
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

6 
A

pr
il 

20
19

. D
ow

nl
oa

de
d 

on
 1

1/
1/

20
25

 5
:2

5:
47

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Mint leaf derived
Department of Chemistry, University of C

nkrenu@gmail.com; Fax: +914942400269; T

Cite this: RSC Adv., 2019, 9, 12070

Received 19th March 2019
Accepted 4th April 2019

DOI: 10.1039/c9ra02120e

rsc.li/rsc-advances

12070 | RSC Adv., 2019, 9, 12070–1207
carbon dots for dual analyte
detection of Fe(III) and ascorbic acid
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and Neeroli Kizhakayil Renuka *

Highly luminescent carbon dots (CDs) are obtained from mint leaves adopting a simple and cost effective

route devoid of additional chemical reagents and functionalization. The as-synthesized CDs are

characterized by TEM, FE-SEM, XRD analysis, FTIR, Raman, UV-visible and photoluminescence spectral

studies. The results reveal that the CDs have an average diameter of 4 nm with a hydroxyl-rich surface.

The luminescence of the dots was excitation dependent and was stable towards variation in the medium.

The system could perform as a promising on–off–on fluorescent sensor for the selective and sensitive

dual analyte recognition of Fe3+ and AA with a detection limit of 374 nM and 79 nM, respectively. The

mechanism of ascorbic acid sensing by the CD–Fe3+ unit is established by identifying the binding sites of

the biomolecule with the metal ion by examining the behaviour of the sensor in the presence of

ascorbic acid derivatives.
1 Introduction

As a new nanocarbon member, carbon dots (CDs) have evoked
much excitement among researchers due to their unique
properties including high aqueous solubility, tunable lumi-
nescence, facile modication, favourable electronic properties,
good conductivity, etc.1–5 Most of the implemented applications
of this carbon family member are centred on the unique feature
of intense and stable luminescence, which other carbon allo-
tropes lack. The bioimaging eld has experienced a leap with
the advent of these soluble biocompatible particles. Another
area that exploits the said luminescence nature to the
maximum is the eld of optical sensors. The synthetic routes to
obtain CDs come under two categories, namely top down and
bottom up methods. The bottom up method refers to the
fabrication of CDs from molecular precursors by high temper-
ature and pressure, thermal pyrolysis, etc.2 The top down
approach involves cleavage of larger carbon sources into
nanosized carbon dots.4 Hydrothermal treatment, the sol-
vothermal method, microwave irradiation, laser ablation,
ultrasonication, chemical oxidation, arc discharge, etc consti-
tute different approaches adopted for the fabrication of CDs.1,5

During the last few years researchers have been exploring
readily available natural carbon sources like lemon juice,6

tomato,7 pomegranate,8 waste biomass,9 potato,10 etc. for the
fabrication of carbon dots.

CDs, due to the presence of surface functionalities (prefer-
ably hydroxyls), can interact with a number of analyte
alicut, Kerala-673 635, India. E-mail:

el: +914942407413

7

molecules, including biomolecules, metal ions, etc. which in
turn modies the luminescence character, thereby sensing the
analyte. Present report is on the application of carbon dots
derived from fresh mint leaves as optical sensor for the dual
analyte detection of Fe3+ and ascorbic acid (AA), both being
signicant from the physiological point of view. Iron is the
metal present in heme group and plays a vital role in various cell
functions11–13 and any abnormality in ferric ion level in blood
causes several serious metabolic disorders.14,15 The second
analyte, ascorbic acid (vitamin C) is an important vitamin in the
human diet which comes under the class of butenolides (a class
of lactones) with a four carbon heterocyclic ring structure. They
are sometimes considered as oxidized derivatives of furan. The
butenolides and their analogues constitute a wide range of the
natural compounds of medical and biological importance.16

Ascorbic acid has been employed for the curing of several
diseases17,18 and it decreases the risk of free radical damage.14,19

AA has also nds applications in chemical, pharmaceutical and
food industries.20 Among the various analytical techniques for
monitoring Fe3+ and ascorbic acid, uorimetric approach is
oen preferred for its simplicity, convenience and efficiency of
the technique.21–26 So far, uorescent sensing probes like
organic dyes, semiconducting quantum dots, metal nano-
clusters etc. have been used for the selective and sensitive
determination of Fe3+ and AA. Due to their ne luminescent
features, carbon dots, have drawn much attention as a novel
probe compared to other uorescent sensors in terms of its
accuracy, safe detection, feasible real sample analysis etc.21,22

Fabrication of carbon dot based uorescent sensors for dual
analyte detection has attracted enormous interest. Xu et al. have
reported the synthesis of nitrogen doped graphene quantum
This journal is © The Royal Society of Chemistry 2019
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dots for the dual function determination of Fe3+ and AA through
a nanospace conned preparation strategy.14 Ionic liquid
functionalized CDs were synthesised from citric acid for the
same application.11 Former method demands tedious prepara-
tion steps involving strong nitric acid, while the latter is marked
by both difficult synthesis strategy as well as higher limit of
detection. Shamsipur et al. synthesized green emitting CDs for
the same application by employing chemical precursors such as
para amino salicylic acid and ethylene glycol dimethacrylate.27

Reports on dual analyte determination of Fe3+ and AA using CDs
derived from natural precursors are rare in literature. Here in
this work, a facile, cost effective and greener approach is
adopted to obtain cyan luminescent CDs from fresh mint leaves
by hydrothermal treatment (Fig. 1). Mint leaf also known as
mentha is a tender herb which is widely being used all over the
world for various health benets includes aiding digestion, treat
dizziness, treating nausea, and headaches. Moreover mint
essential oil and menthol are employed commonly in breath
fresheners, drinks, antiseptic mouth rinses, desserts, candies
etc.28,29 Mint leaves are highly carbonaceous in nature and
mainly comprised of large amount of hydrocarbons, which
appears to be an ideal carbon source for CDs synthesis. Besides
this fact, they are low cost and green in nature.

The as-prepared CDs could serve as an effective sensor for
the selective detection of Fe3+ ions through uorescence
quenching, and the luminescence of the combination is
enhanced in presence of ascorbic acid. The mechanism of
ascorbic acid sensing by the CDs–Fe3+ unit is established by
identifying the binding sites of the biomolecule with the metal
ion by examining the behaviour of the sensor in presence of
ascorbic acid derivatives, namely, 5,6-O-isopropylidene-L-ascor-
bic acid (b) and 2,3-dimethoxy-5,6-O-isopropylidene-L-ascorbic
acid (c) respectively.
2 Experimental section
2.1 Materials

Fresh mint leaves were obtained from a local market and were
washed thoroughly before use. Cobalt(II) nitrate hexahydrate,
ferrous sulphate heptahydrate, anhydrous ferric chloride, zinc
nitrate hexahydrate, lead(II) nitrate, ferrous sulphate and mer-
cury(II) chloride were purchased from Himedia Laboratories
Pvt. Ltd, India. Copper chloride, calcium chloride, magnesium
chloride and sodium chloride were purchased from Sisco
Research Laboratories (SRL) Pvt. Ltd, India. Silver nitrate and
cadmium nitrate tetrahydrate, manganous chloride, nickel
nitrate, aluminium nitrate nonahydrate, potassium nitrate,
potassium carbonate and sodium hydroxide were supplied by
Fig. 1 Schematic representation of cyan luminescent CDs achieved
from mint leaves.

This journal is © The Royal Society of Chemistry 2019
Merck Ltd, India. Ascorbic acid, citric acid, methionine, L-glu-
tamic acid, L-cysteine, glycine, glucose and urea were purchased
from Himedia Laboratories Pvt. Ltd. Solvents such as acetone,
acetyl chloride, hexane, dimethyl sulfoxide were purchased
from Merck Ltd, India. Methyl iodide, tetra butyl ammonium
bromide and tetra ethyl acetate were supplied by SRL Pvt. Ltd,
India. All the commercially available reagent grade chemicals
were used as – received.
2.2 Synthesis of CDs

5 g of the fresh mint leaves were washed with deionized water
and crushed by using a mortar and pestle. The water soluble
portion was extracted by dissolving in 40 mL of deionized water
aided by stirring for 30 minutes. The solution was subjected to
hydrothermal treatment in an autoclave at 200 �C for 5 h. The
solution was then cooled and centrifuged for 1 h at 2500 rpm.

The brown supernatant containing uorescent CDs was isolated
and kept at 4 �C.
2.3 Characterization

The absorbance and uorescence spectra of the prepared CDs
were recorded by using JASCO V-550 spectrophotometer and
Cary Eclipse (Agilent Technology) uorescence spectropho-
tometer respectively. LZC-4X photoreactor was used for the
observation of luminescence nature of the prepared sample. X-
ray diffraction (XRD) pattern of the sample was recorded using
Rigaku Miniex-II diffractometer using CuKa radiation, in the
scan range of 2q, 20–80�. The morphology and the particle size
were obtained by transmission electron microscopy, TEM (JEOL
JEM 2100). Sample for TEM analysis was prepared by dropping
aqueous solution of carbon dots on copper grid coated with
carbon. The surface morphology and the particle size were
further conrmed by eld emission scanning electron micros-
copy (Model: Carl Zeiss Gemini 300 FESEM). Fourier Trans-
mission Infra-Red (FTIR) spectra were obtained using JASCO
FTIR-4100 instrument using KBr disc method. Raman spec-
trum was obtained using LabRam HR-Horiba Jobinyvon Spec-
trometer using a Raman Microprobe with 532 nm Nd:YAG
excitation source.
2.4 Procedure for analyte sensing

2.4.1 Metal ion sensing. 1 mM stock solutions of all the
sixteen metal ions were prepared from their respective salts.
2 mL of the carbon dot solution was taken in separate cuvette
and different concentrations of metal ion solutions (in mL) were
added to the cuvette and kept for 1 minute. Then the aliquots
were subjected for uorescence measurements. The uores-
cence intensity and the spectra were recorded at an excitation
wavelength of 360 nm.

2.4.2 Ascorbic acid sensing. 100 mM stock solutions of
ascorbic acid were prepared in deionized water. Different
concentrations of this solution (in mL) were added separately to
CDs–Fe3+ system in a cuvette and kept for some time. The
change in the uorescence intensity was noted at 360 nm. The
inuence of other interfering biomolecules was studied at the
RSC Adv., 2019, 9, 12070–12077 | 12071
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same experimental conditions. Same procedure was followed
for the ascorbic derivatives also.

2.5 Procedure for the synthesis of ascorbic acid derivatives

The two derivatives of L-ascorbic acid namely, 5,6-O-iso-
propylidene-L-ascorbic acid (Fig. 8b) and 2,3-dimethoxy-5,6-O-
isopropylidene-L-ascorbic acid (Fig. 8c) were synthesized and
characterized as per the literature procedure.30

2.5.1 Synthesis of 5,6-O-isopropylidene-L-ascorbic acid
(Fig. 8b). To a magnetically stirred solution of ascorbic acid (3 g,
17 mM, a, Fig. 8) in dry acetone (12 mL), acetyl chloride (1 mL,
4.26 mM) was added and reaction mixture stirred for 2–3 h at
ambient temperature and kept in cold for 7–8 h. The reaction
mixture was ltered and washed with cooled acetone. The crude
product thus obtained was dried under vacuum and then re-
crystallized using acetone and hexane as solvent.

2.5.2 Synthesis of 2,3-dimethoxy-5,6-O-isopropylidene-L-
ascorbic acid (Fig. 8c). To a magnetically stirred solution of
compound (2.5 g, 11 mM, Fig. 8b) in acetone and DMSO (4 : 1),
K2CO3 (3.2 g, 23 mM) methyl iodide (1.5 mL, 23 mM) was added
dropwise. To this reaction mixture, tetra butyl ammonium
bromide (2.0 g) was added and stirring was continued for 14 h.
Aer the completion of the reaction as evidenced by TLC anal-
ysis, the solvent was removed under reduced pressure and the
crude reaction mixture was portioned between ethyl acetate (15
mL) and water (10 mL). The organic layer was dried over
anhydrous Na2SO4 and evaporated under reduced pressure to
give a crude mass, which was then chromatographed over silica
gel (230–400 mesh) using a gradient of hexane-ethyl acetate
(17 : 3) as eluent to give (c) as pale yellow solid.

3 Results and discussions
3.1 Characterizations of carbon dots

The brownish yellow powder of carbon dots obtained aer the
freeze drying process transforms in to a hygroscopic brown
coloured sticky liquid upon exposure to atmosphere. Such
hygroscopic nature of carbon dots has already been discussed
in the literature.37–39 The prepared CDs were examined by
transmission electron microscopy (TEM) to determine the
morphology and core size. TEM image of the CDs is displayed in
Fig. 2a. The particle size is observed to be in the range 4–9 nm,
with spherical shape. The FE-SEM image (Fig. 2b) also conrms
the spherical nature of CDs with an average diameter of parti-
cles in the said range.
Fig. 2 (a) TEM image of the CDs, (b) FE-SEM image of the CDs.

12072 | RSC Adv., 2019, 9, 12070–12077
X-ray diffraction (XRD) pattern of the CDs (Fig. 3a) showed
a single broad peak centred at 2q ¼ 23.58�, which is consistent
with the (002) lattice spacing of carbon-based materials with
abundant sp3 disorder. The interlayer spacing of 3.74 Å indi-
cates poor crystallization and the presence of more oxygen
containing functional groups in the CDs.31–33 The Raman spec-
trum of the CDs exhibits two peaks at 1293 cm�1 and
1603 cm�1, corresponding to the D and G bands respectively
(Fig. 3b). The D band is associated with the vibrations of carbon
atoms with dangling bonds in the termination plane of the
disordered graphite. The G band is associated with the vibration
of sp2 carbon atoms in a two-dimensional (2D) hexagonal
lattice. The ratio of ID/IG is 1.30, which is characteristic of the
disorder extent and the ratio of sp3/sp2 carbon, implying that
there are plenty of structural defects in the CDs.31 Further, the
obtained ratio clearly depicts that the nanoparticles formed are
amorphous CDs and not graphene quantum dots. FTIR spec-
trum (Fig. 3c) gives information about surface functionalities of
the prepared CDs. The band at 3439 cm�1 is attributed to the
O–H stretching vibrations of the surface hydroxyl groups,
whereas the bands at 2918 cm�1 and 777 cm�1 correspond to
C–H stretching and bending vibrations respectively. The band
at 1643 cm�1 and the weak one at 1319 cm�1 arise due to C]O
and C–O stretching vibrations of carboxylic ester group,
respectively.1,34 The band at 1017 cm�1 signies to C]O
vibrations.35,36

To explore the optical properties of the prepared CDs, UV-
visible absorption and photoluminescence spectra were recor-
ded. As depicted in Fig. 4a, the absorption spectrum shows
three bands at 225 nm, 281 nm and 323 nm. The absorption
peaks at 225 nm and 281 nm are assigned to p–p* transitions of
C]C bonds and that at 323 nm corresponds to the n–p* tran-
sitions of C]O bonds.40 The system shows an intense PL
emission peak centred at 441 nm (cyan colour) when excited at
Fig. 3 (a) XRD pattern of CDs, (b) Raman spectrum of the CDs, (c) FT-
IR spectrum of the CDs.

This journal is © The Royal Society of Chemistry 2019
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Fig. 4 (a) UV-Vis absorption spectrum of CDs, (b) emission spectra of
CDs at 360 nm excitation, (c) fluorescence emission spectra of CDs at
different excitation wavelengths ranging from 330 nm to 420 nm with
increments of 10 nm, (d) photoluminescence (PL) decay curve of the
CDs.
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360 nm (Fig. 4b), indicating the typical luminescent character of
the carbon dots. Like most of the CDs, these CDs also exhibit an
excitation-dependent photoluminescence (PL) behaviour
(Fig. 4c), and it may have resulted from the optical selection of
differently sized particles and surface defects.41 The PL decay
curve (Fig. 4d) measured at room temperature enables the
analysis of the lifetime of the CDs. The calculated average life-
time, savg (4.93 ns) suggests that the synthesized CDs are suit-
able for optoelectronic elds as well as biological applications.32

The quantum yield was calculated to be 7.64% by using quinine
sulphate as the standard.

The dependence of ionic strength on the uorescence
intensity of the as-prepared CDs was estimated in NaCl solu-
tions of different concentrations (0–100 mM). As shown in
Fig. 5 (a) Variation in luminescence of the CDs with different
concentrations of NaCl, (b) pH dependence of CDs fluorescence
intensity.

This journal is © The Royal Society of Chemistry 2019
Fig. 5a, the PL intensity is almost the same in the above range of
ionic concentration. This is particularly a merit for the
measurement under high ionic strength conditions, which
ensures that CDs have great potential in sensing elds under
more complicated conditions and physiological conditions.42

The pH dependence of the uorescence intensity was studied in
the pH range of 3 to 13. The uorescence intensity of CDs is
found to depend strongly on the pH value.43 The emission
intensity rst increases as the pH value increases from 3, rises
and is almost stable in the range of 5–7. The intensity decreases
gradually, thereaer. Fig. 5b shows the pH dependence of the
luminescence.
3.2 Determination of ferric ion

The development of uorescence based sensors for selective
and sensitive detection of metal ions has been chased by
various research groups. Carbon dots are excessively used as
uorescence probes for the determination of many of the bio-
logically and environmentally relevant metal ions due to their
good biocompatibility, excellent photo stability and low
toxicity.5 In order to apply the CDs obtained from mint leaves
for analytical purposes, their uorescence intensity in the
presence of different metal ions was monitored. Fig. 6a shows
the relative change in the uorescence intensity of CDs in the
presence of various metal ions. Out of the 17 types of metal ions,
Cu2+, Hg2+, Fe2+ and Pb2+ caused slight reduction in the uo-
rescence intensity. Fe3+ ions caused the strongest uorescence
Fig. 6 (a). Fluorescence intensity of CDs in the presence of different
metal ions. (b) Steady decline in fluorescence intensity of CDs with
increasing Fe3+ concentration, (c) relative fluorescence response of
CDs (F0/F) as a function of Fe3+ concentration.

RSC Adv., 2019, 9, 12070–12077 | 12073
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Table 2 Determination of Fe3+ in different water samples

Water sample Added Fe3+ (mM) Found (mM) Error (%)
Recovery
(%)

Tap water 0.0279 0.0256 8.2 91.75
0.0558 0.0567 1.6 101.6
0.0837 0.0849 8.1 101.43

Well water 0.0279 0.0252 9.6 90.3
0.0558 0.0518 7.1 92.83
0.0837 0.0769 8.12 91.8
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quenching effect on CDs, thereby depicting higher selectivity
towards Fe3+ ions than other metal ions. This may be due to the
non-specic interactions between the functional groups and the
metal ions.1 It is reported that Fe(III) could react with the
hydroxyl groups of CDs to form the complex by a special
coordination.11,44

Fig. 6b shows a steady decline in uorescence intensity of the
carbon dot solution with increasing Fe3+ concentration. The
relative uorescence response of CDs (F0/F) versus concentra-
tion of Fe3+ is presented in Fig. 6c, where F0 and F are the
uorescence intensities of CDs in the absence and presence of
Fe3+. The correlation coefficient 0.9984 indicates a very good
linear relationship. The limit of detection (LOD) was estimated
to be 374 nM based on 3s/slope method, where s represents the
standard deviation. The LOD value obtained for the system for
Fe3+ is comparable with those of previously reported systems.

A comparison of the present system with other such sensors
is shown in Table 1. Further the analytical application of the as
prepared CDs was carried out by employing the CDs as uo-
rescence probes for the detection of ferric ion in tap water and
well water samples by standard addition method. The results
are presented in Table 2. The recoveries varied in the range of
90.3–101.6% which demonstrates the applicability and reli-
ability of Fe3+ detection by the CDs sensor.
3.3 Determination of ascorbic acid via the uorescence
enhancement of the CDs–Fe3+ probe

Recent studies reveal that the metal ion based quenched uo-
rescence of CDs can be effectively recovered by specic
biomolecules. Kang's group reported that the quenched uo-
rescence of GQDs by Cu2+ can be recovered by the addition of
ascorbic acid which removes the coordinate bond between Cu2+

and the dots.48,49 We demonstrate CDs–Fe3+ system as an effi-
cient sensor for the sensitive detection of ascorbic acid. Until
now, very few works have been carried out in the area of ascorbic
acid detection based on a naturally derived carbon dot–Fe3+

system.11,14 Fig. 7a shows the uorescence restoration of CDs–
Fe3+ system via the addition of ascorbic acid. As reported by Xu
et al., AA is known to remove the coordinate bond between ferric
ion and hydroxyl moieties of CDs, thereby restoring the lumi-
nescence.14 By monitoring the restored uorescence of CDs, it is
easy to detect ascorbic acid selectively and sensitively. The
uorescence restoration of CDs–Fe3+ system increases linearly
Table 1 Comparison of different fluorescent sensors for Fe3+

detection

Sensing probe for Fe3+
Linear range
(mM) LOD (mM) Ref.

Banana derived CDs 0–50 0.21 32
Aspartic acid derived GQDs 0–16 0.26 45
DL-Malic acid derived CDs 0–200 0.8 46
CDs derived from coriander leaf 0–60 0.4 1
Tea 0.25–60 0.25 44
N,S co doped CDs 0–3.5 0.017 47
Mint leaf derived CDs 0–0.38 0.37 This work

12074 | RSC Adv., 2019, 9, 12070–12077
with increasing concentration of AA (Fig. 7b). The relative
uorescence intensity (F/F0) versus AA concentration is pre-
sented in the Fig. 7c, where F0 and F are the uorescence
intensities of the CDs–Fe3+ system in the absence and presence
of ascorbic acid respectively. The linear correlation coefficient
value, 0.985 was observed. The limit of detection for AA by this
system is estimated to be 79 nM at a signal to-noise ratio of 3.

The selective detection of ascorbic acid by the system from
a group of biomolecules, urea, glucose, cysteine, glycine,
methionine, L-glutamic acid and citric acid is depicted in
Fig. 7c. It can be observed that only ascorbic acid can recover the
PL intensity up to a signicant extent, which clearly indicates
that the constructed uorescent probe was highly selective
towards ascorbic acid. A comparison of the performances of this
sensor with other relevant sensors was presented in Table 3. To
indicate the reliability of CDs–Fe3+ system in AA detection, this
sensor was employed for the detection of AA in orange and
lemon. The detection results were displayed in Table 4 in which
the spiked recoveries are in the range of 89.62–103.4%.
Fig. 7 (a) Fluorescence restoration of CD–Fe3+ system via the addition
of ascorbic acid. (b) Relative fluorescence response of CDs–Fe3+

system (F/F0) with different concentrations of AA, (c) fluorescence
response of CDs–Fe3+ system in presence of various biomolecules.

This journal is © The Royal Society of Chemistry 2019
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Table 3 Detection of ascorbic acid in real samples using CDs–Fe3+

probe

Sample
Added amount
(mM) Found (mM) Error (%)

Recovery
(%)

Orange 0.0874 0.0852 2.5 97.4
0.135 0.1336 10.3 98.9
0.203 0.21 3.4 103.4
0.270 0.248 8.1 91.8

Lemon 0.0874 0.0837 4.2 95.7
0.135 0.124 8.1 91.8
0.203 0.187 7.8 92.1
0.270 0.242 10.3 89.62

Table 4 Comparison of the proposed method with other previous
reports in AA detection

Sensing probe for AA
Linear range
(mM) LOD (mM) Ref.

GQDs 1.11–300 0.32 50
CdTeQDs@silicananobeads 3.33–400 1.25 51
Au nanoclusters 0.1–10 0.022 52
CdS QDs 0.06–0.3 0.002 53
CQDs/Au nanoclusters 0.15–15 0.105 54
N-GQDs 0.5–90 0.08 9
Mint leaf derived CDs 0–0.78 0.079 This work

Fig. 9 (a) PL response of the system with AA, (b) Pl response of the
system with derivative 8(b), (c) PL response of the system with deriv-
ative 8(c). Inset shows the structures of ascorbic acid and their
derivatives.
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3.4 Mode of binding of Fe3+ and ascorbic acid

Encouraged by the results obtained, an attempt is made to
identify the mode of interaction between ferric ions and the
ascorbic acid that enabled the sensing of the latter. To this
effect, two derivatives of ascorbic acids, vis. 5,6-O-iso-
propylidene-L-ascorbic acid, (Fig. 8b), and 2,3-dimethoxy-5,6-O-
isopropylidene-L-ascorbic acid (Fig. 8c) were synthesized as
mentioned earlier. The uorescence response of the CDs–Fe3+

system towards AA and their derivatives is shown in the Fig. 9.
The PL gures clearly depicts that the quenched uorescence of
CDs by ferric ion is restored in the presence of 5,6-O-iso-
propylidene-L-ascorbic acid. No change occurred with the
derivative 2,3-dimethoxy-5,6-O-isopropylidene-L-ascorbic acid.
Thus it is assumed that hydroxyl groups at the sp2 carbon (1 and
2 in a, Fig. 8) atoms of the lactone ring are necessary for the
chelation with Fe3+ system55 and thereby leading to photo-
luminescence enhancement of the system. These hydroxyl
Fig. 8 Structure of (a) L-ascorbic acid, (b) 5,6-O-isopropylidene-L-
ascorbic acid, (c) 2,3-dimethoxy-5,6-O-isopropylidene-L-ascorbic
acid.

This journal is © The Royal Society of Chemistry 2019
groups may be inducing a stronger chelation to Fe3+ thus
releasing the CDs free. 2,3-Dimethoxy-5,6-O-isopropylidene-L-
ascorbic acid lacks these hydroxyl groups for chelation with
Fe3+, owing to which the uorescence of the sensing unit
remain unaltered.
4 Conclusions

An on–off–on uorescent probe for the dual analyte detection of
biologically relevant ferric ion and ascorbic acid has been
successfully prepared using CDs achieved via a simple green
hydrothermal route from mint leaves as the carbon precursor.
The prepared CDs are bright cyan luminescent and demon-
strated excitation dependent emission behaviour. They are
almost stable in high ionic strength environment. Fluorescence
of the CDs was quenched by Fe3+ through the coordination
between the two, and the quenched uorescence of the system
was restored by the addition of ascorbic acid which removes the
coordinate bond between CDs and ferric ion. The limit of
detection of ferric ion and AA were 374 nM and 0.079 mM
respectively. The mechanism of uorescence enhancement of
CDs–Fe3+ system by AA was conrmed by conducting the uo-
rescence study with two derivatives of AA. This selective sensing
can be applied to detect such butenolides in natural products
and further work in this direction is in progress.
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