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Abstract
A simple rhodamine-based fluorescent probe L1, which exhibits good response to Fe3+ in CH3CN/Tris-HCl buffer (v:v = 9:1,
pH 7.00) solution. With the experimental conditions optimized, the probe L1 could be used as a fluorescent and colorimetric
probe for Fe3+ with the detection limit as low as 0.29 μM. The binding constant (Ka) of Fe

3+ binding to the probe L1 were
calculated to be 1.4 × 1010 M−2, respectively from a Benesi-Hildebrand plot. With the addition of Fe3+, the CH3CN/Tris-HCl
buffer (v:v = 9:1, pH 7.00) solution of the probe L1 exhibited a obviously color change from transparent to pink with distinctive
changes. More importantly, the recognition process of the probe L1 for Fe3+ was chemically reversible on the addition AcO−.
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Introduction

Over the last few decades, the design and construction of
probe for detection of transition cations have already attracted
growing research due to their nondestructive and simplicity
[1–4]. The transition metal ions play crucial roles in the bio-
logical, industrial, chemical and as well as environmental pro-
cesses. Indeed, it is vital to developing simple and advanced
probes for trivalent metal ions with perfect response in envi-
ronmental and biological systems [5–7]. Fe3+ is one of metal

ions in living biological body, and also it plays a major role in
metabolism. However, the deficiency of Fe3+ may also cause
anemia, liver damage and etc. The deficiency and overdose of
Fe3+ induces imbalance in iron transport and its storage, and it
maybe lead to various pathological disorders [8–12].
Therefore, Fe3+ is an essential element in human body.

Over the past few years, huge amount of fluorescent probes
for Fe3+ have been strategized [13–17]. Recently, the
rhodamine-based fluorescent probes have been utilized as a
fluorescent labeling reagent owing to their unique
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1. A simple rhodamine-based fluorescent probe L1 for Fe3+ and the
detection limit of 2.37 μM.
2. The probe L1 showed highly selective and sensitive response toward
Fe3+ in CH3CN/Tris-HCl buffer solution.
3. The probe L1 shows a 2:1 binding mode under physiological pH
condition.
4. The recognition process of the probe L1 for Fe3+ was chemically
reversible on the addition AcO-.
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fluorescence behavior, such as large quantum yield, excellent
photostabilities, large extinction coefficient, and so on
[18–23]. In particular, to the best of our knowledge, there
are a lot of derivatives of rhodamine undergo a balance be-
tween the closed-ring and ring-open forms, while the two
different forms often exhibit completely different fluorescent
properties. From then on, by such design, many rhodamine-
based probes have been succeed in detection of metals ions,
such as Cu2+ [24–27], Hg2+ [28–34], Cr3+ [35–38]and other
metal ions [39–49].

To date, there are many probes for Fe3+. For example,
Yue’s group synthesized a rhodamine B derivative probe for
trivalent cations (Cr3+, Fe3+, and Al3+) to work in a methanol,
the selectivity of this probe is not very well [50]. With a sim-
ilar fluorophore, Wang’s group developed a FRET-based
probe that can selectively detect in metal ions (Fe3+ and
Al3+) with CH3CN-H2O (5:1, v/v), the selectivity of this probe
is not good and the limit of detection for metal ions is not
given [51]. Apparently, the selectivity of the above probes is
not good. Thus, it is important to design a fluorescent probe
for Fe3+ detection with low selectivity detection.

Herein, we present a rhodamine 6G derivative L1, synthe-
sized by rhodamine 6G hydrazide and glyoxal. The performs
of the probe L1 towards various cations was carried out by
UV-vis and fluorescence spectroscopy in CH3CN/Tris-HCl
buffer (0.01 M, v:v = 9:1, pH 7.00) solution. The probe L1
exhibited a good performance to Fe3+ over other cations.
Moreover, the binding of L1 and Fe3+ was chemically revers-
ible by the addition of AcO− solution.

Experimental

Apparatus

Absorption spectra were recorded on a Shimadzu UV-2550
spectrophometer (Tokyo, Japan). Fluorescence spectra and
relative fluorescence intensity were performed on a Hitachi
Fluorescence spectrophotometer-F-4600 (Tokyo, Japan). The
melting points were determined on an X-4 microscopic melt-
ing point apparatus with a digital thermometer (Shanghai,
China). Carbon, hydrogen, and nitrogen were performed on
an Elemental Vario EL Analyzer. 1H NMR and 13C NMR
spectra were recorded on a Varian mercury-300 spectrometer

with TMS as an internal standard and CDCl3 as solvent. Mass
Spectrometer were obtained from Esquire6000 ion trap mass
spectrometer (Brooke Dalton, USA).

Synthesis of the Probe L1

The probe L1 (Scheme 1) was designed by condensation of
rhodamine 6G hydrazide with glyoxal according to an analo-
gous methods reported by Tian [52]. Frist, the rhodamine 6G
hydrazide (0.21 g, 0.5 mmol) and an excessive glyoxal
(2.0 mL, 40% in water) were dissolved in ethanol (15 mL),
then stirred at ambient temperature for 5 h. The precipitate
produced was filtered and washed 3 times with 10 mL cold
ethanol, the probe L1 was dried under reduced pressure.
Yield: 0.192 g (89%). m.p. 257 °C. 1H NMR (300 MHz,
CDCl3) δ (ppm) = 9.42(d, J = 7.6 Hz, 1 H), 8.07(d, J =
6.8 Hz, 1 H), 7.48–7.55(m, 2 H), 7.29(d, J = 7.6 Hz, 1 H),
7.05(d, J = 7.6 Hz, 1 H), 6.36(s, 2 H), 6.25(s, 2 H),3.56(s, 2
H), 3.21(m, 4 H), 1.88(s, 6 H), 1.32(t, J = 7.2 Hz, 6H). 13C
NMR (75 MHz, CDCl3) δ(ppm) = 192.44, 166.02, 153.03,
150.91, 147.92, 140.89, 135.05, 128.63, 127.04, 126.35,
124.05, 118.31, 104.09, 96.92, 66.03, 58.42, 38.26, 18.41,
16.66, 14.66; Elemental analysis, calcd. For the probe L1
(C28H28N4O3), C 71.78, H 6.02, N 11.96%; Found: C 71.86,
H 6.05, N 11.93%; ESI-MS (m/z) found: 469.5 [M +H]+,
calculated 469.2 for C28H29N4O3

+.

Results and Discussion

UV-Vis Spectral Responses of the Probe L1

UV-vis spectra were taken in a CH3CN/Tris-HCl buffer
(0.01 M, v:v = 9:1, pH 7.00) solution. As is well known, the
time is, for probes, an extremely important factor. From Fig.
S1, with the addition of 20 equiv. Fe3+ ions, the absorption at
530 nm increased rapidly within 2 min. As shown in Fig. 1,
upon treatment with Fe3+, the color of L1 only and with the
addition Fe3+ in the visible region changed from colorless to
pink (Fig. 1, insert), as well as with a new enhancement of the
absorbance at around 530 nm. Under the same conditions, no
obvious response could be detected of other cations including
Cu2+, Zn2+, Cr3+, Mg2+, Mn2+, K+, Na+, Cd2+, Ni2+, Co2+,
Fe2+, Hg2+ and Ag+ (Fig. 2). From Fig. S2, the absorbance
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Scheme 1 Synthesis of the probe
L1.
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calibration value as a function of Fe3+ concentration in
CH3CN/Tris–HCl buffer (0.01M, v:v = 9:1, pH 7.00) solution
was obtained an effective linear relationship. Based on this
approach, the above result implies that the probe L1 has a
high selectivity and sensitivity toward Fe3+ over other various
competitive cations.

Fluorescence Spectral Responses of L1

From Fig. 3, the probe L1 (1 × 10−5 M) in CH3CN/Tris-HCl
(v:v = 9:1, pH 7.00) solution displayed a very weak fluores-
cence without metal ions. When 10 equiv. cations of Cu2+,
Co2+, Zn2+, Cr3+, Mg2+, Mn2+, K+, Hg2+, Na+, Cd2+, Ni2+,
Ag+, Fe2+ were respectively added into the solution of L1,
which had no obvious change of fluorescence intensity at
561 nm. Corresponding to the above, when adding 10 equiv.

Fe3+ ions, we can saw a good enhancement of fluorescence
intensity at 561 nm and it can remained stable for a long time
(Fig. S3). The results further indicated that the probe L1 had a
high sensitivity for Fe3+ ions.

Figure 4 showed the fluorescence intensity increased by
gradual adding Fe3+ ions in CH3CN/Tris-HCl buffer
(0.01 M, v:v = 9:1, pH 7.00) solution. It could be seen that
probe L1 displayed no obvious fluorescence spectral. When
adding Fe3+ ions, the fluorescent emission intensity at 561 nm
gradually increased with increasing concentrations of Fe3+

ions, the changes in the fluorescent spectra stopped at 10
equiv. of Fe3+ ions. Apparently, the concentration of Fe3+

was obtained an effective linear relationship. The limit of de-
tection (LOD) for Fe3+ was calculated as three times the stan-
dard deviation for the average measurements of twenty blank
samples by slope (LOD = 3σ/slope,σ is the standard deviation

Fig. 1 UV-vis titrtion of the probe L1 with Fe3+ ions (0–10 equiv.) in
CH3CN/Tris-HCl buffer (0.01 M, v:v = 9:1, pH 7.00). Inset: The color of
probe L1 only and with the addition Fe3+ ions in the visible region

Fig. 2 UV-vis absorption of the probe L1 (10 μM) in CH3CN/Tris-HCl
buffer(0.01 M, v:v = 9:1, pH 7.00) solutions with other various cations
(Fe3+, Ag+, Ni2+, Cd2+, Co2+, Na+, Mn2+, Cr3+, Cu2+, Hg2+, Mg2+, K+,
Fe2+, Zn2+)

Fig. 3 Fluorescence emission changes of probe L1 (10 μM) in CH3CN/
Tris-HCl buffer (0.01 M, v:v = 9:1, pH 7.00) upon addition of other
various 100 μM metal ions

Fig. 4 Fluorescent intensity (λex = 530 nm) changes of the probe L1
(10 μM) in CH3CN/Tris–HCl buffer (0.01 M, v:v = 9:1, pH 7.00)
solution upon the addition of Fe3+ ions (0–10 equiv)
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of the blank and the slope between the fluorescence intensity
versus Fe3+ concentration as shown in Fig. 5). Therefore, the
probe L1 is highly sensitive to Fe3+ ions, with LOD as low as
0.29 μM.

The Effect of pH

The fluorescence response of probe L1 toward pH is an ex-
tremely important factor. Fluorescence pH titrations of the
probe L1 were obtained in CH3CN/H2O (v:v = 9:1) solution
with different pH conditions. As exhibited in Fig. 6, the free
probe L1, the fluorescence intensity is strong at pH < 4, which
was due to the opening shape of rhodamine. When pH > 4,
there are no obviously fluorescence intensity change, which

may be caused by closed structure. However, Fig. 6 showed
that probeL1 could detect Fe3+ ions with a wide pH span from
pH 4 to pH 10, which was due to Fe3+-promoted ring opening.
The probe L1 was colorless without Fe3+ ions because of the
spirolactam form of probe L1 predominated. It was very im-
portant for the application of the probe L1 in both environ-
ment and living cells because the change of pH in microenvi-
ronment may be caused by certain biological stimuli.

Test Solvent System Selection

The fluorescence change that occurred in Tris-HCl buffer so-
lution (0.01 M) to a CH3CN solution containing probe L1 and

Fig. 5 The linear relation of fluorescent intensity as a function of Fe3+

concentration at 561 nm in CH3CN/Tris–HCl buffer (0.01 M, v:v = 9:1,
pH 7.00) solution

Fig. 6 Fluorescence intensity (λem = 561 nm) of probe L1 (10 μM) and
probe L1 + 10 equiv. of Fe3+ ions in CH3CN/H2O (v:v = 9:1) with
different pH conditions

Fig. 7 Fluorescence spectral of probe L1 (10 μM) upon addition of Fe3+

ions (100 μM) in CH3CN including different concentrations of water
(λex = 530 nm)

Fig. 8 Fluorescence intensity of probe L1 to various metal ions in
CH3CN/Tris–HCl buffer (0.01 M, v:v = 9:1, pH 7.00) solution. The
black bar represent the spectra of the probe L1 (10 μM) obtained with
10 eqiv. of other cations. The red bar represents the probe L1 (10 μM)
with Fe3+ ions (100 μM) and other cations (100 μM)
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Fe3+ ions was studied. From Fig. 7, the fluorescence intensity
of the probe L1 with Fe3+ ions declined rapidly with the
change of Tris-HCl buffer solution content from 0% to 20%,
the fluorescence intensity keep slowly decreased when adding
more Tris-HCl buffer solution. In order to be able to test better
under the buffer system and eliminate interference from Fe3+

ions, we chose CH3CN/Tris–HCl buffer (0.01 M, v:v = 9:1,
pH 7.00) solution as the test condition for this experiment.

Tolerance of L1 to Other Metal Ions

In order to explore the practical utility of probe L1 as a good
fluorescent probe for Fe3+, the competition experiment was
tested. From Fig. 8, the fluorescence changes of probe L1
was performed in CH3CN/Tris-HCl buffer solution (0.01 M,
v:v = 9:1, pH 7.00) by treatment of 10 equiv. Fe3+ ions in the

presence of 10 equiv. other cations including Cu2+, Co2+,
Ni2+, Cr3+, Mg2+, Mn2+, K+, Na+, Cd2+, Hg2+, Zn2+ and
Ag+. The results showed that Fe3+ evoked the similar fluores-
cence changes in the absence and in the presence of other
cations. The above results exhibited that the tested back-
ground cations had small or no interference to Fe3+.

Proposed Sensing Mechanism of L1 towards Fe3+

The binding stoichiometry of probe L1 towards Fe3+

ions was obtained from the Job’s method on the basis
of UV-vis absorbance spectrum [53]. The total concen-
tration of probe L1 and Fe3+ was 20 μM in CH3CN/
Tris–HCl buffer (0.01 M, v:v = 9:1, pH 7.00) solution.
As shown in Fig. 9, the absorbance intensity showed a
maximum when the molar fraction of probe L1 was
about 0.33, which indicated that a possible 2:1 binding
stoichiometry between probe L1 and Fe3+ as shown in
Scheme 2.

This binding stoichiometry was further confirmed by
Benesi–Hildebrand method [52]. When assuming a 2:1 asso-
ciation between probe L1 and Fe3+, the following equation is
obtained:

1

A−A0
¼ 1

Amax−A0ð ÞK Fe3þ
� �

0

2 þ
1

Amax−A0ð Þ ð1Þ

A0 is the absorbance of L1, A is the absorbance of
L1 with Fe3+ ions, Amax is the absorbance obtained with
huge amount of Fe3+, K is the association constant
(M−2), and [Fe3+]0 is the concentration of Fe3+ added
(M). The plot of titration profiles based on 2:1 bonding
mode showed excellent linearity (Fig. 10), confirming
that L1 associated with Fe3+ in 2:1 stoichiometry. The
association constant, K, between two L1 and Fe3+, is
determined from the slope to be 1.4 × 1010 M−2.

Fig. 9 Job’s plot of the complex formed by [Fe3+]/([L1] + [Fe3+]). The
total concentration ofL1 and Fe3+ was 20μM inCH3CN/Tris–HCl buffer
(0.01 M, v:v = 9:1, pH 7.00) solution. The wavelength of absorbance is
530 nm

Scheme 2 The proposed sensing
mechanism of probe L1 towards
Fe3+.
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Reversible Test of L1 towards Fe3+ by AcO−

The interaction between probe L1 and Fe3+ is reversible, as
evidenced by the introduction of NaAc in probes containing
probe L1 (10 μM) and Fe3+ ions (50 μM) systems. As shown
in Fig. 11, adding 200 μM of AcO− can make the probe and
Fe3+ system become colorless from pink, meanwhile, the fluo-
rescence intensity decreased by about 70%. The fluorescence
intensity of the system after adding Fe3+ ions enhanced, the
process can be repeated at least 3 times, which proves that the
probe L1 can be reused after proper treatment.

Practical Applications

To further verify the applicability of probe L1 in the environ-
mental science, we decided to use probe L1 to detect traces of
Fe3+ ions in different real water samples with the standard
addition method [2]. The results shown that the fluorescence

spectra no huge change in samples, thus we did the recovery
tests. The recovery from 93.60 to 97.70%, which shows the
probe L1 is good for Fe3+ detection (Table 1).

Conclusions

In a word, we havemodulated a good fluorescent probeL1 for
Fe3+over other cations in CH3CN/Tris-HCl buffer (0.01 M,
v:v = 9:1, pH 7.00) solution. The probe L1 shows excellent
selectivity and sensitivity for Fe3+ ions with clear color chang-
es from colorless to pink and clear fluorescence activity
changes, via a 2:1 binding mode with a detection limit of
0.29 μM. Furthermore, the recognition process of the probe
L1 for Fe3+ was chemically reversible on the addition AcO−.
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