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ABSTRACT: The comparison of different stereoisomeric organic compounds under
high pressure has been less investigated. Here, we chose different stereochemical
configurations of cis/trans-stilbene to study the luminescence properties, polymerization
reaction, and structural changes at 0−20 GPa by spectroscopy and XRD. No
fluorescence enhancement occurred in cis-stilbene due to π−π stacking. At 16 GPa, the
IR, UV−vis, and sample color changes show that it undergoes an irreversible
polymerization, that C(sp2)−H changes to C(sp2 + sp3)−H. However, trans-stilbene
undergoes fluorescence enhancement at 0−4 GPa due to the reduction of the torsion
angle of the benzene ring and the C�C bond leading to the formation of rigid planar
molecules, which is further confirmed by the IR and XRD results. At 8 GPa, the new
peaks in UV−vis and XRD results show the formation of new substances by structural change. However, the structure of trans-
stilbene is more stable, which leads to the return to the raw state after releasing the pressure, and a reversible transformation occurs
at high pressure. The cis-trans isomerization under high pressure was also briefly investigated by combining heating and laser
irradiation. The cis → trans-stilbene transition can only happen under a fixed-range light irradiation, and the trans → cis-stilbene
transition could not happen even under irradiation with a 360 nm laser, which may provide a new idea for synthesizing trans isomers
with a higher purity.

■ INTRODUCTION
Cis-trans isomerism is an important stereoisomerism in organic
chemistry, which is very important to determine the specific
structure of organic compounds.1−7 Cis-trans isomerism
generally occurs when atoms or functional groups cannot
rotate freely due to the restriction of rotation in compound
molecules, such as C�C, C�N, C�S, N�N, or benzene
rings. These functional groups contain symmetric π bonds; as a
result, the molecule cannot freely rotate and forms a cis-trans
isomerism.7,8 Cis-trans isomerism compounds often show
different properties in physical, chemical, and biological aspects
due to their different structures, such as melting point,
solubility, and dipole distance.1−7,9−12 For example, the
melting point of maleic acid is ∼130 °C, while that of fumaric
acid is ∼287 °C.11 Again, for instance, the natural unsaturated
fatty acids intrinsically are of cis-type, mainly found in
vegetable oils, and are not harmful to human consumption.
Since trans-fatty acids are obtained through the hydrogenation
of cis-fatty acids in the industrialization process, excessive
intake of artificial trans-fatty acids can increase the risk of
cardiovascular disease.12

For such simple organic compounds based on functional
groups containing symmetric π bonds, direct illumination can
induce cis-trans isomerization, resulting in various optical
response phenomena. Cis → trans conversion can be usually
driven by light or heat, while trans → cis conversion is driven
only by optical excitation.13−18 Pressure, an important
thermodynamic parameter for regulating the properties of

materials, can effectively change the atomic spacing. This leads
to a continuous and controlled adjustment of the band gap,
which can change its luminescence properties and synthesize
new materials with controllable properties. Due to the
enhanced pressure-induced molecular π−π stacking interac-
tion, the fluorescence intensity of most organic molecules
decreases.19−23 Currently, only a few organic molecules show
fluorescence enhancement under high pressure, which is
mainly attributed to phase transitions, restricted molecular
vibration, or weakened π−π stacking. Examples include
hydrogen-bond formation, increased viscosity, increased steric
hindrance, and increased conjugation regions.24−27 In short,
high-pressure techniques provide an effective way to enrich the
family of luminescent materials by enhancing luminescent
properties and guiding the design of new functional
luminescent materials. It is important to investigate the
different properties of cis-trans isomeric compounds under
high pressure and the possible cis-trans isomerization achieved
by compression or with the assistance of light or heat.
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In this work, stilbene formed by connecting a benzene ring
on both sides of C�C is taken as the research object. The
properties and structures of cis-trans-stilbene were studied by
Raman spectroscopy, infrared (IR) spectroscopy, fluorescence
spectroscopy, ultraviolet−visible (UV−vis) absorption spec-
troscopy, and X-ray diffraction (XRD). It is found that there
are obvious differences and partial similarities in their
performance under high pressure, and the conditions of cis-
trans transformation under high pressure are preliminarily
explored.

■ EXPERIMENTAL METHODS
Cis-stilbene (98%) was bought from the Shanghai Aladdin
biochemical technology company, and trans-stilbene (97%)
was bought from Alfa Aesar. The symmetric diamond Anvil
Cell equipped with a pair of type-IIa diamond anvils with a
culet size of 300 or 500 μm was used to generate high pressure.
A T-301 stainless steel gasket was prepressed to a thickness of
about 35−45 μm before a sample hole with a diameter of ∼180
or 320 μm (for a culet size of 500 μm) was drilled in the center
of the sample chamber. Finally, ruby balls were used to
calibrate the pressure in all experiments.28

In situ IR spectra were collected on a Bruker VERTEX 70v
system equipped with a HYPERION 2000 microscope and
collected in the transmission mode using Globar as a
conventional light source with a pressure transmission medium
(PTM) of KBr in the range of 600−4000 cm−1. In situ
fluorescence spectra were collected using a 325 nm laser
without PTM by a Renishaw micro-Raman spectroscopy
system. In situ UV−vis spectra were collected in the
wavelength range of 350−1000 nm using silicone oil as the
PTM by an Andor spectroscopic system. An in situ high-
pressure XRD experiment was performed at BL10XU
undulator beamline at Japan’s synchrotron radiation facility
SPring-8. The wavelength of the incident X-ray beam was

0.413 Å, and argon gas was used as the PTM. Dioptas software
was used to reduce the preliminary data.29 All of the above
decompression experiments were measured after 24 h. For the
cis/trans-stilbene conversion, the Raman spectra were
collected with laser wavelengths of 360 and 532 nm without
a PTM. The Raman spectra were recorded with a back-
scattering configuration, and a 1200 groove/mm grating was
used. For the heating part, the whole cell was heated on a
constant-temperature heating table, the thermocouple was
placed on the seat of the anvil, and the temperature was
maintained for more than 1 h each time.

■ RESULTS AND DISCUSSION
The vibration and rotation of different bonds of cis/trans-
stilbene under high pressure were studied by in situ infrared
spectra, as shown in Figure 1a−d. At 0.1 GPa, the spectral
peaks of cis/trans-stilbene are very close. A blue shift occurs
with the increase in pressure, indicating that vibration is
strengthened under high pressure in both systems. For the
whole spectrum, we found that the main changes in the sample
came from the stretching vibrations of the C−H bond.
Therefore, the �C−H stretching vibration peaks of cis-
stilbene and trans-stilbene at around 3100 cm−1 were enlarged
and are plotted in Figure 1b,d, respectively.
For the cis-stilbene system (Figure 1a), after 2.4 GPa, some

of the C−H vibrations on the benzene ring disappeared,
mainly due to the solidification of the sample. At 16.2 GPa,
some cis-stilbene samples’ color changed from bright yellow to
light red, representing the formation of a new substance.
Simultaneously, the spectrum showed the C(sp3)−H vibration
emerges at ∼2980 cm−1, which responds to the color change of
the samples. At 20.7 GPa, most of the samples changed to
reddish-brown, and the C(sp3)−H vibration peak was more
obvious (Figure 1b). After releasing to ambient pressure, it can
be seen that most of the vibration peaks reappear and the

Figure 1. (a) Selected IR spectra of cis-stilbene under high pressure, (b) C−H stretching peak of cis-stilbene changes with pressure higher than
12.8 GPa (left panel), the peak position of the �C−H stretching vibration changes at 0−20.7 GPa (middle), and there is a color change in the
sample (right panel). (c) Selected IR spectra of trans-stilbene. (d) Details of the�C−H stretching peak and the peak position of trans-stilbene as a
function of pressure.
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samples mostly returned to their original bright-yellow color.
However, a very clear C(sp3)−H vibration peak was preserved
at ∼2920 cm−1, indicating that the C−H stretching from sp2

transformed to sp2 + sp3. This means that the cis-stilbene
undergoes an irreversible polymerization under high pressure.
The changes in trans-stilbene under high pressure have a

certain similarity to those of cis-stilbene (Figure 1c). At 3.5
GPa, the �C−H vibrational peak split into two peaks, while
the two Ph−H vibrational peaks merged into one peak,
indicating that the benzene ring and the C�C bond changed
simultaneously. It is presumed that trans-stilbene coplanarizes
with the benzene ring and the C�C bond under high

pressure, leading to the simultaneous polymerization. At 13.9
GPa, the intensity of the Ph−H vibration peak becomes weak
and broadens, indicating that the sample gradually becomes
amorphous. The trend of the peak position shift is the same as
that of the �C−H vibration, both of which turned from a blue
shift to a red shift (Figure 1d), suggesting that the benzene ring
was easily disrupted in the molecule after pressure. After
release, the majority of the spectral peaks reappeared,
indicating that trans-stilbene undergoes a reversible transition
and is more stable than cis-stilbene under high pressure.
This difference is related to the stability of the two structures

themselves. The two benzene rings of cis-stilbene are on one

Figure 2. Selected fluorescence spectra of (a) cis-stilbene and (b) trans-stilbene under different pressures.

Figure 3. (a) Selected in situ UV−vis patterns of cis-stilbene under high pressure. (b) Variation of band gap and peak intensity of cis-stilbene with
pressure, and these two isolated points at ambient pressure represent the band-gap value and the intensity value released to ambient pressure. (c)
Selected in situ UV−vis patterns of trans-stilbene under high pressure. (d) Band gap of trans-stilbene under high pressure.
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side of the C�C bond, and the electron cloud density on the
benzene ring is too large, and the resistance effect will lead to
the formation of an angle between the two benzene ring
planes, which is easy to transform into trans-stilbene under the
action of external forces. For the trans-stilbene, two benzene
rings are on both sides of the C�C bond, the electron cloud
density of trans-stilbene is more evenly distributed, and it can
be stable in a large plane. Therefore, trans-stilbene is more
stable than cis-stilbene and is more resistant to polymerize.
To compare the different luminescence properties of cis-

stilbenes and trans-stilbenes under high pressure, in situ
fluorescence spectroscopy was performed, as shown in Figure
2a (cis-stilbene) and 2b (trans-stilbene). At ambient pressure,
there are two main peaks for both samples, which are the π* →
π vibration transition in the stilbene molecule. The two peaks
are very close, indicating that the benzene ring is strongly
conjugated with the C�C bond. From 0 to 21 GPa, the peak
position of cis/trans-stilbene is always red-shifted, which
means that the long distance between intermolecular and
intramolecular bonds of the sample under high pressure
becomes shorter and the band gap decreases, resulting in the
red shift of the spectrum peaks. The left peak of cis-stilbene
moves roughly from 388 to 527 nm from ambient to 15.1 GPa
and that of trans-stilbene moves from 388 to 458 nm. This
suggests that trans-stilbene is more stable, while cis-stilbene is
more easily regulated under high pressure, consistent with the
infrared spectra results. In the pressure range of 0−15 GPa, the
peak intensity of cis-stilbene gradually decreases, indicating
that the π−π stacking interaction in the stilbene molecule is
enhanced under high pressure, leading to the enhancement of
nonradiative transition, and thus, the fluorescence is weakened.
The fluorescence peak intensity of trans-stilbene increases at
0−4.7 GPa and decreases at 4.7−15.1 GPa, whereas the
fluorescence intensity did not change much at 0−1 GPa.
According to the theoretical simulation of trans-stilbene under
high pressure by Zou et al.,30 the torsion angle change of the
benzene ring and the C�C bond resulted in the change in
fluorescence intensity. At 0−1 GPa, the torsion angle did not
change much, which corresponds to little change in the
fluorescence intensity. At 1−4 GPa, the torsion angle
decreased all of the time corresponding to the increase in
fluorescence intensity. The decrease in torsion angle tends to
form rigid planar molecules, which would enhance the
fluorescence intensity. At 15−20 GPa, the fluorescence peak
intensity of cis/trans-stilbene is almost invisible, mainly from
the gradual amorphization and π−π stacking interaction of
samples under high pressure. This pressure point is close to the
pressure of 16 GPa, where the new C(sp3)−H peak emerges
and the color changes in the IR spectra results, confirming that
the sample begins to undergo a process of simultaneous
amorphization and polymerization after 15.1 GPa. At 21.4
GPa, the peaks of cis/trans-stilbene are almost invisible. After
decompression to ambient pressure, the peak of cis-stilbene
returned to the original position of 388 nm, while the
fluorescence intensity did not recover. On the other hand, the
peak position of trans-stilbene returned with a half intensity of
its original intensity.
Summarily, consistent with the infrared results, trans-

stilbene is more stable under high pressure, and a reversible
fluorescence process of first enhancing and then decreasing will
occur under high pressure. However, the fluorescence intensity
of cis-stilbene under high pressure was always decreased due to

the π−π stacking interaction, accompanying the irreversible
polymerization and an amorphous process.
In situ UV−vis spectra were performed to study the band-

gap evolution as a function of pressure, as shown in Figure 3.
The valence electron information of stilbene can be obtained
by in situ high-pressure UV−vis spectra, and the variation trend
of the optical band gap of the sample can be obtained by
approximate fitting the peak wavelength according to the
Kubelka−Munk function and the Tauc plot (Figure S1).31−33

All of the peak position and intensity changes are dominated
by the right-hand-side spectral peaks. Figure 3a shows the
selected UV−vis spectra of cis-stilbene under high pressure,
and the absorption peak comes from the π → π* transition
generated by the conjugation of the benzene ring and the C�
C bond. Before 2.0 GPa, the sample was in a state of
incomplete solidification, and the spectral peak at this time was
mainly the peak of the diamond background, so the spectra
showed that the peak intensity and band gap did not change
much with pressure (Figure 3b). After 2.0 GPa, the sample was
completely cured and the true UV−vis absorption peak
appeared. The intensity of the spectral peak starts to increase
rapidly, and the red shift of the spectral peak is slightly
accelerated. This indicates that high pressure leads to a sharp
enhancement of the π−π stacking interaction, which leads to
an enhanced absorption and wavelength increase (Figure 3b).
At ∼9 GPa, the spectral peak intensity variation reaches its
maximum. At 16.1 GPa, the change in peak intensity starts to
slow down and does not change much until 21.8 GPa. After
16.1 GPa, the spectral peaks become broadened and finally
split into two peaks, and the splitting of peaks becomes more
obvious at 21.8 GPa. The appearance of the new peak in the
UV−vis absorption spectrum is consistent with the sample
turning red, as observed in the IR spectra at 16.2 GPa, proving
that the cis-stilbene did polymerize at this pressure, resulting in
a new π → π* transition peak. The band gap changes from 3.2
eV at 2.0 GPa to 1.9 eV at 21.8 GPa, and the peak intensity
changes from 0.4 to 2.5, an increase of nearly 6 times. After
decreasing the pressure to ambient, the band gap decreased
from 1.9 eV at 21.8 GPa to 2.5 eV at ambient, a decrease of 0.8
eV compared with the raw material band gap. The peak
intensity returned from 2.5 to 2.1, which has a 5 times increase
compared with the raw material with a value of 0.4. The new
UV−vis absorption peak split at 16.1 GPa, and the failure to
return to the initial state suggests that cis-stilbene undergoes
irreversible polymerization under high pressure and that high
pressure has a significant modifying effect on its band gap.
The UV−vis absorption spectra of trans-stilbene under high

pressure are shown in Figure 3c. Before 7.9 GPa, the spectral
peak is a large package, indicating that the optical band gap of
the sample is too small to be detected and fitted. However, as
the pressure increases to 7.9 GPa, a new π → π* transition
peak appears at 410 nm, corresponding to a band gap of 1.45
eV (Figure 3d). This pressure point corresponds to when the
intensity of the Ph−H and �C−H bond is nearly the same in
the infrared spectrum. It indicates that a structural change has
taken place in trans-stilbene at 7.9 GPa, leading to the sample
transforming into a semiconductor and the band gap
increasing. The speculations about the structural changes
were confirmed by XRD experiments later. At 10.5 GPa, the
band-gap energy reaches a maximum of 1.9 eV, and the
corresponding structural change reaches a maximum. At 20.8
GPa, the band gap decreases to 1.25 eV, indicating that after
10.5 GPa, the continuous accumulation of electron cloud in
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the molecule leads to the normal decrease of the band gap
under high pressure. After 16 GPa, the changing trend of band
gap with pressure also changed slightly, just like the change in
the peak position in IR spectra, which was analyzed to be
caused by the sample gradually becoming amorphous under
high pressure. From 7.9 to 20.8 GPa, the peak of the spectrum
was always red-shifted, indicating that the level of π−π
conjugation of trans-stilbenes was enhanced. After being
released to ambient pressure, the peak returned to the initial
position, which was consistent with the phenomenon observed
in fluorescence and infrared spectra: trans-stilbene undergoing
a reversible change process before 20.8 GPa.
In summary, a new UV−vis absorption peak emerges at 16

GPa of cis-stilbene, where an irreversible polymerization
occurs, accompanied by the band gap dropping from 3.3 to
2.5 eV. The structural change of trans-stilbene at ∼8 GPa leads
to the formation of a new UV−vis absorption peak, and the
band gap increases at first. After ∼10 GPa, the pressure leads
to the enhancement of π−π conjugation, and the band gap
decreases. Trans-stilbene undergoes a reversible change
process before ∼20 GPa.

To study the specific structural change information of cis/
trans-stilbene under high pressure, in situ high-pressure XRD
was performed, as shown in Figure 4a (cis-stilbene) and 4b
(trans-stilbene). As cis-stilbene is an amorphous liquid at room
temperature and pressure, the amorphous liquid has no
diffraction peak. Samples solidified under high pressure but
no crystallization showed up even up to 10 GPa.
The XRD spectra of trans-stilbene at high pressure are

shown in Figure 4b, c, showing the major peak position
changes with pressure after conversion to the distance of
(hkl).34 It can be seen that the main peaks at ambient pressure
are concentrated at 4−7°, and the large peak envelope at ∼8°
is a mixture peak from the sample and argon. At 2.8 GPa, three
new peaks appeared between 8 and 17°, which were analyzed
and compared with the peaks of solid argon. At 4.4 GPa, the
(204) peak on the shoulder of the (112) and (202)
crystallographic indicator peaks gradually reveals itself,34

while an unknown spectral I-peak appears around 17°. This
pressure is close to the pressure point where both the
fluorescence and IR spectra change around 4 GPa, indicating
that trans-stilbene does have a structural transition at this
pressure point. This is consistent with the pressure points in

Figure 4. Selected in situ XRD patterns of cis-stilbene (a) and trans-stilbene (b) under high pressure. (c) The main XRD peaks of trans-stilbene
vary with pressure.

Figure 5. Selected in situ Raman patterns of (a) cis → trans-stilbene at 0.5 GPa by 532 nm laser irradiation, and (b) trans → cis-stilbene by 360 nm
laser irradiation at different pressures; the pictures at the bottom correspond to the spectra at the top.
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the theoretical simulation part of Zou et al.,30 which
corresponds to the twist angle variation of the benzene ring
and the C�C bond in the crystal structure. At 8.5 GPa, the
peaks of (113) and (214) are revealed, and the II-peak appears
at ∼11.5°. This pressure corresponds to the appearance of a
new absorption peak for trans-stilbene in the UV−vis
absorption spectrum, both of which are new peaks from
structural change, and this peak position is essentially unshifted
under high pressure. At 20 GPa, most of the spectral peaks are
present except for the influence of broadening and weakening
that occurs due to amorphization. After 15 h of release to 1.4
GPa, the peaks at 4−8° were found to remain, indicating that
the changes in trans-stilbene under high pressure are largely
reversible, which is consistent with the results of the above-
mentioned spectra studies.
To study the specific transformation of cis-trans isomerism

under high pressure, we use Raman spectroscopy to perform a
preliminary study on the specific transformation conditions of
cis/trans-stilbene under low (<6 GPa) pressure. First, the
stability of cis-stilbene was studied by increasing the irradiation
time of the laser at a fixed pressure. A 532 nm, a laser with a
power of 10 mW was used to irradiate at 0.5 GPa, and it was
found that the cis-stilbene gradually changed into a trans-
stilbene at about 6 min, as shown in the spectra in Figure 5a.
The sample gradually changes from the original transparent
solid to liquid droplets and then gradually expands. After 8
min, a dark solid sample was gradually formed in the center,
and the sample gradually increased in size and a crystal with
black color was formed after 40 min. The Raman peak of the
black crystal is basically the same as that of trans-stilbene,
indicating that cis-stilbene was completely transformed into
trans-stilbene. At the same time, when the laser power is
increased to more than 20 mW, cis-trans transition could not
happen because the intensity is high enough to directly harm
the sample. The size and pieces of trans-stilbene crystals can be
controlled by changing the heating time and laser position.
However, only the sample that becomes black at the center of
the laser spot is trans-stilbene, and around the spot, the crystal
formed by laser thermal radiation is still cis-stilbene.
Alternatively, the cis-stilbene sample was then thermally
heated by a heating plate to 125 °C keeping at 0.4 GPa; the
sample melts into its original liquid state (melting point: 123−
125 °C). After heating, the IR test showed that cis-stilbene did
not change into trans-stilbene (Figure S2), and no trans-
stilbene was detected. The above experiments show that cis-
stilbene can be transformed into trans-stilbene at 0.4 GPa only
under photoexcitation, while heating (T ≤ 125°C) cannot
change cis-stilbene into trans-stilbene.
In contrast, the conversion of trans → cis-stilbene is almost

impossible for the experimental conditions we used. We tried a
360 nm and 8 mW laser (spot size ∼20 μm) irradiation for 80
min at 0.1, 0.5, 2, and 6 GPa, separately (Figure 5b), and other
conditions such as heating or laser irradiation up to 125 °C.
The trans-stilbene was also irradiated using a 532 nm laser at
pressures and laser powers of 0.5 GPa and 10 mW (Figure
S3a), 0.5 GPa and 65 mW (Figures S3b), 5 GPa and 20 mW
(Figure S3c), and 5 GPa and 50 mW (Figure S3d),
respectively. The Raman spectroscopy of both laser irradiations
showed that none of them could achieve the conversion of
trans → cis-stilbene. As shown in Figure 5b, a 360 nm laser
irradiation was used at different pressures, and both spectra
and pictures showed that no trans → cis-stilbene change
occurred. After that, samples of trans-stilbene at 0.3 GPa

(Figure S4a), 1.0 GPa (Figure S4b), and 5.3 GPa (Figure S5)
were all heated to 125 °C, and the IR spectra results showed
no spectral peak changing, which means no transformation of
trans → cis-stilbene. The main reason is that the minimum
temperature and activation energy required for trans → cis-
stilbene conversion are 154 and 193 kJ/mol (≈212−440 °C)
at ambient pressure.35−39 In this experiment, the sum of the
energy generated up to 125 °C (melting point: 123−125 °C)
heating and the energy reduced by high pressure still failed to
meet the minimum requirements for activation energy.
The reason for the absence of trans → cis-stilbene transition

in this experiment is analyzed and understood mainly in terms
of the molecular orbitals of the stilbene molecules. As stated in
the introduction of the article, there is a C�C bond in the
stilbene molecule, corresponding to a π-bond, and two parallel
p-orbitals. Due to the requirement of π-bond (p-orbitals)
symmetry, the olefin molecule cannot twist along the C�C
bond, resulting in the inability of heating to convert trans →
cis-stilbene. However, under the excitation of light, the π
electrons produce a π → π* leap and the π bond is weakened,
leaving only the rotatable σ-bond. The cis-olefin is then
converted to the ground state trans-olefin through the twisted
intermediate of the excited state.40−42 The 532 nm laser
irradiation failed, mainly because the laser wavelength was too
large to reach the minimum activation energy (energy barrier)
required to overcome the σ-bond twisted after the π-electron
leap in the C�C in the trans-stilbene molecule. For the 360
nm laser irradiation of the trans → cis-stilbene transition, the
failure is mainly speculated from the following: first, the 360
nm laser spot is too large (spot size ∼20 μm), resulting in too
low laser intensity to see the obvious conversion process;
second, the 360 nm laser excitation also did not reach the
minimum activation energy required to overcome the σ-bond
twisted after the π-electron leap in C�C in the trans-stilbene
molecule in the pressure range from 0.1 to 6 GPa.
Shortly summarized, the cis-stilbene can be basically

converted into trans-stilbene at 0.5 GPa after irradiation by a
532 nm laser at 10 mW (<20 mW) and 40 min due to its
instability, which provides a method for obtaining higher-
purity trans-stilbene. However, it cannot be converted to trans-
stilbene by heating to 125 °C, which assumed that the
temperature does not meet the minimum temperature
requirement for activation energy at 0.4 GPa. In contrast, the
trans-stilbene could not overcome the activation energy under
even 360 nm and 8 mW laser irradiation for 80 min to achieve
the trans → cis-stilbene conversion. Further experiments, like
using a shorter-wavelength laser irradiation, are worthy of
testing. In conclusion, the cis-trans isomerization at high
pressure is more likely to result in higher purity and better
stability of trans compounds than at ambient pressure. The
trans → cis transition will not occur under normal sunshine
illumination and heating, and cis → trans will only occur in a
fixed wavelength and intensity range, and cis → trans will not
happen by heating.

■ CONCLUSIONS
In summary, we used in situ Raman, IR, fluorescence, and UV−
vis spectroscopies to determine the luminescence properties,
polymerization reactions, and structural changes of cis/trans-
stilbene under high pressures of up to 20 GPa. First, for cis-
stilbene, at 16 GPa, the changes in IR, UV−vis, and sample
color indicate an irreversible polymerization occurred, and �
C(sp2)−H changed to C−H(sp2 + sp3). However, trans-
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stilbene showed fluorescence enhancement at 0−4 GPa, which
is consistent with the changes in IR and X-ray diffraction
(XRD). At 8 GPa, the new peaks in UV−vis and XRD
indicated the occurrence of structural change. However, the
trans-stilbene is relatively more stable, which leads to the
return of most of the substance to its original state after
compression. Finally, the isomerization process of cis/trans-
stilbene under high pressure combined with heating and laser
irradiation was initially investigated. It was found that the cis
→ trans-stilbene only occurred under a fixed-range laser
irradiation, while the trans → cis-stilbene could happen neither
by heating nor by laser irradiation. Our study provides a
reference for the cis-trans isomerization of other organic
molecules under high pressure.
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