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Abstract: In this work, we reported the synthesis of green-emissive composite materials
of zinc oxide (ZnO) and isolated betacyanin pigment from red dragon fruit (RDF) extract
utilizing organic linkers, i.e. (3-chloropropyl)trimethoxysilane (CPTMS) and (3-
aminopropyl)trimethoxysilane (APTMS). Betacyanin was extracted using a maceration
technique, while CPTMS-ZnO and APTMS-ZnO were prepared by mixing ZnO and the
respective organic linker in ethanol. The obtained ZnO/CPTMS and APTMS-ZnO
composites were separately added into the RDF extract, followed by stirring at room
temperature for 24 h. As high as 80 and 90% of betacyanin was successfully impregnated
onto CPTMS-ZnO and APTMS-ZnO, respectively. A comparison study was made by
preparing RDF-CPTMS and RDF-APTMS first and then introducing them onto ZnO. In
this case, as high as 81 and 100% of betacyanin in RDF-CPTMS and RDF-APTMS,
respectively, were impregnated onto ZnO. These results revealed that APTMS was a better
organic linker than CPTMS and the order of the steps to introduce APTMS was
important. The presence of betacyanin on the composite materials was confirmed by FTIR
and fluorescence spectroscopy. All the composite materials had an excitation signal at
426-428 nm and emission signals at 459 and 517-518 nm, demonstrating their promising

application as green-emissive materials.
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m INTRODUCTION

In recent years, there has been a high demand for
research related to photonic materials due to its wide
application for human appliances [1-5]. Regarding this
topic, many researches are still focused on enhancing and
optimizing the efficiency of the materials. Zinc oxide
(ZnO), a material with a direct bandgap of 3.3 eV, has
been used over the past several years as photocatalysts,
semiconductors, electronic material, etc. [6-7]. With such
a large bandgap, pure ZnO can only be applied in the UV
region [8]. Therefore, enhancing the efficiency of ZnO
material in the visible region leaves a challenge for
material scientists. Sensitizing ZnO material with either
synthetic dye or natural pigment is a well-known
procedure to enhance the light absorption region of this

material [9-10]. However, synthetic dye generates
serious environmental problems in their application to
produce dye-sensitized materials [11].

Red dragon fruit (RDF) is an abundantly available
tropical fruit in Indonesia, which contains several
unique secondary metabolites, such as betacyanin,
flavonoid, and carotenoid [12-14]. It has been reported
that betacyanin pigment could be isolated from the flesh
of RDF using a maceration method for 24 h [15].
Incorporation of natural pigments may overcome the
limitation of the ZnO material as a photocatalyst to be
utilized in the visible region, especially in the red color
region as the main part of the visible region in the solar
spectrum. Betacyanin is recognized as one of the major
red natural pigments, and therefore, very potential to be
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used to widen the light absorption of ZnO. Owing to the
alcohol and carboxylic acid functional groups, it is
possible to immobilize the betacyanin pigment onto the
surface of ZnO materials using a suitable linker agent.
Even though the visible light emissive material is
promising, the method to prepare the ZnO composites
consisting of the betacyanin pigment fromRDF has not
been developed yet. We demonstrated that the use of a
suitable organic linker would be a great method to prepare
the composite. This research opens the possibility to
utilize natural pigments to improve the properties of the
photonic materials such as ZnO.

In the present work, we also reported that the
prepared betacyanin-modified ZnO exhibited strong
green emission, which would be very interesting for
photonic material application. We prepared green
emissive ZnO based composite materials utilizing isolated
from RDF and either (3-
(CPTMS) or (3-
aminopropyl)trimethoxysilane (APTMS) as the organic

betacyanin pigment
chloropropyl)trimethoxysilane

linker agent. By a stirring method for 24 h, four (4) types
of ZnO based materials, named as RDF/CPTMS-ZnO,
RDF/APTMS-ZnO, RDF-CPTMS/ZnO and RDF-
APTMS/ZnO have been successfully obtained based on
the use of different linkers and the order to introduce the
betacyanin pigment on the ZnO. These materials were
thoroughly characterized by spectroscopy instruments to
investigate the physicochemical properties as green
emissive composite materials.

m EXPERIMENTAL SECTION
Materials

Fresh RDFs were obtained commercially from a
supermarket in Malang, East Java. Meanwhile, the ZnO
materials were prepared in a similar manner to the
procedure which has been reported previously [16]. The
organic  linkers  (3-chloropropyl)trimethoxysilane
(CPTMS) and (3-aminopropyl)trimethoxysilane (APTMS)
were purchased from Sigma Aldrich. Ethanol was
purchased from E-Merck in pro analysis grade and used
without any further purifications.

The optical properties of the composite materials
were measured by diffuse reflectance ultraviolet-visible

(DR UV-Vis) spectrophotometer (JASCO V-760), while
the bandgap energy of the composite materials was
calculated from Tauc plot using the data. The infrared
and fluorescence spectra of the composite materials were
recorded by  Fourier  transform infrared
spectrophotometer (JASCO FTIR-6800) and
spectrofluorometer (JASCO FP-8500), respectively.

Procedure

Isolation of betacyanin pigment from the RDF

The isolation of betacyanin pigment from RDF was
carried out according to the previously described
method [15,17]. In short, the flesh of RDF (5.0 g) was
dried at room temperature overnight and macerated
with distilled water (50 mL) for 24 h. Afterward, the
mixture was filtered. The clear filtrate was finally
characterized by FTIR
spectrofluorometer.

spectrophotometer and

Preparation of composite materials

In this work, there were two types of composite
namely RDF/linker-ZnO and RDF-
The term RDF/linker-ZnO
material showed that the organic linker was reacted first
with ZnO and then further reacted with RDF extract,
while the term RDF-linker/ZnO material indicated that
the organic linker was first reacted with RDF extract and
then further reacted with ZnO.

The RDF/linker-ZnO materials, i.e., RDF/CPTMS-
ZnO and RDF/APTMS-ZnO, were prepared through a
simple stirring method. First, the organic linker (0.25 mL)

materials,
linker/ZnO materials.

and ZnO (0.25 g) were added stepwise into ethanol
(12.5 mL), and then the mixture was stirred at 500 rpm
at room temperature for 24 h. After that, the residue was
filtered and added to 5% v/v RDF extract in ethanol
(12.5 mL). The mixture was stirred for another 24 h. The
mixture was then filtered and the residue was dried to
obtain the RDF/linker-ZnO composite materials.

The RDF-linker/ZnO materials, ie. RDF-
CPTMS/ZnO and RDF-APTMS/ZnO were also simply
obtained by a stirring method. First, the organic linker
(0.25 mL) was added dropwise to 5% v/v RDF extract in
ethanol (12.5 mL) and the mixture was stirred at
500 rpm for 24 h. Afterward, ZnO (0.25 g) was added
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and the mixture was stirred for 24 h. The mixture was
filtered and the residue was dried to obtain the RDF-
linker/ZnO composite materials.

m  RESULTS AND DISCUSSION
Preparation of Composite Materials

In this work, ZnO-based composite materials were
prepared and evaluated for their potential application as
emissive materials. At first, the betacyanin pigment was
isolated from RDF extract through a maceration method
with distilled water. As has been reported, betacyanin
pigment was confirmed to be successfully isolated from
RDF extract using the maceration method [15,18-19]. On
the other hand, the prepared ZnO has been reported to
give a bandgap energy value of 3.29 eV [16].

The isolated betacyanin pigment was used to
prepare the composites in two different procedures. In the
first procedure, the organic linker was attached first on
the surface of the ZnO material and then the isolated
betacyanin pigment was immobilized onto it. Meanwhile,
the other way involved the reaction between the isolated
betacyanin pigment and organic linker, followed by its
immobilization onto the surface of the ZnO material.

The color appearances of the prepared ZnO based
materials can be seen in their photographs as shown in
Fig. 1. From Fig. 1(a), it can clearly be observed that ZnO
has a white color. In contrast, both RDF/CPTMS-ZnO
and RDF-CPTMS/ZnO were obtained as bright purplish
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solids as shown in Fig. 1(b) and (c), respectively. On the
other hand, Fig. 1(d) and (e) showed that RDF/APTMS-
ZnO appeared as a pale yellow solid while RDF-
APTMS/ZnO appeared as a bright yellow solid. The
difference of the color appearance showed the different
forms of immobilized betacyanin on the composite
material. It was previously reported by Strack et al.
(2003) that the color of betacyanin would depend on the
pH of the solution [20]. Below pH 10, the color of
betacyanin solution is red, while its color turns to yellow
when the pH is higher than 10. Since the CPTMS organic
linker is acidic, the pH of the filtrate during the reaction
was 4.53. Therefore, the color of RDF/CPTMS-ZnO and
RDF-CPTMS/ZnO was purplish. On the other hand, the
use of APTMS caused the mixture to be alkaline (pH =
10.8), hence the color of betacyanin pigment changed
from red to bright yellow. Therefore, it is reasonable for
both RDF/APTMS-ZnO and RDF-APTMS/ZnO to be
obtained as yellow solids. The formation of such color in
the composites showed that the light absorption of ZnO
had been expanded successfully to the visible light region.

Characterization of Composite Materials

DR UV-vis spectra of ZnO and the composite
materials are shown in Fig. 2. As expected, the white
ZnO sample only showed absorption in the UV region
up to 380 nm. On the other hand, the composite
materials gave extra absorption at the background level in

Fig 1. Photographs of (a) ZnO and ZnO based composite materials, including (b) RDF/CPTMS-ZnO, (c) RDF-
CPTMS/ZnO, (d) RDF/APTMS-ZnO, and (e) RDF-APTMS/ZnO
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Fig 2. DR UV-vis spectra of ZnO and ZnO based
composite materials

the visible region due to the presence of betacyanin from
the RDF extract, which is in good agreement to the color
appearances of the composites. From the DR UV-vis
spectra of the composite materials, the bandgap energy of
the composite materials was calculated accordingly and
shown in Table 1. The bandgap energy of unmodified
ZnO, RDF-CPTMS/ZnO, RDF-APTMS/ZnO,
RDF/CPTMS-ZnO and RDF/APTMS-ZnO composite
materials were 3.29, 3.22, 3.23, 3.26 and 3.26 eV,
respectively. The bandgap energy of the composite
materials was not significantly different from the
unmodified ZnO because the betacyanin pigment was
only immobilized on the surface of the ZnO materials. In
this case, the betacyanin pigment would act as the
sensitizer. The values of the bandgap energy in this work
were close to other reported ZnO dye-sensitized solar cells

[21] and natural pigment-modified ZnO materials
prepared from laali [22].

The bandgap energy of the composite materials
seemed to be independent on the organic linker, but
dependent on the order of betacyanin introduction. For
example, when the organic linker was immobilized first
onto the ZnO surface, the bandgap energy was 3.26 eV
for both CPTMS and APTMS. However, when the
organic linker-betacyanin was immobilized onto the
ZnO surface, the bandgap energy was slightly lower,
which were 3.22 and 3.23 eV for CPTMS and APTMS,
respectively. When betacyanin was reacted first with the
organic linker, the betacyanin-linker might have created
new energy states that were more positive than the
conduction band of ZnO and the linker or betacyanin
itself, which in turn gave a slightly lower bandgap energy
than ZnO and RDF/linker-ZnO.

The FTIR spectra of ZnO, RDF extract, and
composite materials are shown in Fig. 3. The FTIR
spectrum of unmodified ZnO showed two main
absorption peaks at 3394 and 434 cm™', corresponding
to Zn-O-H and Zn-O-Zn moieties, respectively [23].

Table 1. Bandgap energy of the composite materials

Materials Bandgap (eV)
ZnO 3.29
RDF-CPTMS/ZnO 3.22
RDF-APTMS/ZnO 3.23
RDF/CPTMS-ZnO 3.26
RDF/APTMS-ZnO 3.26

OH CH C=0C=C -0 Zn-0
e T "_“’H_“\/_"‘\I ZnD
\
;:‘ W RDF
=]
© — AN #N  |ROF-APTMSIZRO
[X] " !
E _‘_»\_R_ __,,-“'1_\,»‘" \II J,‘x\_l.l'l | II
| . i
HI il P \ JROF/APTMS-2n0
] L
g — r’ \_,/V“'w,ll RDF-CPTMSIZnO
(= N M.
RDF/CPTMS-Zn0
"\\ﬂ o
Al

4000 SEDD 3200 2‘E!-U'E|' 2400 2000

1600 1200 800 400

Wavenumber (cm-1)

Fig 3. FTIR spectra of ZnO, RDF, and ZnO based composite materials
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The FTIR spectrum of isolated betacyanin from the RDF
extract showed O-H, C-H sp’, C=0, C=C, and C-O
functional groups at 3340, 2902-2891, 1628, 1512-1314,
and 1024 cm™', respectively [19]. As depicted in the FTIR
spectra of the composite materials, in addition to the ZnO
absorption peaks, the peaks of betacyanin functional

group also existed, strongly indicating that the
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Fig 4. Three-dimensional fluorescence spectra of ZnO, RDF, and ZnO based composite materials
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immobilization of betacyanin pigment on the surface of
the ZnO material has been successfully carried out.
Further characterization of composite materials
was investigated by fluorescence spectroscopy. The
three-dimensional fluorescence spectra of unmodified
ZnO, RDF extract, and the composite materials are shown

in Fig. 4. The unmodified ZnO gave a strong excitation
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peak around 200 nm in good agreement with the strong
light absorption of ZnO in the UV region and the weak
excitation peak could be observed around 428 nm. The
emission region of ZnO was wide and in the range of
350-650 nm. On the other hand, the RDF extract gave a
weak excitation peak around 405 nm and the emission
region was in the range of 430-680 nm. It was obvious
that the three-dimensional fluorescence spectrum of
composite materials was indeed a combination of the
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three-dimensional fluorescence spectrum of ZnO and
RDF extract. This result again clearly indicated the
successful immobilization of the RDF extract onto ZnO.

From the fluorescence spectrum in the visible
region of ZnO (Fig. 5), it was confirmed that the
wavelengths of the excitation and emission were at 428
and 459 nm, respectively. These wavelengths were
different from those of the RDF extract, where the
maximum wavelengths of the excitation and emission
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Fig 5. Fluorescence spectra of ZnO, RDF, and ZnO based composite materials. Black and red lines represent excitation

and emission spectrum, respectively
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Fig 6. Proposed interactions between betacyanin pigment with (a) APTMS and (b) CPTMS on the ZnO surface

spectrum were found at 405 and 518 nm, respectively. As
shown in Fig. 4, all the excitation and emission peaks of
ZnO and RDF extract also existed on the composite
This that  the

immobilization of betacyanin pigment onto the ZnO

materials. work  demonstrated
surface has successfully enhanced the absorption region
of the composite materials. Since the emission signals
were found in 458-518 nm region, the prepared
composite materials are promising to be used as green-
emissive materials.

From the fluorescence intensity of the emission peak
at 518 nm, the immobilization percentage of betacyanin
pigment on the composite materials was calculated and
shown in Table 2. The immobilized betacyanin amounts
on the RDF-CPTMS/ZnO and the RDF-APTMS/ZnO
were found to be 81% and 100%, respectively. This result
showed that APTMS was a better organic linker than
CPTMS in obtaining the ZnO composite. As betacyanin
pigment has alcohol and carboxylic acid groups,
betacyanin pigment would interact well with the amino
substituent of APTMS through the hydrogen bondings
rather than with the chloro substituent of CPTMS. This
would be the reason why the immobilization percentages
of betacyanin pigment were higher on the APTMS-based
composite than the CPTMS-based one. The proposed
interactions between the betacyanin pigment and the
organic linker on the ZnO surface are shown in Fig. 6.
Similar to our previous work [24], the interactions would
mainly happen between either amino or chloro substituent
of the organic linker and the primary alcohol substituent
on the tetrahydropyran ring of the betacyanin due to less
steric hindrance. Therefore, it was reasonable that
flavonoid and carotenoid pigments were not immobilized

Table 2. Immobilized betacyanin percentages on the
ZnO based composite materials

Materials Immobilized betacyanin (%)
ZnO 0
RDF-CPTMS/ZnO 81
RDF-APTMS/ZnO 100
RDF/CPTMS-ZnO 80
RDF/APTMS-ZnO 90

on the ZnO materials because these pigments are non-
polar [25], and thus, could not interact through
hydrogen bondings with the linker agents.

On the other hand, only 80% and 90% of
betacyanin was impregnated onto CPTMS-ZnO and
APTMS-ZnO, respectively. While this result also
showed that APTMS was better than CPTMS to
impregnate the betacyanin onto ZnO, the order to
introduce APTMS was found to be critical to obtaining
larger amounts of immobilized betacyanin. When the
betacyanin pigment was reacted with APTMS-ZnO
material, it is possible for the betacyanin pigment to
interact weakly with the Zn-OH group. Because of that,
after filtration the immobilization percentage of
betacyanin pigment on the RDF/APTMS-ZnO was
lower than that of the RDF-APTMS/ZnO material.

m CONCLUSION

In the present work, we successfully prepared four
types of ZnO based composite materials through
immobilization of betacyanin pigment on the surface of
ZnO material using either CPTMS or APTMS as the
organic linker. Both the RDF/CPTMS-ZnO and RDF-
CPTMS/ZnO were obtained as purplish solids, while the
RDF/APTMS-ZnO and RDF-APTMS/ZnO materials
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appeared as pale yellow and bright yellow solid,
respectively. The bandgap energy of the composite
materials was not significantly different from the
unmodified ZnO because the betacyanin pigment was
immobilized on the surface of the ZnO. The FTIR spectra
of the composite materials showed the presence of O-H,
C-H sp’, C=0, C=C, and C-O functional groups. As high
as 100% immobilized betacyanin could be achieved when
the betacyanin was reacted first with APTMS, followed by
impregnation onto ZnO. This result showed the
importance of using APTMS and the order to introduce
the betacyanin pigment onto ZnO. From the fluorescence
spectrum of the composite materials, the emission signals
were found at 458-518 nm region, demonstrating that the
prepared composite materials are promising to be used as
green-emissive materials.
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