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An organic compound,N-salicylidene-3-hydroxy-4-(benzo[d]thiazol-2-yl)phenylamine, with two intramolecular
hydrogen bonding and triple fluorescence bands has been synthesized. With increasing pressure, enhanced
emission of the triple fluorescence has been observed in succession. Within the pressure region up to 54.2
kbar, the luminescence of the SalHBP solution changed gradually from blue to cyan, until it became almost
white. The three bands were assigned to the emission from the enol-enol, keto-enol, and enol-keto excited
states of the molecules. The mechanism of the pressure-induced emission enhancement (PIEE) has been
investigated with the aid of photophysical measurements and theoretical calculations. The results indicated
that the PIEE phenomenon was significantly dependent on factors of hydrogen bond, viscosity, and molecular
free volume.

Introduction

High external pressure technology used in probing structural
and electronic properties of molecules has been proved as a
powerful tool in chemistry, physics, and materials science.1

Pressure reduces the distance of adjacent molecules and ac-
cordingly decreases the volume of a sample. Shorter distance
between the molecules enhances possibilities of electronic orbital
overlapping and thus changes the orbital energy. Furthermore,
shorter distance between the molecules intensely increases the
short-range interactions, such as energy transfer with high-order
multipole interactions or by Dexter mechanisms.2 Therefore,
for luminescent organic compounds, external pressure will
generally result in a decreased emission.3

However, a few organic compounds have been investigated
for their pressure-induced emission enhancement (PIEE).4

Although the phenomena were very interesting, the mechanism
was explored only in a few reports, possibly for its complexity.
Consequently, the underlying causes remained obscure to a large
extent. As we know, tens of organic compounds with enhanced
emission, caused by changes in the surrounding microenviron-
ment, such as aggregation, viscosity, adsorption, and so forth,
have been reported.5 In most of the explanations in those articles,
the enhanced luminescence was caused by limiting the negative
factors for the emission that would decrease the fluorescence.
We assumed that, if the negative factors were weakened by
increasing pressure, the PIEE phenomenon could be observed.

In our previous studies of pressure effects on 2-(2′-hydroxy-
phenyl)benzoxazole, which is one of the most popular excited-
state intramolecular proton transfer (ESIPT) compounds and
shows dual fluorescence, it was observed that the high-energy
emission was enhanced by external pressure associated with both

the low-energy emission and the total emission efficiency
decrease.6 Volume factor had been advised to take responsibility
for the unexpected photophysical phenomena.

In this work, a new ESIPT compound,N-salicylidene-3-
hydroxy-4-(benzo[d]thiazol-2-yl)phenylamine (SalHBP), con-
densed by salicylaldehyde and 2-(4′-amino-2′-hydroxy-phenyl)-
benzothiazole, has been synthesized. From the molecular
structure, the compound has two ESIPT subunits, which are
similar to 2-(2′-hydroxyphenyl)benzothiazole (HBT) and sali-
cylideneaniline (SA). Both subunits have possibility to exhibit
enol form and keto form. Thus, three possible emission bands
may be possessed by SalHBP molecules: enol-enol (EE)
tautomer, keto-enol (KE) tautomer, and enol-keto (EK)
tautomer (Scheme 1).

SalHBP molecules were dispersed into 2-methyltetrahydro-
furan (meTHF), and its emission behavior was detected.
Noticeably, three emission bands were enhanced and tuned by
pressure. Photophysical measurements and theoretical studies
have been carried out to well understand these specific
spectroscopic behaviors.

Experimental Section

Materials. Synthesis of SalHBP.2-(4′-Amino-2′-hydroxy-
phenyl)benzothiozole (AHBA) was synthesized using previously
published methods.7

Salicylidehyde (0.52 mL, 5 mmol) and AHBA (1.21 g, 5
mmol), with a nitrogen inlet and protected from moisture, were
added in 30 mL of ethanol to a bath, stirred, and refluxed for
3 h. Light orange yellow precipitates emerged. The bath was
cooled, and the precipitates were filtered to give 1.485 g of
crude product (yield 85.9%), which was further purified by
recrystallization from toluene to get pure bright orange solid,
1.35 g (yield 78%). Mp 244°C. 1H NMR (400 Hz, chloroform
d) δ ) 11.04 (1H, s),δ ) 8.71 (1H, s),δ ) 8.02 (1H, d,J )
8.06),δ ) 7.94 (1H, d,J ) 7.96),δ ) 7.78 (1H, d,J ) 8.28),
δ ) 7.48-6.67 (9H, m), Anal. Calcd for C20H14N2O2S (ESI,
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m/z: 346.08): C, 0.6935; H, 0.0407; N, 0.0809. Found: C,
0.6912; H, 0.0413; N, 0.0805.

MeTHF was AR grade from Acros.
High-Pressure Spectra Measurement.A Merrill-Bassett

diamond anvil cell was used to generate high pressure. The
diameter of the hole in the 90-µm-thick stainless steel gasket
was about 300µm. A small chip of ruby was put in the hole to
calibrate the pressure by measuring red shift of the fluorescence.
For the emission detection, the third harmonic of a pulsed diode
pumped nanosecond Nd:YAG laser (355 nm, Amber-5AQ, 20
ns, 7 kHz) and a pulsed diode laser (405 nm, 2 MHz) were
used as the excitation source. For the absorption measurement,
a Xe lamp was used as light source. The spectra were dispersed
with a 0.3-m spectrometer and collected by a photo multiplier.
A spectrometer controller module (NCL Electronics Interface,
Acton-Research Corporation) and computer were used to record
the spectra data. The details of the setup are described in another
article.8

Low-Temperature Spectra Measurement.Low tempera-
tures were achieved using nitrogen-flow cryostats (Oxford
OptistatDN). Temperature was controlled with a precision of
0.1 K Oxford ITC503 temperature controllers. The emission
spectrum was recorded with an Edinburgh FLS900 spectrometer,
using an excitation wavelength of 355 nm.

meTHF was selected as the solvent for our experiments. It
was a versatile and good solvent for most organic compounds.
Additionally, it is difficult to crystallize, and therefore transpar-
ent glasses can be formed at low temperature or with high
pressure.

Theoretical Methods. Molecular Dynamics (MD) Simula-
tions. The GROMACS simulation suite9 was used for the
molecular dynamics simulation. Structure parameters of SalHBP
were optimized by DFT (B3LYP/6-31G(d)). Point charges were
derived according to the RESP procedure.10 The total system
containing nine SalHBP and 702 meTHF molecules was placed
in a box with dimensions of 50× 50 × 50 Å3 with periodic
boundary conditions. Using the conjugate gradient method, we
first minimized the total systemic energy. The cutoffs of the
van der Waals and electrostatic interactions were set to 12 Å.
For a neighbor-list algorithm, a 9 Åcutoff was used. The LINCS
algorithm was used to constrain all bonds in the system. To
maintain a constant temperature at 300 K, the system was
coupled to a thermostat bath adopting the Berendsen method
with a time constantτt ) 0.2 ps. The system was equilibrated
in an NPT ensemble using the Parinello-Rahman method with
an isotropic pressure coupling having a time constant ofτp )
1.0 ps. After being equilibrated for 100 ps at pressures of 1
atm with a constant temperature of 300 K, the next simulation
was carried out for 3.0 ns with a time step of 0.2 fs. The
configuration of the last frame was used for the initial config-

uration of the next higher pressure simulation until 50 kbar with
a step of 5 kbar.

QM Calculations.The ground-state (lowest singlet) geometry
of SalHBP was optimized with the Hartree Fock (HF) method.
Structures of the three lowest excited-state tautomers (EE, KE,
EK) for SalHBP were obtained with the configuration interaction
singles (CIS) method. The geometries were fully optimized
without symmetry constraints. The calculations of vibration
frequencies and normal coordinates were carried out at the CIS
structures. Employing the linear coupling model,11 we investi-
gated the major routes of internal conversion of the three excited
states. All these calculations employed all-electron 6-31G(d)
basis sets for carbon, hydrogen, oxygen, nitrogen, and sulfur
atoms. All calculations described here were performed with the
GAUSSIAN suite of programs.12

Results

Figure 1a showed pressure-dependent absorption spectra of
SalHBP in meTHF solution. At ambient pressure, the solution
exhibited a single structureless absorption band peaked at about
372 nm. When the pressure was increased to 20 kbar, the
absorbance showed a small bathochromic shift and a slight
enhancement. With higher pressure, the band decreased mod-
erately accompanied by a newly appeared absorption band at
the shorter wavelength region, which only showed a tail to avoid
strong absorption of diamond around 300 nm. Meanwhile, a
weak absorption band increased slightly in the longer wave-
length region (>420 nm). These changes of absorption spectra
implied that the most probable conformation of SalHBP became
more conjugated with increased pressure.

The fluorescence spectra of SalHBP in meTHF at various
pressures are shown in Figure 1b. At 1 atm, the emission of
SalHBP solutions was very weak and showed two peaks with
maxima at 420 and 538 nm. When the pressure was increased
to about 5 kbar, the emission at 420 nm increased by almost
∼3 times, which was a rarely observed phenomenon. Until the
pressure increased to∼31 kbar, the fluorescence intensity
reached its maximum and afterward began to decrease. At the
long wavelength region, a new shoulder emission peak around
500 nm was formed at higher pressure, which could not be
detected at ambient pressure. This peak increased immediately
after the pressure was enhanced and became obvious at 15.9
kbar and further increased until 31.2 kbar. In the lower energy
region, the peak around 538 nm at ambient pressure also
enhanced slowly with pressure. With higher pressure up to 38.9
kbar, the peak obviously increased and prevailed the fluores-
cence of the∼500-nm peak. Note that the iso-emissive point
around 530 nm was detected from 31.2 kbar to 54.2 kbar; this
implies a conformational transition between two fluorescent
species. As can be seen, the∼538-nm emission exhibited a
completely different pressure-dependent effect with respect to
the ∼500-nm emission.

Another interesting phenomenon observed was that SalHBP
solution gave a nearly white emission, simultaneously emitting
blue, green, and yellow light under high pressure. The photos
of this pressure-induced white light are shown in the Supporting
Information.

As mentioned earlier, total fluorescence emission of SalHBP
solution generally enhanced with increased pressure. In the
following section, these emission bands were assigned first, then
the major routes of radiationless deactive process were proposed,
and finally the origin of PIEE phenomena was investigated.

SCHEME 1: Structure of the Three Excited-State
Tautomers of SalHBP (Left) and Energy Diagram of
Photoinduced Isomerization Routes of SalHBP (Right)
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Discussion

A. Assignment of Emission.On the basis of special structure,
SalHBP molecules were expected to exhibit three possible
emission bands, separately, coming from EE, KE, and EK
tautomers. For the emission at 420 nm, the mirror-image
relationship and small Stokes shift between the emission and
absorption bands indicated that the emission was originated from
the EE excited-state form. As for two emissions at the longer
wavelength region, the large Stokes shifts revealed that both of
them could be assigned to the proton-transfer excited-state
characters. As known, ESIPT fluorescence of HBT and SA had
been reported to be located at∼500 and∼530 nm, respec-
tively.13 Therefore, emission at∼500 nm of SalHBP would most
probably originate from KE species and another emission at
538 nm would be from EK species.

To understand the assignments of these three emissions, by
reason of definition, the fluorescence spectra (Figure 2) of the
SalHBP solution were measured at lower temperature (in steps
of 20 K from 300 to 100 K). Each emission was intensified
continuously with their locations almost unchanged. Below 180
K, the emission band at about 490 nm was obviously observed.
The continuous changes in temperature-dependent spectra
indicated that at ambient pressure there already existed three
emission bands, although the∼490-nm peak prevailed over the

∼538-nm peak. Figure 3 depicted the normalized excitation
spectra of SalHBP monitored at 420, 490, 540, and 560 nm at
100 K. Apparently, the shapes of excitation spectra were similar
for the emissions at 420 and 490 nm, with the main excitation

Figure 1. UV-vis absorption spectra (left) and fluorescence emission spectra (right) of SalHBP in meTHF under various pressures (excitation
wavelength: 355 nm).

Figure 2. Emission spectra of SalHBP at various temperatures. Left: 100-200 K. Right: 200-300 K (excitation wavelength: 355 nm).

Figure 3. Normalized excitation spectra of SalHBP at 100 K,
monitored at 420, 490, 540, and 560 nm.
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maximum at∼360 nm. Excitation spectra of emission at 540
and 560 nm were different from that at 420 and 490 nm and
almost unchanged, with the tail region longer than 400 nm. As
we know, HBT had no obvious absorption in longer than the
400-nm region, but SA did.14 Therefore, to the emissions at
540 and 560 nm, they indicated vibronic structure of the
emission spectra from EK excited states, while the emission
around 490 nm was KE characters.

In addition, the emission spectra of the SalHBP solution under
25.7 kbar had been recorded with the excitation at 355 and 405
nm, as shown in Figure 4. The figure showed a bathochromic
shift of the fluorescence spectrum with decreased frequency of
the excitation light. This could be considered as a relatively
proportional change of emission at∼500 and∼538 nm with
different excitation wavelength.

Thus, changes of SalHBP emission under various pressures
(Figure 1b) could be depicted simply as follows. With the
increase in pressure, the EE emission was enhanced first and
then the KE emission increased, and finally the KE emission
decreased with increase in the EK emission.

B. Predominant Nonradiative Route of Three Excited
States. In general for most luminescent organic molecules,
internal conversion (IC), intersystem crossing (ISC) from singlet
state to triplet state, and energy transfer to surrounding
heterogeneous molecules (ET) were three main nonradiative
decay processes. For our compound with EE tautomer, an
additional ESIPT process should be involved.

ISC Route.Without heavy atoms in SalHBP molecules, the
spin-orbit coupling effect was not apparently contributable to
intersystem crossing process. On the other hand, ESIPT was
an extremely fast process that only involved singlet states in
most cases.15 No phosphorescence of SalHBP was observed in
the 400-900-nm area even at low temperatures in our experi-
ments. As shown in Figure 5, emission decay spectra of SalHBP
at 420, 480, 540, and 580 nm at 100 K were detected separately.
All the lifetimes were on a nanosecond scale, indicating that
these emissions were fluorescence rather than phosphorescence.
Therefore, ISC should not be the main radiationless route of
the three excited states and could be neglected in this work.

ET Route.On the basis of classical theory descriptions, energy
transfer could be classed as Trivial, Fo¨rster, or Dexter mech-
anism.16 All these mechanisms depended on the overlap integral
J between the energy donor and acceptor. Since absorbance of
meTHF was far from the visible area and located in a high-

energy region and the average distance between molecules
would be decreased only∼15% under 100 kbar,17 energy
transfer from excited states SalHBP to meTHF should be almost
impossible in this work.

Thus, the intermolecular energy transfer route could also be
neglected rationally in the SalHBP excited-state nonradiative
decay process.

IC Route. Under the displaced harmonic approximation,
applying the Born-Oppenheimer adiabatic approximation, the
internal conversion radiationless rate was determined by the
Huang-Rhys factor (see theoretical and computable details in
ref 18). The Huang-Rhys factor was given as:

∆Qj was the displacement ofjth normal mode, andωj was the
vibrational frequency ofjth normal mode.

The reorganization energy ofjth normal mode was

In Table 1, the Huang-Rhys factor and the reorganization
energy of the three excited-state tautomers between theS1 and
S0 states with noticeable displacement were given.

a. Enol-Enol Tautomer.The modes with frequency of 1617,
1702, and 1806 cm-1 (without correction) had the major
contributions to reorganization energy. This indicated that the
three vibrations were the most efficient internal conversion
deactive routes ofS1 excited state of the EE tautomer. When
the vibrational scaled factor was considered to be 0.891 (same
value for the HF method) for the CIS method, frequencies of
the three modes were obtained as 1440, 1516, and 1609 cm-1,
separately. The first mode represented a mixing of aromatic
skeletal stretching vibration and C-O (bond order 1.5) stretching
vibration. The second and the third modes were the stretching
vibrations of aromatic skeletal with various CdN characteristics.
In summary, aromatic stretching vibration was the predominant
internal conversion route.

b. Keto-Enol Tautomer.The case was so different from EE
tautomer. Modes with frequencies of 23, 1427, and 1463 cm-1,
which were 21, 1271, and 1303 cm-1 after scaled, were the
most probable nonradiative deactive routes for the KE tautomer.
The computational results indicated that the two bands were
located in a high-energy region, belonging to the aromatic C-H
in-plane bending motions. It should be pointed out that these
in-plane bending motions were mainly localized on the HBT
subunit, as shown in Scheme 2. The band at 21 cm-1 was
assigned to the rotation between the HBT subunit and sali-
cylidene subunit. In addition to the three modes, other modes
with large reorganization energy (>100 cm-1) could be assigned
to swing, rotating, or bending motions. In addition, stretching
motions had a small contribution for total reorganization energy.

c. Enol-Keto Tautomer.The case was different. No modes
had a conspicuous contribution to total reorganization energy.
There were 13 out of 18 vibrational modes showing apparent
reorganization energy, which suggested that several vibrational
modes would participate in the IC process. It was noted that
the vibrational modes of the aromatic system located on the
SA subunit had the most contributions to the reorganization
energy, while the vibrational modes correlated to the benzothia-
zole group almost had few effects on reorganization energy. It
was indicated that, in transition of the EK tautomer fromS1 to
S0, conformational modifications were mostly distributed in the
SA subunit, shown in Scheme 2.

Figure 4. Normalized emission spectra of SalHBP under 25.7 kbar
with different excitation wavelengths (with a 460-nm cutoff filter).

Sj )
ωj∆Qj

2

2p

λj ) Sjωjp
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ESIPT Route for the EE Tautomer.ESIPT was a very fast
reaction route (kESIPT is usually∼1012 s-1 for HBT/SA-based
molecules13) compared to other decay processes.14 Thus, if
involved, it could be estimated as the predominant decay
process. Since the ESIPT process could be inhibited by

intermolecular H-bond, the efficiency of ESIPT was determined
by the population of molecules that could have ESIPT reaction.

As discussed earlier, vibrational motion was the predominant
nonradiative route for EK excited-state tautomers, while the
rotational motion played the most important role in the deactive
process of KE tautomers. As for EE tautomers, the case was
more complex: either the ESIPT or IC route would be the
possible predominant nonradiative process.

C. PIEE Considerations.Effect of high pressure on vibra-
tional and rotational motions was induced by the fact that
pressure could decrease the intra- and intermolecular distances.
In general, pressure would have different effects on vibrational
and rotational motions. For vibration, the noticeable effects of
pressure were shifts of frequency and changes of intensity.
Coffer et al. and Li et al. had shown that the pressure
dependencies for vibrational modes of organic compounds
followed the order CHaromaticstretching> CCaromaticstretching
> CHaromatic bending.19 In common, a more visible influence
of pressure on weaker bonds should be observed. For rotation,
pressure-induced tight stacking would greatly hinder this motion.

Figure 5. Luminescent decay profiles of SalHBP at 100 K monitored at different wavelengths.

TABLE 1: Huang -Rhys Factors and the Reorganization Energy for the Noticeable Displaced Vibration Modes of Enol-Enol
(EE), Keto-Enol (KE), and Enol-Keto (EK) Tautomer of SalHBP

EE KE EK

ωj

(cm-1) Sj

λj

(cm-1)
ωj

(cm-1) Sj

λj

(cm-1)
ωj

(cm-1) Sj

λj

(cm-1)

163 0.54973 90.142 17.7 14.21455 251.68 358 0.27701 99.171
714 0.11650 83.276 23.3 34.7841 809.31 460 0.12248 56.417
858 0.12584 108.04 148 0.91786 136.23 633 0.21109 133.77

1251 0.06691 83.692 223 0.31255 69.614 1112 0.06697 74.491
1348 0.12004 161.92 562 0.10902 61.263 1205 0.21762 262.3
1455 0.04063 59.136 584 0.09257 54.076 1225 0.09817 120.27
1486 0.04026 59.850 1237 0.09133 112.96 1239 0.46333 574.48
1539 0.16093 247.65 1387 0.03865 93.123 1330 0.11143 148.2
1558 0.10511 163.74 1412 0.15788 222.98 1371 0.11075 151.83
1615 0.06296 101.67 1427 0.34821 496.93 1412 0.23607 333.33
1617 0.32701 528.86 1463 0.39803 582.21 1493 0.16354 244.16
1641 0.03506 57.550 1508 0.06356 95.824 1523 0.15450 235.3
1655 0.22229 367.84 1541 0.0422 65.039 1586 0.08164 129.48
1665 0.0564 93.893 1575 0.23911 376.63 1607 0.15026 241.46
1702 0.47474 807.84 1619 0.03346 54.169 1671 0.04604 76.936
1781 0.04343 77.365 1629 0.05848 95.261 1710 0.06161 105.34
1806 0.42745 772.35 1632 0.0349 56.953 1790 0.04033 72.202
3343 0.01691 56.528 3684 0.01447 53.297 3436 0.02782 95.586

SCHEME 2: Main Distributional Scope of Vibrational
Modes of Three Excited-State Tautomers of SalHBP That
Possess Large Reorganization Energy
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As we know, pressure from 1 atm to 60 kbar could only
produce a large change in intermolecular distances but has little
effect on intramolecular distances.17 Therefore, pressure would
have a great effect on rotational motions, a modest impact on
vibrational motions of external bonds in the molecule, and a
small influence on internal bond vibrations positioned inside
molecules in our experiments.

As follows, effects of pressure on luminescence of three
excited-state tautomers are discussed separately.

Effect of Pressure on Emission of Enol-Enol Tautomers.As
summarized in Table 1, aromatic skeletal stretching vibrations
were the most predominant internal conversion process for EE
tautomers. It was well known that aromatic skeletal stretching
vibrations were related to intramolecular atomic distances and
located inside the molecule. Pressure in our experiments should
have little effect on it. Therefore, pressure-induced changes of
ESIPT would be responsible for enhanced emission phenomena.
These changes could be considered as a combination of two
aspects: ESIPT reaction rate and population of ESIPT reaction
molecules.

Several studies on the ESIPT reaction rate with the transient
absorption measurements together with detailed theoretical
calculations revealed that the low-frequency skeletal vibrations
of the molecule make a major contribution to the proton-transfer
reaction mechanism.20 In our experiments, the pressure-induced
decreased volume of a system would have a few limitations on
the skeletal vibrations of molecules, especially when the pressure
was lower than 10 kbar. Since EE emission had been observed,
a noticeable enhancement occurred within 10 kbar, in which
the intermolecular distances of pure organic system would be
reduced merely about 8%.17 Therefore, changes of ESIPT rate
should be negligible for PIEE phenomenon of EE tautomer.
Excluding factors of reaction rate, the most possible origin for
PIEE of EE tautomer was the increasing population of molecules
that could have ESIPT reaction.

The essential condition for ESIPT reaction is the forming of
intramolecular hydrogen bonds. When molecules with intramo-
lecular H-bonds were dispersed in solvent molecules with proton
acceptor group, a competition between inter- and intramolecular
H-bonds would occur inevitably. MD simulations were carried
to evaluate this competition case. Because high pressure
preventing the rotations was highly sensitive to initial molecular
conformation, and with limitation of relatively short duration

(3 ns) and size of simulation system compared to the macro-
scopic time and space size of experiment, it was difficult to
obtain accurate data for numbers of inter- and intramolecular
H-bonds at various pressure, whereas it was rational to assume
the information of H-bonds through analyzing the radial
distribution functions (RDFs) since H-bonds are related closely
to distances between proton acceptor and donor group.

The calculated RDFs of two possible intermolecular H-bonds,
OHBT-H‚‚‚OmeTHF and OSA-H‚‚‚OmeTHF, are shown in Figure
6.

For HHBT‚‚‚OmeTHFatom pairs, the simulation reproduced the
weak and broad peak at about 1.97 Å under ambient pressure,
and the first minimum occurred at 2.96 Å, indicating possible
weak hydrogen bond. The location of the peak would be shifted
to a shorter distance under high pressure. For instance, the peak
was located at 1.91 Å under 10 kbar and 1.80 Å under 50 kbar.
Simultaneously, intensity of this peak enlarged rapidly with
increasing pressure, particularly when pressure was lower than
10 kbar. The peak with shorter radial distance and higher
intensity predicted the possible stronger H-bond interactions.21

The average coordination numbers calculated by integration
from zero to 2.5 Å were 0.53, 1.38, and 1.55 for cases under 1
atm, 10 kbar, and 50 kbar, respectively. More coordination
numbers mean more possibility of forming intermolecular
H-bonds. Compared to the case of HHBT‚‚‚OmeTHF atom pairs,
RDFs of HSA‚‚‚OmeTHF showed a lower response to pressure.
At 1 atm and 50 kbar, coordination numbers were calculated
as 0.98 and 1.37, respectively.

Taking the facts that the emission around 420 nm was almost
independent of salicylidene subunit as stated before, and the
computational result about higher response of intermolecular
H-bond OHBT-H‚‚‚OmeTHFfor pressure, we could conclude that
the pressure-induced increase of number for intermolecular
H-bonds, which decreased the population of the molecules for
the ESIPT process, was the main reason for the PIEE phenom-
enon of the EE tautomer.

Effect of Pressure on Emission of Keto-Enol Tautomers.As
mentioned earlier, rotation and in-plane bending vibration were
the most possible radiationless deactivation routes of KE
tautomers, especially rotation. In general, increasing the viscosity
of the local environment could hinder the free rotation of the
single bond. Thus, increasing viscosity of the solvent should
enhance the emission of KE tautomers.

Figure 6. Calculated solute and solvent radial distribution functions for atomic pairs HHBT‚‚‚OmeTHF (left) and HSA‚‚‚OmeTHF (right) under different
pressures.
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Pressure was ever utilized to attain high viscosities of organic
solvents at room temperature.22 Table 2 summarizes the
calculated viscosity data of meTHF with pressure by carrying
periodic perturbation method.23 Nonequilibrium NPT simula-
tions were performed with an external Z-dependent acceleration
in this method.

Actually, the viscosity of meTHF increased significantly with
enhanced pressure. This could be used to interpret the PIEE of
the KE tautomer. On the other hand, we noticed that KE
emission would decrease with increasing pressure over 31 kbar,
which was shown in Figure 1. Considering the fact that an iso-
emission point was exhibited around 530 nm, we ascribed this
decreased emission to the changes of KE-to-EK tautomer
population ratio, which is discussed as follows.

Effect of Pressure on Emission of Enol-Keto Tautomers.We
distinguish the effect of pressure as two aspects.

First, as listed in Table 1, some bending and stretching
motions of bonds in EK tautomer participated in the nonradiative
decay process. Because most of the bonds are located outside
the molecule, pressure would do some negative effects on
bending motions and decrease internal conversion decay rate
more or less. This effect should be more visible with increasing
pressure.

Second, it was noticed that the relative intensity of EK
emission compared with that of KE emission would increase
with longer excitation wavelength as shown in Figure 4. This
indicated that the ESIPT precursor of the KE tautomer had a
conformation with statistically less conjugation than that of EK
tautomer. In other words, the precursor of the EK tautomer
should be planar than that of the KE tautomer. Considering that
molecules with planar conformation had a relatively smaller
molecular volume, and pressure could decrease the occupiable
volume of the molecules, high pressure promoted the population
of the molecules with planar conformation. This could be
corroborated by pressure-induced changes of absorbance in a
longer wavelength region (>420 nm), as shown in Figure 1a.
Therefore, increasing pressure would increase the population
of molecules that could have ESIPT reaction to EK tautomer
and decrease the probability that was from EE to KE tautomer
simultaneously.

By taking the effects of the above two aspects, high pressure
would enhance the emission of EK tautomer significantly.

Conclusions

In contrast to general cases that high pressure would decrease
the emission of organic compounds, this work showed an
interesting phenomenon about PIEE. Three emission bands of
SalHBP were increased in different degrees by increasing
pressure. The PIEE mechanisms of the three excited-state
tautomers were assigned mainly to (1) pressure increased the
quantity of intermolecular H-bonds, (2) pressure increased the
viscosity of the system, and (3) pressure tuned the population
of the molecules with different conformation. The results gave
a novel route to understanding the effect of microenvironment
on luminescent efficiency of organic compounds. The pressure-
dependent, switchable blue/cyan/white fluorescence made the

SalHBP rather unique and possibly suitable for the important
applications that include tristable switches and other optical
devices.
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