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Luminescent chemosensor for detecting dimethylamine and ammonia

vapors
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The interaction of tris-dibenzoylmethanate Eu(IlI) with dimethylamine and ammonia vapors was investigated.
It was found that when vapors of aqueous solutions of analytes are exposed to tris-dibenzoylmethanate Eu(III)
impregnated into the SiO, matrix, an optical response is observed in the form of an increase in the luminescence
intensity of Eu(III). Changes in the luminescence spectra and luminescence excitation of this sensor are analyzed,
both under the quenching action of water vapor and under the sensitizing action of analyte vapors. The main
points recorded in the excitation spectra are noted, which are important for understanding the processes occurring
in the near environment of the lanthanide center. The luminescent chemosensor is promising for creating sensors
for detecting ammonia and amines in food safety control and environmental monitoring.
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Introduction

Currently, intensive research is being carried out in the
field of developing polyfunctional materials with optical
chemosensory properties [1-4]. Analysis of literature data
demonstrates that promising compounds to produce optical
chemosensors are metal compounds [5,6], in particular,
lanthanide-containing compounds with luminescent proper-
ties [7-14].

The advantages of the luminescent sensor method include
the low dependence of the signal on electrical, magnetic
and radiation interference, the ability to reliably seal the
luminescent detector-analyzer, which makes it possible to
record the luminescent response in aggressive environments
or at considerable distances. [7,15]

Water molecules are effective luminescence killers, so
removal or replacement of coordinated water molecules, as
a rule, leads to a change in the luminescence intensity and
the lifetime of the excited state of the lanthanide ion [16,17].
Displacing the bonded water molecule from the lanthanide
center is a fruitful strategy for developing lanthanide-based
chemosensors.

Development of chemosensor systems for such analytes
as ammonia and volatile amines is of particular interest
for practical applications. =~ Ammonia is used in huge
quantities in the chemical industry (for production of
fertilizers, explosives, polymers, nitric acid, soda). Liquid
ammonia is used in refrigerators as refrigerant, as well as
in chemical production as solvent. Ammonia is toxic, even
small amounts of the substance have a detrimental effect
on living organisms [15]. In connection with intensive
growth of housing construction, an acute environmental
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problem has emerged associated with emission of ammonia
and amines from building and finishing materials and
concrete structures as one of the sources of both short-
term and long-term chemical pollution of air in residential
premises. As a result of air pollution, the quality of the
housing indoor environment is steadily declining and the
number of people with allergic and other diseases [18-20]
is growing.

Synthetic amines are produced in the amount of millions
of tons annually and are widely used in agriculture,
pharmaceuticals and food industries [15,21].  Biogenic
and volatile amines are also often formed as a result
of decomposition of amino acids in metabolic processes,
and their abnormally high concentrations can indicate food
spoilage [22,23]

As a continuation of our articles on the study of
the chemosensory properties of Eu(IIl) complex com-
pounds [24-26], this article presents the results of a study of
the water vapor, ammonia and dimethylamine effect on the
luminescence of the chemosensor Eu(Dbm); - H,O, where
Dbm — dibenzoylmethanate anion.

Experimental part

Eu(III) tris-dibenzoylmethanate was synthesized accord-
ing to the procedure described in [27]. The complex
compound was obtained by reaction of Eu(NOs)s - 6H,0
and dibenzoylmethane with molar ratio of 1:3, mixing
of solutions of pure substances in absolute ethanol when
heating. Subsequently, the final solution was neutralized
(up to pHS8) by dropwise addition of ethanolic ammonia
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Figure 1. Luminescence excitation and luminescence spectra of
a chemosensor exposed to water vapors. Luminescence spectra:
1—0,2—26,3—38,4—86,5— 326, 6 — 602, 7— 900,
8 — 1800s. Luminescence excitation spectra: I — 0, 2 — 30,
3 —56,4— 108, 5 — 342, 6 — 576, 7 — 888, § — 1770s.

solution. The resulting yellow precipitate was filtered off,
washed with ethanol, and dried in air.

PTSKh-AF-A thin-layer chromatography plates (manufac-
tured by Sorbfil) were used as a matrix for impregnation
of the Eu(Ill) complex. Samples were obtained by
depositing solution of Eu(IIl) tris-dibenzoylmethanate in
acetone (C =1-10"*M) onto this matrix and keeping it
in dry atmosphere for 30 min until the solvent completely
evaporated. The samples were carefully packed in polyethy-
lene in a desiccator over SiO,.

Sample luminescence and luminescence excitation spec-
tra were recorded using RF-5301 spectrofluorometer (Shi-
madzu). To detect the luminescent response, the samples
were placed in an optical cell with a lid (cell thickness 1 cm,
height 4 cm), to which 1drop (0.05ml) of aqueous solution
of ammonia or dimethylamine was added to create certain
saturated vapor pressure; the cell was thermostated at
20°C, pressure coupling was absent.

Results and discussion

The strong quenching action of water vapors on lumi-
nescence is evidenced by the data in Fig. 1, based on
which it can be seen that under the action of water vapors,
almost complete quenching of luminescence is observed
(the luminescence intensity of the model sample of the
chemosensor decreases within 10 min by 8 times).

It should be noted that after drying the chemosensor
sample, the luminescence intensity is completely restored,
which was confirmed in the articles [24,25].

In contrast to water vapors, when vapors of aqueous
solutions of ammonia and dimethylamine acts on the
chemosensor, an increase in the luminescence intensity is

recorded, i.e. despite the presence of water vapors, am-
monia and dimethylamine themselves produce a sensitizing
effect (3D collage in Fig. 2, where @ — dimethylamine and
b — ammonia). Based the data in Fig. 2, which shows
the evolution of the luminescence excitation spectra as a
function of time, a complex sequence of spectrum envelope
transformations is recorded.

Let us consider in more detail the effect of vapors
of aqueous solution of dimethylamine on a chemosensor
sample. It can be seen from the data in Fig. 2,a and Fig. 3
that in the initial period of exposure to analyte, a rapid
increase in the luminescence intensity is observed without
rearrangement of the Stark components of the spectrum.

This indicates that the sensitizing effect of the analyte
on the Eu(Dbm)s - H;O model chemosensor in the initial
period occurs without explicit rearrangement of the inner
sphere of Eu(Ill) and manifests itself in enhancement of
the antenna effect due to an increase in the efficiency of
ligand-metal energy transfer [7]. Such a reversible action is
characteristic of many volatile amines and ammonia even
at minimal analyte concentrations (~ 5ppbv), as shown
earlier [24,25].

With further exposure to dimethylamine vapors, a short-
term decrease in the luminescence intensity is observed with
a change in the Stark structure of the luminescence spectra
and a noticeable change in the structure of the luminescence
excitation spectra (Fig. 2,a). This may indicate a clear
rearrangement of the inner coordination sphere Eu(III).
Decrease in the luminescence intensity during this period is
mainly caused by the quenching action of water molecules.

Later on, with time, the luminescence intensity in-
creases with reaching a plateau. This indicates that the
quenching action of water vapor reaches a plateau and the
processes of luminescence sensitization under the action
of dimethylamine vapors prevail. Rearrangement of the
inner coordination sphere of Eu(Ill) and the change in the
symmetry of the crystal field of the nearest surrounding of
europium are indicated by the change in the Stark structure
of the °Dy—"Fy, °’Do—"F; and >Dy—’F, transitions (Fig. 3,
insertions). In addition to the change in the Stark structure,
the °Do—’F, transition under the action of the analyte
is characterized by a distinct bathochromic shift of the
luminescence band (~ 1nm).

Let us consider the effect of aqueous ammonia solution
vapors on a chemosensor model sample. Based the data
in Fig. 2, b, which shows the evolution of the luminescence
excitation 3D-spectra as a function of time, it can be seen
that under the action of ammonia, a complex sequence of
spectrum envelope transformations is recorded.

Figure 4 shows the evolution of the luminescence
excitation and luminescence spectra of the chemosensor
under the action of ammonia. Over time, a gradual
increase in the intensity of the spectral bands is observed:
after 15min of exposure to the analyte, the luminescence
intensity of the electric dipole transition *Do—’F, increases
by 10times. In this case, radical changes in the structure
of the luminescence excitation band are observed: over
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Figure 2. 3D luminescence excitation spectra of the chemosensor exposed to dimethylamine («) and ammonia (b) vapors. The y-axis is
the intensity in rel. units, the other axes are the time in min and the wavelength in nm.
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Figure 3. Luminescence excitation and luminescence spectra of a chemosensor exposed to dimethylamine vapors. Luminescence spectra:
1 —0s, 2 —20s, 3 — 17min, 5 — 143 min. Luminescence excitation spectra: I — 0s, 2 — 30s, 3 — 18 min, 4 — 71 min, 5§ —
145 min. The insertions show the change in the Stark structure of *Do—'Fj (j = 0, 1, 2) transitions.

time, under the action of ammonia, a broad diffuse band
(355nm) is transformed to a distinct triplet (330, 380, and
395nm). These data indicate that, under the action of
ammonia molecules, inner coordination sphere of Eu(II) is
rearranged and the antenna effect is modulated, i.e. change
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in the efficiency of energy transfer of ligand-metal electronic
excitation.

With further exposure of model chemosensor to ammonia
(after 84min), the luminescence excitation spectra are
transformed: the 355nm band is split into a doublet with



A.S. Shishov, A.G. Mirochnik

274
T <7
5[)077]:2
5
4
3
£
=)
£
=]
—
1
1 L 1 L 1 L Sf‘l L 1 L 1 L 1
320 360 400 600 610 620 630

A, nm

Figure 4. Luminescence excitation and luminescence spectra of a
chemosensor exposed to ammonia vapors. Luminescence spectra:
1—20,2—20,3— 65 4— 545, 5 — 880s. Luminescence
excitation spectra: /I — 0, 2 — 30, 3 — 310, 4 — 980s, 5 —
21 min, 6 — 25min, 7 — after purging the chamber and drying
the sample.
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Figure 5. Chemosensor luminescence excitation 3D spectrum
under the action of ammonia vapors. The y-axis is the intensity in
rel. units, the other axes are the time in min and the wavelength
in nm.

maxima 322 and 395nm (Fig. 5). Increase and reaching
a plateau in the luminescence intensity indicates that the
quenching action of water vapor reaches a plateau and the
processes of luminescence sensitization under the action of
ammonia vapors prevail.

An important feature of the Eu(Dbm)s - H,O model
chemosensor is the reversibility of the substrate-analyte
interaction: when the chemosensor sample is purged and
dried, the luminescence intensity is restored (Fig. 4, line 7),
which is confirmed in the articles [24,25].

The data obtained indicate that, in the study of the
chemosensory properties of lanthanide complexes, in addi-
tion to the analysis of luminescence bands, additional anal-
ysis of the luminescence excitation spectra is an effective
method for studying the substrate—analyte interaction. It
should be noted that a characteristic feature of luminescence
excitation spectra evolution is selectivity with respect to
the analyte. Indeed, analysis of the experimental data
provides strong evidence of the peculiarity of luminescence
excitation spectra evolution: under the action of water
vapors, a monotonic decrease in the intensity of the bands
occurs without changing the band contour. On the other
hand, under the action of ammonia and dimethylamine, the
intensity of the bands increases and the bands? contours
are transformed to a doublet and triplet with different ratios
of component intensities. Such selectivity in luminescence
excitation spectra evolution can be useful in the analysis
of experimental data in the study of the chemosensory
properties of lanthanide complexes.

Conclusion

The interaction of Eu(IIl) tris-dibenzoylmethanate with
dimethylamine and ammonia vapors was studied. It was
found that when vapors of aqueous solutions of analytes
act on Eu(Ill) tris-dibenzoylmethanate impregnated into
the SiO, matrix, an optical response is observed in the
form of an increase in the Eu(III) luminescence intensity.
Changes in the luminescence and luminescence excitation
spectra of this sensor are analyzed under both the quenching
action of water vapors and the sensitizing action of analyte
vapors. The main points recorded in the luminescence
excitation spectra, which are important for understanding
the processes occurring in the near surrounding of the
lanthanide center, are noted.

The data obtained indicate that, in the study of the
chemosensory properties of lanthanide complexes, in addi-
tion to the analysis of luminescence bands, additional anal-
ysis of the luminescence excitation spectra is an effective
method for studying the substrate analyte interaction.

The luminescent chemosensor is promising for creating
sensors for detecting ammonia and amines in food safety
control and environmental monitoring.
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