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ABSTRACT: Two 1,2-disubstituted tetraphenylethylene E/Z isomers, each containing two cyano-
functional groups, were successfully synthesized and characterized. Unlike conventional
tetraphenylethylene molecules, the two isomers possess unique aggregation induced emission red-shift
and enhancement behavior. Interestingly, the crystalline solids of these two isomers show distinct
emission maxima which are more than 50 nm apart from each other. These two isomers can selectively
detect nitroaromatics, showing a quenching efficiency of picric acid more than 100 times higher than
other nitroaromatics. The structural characterization, absorption, and emission in solutions as well as

DFT calculations were conducted to help us gain deep insights into the chemistry of these species.

INTRODUCTION

Luminescent molecules and materials have
been extensively studied in the past thanks to
their tunable emission colors and applications in
sensing, imaging, and lighting.!® Of these,
systems that exhibit aggregation induced
emission (AIE) or aggregation induced emission
enhancement  (AIEE) characteristics have
attracted considerable attention owing to the
highly emissive nature of their solids.” The AIE
behaviour of TPE molecules is attributed to
restricted intramolecular rotations (RIR).!® In
contrast with aggregation-caused quenching
(ACQ), molecules of the AIE type are promising
candidates for fabricating devices, often used as
solid powders or crystals.” Tetraphenylethene
(TPE) based molecules have been
comprehensively studied for imaging, sensing,
and lighting because of their high quantum
efficiency, low-cost, and high tunablility.” -1 TPE
struts have also been used to build organic light-
emitting  diodes  (OLEDs),'*  fluorometric

probes,'>1% luminescent MOFs”- 724 and HOFs*
for lighting and detection applications.

Throughout the literature, highly symmetric
tetra-para-substituted TPE molecules have been
used to construct MOFs or organic polymers. ! 26-
28 This is because the starting materials are
commercially available, and the desired products
are easy to synthesize and separate. Di-
substituted TPE molecules are often used as E/Z
mixtures,?*3? as the separation of isomers is
difficult. Few studies have focused on the
isomerization of TPE molecules. E/Z
isomerization takes place under UV irradiation for
some molecules,’' while it is not observed in
other cases.>? Nevertheless, the E/Z isomers of
TPE molecules behave differently in solution and
upon aggregation when interacting with
substrates.?? Thus, it is important to study these
E/Z isomers to help us gain deep insights into the
working mechanisms for the design of new
molecules and materials for a variety of
applications.

Herein, we report the synthesis and
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characterization of two dicyano-substituted TPE
isomers, (E)-4,4'-(1,2-diphenylethene-1,2-
diyl)dibenzonitrile, E-1, and (2)-4,4'-(1,2-
diphenylethene-1,2-diyl)dibenzonitrile, Z-1.
Different from conventional AIE molecules, E-1
and Z-1 possess not only aggregation induced
emission enhancement, but also aggregation
induced emission red-shift behavior. More
interestingly, the crystalline solids of E-1 and Z-1
show very distinct emissions upon excitation at
the same wavelength. Photoluminescent spectra
as well as DFT calculations of both molecules
were investigated to help us understand the
differences between the two isomers.

EXPERIMENTAL SECTION

Materials. 4-Bromobenzophenone and
titanium tetrachloride were purchased from Alfa
Aesar. Copper(l) cyanide was purchased from
Strem Chemicals. Zinc powder was purchased
from VWR International. All chemicals were used
as received without further purification.
Tetrahydrofuran (THF) was dried by distillation
over sodium under nitrogen. N,N-
dimethylformamide (DMF) and Acetonitrile were
dried using a Vigor Solvent Purification System
under nitrogen prior to use. 1,2-bis(4-
bromophenyl)-1,2-diphenylethene (TPEBr;) was
synthesized following a previously reported
procedure.’*

Instrumentation. UV-Vis spectra were
measured on a Thermo Scientific Evolution 300
UV/Vis spectrophotometer. FTIR spectra were
obtained on a Thermo Scientific Nicolet™iS™ 10
spectrometer. *H and 3C NMR spectra were
obtained using a Varian 400-MR NMR
spectrometer. Photoluminescent spectra and
sensing experiments were obtained with a Horiba
FluoroMax-4 fluorometer equipped with a Xeon
lamp. Luminescent lifetime measurements were
obtained using a Horiba Fluorolog with PMT
detector and using a NanolLED 270 excitation
source and FluoroHub-B pulse controller.
Crystallographic data were obtained using a
Bruker SMART Fixed Chi Mo X-Ray source small

molecule diffractometer with APEX Il CCD
detector. MS spectra were measured on a Waters
Q-Tof Premier Quadrupole-Time of Flight Mass
Spectrometer.

Synthesis of 4,4’-(1,2-diphenylethene-1,2-
diyl)dibenzonitrile (TPE(CN)2): Modifications
were made to a previously published
procedure.”’” TPEBr, (0.848 g, 1.73 mmol) and
CuCN (1.048 g, 11.69 mmol) were added to a 250
mL round-bottom flask with a reflux water
condenser. The flask was evacuated by vacuum
and flushed with nitrogen five times. Thereafter,
anhydrous DMF (30.0 mL) was added to the flask
via cannula transfer. The reaction mixture was
then brought to reflux. The flask was cooled to
room temperature after 36 hours, after which,
75.0 mL of water was added. The resulting yellow
solid mixture was filtered and washed with water.
The solid was then transferred into a 250 mL
round bottom flask and suspended in 100.0 mL of
water. Ethylenediamine (4.0 mL, 59.83 mmol)
was added and the suspension was stirred for 1.5
hours at room temperature. The solution was
then filtered and the solid was washed with
water. The remaining yellow solid was dissolved
in acetonitrile and dried with anhydrous MgSQs,.
The dried solution was then filtered and the
acetonitrile was removed under vacuum and
heating. The resulting yellow brown residue was
recrystallized in dichloromethane and methanol.
(0.491 g, 74%). The separation of E- and Z-
isomers was achieved using a silica column and
an 8:3 Dichloromethane:Hexanes solvent
mixture.

(2)-4,4’-(1,2-diphenylethene-1,2-
diyl)dibenzonitrile (Z-1): 3C NMR (101 MHz,
CDCl,) 6 148.08, 142.33, 141.79, 132.20, 132.14,
131.97, 131.50, 131.43, 128.65,128.43, 127.94,
127.77, 119.02, 111.04 *H NMR (400 MHz,
CD.Cl,) 6 7.43 (d, ) = 8, 4H), 7.16-7.11 (m, 10H),
7.02-6.99 (m, 4H). FTIR KBr v (cm™) 2930, 2853,
2231, 1747, 1603, 1372, 1247, 1226

(E)-4,4’-(1,2-diphenylethene-1,2-
diyl)dibenzonitrile (E-1): 3C NMR (101 MHz,
CD,Cly) 6 148.25,142.11, 141.83, 132.14, 131.98,
131.51, 128.66, 127.94, 119.94, 110.80 *H NMR
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(400 MHz, CDCl,) 6 7.41 (d, J = 8, 4H), 7.18-7.12
(m, 10H), 6.99-6.97 (m, 4H) IR KBr v (cm™) 2930,
2853, 2227, 1745, 1605, 1370, 1246, 1224

UV-vis and Photoluminescence. Spectra were
taken over a scan range of 250- 450 nm using 0.2
M solutions of Z-1 and E-1 in dichloromethane
(Figure 2).

Photoluminescent spectra were taken by first
making 20 uM solutions of compound Z-1 and E-
1 in THF with varying percentages of water (0%,
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%
and 95%). Spectra were taken of each solution
using an excitation wavelength of 350 nm over
the range of 400 - 650 nm. Solid
phototluminescence experiements were
conducted wusing a small amount of the
compounds Z-1 and E-1 adhered to an aluminium
sample stage. Solid spectra were obtained using
the same instrument setup as the solution
experiments.

Sensing Experiments

Picric Acid (PA) sensing experiments were
performed on 95/5 (water/THF) solutions of both
Z-1 and E-1 at a concentration of 20 uM. A 0.01
M solution of PA in THF was incrementally added
to 1 mL of the of both Z-1 and E-1 solutions.
Spectra were taken, using an excitation
wavelength of 350 nm, at increasing volumes of
added PA solution (0, 1, 2, 3,4, 5,6, 7,8, 9, 10,
11, 12, 13, 14, 15, 16, and 17pL).

Sensing studies were conducted following a
modified version of the procedure above for 0.1
M solutions of toluene, nitrobenzene, 4-
nitrotoluene, and 2,4-dinitrotoluene (page S21of
ESI). Spectra were taken at addition increments of
0, 25,5, 7.5, 10, 12.5, 15, 17.5, 20, 22.5, 25 uL
(Figures $25-S28). Plots of lo/I vs Concentration
were generated for all sensing studies. Plots were
fit using nonlinear curve fitting and the equation
y = yo + AeRo* From the fittings, static quenching
constants, Ks, were determined for each isomer
and substrate combination using the equation K;
= ARo. Where A and Ro are values determined
from the fitting.

Crystallographic Analysis. Colorless crystals of
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E-1 and pale-yellow crystals of Z-1 suitable for X-
ray diffraction analyses were obtained by slow
evaporation of solvent from a
dichloromethane/methanol solution mixture at
room temperature. X-ray intensity data were
measured using a Bruker APEX Il CCD-based
diffractometer with Mo Kq radiation (A =0.71073
A). The raw data frames were integrated with the
SAINT+ program integrated in APEX 2 interface by
using a narrow-frame integration algorithm.
Corrections for Lorentz and polarization effects
were also applied. Empirical absorption
corrections based on the multiple measurements
of equivalent reflections were applied by using
the program SADABS. All structures were solved
with SHELXT.33-3¢ Difference Fourier calculations
and full-matrix least-squares on F?> were
performed with SHELXL-2016%3-3¢ using OLEX2.3’
Crystal data, data collection parameters, and
results of the analyses are available in the
Supporting Information; see Table S1.

Computational Analysis. Geometry
optimization calculations were performed with
Gaussian 98w,°® using the B3LYP3°40 functional
and the 6-31G(d) basis set. DFT calculations were
performed on both isomers, an un-substituted
TPE molecule, and the dimers of E-1 and Z-1. The
molecular orbitals for all molecules and their
energies were determined by geometry-
optimized calculations that were initiated with
the structures as determined from the crystal
structure analyses. The calculation of dimers for
both Z-1 and E-1 was conducted starting from the
two adjacent molecules in the unit cell obtained
from the crystal structure. The molecular orbitals
of all dimers and their energies were determined
by geometry optimization calculations.

RESULTS AND DISCUSSION

Two TPE based E/Z isomers were obtained
from the reaction of TPEBr, with CuCN in DMF
under reflux. Both products were characterized
by a combination of FTIR, NMR, MS, and single
crystal X-ray diffraction analyses. Both isomers
crystallized in the monoclinic crystal system.
ORTEP diagrams of the molecular structures of
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both isomers are shown in Figure 1.
Crystallographic data of both compounds are
listed in Table S1 in the ESI.

Figure 1. ORTEP diagrams of molecular structures of the two
isomers, E-1 (a) and Z-1 (b), showing thermal ellipsoids at
the 30% level.

UV-vis absorption spectra were taken for both
isomers in dichloromethane solutions. As shown
in Figure 2(a), both E-1 and Z-1 have a major
absorption band around 330 nm. The only
dissimilarity between the two isomers is the
absorption intensity between 275 nm and 315
nm. The absorption intensity of Z-1 is slightly
higher than that of E-1. In order to understand
the differences between Z-1 and E-1, DFT
calculations were conducted. The TDDFT
calculated spectra, as shown in Figure 2(b), are in
good agreement with the experimental results.
The absorption intensity variation is mainly
attributed to the excitation from HOMO to
LUMO+1. The oscillator strength of this transition
is 0.1919 for Z-1 and only 0.0005 for that of E-1.
This is because in E-1, the HOMO to LUMO+1
transition is forbidden due to its center of
inversion symmetry.*! The larger oscillator
strength of Z-1 resulted in stronger absorption.

Since E-1 and Z-1 are TPE derivatives, the PL
properties of these isomers were naturally
investigated. As shown in Figure 3, unlike the
non-emissive behavior of TPE, the THF solutions
of both isomers are still emissive. Interestingly,
the emission spectra of both E-1 and Z-1 in THF
solutions show three major emission peaks, two
peaks located at 408 nm and 433 nm, and one
shoulder at 458 nm. Unexpectedly, when varying
amounts of water were added to the THF
solutions of E-1 and Z-1, the emission intensity
was not enhanced with increasing water

G
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Figure 2: Experimental UV-Vis absorption spectra of Z-1
and E-1 in dichloromethane, (a), TDDFT calculated UV-Vis
absorption spectra of Z-1 and E-1 (b). Molecular orbitals
of E-1and Z-1. HOMO (c) -6.0012 eV and LUMO (e) -2.2183
eV of E-1. HOMO (d) -5.9868 eV and LUMO -2.2079 eV (f)
of Z-1.

fractions. As illustrated in Figure 3, for Z-1, when
water fractions (fw) were 10% and 20%, enhanced
emission intensities were observed, however, the
intensity dropped dramatically when f, = 30%.
When 40% of water was added to the THF
solution of Z-1, the PL intensity increased again,
the PL intensities of solutions with f, = 50%, and
60% were very weak. Intriguingly, when f = 70%,
the major emission peak red-shifted to 486 nm
along with a weak peak around 400 nm. As the
water fraction was increased to 80%, the intensity
of the peak at 486 nm increased. The solutions
with fuw = 90% and fu = 95% show dramatic
intensity enhancement by more than 10-fold.
Images of the solutions containing different
water contents were taken under 365 nm UV light
in the dark, as shown in lower Figure 3(a). The
vials with 10% and 20% water emit a bright blue
color, and the solutions containing 90% and 95%
water emit a bright cyan color. The relative
brightness of these emissions matches very well
with the fluorescent intensity in the spectra. The
emission colors of these solutions were plotted as
a CIE color diagram as shown in Figure 3(b).
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Interestingly, the emission color gradually shifted
from deep-blue to lighter blue when f, < 60%.
When f = 70%, the emission color shifted to the
turquoise region and when the water content
was 90% or 95% the color further shifted to the
green-blue region. The colors from the CIE
diagram matched very well with that observed
from the emission spectra and the solutions
under UV light. Similar phenomena were
observed for the E isomer as illustrated in Figure
3(c) and (d).
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Figure 3. Emission spectra (top) and image under 365 nm
UV light (bottom) for solutions of Z-1 in water-THF solu-
tions with varying water fractions, (a). CIE color diagram for
the emission of Z-1 with different water fractions, (b). PL
spectra (top) and image under 365 nm UV light (bottom)
for solutions of E-1 with varying water fractions, (c). CIE
color diagram for the emission of E-1 with different water
fractions, (d).

As discussed above, both the E-1 and Z-1
isomers possess aggregation induced emission
red-shift (AIERS) behavior, which stands apart
from that of non-substituted TPE. According to
the literature, the emission red-shift originates
from the formation of excimers. The inter-
molecular interaction not only restricted the
intramolecular rotation of the phenyl rings, but
also played an important role in the electron
transition process within and between

Crystal Growth & Design

molecules.*? To the best of our knowledge, only a
few AIERS examples for small molecules and
quantum dots have been reported.** A recent
report, by Li and coworkers, studied the
mechanoluminescence of a tetra-substituted TPE
molecule, where emission red-shift was
observed.** Many examples of aggregation-
induced emission blue-shift for small molecules

and coordination polymers have been studied.!”
18,26, 45

(a) (b)er
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Figure 4. (a) solid state PL spectra of E-1 and Z-1. (b) The
CIE color space chromaticity diagram showing the emis-
sion color of E-1 and Z-1.

Though the photoluminescence of E-1 and Z-1
are very similar in solution, surprisingly, the
crystalline solids show distinct emission maxima.
As illustrated in Figure 4 (a), the emission curve
of the trans-isomer, E-1, has a maximum at 445
nm, while the cis-isomer, Z-1, shifted to 491 nm
upon excitation at the same wavelength. The
emission colors of both isomers are shown in the
CIE diagram in Figure 4 (b). We hypothesize that
the differences between E-1 and Z-1 originate
from the different molecular packing. Though
both isomers crystallized in monoclinic crystal
system, the unit cell parameters are different.

(@) (b) %
o ‘*tétf“

7 M

@c
(1N

Figure 5. Molecular packing of Z-1 (a) and E-1 (b) within one

unit cell.
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Figure 6. Frontier molecular orbitals and energy gaps between HOMO and LUMO of dimers of the cis (Z-1) and trans (E-1)

isomers.

There are 8 molecules in the unit cell of E-1 and
two molecules in the asymmetric unit, while the
unit cell of Z-1 contains 4 molecules, with only
one molecule in the asymmetric unit. As shown in
Figure 5, the centers of these molecules are in a
plane. The smallest distance between two
molecules for Z-1is 5.910 A, while this distance is
7.099 A for that of E-1. The variable distances
between molecules resulted in differences in
molecular configurations. It is likely that the
molecules in the Z-1 crystal can form excimers.

To understand the nature of the two isomers,
DFT calculations were conducted. As expected,
the geometry optimization calculations resulted
in two isomers with almost identical HOMO and
LUMO energy levels. This is in good agreement
with the solution phase UV-Vis absorption
spectra and photoluminescence. Compunds E-1
and Z-1 were also compared with un-substituted
TPE. Though the HOMOs of all three compounds
look similar, the energies are slightly different, -
6.00 eV and — 5.98 eV for the HOMOs of E-1 and
Z-1, respectively, but — 5.32 eV for that of TPE.
The energies of the LUMOs are — 2.22 eV, - 2.21
eV, and - 1.20 eV for E-1, Z-1, and TPE,
respectively. The HOMO — LUMO gap for the TPE
molecule is 4.11 eV which is slightly larger than
that of 3.78 eV for both E-1 and Z-1. (ESI)

To help us gain further insights into the
electronic structures and molecular orbitals
(MOs) of the isomers in the solid state, dimers

from both crystal structures were selected and
geometry optimization calculations were
conducted. As shown in Figure 6, three dimers in
E-1 and two dimers in Z-1 were selected. The
HOMOs of the dimers for the trans (E-1) isomer
possess energies between -5.96 eV to -6.09 eV,
and LUMOs with energies between -2.25 ev to -
2.38 eV. The HOMO-LUMO energy gaps are -3.58
eV, -3.76 eV, and -3.73 eV for dimers 1, 2, and 3,
respectively, with an average energy gap of- 3.69
eV. In Trans-Dimer-1 and Trans-Dimer-2, the
HOMO is located on one molecule but the LUMO
is located on another. However, for Trans-Dimer-
3, HOMO and LUMO are located on both
monomers.

For the Z-1 isomer, there are two dimers
possible, as shown in Figure 6. Cis-Dimer-1
possesses a HOMO at -5.84 eV and LUMO at -2.06
eV with an energy gap of 3.78 eV, which is very
similar to that of the trans-dimers. For the second
cis-dimer, however, the energies of the HOMO
and LUMO are very different. Cis-Dimer-2 of the
cis isomer contains a HOMO at -8.59 eV and a
LUMO at -5.91 eV, with an energy gap of 2.68 eV.
This is much smaller than that of all the trans
dimers. This indicates that the Cis-Dimer-2 can be
considered an excimer. The formation of an
excimer would cause the emission of the cis
isomer to be red-shifted, which was observed as
shown in Figure 4 (a). Another representative
property of excimers is that they usually possess
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longer luminescent lifetimes. Bearing this in mind,
crystals of both isomers were used for the
lifetime measurements. The lifetime of the trans
isomer was measured to be 2.333 + 0.004 ns
while the cis-isomer’s lifetime was determined to
be 3.895 + 0.004 ns. The luminescent lifetime of
the cisisomer is almost double the lifetime of the
trans isomer, in very good agreement with the
DFT calculations.

(a) (b) **

Picric Acid (M)

i

»

”“.,//

5 0 625 650 0.0E+00 50E-05 1.0E-04 15604

w0 45 40 475 S0 s S0 o7
Wavelength (nm) Picric Acid (M)

Figure 7. PL spectra of Z-1, (a), andE-1, (c), in THF/water
mixtures (fu=95%) with different amounts of Picric Acid
(PA). (b) Plot of Io/I vs PA concentration in Z-1, (b), and E-1,
(d), solutions (fw=95).

AIE type materials have been shown to act as
chemosensors for the detection of nitroaromatic
explosives.3? Picric acid was first selected as the
substrate because it is very similar to TNT. Picric
acid sensing experiments of both Z-1 and E-1 at
fw=95% were conducted. The PL intensities of
both Z-1 and E-1 are weakened with the addition
of picric acid. As illustrated in Figure 7 (a) and (c),
the PL intensity for both isomers dropped
sequentially when increasing amounts of picric
acid solution was added. The Stern—Volmer plot
of the inverse relative PL intensity (lo/l) versus
picric acid concentration for Z-1 and E-1 are given
in Figure 5(b) and (d) respectively, which yielded
upward curving plots. Similar plots have been
reported for conjugated polymers.?’

To evaluate the sensing selectivity of E-1 and
Z-1 torward different nitroaromatics,

Crystal Growth & Design

nitrobenzene, nitrotoluene and dinitrotoluene
sensing experiments were also conducted.
Toluene sensing was also performed as a blank
experiment. As can be seen in Figure 8, when E-1
was used, the (lo-1)/I quenching effiency for picric
acid is 43, while all other substrates are below
0.3. When Z-1 was used, the (lo-1)/I value for picric
acid is 21, while all other substrates are below
0.2. This result indicates that both E-1 and Z-1 can
selectively detect picric acid over other
nitroaromatics, with E-1 having a higher
sensitivity than Z-1. The static quenching
constant for picric acid is 22,362 L mol™? for E-1,
and 16,281 L mol™? for Z-1. The static quenching
constant for other aromatics are all below 800 L
mol™* for both isomers. Interestingly, the static
qguenching constants of nitrotoluene,
dinitrotoluene, and nitrobenzene are very similar
to that of toluene, indicating that neither isomer
can distinguish these nitroaromatics when the
concentration is too low. Both isomers are
excellent sensers in the detection of picric acid at
concentrations lower than 10 uM.

45 mE-1 mZ1 22,362

40
35

30

~ 25 16,281

~5 20
15

10

Toluene Nitrotol Dinitrotol Nitrob Picric Acid

Figure 8: Histogram of (lo-1)/I for both E-1 and Z-1. Where Iy
and | equal the max intensity of PL spectra at 0 M and 2.44 x
10 M quenching substrate, respectively. Numbers above
bars represent the static quenching constant, K.

It is well-known that the nitroaromatics
guench luminescence due to the photoinduced
electron-transfer (PET) process, in which, the
nitroaromatics accept the excited electrons from
the fluorophore, and the energy will be released
through non-radiative decay pathways.*® For the
PET process to take place the energy level(s) of
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the unoccupied molecular orbital(s) of
nitroaromatics must be lower than that of the
fluorophore to allow elelctrons to flow from
fluorophore to the empty orbitals of nitroaomatic
molecues. To gain deep insights about the
selective sensing of E-1 and Z-1, geometry
optimization DFT calculations were conducted on
different nitroaromatic compounds to compare
with that of E-1. As shown in Figure 9, the HOMO
of E-1 has an energy of -6.00 eV and it is -2.22 eV
for that of LUMO. The calculation indicated that
the LUMO of nitrobenzene sits at -2.43 eV, which
is below the LUMO of E-1. The LUMO+1 for
nitrobenzene, however, is much high in energy (-
0.755 eV) than the LUMO of E-1. Similar results
were obtained for Nitrotoluene, in which the
LUMO and LUMO +1 have energies of -2.32 eV
and -0.681 eV, respectively. Remarkablly, there
are three LUMOs (LUMO, LUMO+1, LUMO+2) in
PA that lie inbetween the HOMO and LUMO of E-
1. Therefore, it is much easier for excited
electrons in E-1 to transfor to PA as there are
three available LUMOs, which explains the high
quenching efficeincy of PA over other
nitroaromatics. Another aspect that has to be
taken into consideration is that PA is much more
soluble in water than other nitroaromatics, and

=1
> J ‘J‘ 2 i)
37 :
'y LUMO
-2.22eV
e & LUMO+2, -2.92 eV
J & LUMO+1,-3.38 eV
s b’ LUMO,-3.49eV —
&Y
@
) >
- DO
9 &
» HOMO
-6.00 eV
9
TNT E-1

we used fw=95% suspension for the quenching
tests. Since trinitrotoluene, TNT, is not safe to
handle, we conducted the DFT calculation to
reveal the unoccupied MOs of TNT. Suprisingly,
the MOs of TNT are very similar to that of PA. The
energies of LUMO, LUMO+1 and LUMO+2 are all
lower than that of LUMO of E-1. This indicated
that E-1 should be very sensitive in TNT detection
as well.

CONCLUSION

In  conclusion, we have demonstrated
experimentally and theoretically that the
dicyanido substituted TPE molecules exhibit
distinct emission red-shift behavior. The distinct
emission differences in the solid state between E-
1 and Z-1 originated from the formation of
excimers due to the different packing of
molecules in the solid state. Explosive sensing
experiments demonstrated that both E-1 and Z-1
isomers are very good chemosensors for the
detection of picric acid at very low
concentrations. DFT calculation indicated that
the PET process is more favorable in PA as there
are three LUMOs that can accept electrons from
the excited states of E-1.

N
o \¢
LUMO LUMO <4 g\t
243 eV -2.32eV LUMO+2, -3.00 eV %o
P ‘o ) ‘e LUMO+1,-3.30eV e L@ .
J‘J & - J‘; LUMO, -3.93 eV é’
@ @ A — Qe

«
. tb‘.
® (9

‘&
Lo

Nitrobenze  Nitrotoluene Picric Acid

Figure 9: Representative MOs and energy levels of E-1 and LUMOs of nitroaromatic compounds that are lower than the LUMO

of E-1.
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