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Abstract: The fluorescence of thin films of a diimine-substi-
tuted phenyleneethynylene compound can be efficiently
quenched by nitroaromatic vapors, which is not the case for
the unsubstituted parent compound. Thin-film porosity is
usually considered to be an essential factor for efficient
quenching, but in the present case the origin of the quench-
ing is completely different, as both films are nonporous and
hermetic to 2,4-dinitrotoluene (DNT) molecules. The molecu-
lar organization in the two crystallized thin films offers a low
level of p stacking for both compounds, but the orientation
of the phenylenethynylene fluorophore differs markedly

with respect to the surface of the films. For the substituted
compound, the fluorophore is almost parallel to the surface,
thus making it readily available to molecules of a nitroaro-
matic quencher. This rationale is also observed in the case of
a related compound bearing methoxy side chains instead of
the long octyloxy moieties. Fluorescence-lifetime experi-
ments show that the efficient quenching process in the non-
porous crystallized films of the substituted compound is due
to a fast (<70 ps) diffusion of excitons from the bulk of the
film toward the surface where they are quenched, thus pro-
viding evidence of antenna effects.

Introduction

The reliable and sensitive detection of hidden explosives in
luggage, cars, or aircraft is currently a major issue for law-en-
forcement agencies that face the continuous threat of sudden
terrorist attacks. The detection of millions of landmines that
have remained unexploded in civil areas during several military
conflicts is another concern for military demining sections. Vari-
ous technologies for the detection of explosives, including
HPLC, Electron capture detector, GC-MS, X-ray imaging, and
ion-mobility, IR, and NMR spectroscopy,[1] have been developed

over the years, but the cost, portability, and complexity of
many of these methods are unsuitable for monitoring devices
on site.

For this reason, recent research has focused on the develop-
ment of portable, low-cost, and reliable detection devices. A
suitable sensor is also required to analyze samples in a relative-
ly short time. In the particular case of landmine detection,
a system that avoids physical contact with the target is
needed.[2] A variety of chemical sensors have been developed
based on various transductions. Mass sensors have well-suited
detection properties,[3] but in most cases they fail to detect ex-
plosives with very low vapors pressures. Optical devices based
on immunosensors exhibit high selectivities thanks to the spe-
cific reaction of antibodies with explosives molecules.[4]

Despite these advances, there is still a strong demand for ex-
plosive-vapors sensors to be utilized for the inspection of sus-
picious luggage, forensic analysis, and landmine detection. As
trinitrotoluene (TNT) is one of the most commonly used explo-
sives for military applications, it represents a significant target
when carrying out detection for bombs hidden in battle fields
or luggage, thus stimulating a growing amount of research
over recent years.[5] This is also true for 2,4-dinitrotoluene
(DNT), a residual product of TNT synthesis that has a significant
part in the chemical signature of TNT,[6] because the vapor
pressure of DNT is two orders of magnitude higher than TNT
(i.e. , 148 versus 6 ppbv at 20 8C; ppbv = parts per million by
volume).[7]
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Previous studies have demon-
strated the potential of optical
sensors for the detection of DNT,[8]

and especially p-conjugated poly-
mers have attracted a great deal
of attention as nitroaromatic sens-
ing materials.[9] In particular,
a number of polyphenylene-
vinylene and polyphenyleneethy-
nylene polymers have been shown
to undergo fluorescent extinction
upon exposure to nitroaromatic
vapors. Generally speaking, the ef-
ficiency of these sensing materials
is mostly attributed to an amplifi-
cation effect based on conjugation
and to the presence of cavities in the film.[9a–g] Polymer 1 is
a typical example in this field. Therefore, other structures have
been designed to create sensitive films with minimal p stack-
ing and maximum porosity to enable a certain degree of per-
meability to nitroaromatic vapors.[10] To achieve this goal, we
have previously reported the development of an alternate p-
conjugated polymer 2 based on a 1,2-diiminocyclohexane
chiral unit that exhibits fluorescent quenching in the presence
of DNT vapors.[11] However, we have also demonstrated the
high sensing ability of the related monomeric diimine 3 a
toward both DNT and TNT vapors[12] (Scheme 1). Moreover,
a few other nonpolymeric compounds have recently been de-
scribed for the same purpose.[13]

Nevertheless, there is no rationale that explains how these
compounds can efficiently detect nitroaromatic vapors. In this
light, we report herein on the three-dimensional molecular ar-
rangement within the crystals that constitute the films of 3 a
and of a similar compound that is much less sensitive to nitro-
aromatic vapors. We show how the different molecular packing
in the films of these two compounds can account for their
markedly different sensing efficiencies. Time-resolved fluores-
cence experiments also provide evidence of an amplification
phenomenon through exciton migration to account for the
high sensitivity of films of 3 a despite a lack of porosity.

Results and Discussion

Nitroaromatic sensing

Thin films (thickness�30 nm) of diimine-functionalized phenyl-
eneethynylene 3 a and the related compound 4 (Scheme 1)
were exposed to DNT vapors (Figure 1).

Although the fluorescence extinction of the films of 3 a
reached 51 %, the films of 4 exhibited only a very weak re-
sponse (10 %). The observed higher sensitivity of 3 a toward
DNT can be first understood in terms of HOMO and LUMO en-
ergetic levels. According to cyclic-voltammetric measurements,
the HOMO level of both compounds was �5.68 eV, whereas
the LUMO levels of 3 a and 4 were �2.57 and �2.52 eV, respec-
tively. Moreover, the optical-band gaps of 3 a and 4 are 2.94
and 3.10 eV, respectively. These energetic levels demonstrate

that 4 should be more prone to quenching in solution through
photoinduced electron transfer by a DNT molecule than 3 a. In
addition, the Stern–Volmer quenching constant (KSV), deter-
mined in THF as the slope of the relative fluorescence intensity
plotted as a function of the DNT concentration, was lower for
3 a than for 4 (79 vs. 119 L mol�1, respectively).[11b] This first set
of results prompted us to carry out further characterization to
understand the significantly higher sensor efficiency of 3 a rela-
tive to 4 in the solid state.

BET surface areas (SABET) were very low for powders of 3 a
(i.e. , 2.9 m2g�1). However, these SABET values were obtained for
powders at 77 K, and the results could not be extrapolated di-
rectly to a case of thin-deposited films, that is, with more flexi-
ble material networks when the ad/absorption is carried out at
room temperature and with a small macroscopic-access area
relative to the powders. A specific setup was used to investi-
gate the adsorption properties of 3 a. This setup can be con-
sidered to be a BET adsorption equipment, but for which the
measurements are directly carried out on thin films; therefore,
the mass-uptake isotherm of the film due to vapor ad/absorp-
tion is acquired by means of a quartz-crystal microbalance
(QCM). The adsorption curves of polypentiptycene 1 developed
by Yang and Swager,[9d] diimine 3 a, related polymer 2,[11] and
model compound 4 in toluene[14] are presented in Figure 2.

Scheme 1. Known polymers for the detection of nitroaromatic explosives and related nonporous compounds
studied in this work.

Figure 1. Fluorescence quenching of 3 a and 4 upon exposure to DNT (bold
line: 3 a, dotted line: 4).
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Although the films of specifically designed polymers, such as
polypentiptycene 1 and polyimine 2, seem to readily ad/
absorb toluene vapors, the profile of 3 a shows a low mass
uptake, which corresponds to a type-II or -III isotherm[15] that is
commonly obtained for either nonporous or macroporous ma-
terials. This proposition was confirmed by testing the powders,
thus classifying 3 a as nonporous. Interestingly, similar results
(a very low SABET value of 0.4 m2g�1 and nearly flat sorption iso-
therm) were obtained for 4, which is structurally related to 3 a,
but is almost completely insensitive to nitroaromatic vapors.
Therefore, the hypothesis of markedly dissimilar porosities to
explain the different sensing abilities has to be ruled out when
considering the nonporous, poorly sensitive 4 and the nonpo-
rous, highly sensitive 3 a. This outcome is noteworthy because
the efficiency of a number of related p-conjugated oligomers
or polymers has been attributed to their porosity in the solid
state, even though the SABET values were almost never given.
We measured the SABET value of polypentiptycene 1 developed
by Yang and Swager to be 36 m2g�1,[12a] which proves that this
material is truly porous, in sharp contrast with 3 a and 4. There-
fore, the detection mechanisms are clearly different in these
latter cases, and surface phenomena, rather than bulk events,
should be invoked.

Both 3 a and 4 result in heterogeneous films when deposit-
ed on glass substrates. SEM micrographs of these spin-coated
thin films are provided in the Supporting Information. It ap-
peared that the coated surfaces were constituted of flakelike
particles (up to 1 mm in length, some of which can be seen as
darker objects in the micrograph of 3 a). These objects were
assumed to be crystallites.

XRD studies

The presence of crystallites as observed in the SEM micro-
graphs prompted us to investigate the crystal structure of the
films. X-ray diffractograms were recorded on spin-coated films,
and similar patterns were obtained for both 3 a and 4 (see the
Supporting Information); that is, a single strong Bragg peak at
low angles was observed, which is indicative of a high degree
of crystallization and a strongly preferred orientation. Suitable

single crystals for a full structural X-ray characterization were
grown and analyzed to elucidate the molecular structure and
packing. The first strong low-angle peak calculated from the
structural data obtained by using the single crystals corre-
sponded exactly with those peaks observed in the diffracto-
grams of the films. This result made us confident that all the
information taken from the single-crystal structure determina-
tion could be extrapolated to the molecular structure of the
films. Complete crystallographic data and structure models em-
bedded as a manipulable three-dimensional content are given
in the Supporting Information.

The first point was that crystals of 4 were of higher density
and compacity than those of 3 a, without any free volume
inside. Conversely, crystal packing of 3 a revealed channels (see
the Supporting Information) and a free volume of 1.2 %. As
such, 3 a can, according to the definition by Holst et al. ,[16] be
considered as an extrinsically porous molecule, and we first be-
lieved that these different properties could account for the
better detection of nitroaromatic compounds exhibited by the
films of 3 a. However, the sizes of these channels were much
too small (mean radius = 1 �) to accommodate DNT or TNT
molecules. This finding was further demonstrated by recording
a diffractogram of 3 a crystals in the presence of DNT vapors
(exposure time = 7 days; see the Experimental Section for a de-
scription of the setup), and a diagram was acquired that was
identical to the image obtained without DNT vapors, thus indi-
cating that DNT molecules do not penetrate the crystals at
a loading fraction that could explain 51 % quenching of the
fluorescence. Therefore, 3 a should definitely be considered as
hermetic toward nitroaromatic vapors, and the efficiency of 3 a
in the detection of these species cannot be attributed to any
porosity of the films, contrary to related conjugated materials.

Compound 3 a crystallizes in the monoclinic system P21/
c (Figure 3). The asymmetric unit of 3 a shows that the three
aromatic rings are almost planar (angle between the external
and central rings = 68) as are the imine functions. This finding
is consistent with the expected high delocalization of the p e-
lectrons. On the other hand, the cyclohexyl rings are tilted
from the plane (angle = 74.58), thus indicating steric hindrance.
The most remarkable feature, however, is the near perpendicu-
larity of the two octyloxy side chains at C3 (angle measured
between C1 and C5 = 878). This angle is unexpected because
such alkoxy chains are often linear, as reported for related phe-
nyleneethynylene structures.[17] In the mesh structure, the top
and bottom faces both comprise five molecules that form an S
shape due to the presence of one tilted molecule that bridges
over two parallel pairs. The aromatic nuclei in each of these
pairs are not plane-to-plane stacked. Indeed, a J-type aggrega-
tion[18] that we believe to be induced by the cyclohexyl moiet-
ies seems to avoid any p stacking. This finding is consistent
with the high solid-state quantum yield recorded for the films
(41 %).

A projection along the b axis clearly shows a lamellar organi-
zation along the a axis. The crystal plane (1,0,0) is parallel to
the surface and the p-conjugated structure is slightly tilted
(218) from this plane. The gap between each leaflet is filled
with the octyloxy chains that interact with each other thanks

Figure 2. Toluene ad/absorption efficiency in thin films of compounds 1, 2,
3 a, and 4.
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to van der Waals forces, which presumably accounts for the
unusual bend conformation of these side chains.

Compound 4, which also crystallizes in space group P21/c, is
represented in Figure 4. In the asymmetric unit, the three aro-
matic rings are not fully coplanar, with angles of 12.3 and 20.98
between the central ring and each of the external counter-
parts. In sharp contrast with 3 a, all the carbon atoms in the
side chain are coplanar and adopt an angle of 608 with the
mean plane formed by the aromatic nuclei. The mesh compris-
es four molecules that form two crosses, as evidenced upon
projection along the a axis (Figure 4). This structure obviously
renders possible low-level p stacking, which results in a reason-
ably high solid-state quantum yield for the films (33 %). A la-

mellar organization appears along the c axis, with leaflets that
consist of a series of crosses. Only harmonic peaks (h00; h =

1,2,3) are observed in the diffractogram measured under sym-
metric Bragg–Brentano conditions, thus the only crystal plane
that is parallel to the film must be the (100) plane. The p-con-
jugated structure is highly tilted (608) from this plane and,
thus, from the film surface.

The XRD study highlights a number of similarities in the thin
crystallized films of 3 a and 4, that is, a lack of porosity, low p-
stacking, and a lamellar organization parallel to the substrate
surface. But the markedly different angles between the lamel-
lar planes parallel to the substrate surface and the p-conjugat-
ed system led us to the following hypothesis : the quenching

by nitroaromatic compounds,
such as DNT or TNT, involves an
electron transfer[19] that requires
an orbital overlap between the
quencher and the p-conjugated
system. Therefore, for an effi-
cient detection, the p system of
the fluorescent probe has to be
appropriately oriented to make
the nitroaromatic quencher ap-
proach and interaction efficient.
The small angle in 3 a enables
such an approach and the
quenching is high. Due to
a large angle in the case of 4,
only the sides of the aromatic
compounds are exposed to the

Figure 4. Crystallographic investigation of 4. I) Asymmetric unit. II) Projection of the mesh according to the a axis :
a) complete mesh, b) simplified mesh (side chains are omitted for the sake of clarity). III) Lamellar organization
along the c axis.

Figure 3. Crystallographic investigation of 3 a. I) The asymmetric unit and planes formed by the aromatic nuclei (in green) and cyclohexyl function (in red). II)
Projection of the mesh according to the a axis : a) complete mesh, b) simplified mesh (side chains are omitted for the sake of clarity). III) Projection of the
mesh according to the b axis : a) complete mesh, b) lamellar organization along the a axis (side chains are omitted for the sake of clarity).
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nitroaromatic quencher, thus accounting for the poor detec-
tion ability of films of 4 relative to the 3 a counterparts. This
process is schematically represented in Figure 5.

This hypothesis was further validated by studying 3 b, an
analogous diimine derivative bearing short methoxy substitu-
ents. Although the octyloxy chains, which have been shown to
play a significant role in the supramolecular organization of
films of 3 a, are absent in the case of 3 b, a lamellar organiza-
tion with a small angle of 22.58 between the substrate and the
p-conjugated system can also be observed for films of 3 b. This
outcome correlates well with a high fluorescence quenching
value (60 %) in the presence of DNT vapors (see the Support-
ing Information).

These results clearly show that nonporous oligomers such as
3 a, b can represent a promising alternative to porous conju-
gated materials for the detection of nitroaromatics vapors.
Here, the texturation and orientation in the solid state seem to
drive the gas-detection performance and outweigh other ef-
fects. For example, chemical affinity or electronic effects are
not the major contributors in the solid-/gas-detection process.
As a matter of fact, KSV values and HOMO–LUMO levels, deter-
mined in solution, indicate that 3 a is intrinsically less efficient
as a sensitive material than 4 (see the section on nitroaromatic
sensing), whereas this outcome is not what we observed for
solid films.

Antenna effects in films of 3 a

Considering the film thicknesses (ca. 30 nm) and the mesh
heights (17.7 and 14.2 � for 3 a and 3 b, respectively) only
a small fraction of 3 a and 3 b molecules are present at the sur-
face of the film (close to 20 %) and are supposed to interact
with the gas. Therefore, due to their lack of porosity, significant
quenching values (>50 %) can only be achieved if some kind
of amplification phenomenon takes place. One hypothesis is
that exciton migration occurs within the crystallized films and
creates an antenna effect.[9g, 20]

This proposition prompted us to investigate the properties
of thin films of 3 a by using time-resolved fluorescence.
Indeed, the diffusion of the excitation to the surface is in the
nanosecond range, whereas the diffusion of the DNT mole-
cules inside the film would be much slower. In the absence of
DNT vapors, the excited molecules of 3 a last for a few nano-
seconds before they emit a photon. In the presence of DNT,
the molecules at the surface transfer an electron to the DNT in
a few picoseconds with no emission of the photon;[21] in other
words, they become quenched. For the molecules deeper in
the bulk of the film, the excitation (exciton) first hops from
molecule to molecule through dipolar coupling (such as fluo-
rescence resonance energy transfer (FRET)) until the exciton
reaches a DNT molecule where it is quenched. Thus, in the
presence of DNT, the time during which excitons can emit
photons depends on their initial position in the film. Decay of
the fluorescence intensity after a short laser pulse follows mul-
tiexponential kinetics, which is well described by the laws of
diffusion.[22]

The decay of the fluorescence of thin films of 3 a after
a pulse excitation (1 ps) was recorded during exposure to DNT
vapors. The intensity of the fluorescence drops by 55 % upon
exposure of the film (Figure 6 a), which correlates well with the
quenching measured with the prototype system (Figure 1;
thickness�30 nm). The drop in fluorescence intensity takes
45 seconds and the recovery lasts for 60 seconds. We attribute
these values to the mixing time in the exposure chamber. The
intensity and fluorescence lifetime drop by 25 %. The response
time is the same as that of the intensity. This change in the
fluorescence lifetime is confirmation of the presence of a dy-
namic quenching mechanism in addition to direct quenching
by contact. If only the surface molecules that can exchange
electrons with the adsorbed DNT molecules had become
quenched, we would have seen a drop in fluorescence intensi-
ty without an accompanying change in the lifetime.

To obtain further information on that dynamic process, the
shape of the fluorescence decays was recorded (Figure 6 b).
The decay in the absence of DNT is mostly exponential (85%
of the initial fluorescence at 1 ns, 15 % at 2.5 ns). When DNT is
added, the decay becomes faster and particularly presents an
initial sharp decay. The decay without the presence of
a quencher represents the solution of the excited-state kinetics
equation [see Eq. (E1) in the Supporting Information] without
diffusion. Because the intramolecular deactivation rate does
not depend on the position, the contribution of the quenching
by diffusion of the exciton to the decay can be obtained by di-

Figure 5. Schematic view of the interaction between the nitroaromatic
quencher and the p-conjugated system at the surface of films of 3 a (I) and
4 (II).
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viding the decay obtained in the presence of the quencher by
the corresponding value obtained in the absence of the
quencher [see Figure 6 c and Eq. (E3) in the Supporting Infor-
mation]. It is apparent that the dynamics of the quenching are
extremely fast (<75 ps) at time zero, which is characteristic of
a barrierless diffusion process. This diffusion is much faster
than that of DNT into the crystallized nonporous films of 3 a
because this process was shown to take a fraction of a second
for a soft polymer.[23] The process is also fast relative to the
time it takes for DNT vapors to diffuse from the gas phase to
the surface of the film – a diffusion that depends on the
vapors pressure of DNT (i.e. , 150 ppb)[7] and the speed of a per-
fect gas at room temperature.

The diffusion time can be estimated to be 60 nanoseconds.
The fast reaction observed corresponds to the reaction with
DNT molecules already adsorbed on the crystal surface.
Figure 6 also reveals quenching levels at 60 %. Half of the mol-
ecules are too deep inside the film for their fluorescence to be
sensitive to the surface reaction. Thus, a change in the fluores-
cence lifetime is evidence that the quenching of the fluores-
cence is a dynamic process that cannot be ascribed to the dif-
fusion of DNT molecules inside the films, but to the diffusion
of the excitation in the crystal toward the surface where the
DNT molecules are adsorbed (this process is schematically rep-
resented in Figure 7).

The quenching is mostly reversible (Figure 6 a), but we note
an irreversible drop of the fluorescence intensity by 10 %. The
quenching, as determined by using lifetime measurements, is
fully reversible. The DNT molecules are successfully flushed
away from the surface. The loss in intensity corresponds to the
disappearance of fluorescent molecules during the detection
process, which is 5000-fold larger than the bleaching measured
for a sample not exposed to DNT. Thus, a specific photoreac-
tion might occur in the presence of DNT, thus producing non-
fluorescent nonquenching photoproducts.

Figure 6. Time-resolved fluorescence characterization of 3 a. a) Intensity and
fluorescence lifetime upon exposure of a film of 3 a (lex = 345 nm,
lex>400 nm) to DNT vapors. Quenching of the intensity by more than 50 %
is observed and accompanied by a drop in fluorescence lifetime. The life-
time was estimated as the average of time between laser excitation and
photon detection every second (dots) or by fitting the fluorescence decay
curve every 30 seconds (open circles). b) Fluorescence decay without DNT
(Iref, dots) and with DNT (IDNT, line). The decay of 3 a is mostly exponential. A
fast component with a lifetime of 230 picoseconds appears in the presence
of DNT due to the dynamic quenching. c) IDNT/Iref : the drop in the fluores-
cence lifetime is due to quenching of 60 % of the dyes with a multiexponen-
tial signature and an initial decay time of less than 70 picoseconds. This pro-
cess is characteristic of barrierless diffusion; that is, diffusion of the exciton
toward the surface where it reacts with DNT.

Figure 7. Schematic representation of antenna effects within the crystallized
films of 3 a.
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Conclusion

A crystallographic investigation and time-resolved fluorescence
experiments have been carried out on thin films of phenyle-
neethynylene compounds, thus providing initial insight into
their structure/sensing-ability relationships. Despite the lack of
porosity of these films, the fluorescence of films of 3 a and 3 b
is efficiently quenched thanks to migration of the excitons in
the bulk toward the film surface where gaseous nitroaromatic
molecules can readily access the p-conjugated structure that is
almost parallel to the film surface.

Experimental Section

Synthesis

The synthesis of 4 has been described elsewhere.[24] Compounds
3 a and 3 b were obtained through the reaction of cyclohexylamine
with the corresponding dialdehydes. The synthetic procedures and
compound characterizations are provided in the Supporting Infor-
mation.

Film deposition and characterization

The materials were deposited on the entire surface of a glass sub-
strate (Heathrow Scientific ; microscope slides = 75 � 25 � 1 mm) by
spin-coating (Braive Instrument; spin-coater = 600 rpm) from a solu-
tion in THF followed by 60 s of drying. SEM micrographs of spin-
coated thin films of 3 a and 4 were obtained on a Hitachi S4500
microscope. The spectroscopic film properties, that is, absorption
and emission, were determined on a PerkinElmer Lambda 35 and
a Jobin–Yvon Fluoromax 3 instrument, respectively. The optical
densities of the films were around 0.2 at l= 374 and 418 nm for 4
and 3 a, b (the absorption and emission spectra are given in the
Supporting Information). The thickness of the film of 3 a was evalu-
ated with a profilometer or atomic force microscopy (AFM). An ab-
sorbance of 0.2 led to a thickness of approximately 30 nm. Solid-
state quantum yields were obtained on a Hamamatsu C9920–02
spectrometer.

Detection tests

A laboratory-made prototype was used. The central element was
a coated microscope slide that acted both as the transducer and
substrate of the active material. A more detailed description of the
instrument has been given elsewhere.[12b, 25] Each fluorescent mate-
rial was evaluated for the detection of DNT in dry synthetic air. A
specific setup was used to generate DNT vapors and expose the
film to 150 ppbv of DNT. The sensor response was expressed as
the percentage of fluorescence quenched after 10 minutes.

Determination of HOMO and LUMO levels

Electrochemical measurements were performed with a standard
three-electrode system that consisted of a Pt working electrode,
a Pt-wire counterelectrode, and an Ag/Ag+ reference electrode in
a solution of TBAPF6 (0.1 m) in freshly distilled acetonitrile.

Adsorption experiments

BET surface areas (SABET) were evaluated for powders of 3 a and 4
(120 and 570 mg, respectively) under N2 at 77 K on a Micromeritics
TriStar 3000 tool. Adsorption characterization on deposited films

were carried out by using a laboratory-made setup that coupled
vapor adsorption with quartz-crystal-microbalance gravimetry. The
equipment could measure the small mass uptake of a deposited
thin film on a dedicated quartz crystal due to gas ad/absoption.[26]

The principal advantages of this coupled technique relative to the
classic volumetric BET setup that used nitrogen or another gas at
low temperature are 1) a high sensitivity that enabled the analysis
of the ab/adsorption of deposited nanoporous thin films with
thicknesses that ranged from 10 nm to approximately 100 nm;
2) the process was carried out at room temperature, thus render-
ing possible analysis of flexible materials; and 3) an ability to use
several gases other than classical N2 at 77 K, with a high vapor
pressure (below 1 bar for our setup).[27]

Crystallographic studies

The X-ray data collection of the single crystals was performed at
173 K on an Oxford-Diffraction GEMINI-S single-crystal diffractome-
ter by using graphite-monochromatized MoKa radiation (l=
0.71073 �). The 3D structures were solved by ab initio methods,
such as those implemented in the charge-flipping algorithm.[28]

The structural refinements were performed by using the CRYSTALS
package[29] on Fobs with reflections at I>2s(I). The data collection
of the films was carried out with a PANalytical X’pert MPD powder
diffractometer equipped with a X’celerator detector with CuKa ra-
diation (l= 1.5418 �). Experiments were also recorded in a DNT at-
mosphere. A special tight sample holder was used in which small
amounts of DNT were placed close to the powder sample.

CCDC-881459–881461 contain the supplementary crystallographic
data for this paper. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Time-resolved fluorescence experiments in the presence of
DNT vapors

Solid DNT was equilibrated with air in an Erlenmeyer flask
(120 mL), and the gas was sucked out with a syringe and sent to
the exposition chamber under a microscope by means of plastic
tubes. A diagram of the setup is given in the Supporting Informa-
tion. The fluorescence lifetime setup[30] and the fluorescence life-
time imaging microscopy (FLIM) setup have been described else-
where.[31]
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Efficient Sensing of Explosives by
Using Fluorescent Nonporous Films of
Oligophenyleneethynylene Derivatives
Thanks to Optimal Structure
Orientation and Exciton Migration

Explosive sensing : A structural mecha-
nism that takes into account both the
special conformation of oligophenyle-
neethynylene molecules at a thin-film
surface and antenna effects enabled by
exciton migration is presented (see
figure). This mechanism explains why
these crystallized fluorescent films ex-
hibit excellent sensing properties
toward nitroaromatic vapors despite the
fact that they are nonporous.
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