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Abstract A new fluorescent sensor, 4-allylamine-N-(N-
salicylidene)-1,8-naphthalimide (1), anchoring a
naphthalimide moiety as fluorophore and a Schiff base
group as receptor, was synthesized and characterized.
The photophysical properties of sensor 1 were conduct-
ed in organic solvents of different polarities. Our study
revealed that, depending on the solvent polarity, the
fluorescence quantum yields varied from 0.59 to 0.89.
The fluorescent activity of the sensor was monitored
and the sensor was consequently applied for the detec-
tion of Cu2+ with high selectivity over various metal
ions by fluorescence quenching in Tris-HCl (pH = 7.2)
buffer/DMF (1:1, v/v) solution. From the binding stoi-
chiometry, it was indicated that a 1:1 complex was
formed between Cu2+ and the sensor 1. The fluores-
cence intensity was linear with Cu2+ in the concentra-
tion range 0.5–5 μM. Moreso, the detection limit was
calculated to be 0.32 μM, which is sufficiently low for good
sensitivity of Cu2+ ion. The binding mode was due to the
intramolecular charge transfer (ICT) and the coordination of
Cu2+ with C = N and hydroxyl oxygen groups of the sensor 1.
The sensor proved effective for Cu2+ monitoring in real water
samples with recovery rates of 95–112.6 % obtained.

Keywords Naphthalimide . Schiff base . Cu2+ . Fluorescent
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Introduction

In the recent few decades, much attention has been paid to the
science of the design and synthesis of probes for the monitor-
ing of physiologically- and environmentally-relevant metal
ions [1–16]. There is no doubt that many metal ions play great
and varied roles, however, the ecotoxicological impacts of
suchmetal ions on environmental and biological systems have
constituted major challenges for a long time [17]. Among
other metal ions, Cu2+ ion is an eminent metal ion owing to
the indispensable roles it plays by acting as a catalyst and
structural cofactor for many metalloenzymes, mitochondrial
respiration, iron absorption, free radical scavenging and elas-
tin cross-linking [18–20]. Though regulated amounts of Cu2+

ion in human bodies are essential for normal healthy living,
however, excess concentrations of Cu2+ ion are both toxic and
detrimental and can lead to oxidative stress that can in turn be
implicated in a number of neuronal cytoplasm neurodegener-
ative diseases like Wilson’s disease, dyslexia, hypoglycemia,
Alzheimer’s diseaese, Menkes diesease, Parkinson’s disease,
amyotrophic lateral sclerosis, infant liver damage, and gastro-
intestinal disease [18, 21–27]. Due to the obvious threatful
implications of excess amounts of Cu2+ ion, the search for
methods for the detection of Cu2+ ion has been directed to-
wards the synthesis of chemosensors.

Unlike other conventional analytical techniques, the fluo-
rescence technique is a highly efficient analytical method and
has received much research attention due to its relative advan-
tages of high selectivity and sensitivity, intrinsic specificity,
real timemonitoring and fast response time [28–30]. Owing to
their strong absorption and emission in the visible region, high
photostability, large Stokes shift and high fluorescence quan-
tum yields, muchwork is currently in progress in investigating
the potent uses of 1,8-naphthalimide derivatives, which are a
special class of environmentally sensitive chromophores
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[31–39]. This explains the reason why 1,8-naphthalimide de-
rivatives enjoy a wide range of applications as colourants in
the polymer industry [40, 41], laser dyes [42, 43],
chemosensors [44, 45] and fluorescence probes for biomedi-
cal purposes, including fluorescence cell makers [46] and anti-
cancer agents [47].

As such, recently much emphasis has been placed on the
applications of Schiff bases in diverse fields including biolog-
ical medicine, catalytic synthesis, analytical chemistry, anti-
corrosion, light-induced discoloration, thereby making them
one of the most important categories of compounds in biology
and chemistry [48].

Herein, we report a Schiff base based fluorescent
chemosensor for Cu2+ ion, which induces a fluorescence
quenching effect upon chelation with the metal ion. The
chemosensor displays high and singular selectivity towards
Cu2+ ion and could thereby distinguish Cu2+ when in coexis-
tence with other metal ions under investigation.

Experimental

Materials and General Methods

Unless otherwise stipulated, all chemicals and solvents used
for the synthesis were analytical reagent grade and used with-
out further purification. Stock solutions of various metal ions
(1 mM) were prepared using the nitrate salt of each metal in
double-distilled water. Britton–Robinson (B–R) buffer was
prepared with 40 mM acetic acid, boric acid and phosphoric
acid. Dilute hydrochloric acid or sodium hydroxide was used
for adjusting pH values. Tris-HCl buffer (pH = 7.2) were
prepared using bidistilled water.

C, H and N contents were determined using a Carlo Erba
1106 elemental analyzer. The Infrared Radiation (IR) spectra
were recorded in the 4000–400 cm−1 region with a Nicolet FT-
VERTEX 70 spectrometer using KBr pellets. Absorption
spectra were scanned using a Lab-Tech UV Bluestar spectro-
photometer. Proton nuclear magenetic resonance (1H-NMR)
spectra and carbon-13 nuclear magnetic resonance (13C-
NMR) spectra were obtained with a Mercury plus 400 MHz
NMR spectrometer with trimethyl silane (TMS) as internal
standard and DMSO-d6 as the solvent. Mass spectra (MS)
were recorded on a Mass Spectrometer micrOTOF. The
corrected excitation and fluorescence spectra were taken on
a F97 Pro fluorescence spectrophotometer. A 1 × 1 cm2 quartz
cuvette was used for the spectroscopic analysis. Relative fluo-
rescence quantum yields (ФF) were measured using N-butyl-
4-n-butylamino-naphthalimide (ФF = 0.81 in ethanol) [49] as
standards. Thin Layer Chromatography (TLC) was performed
on silica gel, Fluka F60 254, 20 × 20, 0.2 mm. The melting
points were determined by means of a Kofler melting point
microscope. The synthetic route to 1 is shown in Scheme 1.

Synthesis of Sensor 1

A suspension of 4-bromo-1,8-naphthalic anhydride
(2.77 g,10 mmol) and 80 % hydrazine hydrate (1.25 g,
20 mmol) in 30 mL of ethanol was refluxed with stirring for
4 h [50]. The progress of the reaction was monitored by thin
layer chromatography (TLC) using dichloromethane as the
eluent. The mixture was cooled and the precipitated solids
were filtered, recrystallized from ethanol and dried to afford
N-amido-4-bromine-1,8-naphthalimide (2) as yellow-brown
crystals in 2.49 g (85.6 %) yield. 1HNMR (CDCl3): δ
(ppm) = 8.68 (d, 1H, J = 7.2 Hz), 8.60 (d, 1H, J = 8.4 Hz);
8.44 (d, 1H, J = 7.6 Hz); 8.06 (d, 1H, J = 8.06 Hz), 7.87 (t, 1H,
J = 7.6 Hz), 5.30 (s, 2H).

To a solution of 1.47 g (5 mmol) of N-amido-4-bromine-
1,8-naphthalimide (2) in 20 mL 2-methoxyethanol, 1.425 g
(15 mmol) of allylamine was added. The resulting mixture
was refluxed and stirred for 64 h and then poured into
100 mL of water. The precipitate was collected by filtration,
washed with water and dried to give 1.25 g of (92.68 %) of N-
amido-4-allylamine-1,8-naphthalimide (3). mp:180–182 °C.

Compound 3 (1 g, 3.75 mmol) was dissolved in absolute
ethanol (40 mL). An excess of salicylic aldehyde (0.68 g,
5.57 mmol) was added and the mixture was refluxed for 6 h.
After the mixture was cooled to room temperature, the precip-
itate that resulted was filtered, washed with water (3 × 10 mL)
and dried to give orange crude product. The crude product was
purified by column chromatography on flash silica gel using
dichloromethane-acetone (v:v = 5:1, Rf = 0.78) as eluent to
give 0.68 g (48.9 %) of the final product (1). mp:205–206 °C.
Anal. calcd. C 71.15; H 4.61; N 11.31 %; found: C 71.08; H
4.58; N 11.29 %. IR (KBr; v/cm−1):1701, 1669, 1653, 1582,
1542, 1343, 763. UV-Visible (in DMF, nm): 274, 327, 441.
M-S([C22H17N3O3] + 1) m/z = 372.1697. 1H NMR (DMSO-
d6, 400 MHz): δ (ppm) = 8.978(s, 1H), 8.745 (d, 1H,
J = 8.4 Hz); 8.50 (d, 1H, J = 7.6 Hz); 8.30 (d, 1H,
J = 8.4 Hz); 7.727–7.785 (m, 2H); 7.473–7.511 (m, 1H);
7.011–7.057(m, 2H); 6.768 (d, 1H, J = 8.8 Hz); 5.961–6.003
(m, 1H); 5.196–5.304 (m, 2H); 4.092 (s, 2H). 13C NMR
(DMSO-d6, 400 MHz): δ (ppm) = 169.632, 160.746,
160.175, 158.704, 150.931, 134.700, 134.472, 134.091,
131.264, 130.844, 128.932, 124.596, 122.005, 120.229,
119.719, 117.762, 116.762, 116.335, 107.542, 104.714,
44.933.

Results and Discussion

Molecular Design of Sensor 1 and Synthesis

The design methods of many fluorescent sensors are based on
two fundamental principles of photoinduced electron transfer
(PET) and internal charge transfer (ICT) [51, 52]. The PET
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system based on the Bfluorophore-spacer-receptor^ array
stands out as the most widely used method for the design of
fluorescent sensors and switches [53, 54]. In the ICT system,
there is a direct attachment of the receptor to the electron-
donating/withdrawing unit that is conjugated to the
fluorophore [51, 52]. During excitation of the system, the
fluorophore undergoes donor-acceptor intramolecular charge
transfer.

In this current investigation, sensor 1 was designed as a
fluorescent probe for the detection of Cu2+ ion based on the
ICT mechanism. The sensor is based on the Bfluorophore-
receptor’ paradigm in such a way that the fluorophore is di-
rectly connected to a receptor sensor with the sensor void of a
spacer.

The synthesis of sensor 1 was accomplished via three steps
as depicted in Scheme 1. It was fully characterized by elemen-
tal analysis, 1H NMR, 13C NMR, UV-vis and IR spectroscopy
and mass spectrometry. The spectral and elemental analysis
data are all in good agreement with their chemical structures.

Photophysical Characteristics of Sensor 1

As widely known, the photophysical properties of substituted
1,8-naphthalimides are largely dependent on the polarization
of their chromophoric systems. Absorption of light in these
molecules generates a charge transfer interaction between the
substituents at C-4 position and the imide carbonyl groups.
We thereby carried out the photophysical characteristics of 1
in acetone, acetonitrile, DMF, tetrahydrofuran and dichloro-
methane solvents. The absorption (λA) and fluorescence
(λF) maxima, the extinction coefficient (ε), the Stokes
shift (υA - υF), and quantum fluorescence yield (ФF) of 1 are
presented in Table 1.

As seen from the data in Table 1, compound 1 shows ab-
sorption band with maximum range of about 427–441 nm,
which is typical for 1,8-naphthalimides substituted in C-4 po-
sition with alkylamines. The molar extinction coefficient (ε)
falls within the range 10,670–19,390 M−1 cm−1, which is
higher than 10,000 M−1 cm−1, indicating that the absorption
spectra band at about 430 nm is attributed to S0 → S1 transi-
tion. The respective fluorescence maxima are in the region
502–526 nm.

The photophysical properties of 1 under study is largely
influenced by the polarity of the organic solvents, most espe-
cially is the quantum fluorescence yield and Stokes shift. The
Stokes shift (υA - υF) reflects the difference in the properties
and structure of the fluorophore between the ground state S0,
and the first exited state S1. We obtained the value of the
Stokes shift (cm−1) using the equation (1) [55]:

υA−υFð Þ ¼ 1=λA−1=λFð Þ � 107cm−1 ð1Þ

The Stokes shift values for 1 under investigation are in the
region of 3498–3938 cm−1. It is obvious that the value of the
Stokes shift depends on the solvent media, with polar solvents

Scheme 1 Chemical structure
and synthetic approach to sensor 1

Table 1 Photophysical properties of sensor 1 in organic solvents with
different polarity

Organic solution λA(nm) ε(M−1 cm−1) λF (nm) υA - υF
(cm−1)

ФF

acetone 432 19,390 518 3843 0.59

acetonitrile 433 16,050 522 3938 0.63

DMF 441 18,300 526 3664 0.72

tetrahydrofuran 431 10,670 509 3554 0.81

dichloromethane 427 12,420 502 3498 0.89
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yielding larger Stokes shift values than non-polar solvents
owing to their more favored hydrogen bond formation or
dipole-dipole interactions (Table 1). This observation is in
good agreement with investigations on other 1,8-
naphthalimide derivatives [56, 57]. The fluorescent quantum
yield, ФF is another interesting photophysical parameter,
which is used to characterize the ability of 1 to emit absorbed
light energy. We obtained the value of the fluorescence quan-
tum yield using N-butyl-4-n-butylamino-naphthalimide
(ФF = 0.81 in ethanol) according to equation (2) [49]:

ФF¼ Фref
Ssample

Sref

� �
Aref

Asample

� �
nsample

nref

� �2

ð2Þ

whereФF is the emission quantum yield of the sample,Фref is
the emission quantum yield of the standard, Aref and Asample

represent the absorbance of the standard and sample at the
excited wavelength, respectively, while Sref and Ssample are
the integrated emission band areas of the standard and sample,
respectively, and nref and nsample are the solvent refractive
index of the standard and sample, respectively. As expected,
the fluorescence quantum yield of 1 in polar solvents is lower
than that in non-polar solvents. This is explained on the basis
of the photoinduced electron transfer process which is favored
in polar solvents with the consequent result of low fluores-
cence emission [58].

Influence of pH on the Photophysical Properties
of Sensor 1

The pH sensing properties of sensor 1 arise from ICT process.
After protonation of sensor’s imine (C = N) nitrogen, the ICT
interaction would be affected and the fluorescence of the system
quenched [59]. Therefore, the emission of sensor 1 would expe-
rience an Bon-state^ at neutral media and Bswitched off^ in both
acidic and alkaline media. This principle provides the foundation
for the effect of pH on the photophysical properties of sensor 1.

Generally, the sensing behavior of fluorescent sensors is in-
fluenced by the protonation or deprotonation of the fluorophore,
which in turn affects their sensitivities in the detection of an
analyte [60]. The light-harvesting system under this present study
was designed as a molecular fluorescent probe for determination
of pH changes over a wider pH scale. This is why we chose to
investigate the photophysical behavior of 1 in Britton-Robison
buffer/dimethyl formamide (1:1) solution at varying pH values.
To acquire a great depth of insight, we utilized a wide pH range
of 1.81–11.82, adjusted with 0.1 M HCl and/or 0.1 M NaOH,
starting from the acidic region. As depicted in Fig. 1, in the 1.81–
11.82 pH region, the fluorescence intensity is pH-dependent. The
result reveals that the fluorescence intensity of 1 suffered a dra-
matic decrease when the pH value goes down from 3.78 to 1.81
or goes up from 11.82 to 7.96. However, the fluorescence inten-
sity of 1 did not undergo any significant changes in the range of

pH from 3.78 to 7.96, implying that 1 was actually pH-
independent between pH 3.78 to 7.96. In the light of this, we
conducted the following experiments in solution at pH 7.2.

Recognition Experiment of Sensor 1 in the Presence
of Various Metal Ions

A very crucial feature of any chemosensor is its ability for sin-
gular selectivity towards a specific analyte in the presence of
competing species. We obtained insights into the fluorescent in-
tensity of 1 as a ligand in the presence of various transition metal
cations (Na+, K+, Ca2+,Mg2+, Al3+, Pb2+, Fe3+, Ni2+, Zn2+, Cu2+,
Hg2+, Ag+, Co2+, Cr3+, Mn2+ or Cd2+, respectively) in Tris-HCl
(pH = 7.2) buffer/DMF(1:1,v/v) solution. The fluorescence emis-
sion spectra were recorded at room temperature with an excita-
tion at 444 nm. In the presence of metal cations in the solution, 1
acts as a ligand during the interaction between the components
which is signaled by the changes in the fluorescence intensity. As
seen from Fig. 2a, we found that only Cu2+ caused a significant
fluorescence quenching at 539 nm among the various transition
metal ions tested under the same conditions. These results clearly
indicate that 1 could be used as a Cu2+ selective fluorescent
sensor.

Selectivity Study of Sensor 1 for Cu2+ Ion
over Competitive Metal Ions

To evaluate the affinity of 1 to Cu2+, a competitive binding
experiment between Cu2+ and other metals to 1 was carried
out by using a mixed solution containing Cu2+ (10 μM) and
each of the other metal cations (Na+, K+, Ca2+, Mg2+, Al3+,
Pb2+, Fe3+, Ni2+, Zn2+, Hg2+, Ag+, Co2+, Cr3+, Mn2+ or Cd2+)
at a concentration of 10 μM in Tris-HCl (pH = 7.2) buffer/
DMF(1:1,v/v) solution. From the inset Fig. 2b, we can see that
there was no obvious discrimination of Cu2+ rendered by 1

Fig. 1 Photophysical behavior of sensor 1 in Britton-Robison buffer/
DMF (1:1) solution at different pH values
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even in the presence of competitive metal ions, which implies
that compound 1-Cu2+ system was hardly affected by these
coexistent ions.

Fluorescence Titration of Sensor 1 in the Presence
of Increasing Concentration of Cu2+ Ion

In order to gain insight into the binding interaction between 1
with Cu2+, we performed fluorescence titration experiments of
1with Cu (NO3)2 in Tris-HCl (pH = 7.2) buffer/DMF(1:1, v/v)
solution. With an increasing concentration of Cu2+, the inten-
sity of the maximum emission at 539 nm suffered a gradual
decrease (Fig. 2c). The fluorescence intensity almost reached
a minimum when the amount of added Cu2+ ion was about
5 × 10−6 M. As more Cu2+ was titrated, the fluorescence

intensity showed negligible changes. The nonlinear curve
fitting of the fluorescence titration gives a 1:1 stoichiometric
ratio between compound 1 and Cu2+. Moreover, Job’s plot
[61], which exhibits a maximum at 0.5 M fraction of Cu2+,
indicates that only a 1:1 complex is formed (Fig. 2d).

UV-Vis Titration of Sensor 1 in the Presence of Increasing
Concentration of Cu2+ Ion

Furthermore, we performed the UV-vis titration experiment of
1 with Cu2+ in Tris-HCl (pH = 7.2) buffer/DMF (1:1, v/v)
solution. Figure 3 reveals the UV-vis absorption spectra of 1
(5 × 10−6 M) in the presence of various concentrations of Cu2+

ion (0–1 × 10−5 M, 0-2 eq) while the inset shows the plot of
changes in 326 and 373 nm maxima as a function of increasing

Fig.2 a Fluorescence spectra of sensor 1 (5 × 10−6 M) in Tris-HCl
(pH = 7.2) buffer/DMF(1:1,v/v) solution towards Na+, K+, Ca2+, Mg2+,
Al3+, Pb2+, Fe3+, Ni2+, Zn2+, Cu2+, Hg2+, Ag+, Co2+, Cr3+, Mn2+ or Cd2+

(2 eq) with an excitation at 444 nm; b Competitive experiments in sensor

1 + Cu2+ system with interfering metal ions at 539 nm; c Fluorescence
titration spectra of sensor 1 with Cu2+ (0-2 eq) in Tris-HCl (pH = 7.2)
buffer/DMF (1:1, v/v) solution; d Job’s plot at 539 nm

J Fluoresc (2017) 27:79–87 83



concentrations of Cu2+. The absorbance of 1 at 326 nm gradually
decreases with an increasing concentration of Cu2+ ion, showing
a clear evidence of C =N coordination to Cu2+ ion. Owing to the
coordination of 1 with Cu2+ ion, the absorbance at 373 nm in-
creases with an increasing concentration of Cu2+ ion. When the
amount of Cu2+ ion addedwas about 5 × 10−6M, the absorbance
of 1 at 326 nm and 373 nm reached a minimum and maximum,
respectively. As more Cu2+ was titrated, the absorbance showed
negligible changes, implying a 1:1 stoichiometry complex was
formed. More interesting to note is that two isobestic
points appeared at 304 nm and 353 nm. Moreover, the
absorption at 274 nm and 448 nm could be assigned to
π–π* transitions of benzene and naphthalene ring,
respectively.

Determination of Association Constant and Detection
Limit

Based on the fluorescence titration of compound 1with Cu2+, the
association constant has been calculated to be 1.088 × 106 M−1

(error limits ≤10 %) by a Benesi-Hildebrand equation [62–64]
(Fig. 4).

1

F−F0
¼ 1

Ka Fm−F0ð Þ Cu2þ
� �n þ 1

Fm−F0
ð3Þ

Herein, F is the fluorescence intensity at 539 nm at any
given Cu2+ concentration, F0 is the fluorescence intensity at
539 nm in the absence of Cu2+, and Fm is the minimum fluo-
rescence intensity at 539 nm in the presence of Cu2+ in

solution. The association constant Ka was evaluated graphi-
cally by the plot of log [(F-F0)/(Fm-F)] versus log[Cu

2+].
Figure 5 also further confirms the good linearity be-

tween the emission at 539 nm and concentrations of
Cu2+ in the range from 0.5 to 5 μM, indicating that
sensor 1 can detect quantitatively relevant concentra-
tions of Cu2+.

We calculated the limit of detection (LOD) based on the
definition by IUPAC and the information obtained from the
Stern-Volmer plot according to the equation below [65]:

CDL ¼ 3 σ=k ð4Þ

Fig. 3 UV-vis titration of sensor
1 (5 × 10−6 M) in 1 × 10−3 M Tris-
HCl (pH = 7.2) buffer/DMF
(1:1,v/v) solution with increasing
amount of Cu2+ (0–1 × 10−5 M,0-
2 eq) and Absorbance plot of 1
against increasing concentration
of Cu2+ at λ326nm and λ373nm
(inset)

Fig. 4 Benesi-Hildebrand linear analysis plots of sensor 1 at different
Cu2+ concentration
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where σ is the standard deviation of the blank solution and k is
the slope between F0/F versus [Cu2+]. The value of LOD was
obtained to be 0.32 μM, which is far lower than theWHO and
U.S. EPA regulated limits of 31.5 μM and 20 μM, respective-
ly [19, 66]. This result substantiates that the proposed sensor 1
could monitor Cu2+ ion in sufficiently low concentrations
whether in environmental- or biological system.

Effects of Anions on the Sensing Properties of Sensor 1
towards Cu2+

In order to explore the effects of anionic counter-ions on the
sensing behavior of 1 to Cu2+ ion, fluorescence responses of 1
to sulfate, chloride, bromide, oxalate and nitrate salts of cop-
per were performed in Tris-HCl (pH = 7.2) buffer/DMF(1:1,v/
v) solution. As can be seen from Fig.6, there were no

noteworthy changes in the fluorescence responses of 1 to
CuSO4, CuCl2, CuBr2, CuC2O4 and Cu (NO3)2.

Proposed Binding Mechanism

Based on the results of the absorption titration spectra, fluores-
cence titration spectra and Job’s plot, we hereby propose the
binding mode of sensor 1 with Cu2+. As shown in Scheme 2,
the mechanism for Cu2+ quenching is explained as due to intra-
molecular charge transfer (ICT) [1, 16, 52]. The chelation be-
tween sensor 1 and Cu2+ is facilitated by the additional coordi-
nation from: (i) the imine group, C = N group, which displays a
high level of binding affinity with many transition and post-
transition metal ions [67, 68] and (ii) the hydroxyl oxygen group.
The sensor 1 was designed in such a way that these two func-
tional groups are positioned in a way that facilitates their prox-
imity to the fluorophore moiety. Upon coordination of Cu2+ with
sensor 1, there is a chelation between the metal ion and N of the
C = N group and O of the hydroxyl oxygen group, leading to the
repression of the fluorescence emission intensity.

Fig. 5 Curve of fluorescence intensity at 539 nmof sensor 1 (5 × 10−6M)
versus increasing concentrations of Cu2+ (0.5–5 μM)

Fig. 6 Fluorescence spectra of sensor 1 (5 × 10−6 M) in Tris-HCl
(pH = 7.2) buffer/DMF (1:1,v/v) solution in the presence of different
copper salts (1 × 10−5 M) with an excitation at 444 nm

Scheme 2 Proposed binding mode of sensor 1 with Cu2+

Table 2 Results of Cu2+ determination in different water samples using
sensor 1

Water
sample

Cu2+ spiked
(μM)

Cu2+ recovery,
mean S.D. (μM)

Recovery
(%)

Yellow river

2 2.02 ± 0.02 99

3 3.04 ± 0.21 102.5

4 4.54 ± 0.14 98.4

5 5.32 ± 0.20 108.1

6 6.15 ± 0.33 111.5

Tap 2 1.99 ± 0.04 95

3 3.02 ± 0.22 100.3

4 4.36 ± 0.17 106.8

5 5.40 ± 0.25 109.1

6 6.18 ± 0.39 112.6
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Application of Sensor 1 for Cu2+ Ion Analysis in Water
Samples

To evaluate the potential applicability of sensor 1 in real water
sample analysis, it was applied for the determination of Cu2+

in Yellow River water sample (Yellow River is a popular river
in Northwest China that flows through Lanzhou City wherein
our school, Lanzhou Jiaotong University is located) and tap
water sample (sourced from our school). The pH of all the
water samples were suitably adjusted by HEPES aqueous
buffer solution (pH = 7.4) and analyzed with sensor 1.
Summarized in Table 2 are the results obtained, which showed
excellent recovery and mean S.D. values for all the samples.
Obviously, sensor 1 could facilitate the detection Cu2+ in real
water samples.

Conclusions

In summary, we have designed and synthesized a new fluo-
rescent sensor for the detection of Cu2+ ion. The sensor, con-
taining a 1,8-napthalimide moiety and a Schiff base unit,
displayed a high selectivity and sensitive towards Cu2+ with
little interference observed from other coexistent metal ions.
According to the results of UV-vis titration, fluorescence titra-
tion and Job plot, we determined the binding ratio of sensor-
Cu2+ complex to be 1:1. The proposed sensor exhibits a linear
response towards Cu2+ in the concentration range covering
from 0.5 to 5 μM with a detection limit of 0.32 μM. These
results clearly demonstrate that our proposed sensor could be
useful for analysis of Cu2+ in environmental samples and even
for biological studies.
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