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A New Anthracene Based Fluorescent Turn-On Sensor for Fe3+
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Fluorescent metal ion sensors have become increasingly
important tools for the quantitative, real time monitoring of
metal ions in biological, environmental, medical and elec-
tronics.1-7 These methods have multiple advantages over
other methods, such as high sensitivity, low cost, ease of
application and versatility.8

Typical fluorescent sensors consist of a receptor linked to
a fluorophore directly or through a spacer. Wherein the
receptor moiety is capable of selectively interacting with an
analytes, the fluorophore converts the recognition proceed-
ings into fluorescent signals. Several fluorophore based sensors
such as anthracene,9a coumarin,9b rhodamine,9c BODIPY
(borondipyrromethene),9d naphthalenediimide,9e pyrene,9f

ferrocene,9g fluorescein,9h porphyrin,9i fluorene,9j calixarene9k

and quinolone9l were reported.
Anthracene and its derivatives, a highly fluorescent fluoro-

phore, have been investigated into a number of functions for
sensing metal ions,10 pH,11 simple inorganic anions12 and
small organic molecule.13 They have shown very interesting
photo-physical properties. Upon complexation the CHEF
(chelation enhanced fluorescence) or CHEQ (chelation en-
hanced fluorescence quenching) was observed for these
systems.14-18

Up to now, some Fe3+ selective fluorescence probe have
been reported19 since Fe3+ is not only a biologically essential
element but also a cofactor in many enzymatic reactions
such as in oxygen-carrying capacity of hem.

Herein, we have synthesized and investigated a new fluore-
scent “turn-on” sensor that responded to Fe3+ through
anthracene moiety. And metal ion binding properties were
investigated by 1H NMR and fluorescence titration analysis.

Synthetic route of 9,10-bis(3-hydroxypropylamino-meth-
yl)anthracene (1), a new Fe3+ sensor, was synthesized as

shown in Scheme 1.
Upon addition of Fe3+ (10 M, 1.0 equiv., nitrate salt) to

the solution of compound 1, colorless and non-fluorescent in
acetonitrile solution, the fluorescence intensity increased
rapidly, peaking at em = 421 nm. However, no changes were
observed by Ag+, K+, Li+, Na+, Ca2+, Cd2+, Co2+ and Ni2+ (10
M, 1.0 equiv., nitrate salt). On the other hand, the addition
of Cu2+ or Zn2+ induced a small emission increment in
acetonitrile solution (Figure 1). These photophysical data
also indicated that anthracene derivative compound 1 had
high selectivity and sensitivity to Fe3+.

The fluorescence titration of 1 (10 M) was then con-
ducted by different Fe3+ amounts (0 to 4.0 equiv.). As shown
in Figure 2(a), the fluorescence intensity at 421 nm increased
as sigmoidal curve and reached saturation by addition of

Scheme 1. Synthetic Route to compound 1.

Figure 1. (a) Fluorescence intensity spectra of 1 (c = 1.0 × 105 M)
in the presence of various metal ions (c = 1.0 × 105 M). Inset: The
fluorescence image of a solution of 1 with metal ions excited by
UV lamp ( = 365 nm). Conditions: CH3CN, ex = 373 nm, em =
421 nm.
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equivalent Fe3+ (1 equiv.). The results revealed that sensor 1
behaved a good sensitivity toward Fe3+ and combined Fe3+

through a 1:1 stoichiometry. This result was further confirm-
ed by the Job’s plot (Figure 2(b)). In the Job’s plot, the
maximum fluorescence change was observed when the molar
ratio of compound 1 versus Fe3+ was 0.5. Thus, in accordance
with the 1:1 stoichiometry, the possible binding mode bet-
ween 1 toward Fe3+ could be proposed in Scheme 2.

Competitive recognition of Fe3+ in the presence of various
other metal ions, even in equal concentration, was also
studied and shown in Figure 3. It was observed that Fe3+

detected in presence of the other metal ions like Ag+, K+,

Li+, Na+, Ca2+, Cd2+, Cu2+, Zn2+, Co2+ and Ni2+. From the bar
diagram, we could find out that the intensity negligibly
change in presence of other metal ions. Therefore we could
make it sure that other ions’ interferences were insignifi-
cantly small during the detection of Fe3+, which obviously
strongly indicated the excellent selectivity of compound 1.

To approve the nature of the complexation between 1 and
Fe3+, the 1H NMR spectrum of 1 was recorded in the absence
and presence of Fe3+ (Figure 4). The 1H NMR spectrum of 1
in CH3CN showed two aromatic protons (H5, H6) as multi-
plets in the region between  7.5 and 8.5, whereas the
hydroxyalkylamine protons appeared as singlet and triplets 
3.0 to 4.7, respectively. With an increase by the addition of
Fe3+, the aromatic and alkyl protons exhibited downfield
shifts in the range  = 0.0-0.54. These observations effec-
tively recommended the prospect of coordination between
the donor set (HO, -NH) in 1 and the Fe3+. Chemical shift
change () decreased in the following order; H4 > H3 >>
H1, indicating that the Fe3+ connected more strongly to the
bridgehead nitrogen atoms than to oxygen atoms.

In conclusion, we have developed a new fluorescent
sensor for Fe3+ based on anthracene moiety of hydroxyalkyl-
amine. Fluorescent sensor 1 displayed highly selective and
sensitive fluorescent “turn-on” toward Fe3+ in acetonitrile
solution. The 1:1 stoichiometry of sensor complex 1+Fe3+

was confirmed by Job’s plots based on fluorescence emission
titration. Furthermore, the binding sites of sensor complex
1+Fe3+ was properly identified from 1H NMR study.

Experimental

Synthesis of 1. To a solution of 3-amino-1-propanol 1.28
g (17mmol) in anhydrous dimethylsulfoxide (30 mL) under
nitrogen atmosphere, was added slowly 9,10-bis(chloro-
methyl)anthracene 0.90 g (3.3 mmol) at room temperature.
After stirring for 6 h, water (70 mL) was poured into the
reaction mixture. Then the product was extracted by di-
chloromethane. The combined organic layer was dried with
anhydrous sodium sulfate and the solution was evaporated to
dryness. The crude product washed with acetone to give
0.65 g (56%, pale yellow solid) of 1. 1H NMR (DMSO-d6) 
1.63 (4H, qt), 2.83 (4H, t), 3.47 (4H, t), 4.58 (4H, s), 7.53
(4H, dd), 8.41 (4H, dd), MS (m/e): 352, HRMS: calcd. for
M+ (C22H28N2O2) 352.2151, found 352.2147.

Figure 2. Emission spectra of 1 (c = 1.0 × 105 M) during titration
of 0-4 equivalent of Fe3+. Inset (a): The fluorescence intensity as a
function of [Fe3+]. Inset (b): Job’s plot data for evaluating the
stoichiometry of 1+Fe3+ complex Conditions: CH3CN, ex = 373
nm, em = 421 nm.

Scheme 2. Proposed binding mode of compound 1 with Fe3+.

Figure 3. Fluorescence intensity ratio of 1 (c = 1.0 × 105 M) with
various metal ions (c = 1.0 × 105 M) in the absence (blue bar) and
presence (red bar) of Fe3+ (c = 1.0 × 105 M). Conditions: CH3CN,
ex = 373 nm, em = 421 nm.

Figure 4. The partial 1H NMR spectra of compound 1 (c = 1.0 ×
104 M) [1] and in the presence of 1.0 equiv. of Fe(NO3)3 [1+Fe3+]
in CD3CN.
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