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ABSTRACT

In this study, we fabricated non-toxic, highly stable, eco-friendly carbon nanodots (CD) from laboratory
paper waste through a facile synthetic approach. The paper waste was converted to carbon by thermal
decomposition. The carbon powder obtained was dispersed in acid using a sonication process.
Subsequently, the CD was separated by centrifugation and filtration. The morphological properties of
the prepared CD were analyzed using atomic force microscopy (AFM). The optical behavior of the CD
was assessed using a UV-vis and fluorescence spectrophotometer. The AFM results clearly indicated that
the CD had a spherical shape and sizes of ~3-10 nm. The CD exhibited excitation-dependent photolumi-
nescence. Finally, we assessed the metal ion selectivity of the paper waste derived CD, and utilized it as a
fluorescent probe to detect Fe** ions. This CD fabrication approach is sustainable, cheap, and uses a
renewable precursor. It also may enable the valorization of laboratory paper waste to high-value
products.

© 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Globally, waste generation has increased exponentially in every
year. The generated waste is discarded into water resources or
landfilled, which can create environmental problems. Additionally,
waste management has become a serious problem recently (Bi
et al., 2014). Several countries have attempted to recycle the waste,
but the recycling process has several disadvantages such as being
expensive and generating hazardous by-products (Zhu et al,
2016). Every year the solid waste generation has been increased
due to rapid industrialization, urbanization and increased popula-
tion rate. The solid wastes are collected and discarded in dumpsites
or landfills (Nizami et al., 2015). Reuse, recycling and energy har-
vesting is still at an initial stage. Also, the old practice for land fill-
ing system or dumping of solid waste that may cause several
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environmental issues (Anjum et al., 2016). According to Ouda
et al., number of dumping sites are reach their capacities with in
few years (Ouda et al., 2013). Hence, there is necessary to exploit-
ing the solid waste in useful way. In recent years, a few studies
have reported that waste materials can be valorized by producing
high-value products using waste materials as the precursor. For
instance, Bi et al. (2014) reported the production of carbon micro-
belt aerogel from waste paper. Athinarayanan et al. (2018a)
demonstrated that cellulose nanostructures could be fabricated
using Bassia eriophora waste. Interestingly, carbon nanodots, cellu-
lose nanostructures, and lignin nanoparticles have been synthe-
sized from lignocellulosic biomass of Phoenix dactylifera using a
facile method (Athinarayanan et al., 2019). Additionally,
Periasamy et al. (2018) studied biocompatible silica phytoliths
extracted from sorghum waste for three-dimensional culture of
human mesenchymal stem cells. Alshatwi et al. (2015) suggested
that high-value biogenic silica nanostructures could be derived
from rice husk waste. Fascinatingly, antioxidative and biocompat-
ible lignin has been isolated from Borassus flabellifer biomass
(Athinarayanan et al., 2018b). Our earlier studies, we have demon-
strated that cellulose nanofibrils fabrication from palmyra palm
biomass (Athinarayanan et al., 2020a). Also, we have fabricated
carbon nanodots and hydroxyapatite from fish scale using inte-
grated process (Athinarayanan et al., 2020b). Moreover, some
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studies have produced carbon nanostructures and activated carbon
from various agricultural residues for valorization.

Carbon nanodots (CDs) is an emergent nanostructure due to
their unique properties including high photo stability, biocompat-
ibility, strong fluorescence and eco-friendly (Athinarayanan et al.,
2020b; Athinarayanan et al., 2020c; Yang et al., 2017; Liu et al,,
2018). These activities have been utilized for different potential
applications such as optical sensing, bio-imaging, photovoltaic
and photo-catalysis (Athinarayanan et al., 2020b; Yang et al,
2017; Liu et al., 2018; Rani et al., 2020). CDs have, when compared
with metal and semi metal-based quantum dots (Liu et al., 2018).
Recently, several studies demonstrated that naturally available
solid waste is exploited as a precursor for CDs fabrication. For
instance, the natural solid wastes including fish scale
(Athinarayanan et al., 2020b), palmyra palm leaf (Athinarayanan
et al.,, 2020c), Phoenix dactylifera biomass (Athinarayanan et al.,
2019), hair (Guo et al., 2016), walnut shells (Cheng et al., 2017),
cranberry bean (Zulfajri et al., 2019) and sugarcane bagasse pulp
(Thambiraj and Shankaran, 2016) were utilized as carbon source
for CDs fabrication. Interestingly, naturally occurring solid waste
derived CDs have been utilized as fluorescent probe for metal ions
detection. In this regards, some studies developed CDs based Fe**
ions detection. Volvariella volvacea mushroom derived CDs was
exploited for Fe*" jons detection, whereas limits of detection of
Fe3* ions is16 nM (Zulfajri et al., 2020). Also, Senol and Bozkurt
demonstrated that seville orange derived CDs have potential to
detect Fe*" ions and its limit of detection is 0.53 uM (Senol and
Bozkurt, 2020).

Currently, laboratories are generating large quantities of
wastes, including solvents, tissue paper, and solvent containers.
However, these wastes are not being utilized properly but are often
being dumped into open sites and discarded directly into the trash
(Braghiroli et al., 2018). Furthermore, packing industries,
stationary-consuming sectors, homes, hotels, and cosmetics indus-
tries are generating large quantities of tissue paper waste
(Masternak-Janus and Rybaczewska-Btazejowska, 2015). However,
only a few studies have utilized different kinds of paper wastes to
produce high-value products, including activated carbon, graphene
oxide quantum dots, carbon aerogel, and carbon nanodots (Bi et al.,
2014; Wei et al., 2014; Adolfsson et al., 2015). The laboratory paper
waste is mainly composed by cellulose and small quantity of lab
reagents that cellulose can act as carbon source for different carbon
based nanostructures. The paper waste not using appropriately.
Thus, it is necessary to find an alternative method of proper utiliza-
tion of laboratory paper waste. With this impetus, in the present
investigation, we utilized laboratory paper waste as a precursor
to fabricate a high-value fluorescent probe via a facile method.

2. Materials and methods
2.1. Materials

Waste tissue paper was collected from our laboratory. Silver
nitrate, calcium chloride, cadmium chloride, cobalt chloride, cop-
per sulfate, iron (III) chloride, iron (II) chloride, magnesium chlo-
ride, molybdenum (III) chloride, trisodium phosphate, sodium
dihydrogen phosphate, and zinc chloride were obtained from Nice
Chemicals (Mumbai, India). The obtained chemicals are analytical
grade and used without further purification.

2.2. Fabrication of carbon nanodots

Carbon nanodots (CD) were fabricated using laboratory paper
waste as the precursor. Briefly, the paper waste was thermal
decomposed at 600 °C for 1 h under absence of air in muffle fur-
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nace (ThermoScientific, USA). The obtained carbon powder was
mixed with sulfuric acid and ultrasonicated for 60 min at 750 W
and 20 KHz using a probe sonicator (VCX 750, Sonics, USA). Then,
the mixture was centrifuged (Avanti J-26 XPI, Beckman Coulter,
USA) at 15000 rpm for 15 min to remove large carbon particles.
Subsequently, the supernatant was collected and filtered using a
sterile and polyethersulfone with 0.22 pm pore size syringe filter
(TPP, Switzerland). The obtained liquid fraction was purified using
dialysis process. Finally, the obtained CD were dried and used for
subsequent studies.

2.3. Characterization

The optical properties of the prepared CD were studied using
UV-Vis-NIR spectroscopy (Cary 5000, Agilent, Saudi Arabia) and
fluorescence spectroscopy. The morphology of the CD was exam-
ined using atomic force microscopy. X-ray powder diffraction
(XRD) data were obtained using an X-ray diffractometer (Bruker,
AXS) with Cu-Ko radiation (0.15406 nm). The thermal behavior
of the CD was assessed by thermogravimetric analysis (TGA
Q500, TA instruments).

2.4. Metal ion detection

The synthesized CD (25 pg/mL) solution was used for metal ion
selectivity analysis. Ag*, Ca®*, Mg?*, Zn?*, Fe?*, Cu®*, Co®*, Mo?*,
Cd?*, and Fe®* ion solutions (250 pM in 100 pL) were mixed with
100 pL of CD in 96 well plates. The fluorescence intensity of each
plate was read using a Promega GloMax multimode microplate
reader using different filters (UV: Ex 365 nm, Em 410-460 nm;
Blue: Ex 490 nm, Em 510-570 nm; Green: Ex 525 nm, Em 580-
640 nm; Red: Ex 625 nm, Em 660-720 nm). Additionally, different
concentrations of Fe>* ion solution (5-250 pM in 100 pL) were
added to 96 well plates. Then, 100 uL of CD (25 pg/mL) per well
was added to the different concentrations of Fe>*. Subsequently,
the fluorescent intensity of the 96 well plates was measured by
Promega GloMax multimode microplate reader using a blue filter
(Ex 490 nm, Em 510-570 nm). The fluorescence intensity was mea-
sured three times.

3. Result and discussion

Large quantities of laboratory paper waste are generated each
year and thrown away without any proper usage. The laboratory
paper waste is mainly composed by cellulose and small quantity
of reagents. Thus, the paper waste can be act as carbon precursor
for carbon based nanostructures fabrication. In this study, we
attempted to valorize the laboratory paper waste by fabricating
carbon nanomaterials. Fig. 1 shows the schematic process of the
CD fabrication from laboratory paper waste. The tissue paper waste
is a cellulosic material that carbonizes at 600 °C and absence of air
in muffle furnace. The carbonized material obtained in this study
contained carbon nanostructures and large size carbon particles.
The black powder was dispersed in sulfuric acid using an ultrason-
ication process for 60 min. During the sonication process, agglom-
erated carbon nanostructures were dispersed well in aqueous
medium. Following the centrifugation process, the large-size car-
bon structures were removed. After that, the supernatant was sep-
arated carefully. The supernatant was filtered using a syringe filter
(0.22 pm), and dialyzed. The obtained CD was kept under visible
and 365-nm UV light (Fig. 2). The CD exhibited brown color in vis-
ible light and emitted blue color in UV light because of its fluores-
cence. Fig. 3 depicts the UV-vis absorption spectra of the prepared
CD. The CD exhibits an optical absorption peak at 285 nm, and the
results revealed the m-m* transition of aromatic units or non-
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Fig. 2. Laboratory paper waste carbon nanodots kept under (a) visible and (b) UV
light at 365 nm.

bonding electrons (Al-Hadi et al., 2016). The characteristic behav-
ior of the CD was size-based photoluminescent emission. Thus,
we assessed the detailed photoluminescent behavior of the synthe-
sized CD. Fig. 4 shows the photoluminescent behavior of the CD at
various excitations. The emission peak is red-shifted as the wave-
length of excitation increases through the range of 370 nm to
520 nm due to the different sizes of CD and the presence of differ-
ent emissive trap sites on the CD. The CDs photoluminescent (PL)
property mechanisms continuously under discussion. Gan et al.
demonstrated that CDs probable photoluminescent mechanism
involving excitation-independent and excitation-dependent PL
(Gan et al., 2016). The surface traps, quantum confinement effect,
synergistic models and electronegativity of heteroatoms were pro-
posed for the carbon nanomaterials including the CDs, showing
excitation-dependent PL (Gan et al., 2016; Dager et al., 2019).
Recently, some studies demonstrated that photoluminescent
behavior was coined from CDs fluorophores and intrinsic structure,
with slight or no graphitic formation (Gan et al., 2016; Dager et al.,
2019; Liu et al., 2016). Though, the probabilities of fabricated CDs
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Fig. 3. UV-Vis absorption spectra of carbon nanodots derived from laboratory
paper waste.

have fluorophores are insignificant. There are two possibilities
related to fluorophores presence; fluorophores are attached on
the CDs surface or present individually in the CDs (Dager et al.,
2019). Fig. 5 represents the XRD spectra of paper waste derived
CDs. The XRD pattern exhibited a broad peak at 22° of 2 theta
value, which corresponded to (002) plane of graphitic carbon.
Additionally, the XRD spectra of CDs shows the broadened peak
owing to small size of the CDs formation. The results are exactly
matched with earlier studies (Athinarayanan et al., 2020c). The
topographical pictures were used for determining the roughness
and size of the fabricated CDs (Athinarayanan et al., 2020b; Al-
Hadi et al., 2017). The three-dimensional morphology of the syn-
thesized CD was analyzed using atomic force microscopy (AFM),
and images of the CD are shown in Fig. 6. The AFM images clearly
indicate that the CDs are very tiny and spherical in shape. It was
found to be in the range of 3-10 nm.

Previously several studies reported that CDs have been utilized
for Fe* jons detection. For instance, Zulfajri et al. demonstrated
that CDs derived from mushroom was used as fluorescent probe
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Fig. 4. Photoluminescence emission spectra of carbon nanodots at various excitation wavelengths.
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Fig. 5. XRD pattern of paper waste derived carbon nanodots.

for Fe* jons detection, while detection limit is 16 nM (Zulfajri
et al.2020). Similarly, Senol and Bozkurt reported that orange
derived CDs used to detect the Fe**ions with detection limit is
0.53 pM (Senol and Bozkurt, 2020). Selectivity plays an important
role in metal ions detection. The paper waste derived CDs fluores-
cence quenching behavior have been evaluated using different
metal ions. The influence of different metal ions on the florescence
of the CD is shown in Fig. 7. The CD fluorescence intensity was not
affected significantly by Ag?*, Cd?*, Zn?*, Mo?*, Mg?*, or Co>* ions,
but it changed in the presence of Fe3*, Fe?*, Cu®*, and Ca®* that
may be possible electron transfer or intramolecular charge transfer
mechanism (Huang et al., 2017). In particular, a remarkable effect
was observed in the presence of Fe** ions, which could arise from
the interaction between the functional groups on the surface of the
CD and Fe** (Huang et al., 2017). As similar, Qi et al. reported that
N-doped CDs fluorescence is quenched by Fe®* ions due to an
extraordinary interaction between N-CDs surface phenolic hydro-
xyl groups and Fe** ions (Qi et al., 2019). In addition, N-CDs fluo-
rescence quenching in Fe* jon solution may give to nonradiative

electron transfer, wherein limited electrons were shifted to Fe>*
ions d-like states (Qi et al., 2019). To evaluate the quantitative
Fe3* ions detection, paper waste derived CDs solution mixed with
different concentrations of Fe3*ions (5-250 uM). After that, we
measured the fluorescence intensity of the CD in the presence of
different concentrations of Fe** ions. The fluorescence intensity
was gradually decreasing with increasing the Fe3+ ions concentra-
tion (Fig. 8). These result suggested that fluorescence sensor is
exactly sensitive with different concentration of Fe** ions. Also,
the Fe3* ions can efficiently and simply interact with paper waste
derived CDs. Earlier studies demonstrated that CDs derived from
various resources was exploited as fluorescent probe for Fe>* ions
detection (Table 1). In Fig. 8, the fluorescence intensity of different
concentration of Fe* ions (5-250 uM) shows excellent linearity
with the correlation coefficient of R = 0.9904. Thus, the CD derived
from the paper waste could be applied as a sensing platform for
detection of Fe** ions. Our preliminary studies result clearly indi-
cate that paper waste derived CDs could be suitable to detect the
Fe3* ions in real samples.
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Fig. 6. (a & c) Atomic force microscopic images of carbon nanodots and (b & d) profile height distribution.
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Fig. 7. Fluorescence quenching response of laboratory paper waste derived carbon nanodots in different metal ions.

4. Conclusion

We are currently fabricating carbon nanodots by a facile and
low-cost method using laboratory paper waste as the precursor.
The paper waste is naturally bio-degradable and is an important
source for eco-friendly fabrication of carbon nanostructures. The
laboratory paper waste is used to prepare novel fluorescent probe

carbon nanodots applicable for organic electronics. The non-toxic
and biocompatible nature of the CD makes it highly appropriate
for biological applications including bio-imaging, drug delivery,
and bio-sensing. Additionally, the CD metal ion selectivity indi-
cated that it could be useful for the detection of Fe** ions. This
innovative material of the carbon nanostructures group has an
optimistic future due to its distinctive nature.
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Fig. 8. Influence of different concentration of Fe** ions on the fluorescence intensity of CDs at the excited wavelength 490 nm.

Table 1
Comparison of CDs derived from various precursors for Fe** ions detection.
S. Precursor linear range Reference
No (uM)
1 Seville orange 2-8 Senol and Bozkurt, 2020
2 Mushroom 1-100 Zulfajri et al., 2020
3 blueberry 12.5-100 Aslandas et al., 2015
4 cranberry beans 30-600 Zulfajri et al., 2019
5 Laboratory paper 5-250 This study

waste
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