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Abstract In this paper, we describe the synthesis and
characterization of four novel pyrene labeled compounds,
some of them dendritic, which can act as potential sensors
for the detection of nitro compounds in methanol solution.
Methanol was selected as solvent due to its polar properties,
which provide similar characteristics to water. The obtained
pyrene labeled molecules (PyOH, Pytb, PyNK1OH and
PyNK1tb) were studied by UV-Vis and steady state fluo-
rescence spectroscopy. Their application as sensors has been
tested with three different nitro compounds: nitrobenzene,
1-chloro-2,4-dinitrobenzene and nitromethane. PyOH and
Pytb showed a detection concentration limit for the analyzed
quenchers in the order of nM, making these compounds suit-
able for high-sensitive sensoring. PyNK10OH and PyNK1tb
displayed high sensibility at uM concentration. All the sen-
sors showed an accurate response towards quencher analytes.

Keywords Pyrene - Dendrons - Sensor - Quenching -
Nitro compounds
1 Introduction

The development of sensors for nitro compounds has
attracted the attention of many scientists and has been
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improved in the last years [1-4]. Nitro compounds, in par-
ticular nitroaromatic molecules, represent a main risk for
biological organisms [5]. Nowadays, the most common
methods for their detection are X-ray imaging [6], ion mobil-
ity spectroscopy [7], gas chromatography mass spectroscopy
(GC-MY) [8, 9], surface enhanced Raman spectroscopy
[10, 11], and electrochemical methods [12, 13]. Although
the good sensibility of these techniques, the development
of new fluorescent methods for nitro compounds is ongo-
ing, thanks to their portability and ease of use. For instance,
metal organic frameworks (MOFs) [14, 15], nanomaterials
[16], conjugated polymers [17-20], fluorescent dyes [4, 21]
have showed good performance as fluorescent sensors for
the detection of nitroaromatic pollutants, exhibiting a good
sensibility on the detection of these contaminants.

Pyrene is one of the most studied fluorescent probes due
to its outstanding photophysical properties such as high
quantum yield, well defined absorption and emission bands,
long lifetime and the ability to form excimers. This is just a
brief list of the properties which allow an extensive study of
pyrene-labeled molecules [22, 23]. Indeed, pyrene has been
incorporated in a large variety of chemical structures, such
as peptides [24, 25], oligothiophenes [26-28], molecules
exhibiting energy transfer [29-32] and in MOFs [33, 34]. In
addition, pyrene has been used as sensor for different pollut-
ants, due to its high sensibility to the presence of quenchers
[35-37]. In particular, it has been employed as probe for
nitro compounds [38], oxygen [39, 40], heavy atoms [41,
42] and amines [43, 44].

Usually the quenching by nitro compounds on fluores-
cence emission is due to a PET mechanism (photo-induced
electron transfer) [3]. This mechanism occurs because of
the donor—acceptor interaction between electron rich fluo-
rophore (pyrene) and electron poor group (nitro compound).
In this phenomenon, the electron in the excited state of the
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fluorophore is transferred to the ground state of the nitro
compound so that this electron transfer leads to the forma-
tion of an excited complex. This specie usually returns to
ground state without a photon emission, except in some
cases, where an exciplex emission is detected.

An interesting way to modulate the sensitivity of lumines-
cent-labeled sensors is to modify their peripheral structure.
In this work, we decided to modify the outer structure by
functionalizing the pyrene substrate with the Behera’s amine
[45-48] in order to obtain a dendritic system similar to those
developed by Newkome. This specific dendritic structure
has been studied by labeling using different derivatives as
photosensitizers [49-52] and it has been used in biological
devices [53-56], as drug delivery agent [57-59] and for sur-
face modification [60-62]. Thanks to this particular amine,
the synthesis of dendritic systems became much easier,
with a simple method of coupling-cleavage. The peripheral
groups can be trivially functionalized, allowing us to obtain
a water soluble or a more apolar system.

In this work, we report the synthesis of four novel pyrene-
labeled molecules and the study of their quenching behavior
in the presence of three different nitro compounds [nitroben-
zene (NB), dinitrochlorobenzene and nitromethane (NM)]
in methanol. These pyrene-labeled compounds showed to be
suitable sensors for this kind of pollutants.

2 Experimental
2.1 Materials

Pyrenbutyric acid (PyOH, 97%, Sigma Aldrich), tert-butyl-
amine (98%, Sigma Aldrich), N,N'-dicyclohexylcarbodiimide
(DCC, 99%, Sigma Aldrich), 4-(dimethylamino)pyridine
(DMAP, 99%, Sigma Aldrich), formic acid (95%, Sigma
Aldrich), aminotriester (Frontier Scientific), NB, (99%,
Sigma Aldrich), 1-chloro-2,4-dinitrobenzene (DNB, %97,
Sigma Aldrich), NM (99%, Sigma Aldrich) were employed
as starting materials. Methanol (HPLC grade) was used in
the spectroscopical studies.

2.2 Synthesis of the Pyrene Derivatives
2.2.1 N-(tert-butyl)-4-(pyren-1-yl)butanamide (Pytb)

Pyrenebutyric acid (0.1 g, 0.34 mmol) was dissolved
in 20 mL of CH,Cl, with DCC (0.078 g, 0.38 mmol),
DMAP (0.005 g, 0.04 mmol) and tertbutyl amine (0.028 g,
0.38 mmol). The solution was stirred at room temperature
under nitrogen atmosphere. After 48 h, the solution was
filtered and purified by column chromatography (SiO,,
hexane:ethyl acetate 2:1). The final product was obtained
as a white powder (0.098 g, 83%). 'H NMR (CDCl,):

8 1.34 (s, CCH;, 9 H), § 2.20 (m, CH,CH,CO, 4 H), §
3.41 (t, PyCH,, 2 H), 8 5.19 (s, CONH, 1 H),  7.87-8.33
(m, Py, 9 H). 3C NMR (CDCl,): § 27.00 (CH,), 8 28.35
(CH,), 8 32.15, 36.40 (CH,—CH,), 8 36.68 (CH,), & 50.67
[C(CH3)5], 8 122.96, & 124.28, § 124.41, & 124.60, &
125.36, 6 126.20, 5 126.87, 5 126.93, 5 126.99, & 128.31,
§129.42, 5 130.42, 5 130.93, & 135.54 (pyrene), & 171.34
(CONH) ppm.

2.2.2 Di-tert-butyld4-(3-(tert-butoxy)-3-oxopropyl)-4-(4-(py
ren-1-yl)butanamido) heptanedioate (PyNK1tb)

Pyrenebutyric acid (0.2 g, 0.68 mmol) was dissolved
in 20 mL of CH,CIl, with DCC (0.156 g, 0.76 mmol),
DMAP (0.01 g, 0.08 mmol) and aminotriester (0.315 g,
0.76 mmol). The reaction mixture was stirred at room
temperature under nitrogen atmosphere for 1 week. The
solution was filtered and purified by column chromatog-
raphy (SiO,, hexane:ethyl acetate 2:1). The final product
was obtained as a white powder (0.377 g, 81%). '"H NMR
(CDCl;): 6 1.40 (s, CCH;, 27 H) & 2.00 (t, CCH,, 6 H),
9 2.20 (m, PyCCH,CCO-CH,COOtb, 10 H), & 3.40 (t,
PyCH,, 2 H), § 5.91 (s, CONH, 1 H), & 7.83-8.33 (m, Py,
9 H).!3C NMR (CDCl,): § 27.38 (CH,), 8 27.90 (CH;), &
29.79, 6 29.88 (CH,—CH,), 8 32.68 (CH,), d 36.68 (CH,),
8 57.27 [C(CH,—CH,);], & 80.51 [C(CH5);], 6 123.24,
124.59, 6 124.62, 5 124.69, 5 124.83, 5 124.93, 5 125.65, &
126.48, 6 127.24, 6 127.32, & 128.59, & 129.57, 6 130.76,
8 131.24, & 135.77 (pyrene), 8 171.96 (CONH), 6 172.77
[COOC(CHj;);] ppm.

2.2.3 4-(2-Carboxyethyl)-4-(4-(pyren-1-yl)butanamido)
heptanedioic acid (PyNK1OH)

PyNK1OH (0.2 g, 0.29 mmol) was dissolved in CH,Cl,
(5 mL) and formic acid (10 mL). The reaction mixture was
stirred at room temperature under nitrogen atmosphere.
After 48 h, it was concentrated at reduced pressure and the
obtained red oil was washed until it became a yellow solid.
This compound was dissolved in boiling acetone and then
cooled down. The pure product was obtained as a white
powder (0.150 g, 99%). "H NMR (CD;0D): § 2.07 (t, CCH,,
6 H), 6 2.20 (q, PyCCH,CCO, 2 H), 6 2.32 (t, CH,COOtb,
6 H), 6 2.38 (t, PyCH,, 2 H), 6 5.19 (s, CONH, 1 H), &
7.92-8.37 (m, Py, 9 H). *C NMR (CD;0D): § 27.38 (CH,),
929.79, 6 29.88 (CH,—CH,), 6 32.68 (CH,), 8 36.68 (CH,),
8 57.27 [C(CH,—CH,);], & 80.51 [C(CH5);], 6 123.24,
124.59, 8 124.62, 85 124.69, 6 124.83, 5 124.93, 5 125.65, 6
126.48, & 127.24, 5 127.32, 6 128.59, 6 129.57, 6 130.76,
8 131.24, 8 135.77 (pyrene), 8 174.96 (CONH), 6 176.77
[COOH] ppm.
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2.2.4 Materials

'H and '*C NMR spectra of these compounds in CDCl,
and CD;0D solution were recorded at room temperature
on a Bruker Avance 400 MHz spectrometer, operating at
400 and 100 MHz for 'H and 3C, respectively. For UV—-Vis
and fluorescence experiments, methanol spectrum grade
was purchased from Aldrich. The absorption spectra of
the final compounds in solution were recorded on a Uni-
cam UV300 UV/Vis spectrophotometer using 1 cm quartz
cells and solute concentrations of 1-3 x 10~ M for the den-
dritic compounds. It has been verified that the Beer—Lam-
bert law applies for the used concentrations. Fluorescence
spectra corrected for the emission detection were recorded
on a Fluorolog 3 Horiba spectrofluorometer with a Xenon
lamp as light source. The slits widths were set to 1 nm on
excitation and 1 nm on emission. Each solution was excited
at 342 nm, using a 1 cm quartz cell. For all compounds,
a pyrene concentration of 2.5x 107® M was employed to
ensure that the solutions would have an absorbance of 0.1 at
342 nm in order to avoid any inner filter effect; the samples
were excited at 342 nm. The fluorescence cells were cleaned
with a solution of ammonium persulphate in concentrated
sulphuric acid before use. Fresh solvent was used each day
and checked for pyrene contamination prior to the prepara-
tion of the samples. Before recording the emission spectra,
methanol solutions of the compounds were first degassed for
5 min and recorded on the spectrophotometer.

2.2.5 Samples Preparation

To prepare the analyzed solutions, different starting solu-
tions were prepared with methanol (HPLC grade). These
stock solutions were prepared to give a concentration of
1.25%x 107! M (PyOH=0.360 g in 10 mL; Pytb=0.429 g in
10 mL; PyNK1OH=0.714 g in 10 mL; PyNK1tb=0.857 g
in 10 mL). Then, the solutions were diluted up to a concen-
tration of 1.25x 10™* M. Then, from each solution, 10 ne
were brought to a volume of 5 mL in order to obtain a final
concentration of 2.5 x 107° M.

The nitro compounds stock solutions were prepared simi-
larly. Initially, we prepared solutions with a concentration
of 5% 107! M (NB=0.615 g in 10 mL; NM=0.305 g in
10 mL; DNB=1.012 g in 10 mL). Then, these solutions
were diluted respectively up to 5x 10~ M and then diluted
until a concentration of 5x 10~® M was obtained.

To prepare nM analyzed solutions, 10 uL of pyrene-
labeled compound solution and 10 pL of nitro compound
stock solution (5x 107% M) were added into a volumetric
flask and brought to a volume of 5 mL to obtain a 10 nM
concentration solution. Then, similar solutions were pre-
pared by adding from 10 to 1000 pyL of nitro compound
stock solution in order to increase the nitro concentration.

@ Springer

To prepare uM analyzed solutions, 10 uL of pyrene-
labeled compound solution and 10 pL of nitro compound
stock solution (5 x 10~* M) were added in a volumetric flask
and brought to a volume of 5 mL to give a 1 uM concentra-
tion solution. After that, similar solutions were prepared by
adding from 10 to 800 pL of the nitro stock solution in order
to increase the nitro concentration.

3 Results and Discussion

3.1 UV-Vis and Steady State Fluorescence Studies
in the Absence of Quencher

The obtained compounds proposed as sensors in this work
are shown in Fig. 1. Their synthesis and structural charac-
terization is presented in the experimental part. The optical
and photophysical properties of the designed molecules were
studied by absorption and fluorescence spectroscopy. The
maximum absorption wavelength (A,,), molar extinction
coefficient (¢), emission wavelength () and fluorescence
intensity (F.I.) of all compounds are summarized in Table 1.

The absorption spectra were obtained in methanol solu-
tion with a concentration of 2.5x 10~ M. All the samples
exhibited e values that goes from 4.2x 10* to 4.8 x 10*, with
a little increase between the zero generation and the first
generation. The absorption spectra exhibit the typical S)—S;
and Sy—S, transitions of pyrene, at 275 and 342 nm, respec-
tively, showing a hypsochromic shift with respect to less
polar solvents; these wavelengths are typical for aqueous
solutions of pyrene labeled systems [44]. The peak-to-valley
ratio, equal to 3.3 for all the samples, clearly reveals the
absence of pyrene—pyrene interactions, which prevents the
formation of excimers.

The steady state spectra of the dendritic compounds
were recorded in methanol solution, exciting at 342 nm
at room temperature, with a concentration of 2.5 uM. The
emission spectra of the compounds are shown in Fig. 2. All
compounds exhibited maximum emission at 375 nm. The
fluorescence intensity increases from the acid derivatives
to the tertbutyl esters: in generation zero, the intensity aug-
ments from 2.36 x 10° to 2.59 x 10°, showing an increase of
ca. 10%. However, in the first generation dendron, it aug-
ments from 2.21 x 10° to 2.73 x 10°, showing an emission
rise of about 20%. This phenomenon suggests an interaction
between pyrene and the terminal group (carboxylic acid and
tertbutyl ester). A significant change in the pyrene environ-
ment was noticed by calculating I,/I; ratio in the emission
of the pyrene dendrons. In fact, this ratio was considerably
lower for the tertbutyl ester derivatives, thereby confirm-
ing an effective influence of the terminal groups on pyrene
fluorescence behavior. These considerations allow us to
affirm the presence of an “umbrella effect”, which can be
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Fig. 1 Structure of pyrene OH R
labeled molecules
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Table 1 Optical properties of the pyrene derivatives: UV-Vis and
fluorescence parameters

g (cm™! Naps™™ Ae™™ Fl?(au) I/I°
M’l) (nm) (nm)
PyOH 42812 342 375 2.36x10° 2.65
Pytb 44 547 342 375 2.59%10° 2.44
PyNKI1OH 48 723 342 375 221x10° 2.52
PyNKI1tb 45407 342 375 2.73x10° 2.31

*Fluorescence intensity
°1, at 386 nm

relevant to evaluate the performance of these molecules as
quencher sensors, in particular because of the sensitivity of
these compounds.

3.2 Fluorescence Quenching

In order to study the behavior of the pyrene derivatives in the
presence of nitro groups, we decided to use three different
nitro compounds usually employed in an organic synthesis
laboratory as analytes: NB, 1-chloro-2,4-dinitrobenzene and
NM. These compounds are very toxic, due to their carci-
nogenic effects and they cause irritation if they enter into
contact with skin and respiratory ways [63, 64].

The dendron generation response was studied using dif-
ferent quencher concentrations. Zero generation response
(PyOH and Pytb) was analyzed in the presence of a very
low concentration of quencher, specifically from 10 nM to
1 uM. Unlikely, first generation (PyNK1OH and PyNK1tb)

response was studied at higher concentrations of quencher,
from 1 to 80 puM. The influence of the quencher on the fluo-
rescence will be discussed separately for each dendron. In
order to verify the differences between all dendritic com-
pounds, we have taken into account two different parameters:
namely, when I /I, is equal to 0.5 and when the quenched
emission reaches a stationary value and does not change any
more even by adding larger amounts of quencher.

3.2.1 PyOH in the Presence of Quencher

We started our study using a commercially available com-
pound, pyrenbutyric acid (PyOH) as sensor and NB as detec-
tion target or quencher. The presence of NB causes a quite
fast decrease in fluorescence intensity, where the emission
diminishes to a half just using a 75 nM solution of quencher.
On the other hand, the fluorescence intensity reaches a sta-
tionary state at a concentration of 300 nM, showing a sig-
nificant quenching. The emission at this point decreased
about 30% with respect to that observed in the absence of
quencher.

The second analyzed nitro compound was 1-chloro-
2,4-dinitrobenzene (DNB) (Fig. 3), which exhibited a sig-
nificant quenching about 50%, more rapidly than NB, at
a concentration of 50 nM. The quenching equilibrium is
attained faster than in the case of NB, with a concentration
of 100 nM. This remarkable difference can be attributed to
the presence of two nitro groups in the aromatic ring, which
provokes a more effective quenching of the pyrene emission.

The third quencher tested in this study was NM. This
compound was supposed to exhibit the highest quenching
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Fig.2 UV-Vis (a) and steady state fluorescence spectra (b) of:
PyOH, Pytb, PyNK10OH, PyNKI1tb

efficiency due to its small size. This hypothesis was con-
firmed by the fluorescence analysis: 50% quenching of the
fluorescence intensity was achieved at lower concentration
than with the other quencher, to be precise at a concentra-
tion of 20 nM of NM. Instead, a plateau was reached at a
quencher concentration of 100 nM, like in the case of DNB.

3.2.2 Pytb in the Presence of Quencher

The second proposed sensor was Pytb, which was used
like PyOH for the detection of the nitro compounds by
quenching.

NB shows a good quenching power on this dendron since
the fluorescence decreases 50% at a nitro compound con-
centration of 200 nM in methanol. In this case, the 50%
value represents the highest intensity of quenching reached
for this kind of sensor. The presence of a tertbutyl group
in periphery caused that the total achieved quenching was

@ Springer

[nM] dinitrochlorobenzene

Fig. 3 Steady state (a) and Iq/I0 ratio (b) in function of amount of
DNB for PyOH

50% of emission, instead of 30% like with the acid deriva-
tive. This can be attributed to the increased steric hindrance
of the dendritic structure because of the tertbutyl group,
which make more difficult the encounter between the pyrene
chromophore and NB.

In this case, despite the presence of two nitro groups DNB
quenching seems to be as efficient as that of NB. As we have
previously observed, the total quenching resulted to be 50%
and it was achieved at a concentration of 200 nM. Moreover,
the I /I, ratio showed some irregularities, in particular with
low concentrations of the analyte. This consideration allows
us to affirm that this molecule is not a good sensor for this
quenching system.

At last, the NM sensing exhibits an interesting behavior,
since the quenching seems to reach a first equilibrium at
a concentration of 100 nM, leading to a quenching about
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40% of the initial emission. Then, the emission continues
decreasing by adding more quencher agent up to concen-
tration of 1 uM, which was fixed as superior limit for this
generation. As we explained before, this faster quenching is
due to the smaller size of NM. Further emission reduction
can be explained by gradual conformational changes in the
sensor structure in the presence of a higher amount of the
small quencher NM.

3.2.3 Comparison Between PyOH and Pytb

All the previously discussed results are summarized in
Table 2. Emission spectra and the I /I, vs quencher concen-
tration graphs are included in the Supporting Information.
The main structural difference between PyOH and Pytb is
the presence of a tertbutyl as terminal group in the chain,
which acts as pyrene protector. This effect results in an
increase on the detection limit of quencher concentrations
(Fig. 4). On the other hand, the total quenching was reduced
by the presence of the tertbutyl moieties. In fact, the PyOH
is quenched to 30% of initial intensity by all the quenchers;
instead Pytb only to 50% of its initial emission intensity.
An important observation for all these compounds used as
nitro compound sensors, is the high detection sensitivity,
which is in order of 10-15 nM. These values are close to that
suggested by EPA as recognition limit for real applications.

3.2.4 PyNKIOH in the Presence of Quencher

We studied the ability of the first generation dendron as sen-
sor; it was found a lack of response at nanomolar quencher
concentrations. In fact, the range of studied concentrations
goes from 1 to 80 uM. Like the previously studied sensors,
the sensing efficiency of PyNK1OH and PyNK1tb was tested
in the presence of NB, 1-chloro-2,4-dinitrobenzene (DNB)
and NM.

PyNK1OH shows a fast response towards the presence
of NB exhibiting a decrease in emission intensity equal to
5% at a concentration of 1 uM. The 50% quenching was
achieved between 7 and 10 uM, displaying a good range
of analysis. The quenching equilibrium was reached at
15 uM, with a fluorescence reduction of 30% with respect
to the non-quenched one. Even by increasing generously
the amount of NB up to 80 uM the quenching process

= Pytb
1.00 e PyOH

PyOH y=0.442*exp(-[nM}/28.361)+0.527

R?*=0.98
0.75 4
Pytb y=0.746*exp(-[NM]/72.003)+0.264
R?=0.92
=, 050 u . -
0.25 0 ° °
0.00 —7T1 T 1 1 - T - T T "~ T T "1
0 100 200 300 400 500 600 700 800 900 1000

[nM] nitrobenzene

Fig. 4 1/1, ratio in function of NB amount for PyOH and Pytb

remains constant, showing that the reduction to 30% of the
initial emission is the maximum decrease in fluorescence
intensity for this dendron.

The DNB exhibited a similar effect like NB on PyN-
K10H fluorescence, where there is an intense quenching
up to 1.5 uM, equal to an emission decrease of 20%. After
this diminution, 50% quenching was surprisingly obtained
at 15 uM, a higher concentration than that of NB. The
maximum quenching value attained with this sensor was
55%, compared to the non-quenched dendron (Fig. 5). This
can be due to electrostatic repulsions between the partially
charged nitro groups and the carboxylic groups present the
dendron branches, which are very close to the pyrene moi-
ety, making more difficult for the quencher to encounter
the fluorescent chromophore.

Due to its smaller size, NM causes a decrease in flu-
orescence intensity of 45% at 1.5 uM. Then, the 50%
quenching was rapidly obtained at 3 pM, a lower concen-
tration than that used with the other quencher. The quench-
ing equilibrium was reached at 10 uM, with an emission
equal to 31% of the starting one. As we mentioned before,
the small size of NM allows overcoming the steric hin-
drance, thereby permitting a rapid quenching of the pyrene
emission.

Table 2 Comparison between

S ” Sample NB DNB NM
PyOH and Pytb in function of
the quencher 50% Maximum detection 50% Maximum detection 50% Maximum detection
quench. quench. quench.
(nM) (nM) (nM)
PyOH 75 300 nM 50 100 nM 20 100 nM
Pytb 200 - 200 - 100 -
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Fig. 5 11, ratio in function of the DNB amount for PyNK10OH

3.2.5 PyNKItb in the Presence of Quencher

For the first generation dendrons, we proposed an alterna-
tive tertbutyl end-capped compound (PyNK1tb) to make
a comparison with PyYNK1OH. PyNK1tb exhibits a wide
detection limit for NB. The first decrease at 1 pM is equal
to 7%; after this concentration the decrease does not reach
a real equilibrium. In fact, the quenching is proportional to
the nitro compound concentration until a superior limit of
80 uM, as we can observe in Fig. 6. This gradual decrease
allows an effective detection of NB along the analyzed range
of concentrations.

The DNB quenching showed a fast-initial quenching
of 11% in the non-quenched emission at 1 uM. The 50%
decrease in fluorescence intensity of the PyNK1tb sensor
was achieved at 15 uM. With a further increase of DNB, the
emission declined slowly until 30% with respect to the initial
emission at 80 uM. This different behavior in sensing DNB,
compared to NB, is due to the strong quenching power of
the dinitroaromatic system.

Similarly, NM causes a fast quenching of PyNK1tb fluo-
rescence; to be precise at 1.5 uM the emission is reduced to
70% with respect to the initial emission in the absence of
quencher. The 50% quenching was achieved at a quencher
concentration of 10 uM. The equilibrium was reached at
30 uM, when the emission decreased to 36% compared to
the pure sensor. This range of 30 uM is larger related to DNB
and this increased detection limit is undoubtedly due to the
smaller dimension of NM.

3.2.6 Comparison Between PyNKI1OH and PyNKItb

The emission spectra and the I /I, versus quencher amount
graphs are included in the Supporting Information. Both
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Fig. 6 Steady state (a) and Iq/IO ratio (b) in function of the NB
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sensors showed similar response to the different analyzed
quencher, as shown for NB quenching (Fig. 7). The inferior
detection limits and the initial quenching are close for both
sensors in each study, but usually the dendron bearing tert-
butyl terminal groups exhibits higher regression constant
values. The response towards the presence of nitro groups
does not afford a clear equilibrium and the emission contin-
ues diminishing even at higher concentrations of quencher.

According to the classical mechanism there is a photo-
induced electron transfer (PET) from the donor group (pyr-
ene derivative) to the acceptor (nitro compound). In a typi-
cal PET The excited state of the donor fluorophore (pyrene
derivative) donates an electron to the ground state of the
acceptor (nitro compound) thereby forming a complex,
which return to the ground state without the emission of a
photon. Then, the additional electron on the acceptor returns
to the donor group. The energy gap between the LUMO of
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Fig. 7 1/1, ratio in function of amount of NM for PyNK1OH and
PyNKl1tb

the donor (pyrene derivative) and that of the acceptor (nitro
compound) thermodynamically allows this process so that
the quenching efficiency depends on a big measure on the
electron transfer [3].

The fluorescence quenching requires the molecular inter-
action between the fluorophore (pyrene derivative) and the
quencher (nitro compound) by diffusion giving rise to a
dynamic complex, which is the case in our systems. Since
the donor (pyrene derivative) and the acceptor (nitro com-
pound) are located in different molecules and separated
in the medium. When both donor and acceptor groups are
located in the same molecule the formation of static com-
plexes is possible. Dynamic and static complexes can be
distinguished by life time decays, concentration, viscosity,
temperature effects [3].

In our systems, it is evident that we have a dynamic
quenching mechanism since the fluorophore (pyrene) and
the quencher (nitro compound) are situated in different mol-
ecules; their interaction is totally by diffusion in solution and
strongly depends on the concentration of the species. We
can observe a variation of the fluorescence intensity of the
donor (pyrene) in function of the added amount of accep-
tor (nitro compound) until we reach a stationary state. The
detection sensibility varies in function of the structure of
our sensors and the size and number of nitro groups present
in the quenchers.

4 Conclusions

In this work we described the synthesis and characterization
of four pyrene labeled compounds, some of them dendritic,

for the detection of nitro compounds in methanol solution,
to be specific: NB, 1-chloro-2,4-dinitrobenzene and NM.
The dendrons possess different size and terminal groups,
having two different generations and the presence of acid
or tertbutyl terminal groups in the periphery. The resulting
compounds showed diverse responses depending on the size
and the terminal groups: the generation zero sensors showed
a decrease in fluorescence intensity at nM concentrations
of quencher, giving a good linear correlation constant up to
1 uM concentration. The first-generation sensors showed a
higher detection limit; their response was significant in uM
concentration for all the nitro analytes. On the other hand,
PyNK1OH and PyNK1tb exhibited good correlation con-
stants. The good response to the quencher presence makes
these pyrene labeled compounds potential sensors for nitro
compounds. Thanks to the easy synthetic and purification
methods and the good response towards different concen-
trations of quenchers, these pyrene labeled Newkome type
dendrons may be used as potential candidates for the detec-
tion of explosives based on nitro compounds. As expected,
the quenching process occurs via a dynamic mechanism.
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