of oxidized fullerene,

efficiently converting metal ions into metallic nanoparticles.

Recently, nanosized metal particles have received much

interest due to their potential applications in microelectron-

ics, photocatalysis, magnetic devices, chemisorption, aero-

sols, and powder metallurgy.5 Nanoscale metal particles can

produce high-efficiency catalysts since their surface area is

larger than the bulk metal size. The synthesis of nanoparticles

of the desired size and shape is of tremendous significance

in the emerging field of nanotechnology.6 Especially, gold

nanoparticles have different properties depending on their

shape and size.7-12 The size and shape dependent physical

properties of inorganic nanoparticles provide tunable mate-

rials with broad potential applications.13 Generally, the size

of the metal nanoparticles, the shape, and the surface vari-

ation are some of the most important factors that may affect

their physical/chemical properties.14 For instance, gold

nanoparticles can absorb and scatter light stronger depend on

size and shape than other metal nanoparticles.15 Many of

these properties, including strong absorption, scattering and

intense local field generation result from the coherent oscil-

lation of conduction band electrons, known as localized sur-

face plasmon resonance.16 In general, gold nanoparticles

have higher chemical stability than silver nanoparticles when

they are dispersed in aqueous solutions and biological

media.17,18 The higher chemical stability has led to abundant

applications in the fields of spectroscopy, catalysis, energy,

and biology.19-21 These features will be used to reduce 4-

nitroaniline to 1,4-phenylenediamine. In laboratories and

industries, various types of indicators and organic dyes are

used for various purposes.22 When such substances are dis-

posed of without a proper treatment, they can seriously pol-

lute the ecosystem including household water supply. In

particular, 4- nitroaniline is harmful to all aquatic organisms

and releasing 4-nitroaniline can cause long-term damage to

the environment.23 On the contrary, the catalytic reduction of†Corresponding author E-mail: kowbsahmyook@syu.ac.kr
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4-nitroaniline allows it to be converted into a less toxic com-

pound like 1,4-phenylenediamine in an aqueous medium.24

Hence, it is desirable to develop an environmental friendly

method to achieve the reduction of 4-nitroaniline in an aque-

ous medium.25

Experimental

1. Materials and equipment

Potassium tetrachloroaurate (Sigma-Aldrich), potassium

carbonate (Duksan), fullerene [C60] (TCI), m-chloroperoxy-

benzoic acid (Sigma-Aldrich), isopropyl alcohol (Samchun),

and 4-nitroaniline (Sigma-Aldrich) were used in this work.

The gold nanoparticles were identified by using an ultravi-

olet-visible (UV-vis) spectrophotometer (Shimadazu, UV-

1601 PC), scanning electron microscope (SEM, JEOL Ltd,

JSM-6510) and X-ray diffractometer (Bruker, D8 Advance).

2. Synthesis of fullerene oxide [C60 (O)n, n ≥1]

The mixture of [C60]fullerene (20 mg) and m-chloroper-

oxybenzoic acid (96 mg) dissolved in toluene (60 mL) was

refluxed for 5 h. After extracting all the volatiles, the remain-

ing solid was washed with methyl alcohol to remove the

excess of m-chloroperoxybenzoic acid. Then, the produced

solid substance was dried in an oven and fullerene oxide [C60

(O)n, n ≥ 1] was obtained as a dark-brown solid.26

3. Preparation of gold nanoparticles

Potassium carbonate (K2CO3, 300 mg) and potassium tet-

rachloroaurate (KAuCl4, 40 mg) were dissolved in 250 and

100 mL of distilled water, respectively. The potassium car-

bonate solution (10 mL) and fullerene oxide [C60(O)n, n ≥ 1]

(6 mg) were added to the potassium tetrachloroaurate solu-

tion, and the mixed solution was agitated for 1 h. Subse-

quently, isopropyl alcohol (10 mL) was added and the

initially blue solution gradually changed to red purple. The

prepared solution was filtered using filter paper. Then, the fil-

trate evaporated to obtain gold nanoparticles under reduced

pressure, which were washed with toluene, acetone, and

water to remove the traces of fullerene oxide and K2CO3.

After centrifugation of the solution for 30 min, the sediment

was dried to obtain the gold nanoparticles.

4. Catalytic activity of the synthesized gold nanoparticles in

the reduction of 4-nitroaniline

In order to achieve the reduction of 4-nitroaniline, NaBH4

(10 mg) was added to a 4-nitroaniline aqueous solution (15

mL, 80 mM) in a 30 mL vial. Then, gold nanoparticles pow-

der (3 mg) was added to the 4-nitroaniline solution and

mixed using a magnetic bar. The progress of the reduction

of 4-nitroaniline to 1,4-phenylenediamine was monitored at

various time periods using a UV-vis spectrophotometer.

5. Kinetics study of the reduction of 4-nitroaniline

Langmuir-Hinshelwood model was used to evaluate the

catalytic activity of the synthesized gold nanoparticles. The

kinetic equation is as follows:

C0 is the initial concentration of 4-nitroaniline and C is the

concentration at stirring time t. After addition of the syn-

thesized gold nanoparticles to a stirring solution containing

NaBH4 and 4-nitroaniline, UV-vis spectra were recorded

every minute.

Results and Discussion

The presence of metallic gold nanoparticles in colloidal

state in an aqueous solution can be easily detected by a spec-

trophotometric analysis. Figure 1 shows the UV-vis spectrum

of the gold nanoparticles synthesized with fullerene oxide,

which has a surface plasmon band peak in the range between

530 and 540 nm.27,28

ln
C

C0

-------
 
  = k t–

Figure 1. UV-vis spectrum of synthesized gold nanoparticles

using fullerene oxide [C60 (O)n, n ≥ 1].
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As illustrated in Figure 2, the XRD patterns showed 2θ val-

ues of 38.27°, 44.39°, 64.73°, 77.76°, and 81.94° matching

to the (111), (200), (220), (311), and (222) as a reflective

plane. The XRD pattern indicates that the gold nanoparticles

crystallized in a face centered cubic (fcc) lattice structure and

were successfully synthesized using fullerene oxide [C60

(O)n, n ≥ 1] as the catalyst.29-31 

Figure 3 describes the SEM image of the synthesized gold

nanoparticles, suggesting that they possess an octahedral-like

shape. 

Figure 4 illustrates the UV-vis spectra of 4-nitroaniline,

which was measured at one minute time interval during the

Figure 2. XRD patterns of synthesized gold nanoparticles using fullerene oxide [C60 (O)n, n ≥ 1].

Figure 3. SEM image of synthesized gold nanoparticles using

fullerene oxide [C60 (O)n, n ≥ 1].

Figure 4. UV-vis spectra of 4-nitroaniline reduction with gold nanoparticles as catalyst in the presence of NaBH4.
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catalytic reduction by the gold nanoparticles in the presence

of sodium borohydride. The addition of gold nanoparticles to

an aqueous mixture containing NaBH4 and 4-nitroaniline

resulted in a prompt decrease in the absorption band at 381

nm and a concomitant increase in the absorption band at 240

nm, with the advent of a new absorption band at 303 nm.

Due to the reduction of 4-nitroaniline, the concentration of

4-nitroaniline gradually decreased. It is apparent that the gold

nanoparticles act as catalysts to accelerate the reduction of

4-nitroaniline. Moreover, gold nanoparticles were effective as

reduction catalysts for 4-nitroaniline in the presence of

NaBH4.
32

As shown in Figure 5, the reduction of 4-nitroaniline by

NaBH4 and the gold nanoparticle catalyst follows pseudo-

first-order kinetics. The reaction rate was established by

equation ln (C/C0) = k·t, where k is the rate constant, C/C0

is the concentration ratio for different measuring states at the

time t and initial state.33

Conclusions

In summary, gold nanoparticles were successfully synthe-

sized in the presence of fullerene oxide [C60 (O)n, n ≥ 1],

possesses an octahedral-like shape. The as-prepared gold

nanoparticles were tested as catalysts for promoting the

reduction of 4-nitroaniline to 1,4-phenylenediamine, and they

exhibited excellent catalytic activity in this model reaction.

The reductive reaction of 4-nitroaniline was identified to fol-

low the pseudo-first order kinetics at room temperature.
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