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The first-ever neomycin antibiotic-based carbon dots (Neo-CDs) were synthesized via a low-cost, eco-
friendly, and single-step hydrothermal method using neomycin as a single precursor. The as-prepared
Neo-CDs exhibited strong and stable blue fluorescence and were well characterized by TEM, UV-vis
absorption, fluorescence emission, IR, XRD, Raman and XPS spectroscopy methods. The Neo-CDs
showed a well-distributed size within the range of 4.5 to 7.8 nm, comprising various functional groups
on the surface of the carbon core. The Neo-CDs exhibited exceptional emission behaviour, and
fluorescence quantum yield was calculated to be 55% in double distilled water. Neo-CDs have been
used as a fluorescent sensor for selective and sensitive detection of Fe** ions in aqueous solution in the
fluorescence turn-off mode. From the set of metal ions, only the Fe*" ion showed quenching of
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Fe®* ions. The limit of detection for Fe** ions was calculated to be 0.854 puM. Further, the quenching
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1. Introduction

Aminoglycoside antibiotics are an important class of antimi-
crobial drugs that are used for the treatment of both Gram-
positive and Gram-negative bacterial infections. They have the
ability to bind with 16S rRNA in the small ribosomal subunit of
bacteria, causing interference in the translation process of
protein synthesis, leading to bacterial death.*® This class of
antibiotics are naturally occurring aminoglycosides mainly
consisting of kanamycin, neomycin, gentamycin and strepto-
mycin. All the aminoglycoside antibiotics possess a common
chemical structure which consists of aminocyclitol units with
multiple amino and hydroxyl groups and saccharide units
connected through glycosidic linkage.*” The presence of
multiple amino and hydroxyl groups in the aminoglycoside
antibiotics allows biomaterial researchers to functionalize them
with both covalent and non-covalent interactions for various
biological applications.*® In this study, we have synthesized
carbon dots (CDs) using the neomycin antibiotic, as a single
precursor.
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In recent times, carbon dots (CDs) have attracted tremen-
dous interest of researchers due to their unique optical prop-
erties, high water solubility, high biocompatibility, and low
toxicity. They have applications in solar cells, photocatalysis
and biological sciences, such as biological labelling, biosens-
ing, bioimaging and for drug delivery. However, the low
quantum yield of CDs is the major limitation to their applica-
tions.'*"” In order to overcome this problem, many researchers
have used the doping technique. Doping heteroatoms such as
nitrogen and phosphorous into CDs leads to changes in their
electronic properties and may create more active sites.'** Thus,
heteroatom doped CDs have been extensively synthesized to
improve their electronic properties, quantum yield and
photostability.

Various supramolecular sensors have been reported for the
selective and sensitive detection of cations, anions and neutral
species,* whereas in the past decade, designing and develop-
ment of fluorescent CDs have become major interest of research
due to their applications in sensing of biologically important
metal ions. CDs have been employed for sensing of metal ions
such as Fe** ions due to their high sensitivity, easy monitoring
and rapid fluorescence response. The Fe’" ion is one of the
essential trace elements which plays an important role in
cellular metabolism, oxygen transport in hemoglobin and as
a cofactor in enzyme-catalysed reactions. Both deficiency and
overdose of Fe*" ions may cause serious damage to living cells,
resulting in anaemia, arthritis, diabetes and heart failure, and
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Scheme 1 Schematic representation for the synthesis of Neo-CDs.

therefore, the detection of Fe** ions is very important for diag-
nosis of these diseases. There are various qualitative and
quantitative strategies that have been reported for the detection
of Fe*" ions, such as atomic absorption spectrometry, spectro-
photometry, inductively coupled plasma mass spectrometry,
voltammetry and fluorescence methods. Out of these, the
fluorescence method is one of the easy, soft handling methods,
whereas other methods require tedious sample preparation
procedures and complicated instrumentation.*®*>°

Biomolecule derived CDs have been reported earlier for
various applications.***73%* The presence of multiple amino
and hydroxyl groups in the neomycin antibiotic inspired us to
synthesize its carbon nanomaterials. In this work, a green and
facile hydrothermal strategy was applied to synthesize the Neo-
CDs using a single substrate, neomycin being a source of carbon
as well as nitrogen (Scheme 1). Initially, neomycin sulfate
undergoes bond breaking and ring opening upon heating;
further, the reaction with water forms acid. Carbonisation of the
carbon moiety occurs in the next step followed by aromatization
of sp? carbon to form CDs. The prepared Neo-CDs exhibit good
water solubility and excellent optical and fluorescence proper-
ties. Moreover, the as-prepared Neo-CDs have been developed
as a selective and sensitive probe for the detection of Fe** ions
in aqueous solution.

2. Experimental details

2.1 Reagents and materials

Metal ions (Fe**, Cu®*, Ca®*, Ni**, Co®", Cd*", Hg**, Mn*", and
Cr’") were used as a chloride salt. Zn**, Pb>" and AI** were used
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as a nitrate salt. Mg”* and Ba®" were used as sulfate salts. All the
metal ions and neomycin sulfate were purchased from TCI
Chemicals, Hyderabad, India, and were used directly without
further purification. Quinine sulfate was obtained from Sigma
Aldrich. Pure double distilled water (DDW) was used during all
the experiments. UV-vis absorption spectra were recorded on
a Shimadzu UV-vis-1800 spectrophotometer, and fluorescence
emission spectra were measured on an Agilent Cary Eclipse
spectrofluorophotometer. All the sample solutions were main-
tained at room temperature during the spectrophotometric
measurements.

2.2 Synthesis of Neo-CDs

A conventional hydrothermal method was used to synthesize
Neo-CDs. The neomycin sulfate as a single precursor (0.2 g) was
dissolved in 5 mL of pure DDW and then transferred into
a 25 mL Teflon-lined stainless-steel hydrothermal vessel. The
reaction mixture was heated at 200 °C for 5 h in a hot air oven.
Further, on cooling to room temperature, the resulting solution
was centrifuged for 10 minutes at 10 000 rpm to remove a solid
deposit. The supernatant liquid was then removed under
reduced pressure and dried to obtain a brown solid. The solid
product was used for further characterization and applications.

2.3 Detection of metal ions

The detection of metal ions was conducted in DDW at room
temperature. The stock solution of Neo-CDs was prepared
in ppm and used for the experiments with appropriate dilution
in DDW. A 1073 M stock solution of Fe** ions was prepared in
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DDW and used for the experiments with appropriate dilution in
DDW. The UV-vis absorption and fluorescence emission spectra
of Neo-CDs in DDW were measured in the presence of metal
ions. The absorption and emission spectra of Neo-CDs with
different metal ions were recorded in 100% aqueous solution at
room temperature.

3. Results and discussion
3.1 Characterization of Neo-CDs

The as-synthesized Neo-CDs were well characterized by means
of HRTEM to investigate their particle size distribution, shape,
and surface morphology. The Neo-CDs were mostly spherical,
and nanoparticles were mono-dispersed. The HR-TEM micro-
graph and the particle size distribution histogram are displayed
in Fig. 1. The size of Neo-CDs was well distributed in the narrow
size range of 4.5 to 7.8 nm.

Furthermore, infrared spectroscopy (IR) was employed to
investigate the functional groups present on the surface of the
as-prepared Neo-CDs. Fig. 2a shows the broad band at
3120 em~' which corresponds to N-H and O-H stretching
vibrations.*>** The peak at 1722 cm ™" could be assigned to the

60 4

Fraction (%)
s
s

[
(=]
M

04
40 45 50 55 60 65 70 75 8.0

Diameter Size (nm)

Fig.1 (a) TEMimage and (b) the diameter distribution histogram of the
as-prepared Neo-CDs.
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carbonyl group of carboxylic acid. The strong signals at 1612,
1502, and 1402 cm™ " are assigned to C=0 of the amide group,
C=N, and the C=C stretching vibration, respectively.>”**3’
Moreover, the strong signals at 1205 and 1130 cm ™" are due to
C-N, C-O, and C-S stretching vibrations.*** The peak at
1047 cm™ " is assigned to S=O stretching vibrations, whereas
the absorption peak at 862 cm ™' is probably due to C-C=S
stretching vibrations.**™** The IR absorption results show that
the Neo-CDs are rich in amino, hydroxyl and carbonyl groups on
their surface. The functional groups such as -OH, -NH,, and
—-COOH present on the surface of Neo-CDs enhance the solu-
bility of Neo-CDs in water.

Raman spectroscopy is a powerful tool to characterize
carbon-based materials. To get structural insights, we further
characterized the as-prepared Neo-CDs by Raman spectroscopy.
Raman spectroscopy was used to examine the degree of
disorder/defects and functional groups in the structure of Neo-
CDs. The spectrum of Neo-CDs exhibited two broad bands
appearing at 1338 cm™ " and 1582 cm ™" which correspond to the
disordered D band and graphitic G bands, respectively (Fig. 2b).
The appearance of these two bands in the Raman spectrum
confirmed the presence of carbons dots. The D band derives
from the vibrations of carbon atoms with dangling bonds in the
termination plane of disordered graphite carbon, while the G
band is related to the E,; mode of graphite and vibrations of
aromatic sp> bonded carbon atoms in the 2-D hexagonal lattice.
The calculated relative integrated area of the D band and G
band (Ip/I;) of Neo-CDs was 0.85; the high value of the Ip/Ig
ratio suggested that the carbon dots were mainly composed of
sp” graphitic carbons with sp® carbon defects.

Next, X-ray diffraction (XRD) was employed to investigate the
crystallinity and purity of Neo-CDs. The as-prepared Neo-CDs
exhibited a sharp diffraction pattern, peaks in the 26 range
20-40° suggesting ordered carbons in Neo-CDs** Fig. 2c. The
UV-vis absorption and emission behaviour of Neo-CDs have
been investigated and are reported in Fig. 2d. The Neo-CDs
exhibited a broad absorption band centred at 270 nm, which
is mainly due to the w-7t* transition of the aromatic w-domain
in the carbon dot core. In the fluorescence spectra, an intense
emission band was observed at 418 nm (excitation wavelength
= 340 nm) in DDW.

XPS measurements were performed to investigate the
composition and valence state of elements of the as-prepared
Neo-CDs. The XPS spectrum of the Neo-CDs shows peaks at
164.8, 228, 284.5, 397.6, and 528 eV corresponding to binding
energy of Sy, Szs, Cyis, Ny and Oy, respectively. The chemical
compositions of Neo-CDs were C (63.45%), N (7.73%), O
(18.98%), and S (9.84%) based on the XPS data (inset in Fig. 3a),
disclosing higher sulfur and nitrogen contents. The high reso-
lution XPS spectra of C, (Fig. 3b) show four peaks with binding
energies of about 284.5, 285.3, 285.9, and 288.5 eV. Here, the
peak at 284.5 eV is attributed to sp* bonding of carbon atoms
(C=C); the peak located at 285.3 eV reflects the bonding
structure of the C-O/C-N/C-S bonds. The peaks at 285.9 and
288.5 eV are mainly attributed to C=0/C=N and O-C=O0
bonds, respectively.'®*”*¢ The high-resolution XPS spectrum
of N;4 shows three peaks centred at 399.5, 400.8 and 401.5 eV
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Fig. 2
fluorescence spectra in DDW (excitation wavelength = 340 nm).

(Fig. 3c), from which the peak at 399.5 eV reflects the bonding
structure of C=N-C bonds.

The second and third peaks at 400.8 and 401.5 eV reflect the
bonding structure of the N-H and C-N-C bonds.'*** The
deconvolution of the Oy region shows three peaks at 530.95,
531.6, and 532.6 eV (Fig. 3d). The peak at 530.95 corresponds to
the C=0 bond, whereas the peaks at 531.6 and 532.6 eV are
mainly attributed to C-OH and C-O-C bonds, respectively.**°
The S, spectrum of Neo-CDs is composed of two peaks centred
at 166.8 eV (Sp3/2) and 167.9 eV (Syp1/0) (Fig. 3e), suggesting that
S exists in two forms. These two peaks can be attributed to -C-
SO, (x = 2, 3, 4).>*% Surface functionality analyses via XPS are in
good agreement with the FT-IR results. The above analysis
indicated that the as-prepared Neo-CDs synthesized have
functional groups such as -COOH, -OH, and -NH,.

3.2 Optical properties of the Neo-CDs

The linear optical and fluorescence emission properties of the
synthesized Neo-CDs were examined (Fig. 4). The UV-vis
absorption spectrum of Neo-CDs exhibits an intense absorp-
tion band at 270 nm, which is mainly because of the m-m*
transitions of C=C and C=N groups.* The broad absorption
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(@) FTIR spectrum, (b) Raman spectrum, (c) XRD patterns of neomycin and the as-prepared Neo-CDs, and (d) UV-vis absorption and

near 300 nm was attributed to the n-m* transition of the C=0
group®® The UV absorption tails at 400 nm may be assigned to
low energy transitions of functional groups attached to the edge
of the sp® hybridized graphitic carbon core.** The synthesized
Neo-CDs exhibited bright blue luminescence under 365 nm UV
light.

In the solvatochromic study, fluorescence spectra of Neo-
CDs have been recorded in various solvents. The Neo-CDs
showed different emission behaviours in different solvents as
shown in Fig. 4a. Such variations in the fluorescence may be
because of the changes in parameters such as size, solvent
polarity, and excitation wavelength. The Neo-CDs showed
a slight decreased shift in the emission in THF, acetone, DMF
and acetonitrile solvents at around 413 nm as compared to
DDW, ethanol and DMSO solvents at around 418 nm. Moreover,
the highest emission intensity was obtained in DDW at 418 nm
compared to other solvents used in the study. This different
behaviour is mainly due to the solvatochromic effect and
difference in the solvation energy of the ground state and
excited state of Neo-CDs in different solvents.

The Neo-CDS exhibited excitation dependent emission
spectra; as the excitation wavelengths increased from 300 nm to

This journal is © The Royal Society of Chemistry 2022
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Fig. 3 XPS spectra of (a) survey; (b—e) high resolution C 1s, O 1s, N 1s, and S 2p XPS spectra of Neo-CDs.

500 nm, Neo-CDs showed red shifted emission in DDW
(Fig. 4b). The presence of different functional groups on the
surface of Neo-CDs produces different energy states upon
excitation at different wavelengths of light; therefore, they show
emission in different energy states.”>*” Moreover, this fluores-
cence behaviour of Neo-CDs may be also due to the presence of
different particle sizes and distribution of different surface
energy traps of the CDs.?*%

This journal is © The Royal Society of Chemistry 2022

The quantum yield (QY) of Neo-CDs was calculated to be 55%
in DDW using quinine sulfate as the reference. Furthermore, we
have examined the photostability of Neo-CDs. The fluorescence
emission intensity had no significant change after continuous
irradiation of 365 nm UV light for 100 minutes (Fig. S1at). The
stability of Neo-CDs was also examined under 254 nm UV light,
Fig. S1b.T The results suggested that the Neo-CDs possessed
excellent photostability under 365 nm UV light and could be
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Fig. 4 (a) Fluorescence spectra of Neo-CDs in different solvents
(excitation wavelength = 340 nm) and (b) fluorescence spectra in
DDW at different excitation wavelengths.

used further for sensing applications under physiological
conditions. These attractive properties of Neo-CDs lead to
enhancement of their application in sensing. The excellent
photoluminescent properties of Neo-CDs such as strong emis-
sion, good photostability and high quantum yield are mainly
due to the quantum confinement effect (QCE) and edge effect.®

3.3 Effect of ionic strength and the masking agent

As shown in Fig. S2a,} the influence of ionic strength on Neo-
CDs was examined. The NaCl solutions with various concen-
trations (0.01-0.25 M) were denoted as the ionic model. 1 mL of
the prepared concentrations of 0.05, 0.10, 0.15, 0.20 and 0.25 M
NaCl was added into the Neo-CD solution (1 mg mL™ "), and
their fluorescence spectra were recorded. It was observed that
there is no significant increase in the fluorescence intensity
with 0.01 to 0.25 M concentrations of NaCl, whereas upon
increasing the concentration of NaCl to 0.5 and 1 M, an increase
in the fluorescence intensity was observed. Hence, the strength
of the ion initiates the electrostatic reaction.®® With increase in
the NaCl concentration, the aggregation of Neo-CDs takes place
because of the influence of the electrostatic interactions.®* Also,
the influence of the masking agent on the fluorescence intensity
of Neo-CDs was studied with 0.01-0.05 M EDTA (Fig. S2bf).
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One mL of the prepared concentrations of 0.01, 0.02, 0.03, 0.04,
and 0.05 M EDTA was added into the Neo-CD solution (1 mg
mL™"), and their fluorescence spectra were recorded. The
findings of this investigation specify that there is no effect of the
masking agent on the fluorescence intensity of the Neo-CD
solution.

3.4 Effect of pH

The fluorescence spectra of Neo-CDs in different pH solutions
were recorded to investigate the effect of pH on the fluorescence
intensity. The fluorescence intensity was decreased at pH 4 and
7.4 of the phosphate buffer and at 9.2 (Fig. S31), indicating
protonation-deprotonation taking place on the surface of Neo-
CDs. Overall, these results suggest that the Neo-CDs were rela-
tively less stable under the conditions.

4. Fluorimetric detection of Fe3*

The fluorometric detection has been proven to be a very easy
and attractive tool to evaluate the selectivity of chemo-sensors
towards a particular metal ion. The unique luminescent prop-
erties of Neo-CDs make them effective sensors for the detection
of metal ions, proteins, and macromolecules based on fluores-
cence turn-on/turn-off mechanisms. In this study, the sensing
aptitude of Neo-CDs towards the Fe*" ion was investigated by
colorimetric and fluorometric experiments.

4.1 Naked eye detection

The stock solution of Neo-CDs (1 mg mL ') was prepared by
dissolving in DDW. 10 mL of this stock solution was added to
a series of metal ions such as FeCl;, CuCl,, CaCl,, NiCl,, CoCl,,
Zn(NO;),, CdCl,, Mg,SO,, PbSO,, Al(NO;);, HgCl,, BaSO,,
MnCl,, and CrCl;. The sensing performance of Neo-CDs was
then monitored by a visual colour change in the UV light (365
nm) and is depicted in Fig. 5. Under 365 nm UV light, the blue
fluorescence of the Neo-CDs gets quenched after addition of
Fe*" ions, whereas other metal ions did not show such fluo-
rescence quenching. These naked eye results suggested that
Neo-CDs act as a fluorescent sensor for the selective detection of
the Fe** ion.

Furthermore, we have studied the sensing aptitude of Neo-
CDs using UV-vis absorption and fluorescence emission spec-
troscopies and also performed competitive experiments to
figure out the selectivity of Neo-CDs toward the Fe** ion.

Fig. 5 Solutions of Neo-CDs in DDW with and without the addition of
FeS+ Cu2+ Caz+ Ni2+ C02+ Zn2+ Cd2+ M92+ Pb2+ AlS+ H92+ Ba2+
Mn2*, and Cr** metal ions under 365 nm UV light.

This journal is © The Royal Society of Chemistry 2022
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4.2 UV-vis absorption and fluorescence response of Neo-CDs
to Fe*"ions

UV-vis absorption spectroscopy was employed to investigate the
selectivity and extent of interactions between Neo-CDs and the
metal ions in DDW. The absorption and emission spectra of
Neo-CDs were measured in the presence and absence of Fe**
ions as shown in Fig. S4.1 The Neo-CDs exhibit an absorbance at
about 270 nm, whereas upon addition of Fe*" ions, intensity of
the absorption maxima increases. From these results, we
conclude that Fe*" ions interact strongly with carboxyl, hydroxyl
and amino groups which are present on the surface of Neo-CDs
to form a stable complex.

Fluorescence emission spectroscopy was employed to
investigate the binding interactions of Neo-CDs with different
metal ions in DDW. The Neo-CDs upon excitation at 340 nm
exhibited an intense emission peak at 418 nm. The emission
band at 418 nm was used to monitor the sensing performance
of Neo-CDs with different metal ions. Interestingly, the fluo-
rescence of Neo-CDs was quenched with Fe*" (1.6 uM) Fig. 6a.
The feasibility of Neo-CDs has been evaluated towards the
detection of Fe*" ions in comparison with different selected
metal ions such as Fe**, Cu®*, Ca®*, Ni**, Co®", zn**, Cd**, Mg*",
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Fig. 6 Emission spectra of Neo-CDs upon excitation at 340 nm
wavelength. (a) PL of Neo-CDs with the addition of various metal ions
in DDW and (b) PL titration of Neo-CDs with the incremental addition
of Fe** ions in DDW.
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Pb>", AI**, Hg**, Ba®>", Mn>", and Cr**. As shown in Fig. 6b, the
fluorescence emission of Neo-CDs at 418 nm was significantly
quenched with the Fe*" ion, whereas with other metal ions,
there was no obvious change.

Hence, the Neo-CDs showed selective response to Fe** ions
in the system containing different metal ions. It is well known
that the Fe®" ion with a half-filled 3d orbital could form effective
coordination interactions with various functional groups such
as “OH and -NH, on the surface of Neo-CDs. The photoinduced
electron transfer occurs from the excited S1 state of Neo-CDs to
the half-filled 3d orbital of the Fe** ion, resulting in fluores-
cence quenching through non-radiative transition. From this
result, we proposed a possible mechanism of quenching of
fluorescence of Neo-CDs by Fe** ions Fig. 7. This suggests that
the mechanism of fluorescence quenching of Neo-CDs by Fe**
ions can be attributed to dynamic quenching. The co-ordination
between surface functional groups of Neo-CDs and the Fe*" ion
facilitates transfer of abundant electrons from Neo-CDs in the
excited state to the 3d orbital of Fe** and finally causes strong
fluorescence quenching. The non-radiative charge transfer
complex formation takes place via a photoinduced electron
transfer process. Furthermore, to get deep insight into the
binding ability of Neo-CDs towards Fe®*' ions, fluorescence
titration experiments were performed with the incremental
addition of Fe*" ions (0 to 1.6 uM) in DDW. It was found that the
emission intensity peak at 418 nm wavelength decreased from
661 to 49 after addition of 1.6 uM of Fe** ions. This fluorescence
quenching mainly occurs due to photoinduced electron transfer
(PET) from Neo-CDs to the Fe** ion upon complexation of Neo-
CDs with the Fe** ion.

The initial fluorescence intensity of Neo-CDs was found to
show a significant decrease upon incremental addition of the
Fe®* ion. The fluorescence quenching efficiency (1) was calcu-
lated using the equation [(Z, — I)/I,] x 100%, where I, and I are
the fluorescence intensities before and after addition of the Fe**
ion. After the addition of 1.6 pM of the Fe*' ion solution, the
initial emission intensity of Neo-CDs was quenched, and the
quenching efficiency (n) was found to be 94%.

So =
>

Fig.7 Fluorescence quenching mechanism of Neo-CDs by Fe** ions.
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4.3 Selectivity study and competitive binding study of Neo-
CDs for Fe** ions

To study the selectivity of Neo-CDs for Fe** ion detection, the
fluorescence response of Neo-CDs with various metal ions such
as Cu”*, Ca**, Ni**, Co**, zn**, Cd**, Mg?*, Pb**, AI**, Hg*", Ba™",
Mn**, and Cr’" have been recorded. The Neo-CDs exhibited
significant response (quenching of fluorescence) to the Fe** ion
as compared to other metal ions. The fluorescence response is
illustrated in Fig. 8a, which clearly shows that Neo-CDs are
selective for the detection of the Fe*" ion. Further, the selectivity
of Neo-CDs towards Fe®" in the presence of a variety of inter-
fering metal cations was studied using fluorescence experi-
ments, and the results are displayed in Fig. 8b. The competitive
binding experiments of Neo-CDs were carried out by using
various metal cations such as Cu®**, Ca®", Ni**, Co**, zn?", cd*",
Mg>*, Pb**, AI**, Hg*", Ba®*, Mn®", and Cr’". The interfering
metal ions showed similar emission properties to that of the
Fe’* ion. Interestingly, the fluorescence of Neo-CDs was
quenched upon addition of the Fe*" ion in the presence of

a) 800

-

= 600+

=<

~

)

N

i)

£ 400

et

—

=

L

—

= 200 -

0-;:::::.&:‘_.&;;,‘:&;

232383 FFe 2R
2

b) 800 B Neo-CDs+Metal ions Bl Neo-CDs+Metal ions+Fe¥*

-

= 600

<

~

)

=

@

Z 400

ot

N

=

[Se=i

= 200

=

Ox-t_g._:. A EENE :.“.’?:;=,t=;

EGZSNESE<:‘_Uﬂ:
=

Fig. 8 (a) Fluorescence emission responses of Neo-CDs toward Fe>*,
CU2+, Ca2+, Ni2+, C02+, Zn2+, Cd2+, M92+I Pb2+, A13+, H92+, BaZ+’ Mﬂ2+,
and Cr® metal ions at 418 nm in DDW, (b) pictogram of fluorescence
spectra of Neo-CDs exposed to various metal ions and the mixture of
Neo-CDs and Fe** in DDW.
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interfering metal ions. From these fluorescence results, we
conclude that there is no impact of other metal ions on the
binding of Neo-CDs with Fe*". These results confirm that Neo-
CDs are very selective towards the detection of Fe*'.

4.4 Stern-Volmer plot and the limit of detection

The Stern-Volmer quenching constant (Ky,) was calculated
employing fluorescence emission intensity (I,/I) as a function of
increasing Fe®" ion concentration [Q] by using the following
relation; Io/I = Neo-CDs + K, [Q], where I, and I are the emission
intensities of Neo-CDs before and after addition of the Fe*" ion,
respectively; K, is the quenching constant (M~ "), and [Q] is the
molar concentration of the Fe** ion. The Stern-Volmer plot of
Neo-CDs with the Fe*" ion is shown in Fig. 9a. It can be seen that
at low concentrations of Fe*" (0.40 uM), the Stern-Volmer plot
followed a good linearity, whereas at higher concentrations, the
linearity slightly deviated in the upward direction. The positive
curvature of the Stern-Volmer plot is mainly attributed to
processes such as intersystem crossing, formation of charge
transfer complexes at the ground state and excited states as
a consequence of both static and dynamic quenching, as well as
efficient migration of a singlet exciton.®® Moreover, the K, value
obtained for the Fe** ion was 5.6 x 10° M'. The results
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Fig. 9 (a) Stern—Volmer plot for Neo-CDs with the Fe** ion and (b)

plot for the determination of the limit of detection (LOD) for the Fe*
ion.
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demonstrated that Fe®" exhibits exclusive quenching ability
towards fluorescent Neo-CDs in water.

To evaluate the detection limit, fluorescence titration of Neo-
CDs with the Fe*" ion was done with increasing concentrations
of the Fe*" ion, and the emission intensity as a function of the
Fe®* ion concentration was plotted (Fig. 9b). Upon increasing
the Fe*' concentration from 0.01 to 0.40 puM, fluorescence
intensity of Neo-CDs linearly decreased and slightly curved in
the upward direction at 0.40 pM. The difference in the fluo-
rescence intensity of Neo-CDs before and after adding Fe** was
proportional to the concentration of Fe**. The LOD plot showed
linear regions over the range of 0-0.40 uM, indicating that Neo-
CDs and the Fe?" ion are in good linear relationship with each
other. The detection limit was calculated from the fluorescence
titrations by using equation 3¢/m, where o is the standard
deviation of the emission of the free Neo-CD sensor, and m is
the slope from the plot. The detection limit of Neo-CDs for the
Fe*' ion was found to be as low as 0.854 pM, which is
comparatively lower than those of most of the other fluorescent
probes for the Fe®" ion (Table S21). These results clearly prove
that Neo-CDs have great potential to detect the Fe®" ion,
selectively.

5. Conclusions

In summary, Neo-CDs with high fluorescence quantum yield
(55%) were synthesized for the first-time using the neomycin
antibiotic as a single precursor via a simple hydrothermal
method. It was found that the spherical Neo-CDs have an
average size of 4.5 to 7.8 nm as well as good dispersity in
solution. The as-prepared Neo-CDs have been proved to have
favourable ionic strength, high stability under 365 nm UV light,
excellent water solubility and excitation dependent fluorescence
emission. Neo-CDs without any modification or purification
have been demonstrated as a sensor and showed high selectivity
and sensitivity towards the Fe*' ion. Most importantly, these
Neo-CDs provided a rapid, reliable, and fluorescence turn-off
method for detection of Fe*" with a detection limit of 0.854
UM. Once the Fe*" ion was added to Neo-CD solutions, the PL
intensities of the Neo-CDs were significantly quenched. A
possible mechanism of quenching of fluorescence of Neo-CDs
by the Fe*" ion is proposed to be due to the complexation of
Neo-CDs and the Fe** ion. The effective co-ordination of ~OH
and -NH, groups with the Fe** ion on the surface of Neo-CDs
leads to complex formation. The quenching efficiency and
Stern-Volmer quenching constant were calculated and found to
be 94% and 5.6 x 10° M™", respectively. These results clearly
demonstrated that Neo-CDs can be used as an efficient sensor
for the selective detection of Fe** ions is water.
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