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INTRODUCTION

Tetracycline hydrochloride (TC) is a widely recognized anti-
biotic and plays a crucial role in the prevention and treatment
of bacterial infections in both humans and animals [1,2].
Common antibiotics like tetracycline hydrochloride have great
hydrophilicity and structural stability; so, they cannot be readily
broken down or eliminated by traditional sewage treatment
plants. Therefore, the prolonged accumulation of tetracycline
hydrochloride in ecosystems has resulted in significant adverse
impacts on both the ecological environment and human health
[3,4]. Hence, the elimination of tetracycline from the environ-
ment is essential for the sustainability of environment and
human health [2]. Various techniques have been explored to
remove tetracycline from the aqueous solutions, e.g. ion-exchange,
nanofiltration, adsorption, semiconductor photocatalysis and
others [2,5-14]. Among these techniques, photocatalysis stands
out as a popular process and has been extensively studied using
various semi-conductor catalysts [2,15-18].

C60 fullerene discovered in 1985, has garnered consider-
able attention due to its unique structure and properties [19].
In 2001, Miyazawa et al. [20] discovered fine crystalline fibers
composed of C60 fullerene, termed C60 fullerene nanowhiskers
(FNWs), using a lead zirconate titanate colloidal solution cont-
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aining C60 fullerene. These C60 FNWs used as supports for
immobilizing active catalytic materials [21,22]. These materials
have been utilized in a wide range of applications, such as catal-
ysis and photocatalysis, and have the capability of functioning
as a semi-conducting material [23].

The C60 fullerene nanowhiskers (FNWs) were prepared using
the liquid-liquid interfacial precipitation method and exhibited
unique properties such as high charge carrier mobility, optical
transmittance than that of pristine C60 fullerene [24-27]. Owing
to these unique properties, C60 FNWs serve as excellent electron
acceptors and transport materials in hybrid C60 FNWs based
composites.

A novel class of crystalline and microporous material,
known as zeolitic imidazolate framework (ZIF), has been
rapidly proliferating owing to its significant potential in diverse
applications, including gas adsorption, molecular separation,
chemical sensing [28], catalysis [29-32] and water purification
[33,34]. ZIF possesses a three-dimensional pore network
created by the coordination of metal and imidazolate ions in a
tetrahedral arrangement [35]. The advantage of ZIF compared
to other inorganic materials is its structural flexibility, which
is influenced by the diverse selection of metals and imidazole
used in its synthesis [35]. ZIF-8 is distinguished as one of the
most extensively studied the ZIF structures, owing to its remark-



able stability in response to temperature fluctuations and
chemical reactions [35]. Furthermore, its extensive interior
surface area contributes to its efficacy in many applications
[35-37].

In this study, a new type of hybrid C60 FNW-ZIF-8 comp-
osite is fabricated to use a photocatalyst to degrade tetracycline
hydrochloride antibiotic under blue LED irradiation. Also, the
photocatalytic activity and kinetic study were also evaluated
for the degradation of tetracycline antibiotic using hybrid C60

FNW-ZIF-8 composite under blue LED irradiation at 450 nm,
employing UV-vis spectrophotometry.

EXPERIMENTAL

Toluene and 2-propanol were purchased from Dajung
Chemicals, Korea. Tetracycline hydrochloride (C22H24N2O8·HCl)
and sodium borohydride (NaBH4) were provided by Sigma-
Aldrich, USA. The C60 fullerene, zinc nitrate hexahydrate
[Zn(NO3)2·6H2O] and 2-methylimidazole were obtained from
Alfa Aesar, USA. Powder X-ray diffraction (XRD; D8 Advance,
Bruker, Germany) was used to investigate the crystal structure
of the hybrid nanocomposites. Cu Kα radiation (λ = 0.154178
nm) was used at 40 kV and 40 mA in a 2θ range of 5º to 90º,
with a scan speed of 0.2 s/step and a step size of 0.02º. Raman
spectroscopy (B&W Tek i-Raman Plus instrument, BWS465-
532S, USA) was used to examine the lattice vibrations of the
samples with the spectrum excited with 532 nm radiation from
a 40 mW Nd:YAG laser. The surfaces of hybrid nanocomposite
were examined using scanning electron microscopy (JSM-
6510, JEOL Ltd., Japan) at a magnification of 5500X, 15000X
and an accelerating voltage of 10-40 kV. UV-vis spectrophoto-
metry (Shimadzu UV-1691 PC) was used to evaluate the photo-
catalytic activity and to study the kinetics of the synthesized
C60 FNW-ZIF-8 composite for the degradation of tetracycline
under LED irradiation at 450 nm. LED lamp (10W, 450 nm,
LED T5 Jinsung Electronic., Ltd., China) was served as light
source.

Synthesis of ZIF-8 nanoparticles: In brief, 2.97 mmol
of Zn(NO3)2·6H2O and 12.00 mmol of 2-methylimidazole were
dissolved in 40 mL of methanol with stirring for 20 min and
left to stand for 24 h. The resulting product was separated by
centrifugation, thoroughly washed with methanol to remove
any remaining raw materials and then dried at 50 ºC for 2 h.

Synthesis of C60 FNWs: The liquid-liquid interfacial preci-
pitation (LLIP) method was used to synthesize C60 FNWs by
mixing isopropyl alcohol with C60-saturated toluene in a volume
ratio of 5:1. After obtaining the mixture solution, it was stored
at 5 ºC for 72 h. Subsequently, the precipitate was centrifuged
and dried in an oven at 60 ºC for 5 h to obtain a solid powder
sample.

Synthesis of C60 FNW–ZIF-8 composite: The synthe-
sized C60 FNWs (250 mg) were dispersed in 25 mL of methanol
and stirred for 5 min. The resulting C60 FNWs solution was
then combined with 25 mL of a methanol solution containing
zinc nitrate hexahydrate (Zn(NO3)2·6H2O, 0.725 g) and 25 mL
of a methanol solution containing 2-methylimidazole (C4H6N2,
0.41 g). After stirring for 5 h, the mixture solution was left to
stand for 22 h. The resulting precipitate was repeatedly washed

with methanol and dried in an oven at 60 ºC for 2 h to obtain
a powder sample.

Photocatalytic activity and kinetics study: The photo-
catalytic activities of both the ZIF-8 nanoparticles and C60

FNW-ZIF-8 composite materials for the degradation of tetra-
cycline in aqueous solution were evaluated using a blue LED
at 450 nm as light source at room temperature. First, 0.5 mg/mL
of photocatalyst was added to 10 mL solution of tetracycline
hydrochloride (0.1 mg/mL) and the conical tubes were then
kept in darkness for 15 min. The absorption peak of TC was
measured using UV-vis spectroscopy (Shimadzu UV-1691 PC)
in the wavelength range of 356~380 nm at 15 min intervals.

RESULTS AND DISCUSSION

XRD studies: The XRD patterns (Fig. 1) depict the crystal
structure of ZIF-8 nanoparticles (a) and C60 FNW-ZIF-8
composite (b). In Fig. 1a, the peaks observed at 2θ = 7.56º,
10.46º, 12.72º, 14.89º, 16.54º, 18.22º, 22.23º, 23.47º, 26.70º
and 29.72º correspond to the (011), (022), (112), (022), (013),
(222), (144), (233), (044) and (244) planes, respectively, indi-
cating the ZIF-8 structure [38,39]. In Fig. 1b, the peaks at 2θ
= 10.81º, 17.64º, 20.62º and 28.32º in the powder XRD pattern
correspond to the (111), (220), (311) and (422) planes of the
C60 fullerene nanowhisker, respectively [22]. Furthermore, the
XRD data showed that the C60 FNW–ZIF-8 composite was
successfully synthesized. Additionally, the mean crystallite size
of ZIF-8 particles was calculated using Scherrer’s formula [D
= kλ/βcos θ], where D is the crystallite size, λ is the wavelength
of the CuKα radiation (λ = 0.154178 nm), k is a shape factor
(taken as 0.94), 2θ is the angle between the incident and scattered
X-rays and β is the full width at half maximum (FWHM). The
average crystallite size of ZIF-8 nanoparticles was determined
to be approximately 29.83 nm (Table-1).
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Fig. 1. XRD patterns of (a) ZIF-8 nanoparticle and (b) C60 FNW-ZIF-8
composite

TABLE-1 
DETAILS OF CRYSTALLITE SIZE OF  
ZIF-8 IN C60 FNW–ZIF-8 COMPOSITE 

Peak Plane (hkl) 2θ (°) FWHM (°) Crystallite 
size (nm) 

ZIF-8 112 12.72 0.28 29.83 
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Raman spectral studies: Fig. 2 shows the Raman spectra
of ZIF-8 nanoparticles and C60 FNW-ZIF-8 composite. The
Raman shift of C60 FNW-ZIF-8 composite indicated Hg (1) at
268 cm-1, Ag (1) at 489 cm-1 and Ag (2) at 1458 cm-1 due to the
C60 FNW [40]. Furthermore, the bands at 180 cm-1 and 1146
cm-1 may be correspond to the Zn-N and C-N stretching vibra-
tions of ZIF-8 nanoparticles [41,42].

SEM studies: Fig. 3 shows SEM images of ZIF-8 nano-
particles and C60 FNW-ZIF-8 composite. ZIF-8 nanoparticles
appeared cubic shape in Fig. 3a, whereas cubic shaped ZIF-8
was placed on the needle-like structure of C60 fullerene nano-
whisker (Fig. 3b).

Photocatalytic activity and kinetic study: Fig. 4 presents
UV-vis spectra for photocatalytic degradation of tetracycline
hydrochloride (TC) using C60 FNW–ZIF-8 composite and ZIF-8
nanoparticle. The percent of degradation of tetracycline hydro-
chloride was calculated using the following eqn. 1 [43]:
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Fig. 2. Raman spectra of (a) ZIF-8 nanoparticle and (b) C60 FNW-ZIF-8
composite

where C0 is the initial concentration of tetracycline hydro-
chloride after adsorption for 15 min; and C is the concentration

Fig. 3. SEM images of (a) ZIF-8 nanoparticle and (b) C60 FNW-ZIF-8 composite
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Fig. 4. UV-vis spectra of photocatalytic degradation of tetracycline hydrochloride using (a) ZIF-8 nanoparticle and (b) C60 FNW-ZIF-8 composite
under blue LED irradiation at 450 nm
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of tetracycline hydrochloride at time t. Both C0 and C values
were determined from the maximum absorption observed in
the UV-vis absorption spectra in the range of 356~380 nm.
The degradation percentage of tetracycline hydrochloride, when
utilizing ZIF-8 nanoparticle as a photocatalyst, was found to
be 56.79% under blue LED irradiation at 450 nm for 150 min
(Fig. 4a). Furthermore, Fig. 4b shows that 92.77% of tetracycline
hydrochloride was degraded when employing the C60 FNW-
ZIF-8 composite as a photocatalyst under the same conditions.
Fig. 5 presents the results of the kinetics study for the photo-
catalytic degradation of tetracycline hydrochloride using C60

FNW–ZIF-8 composite and ZIF-8 nanoparticle under blue
LED irradiation at 450 nm. The first-order reaction is
represented by eqn. 2:

1
0

C
ln k C

C

 
= − 

 
(2)

where k1 is the rate constant; C0 is the starting concentration
of tetracycline hydrochloride; and C is the concentration at
time t. The photocatalytic degradation of tetracycline hydro-
chloride over the photocatalysts in Fig. 5 is demonstrated by
the linear behaviour of the slopes, which follows pseudo-first-
order kinetics. The R2 values (coefficient of determination)
for the pseudo-first-order reaction kinetics were 0.992 in Fig. 5a
and 0.991 in Fig. 5b.

Conclusion

In this work, a novel hybrid C60 fullerene nanowhisker
(FNW)-zeolitic imidazolate framework-8 (ZIF-8) composite
was synthesized using zinc nitrate hexahydrate, 2-methyl
imidazole and C60 fullerene nanowhisker. The characterization
of C60 FNW-ZIF-8 composite was affirmed using XRD, Raman
spectroscopy and SEM techniques. The photocatalytic degra-
dation of tetracycline hydrochloride under blue LED irradiation
(at 450 nm) was carried out using ZIF-8 nanoparticle and C60

FNW-ZIF-8 composite. Overall, compared to ZIF-8 alone, the
C60 FNW-ZIF-8 composite demonstrated improved photo-

catalytic degradation activity for tetracycline hydrochloride.
Furthermore, kinetics analysis of the photocatalytic degrada-
tion of tetracycline hydrochloride using both ZIF-8 nanoparticles
and C60 FNW-ZIF-8 composite as catalysts revealed a pseudo-
first-order reaction rate law.
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