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A fluorescein-based nano probe was designed and synthesized for ultra-sensitive detection of Cu2+ in aqueous
solution. The formation of fluorescent organic nanoparticles confirmed by using particle size analysis and scan-
ning electron microscopy. UV–Vis. absorption and fluorescence spectroscopy displays excellent photophysical
properties of prepared nanoparticles as compared to parent molecule i.e. N-(3′,6′-dihydroxy-3-oxo-3,3a-
dihydrospiro[isoindole-1,9′-xanthene]-2(7aH)-yl)-1-naphthamide (FNH) in acetone. A series of 18 metal ion
was examined with FNH nanoparticles (FNHNPs) to examine the change in fluorescence response. Pleasingly,
only copper ion (Cu2+) shows selective and sensitive fluorescence enhancement effect, which discussed on
chelation-enhanced fluorescence phenomenon. Other competing metal ions does not affect the FNHNPs fluores-
cence enhancement induced by Cu2+ ion. The excited state complexation through chelation-enhanced fluores-
cence of FNHNPs was further supported by UV–Vis. absorption and fluorescence decay titration of FNHNPs
with and without the addition of Cu2+. The present investigation approach serves extremely low detection
limit of 1.62 ng/mL (0.024 μM) for Cu2+ in aqueous solution. In addition, benefit of present study includes prac-
tical application for the quantitative estimation of Cu2+ in drinking water sample and intracellular cell imaging
for Cu2+.
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1. Introduction

The chemosensor for ultrasensitive detection of heavy metal ion
based on fluorescence output has acknowledged much more attention
in last few decades [1–4]. The number of heavy metal ions is essential
in human body for natural growth and stimulation of metabolism pro-
cess [5–8]. Amongst the series of heavy metal ion, copper ion (Cu2+)
is one of the crucial metal ions, which acts as micronutrient for human
being and plants. It plays a vital role in different metalloenzymes,
human nervous system, gene expression, protein functioning and bio-
logical systems of plants [9,10]. Nevertheless, a higher dose of Cu2+

ions may produce ill effect in the form of neurodegenerative disorders
such as amyotrophic lateral sclerosis, Parkinson's, Alzheimer's, Wilson's
andMenke's diseases [9,11–13]. Theremay be a possibility of damage of
kidney damage gastrointestinal disorders due to excess intake of Cu2+

than permissible level in human body [14]. The shortage of Cu2+ in-
duces effect on human health and lead to anemia and arteriosclerosis
[10]. In addition, lack of effective wastewater management increases
the pollution caused by Cu2+ in water in most of the countries over
the world. The U.S. Environmental Protection Agency (EPA) established
20 μMas safe and higher concentration limit for Cu2+ in drinkingwater
[14,15]. Therefore, the detection of Cu2+ is highly essential as far as
health and environment issues are concerns.

The efforts have been dedicated to design and construct a selective
and sensitive chemosensor for Cu2+ in an aqueous solution using num-
ber of compounds from different class of fluorescent family such as rho-
damine [5,7–9,13,16,17], coumarin [15], fluorescein [18–20], dansyl
[21,22] and anthracene [23,24]. The different analytical methods based
on electrochemical techniques [25,26], colorimetric detection
[10,16,17,27], atomic absorption spectroscopy [28,29], chemilumines-
cence process [30,31], inductively coupled plasma atomic emission
spectroscopy [32,33], fluorescence spectroscopy [1,9,11–17] and
inductively coupled plasma-mass spectroscopy [34,35] are widely
used for the detection of Cu2+ in aqueous solutions. Amongst them,
fluorescence-based sensing techniques are highly desirable due to the
simplicity in operation process, quick response, sensitive and selective
binding towards desired analyte molecule, minimize the effect of com-
peting ions, does not requires preparation of additional reagents and
most important offers ultra-trace detection limit. However, other men-
tioned techniques are fails to produce such desirable outputs and even-
tually hurdles in the quantitative determination of metal ion in aqueous
solution. The hydrophilic characters of compound play a significant role
in designing the chemosensor for detection of heavy metal ion in
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Scheme 1. Synthesis of FNH.
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aqueous medium. The number of reports witnessed for the detection of
metal ion using mixed organo-water or buffered system because of hy-
drophobic characteristics posed by fluorescent organic compounds
[9,10,16,27]. Nowadays, the highly grown emerging research field has
been adopted namely fluorescent organic nanoparticles for the elimina-
tion of drawbacks postured by traditional analytical methods. Specially,
the sensing method based on fluorescent organic nanoparticles (FONs)
prepared by using small weight compounds is advantageous because of
highly selective and sensitive response, ease of preparation and lower
detection limit over traditional methods and direct use of fluorescent
molecules in aqueous medium [36–41]. Therefore, the design and syn-
thesis of FONs and their utility for sustainable environment is still chal-
lenging research area in scientific community.

Herein, we synthesized a small fluorescein based compound namely
N-(3′,6′-dihydroxy-3-oxo-3,3a-dihydrospiro[isoindole-1,9′-xanthene]-
2(7aH)-yl)-1-naphthamide (FNH) to explore as nano sensor for detec-
tion of heavy metal ion in aqueous solution. Pleasingly, the prepared
nanoparticles (FNHNPs) shows highly selective and sensitive fluores-
cence enhancementwith addition of Cu2+ ion only, due to chelation en-
hanced florescence phenomenon (CHEF). The present analytical
approach was successfully applied for the quantitative determination
of Cu2+ ion in drinking water and intracellular cell imaging of Cu2+

for two-cell lines viz.MDA-MB-231 and A375.

2. Experimental

2.1. Materials

Fluorescein and 1-naphthoic hydrazide were procured from Sigma
Aldrich. All other reagents and solvents such as acetone, methanol,
methylene dichloride and ethanol of analytical grade were purchased
from Samchun Chemicals, Korea. All salts for metal ion solution were
Fig. 1. Particle size distribu
purchased from Alfa Aesar. Double distilled water was used to carry
out all sensing experiments. The MDA-MB-231 and A375 cell lines
were obtained from American Type Culture Collection (ATCC, Rockville,
MD, USA). Fetal bovine serum (FBS) and Dulbecco modified eagle me-
dium (DMEM) were purchased from Gibco (Carlsbad, CA, USA). MTT
(5-dimethylthiazol-2-yl-2,5-diphenyltetrazolium bromide) was pro-
cured from Sigma Aldrich. All other chemicals and reagents were ob-
tained from Sigma Aldrich until and unless mentioned.

2.2. Methods

2.2.1. Synthesis of compound FNH

2.2.1.1. Synthesis of methyl 2-(8a, 9-dihydro-3-hydroxy-6-oxo-6H-
xanthen-9-yl) benzoate (compound a). The already reported method
[42] was followed for the synthesis of compound FNH. The Fluorescein
(1.03 g, 3.1 mmol) in methanol solution (50 mL) was equipped in
100 mL round bottom flask followed by addition of 2.2 mL of conc.
H2SO4. Thewholemixture was stirred and refluxed for 3 h. The reaction
process wasmonitored using TLC. After endorsing the completion of re-
action, it allowed to cool at ambient temperature and then evaporated
under reduced pressure. The obtained brown-red solid was further
washedwith distilled water to avoid the existence of unreacted starting
material. The crude solid of fluoresceinmethyl ester (compound a)was
filtered, dried and offered in 91% yield which further used to synthesize
compound b–FNH i.e. N-(3′,6′-dihydroxy-3-oxo-3,3a-dihydrospiro
[isoindole-1,9′-xanthene]-2(7aH)-yl)-1-naphthamide.

2.2.1.2. Synthesize of N-(3′,6′-dihydroxy-3-oxo-3,3a-dihydrospiro
[isoindole-1,9′-xanth-ene]-2-(7aH)-yl)-1-naphthamide (compound b-
FNH). A mixture of compound a (0.69 g, 2 mmol) and 1-naphthoic hy-
drazide (0.39 g, 2.1 mmol) in 20 mL methylene dichloride was stirred
tion curve of FNHNPs.



Fig. 2. FE-scanning electron microphotograph of FNHNPs.
Fig. 4. Fluorescence emission spectra of dilute solution of FNH in acetone (A) and aqueous
suspension of FNHNPs (B).
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and refluxed for 6 h. The completion of reaction was confirmed using
TLC. After 6 h, reaction mixture was allowed to cool at room tempera-
ture and solvent was evaporated under reduced vacuum pressure.
Thus, orange-yellow powder obtained in appreciable 84% yield
(0.809 g) was recrystallized by using hot ethanol. The recrystallized
product of compound b-FNH was further analyzed using characteriza-
tion techniques viz., IR, NMR and mass spectroscopy. The schematic
route of FNH shown in Scheme 1. M.P.: Observed: 141–144 °C; IR
Fig. S1: 2922 (\\NH & OH), 1714, 1637 (C_O), 1588, 1539, 1455,
1380, 1265, 1162, 1114, 1081, 1054, 996, 919, 848, 753, 704,
664 cm−1; 1H NMR (DMSO‑d6, 400 MHz) Fig. S2 δ: 10.37 (s, 2H,
\\OH), 8.27 (s, 4H, ArH), 7.83–7.92 (m, 5H, ArH), 7.53 (s, 2H, ArH),
7.11 (s, 3H, ArH), 6.89 (s, 2H, ArH), 6.67 (s, 1H, ArH), 6.56 (s, 1H,
\\NH) ppm; 13C NMR (DMSO‑d6, 100 MHz) Fig. S3 δ: 165.65 (C_O),
137.80, 131.71, 125.12, 55.92 (spiro carbon); mass (ESI MS) Fig. S4:
501.4 [M+1]m/z.

2.2.2. Synthesis of FNH nanoparticles (FNHNPs)
The simple and cost effective reprecipitation method was used to

prepare an aqueous suspension of fluorescent organic nanoparticles of
FNH [41–43]. In this process, a 2mL, 5 × 10−4 M FNH solution prepared
in acetonewas rapidly injected into flask containing 100mL double dis-
tilled water. The solution was stirred vigorously for 45min onmagnetic
stirrer. Further, the solution was sonicated for 15 min at 40 °C. Thus,
Fig. 3. Absorption spectra of dilute solution of FNH in acetone (A) and aqueous suspension
of FNHNPs (B).
dark fluorescent straw yellow colored aqueous suspension of nanopar-
ticles (1 × 10−5 M) was obtained and which was further used to check
their photophysical properties and sensing experiment.

2.2.3. Characterization techniques
Themelting point of compoundwas determined on Fisher Scientific

(USA) melting point apparatus. The Frontier IR (Perkin Elmer) spec-
trometer was used to examine the FT-IR spectrum in KBr pellets. The
Bruker Avance 400MHz spectrometer with TMS as an internal standard
was used for scanning 1H NMR (400 MHz) and 13C NMR (100 MHz)
spectra. The LC-MSwas examined on 2795/ZQ2000 (waters) spectrom-
eter. The zeta potential and particle size of nanoparticles was inspected
under Malvern Zeta-Particle size analyzer based on Dynamic light scat-
tering technique. The morphology of nanoparticles assessed using FE-
SEM (MIRA3 LMH, TESCAN, USA). The Shimadzu Spectrophotometer
(Japan) and FS-2 fluorescence spectrophotometer (Scinco, Korea) was
used for examining theUV–visible absorption and Fluorescence spectra,
respectively in respective solvents. The lifetime decay curves were ob-
tained using a Time Correlated Single Photon Counting (TCSPC) Spec-
trophotometer (HORIBA-iHR320) at respective excitation wavelength.

2.2.4. General procedure of fluorescence measurement for sensing
experiment

To check a typical response for fluorescence intensity towards selec-
tive sensing behaviour of FNHNPs for metal ion, we have prepared stock
solution of FNHNPs (1 × 10−5 M) and various metal ions (50 μg/mL) in
double distilled water. 1 mL stock solution of FNHNPs was added to the
10 mL volumetric flask followed by addition of a known volume of re-
spective metal ion solutions (6 mL). Then the solutions were diluted up
to the mark using distilled water (10 mL) so that effective concentration
of the metal ion is 30 μg/mL. These solutions were thoroughly mixed
and allowed to maintain room temperature for 5 min. The fluorescence
emission spectra of all these solutions were recorded and compared
with the spectra of FNHNPs. Surprisingly, selective and sensitive fluores-
cence intensity change was seen for FNHNPs with addition of Cu2+ only.

2.2.5. Cell culture and fluorescence imaging
The cells MDA-MB-231 and A375 were grown using 10% FBS, peni-

cillin (50 units/mL) and streptomycin (50 μg/mL) in DMEM medium
at the density 1 × 105 cells in 35 mm culture plate. The growth of cells
was monitored by feeding a fresh medium each day until it reaches to
60 percentage. Later, the samples viz. FNH in acetone, FNHNPs and
FNHNPs + Cu2+ was treated to the respective cell lines for 24 h with
final concentration of 5 μM. During this procedure, cold PBS buffer



Scheme 2. Pictorial representation of bathochromic shift in absorbance and fluorescence wavelength of J-aggregated FNHNPs as compared to FNH in acetone.
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used two times for the washing. In order to examine the fluorescence
images, the cells were systematically observed using the inverted fluo-
rescence microscope (BX51, Olympus, Tokyo, Japan) under blue light
(488 nm). The experiment was executed in triplicate at constant expo-
sure time, contrast and brightness settings in humidified atmosphere
(95% air and 5% CO2) at 37 °C in CO2 incubator.

2.2.6. Viability assay (MTT)
The MDA-MB-231 and A375 cells were plated and incubated for

overnight to the density of 2.5 × 104 cells/well in 96-well plates until
the growth of cells reaches 60%. The fresh medium was given on each
next day to the cells for regular growth. The samples under studies
such as FNH in acetone, FNHNPs and FNHNPs + Cu2+ of 5 μM was
Fig. 5. Fluorescence lifetime decay profile of dilute solution of FNH in acetone (A) and
aqueous suspension of FNHNPs (B).
treated with cells separately and allowed to remain undisturbed for
24 h. The PBS buffer used for washing the cells and then further treated
with 90 μL of fresh medium and 10 μL of MTT reagent 1 (MTT,
10 mg/mL) to each well of cell line. The addition of 100 μL of MTT re-
agent 2 (Solubilisation buffer, 10% SDS with 0. 01 N HCl and DMSO) to
cells further incubate for 4 h at 37 °C in 5% CO2 incubator. Finally, the ab-
sorbance of the samples was recorded using an enzyme-linked immu-
nosorbent assay (ELISA) plate reader at 595 nm.
Fig. 6. Fluorescence intensity response of FNHNPs in presence of different metal ions (30
μg/mL).



Fig. 7. Relative fluorescence intensity change for respective competing ion in absence and
in presence of Cu2+. Fig. 9. Digital images under UV lamp and visible light; a-FNH in acetone, b-FNHNPs, c-

FNHNPs + 2 μg/mL Cu2+, d-FNHNPs + 4 μg/mL Cu2+, e-FNHNPs + 8 μg/mL Cu2+, f-
FNHNPs + 12 μg/mL Cu2+, g-FNHNPs + 16 μg/mL Cu2+, h-FNHNPs + 20 μg/mL Cu2+,
i-FNHNPs + 24 μg/mL Cu2+, j-FNHNPs + 28 μg/mL Cu2+.
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3. Result and discussion

3.1. Particle size, zeta potential and SEM analysis

The various analytical techniques such as particle size analysis, field
emission scanning electron microscopy (FE-SEM) and zeta potential
measurementwere procured for the confirmation of formation and sta-
bility of prepared FNHNPs. Fig. 1 shows particle size distribution curve,
which clearly indicates uniform and narrow distribution of FNHNPs
with average particle size of 58 nm. Fig. 2 indicates the microphoto-
graph of prepared nanoparticles examined on FE-SEM instrument. It
seems that the morphology of nanoparticles is distinct spherical shape
with slightly different particle size distribution. The size of nanoparticles
obtained through FE-SEM analysis is about 60–80 nm which is a close
proximitywith the size obtained in particle size analysis. The larger par-
ticle size observed in FE-SEM analysis is because of possibility of ag-
glomeration of the FNHNPs while preparing air dried film using
aqueous suspension of FNHNPs on glass plate for FE-SEM analysis. It is
well known that value of zeta potential plays crucial role in a stability
factor of aqueous suspension of nanoparticles [40,42,44]. To recognize
the surface charge and stability of prepared nanoparticles, zeta potential
Fig. 8. Fluorescence enhancement of FNHNPs in presence of different concentration of Cu2
+ (0–30 μg/mL).
analysis was carried out. The zeta potential value found to be−31.1mV
supports the excellent stability and negative charge over the FNHNPs,
which is given as Fig. S5. The negative zeta potential directed us the ef-
ficacy of FNHNPs as nano probe for the detection of oppositely charged
metal ion in an aqueous solution.

3.2. Photophysical properties

The photophysical properties of monomer (FNH in acetone) and
nanoparticles (FNHNPs) were examined using UV–Vis. absorption,
fluorescence emission and lifetime decay analysis. Fig. 3 shows UV–
Vis. absorption spectrum of FNH in acetone (A) and FNHNPs (B). The
less pronounced band at 432 nm in absorption spectrum of FNH in ace-
tone (A) and 442 nm in FNHNPs (B) was assigned to the π→ π* transi-
tion. While, broad absorption bands at 452 and 485 nm in FNH in
acetone (A) and 477 nm in FNHNPs are due to n → π* transition. The
absorption spectrum of prepared nanoparticles peaking at 477 nm is
bathochromically shifted as compare to the significant absorption
band of parent molecule i.e. FNH in acetone at 452 nm. The
bathochromic shift in absorption wavelength maxima of FNHNPs is
due to the head to tail intermolecular arrangement of monomer units
and π stacking effect. The observed red shift in absorption wavelength
of nanoparticles supports the formation of J-aggregation of nanoparti-
cles. The fluorescence emission spectra of FNH in acetone (A) and aque-
ous suspension of FNHNPs (B) shown in Fig. 4. The excitation
wavelength of 455 nmwasused to scan thefluorescence emission spec-
tra of FNH in acetone (A) and aqueous suspension of FNHNPs (B). The
fluorescence emission spectrum of FNH in acetone shows a broad and
less intense band peaking at 498 nm is due to π* → π transition. How-
ever, the red shift in emissionwavelength of 20 nmseen for the FNHNPs
with increase in the fluorescence intensity, which is assigned to aggre-
gation induced enhanced emission (AIEE). The shifting of zeroth vibra-
tional level of ground electronic state of FNH to a higher vibrational level
of excited electronic states arises due to the red shift in emission max-
ima, formation of J-aggregation pattern in FNHNPs and AIEE
phenomenon [45–47]. The remarkable larger Stokes shift of ῡ =
2673.02 cm−1 for FNHNPs than FNH in acetone (ῡ = 1897.70 cm−1)
also supports thedifferent characteristics of formedmaterialwhich con-
firms FNH existence in nano sizewith significant photophysical proper-
ties. The fluorescence emission spectrum of nanoparticles originated
from lower excited state display bathochromic shift supports the forma-
tion of FNHNPs [45–47]. Scheme 2 shows the pictorial representation of



Fig. 10. Calibration curve shows fluorescence enhancement linearity (F = fluorescence intensity of FNHNPs in presence of Cu2+ at particular concentration and F0 = initial fluorescence
intensity of FNHNPs in absence of Cu2+).
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bathochromic shift in wavelength maxima of absorbance and fluores-
cence emission of J-aggregated FNHNPs as compared to FNH in acetone.
The fluorescence lifetime is one of the vital characteristics property of
any fluorescent probe to decide its excited state nature. Fig. 5 indicates
lifetime decay curves of FNHNPs (A) and FNH in acetone (B). The longer
fluorescence lifetime (4.2 ns) as compared with the FNH in acetone
(2.8 ns) is because of restricted molecular rotations and vibrations of
molecules in the process of FNHNPs formation which led to decreases
the non-radiative pathways.

3.3. Effect of pH on fluorescence intensity of FNHNPs

In order to investigate the effect of different pH on the performance
of fluorescence intensity of FNHNPs, the fluorescence measurement of
FNHNPs in different pH solutions was performed within pH 1 to 12.
The results given in Supporting information as Fig. S6. The fluorescence
intensity shown by nanoparticles with pH solutions of 6 to 8 is higher
than other acidic and basic pH solutions. The disruption of j-
aggregated FNH units at extreme acidic or basic conditions results in
Table 1
Comparison syntax between reported fluorescent probes and present nano probewith re-
spect to LOD of Cu2+.

Sr.
no.

Detection method Molecule based on
derivative of

LOD in
μM

Ref. no.

1. Fluorescence Fluorescein 0.296 [1]
2. Fluorescence Coumarin 5.80 [15]
3. Colorimetric/fluorescence Rhodamine B 3.42 [16]
4. Fluorescence Rhodamine

6G/thiosemicarbazide
0.0771 [17]

5. Colorimetric/fluorescence Bis-(2-pyridylmethyl)
amine

0.102 [27]

6. Fluorescence Ethylenediamine 0.30 [58]
7. Fluorescence Rhodamine B 0.16 [59]
8. Fluorescence Rhodamine–diacetic acid

conjugate
2.30 [60]

9. Fluorescence Rhodamine 0.30 [61]
10. Fluorescence Rhodamine 0.039 [62]
11. Colorimetric/fluorescence Rhodamine

hydrazone/ferrocene
0.727 [63]

12. Fluorescence Rhodamine B
hydroxylamide

0.033 [64]

13. Fluorescence Rhodamine B 0.03 [65]
14. Fluorescence Rhodamine 0.28 [66]
15. Fluorescence Rhodamine 6G-pyrrole unit 2.94 [67]
16. Fluorescence Fluorescein (organic

nanoparticles)
0.024 Present

work
destabilization of nanoparticles in an aqueous suspension [47]. There-
fore, the maximum fluorescence intensity response at neutral i.e. pH
= 7 led us to choose the ideal pH condition for further sensing
experiments.

3.4. Selective fluorescence enhancement of FNHNPs by Cu2+

The significant changes observed in fluorescence output of a fluores-
cent nanoprobe in presence of analytemolecule become a key factor for
design and develop a sensory system. The changesmay occur because of
interaction of functionalities or surface charge present over the nano
probe. In present case, the negative charge over the nanoparticle surface
and the functionalities (such as\\C_O and\\NH) present in basic
units of nanoparticles are the fundamental features directs us to exam-
ine the utility of FNHNPs as nano probe against 18 metal ion solutions.
For this purpose, we tested the fluorescence intensity response of
FNHNPs with series of metal ions such as Cu2+, Zn2+, Mg2+, Mn2+,
Na+, K+, Ba2+, Fe2+, Fe3+, Co2+, Ni2+, Ag+, Hg2+, Cr3+, Ca2+, Pb2+,
Al3+ and Cd2+ of 30 μg/mL concertation each. Fig. 6 shows fluorescence
intensity response of FNHNPs in presence of different metal ions. It was
found that only Cu2+ selectively enhances the fluorescence intensity of
FNHNPs. While, other metal ions show negligible or very small fluores-
cence change in case of FNHNPs. The selective fluorescence enhance-
ment is induced by only addition of Cu2+ solution to FNHNPs is
because of strong interaction with the negative charge over the nano-
particle surface having functional groups such as\\C_O and\\NH.

3.5. Effect of competing metal ions

The practical applicability of nano probe in establishing the sensor
for the detection of metal ion in aqueous solution can be improved
through eliminating the effect of other analyte molecules on perfor-
mance of nanoparticles. To examine the effect of competing metal ions
on the fluorescence enhancement of FNHNPs induced by Cu2+, each
metal ion solution of 30 μg/mLwas added to the solution holding a com-
posite of FNHNPs and Cu2+ (30 μg/mL). All solutions were scanned for
fluorescence measurements and results interpreted as relative fluores-
cence intensity change as ΔF/F; where, ΔF is difference in fluorescence
intensity change after (F) and before (F0) addition of competing ion.
Fig. 7 indicates the relative fluorescence intensity change for respective
competing ion in absence and in presence of Cu2+. From the figure, it
seems that Cu2+ induces selective and sensitive fluorescent enhance-
ment for FNHNPs (red color bar, Fig. 7). Whereas other metal ion
shows negligible response in fluorescence enhancement of FNHNPs.



Fig. 11. Job's plot illustrates binding stoichiometry between FNHNPs and Cu2+.
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The addition of eachmetal ion to the FNHNPs+ Cu2+ solution does not
alter the fluorescence enhancement effect brought by addition of Cu2+.
The relative fluorescence intensity remains almost same in case of
FNHNPs with Cu2+ and FNHNPs with Cu2+ in solution of respective
metal ion (green color bar, Fig. 7). Thus, repeated experiments indicate
that there is no effect of other competingmetal ions on fluorescence en-
hancement of FNHNPs induced by Cu2+.
3.6. Fluorescence titration of FNHNPs with Cu2+

Fig. 8 shows change in fluorescence intensity with increasing con-
centration of Cu2+ ion solution from 2 to 30 μg/mL. It was observed
that with increasing concentration of Cu2+ in a solution of FNHNPs,
gradually increases the fluorescence intensity. Fig. 8 indicates linear
fluorescence intensity response of FNHNPs with increasing amount of
Cu2+ ion. Fig. 9 illustrates the digital photographs of a selected solutions
examined under visible and UV lamp (365 nm). From the figure, it is
clear that fluorescence intensity of FNHNPs increases with increasing
concentration of Cu2+ to the solution of FNHNPs.
Fig. 12.Modified Benesi-Hildebrand (B-H) plot.
3.7. Estimation of statistical parameters

3.7.1. Calibration curve and limit of detection
Fig. 10 shows linearity of fluorescence intensity change with addi-

tion of Cu2+ to FNHNPs. The calibration curve plotted asfluorescence in-
tensity change versus concentration of Cu2+ ion added. The results were
well fitted in straight-line equation and plotted as Fig. 10. The fluores-
cence enhancement results show linearity in the concentration range
of 0–30 μg/mL Cu2+. Fig. 10 was used as calibration curve to estimate
the lower detection limit (LOD) for Cu2+ with the help of Eq. (1). LOD
was found to be 1.62 ng/mL (0.024 μM).

LOD ¼ 3:3σ
K

ð1Þ

where, standard deviation and slope of the calibration curve denoted by
σ and K, respectively. The limit of detection estimated by present
method is exceptionally lower than the reported fluorescent probes.
Table 1 shows comparison statistics of LOD for Cu2+ using present and
some of already reported investigations.
Fig. 13. Variation of zeta potential and particle size distribution of FNHNPs in presence of
Cu2+.



Fig. 14. Lifetime decay curves of FNHNPs in presence of Cu2+; A - FNHNPs, B – FNHNPs
+ 15 μg/mL and C – FNHNPs + 30 μg/mL.

Table 2
Determination of Cu2+ in drinking water.

Water
samples
studied

Amount of
standard Cu2+

ion
added (μg/mL)

Total Cu2+

ion
found
(μg/mL)
(n = 3)a

Recovery
of
Cu2+ ions
added (%)

RSD
(%)

Relative
error
(%)

Drinking
waterb

10 9.97 99.70 0.003 −0.3
20 19.98 99.90 0.004 −0.1
30 29.97 99.90 0.004 −0.1

a n = average of three determinations.
b Water sample collected from university campus.
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3.7.2. Evaluation of stoichiometry and binding constant of complex
The Job's method was used for the investigation of binding parame-

ters between the ligand (FNHNPs) and metal ion (Cu2+) [48,49]. Fig. 11
indicates the absorbance and fluorescence intensity at particular mole
fraction (0.1 to 0.9) of Cu2+ present in respective solution. Fig. 11 is noth-
ing but Job's plot and it showsmaximumabsorbance andfluorescence in-
tensity in solution of nanoparticle containing 0.5 mole fraction of Cu2+

that proved 1:1 complexation of FNHNPs and Cu2+. The modified
Benesi-Hildebrand (B-H) equation [39,42,50,51] used to estimate the
binding constant of complex FNHNPs-Cu2+ and given as below.

1
F−F0

¼ 1
FMAX−F0ð Þ þ

1
KB FMAX−F0ð Þ

1

Cu2þ
h in ð2Þ

where, maximum fluorescence intensity of FNHNPs with Cu2+, fluores-
cence intensity of FNHNPs without Cu2+ and fluorescence intensity of
FNHNPs with Cu2+ at respective concentration is denoted by Fmax, F0
and F, respectively. The modified Benesi-Hildebrand (B-H) plot given as
Fig. 12 is a straight line. The estimated value of binding constant KB =
2.564 × 104 was calculated using slope of the plot. The higher value of
binding constant suggests the strong and efficient binding between
FNHNPs and Cu2+ in aqueous solution.

3.8. Mechanism of fluorescence enhancement of FNHNPs by Cu2+

The mechanism behind the fluorescence enhancement of FNHNPs by
the addition of Cu2+ is discussed on strong chelation enhanced
Scheme 3. Plausible interaction mod
fluorescence phenomenon [39,42,52,53]. To investigate the nature of
mechanism involves, a number of experiments were carried out such as
UV–Vis. absorption titration, measurement of zeta potential and lifetime
decay curves in absence and presence of different concentration of Cu2+

to FNHNPs. The lone pair of electrons present on oxygen atom of –OH
group in xanthene moiety of FNH responsible to open a spirolactam
ring and simultaneously rearrange the structure of molecule to form
imine bondwhile addition of Cu2+ ion to the FNHNPs solution. The inter-
action of\\C_N,\\NHand\\C_Obondswith Cu2+ ion restricts the free
rotations of imine (\\C_N) bond in J-aggregated nanoparticles which si-
multaneously enhances thefluorescence intensity bymeans of increase in
the radiative pathways [42,54,55]. The complexation between FNHNPs
andCu2+ ionwas confirmed by zeta sizer analysis. Fig. 13 shows variation
of particle size and zeta potential of FNHNPs with addition of different
concentration of Cu2+ ion (10, 20 and 30 μg/mL). From the results, it is
clear that there is only increase in the particle size from 58 nm to 102,
156 and 234 nm with slight change in zeta potential value from
−31.3 mV to −30.1, −29.6 and −28.4 mV after the addition of 10, 20
and 30 μg/mL concentration of Cu2+, respectively. The nature of complex-
ation between FNHNPs and Cu2+ was investigated by using UV–Vis. ab-
sorption and fluorescence lifetime decay titration with and without
addition of Cu2+ to FNHNPs. Fig. S7 indicates UV–Vis. absorption spectra
of FNHNPs in presence of different concentration of Cu2+. Initially, the
hypsochromic spectral shift of 12 nm was seen for addition of 2 μg/mL
Cu2+ and then continuous increase in only absorbance value with in-
creasing concentration of Cu2+ confirms the possibility of excited state in-
teraction between FNHNPs and Cu2+ ion. The excited state complexation
also supported by the evaluation of lifetime decay values. Fig. 14 indicates
lifetime decay curves of FNHNPs in absence andpresence of different con-
centration of Cu2+. The increase in the lifetime values from 4.2 ns to 4.8
and 5.2 ns with addition of 15 μg/mL and 30 μg/mL of Cu2+ indicates sta-
bility and strong complexation ability between FNHNPs and Cu2+ at ex-
cited state. The schematic representation of plausible interaction mode
of nanoparticles with Cu2+ ion illustrated in Scheme 3.
e between FNHNPs with Cu2+.



Fig. 15. Brightfiled transmission images of livingMDA-MB-231 cells with control (a), FNH in acetone (b), FNHNPs (c), and FNHNPs+30 μg/mL Cu2+ (d) and fluorescence images of living
MDA-MB-231 cells with control (e), FNH in acetone (f), FNHNPs (g), and FNHNPs + 30 μg/mL Cu2+ (h) by exposing in blue light 488 nm.
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3.9. Application of proposed sensory method

3.9.1. Quantitative determination of Cu2+ in drinking water analysis
To authenticate the on-site application of proposed sensorymethod,

the prepared FNHNPs were further used for the quantitative analysis of
Cu2+ from drinking water sample. These samples were collected from
local campus near the university. First of all, samples were filtered
through Whatman filter paper to eliminate the solid impurities. The
standard addition method was opted for the preparation of samples in
present analysis. For this purpose, three solutions of Cu2+ ion with dif-
ferent concertation were prepared by spiking standard solution of Cu2+

(100 μg/mL). To the 10mL volumetric flask, 1 mL FNHNPs (1 × 10−5 M)
spiked with required quantity (1, 2 and 3 mL) of standard solution of
Cu2+ and then diluted up to the mark using drinking water so as to
final concentration of Cu2+ in prepared samples were 10, 20 and 30
μg/mL. The samples were measured for fluorescence intensity response
and correlated with Fig. 10 as calibration curve to estimate the quantity
of Cu2+ in samples. The results summarized in Table 2 indicates that es-
timatedquantity of Cu2+ ion in drinkingwater samples is in close agree-
ment with the spiked quantity of Cu2+.
3.9.2. Bioimaging application of FNHNPs for living cells

3.9.2.1. Cell imaging. The present FNHNPs probe is highly selective to-
wards the Cu2+ ion in an aqueous medium through fluorescence en-
hancement effect. In order to prove the compatibility and practical
applicability of present sensory system in bioimaging studies, we have
demonstrated the cell imaging study of prepared nanoparticles with
and without addition of Cu2+ to the cell lines namely MDA-MB-231
and A375. For this purpose, the already cultured cells were treated
with the respective samples such as FNH in acetone (C1), FNHNPs
(C2) and FNHNPs + Cu2+ (C3). The reference control (CON) was used
to correlate the performance of each sample under studies. The excita-
tion wavelength of blue light i.e. 488 nmwas used to produce the fluo-
rescence images. Figs. 15 and 16 show bright filed transmission and
fluorescence images (488 nm) of living MDA-MB-231 and A375 cells
with the control and respective samples. It is found that fluorescence
images presented in both the figures shows higher fluorescence for
FNHNPs + Cu2+ (C3) with respect to the FNH in acetone (C1) and
FNHNPs (C2). The parent molecule FNH is hydrophobic in nature that
was used to prepare FNHNPs. However, solubility of FNH in acetone
implies use of acetone for fluorescence imaging experiment. The in-
terface between domestic existence of Cu2+ in cell lines and samples
such as FNH in acetone or aqueous suspension of FNHNPs shows ad-
equate fluorescence. The addition of external Cu2+ solution to the
FNHNPs significantly variate the fluorescence response and shows
noteworthy imaging results. Therefore, based on the present re-
search observations and findings, we conclude that FNHNPs could
be the best choice to explore as nano sensor for intracellular copper
ion detection.

3.9.2.2. Cytotoxicity. The toxic nature of FNH in acetone, FNHNPs and
FNHNPs + Cu2+ towards MDA-MB-231 and A375 cells was examined
by cytotoxicity assay. For this study, the cells were treated with the par-
ticular concentration of samples i.e. FNH in acetone (C1), aqueous sus-
pension of FNHNPs without (C2) and with presence of Cu2+ (C3) for
24 h. The MTT assay was used to examine the cell viability [56,57].



Fig. 16. Bright filed transmission images of living A375 cells with control (a), FNH in acetone (b), FNHNPs (c), and FNHNPs + 30 μg/mL Cu2+ (d) and fluorescence images of living A375
cells with control (e), FNH in acetone (f), FNHNPs (g), and FNHNPs + 30 μg/mL Cu2+ (h) by exposing in blue light 488 nm.
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Figs. 17 and 18 indicate cell viability measurements for MDA-MB-231
and A375 using MTT assay, respectively. The non-toxic behaviour of
studied samples was predicted as close count of percentage with the
Fig. 17. Cell viability measurement using the MTT assay. MDA-MB-231 cells were
untreated (Control-CON) or treated with FNH in acetone (C1), FNHNPs (C2), and
FNHNPs + 30 μg/mL Cu2+ (C3) for 24 h.

Fig. 18. Cell viability measurement using the MTT assay. A375 cells were untreated
(Control-CON) or treated with FNH in acetone (C1), FNHNPs (C2), and FNHNPs + 30
μg/mL Cu2+ (C3) for 24 h.
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control. Pleasingly, it found that FNHNPs in absence and presence of Cu2
+ did not shows toxic nature for the MDA-MB-231 and A375 cells. The
results observed during cell imaging and cytotoxicity studies summa-
rized that FNHNPs with and without addition with Cu2+ (C3, h) are
more fluorescent, bioactive and useful in comparison with the FNH in
acetone (C1, f).

4. Conclusion

A selective and sensitive nano sensor has been developed for the
ultra-trace detection of Cu2+ ion in aqueous solution using fluorescein
based organic nanoparticles (FNHNPs). The selective fluorescence en-
hancement of FNHNPswas observed by the addition of only Cu2+. How-
ever, other metal ion does not affect the fluorescence outcome induced
by Cu2+. The fluorescence enhancement found to be linear in concen-
tration range of 2 to 30 μg/mL. The mechanism and the reason for
fluorescence enhancement were discussed on excited state complexa-
tion between FNHNPs with Cu2+ ion and chelation enhanced fluores-
cence (CHEF) phenomenon. The exceptionally lower detection limit
for Cu2+ found to be 1.62 ng/mL (0.024 μM) in aqueous solution is an
advantage over the traditional fluorescent probes. The present study
successfully applied for the quantitative determination of Cu2+ in drink-
ingwater sample. In addition, the excellent intracellular cell imaging ca-
pacity of FNHNPs for Cu2+ and non-toxic performance towards MDA-
MB-231 and A375 cells specifies their diverse applicability. Thus, the
excellent hydrophilic nature, selective binding ability towards Cu2+,
photophysical properties and practical applicability of FNHNPs suggests
exploration of FNHNPs can be possible as biological marker in environ-
mental as well as cell imaging samplings.
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