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ABSTRACT: A constrained model compound of trans-4-(N,N-dimethylamino)-4′-
nitrostilbene (DNS), namely, compound DNS-B3 that is limited to torsions about the
phenyl-nitro C−N bond and the central CC bond, was prepared to investigate the
structural nature of the radiative and nonradiative states of electronically excited DNS.
The great similarities in solvent-dependent electronic spectra, fluorescence decay
times, and quantum yields for fluorescence (Φf) and trans → cis photoisomerization
(Φtc) between DNS and DNS-B3 indicate that the fluorescence is from a planar
charge-transfer state and torsion of the nitro group is sufficient to account for the
nonradiative decay of DNS. This conclusion is supported by TDDFT calculations on DNS-B3 in dichloromethane. The structure
at the conical intersection for internal conversion is associated with not only a twisting but also a pyramidalization of the nitro
group. The mechanism of the NO2 torsion is discussed in terms of the effects of solvent polarity, the substituents, and the volume
demand. The differences and analogies of the NO2- vs amino-twisted intramolecular charge-transfer (TICT) state of trans-
aminostilbenes are also discussed.

■ INTRODUCTION

Conformational relaxation through torsions about a specific
bond plays an important role in the excited-state deactivation of
many chromophores. For trans-stilbene and its analogs, torsion
about the central CC bond (the τ torsion) in the excited
state results in the trans−cis isomerization.1 For some donor-π-
acceptor systems such as N,N-dimethylaminobenzonitrile
(DMABN), torsion about the phenyl-amino C−N bond (the
θ torsion) in polar solvents leads to a twisted intramolecular
charge transfer (TICT) state that displays weak and largely
Stokes-shifted fluorescence.2 For nitroaromatics such as 4-
nitroaniline, twisting of the NO2 group (the φ torsion)
facilitates internal conversion (IC) of the lowest singlet excited
(S1) state and accounts for the ultrafast fluorescence
quenching.3

Trans-4-(N,N-dimethylamino)-4′-nitrostilbene (DNS) is a
nonlinear optical (NLO) dye4 that contains five (τ, θ, φ, α, and
β) potential torsional modes in the excited states (Chart 1).
The occurrence of the τ torsion can be readily detected due to
the accompanied formation of the cis isomer. The τ torsion is
significant for DNS in solvents of low polarity such as hexane
and toluene but becomes negligible in polar solvents such as
acetonitrile and methanol.5 The fluorescence quantum
efficiency (Φf) of DNS is also largely dependent on the
solvent polarity (e.g., Φf = 0.53 in toluene but less than 0.01 in
acetonitrile).5 Besides the τ torsion, one or more of the other
torsional elements have been invoked for both the radiative and
nonradiative decay channels of DNS. However, no new product
is formed in association with these torsional relaxations. To
date, the identity and the necessity of these torsional modes in

accounting for the observed photochemical behavior of DNS
remain controversial.
Previous approaches toward an elucidation of the torsional

relaxations of DNS include detection of the transient states
with time-resolved spectroscopy,6 comparison of photo-
chemical behavior with structurally constrained model com-
pounds,5,7 and quantum chemical calculations.7−9 The
possibility of nonradiative decays by twisting of the
dimethylamino (θ) or the nitrophenyl (α) group was excluded
on the basis of the similar photochemical properties of the
model compounds DNS-B15 and DNS-B27 vs DNS (Chart 1).
Radiative TICT states resulting from twisting of either the
nitrophenyl (α) or the N,N-dimethylanilino (β) group and
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nonradiative decays due to twisting of the nitro (φ) group were
proposed by Lapouyade, Rullier̀e, and co-workers according to
the transient absorption and Raman spectroscopy.6 The results
of semiempirical calculations by Farztdinov and Ernsting
indicate that the α, β, and φ torsions are all energetically
favorable for DNS in polar solvents and that the α torsion is the
best candidate to account for the fluorescence quenching.8

Recent time-dependent density functional theory (TDDFT)
calculations led to either a planar or an α-twisted structure of S1
depending on the functionals.9 Evidently, further studies are
required to clarify the structural identity of the radiative and
nonradiative states of DNS.
In this context, we have investigated the multisite (α, β, and

θ) constrained model of DNS, i.e., DNS-B3 (Chart 1). We
reasoned that the single-site constrained models DNS-B1 and
DNS-B2 cannot distinguish the possible scenario: either one of
the α, β, and θ torsions quenches the excited state of DNS, and
an alternative torsion takes place even when the most preferred
one is inhibited. As only the τ and φ torsions are allowed in
DNS-B3, a comparison of the electronic spectra, Φf, and the
trans → cis isomerization quantum yield (Φtc) of DNS-B3 and
DNS could provide a conclusive answer to the questions as to
whether the highly polar fluorescing state of DNS is associated
with torsional relaxations and whether the NO2-twisting in
DNS is a viable nonradiative decay pathway in effectively
competing with the fluorescence and the trans → cis
isomerization. TDDFT calculations on DNS-B3 were also
performed to gain insights into these issues.

■ EXPERIMENTAL SECTION

General Methods. Electronic spectra were recorded at
room temperature (23 ± 1 °C). UV−visible spectra were
measured on a Cary300 double beam spectrophotometer.
Fluorescence spectra were recorded on an Edinburgh FLS920
spectrometer and corrected for the response of the detector.
The optical density (OD) of all solutions was about 0.1 at the
wavelength of excitation. A N2-outgassed solution of coumarin
334 (Φf = 0.69 in methanol)10 was used as standard for the
fluorescence quantum yield determinations of compounds

under N2-outgassed solutions with solvent refractive index
correction. An error of 10% is estimated for the fluorescence
quantum yields. Fluorescence decays were also measured at
room temperature with the use of the Edinburgh FLS920
spectrometer with a gated hydrogen arc lamp using a scatter
solution to profile the instrument response function. The
goodness of the nonlinear least-squares fit was judged by the
reduced χ2 value (<1.2 in all cases), the randomness of the
residuals, and the autocorrelation function. The detailed
method for measuring the quantum yields of photoisomeriza-
tion has been described.11 Briefly, optically dense N2-outgassed
solutions (1 × 10−3 M) were excited at 400 nm using a 75 W
Xe arc lamp and monochromator. The push−pull stilbene
derivative trans-4-(2-(1-(4-methoxyphenyl)indolin-5-yl)vinyl)-
benzonitrile previously reported by our lab was used as a
reference standard (Φtc = 0.17 in THF).12 The extent of
photoisomerization (<10%) was determined using HPLC
analysis (Waters 600 Controller and 996 photodiode array
detector, Thermo APS-2 Hypersil, heptane and ethyl acetate
mixed solvent) without back-reaction corrections. The
reproducibility error was <10% of the average. Density
functional theory (DFT) calculations on the ground-state
dipole moments of DNS and DNS-B3 were performed with the
Gaussian 09 program13 at the B3LYP level of theory and 6-
31G** basis set.14 TDDFT calculations on the excited-state
properties of DNS-B3 were carried out using the GAMESS
electronic structure package15 with the B3LYP functional and
the 6-31G* basis set.14 In all the calculations, including
geometry optimization and TDDFT calculations, the polar-
izable continuum model (PCM) was employed for the bulk
solvent effects with the dichloromethane (DCM) solvent.16

Materials. Solvents for organic synthesis were reagent grade
or HPLC grade, but all were HPLC grade for spectra and
quantum yield measurements. All other compounds were
purchased from commercial sources and were used as received.
Analytical TLC was performed on commercial Merck plates
coated with silica gel 60 F254. For flash chromatography,
Merck Silica gel Si 60 (0.0603−0.2000 mm) was employed.
DNS was prepared according to the literature.17

Scheme 1. Synthesis of DNS-B3
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Scheme 1 illustrates the synthesis of DNS-B3 through a
convergent route to construct the central CC bond. As the
CC group is fully substituted and unsymmetrical, the
conventional methods, such as the Wittig, Horner−Wads-
worth−Emmons, and McMurry reactions, for olefin synthesis
are impractical. Feringa and co-workers have demonstrated the
utility of the Barton−Kellogg reaction, a coupling reaction
between thioketone and dizao compounds, in preparing
unsymmetrical and sterically hindered alkenes.18 This method-
ology was shown applicable to the preparation of DNS-B3. The
nitro-containing diazo compound 1 and amino-containing
thioketone 2 were prepared via intermediates 3−7 from 5-
aminoindane and via the intermediates 8−12 from 6-
bromoindole, respectively. Both 1 and 2 are unstable in the
air and were generated in situ from the precursors for the
coupling reaction. Detailed synthetic procedures, data of
compound characterization, and NMR spectra of new
compounds (Figures S1−S10) are provided in the Supporting
Information. The trans configuration of DNS-B3 is verified with
the COSY and NOESY spectra (Figure S11)

■ RESULTS AND DISCUSSION
Radiative Excited State. The absorption and fluorescence

spectra of DNS-B3 in hexane and DCM are shown in Figure 1.

The absorption (λabs) and fluorescence (λf) maxima in hexane,
toluene, THF, DCM, and acetonitrile (MeCN) are reported in
Table 1. For comparison, the data5 of DNS are included. It
should be noted that the window for the fluorescence detection
with our instrument is only up to 850 nm, and the λf is larger

than 850 nm for DNS and DNS-B3 in MeCN. The intense
long-wavelength absorption band is broadened and red-shifted
in DCM vs hexane. The solvent effect on λf is even larger,
indicating a high polarity for the fluorescent excited state.
The excited-state dipole moment (μe) of DNS-B3 can be

estimated from the slope (mf) of the solvatofluorochromic plot
of the energies of the fluorescence maxima against the solvent
parameter Δf according to eq 119

ν πε μ μ μ= − − Δ +hca f[(1/4 )(2/ )][ ( )] constantf 0
3

e e g

(1)

where

ε εΔ = − + − − +f n n( 1)/(2 1) 0.5( 1)/(2 1)2 2
(2)

and

π=a M N d(3 /4 )1/3
(3)

where νf is the fluorescence maximum, μg is the ground-state
dipole moment, a is the solvent cavity (Onsager) radius, which
was derived from the Avogadro number (N), molecular weight
(M), and density (d), and ε, ε0, and n are the solvent dielectric
constant, the vacuum permittivity, and the solvent refractive
index, respectively. The value of μg was calculated in the gas
phase using the DFT algorithm for the optimized ground-state
structure. For comparison, the μe of DNS was redetermined
with the same method. The detailed data of a, mf, μe, and μg are
summarized in Table 2. The estimated μe for DNS-B3 (22.1 D)

is similar to that for DNS (23.1 D) in the fluorescent excited
state. This demonstrates that there is no need to invoke the α,
β, or θ torsion to account for the highly polar radiative state of
DNS.
The red-shifted fluorescence for DNS-B3 vs DNS in the

same solvent (e.g., Δνf = 807 cm−1 in DCM) is also an
indication of a planar radiative state for DNS. Provided that the

Figure 1. Normalized electronic absorption (curves a and b) and
fluorescence (curves c and d) spectra of DNS-B3 in hexane (solid) and
DCM (dash).

Table 1. Photochemical Data for DNS and DNS-B3 in Solutions at Room Temperature

compd solvent λabs (nm) λf
a (nm) Δν1/2 (cm−1) λ0,0

b (nm) Δνstc (cm−1) Φf Φtc
d Φf + 2Φtc

DNSe c-Hex 420f 501f 3658f 461f 3849f 0.33 0.28 0.89
toluene 428 583 0.53 0.035 0.60
THF 426 670 0.11 <0.01f <0.13
DCM 435 770 n.d.g 567f 10001f 0.008 <0.01f <0.03
MeCN 435 >850 <0.002 <0.01f <0.03

DNS-B3 n-Hex 440 562 3998 493 4934 0.21 0.38 0.97
toluene 465 635 3176 5757 0.31 0.08 0.47
THF 468 725 3132 7574 0.07 0.01 0.09
DCM 469 821 n.d.g 630 8653 <0.005 <0.01 <0.03
MeCN 469 >850 n.d.g <0.005 <0.01 <0.03

aFluorescence data are from corrected spectra. bThe value of λ0,0 was obtained from the intersection of normalized absorption and fluorescence
spectra. cΔνst = νabs − νf.

dContaining 10% THF when determined in hexane (n-Hex) and acetonitrile (MeCN) by reason of solubility. eData from
ref 5 unless otherwise indicated. fData from this work. gn.d. = not determined because of instrument limitation.

Table 2. Ground and Excited-State Dipole Moments for
DNS and DNS-B3

compd a (Å)a mf (cm
−1)b μg (D)

c μe (D)

DNS 4.91 23255 10.65 23.1 ± 0.9
DNS-B3 5.27 18516 10.02 22.1 ± 1.0

aOnsager radius from eq 3 with d = 0.9 for DNS and DNS-B3.
bCalculated based on eq 1. cCalculated by use of DFT (B3LYP/6-
31G**).
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fluorescence of DNS was mainly contributed by a TICT state
due to one of the α, β, and θ torsions, we would have expected
a blue shift of the fluorescence spectrum for DNS-B3 vs DNS,
as the torsion could not occur for DNS-B3. With the
conclusion of a planar conformation for both DNS and DNS-
B3 in the fluorescing state, the difference in their fluorescence
maxima reflects the hyperconjugation effects of the additional
bridged alkyl substituents in DNS-B3. A similar size of alkyl
substituent effect on λabs should be observed if DNS and DNS-
B3 had a similar planar conformation in the ground state.
However, the red shift in λabs on going from DNS to DNS-B3
in DCM (Δνabs = 1667 cm−1) is 2 times larger than that in λf.
This indicates that the conformation of DNS is less planar than
that of DNS-B3 in the ground state, which is consistent with a
shallow potential energy surfaces (PES) along the α and the β
torsion coordinates for trans-stilbenes in the electronic ground
state.1,20

Nonradiative Decays. The Φf and Φtc for DNS and DNS-
B3 in hexane, toluene, THF, DCM, and MeCN at room
temperature are reported in Table 1. For both systems, the Φf
is moderate in hexane and toluene but decreases to less than
1% in DCM and MeCN. The solvent effect on Φtc is even
larger in which the moderate size in hexane (0.28−0.38) is
decreased to 1% or less in THF and more polar solvents. The
common excited-state behavior of DNS and DNS-B3
unambiguously shows that the discussion of torsional relaxation
for DNS in the excited states can be restricted to the τ and φ
torsions. To this end, the φ torsion is very likely responsible for
the effective nonradiative decay of DNS in medium and highly
polar solvents (vide infra). The α, β, or θ torsion is either not
occurring at all or in an extent too small to have impact on the
decay processes.
The relative size of Φf and Φtc for DNS-B3 vs DNS reflects a

perturbation of the τ-torsion barrier by the bridged alkyl
groups. DNS-B3 displays larger Φtc but lower Φf values than
DNS does in hexane, toluene, and THF. It is very likely that the
τ-torsion barrier is lower for DN-B3 than for DNS in S1 so that
the trans→ cis isomerization of DNS-B3 occurs not only in the
triplet but also in the singlet excited states. We have previously
shown that constraint of the α or the β torsion of trans-4-(N-
phenyleamino)stilbene by ring bridging lowers the barrier for
the τ torsion to a significant extent, which results in an increase
of the Φtc at the expense of Φf.

21 In contrast, constraint of the θ
torsion increases Φf by decreasing Φtc.

21a The observed ring-
bridging effect on Φf and Φtc was in the order α > β > θ. This
trend would predict a larger Φtc and lower Φf for DNS-B3 vs
DNS, which is indeed the case.
Two pieces of evidence show that no new emissive state is

formed in association with the φ torsion for DNS-B3. The first
one is the similar fluorescence band half-width (Δν1/2 ≈ 3000−
4000 cm−1) in hexane and THF (Table 1). The presence of an
emissive TICT state would have broadened the fluorescence
spectra in THF vs hexane. The second evidence is the
monoexponential fluorescence decay times and the independ-
ence of these decay times on emission wavelengths in hexane,
toluene, and THF (Table S1, Supporting Information). In
toluene, the observed fluorescence lifetime 2.2 ± 0.1 ns for
DNS-B3 is essentially the same as that (2.3 ± 0.1 ns) for DNS,
again indicating a similar photodynamic behavior of the two
compounds. As the nonemissive behavior of the τ-twisted
excited state is a consequence of an ultrafast IC, the φ-twisted
dark state could have the same origin. This is indeed supported
by TDDFT calculations.

Molecular Modeling. The conclusion of a planar
fluorescing state and the formation of a nonemissive NO2-
twisted TICT state are further supported by TDDFT (B3LYP/
6-31G*) calculations on DNS-B3 in DCM (PCM model). The
optimized ground-state geometry is shown in Figure 2a in

which the φ, α, τ, and β torsion angles are 0°, −12.7°, 178.3°,
and −12.3°, respectively. The small α and β torsion angles can
be attributed to the steric interactions between the bridged
methylene/ethylene groups and the nearby phenyl C−H
groups. The wag angle of the amino group, which is defined
as θwag = (180 − ϕC28−N32−C35−C34)/2 (Table S2, Supporting
Information), is 19.6°, indicating a pyramidal geometry of the
amino group. The TDDFT S0 → S1 transition for the
optimized ground-state geometry is at 566 nm with an
oscillator strength of 0.81. The HOMO → LUMO is the
major configuration of the S1 state. As the HOMO and the
LUMO are located mainly on the anilinovinyl and on the nitro
groups, respectively, (Figure 3a), the Franck−Condon (FC)
excited state exhibits a significant charge-transfer character,
which is consistent with the large μe value. Optimization of the
FC structure in the S1 PES results in a rehybridization of the
amino N atom to sp2-like and thus a planarization of the N-
methylindoline moiety (Figure 2b). Except for a more planar

Figure 2. Optimized structures of DNS-B3 in the (a) ground state, (b)
radiative planar excited state, and (c) nonemissive NO2-twisted TICT
excited state.

Figure 3. Frontier orbitals of DNS-B3 in the (a) ground state
(Franck−Condon transition) and (b) NO2-twisted TICT excited state.
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geometry of the amino group (amino wag angle θwag = 5.0°),
this S1 equilibrium structure is similar to the FC state in the φ,
α, τ, and β torsion angles, which are 0°, −15.6°, 177.9°, and
−14.6°, respectively. This nearly planar S1 equilibrium state has
an energy 3.2 kcal/mol lower than the FC state and
corresponds to the radiative state with a theoretical emission
maximum at ∼646 nm.
Optimization of the S1 state was also performed with initially

guessed NO2-twisted conformations, which converged to a
NO2-twisted optimized structure (Figure 2c), corresponding to
the NO2-twisted TICT state. The resulting equilibrium
geometry exhibits not only the twisting feature but also a
pyramidalization of the nitro group, evidenced by a nitro wag
angle, defined as θwag = (180 − ϕC1−N43−O44−O45)/2 (Table S2,
Supporting Information), of 18.2°. We have performed
geometry optimizations using unwagged and wagged NO2-
twisted initial guesses, and both converged to the same wagged
structure, confirming the pyramidalization of the nitro group in
the TICT state. This TICT state lies 5.3 kcal/mol lower in
energy than the planar radiative state optimized with the FC
geometry. The HOMO→ LUMO is the major configuration of
the TICT S1 state, and the LUMO is strongly localized on the
nitro group due to the twisting and wagging of the NO2 moiety.
The more localized character of the TICT excited state explains
the extra stabilization of TICT in polar solvents and the
solvent-polarity dependent behavior of the photodynamics of
DNS-B3. In addition, the different equilibrium geometries
obtained from optimization of the FC vs NO2-twisted initial
geometry indicates the presence of a barrier between these two
optimized S1 states. The TDDFT S0 → S1 transition of the
optimized TICT state is forbidden with a transition energy of
only 8.5 kcal/mol, indicating that the structure is close to either
a conical intersection or an avoided crossing point. The small
S0−S1 energy gap at the TICT optimized geometry can be
attributed to a highly destabilized structure for the ground state,
which is higher by ∼33.5 kcal/mol compared to the optimized
ground state (Table S3, Supporting Information). As rotation
of the nitro group to a perpendicular position from the
optimized planar ground state only costs 9.3 kcal/mol in the
ground-state PES, the high ground-state energy at the S1 TICT
equilibrium geometry must be due to pyramidalization of the
nitro group or structural changes in the aminostilbene
backbone, particularly the planarization of the amino group.
Noticeably, the planarization of the N-methylindoline moiety
only destabilizes the ground state by ∼3 kcal/mol in the S1-
planar state (Table S3, Supporting Information). Thus, the
nitro pyramidalization must function as a critical promoter for
the ultrafast IC of the NO2-twisted TICT state. These features
reconcile the nonemissive character of the TICT state and
suggest a detailed deactivation channel following photo-
excitation of DNS-B3 in polar solvents. Figure 4 depicts a
simplified PES along the amino planarization and the nitro
torsion/wag coordinates for the excited state of DNS-B3 in
DCM. A PES profile similar to Figure 4 was also reported for
twist ing the nitro group in 1-(p -nitrophenyl)-2-
(hydroxymthyl)pyrrolidine (p-NPP) in polar solvents.3d

Photodynamic Model for DNS. Figure 5 shows our
proposed deactivation mechanism for electronically excited
DNS in polar solvents. The PES along the τ torsional
coordinate follows the conventional one-bond-flip mechanism
for trans-stilbenes.1 The τ torsion can occur either in S1 or T1,
but the triplet mechanism is expected to dominate, as it is
known that the nitro group facilitates a rapid intersystem

crossing.22 Indeed, Gruen and Görner reported that the triplet
mechanism prevails the trans−cis photoisomerization of DNS.5

As the conical intersection is located at a torsion angle near 90°,
corresponding to the transition state of the thermal cis−trans
isomerization, conformational relaxation toward the trans and
the cis form from the transition state has a similar (i.e., 50%)
probability. Consequently, the quantum efficiency of the τ
torsion (Φτ) can be estimated as 2Φtc. The parameter Φf +
2Φtc is 0.89 for DNS and 0.97 for DNS-B3 in hexane and
indicates that the excited decay is mainly due to fluorescence
and the τ torsion, and the φ torsion is negligible. However, the
Φf + 2Φtc value decreases dramatically to 0.60 in toluene, to
0.11 in THF, and to less than 0.03 in DCM and MeCN.
Evidently, the φ torsion-induced IC is more favorable in more
polar solvents.
Our previous studies have shown that formation of a TICT

state is viable for trans-aminostilbenes having sufficiently strong
push−pull character.12,21a Dual fluorescence or unresolved
broadened fluorescence spectra were observed for the amino-
twisted systems in polar solvents. The nonemissive nature of
the NO2-twisted TICT states of DNS and DNS-B3 is different

Figure 4. Simplified scheme for the potential energy surfaces along the
φ torsion/wag and the amino planarization coordinates for the singlet
excited state of DNS-B3 in DCM.

Figure 5. Schematic potential energy surface diagrams associated with
the φ and the τ torsions in accounting for the relaxation mechanism of
DNS in polar solvents. The φ torsion is accompanied with a
pyramidalization (wagging) of the nitro N atom. The curved arrows
denote the major (in red) and the minor (in green) decay pathways.
The structures show a twist angle at 90°, corresponding to the states
that internal conversion takes place.
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from the emissive, albeit weak, amino-twisted TICT states of
DMABN and trans-aminostilbenes.2c One possible explanation
is a very quick IC for the NO2-twisted TICT states, as is the
case of 1-(p-nitrophenyl)-2-(hydroxymthyl)pyrrolidine (within
10 ps).3d Another difference between the amino- and the NO2-
twisted TICT states of trans-aminostilbenes is their quantum
efficiency in toluene, a low-polarity but polarizable solvent.
Whereas the formation of an amino-twisted TICT state is
negligible in toluene, the fact of Φf + 2Φtc ≤ 0.6 for DNS and
DNS-B3 indicates the occurrence of the φ torsion to a
significant extent (40−50%). The latter might be attributed to a
small difference in molecular dipole for the NO2-twisted TICT
state and the fluorescent precursor, as is the case of 2-(4-N,N-
dimethylamino-7-nitrofluorenone (about 2 D).23

It should be noted that the volume demand for the twisting
of a nitro group is relatively small as compared to that for a
dimethyamino or an aryl group (e.g., the α, β, and θ torsions in
DNS). This might explain the moderate but not high Φf (0.3)
for DNS in glassy MTHF and ethanol at 77 K,5 as the volume-
conserving NO2 torsion is incompletely inhibited in the solvent
glass. Although the other torsions cannot be completely
excluded, both the φ and τ torsions are sufficient to account
for the nonradiative decay behavior of DNS in S1 under all
conditions.
The mechanistic concept shown in Figure 5 also allows one

to understand the difference between DNS and nitro-
substituted trans-stilbenes such as trans-4-nitrostilbene (NS)
and trans-4,4′-dinitrostilbene (NSN). Both NS and NSN
display a high value of Φtc (0.38−0.39) in polar solvents such
as methanol.24 Without the electron-pushing amino group, the
NO2 in NS and NSN might undergo only the pyramidalization
(wagging) but not the torsion, as is the case of nitrobenzene25

vs nitroaniline.3b Without an accessible low-energy TICT state
near a conical intersection, their deactivation is as expected
dominated by trans−cis isomerization.

■ CONCLUSIONS
The great similarity in the excited-state behavior for DNS and
the multisite bridged model DNS-B3 provides a piece of
unambiguous evidence in favor of the twisting of the nitro
group (the φ torsion) as a nonradiative decay channel and a
planar fluorescent charge-transfer state for DNS in polar
solvents. This mechanistic insight is important not only for
DNS but also for other push−pull nitroaromatics and should be
valuable for molecular designs toward novel fluorescent probes,
molecular switches, and NLO materials.
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