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Carbon Dot Based Sensing of Dopamine and Ascorbic Acid
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We demonstrate carbon dot based sensor of catecholamine, namely, dopamine and ascorbic acid. Carbon dots (CDs) were prepared
from a green source: commercially available Assam tea. The carbon dots prepared from tea had particle sizes of ∼0.8 nm and are
fluorescent. Fluorescence of the carbon dots was found to be quenched in the presence of dopamine and ascorbic acid with greater
sensitivity for dopamine.Theminimum detectable limits were determined to be 33𝜇Mand 98 𝜇M for dopamine and ascorbic acid,
respectively.The quenching constants determined from Stern-Volmer plot were determined to be 5× 10−4 and 1× 10−4 for dopamine
and ascorbic acid, respectively. A probable mechanism of quenching has been discussed in the paper.

1. Introduction

Carbon dots are recently being used as one of the most effi-
cient and stable nanoprobes for various types of analytes
owing to their easy preparation, photostability, and low tox-
icity compared to other heavy metals containing quantum
dots [1, 2].They belong to the family of carbon nanomaterials
and show characteristic bright blue or green fluorescence
under UV light irradiation.They show higher degrees of bio-
compatibility and hence are most suitable for in vivo appli-
cations also. Hence, there are a growing number of reports
for easy synthesis methods using easily available sources
like orange juice [3], bread [4], plant leaf [5], dopamine
[6], polyethylene glycol [7, 8], chitosan [9], and tea [10].
The fluorescence properties of these carbon dots have been
utilized for efficient sensing of a wide variety of biomolecules.
For example, Lin et al. [11] have used the chemiluminescence
property of the carbon dots for sensing of nitrate. Lu and
coworkers have used carbon nanoparticles prepared from
pomelo peel, for the detection of mercury ions [12]. In the
past, our laboratory had also demonstrated the use of carbon

dots capped with calixarenes as fluoride [13] and hemin
sensors [14].

Among the various biomolecules, catecholamines are a
very important class of neurotransmitters, for their very
important role in various vital functions of our body. Any
deficiency of these biomolecules leads to serious neurological
disorders like Parkinson, Schizophrenia, and other serious
renal and cardiovascular diseases. Hence, their sensing is
very important to maintain proper human health. Various
methods are reported till today for the sensing of the
biomolecules using carbon nanomaterials, which are basi-
cally based on electroactive properties of the nanomaterials.
For example Zhao et al. [15] have used carbon nanotubes in
three-dimensional nanoweb structured electrode for highly
selective detection of dopamine in presence of ascorbic acid.
But very few reports are there for using carbon nanomate-
rials for optical sensing of these neurotransmitters. Optical
sensing based methods are more convenient as they are
very fast, noninvasive, and highly sensitive. The fluorescence
properties of carbon nanomaterials can be utilized for sensing
of these neurotransmitters, specially dopamine and ascorbic
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acid. To the best of our knowledge, such fluorescence based
techniques using carbon nanomaterials are very limited in
case of these neurotransmitters. Among these very limited
numbers of attempts, Qu and coworkers demonstrated the
use of carbon dots for the detection of iron and dopamine
[6]. Tao et al. demonstrated a dual fluorometric and col-
orimetric sensor for dopamine based on BSA-stabilized Au
nanoclusters [16]. In more recent work by Zhou et al. [17],
polypyrrole/graphene quantum dots core-shell hybrids have
been used for the fluorimetric sensing of dopamine up to
nanomolar concentration.

In this present work, we have designed a very simple
system, based on carbon dots for the sensing of dopamine
and ascorbic acid in aqueous medium. Fluorescence of the
carbon dots was found to be quenched in the presence of
both analytes with greater sensitivity for dopamine. Carbon
dots were prepared via greener method from Assam Tea
developed in our lab. A possible mechanism is also proposed
for the observed result.

2. Experimental Section

2.1. Materials and Instruments. The commercially available
Assam tea was used as received. Dopamine hydrochloride
was purchased from Sigma Aldrich. Glacial acetic acid
and ascorbic acid (≥99%) were purchased from Merck. All
reagents were used as received without further purification.
The water used was from aMilli-Q water purification system.

Particle size and zeta potential measurements were done
on aMalvern Zetasizer Nanoseries, Nano-ZS90. SEM images
were collected on a Carl Zeiss∑igma VP instrument. Powder
XRD spectrum was collected on a Bruker D8 Advance
diffractometer. UV-Visible absorption spectra were collected
on a Shimadzu UV-VIS Spectrophotometer, UV-2600, and
fluorescence spectra were collected on a Varian Cary Eclipse
Spectrofluorometer. Fourier transform infrared spectra were
collected on a Nicolet-6700 FT-IR Spectrophotometer.

2.2. Preparation of Carbon Dots (CDs) from Tea. Carbon dots
from tea were prepared according to a method developed
and reported by our laboratory [10]. Briefly, commercially
available Assam tea was first heated at 200∘C for about 2
hours, followed by grinding to powdered form and again
heating at 200∘C for about 8 hours. The so formed black
carbonized powder of tea was cooled to room temperature
and stored in a glass vial. 0.1M acetic acid was used as the
dispersion medium for the preparation of CDs from tea.
A quantity of 300mg of the carbonized tea was dispersed in
10mLof 0.1Macetic acid and kept for 40 hours.Thedispersed
medium was then centrifuged (at 10,000 rpm for 0.5 h) and
the supernatant liquid containing tea CDs was collected and
preserved.

2.3. Fluorescence Quenching of Tea Carbon Dots by Dopamine
and Ascorbic Acid. Appropriate amounts of dopamine and
ascorbic acid were added to the carbon dot solution
and the corresponding fluorescence spectra were recorded.

The solution was stirred vigorously every time before record-
ing the PL spectra.

3. Results and Discussion

Carbon dots from tea were prepared according to a method
developed and reported by our laboratory [10]. This carbon
dot solution was then used as a material for optical sensing of
dopamine and ascorbic acid as shown in Scheme 1.

3.1. Characterization of Carbon Dots Prepared from Tea.
The carbon dots prepared from tea were characterized by
dynamic light scattering (DLS) technique, scanning elec-
tron microscopy (SEM), powder XRD measurement, UV-
Visible absorption spectroscopy, fluorescence spectroscopy,
and Fourier transform infrared spectroscopy. The particle
size ofCDswas determined by dynamic light scattering (DLS)
measurement (Figure 1(a)).TheDLS data showed the particle
size of CDs to be ∼0.8 nm. The zeta potential of CDs was
also measured and was found to be −184mV indicating the
negative charge on the CDs. The particle sizes of CDs were
also determined by SEM (Figure 1(b)).

CDs prepared from tea being highly fluorescentmaterials,
photoluminescence properties were investigated. Figure 2(a)
shows the UV-VIS absorption and photoluminescence (PL)
spectra of CDs excited at 340 nm. The UV-VIS absorption
spectrum of CDs shows two distinct peaks, one at around
300 nm that can be assigned to 𝑛-𝜋∗ transition of the O-H
groups present on the surface of CDs and the other peak
appearing at around 250 nm that can be assigned to 𝜋-𝜋∗
transitions of the aromatic systems in the polyphenols of tea.
The CD solution showed maximum emission of PL intensity
at an excitation wavelength of 340 nm. For a 𝜆exc value of
340 nm, the CD solution exhibits a 𝜆em value of 446 nm.
The inset of Figure 2(a) shows the images of the CD solution
viewed under normal light and UV light.

Figure 2(b) shows the powder XRD spectrum of carbon
dots prepared from tea. The powder XRD spectrum shows
a sharp peak at around 2𝜃 = 30∘ which indicates that the
prepared carbon dots are crystalline in nature. Figure 2(c)
shows the FTIR spectrum of CDs prepared from tea. The
peak at 3418 cm−1 can be assigned toO-H stretching vibration
of the hydroxyl group present in the different types of
polyphenols present in tea. The peaks appearing at 1642 and
1599 cm−1 can be assigned to C–C stretch (in-ring) of the
polyphenols. Peaks at 1470 and 1388 cm−1 can be assigned to
C–H bend and C–H rock stretching vibrations, respectively.
Peaks at 1350 and 1117 cm−1 can be assigned to C–O stretching
vibrations of phenols and ether groups in the polyphenolic
structures. Peaks at 766 and 618 cm−1 can be assigned to C–H
in the aromatic structures.

3.2. Detection of Dopamine by the Carbon Dots. The carbon
dots prepared from tea were successfully used for sensing of
dopamine. A very simple and facile optical detectionmethod,
that is, fluorescence spectroscopy, was used to monitor the
detection of dopamine by the tea carbon dots. Figures 3(a)
and 3(b) show the stacked photoluminescence (PL) spectra of
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Scheme 1: Schematic representation of themethod of preparation of carbon dots from tea and the optical response of this material to addition
of dopamine monitored by fluorescence spectroscopy.
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Figure 1: Particle size of CDs prepared from tea as obtained from (a) dynamic light scattering (DLS) technique and (b) scanning electron
microscopy (SEM).

CDs upon addition of different concentrations of dopamine
and ascorbic acid, respectively. It is evident from Figure 3(a)
that addition of dopamine results in gradual decrease in
emission intensity of the CDs studied in the concentration
range ∼33 𝜇M–1250𝜇M. Similar behavior in fluorescence

intensity is observed for CDs upon addition of ascorbic acid.
However, in case of ascorbic acid, the concentration range is
∼98 𝜇M–1250𝜇M.

As evident from Figures 3(a) and 3(b), the amount of
quenching of fluorescence intensity of CDs by dopamine is
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Figure 2: (a) The UV-VIS absorption spectrum and photoluminescence (PL) spectrum of CDs excited at 340 nm.The inset of (a) shows the
images of the CD solution viewed under normal light and UV light. (b) Powder XRD spectrum of CD solution and (c) FTIR spectrum of
CDs prepared from tea.

greater than that observed with ascorbic acid. To determine
the fluorescence quenching efficiency of dopamine and ascor-
bic acid, the quenching data was fitted to the Stern-Volmer
equation given by

𝐹

0

𝐹

= 1 + 𝐾 [𝑄] ,
(1)

where 𝐹
0

and 𝐹 are the fluorescence quantum efficiencies in
the absence and presence of quencher, respectively, 𝐾 is the
Stern-Volmer quenching constant, and [𝑄] is the quencher
concentration. Figures 4(a) and 4(b) show the linear graphs
obtained by fitting the quenching data into (1).

As evident from Figure 4(a), a good linear relationship
could be obtained for dopamine in the concentration range
33 𝜇M–1250𝜇M. The value of 𝐾 as obtained from the Stern-
Volmer plot for dopamine is 5 × 10−4 and the value of
correlation coefficient was found to be 0.9815. Similarly,
from Figure 4(b), it is evident that linear relationship could
be obtained for ascorbic acid in the concentration range
98 𝜇M–1250𝜇M. The value of 𝐾 as obtained from the Stern-
Volmer plot for ascorbic acid is 1 × 10−4 and the value of

correlation coefficient was found to be 0.9363. Therefore,
from Figures 3 and 4, it is quite clear that dopamine is a
much more efficient quencher of the carbon dot fluorescence
as compared to ascorbic acid. Further, from (1), it is seen
that, with all other terms held constant, the higher the value
of 𝐾, the lower the concentration of the quencher required
to achieve the fluorescence quenching. In our case, this fact
is very much evident from Figures 3(a) and 3(b). That is,
the minimum amount of dopamine required to cause the
fluorescence quenching of CDs is 33 𝜇M, whereas, under the
exactly same conditions, the amount of ascorbic acid required
to cause the fluorescence quenching ofCDs is 98𝜇M.This fact
clearly demonstrates the sensitivity of the tea carbon dots for
dopamine.

In order to study the effect of the acetic acid medium
or the interference caused by the ascorbic acid molecules,
we performed the quenching experiment of carbon dots
with a mixture of dopamine and ascorbic acid and it is
observed that the fluorescence quenching of CDs occurred
even for the mixture. The data obtained from the Stern-
Volmer equation was then fitted into linear plots against
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Figure 3: The stacked photoluminescence (PL) spectra of CDs upon addition of different concentrations of (a) dopamine and (b) ascorbic
acid.
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Figure 4: The linear fitted results for (a) dopamine and (b) ascorbic acid using Stern-Volmer equation.

different concentrations of the mixture. From the plot, it
is clear that the data can be fitted into two different linear
patterns with different slopes, that is, quenching efficiencies.
Figure 5(a) shows the stacked photoluminescence (PL) spec-
tra of CDs upon addition of different concentrations of a
mixture of dopamine and ascorbic acid in the concentration
range 40–400𝜇M. Figure 5(b) shows the linear fitted results
for different concentrations of the mixture of dopamine and
ascorbic acid showing two different linear fitting patterns.

The value of 𝐾 was then calculated for the mixture from
the two linear fitted graphs as shown in Figure 5(b).𝐾 values
obtained from the Stern-Volmer plot for the two linear fitted
graphs were obtained as 6 × 10−4 and 2 × 10−4, respectively.
The correlation coefficients were determined to be 0.9354 and
0.9841, respectively. The 𝐾 value was already calculated for
pure dopamine and ascorbic acid (Figure 4), so it is evident
that first linear plot is for dopamine and second plot is for
ascorbic acid. Hence, even when ascorbic acid and dopamine



6 Journal of Nanoparticles

350 400 450 500 550 600 650

200

400

600

800

1000
PL

 in
te

ns
ity

 (a
.u

.)

Wavelength (nm)

CDs
40𝜇M
80𝜇M
120𝜇M
160𝜇M
200𝜇M

240𝜇M
280𝜇M
320𝜇M
360𝜇M
400𝜇M

(a)

0 100 200 300 400 500

1.00

1.05

1.10

1.15

1.20

1.25

Concentration of mixture (𝜇M)

Dopamine
Ascorbic acid

F
0
/F

(b)

Figure 5: (a) The stacked photoluminescence (PL) spectra of CDs upon addition of different concentrations of a mixture of dopamine and
ascorbic acid. (b)The linear fitted results for different concentrations of a mixture of dopamine and ascorbic acid showing two different linear
fitting patterns.

are present together, the quenching dynamics being different,
they do not interfere with each other.

Further evidence for interaction of carbon dots and
dopamine can be drawn from the results obtained from
zeta potential measurements. As discussed previously, zeta
potential of CDs was measured to be −184mV indicating
the negative charge on the CDs. However, upon addition of
dopamine, the value of zeta potential was found to decrease
to −56.6mV. This clearly indicates that there is some elec-
trostatic interaction between the negatively charged carbon
dots and the amine group of dopamine molecules which are
protonated in the acidic medium of the CD solution. Similar
measurements with ascorbic acid did not however result in
a significant change in zeta potential of the original CDs
and the value obtained was −151mV. These results are in
good agreement with the quenching efficiencies of dopamine
and ascorbic acid obtained from the Stern-Volmer equation
and justify the selectivity and sensitivity of the CDs towards
dopamine.

The mechanism of PL emission from CDs is still a
matter of debate. A number of factors contributing to CD
luminescence are recombination of photogenerated electron-
hole pairs taking place on the surface of the CDs, excitons
of carbon, the presence of emissive traps, the quantum-
confinement effect, and so forth [18]. It is now a well-
established fact that the interaction of molecules or ions with
the surface groups of the CDs can affect the efficiency of the
recombination of electron-hole [19]. Among the well-known

quenching mechanisms are inner filter effects, nonradiative
recombination pathways, and electron transfer processes,
whereas enhancement of photoluminescence has been pri-
marily attributed to passivation of trap states on the surface
[20–24]. In our case, when surfacemodification is carried out
(i.e., capping of CDs) emission quenching is observed which
can be attributed to nonradiative recombination pathway. In
our case, the irradiation of the CD solution in the absence of
electron donors or acceptors results in the creation of photo-
generated electron-hole pairs whose radiative recombination
results in the emission of fluorescence as shown in Scheme 2.

Dopamine, being a catecholamine, acts as a fluorescence
quencher of the CDs. The probable mechanisms for fluo-
rescence quenching can be either oxidation of the hydroxyl
groups of the catechol part of dopamine serving as hole traps
resulting in nonradiative recombination of electron-hole and
hence quenching the fluorescence of CDs or protonated
amine groups (in the acidic medium of CDs solution) of
dopamine acting as electron acceptors thereby preventing
them from participating in radiative recombination and
hence quenching the fluorescence of CDs.

4. Conclusion

In this work we successfully demonstrated the potential use
of carbon dots prepared from tea as a fluorescent sensor for
detection of dopamine.Thefluorescence quenching of carbon
dots was studied in presence of dopamine and ascorbic
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Scheme 2: A probable mechanistic representation of the fluorescence quenching of carbon dots by dopamine.

acid. From the results, it is evident that both dopamine and
ascorbic acid could quench the fluorescence of CDs with
dopamine showing higher quenching efficiency compared
to ascorbic acid. A plausible mechanistic representation of
the quenching process was also discussed. Therefore, the
work clearly illustrates a simple, facile, and green method for
selective and sensitive detection of dopamine and acetic acid.
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