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Abstract

The unique characteristic of carbon dots (C-dots), such as optical and electrical properties, have
been integrated into polyvinyl alcohol (PVA) to realize composites with synergistic. In this work, C-dots
have been synthesized from inner cassava peels using simple methods at low temperatures. The C-dots
were added to PVA, which is influenced the characteristic based on spectroscopy. The complex formation
between PVA and C-dots was investigated by FTIR spectroscopy. The C-dots contributed to UV-Vis
spectroscopy characteristic of PVA/C-dots with the absence of a new peak of absorbance spectra.
Besides, C-dots also supported the electrochemical impedance spectroscopy characteristic of PVA/C-
dots, so the highest ionic conductivity is induced by the enhancement of amorphous PVA when the c-dots
content is increased.
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Introduction

Carbon dots (C-dots) are new nanomaterial-based carbon with a size below 10 nm that received
intensive attention [1], as a potential alternative for carbon nanotubes (CNT) [2]. It is caused C-dots can
be synthesized from materials that only containing a carbon atom, and the methods are faster also low
cost than CNT [3]. The synthesize of C-dots from biomass based-natural resources are comparable with
chemical source [4]. However, using biomass as a carbon source is a good carbon source for the
preparation of C-dots, and can increase its economic value [5]. Some research reported a carbohydrate
contained in cassava peels has the potential as a carbon source. Putro ef al. reported that outer cassava
peels can be synthesized easily using microwave-assisted [6]. Therefore, inner cassava peels also can be
synthesized by hydrothermal methods [7], microwave [8], and simple carbonization in an oven [4]. Some
of the featuring properties of C-dots are independent excitation-photoluminescence [9] and electrical
conductivity [10], which are potential applications as optoelectronic devices.

An intensive study about C-dots combined into polymer matrices has attracted many researchers
[11]. The strategy combining C-dots into solid polymer matrices can avoid nanoparticle coagulation, so
their stability was relatively higher [12]. Besides, combining C-dots and polymers to form composites
that have unique functionalities has been demonstrated [13]. Kumar et al. introduced nitrogen-doped C-
dots into polyvinyl alcohol (PVA) to tune the refractive index of C-dots-PVA composite from c.a. 1.55 to
1.90 at 700 nm [14]. The Ambasankar ef al. reported that the combination of C-dots having low states and
insulating PVA could give rise to the charge trapping ability of resultant composites [2]; because the PVA
can be dispersed and passivate C-dots, thus positive role in protecting C-dots from self-quenched [15].
PVA is chosen as the polymer matrix in the composite due to its prominent advantages such as high
hydrophilicity, high optical transparency, and easy processability [16]. Furthermore, the hydroxyl group
(-OH) in the backbone of PVA makes it easier to form hydrogen bonding [17]. The oxygen and active
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hydrogen-rich C-dots can serve as extra physical crosslinking points in PVA via strong hydrogen bonding
interaction [18].

In this study, we present a simple route for producing a C-dots composite with 2 steps. In the 1*
step, C-dots were synthesized from inner cassava peels using simple carbonization in an oven as
previously reported [4]. Then, the C-dots solution was blended into PVA solution and it was cast on the
Teflon. However, the characterization of ionic conductivity associated with spectroscopy characteristics
in PVA/C-dots has not been reported. So, we are interested in doing that.

Materials and methods

Material

Inner cassava peels were kindly supplied by the traditional market in Ciledug, Tangerang City,
Indonesia. Polyvinyl alcohol [-CH,CH(OH)-], with molecular weight 11,000 were purchased from
Sigma-Aldrich. Aquadest is used as a non-chemical solvent.

Synthesis of C-dots

The synthesis methods of C-dots were adopted from Permono et al. [4]. Inner cassava peels put in
the oven at 120 °C for 12 h. Dried cassava peels were crushed by blender and sieved 40 mesh. Two gr
powder cassava peels dissolved in 50 mL aquadest and it was stirred 420 rpm at 200 °C for 1 h. The
solution was filtered by Whatman filter paper No. 1 to obtain a C-dots solution.

Preparation of PVA/C-dots

The preparation of PVA/C-dots methods was adopted from Roza ef al. [19]. The PVA solution was
made by 4 gr PVA powder which was dissolved into 200 mL aquadest. The PVA and C-dots solution
were blended at 20/0.0, 19.5/0.5, 19/1.0, and 18/2.0 mL volume variations. The PVA/C-dots solution was
cast on a Teflon and heated at 60 °C for 4 h.

Characterization

The measurements of optical properties were characterized by using MAYA Ocean Optics
Spectrophotometer to obtain spectra of absorbance, photoluminescence, and time-resolved
photoluminescence. The ionic conductivity was determined using electrochemical impedance
spectroscopy of HIOKI 3522-50 LCR HiTESTER with a range frequency of 50 Hz to 1 MHz at room
temperature. The Fourier transform infrared spectra were recorded by Thermo Scientific Seri Nicolet is10
Smart iTR at 500 until 4,000 cm™ with a resolution of 2 cm™. The crystallinity degree measurement used
X-ray Diffraction in Shimazu XRD-7000, with a Cu K radiation (A = 0.154 nm) at 40 kV and 30 mA in
the 2theta range of 5° until 60° at a speed of 2° min™.

Results and discussion

Carbon dots

The C-dots solution was synthesized by using inner cassava peels as the raw materials. White
cassava peels turned brown after being put into the oven at 120 °C for 12 h. It indicated an imperfect
carbonization phase due to avoid bulk carbon formation. Therefore, cassava peels powder was dissolved
by aquadest and filtered to obtain carbon nanoparticle solution, which was thought to be C-dots. The
physical performance of carbon nanoparticle solution was yellowish when irradiated visible light source,
and its green fluorescence when irradiated violet light source at 405 nm. This fluorescence indicating the
success of C-dots was formed. The physical performance of C-dots can be seen in Figure 1.
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Figure 1 The physical performance of C-dots.

The UV-Vis spectroscopy analysis

The absorbance spectra of C-dots obtained by UV-Vis spectroscopy at 200 to 700 nm can be seen in
Figure 2. The UV-Vis absorption spectrum depicted a typical optical absorption in the UV region, with a
tail stretching into the visible range. Additionally, an obvious absorption characteristic peak at 311.26 nm
was detected. The former was attributed to the n-n* transition of the C=0O bond [20,21]. Both of the
optical peak absorbance appropriate with a result previously which synthesized the C-dots from coriander
leave [22]. The characteristic of the C-dots energy gap like organic molecular was an electronic transition
that occurs from one energy level to the higher energy level. The electronic transition that involved (¢ and
7) bond, (¢ * and & *) anti-bond and non-bonded orbital (n). but, 1 — ® * and n — © * transition was very
important for the energy transition of the C-dots agreement with the wavelength of visible light which
appropriated with photoluminescence characteristic at visible light spectra region [23,24]. Nonetheless, n
— 7 * electronic transition was dominated in the C-dots absorbance spectra.
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Figure 2 The absorbance spectra of C-dots.

Walailak J Sci & Tech 2021; 18(7): 9184 30f12



Spectroscopy Study of Polyvinyl Alcohol/Carbon Dots Composite Films Permono Adi PUTRO et al.

http://wjst.wu.ac.th

The photoluminescence spectroscopy analysis

Photoluminescence is the emission or emission of light from an excited state in an electronic
transition spontaneously after absorbing light. The photoluminescence process can be observed in the
position of the spectrum, dynamics, and efficiency to obtain relevant information. This spectrum informs
about the energy difference between the excited state and the ground state which serves as the first
indicator of material application [7,25].
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Figure 3 The photoluminescence spectra of C-dots.

The photoluminescence behavior of the C-dots is excited-dependent. These phenomena of the
emission property may originate from the size of the C-dots, the availability of sp® sites, aromatic
conjugated structure, and the defects in the structure [26]. However, this study only one light source
excited, its 420 nm. The photoluminescence spectra of C-dots can be seen in Figure 3. The maximum
photoluminescence peak of C-dots is 529.55 nm. The broad peak of photoluminescence intensity at the
wavelength (~500 nm) was originated from the surface of C-dots [27].

The time resolved-photoluminescence spectroscopy analysis

The photoluminescence of C-dots was observed further by using time-resolved photoluminescence
spectroscopy, to determine electron time decay or usually called lifetime [19]. The lifetime is an
important characteristic of light-emitting nanoparticles to identify the potential applications. The lifetime
measurement is used to determine the photoluminescence properties that show several energy levels [28],
carried out under the excitation pulse laser and recorded after the excitation pulse finished [25].
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Figure 4 The time-resolved photoluminescence spectra of C-dots.

The time-resolved photoluminescence spectroscopy was employed to estimate the lifetime of C-dots
and, further, explored by using the optical fluorescence properties. It was fitted by using triple
exponential model as the Eq. (1) [29-31]:

M

Zat'z-i2
T =
2.4 @

Where a; and 7; are multi-exponential decay components of amplitude and lifetime. The
measurement of the average lifetime of C-dots can be obtained using Eq. (2) [30-34]. The time-resolved
photoluminescence spectra of C-dots can be seen in Figure 4. Thus, the calculated average lifetime of the
C-dots is 3.54 ns. This result is similar to the C-dots synthesized from inner cassava peels using
microwave methods for 20 min is 3.43 ns [19].

Polyvinyl alcohol/carbon dots

C-dots were observed at solid phase while it combined into PVA matrix to formed PVA/C-dots
composite films. The performance of PVA showed transparent film and changed yellowish that reflected
the presence of C-dots. The physical performance of PVA and PVA/C-dots can be seen in Figure 5.
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Figure 5 The physical performance of PVA and PVA-C-dots composites.

The X-ray diffraction analysis

The X-ray diffraction (XRD) measurement on PVA and PVA/C-dots was carried out to identify the
effect of C-dots as nucleation agent in PVA, which will be influenced by the crystal degree of PVA as
shown in Figure 6. The XRD spectra of PVA disclosed the characteristic peak of the semi crystal of PVA
at 19.6° [35], and its increasing amorphous with the addition of C-dots. The characteristic peaks of PVA
semi-crystal were nearly not changed in PVA/C-dots, indicating that C-dot would not influence the semi-
crystal structure of PVA. These results turned back with Hu ef al. that crystal degree of C-dot/PVA was
higher than pure PVA, and increased along with the increase in the C-dot content, indicating that the
addition of C-dots into PVA could increase the crystal degree of PVA [36].
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Figure 6 The X-ray diffraction spectra of PVA and PVA/C-dots.
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The FTIR spectroscopy analysis

The FTIR spectroscopy analysis of well-dispersed PVA and PVA/C-dots was conducted to reveal
the chemical and molecular interaction of PVA and C-dots. The FTIR measurement for PVA films and
PVA/C-dots films are presented in Figure 7. The -OH stretching band is very sensitive to hydrogen
bonding [18]. The -OH stretching peak shifts to lower wavenumbers in the PVA/C-dots along with the
increasing amount of C-dots, from 3,597.67 cm™ of PVA to 3,579.73 cm™ of PVA/C-dots (19/1.0) [37],
which suggests that the strong hydrogen bonds were formed between PVA chains and C-dots [36].
Furthermore, it was found that the -OH stretching peak shifts to a higher wavenumber at PVA/C-dots
from 3,579.73 cm™ of 19/1.0 to 3,606.25 cm™ of 18/2.0, which suggests the broken of the hydrogen
bonding [38]. The C=0 stretching band at 1,655.93 cm™ changes in intensity and widening in each
sample, indicating the formation of H-bonding between the PVA and C-dots [14]. In addition, there is
another shift in the C—H bending peak position at 1,458.47 cm™ of PVA and PVA/C-dots [12]. All the
results confirmed the presence of strong hydrogen bonds between the surface hydroxyl group of PVA
might play an important role in interacting with the oxygen-containing functional groups around the C-
dots surfaces to form rigid hydrogen bonds [15,36]. Furthermore, PVA also acts as a surface passivation
agent for the C-dots by forming a thin membrane around the surface of C-dots to prevent the adhesion
force between C-dots and impurities from the environment [39].
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Figure 7 The infrared transmittance spectra of PVA and PVA/C-dots.

The UV-Vis spectroscopy analysis

The absorbance spectra of PVA and PVA/C-dots can be seen in Figure 8. In absorbance spectra of
PVA only showed an absorbance peak at 203.28 nm. However, the PVA/C-dots absorbance intensity
enhanced and shifted at 19.5/0.5, 19/1.0, and 18/2.0 were 210.90, 225.65, and 220.89 nm, respectively.
Besides, on PVA/C-dots presence a new shoulder indicating the C-dots absence at 19.5/0.5, 19/1.0, and
18/2.0 was 298.42, 288.02, and 294.64, respectively. These absorbance peaks associated with the
transition m — w* based on functional groups from C=O. These results are similar to Roza et al.’s
discovery that the addition of C-dots to PVA contributed to the presence of a new absorbance peak at 274
nm. The absorbance peak was not found on PVA absorbance spectra [19].
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The Electrochemical impedance spectroscopy

The ionic conductivity measurement by using the electrochemical impedance spectroscopy. It was
determined by using Eq. (3), and while the resistance value was obtained using Eq. (4) [40].

= 3
“ R.A ®
1

R=— 4
G @)

Where ¢ is the thickness of the sample, A (cmz) the cross-sectional area of the film, R is resistance,
and G is the condutance value was obtained from the electrochemical impedance spectroscopy
measurement. The thickness of samples was found of 0.0002 cm by using a micrometer secrupt.
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Figure 8 The absorbance spectra of PVA and PVA/C-dots.
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Figure 9 The ionic conductivity spectra of PVA and PVA/C-dots.

The ionic conductivity measurement was carried out to determine the effect of adding C-dots into
the PVA. Based on the results of the previous XRD analysis in Figure 6, it was proven that the PVA
crystal degree was measured after the incorporation of C-dots. The relationship between crystal degree
and ionic conductivity was, further, investigated. The ionic conductivity is illustrated in Figure 9, which
shows an increase in ionic conductivity when C-dots into PVA. The values of ionic conductivity PVA/C-
dots  (20/0.0, 19.5/0.5, 19/1.0 and 18/2.0) were 6.49x10°, 9.16x107 1.09x10* 1.3x10* S/cm,
respectively. Perhaps, this increase was due to the higher amorphous phase which was confirmed from the
XRD analysis. These results are comparable with those found by Saadiah ef al. revealing that the higher
amorphous phase confirmed from XRD causing an increase in the value of ionic conductivity [35]. Ramli
et al. [42] reported a similar finding, in which an increase in ionic conductivity could be caused by an
increase in amorphous in the sample, which potentially encouraged ion transport.

Conclusions

In summary, we have successfully synthesized C-dots from inner cassava peels using simple
methods using inner cassava peels for the synthesis of C-dots represents an economic, efficient, and
environmentally friendly way, which is a significant large-scale commercial method for the synthesis of
C-dots. The strategy about C-dots combine into PVA can tune the characteristic spectroscopy and crystal
degree. The C-dots playing of important role in the excellent of ionic conductivity value through
increasing of crystal degree. These results have the potential to be applied as transparent conductive films
based on the highest ionic conductivity on the sample of 18/2.0.
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