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Tunable fluorescence from natural carbon source: Pandanus
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Abstract. Carbon materials possessing photoluminescence properties are considered as potential candidates in a
wide range of photonic and optoelectronic applications. In this work, the cellulose derived from the natural source,
Pandanus, is autoclave-treated for the synthesis of fluorescent carbon. The natural fibres are greatly preferred
over synthetic ones due to their cost-effectiveness, easy processability, non-abrasivity, non-toxic and environmentfriendly characteristics along with high mechanical strength and damage tolerance. These properties enable them
to be used as templates for synthesis, as important reinforcement materials for commercial thermoplastics and
for making value-added products. In this study, the synthesised sample is subjected to structural, morphological,
elemental and optical characterisations. These studies reveal that the sample can be used as a low-cost tunable
light-emitting source for photonic, biomedical and biosensing applications.
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1. Introduction
Fluorescent carbon materials have gained significant
attention in the fields of bioimaging, sensing, photocatalysis, photovoltaic, and other photonic and optoelectronics due to their excellent biocompatibility, high
chemical and photostability, low cost, abundance of
raw material and non-toxic nature [1,2]. Carbon, being
the fourth most abundant element in the Universe by
mass, is a common element of all known life forms
and has become the focus of present-day research [3,4].
A wide range of raw materials has been used recently
for the preparation of carbon-based materials with a
tunable degree of carbonisation and surface functionalisation employing different synthesis procedures. The
selection of appropriate natural sources and suitable
synthesis technique play significant roles in deciding
the properties exhibited by them. The commonly used
natural carbon resources include cellulose from various plants, soot from various hydrocarbon sources, etc.
[5–7]. Natural carbon is obtained from these sources
by combustion, hydrolysis and condensation reactions,
carbonisation, other mechanical and non-mechanical
isolation processes, chemical treatments, etc. Many

biological materials have been recently used as
precursors and templates for the synthesis of various
oxides and carbides with high performances and multifunctionalities [8–14].
In this work, the cellulose derived from the natural
source, Pandanus, is autoclave-treated for the synthesis
of fluorescent carbon. Plants, being the major source of
carbon, contain various natural lignocellulosic materials such as cellulose, hemicellulose, lignin, pectin, etc.
The cellulose is a naturally available renewable organic
polymer with cellobiose as the basic unit linked by β (1–
4) glycosidic units [15]. Cellulose is now considered as
a raw material in many industries, and its use as a bioenergy material accelerate the idea of clean energy in the
future. The chain-like/filament/fibril and aggregation
types are the two structural forms in which cellulose is
seen. It is reported that the natural cellulose fibril contains around 80 cellulose molecules bonded by hydrogen
atoms [15]. The high specific strength, low density and
abundance make carbon fibres an interesting material in
high-volume applications [12]. They consist of layers
of graphene oriented along the fibre axis. Pandanaceae
is one such plant family commonly seen in the tropical and subtropical regions, which are palm-like trees
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or shrubs with high fibre and cellulose content which
is used as a reinforcement material in thermoplastics
and other value-added products [12,13,16,17]. In this
work, Pandanus is used as a natural carbon source. Various characterisations of the cellulosic fibril materials
extracted from this plant are reported [15–17]. But the
potential of this carbon source as a luminescent material
is the least explored.
The luminous property of the material is analysed
using the photoluminescence (PL) spectrum and the
Commission Internationale d’Eclairage (CIE) coordinates obtained from it. The CIE 1931 model proposed by
International Color Commission organisation defined
three primary ‘colours’, X , Y and Z , that can be used
to describe all visible colours along with the standard
white. The colour purity is a measure of the degree of
monochromaticity of a light source which is transmitted
or reflected from a surface. The purity of emission can
be understood from the CIE plot [18,19]. It is usually
defined as the ratio of the distance of the ‘White point’
from the CIE coordinates corresponding to the source
under consideration and the distance of the ‘White point’
from the laser locus for that plot. Hence, its value ranges
between 0 and 100%. The degree of monochromaticity is inversely related to colour purity [19]. A spectral
power distribution (SPD) or power spectrum gives the
energy levels of a light source through a range of wavelengths of light. Thus, the power spectrum is the true
‘fingerprint’ of a light source, giving an idea about how
the light source renders colours. Fluorescence lifetime
is an important parameter that tells the radiative decay
rate. Being an intrinsic molecular property, it is independent of variations in concentration of the sample,
and gives information about the quantum yield of the
sample [20]. In this study, an attempt has been made
for making use of the cellulose from Pandanus for the
synthesis of tunable fluorescent carbon for photonic
applications.
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natural carbon source which is subjected to various
characterisations [8,9].
Characterisation of the sample synthesised is essential to explore the novel physical, chemical, optical and
other properties of the material and to obtain information about its potential in various applications. The
morphology and elemental analysis of the sample are
carried out using Nova Nano field emission scanning
electron microscope (FESEM). The structural changes
occurring in the leaf samples are obtained by taking
the X-ray powder diffraction (XRD) spectrum in Bruker
D8 Advanced Diffractometer with CuKα radiation (λ =
1.5406 Å). The optical emission characteristics are studied by recording the ultraviolet–visible–near infrared
(UV–Vis–NIR) absorption spectrum in Perkin Elmer
spectrophotometer and the PL spectrum in Horiba
FluoroMax. The information about the fluorescence
emission is obtained from the CIE plot, colour purity
analysis and the power spectrum. The fluorescence lifetime measurement is carried out using the instrument
Horiba FluoroMax TCSPC and the software Horiba
DAS6.

3. Results and discussion
The microstructure of the sample, cellulose from Pandanus, is understood from the FESEM image shown
in figure 1 which shows an aggregate sheet-like morphology. The elemental analysis obtained from the
energy-dispersive spectrum (EDS) (figure 2) shows an
atomic weight percentage of 67.16% of carbon and
32.84% of oxygen.
The interaction of electromagnetic radiation with the
matter may result in absorption or scattering. A study
of the strength of interaction with the wavelength of
the electromagnetic radiation can throw light into the

2. Experimental
The extraction of cellulose from the leaves of Pandanus
involves various steps. First, the thorns present on the
leaf edges are removed and washed several times, first
with water and finally with distilled water, to remove
the dirt. The leaves are then cut into small pieces and
kept in an autoclave for 20 min under 3 atmospheric
pressures and at a temperature of 125◦ C. The autoclavetreated fibres are then dipped in concentrated 0.1 N
hydrochloric acid solution for 3 h. The acidic nature
of the treated leaves is neutralised by repeated washing
with deionised water. When the pH becomes neutral, the
leaves are dried in an air oven at 70◦ C for 2 days to obtain

Figure 1. FESEM image of cellulose from Pandanus.
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structure of the sample and the molecular vibration.
The UV–Vis–NIR absorption spectral features arise due
to the overtones and combination of the fundamental
frequency of vibration of several groups present in the
organic samples [21–25]. Figure 3a shows the UV–
Vis–NIR reflectance spectrum of the cellulose sample.
The spectrum of the sample is complex as it contains
the absorption peaks of components such as cellulose,
lignin, starch, pectin and wax that may overlap across
the NIR spectral region. These absorption peaks can

Figure 2. EDS of cellulose from Pandanus.
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be obtained from the absorbance spectrum or can be
computed from the reflectance data.
The water-soluble components present in cellulose
give rise to broad absorption in the UV–Vis region, and
the oxidised carbon in cellulose gives absorption in the
IR region. When the spectrum is the result of multiple
components present in the sample, the analysis of the
closely spaced absorption peaks is possible only with the
help of the derivative spectrum. The derivative spectrum,
drawn using the reflectance data of the sample, can provide a better quantitative and qualitative analysis. The
peaks in the UV–Vis–NIR reflectance spectrum appear
as X intercepts in the first-derivative spectrum and maxima in the second-derivative spectrum. The maxima
in the reflectance spectrum correspond to minima in
the absorbance spectrum and vice versa. The derivative
spectrum shown in figures 3b and 3c brings out even the
minor peaks corresponding to various components in the
sample. Figure 3d gives superimposition of figures 3a
and 3c which clearly reveals the distinguishing capability of the derivative spectrum. The absorbance peaks in
the UV–Vis–NIR spectrum determined from the secondderivative spectrum and the peak assignments are given
in table 1.
The cellulosic materials are often evaluated on the
basis of their degree of crystallinity. The identification of new elements and compounds, the crystalline

Figure 3. UV–Vis–NIR: (a) reflectance spectrum, (b) first-derivative spectrum, (c) second-derivative spectrum and (d) superimposition of (a) and (c).
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Table 1. Absorption peaks and their assignments.
Absorption peaks (nm)
856
1250 (broad absorption peak)
1341
1381
1335–1600
1668, 1725, 1775
1914
2084
2210
2263

Assignments
C–O–C, C–C–O and C=C–H deformation and stretching [26,27]
C–H stretching (2nd overtone) [28–30]
–OH in cellulose/wax
CH stretching and deformation of –CH3 groups in hemicelluloses/cellulose/lignin [31]
OH stretching (1st overtone) vibration in pectin/starch/cellulose [21–24]
C–H vibration [25]
C=O stretching (2nd overtone) of –CO2 H [21]
O–H and C=O stretching (2nd overtone) [25]
3ν of CH2 , CH3 [21]
Combination bands of O–H and C–O [32]

Figure 4. XRD spectrum of cellulose from Pandanus.

or amorphous nature, the existence of different phases,
etc. can be understood from the XRD analysis. The XRD
spectrum of the sample shown in figure 4 indicates the
amorphous nature with broad peaks around 21◦ and 40◦ .

PL spectroscopy is a proven non-destructive evaluation technique for studying the electronic structure of
materials through fluorescence emission from photoexcitation [33]. The PL spectrum of the sample shown in
figure 5 is recorded in the range 450–850 nm for the
excitation wavelengths (λexc ) = 390, 450, 470 and 510
nm. The fluorescence lifetime is measured for the excitation wavelength of 455 nm and emission at 510 nm.
The fluorescence decay curve for the sample is shown
in figure 6, and it is fitted by a biexponential function
which yielded the lifetime as 4.08 ns (χ 2 = 0.29). The
fluorescence decay indicates the radiative decay of the
population of the excited states which exhibit multiexponential or non-exponential behaviour. The lifetime τ
is the time in which the intensity falls to 1/e of its initial value and is independent of the sample concentration
and fluctuations in the intensity of excitation source [34].
The PL spectra show excitation wavelength-dependent
emission tunability, which is evident from the power

Figure 5. PL spectrum of cellulose from Pandanus for λexc : (a) 390 nm, (b) 450 nm, (c) 470 nm and (d) 510 nm.
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Figure 6. PL decay curve of cellulose from Pandanus.
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spectrum and CIE plot shown in figures 7 and 8a. The
monochromaticity of the emission at a specific excitation wavelength is obtained by finding the colour purity
of the sample. To find the colour purity, the (x, y) coordinate of emission and the point corresponding to white
(‘W’ point (xi , yi ) – (0.333, 0.333)) are marked in the
CIE plot. By drawing a line through these two points
outward to the laser locus and finding the ratio of the
distances between these two points (A) and that between
the (x, y) coordinate and point of intersection of the line
drawn on the laser locus (B), the colour purity can be
calculated as A/B. The distances A and B are marked in
figure 8b. The ‘laser locus’ is the outside perimeter of the
CIE diagram. The point where the line meets the ‘laser

Figure 7. Power spectrum of cellulose from Pandanus for λexc : (a) 390 nm, (b) 450 nm, (c) 470 nm and (d) 510 nm.

Figure 8. (a) CIE plot for different excitation wavelengths and (b) determination of dominant wavelength.
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Table 2. Excitation-dependent dominant wavelength and colour purity of cellulose from Pandanus.
Excitation wavelength (nm)
390
450
470
510

(x, y)

Dominant wavelength (nm)

(xd , yd )

Colour purity (%)

(0.262, 0.234)
(0.332, 0.423)
(0.374, 0.536)
(0.446, 0.546)

467.74
554.31
562.29
570.87

(0.13, 0.05)
(0.33, 0.66)
(0.39, 0.61)
(0.45, 0.55)

34.97
37.25
31.82
84.00

locus’ is called the dominant wavelength (coordinates
– (xd , yd )) for that measurement. Using the distance
equation given below, we obtain the colour purity in
percentage:

(x − xi )2 + (y − yi )2
Colour purity =
× 100%.
(xd − xi )2 + (yd − yi )2
The colour purity of the sample at different excitation wavelengths along with their dominant wavelength
coordinates are given in table 2.
The sample shows blue emission for excitation at 390
nm. This luminescence emission of the cellulosic sample in the blue region may be due to the generation of the
electron–hole pairs within the localised states, resulting
in the radiative recombination. For excitation at higher
wavelengths, the emission shifts to the yellowish-green
region due to the presence of various components in the
sample. Thus, by the proper treatment of natural carbon source – cellulose from Pandanus – it can be used
as a tunable light-emitting material for biosensing and
bioimaging applications.

4. Conclusion
This study is an attempt to explore the fluorescence
emission from the natural carbon source – the cellulose of Pandanus leaves. The cellulose from the natural
fibre is autoclave-treated for the synthesis of fluorescent
carbon. The FESEM image shows sheet-like morphology, and EDS analysis reveals that the sample contains
only carbon and oxygen. The presence of various vibrational modes in the UV–Vis–NIR spectrum indicates the
presence of various components in the carbon source,
Pandanus. The fluorescence emission (PL spectrum)
and the lifetime for the cellulosic carbon matrix are studied. The CIE plot and power spectrum give information
regarding the sensation of human eye to the emitted photons and the distribution of power over the spectrum,
respectively. The variation in the degree of chromaticity of emission is understood from the colour purity.
The fluorescence emission from the sample reveals the
photoexcitation-dependent tunability making it suitable
for sensing and imaging applications.
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