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Two novel fluorescent ionic liquids based on europium and dysprosium, [MOEMIM][LN(NOs)4] (Ln = Eu, Dy),
were synthesized. They exhibited good fluorescence properties under UV-light irradiation, and the
phosphor presented bright red (Eu®*) and light blue (Dy*") luminescence. This is the first time that the
application of lanthanide-based room temperature ionic liquids has been investigated in the field of
fluorescence analysis for aromatic compounds. As a fluorescence-quenching sensor for o-(m-, p-)
nitrotoluene, trace amounts of the quenchers caused the fluorescence intensity to decrease and
produced significant fluorescence quenching. Additionally, p-nitrotoluene gave the most significant
fluorescence quenching effect among the three isomeric nitrotoluenes; also, the quenching coefficient
Ksy was calculated using the Stern—Volmer equation. What's more, the two fluorescent ionic liquids
demonstrated high selectivity toward nitrotoluene even in the presence of methylbenzene, phenol,

Received 6th June 2017
Accepted 10th July 2017

DOI: 10.1039/c7ra06300h chlorobenzene, and aminobenzene. Hence, the selective recognition of nitrotoluene from other
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Introduction

Ionic liquids (ILs) have attracted much attention from both the
industrial and academic communities due to the nature of
these liquid soft materials." Recently, IL-containing systems
have been widely studied and different nanostructures in IL-
containing systems have been obtained, such as micelles,*
emulsions,® microemulsions,* gels,>® liquid crystals and vesi-
cles.”” In recent years, ILs have also been discovered that
exhibit fluorescence, and can therefore be applied in the
determination of mercury ions,' picric acid,"* and others,"”**
which indicates that they are promising for fluorescence
detection.

Nitrotoluene compounds are very important organic chemical
materials and intermediates, which are widely applied in the
pharmaceutical, pesticide and dye industries."> However, pollu-
tion due to nitrotoluene causes adverse effects in industrial
wastewaters and consequently on human health.’® As multiple
aromatic compounds exist in industrial wastewaters, among
them, nitrotoluene, as a kind of toxic and non-degradable
material, is hard to detect in industry, so methods for its detec-
tion have received growing interest. Current detection methods
for nitrotoluene typically include gas chromatography,” gas
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aromatic compounds may be used for the analytical detection of nitrotoluene.

chromatography coupled with mass spectrometry,' reversed-
phase high-performance liquid chromatography,” surface-
enhanced Raman spectroscopy,” thermal neutron analysis,*
ion mobility spectroscopy® and fluorescence sensing.”** Among
these technologies, the fluorescence quenching method has
received considerable attention due to its simplicity, high sensi-
tivity, high selectivity and fast response times.'***

As a continuation of our previous work,*® we report, for the
first time, the successful synthesis of two novel fluorescent ILs
containing Eu(m) and Dy(m) with a 1-(2-methoxyethyl)-3-
methylimidazolium cation, which exhibit enhanced fluores-
cence. Interestingly, the fluorescence intensity of the two ILs
can be influenced strongly by trace amounts of nitrotoluene,
which produces significant fluorescence quenching. This
phenomenon is not affected by the presence of possible inter-
ferents such as other aromatic compounds. Thus, the reported
ionic liquids may have great potential for application in the
analytical detection of nitrotoluene.

Materials and methods
Materials

N-Methylimidazolium, (2-methoxy)bromoethane, nitrogen,
silver nitrate (AgNOj;), acetonitrile (ACN), dimethyl sulfoxide
(DMSO), methanol (MeOH) and ethanol (EtOH) were acquired
at analytical reagent grade and used without further purifica-
tion. They were purchased from Shanghai Chemical Reagent
Co. Ltd. Dy(NO3);-6H,0 and Eu(NOj3);-6H,0 were purchased
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from Beijing HWRK Chem Co. Ltd and used without any further
purification.

Synthesis of [MOEMIm][Ln(NO;),] (Ln = Eu, Dy)

A mixture of N-methylimidazolium (0.18 mol) and ether (50 mL)
was stirred at room temperature under a nitrogen atmosphere;
then, (2-methoxy)bromoethane (0.18 mol) was added via
a syringe, and the reaction mixture was stirred for 18 h. The
product, 1-(2-methoxyethyl)-3-methylimidazolium bromide
[MOEMIm]|Br (white solid), was washed with diethyl ether three
times and dried in vacuo for 2 days at 353 K. Then 1-(2-
methoxyethyl)-3-methylimidazolium nitrate ([MOEMIm]NO;)
was synthesized from [MOEMIm]Br and AgNO; in methanol
((MOEMIm]Br : AgNO; = 1:1), and the reaction mixture was
stirred for 1 h at room temperature in the absence of light. The
product, [MOEMIm]|NOj3, was prepared through filtration and
evaporation in turn. Subsequently, [MOEMIm|NO; (9 mmol)
was added to a mixture of Dy(NOs);-6H,0 or Eu(NO3);-6H,0 (9
mmol) and acetonitrile (80 mL) at room temperature, and the
mixture was stirred vigorously for 2 h at 353.15 K. After
completion of the reaction, the reaction mixture was cooled to
room temperature, and the water and acetonitrile were vapor-
ized under a reduced pressure of 1.0 + 0.1 kPa at a temperature
of 323-333 K. The products, [MOEMIm][Ln(NO;),] (Ln = Eu,
Dy), were dried in vacuo for 2 days at 338 K. The reaction scheme
is shown in Fig. 1 and the structures of the products were
characterized. For [MOEMIm][Eu(NOs),], "H NMR (600 MHz,
DMSO, 6): 9.15 (s, 1H, N-CH=N), 7.71 (s, 1H, CH=CH), 7.75 (s,
1H, CH=CH), 4.36 (t, 2H, N-CH,), 3.88 (s, 3H, N-CH3), 3.68
(t, 2H, O-CH,), 3.27 (s, 3H, O-CHj,); elemental analysis (%)
caled: C, 15.53; H, 2.42; N, 15.53, found: C, 15.31; H, 2.70; N,
15.51; ESI-MS: m/z [M']: 141.10, [M"]: 401.23. For [MOEMIm]
[Dy(NO3),], 'H NMR (600 MHz, DMSO, 6): 9.18 (s, 1H, N-CH=
N), 7.80 (s, 1H, CH=CH), 7.76 (s, 1H, CH=CH), 4.41 (t, 2H,
N-CH,), 3.92 (s, 3H, N-CHj), 3.74 (t, 2H, O-CH,), 3.30 (s, 3H,
O-CH3); elemental analysis (%) caled: C, 15.24; H, 2.38; N,
15.23, found: C, 15.16; H, 2.41; N, 15.19; ESI-MS: m/z [M']:
141.08, [M™]: 410.92, no impurity peaks were found (Fig. S1-
S7 ESIt).

Fluorescence measurements

To examine the potential of the samples for sensing aromatic
compounds, their absorption was measured using a Cary
Eclipse Fluorescence Spectrophotometer (Varian) in a quartz
cuvette of 10 mm optical path length. For the measurements,
the suspension containing Eu(m) was excited at Aex = 394 nm,
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and the suspension containing Dy(um) was excited at Ae, =
351 nm. The corresponding emission wavelengths were narrow
peaks and were monitored from 500 to 650 nm and 450 to
770 nm, respectively. All of the corresponding fluorescence
emission spectra were recorded at room temperature.

Results and discussion
Optical properties

The rare earth ILs [MOEMIm|[Ln(NO;),] (Ln = Eu, Dy) displayed
excellent fluorescence behaviors under UV light irradiation. We
first examined the fluorescence properties of the two ILs
dispersed in dimethyl sulfoxide (DMSO) and other common
solvents (acetonitrile (ACN), methanol (MeOH), ethanol (EtOH)
and water) at the same concentration (1 M) at room tempera-
ture. The fluorescence intensity had nothing to do with the
polarity of solvents, and it was the weakest in aqueous solution
among the five solvents (Fig. S8 and S9 ESI{). Eventually, due to
it combining a strong emission spectrum with the ability to
dissolve aromatic compounds, DMSO was selected to be utilized
as the final solvent. For Eu(m), Fig. 2a shows typical intense
transitions in the emission spectrum at 538, 560, 593, and
617 nm with excitation at 394 nm for [MOEMIm][Eu(NOj3),]
(0.5 M), with the representative derived peaks corresponding to
*Do-"F1, °Do-"F,, *Do-"F3, and *Dy-"F, transitions. Upon UV-
light irradiation, the phosphor presents bright red lumines-
cence. For Dy() (0.1 M), the emission spectrum (4., = 351 nm)
showed peaks at 480, 574, 655, and 751 nm in Fig. 2b, and it
presents blue luminescence upon UV-light irradiation, corre-
sponding to the intense transitions of *Fg/,~°Hys/5, “Fo/~"His/,
*Fo/2~"Hi1/2, and “Fo/,~"Hos.

Fluorescence properties of nitrotoluene

Different solutions of nitrotoluene were separately added to the
prepared mixtures of ILs [MOEMIm][Ln(NO3),] (Ln = Eu, Dy)
and DMSO. The fluorescence measurement results showed that
the emission spectrum of [MOEMIm|[Ln(NOj3),] (Ln = Eu, Dy)
was unchanged in shape with increasing concentration of the
quencher, and even a low concentration of nitrotoluene can
easily cause fluorescence quenching. This may be caused by the
effective interactions with the electron-withdrawing group of
nitrotoluene (-NO,), which lead to electron transfer between the
ILs and the nitrotoluene, consequently leading to significant
fluorescence quenching.”® The response behavior towards
nitrotoluene is shown in Fig. 3 and 4. Both figures show
a process of fluorescence quenching and the fluorescence
intensity decreases with an increase in the nitrotoluene

/
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Fig. 1 The reaction scheme of [MOEMIM][LN(NO=)4] (Ln = Eu, Dy).
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Fig. 2 Excitation and emission spectra of the ILs: (a) IMOEMIM][Eu(NOs3)4] and (b) [MOEMIM][Dy(NO3),4].
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Fig. 3 The photoluminescence response of [MOEMImM][Eu(NOs)4] upon the addition of o-(m-, p-)nitrotoluene.

concentration. Moreover, p-nitrotoluene gave a more significant
fluorescence quenching effect than o-(m-)nitrotoluene, with the
order of the quenching performance being as follows: p-nitro-
toluene > o-nitrotoluene > m-nitrotoluene. This is the same
result as that reported by Wang et al>* When [MOEMIm]
[Ln(NOs),] (Ln = Eu, Dy) was exposed to various concentrations
of nitrotoluene as a quencher, the dependence of the fluores-
cence signal in response to nitrotoluene can be described by the
Stern-Volmer equation:

I/l =1 + Ksv[Q]

where I, is the initial fluorescence intensity, I is the fluorescence
intensity measured in the presence of the analyte, [Q] is the

35816 | RSC Adv., 2017, 7, 35814-35818

concentration of the quencher and Ksy is the Stern-Volmer
constant. A linear Stern-Volmer behavior was obtained (Fig. S10
and S11 ESIt) for the lower concentration of nitrotoluene, where
the quenching is dominated by a dynamic process. The Ksy
values upon the addition of o-(m-, p-)nitrotoluene were calcu-
lated and are shown in Fig. 3 and 4, respectively. The detection
limit (DL) of p-nitrotoluene was calculated by using the equa-
tion 30/K, where o denotes the standard deviation of the
quenching efficiency, and K represents the slope of the equa-
tion. The values of DL were 0.14 pM for [MOEMIm|[Eu(NO;),]
and 0.15 pM for [MOEMIm][Dy(NO;),] (Fig. S12 and S13 ESIf).
In addition, for [MOEMIm][Eu(NO3),], when the concentration
of p-nitrotoluene was 6.5 uM, the quenching efficiency was
above 92%, which was calculated by using the formula [(F, — F)/

This journal is © The Royal Society of Chemistry 2017
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Fig. 4 The photoluminescence response of [MOEMIM][Dy(NOsz)4] upon the addition of o-(m-, p-)nitrotoluene.

Fy] x 100% (F, is the initial fluorescence intensity). Similarly,
other quenching efficiencies at certain concentrations were also
obtained. The changes in fluorescence intensity are shown in
Fig. 3 and 4, and the corresponding histograms and color
change processes are shown in Fig. S14 and S15.7F

As can be seen in Fig. 3 and 4, the color of the luminescence
images in the process of fluorescence quenching varies from
bright red or blue to black under UV light (A = 365 nm), which
demonstrates that the fluorescence quenching behavior can
also be detected by visual observation.

Fluorescence detection of aromatic compounds

To investigate the sensing selectivity toward nitrotoluene, the
possible interference from some other relevant substances

100.00%
98.00%
96.00%
94.00%
92.00%
90.00%

88.00%

86.00%

PhCl PhNH, Phenol PhMe MNT Mixture

Fig. 5 The fluorescence changes of [MOEMIM][Eu(NOs),] with
different aromatic compounds.
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(methylbenzene, phenol, chlorobenzene and aminobenzene)
was investigated. The two samples were first dissolved in DMSO
(1 M) containing methylbenzene, phenol, aminobenzene,
chlorobenzene and p-nitrotoluene, respectively. As can be seen
in Fig. 5 and 6, the fluorescence intensity remained almost
unchanged with the addition of methylbenzene, phenol, chlo-
robenzene and aminobenzene, but significantly decreased in
the presence of nitrotoluene. This indicates that the fluores-
cence intensity is not influenced by the former four compounds,
but is obviously quenched by p-nitrotoluene. To further inves-
tigate the high selectivity for p-nitrotoluene over other aromatic
compounds, a mixture containing methylbenzene, phenol,

aminobenzene, chlorobenzene and p-nitrotoluene was

100.00%
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90.00%
85.00%

80.00%

75.00%
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Fig. 6 The fluorescence changes of [MOEMIm][Dy(NOs),] with
different aromatic compounds.
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prepared and added to the Dy(m) or Eu(m)-based ionic liquid in
DMSO. Under the irradiation of UV light at 365 nm, the test
sample showed a difference in color compared with the original
one that was visible to the naked eye. The measurement of the
emission spectrum indicated that the selectivity for nitro-
toluene was not affected by the existence of other common
aromatic compounds.

Conclusions

Two novel fluorescent ionic liquids based on europium and
dysprosium, [MOEMIm][Ln(NO3),] (Ln = Eu, Dy), were synthe-
sized, and exhibit good fluorescence properties under UV-light
irradiation, with the phosphor presenting bright red (Eu®")
and light blue (Dy*") luminescence. Furthermore, we investi-
gated the application of the lanthanide-based room tempera-
ture ionic liquids in the field of fluorescence analysis. When
trace amounts of o-(m-, p-)nitrotoluene were added, the fluo-
rescence intensity decreased and significant fluorescence
quenching was observed. Among the three isomeric nitro-
toluenes, p-nitrotoluene gave the most significant fluorescence
quenching effect compared to that of o-(mm-)nitrotoluene.
Moreover, the two fluorescent ionic liquids demonstrated high
selectivity toward nitrotoluene, even in the presence of aromatic
compounds. Therefore, the selective recognition of nitrotoluene
over other aromatic compounds may be used for explosives
detection.
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