nature communications

Article https://doi.org/10.1038/s41467-025-57738-1

Topologically reconfigurable room-
temperature polariton condensates from
bound states in the continuum in organic
metasurfaces

Xingchen Yan"?®, Min Tang®®, Zhonghao Zhou®", Libo Ma®3/ /,
Yana Vaynzof ® 34, Jiannian Yao"?, Haiyun Dong ® "2/ | & Yong Sheng Zhao ® "2

Received: 29 February 2024

Accepted: 3 March 2025

Published online: 10 March 2025 : : : : :
An exciton—-polariton condensate is a state of matter with collective coherence

leading to many fascinating macroscopic quantum effects. Recently, optical
bound states in the continuum (BICs) have been demonstrated as peculiar
topological states capable of imparting novel characteristics onto the polar-
iton condensates. Organic semiconductors featuring robust Frenkel excitons
and high physicochemical tunability potentially offer a promising platform to
explore topologically engineering of BIC polariton condensates at room
temperature. However, a universal physical mechanism for engineering
organic BIC systems has remained elusive, hindering the demonstration of BIC
polariton condensates with topologically tunable macroscopic quantum
effects. Here we report topologically reconfigurable room-temperature
polariton condensates by systematically engineering the BICs in organic
semiconductor metasurfaces. Two-dimensional organic metasurfaces are
designed to support two polariton BICs with different topological charges. The
organic Frenkel excitons with large binding energies allow for non-equilibrium
polariton condensation at BICs at room-temperature. By virtue of the excellent
physicochemical tunability of organic materials, we further explore the
dynamic topological engineering of polariton lasers by manipulating the BICs
in situ. Our results fundamentally promote the innovative design and topo-
logical engineering of polaritonic materials and devices.

M Check for updates

Exciton-polaritons are bosonic quasiparticles arising from strong
coupling between semiconductor excitons and cavity photons, which
can undergo condensation to macroscopically occupy the same
quantum state'"°. Polariton condensates with collective coherence not
only yield intriguing macroscopic quantum phenomena, including
superfluidity and topological excitations’’®, but also underpin

functional polaritonic devices, such as ultralow-threshold lasers and
ultrafast optical switches" ™. On the one hand, the polariton con-
densate leaks from the cavity as coherent light, constituting a capti-
vating polariton laser'®”. On the other hand, the fast dissipation of
exciton polaritons has been a major obstacle limiting the generation,
propagation, and manipulation of polariton condensates'®%,
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Optical bound states in the continuum (BICs) with a non-radiative
nature provide a platform to suppress the dissipation of exciton
polaritons towards efficient polariton condensation*?. Although first
proposed in quantum mechanics, the BICs are a general wave phe-
nomenon describing counterintuitive perfect wave confinement
within the radiation continuum?®. In optics, the BICs have been
demonstrated as peculiar topological states with zero radiation in
metasurfaces. The non-radiative BICs have infinitely high quality (Q)
factors* ™, which facilitate the formation of polaritons with suffi-
ciently long lifetimes for polariton condensation®*. More impor-
tantly, the topological nature of BICs can endow polariton
condensates with fascinating characteristics, for example, symmetry
protection and polarization vortex***’, In particular, the polarization
vortices carrying topological charges provide a new degree of freedom
for polariton physics and applications.

So far, polariton condensation at BICs has been mainly explored in
inorganic semiconductors, of which the Wannier-Mott excitons with
small binding energies restrict the BIC polariton condensates to
cryogenic temperature”?>*%, A particularly serious problem is that the
topological properties of polariton condensates are fixed by the BIC
metasurface geometries because the inorganic semiconductors gen-
erally lack in-situ tunability, making it fundamentally challenging to
explore the dynamic topological engineering of BIC polariton con-
densates. By contrast, organic semiconductors feature large exciton
binding energies®*’, which has enabled room-temperature polariton
condensations at BICs***. In particular, organic materials possess high
physicochemical tunability*°?, offering a promising platform for the
design and control of BIC metasurface systems toward topologically
variable BIC polariton condensates at room temperature.

In this work, we demonstrate the systematic engineering of BICs
in organic metasurfaces, which enables topologically reconfigurable
room-temperature polariton condensates. Two-dimensional meta-
surfaces of an organic semiconductor were designed to support two
polariton BICs carrying different topological charges. Within the
organic metasurfaces, the strong coupling between robust Frenkel
excitons and infinitely high-Q BICs enabled room-temperature, non-
equilibrium polariton condensation at BICs under ultralow thresholds.
Furthermore, we explored the topological tuning of polariton lasers by
engineering the BICs. The polariton lasing was successfully switched
between two topologically distinct BICs by tailoring the structure
parameters and, thus, the photonic band structures of organic meta-
surfaces. On this basis, we proposed an in-situ molecular photo-
isomerization strategy to engineer the organic metasurfaces in real
time, which leads to dynamic tuning of topological charges of the BIC
polariton laser. These results pave the way to achieving room-
temperature BIC polariton condensates with topologically tunable
macroscopic quantum effects.

Results and discussion

Strong coupling of Frenkel excitons with photonic BICs in an
organic metasurface

Figure 1a schematically shows the polariton BIC device comprising a
two-dimensional metasurface of an organic semiconductor sand-
wiched between two polymer layers. The organic metasurface was
prepared by a standard lithographic method (Supplementary
Figs. 1-3). A transparent poly(methyl methacrylate) (PMMA) film is
patterned with a square array of circular holes to define the metasur-
face geometry. Next, a film of 2,7-bis(4-(9H-carbazol-9-yl)phenyl)-9,9’-
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Fig. 1| Strong coupling of Frenkel excitons with photonic BICs in an organic
metasurface. a Schematic illustration of the polariton BIC device comprising a two-
dimensional metasurface of an organic semiconductor film sandwiched between
two polymer layers. PVA poly(vinyl alcohol), CzPVSBF 2,7-bis(4-(9H-carbazol-9-yl)
phenyl)-9,9"-spirobifluorene, PMMA poly(methyl methacrylate), a is the period of
the metasurface, and x, y, z are the wave-vector directions. b Molecular structure of
CzPVSBF. ¢ SEM image of a CzPVSBF film deposited on a PMMA pattern. Scale bar,
1pum. d Calculated TE resonant modes around the CzPVSBF exciton emission and
their quality factors from the finite element method. e Calculated electric field

profiles for the £, component of the photonic modes. The dashed lines outline the
structural details in one unit cell of the metasurface. The modes 1 and 2 at the T
point with ultrahigh Q factors and odd symmetries are two symmetry-protected
BICs. f Calculated polariton dispersion based on strong coupling of the calculated
photonic modes (d) with the excitonic resonance of CzPVSBF. g Polariton emission
spectrum from a typical organic metasurface under non-resonant continuous-wave
excitation. The two dark states at the I' point (8= 0) correspond to two polariton
BICs with non-radiative nature.
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spirobifluorene (CzPVSBF, Fig. 1b) is deposited onto the PMMA pat-
tern. The CzPVSBF molecule features a large exciton oscillator strength
and a sufficient overlap between the exciton absorption and emission
(Supplementary Figs. 4-6), which facilitates the reversible coherent
exchange of energy between Frenkel excitons and cavity photons to
form stable exciton polaritons at room temperature. Finally, a layer of
poly(vinyl alcohol) (PVA) is spin-coated to protect the organic semi-
conductor film. Figure 1c displays a scanning electron microscope
(SEM) image of a typical organic semiconductor metasurface with a
period of a=280nm, a radius of r=80nm, and a hole depth of
h=270nm (Supplementary Fig. 3). The fabricated organic meta-
surfaces have well-controlled structures (Supplementary Fig. 7), which
is beneficial for exploring BICs with tailorable topological properties.

Optical resonances in the square organic metasurface were deter-
mined using the finite element method (Supplementary Fig. 8). Figure 1d
shows three transverse electric (TE) resonant modes around the CzPVSBF
exciton emission and their quality (Q) factors. Mode O is lossy with a low
Q factor, while modes 1 and 2 have infinitely high Q factors at the high
symmetry (I') point (k, = 0). Figure 1e and Supplementary Fig. 9 show the
calculated electric field profiles of the three modes at the I' point. Mode O
has electric field profiles with the same even symmetry as the free-space
modes. Hence, the mode O leaks into free space, leading to finite Q
factors. By contrast, modes 1 and 2 have electric field profiles with odd
symmetries. The symmetry mismatch decouples modes 1 and 2 from the
free-space modes, giving rise to two symmetry-protected BICs with infi-
nite Q factors”*. Henceforth, the modes 1 and 2 at the I' point are
referred to as BIC; and BIC,, respectively.

Strong coupling between the organic Frenkel excitons and the
photonic modes was theoretically investigated by a coupled oscillator
model (Supplementary Note 1). Figure 1f exhibits the calculated exciton-
polariton dispersion in the organic metasurface. Unlike the pure

photonic modes 0 and 2 with almost constant curvatures, the polariton
dispersion curvatures become smaller at short wavelengths and large
angles, which is a typical result of strong coupling****. Figure 1g pre-
sents the angle-resolved microphotoluminescence (AR p-PL) spectrum
from a typical organic metasurface under non-resonant continuous-
wave excitation at room temperature (Supplementary Fig. 10). Notate
that there are many breakpoints in polariton dispersion curves away
from the I' point, which are induced by the weak radial modes confined
in the PMMA layer (Supplementary Fig. 11)°*°. The experimentally mea-
sured dispersions of modes 0, 1, and 2 are in good agreement with the
theoretically calculated polariton dispersions, indicating the occurrence
of strong exciton-photon coupling in the organic metasurface. The
strong coupling regime is also evidenced by a distinct anticrossing
behavior of the lower and upper polariton branches in the reflectance
spectra (Supplementary Fig. 12) and a bending effect of lower polariton
branches in the PL spectra (Supplementary Figs. 13 and 14)***’. The dis-
persions of polariton modes 1 and 2 reveal two dark states at the I' point
corresponding to two polariton BICs with non-radiative nature*. The Q
factors of the polariton mode 2 exhibit a sudden divergence at the I'
point (Supplementary Fig. 15), confirming the formation of polariton
BIC,*. Such polariton BICs featuring ultrahigh Q factors would con-
tribute to the realization of low-threshold polariton lasing.

Room-temperature polariton lasing at BICs in an organic
metasurface

The organic metasurface was investigated under non-resonant pulsed
excitation. At a low pump fluence (P=0.23pjcm™), the polariton
emission is distributed broadly along the whole dispersion curves of
polariton modes 0, 1, and 2 (Fig. 2a). Upon increasing the pump fluence
to 0.30 ) cm™, two bright emission lobes appear near 6 =0 for mode
2, corresponding to the polariton BIC, (Fig. 2b)*. When the pump
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Fig. 2 | Polariton condensation at BICs in an organic metasurface. a-d Angle-
resolved photoluminescence spectra from an organic metasurface under non-
resonant pulsed excitations with different energy densities, 0.23 pj cm™ (a),

0.30 p) cm2 (b), 0.38 ) cm™ (c), and 0.56 pJ cm™ (d). a-c show the polariton
condensation at BIC,, while d exhibits the scattering of polariton condensates from
the BIC, to mode 1. The two bright emission lobes around the I' point (6 =0) (b, ¢)
are a typical characteristic of polariton BICs. e Evolution of the photoluminescence

Pump influence (uJ/cm?)

Pump influence (uJ/cm?)

(PL) spectrum from the broad band to sharp peak with the pump fluence, revealing
a polariton condensation threshold of 0.30 pJ cm™ and an increase in temporal
coherence of polariton emission. f Polariton emission intensities (blue) and full
widths at half maximum (FWHMs) (red) near 6= 0 versus the pump fluences.

g Energy blueshift with respect to the BIC polariton emission energy as a function of
the pump fluence, which is a typical result of polariton-exciton/polariton
interactions.
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Fig. 3 | Topologically reconfigurable BIC polariton condensates in organic
metasurfaces with tailorable structural parameters. a-c Schematic diagrams
and SEM images of the organic metasurfaces with filling factors of 67.5% (a), 80.4%
(b), and 85.6% (c). Scale bars, 1 um. Angle-resolved photoluminescence spectra of
the metasurfaces with filling factors of 67.5% (d), 80.4% (e), and 85.6% (f) below
(left) and above (right) the polariton condensation threshold, showing the
switching of polariton condensates from BIC, to BIC;. Far-field patterns of BIC, (g)
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and BIC; (i) polariton condensates before and after passing through a linear
polarizer with different polarization orientations. White arrows denote the direc-
tions of the linear polarizer along 0°, 45°, 90°, and 135°. Deduced polarization
vector fields of the BIC, (h) and BIC; (j) polariton condensates. Black arrows indi-
cate the polarization vector directions. The topological charges (g) carried by the
BIC, and BIC, polariton condensates are —1 and +1, respectively.

fluence rises to 0.38 pj cm2, the polariton BIC, dominates the emission
of the organic metasurface (Fig. 2c). The dramatic emission enhance-
ment and notable spectral narrowing in both energy and momentum
suggest the occurrence of non-equilibrium polariton condensation at
the polariton BIC,*. Long-range spatial and temporal coherence veri-
fies the formation of polariton condensates in the CzZPVSBF metasur-
face (Supplementary Figs. 16 and 17)*. With a further increase of the
pump fluence, the polariton condensates are scattered from BIC, to
the polariton mode 1 including the BIC; (Fig. 2d). This result not only
evidences the polariton-exciton/polariton repulsive interactions but
also inspires the exploration of reconfigurable BIC polariton lasers.
The spectral characteristics were further analyzed to fully demon-
strate the polariton lasing at BICs. Figure 2e shows the evolution of the
polariton emission spectra from weak and broad to strong and sharp
emissions with increasing pump fluences. The nonlinear increase in
polariton emission intensity reveals a polariton lasing threshold of
P4 =0.30 ) cm™ (Fig. 2f), which is one to three orders of magnitude
lower than those reported in traditional organic cavities based on dis-
tributed Bragg reflectors (Supplementary Table 1)**4%*2%8, In addition, the
polariton condensation threshold in our organic semiconductor BIC
metasurface is 1 order of magnitude lower than that of a dye-doped
polymer on a silicon BIC metasurface*** because the net organic semi-
conductor film has a higher molecular concentration than that of the dye-
doped polymer film, which is beneficial for obtaining a larger exciton
polariton density for lower-threshold polariton condensation. The
extremely low polariton lasing threshold is attributed to the ultrahigh Q
factors of polariton BICs. Beyond the threshold, the full width at half
maximum (FWHM) of polariton emission collapses, indicating a notable
increase in temporal coherence. Furthermore, the polariton emission
exhibits a remarkable continuous blueshift upon increasing pump

fluences due to the existence of polariton-exciton/polariton interactions
(Fig. 2g)*****0, The strong polariton-exciton/polariton interactions
scatter the polariton condensates from BIC, to the polariton mode 1
including BIC; (Fig. 2d, e, g). The large nonlinearity inherited from the
exciton component of polaritons confirms that the strong and sharp
emission originates from the polariton lasing rather than conventional

photon lasing in the weak coupling regime*°.

Topological engineering of BIC polariton lasers

As shown in the calculated electric field profiles and polarization vec-
tor fields (Supplementary Figs. 18 and 19), the two BICs in the square
metasurface carry different topological charges, showing great
potential for exploring polariton lasers with different topological
properties. Here, we propose a strategy of designing and tuning the
band structures of the metasurfaces to achieve switchable polariton
lasing between two BICs. The metasurface is characterized by a filling
factor, which influences the energy gaps between different modes
(Fig. 3a-f and Supplementary Fig. 20)°"°2, As shown in Fig. 3a, d, a small
energy gap between the polariton BIC; and mode O is observed in a
metasurface with a small filling factor. Because of energy leakage from
the BIC; to the lossy mode 0%, polariton lasing occurs only at the BIC,
(Fig. 3d) despite the fact that the BIC; has an intrinsically higher Q
factor (Fig. 1d). With the increase of filling factor, the energy gap
between the polariton BIC; and mode O increases gradually (Fig. 3a-f).
Thus, polariton lasing begins to occur at the BIC; due to the reduction
of energy leakage from this BIC. At a medium energy gap, two polar-
iton lasing actions are observed at the BIC; and BIC, simultaneously
(Fig. 3b, e). At a large energy gap, the polariton laser emission at BIC;
dominates over that at BIC, (Fig. 3¢, f). The polariton lasing threshold
at BIC; is as low as 0.19 pJ cm™ (Supplementary Fig. 21), owing to the

Nature Communications | (2025)16:2375


www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-025-57738-1

a b UV exposure time ¢ 495 1
- —~ 4 ] 3600 0 T
Lo 3T | L
N o NO, ©
\ g %480-
= c
- 2 o
wfvis o, 505 0
£ g 4651
& :
L .
N* 0 L ————— 450 v v v
\ 450 460 470 480 490 0 2000 4000 6000
BIC wavelength (nm) Exposure time (s)
d 460 e f 460 9
B B
S S
< <
S 0 0 S 2 N 0
5 5 5 5 5 5
[} o (] [9] o o
= & & = & &
s B > 2 B >
C C C c
g £ g g
£ 0 £ £ 0 £
-08 -04 0 (x04 0 04 038 -08 -04 0 (x)04 0 04 038
sin@ sin@

Fig. 4 | Dynamically tunable BIC polariton condensates based on in-situ
molecular photoisomerization in an organic metasurface. a Reversible mole-
cular photoisomerization of 1,3"-dihydro-1’,3’,3’-trimethyl-6-nitrospiro[2H-1-ben-
zopyran-2,2’-(2H)-indole] between spiropyran and merocyanine. As the spiropyran
and merocyanine isomers have different refractive indices, this molecule is
incorporated into the PMMA layer to tune the organic metasurface in real time.
b Polariton lasing spectra of a typical organic semiconductor metasurface incor-
porated with the spiropyran upon UV exposure. ¢ Plots of the polariton BIC laser
wavelengths versus UV and Vis exposure times. The sudden decrease in

wavelength from 486 to 483 nm (dash box) under UV exposure indicates a phase
change of the BIC polariton condensates. d, f Angle-resolved photoluminescence
spectrabelow (left) and above (right) polariton condensation thresholds before (d)
and after (f) the phase change, showing a dynamic switching of polariton con-
densates from BIC, to BIC;. e, g Far-field patterns of polariton condensates at
486 nm (e) and 483 nm (g) after passing through a linear polarizer with different
polarization orientations. White arrows denote the directions of the linear polar-
izer along 0°, 45°, 90°, and 135°. The topological charges (g) carried by the
polariton condensates at 486 nm and 483 nm are -1 and +1, respectively.

high Q factor of polariton BIC;. The influences of different optical gain
and polariton relaxation mechanisms on BIC polariton lasing positions
are precluded (Supplementary Figs. 22 and 23), confirming that the
energy gap-dependent energy leakage is the decisive factor driving the
switching of polariton lasing between two BICs. The fitting of polariton
distribution along mode 1 reveals the non-equilibrium nature of the
polariton condensates (Supplementary Fig. 24)”. The controllable
polariton lasing at different BICs allows for the investigation of
polariton condensates with different topological properties.

The topological characteristics of the two BIC polariton con-
densates were investigated by probing the far-field intensity distribu-
tions of polariton lasers (Fig. 3g-i)*’. Both BIC polariton condensates
exhibit doughnut-shaped laser emission profiles in the far field, of
which the dark centers are topological phase singularity points®>. Upon
passing through a linear polarizer, the laser emission profiles evolve
from the doughnut shape into double-lobe shapes, and these lobes
rotate with the polarizer, which reveals the polarization vortex nature
of the BIC polariton lasers®*. More interestingly, there is a notable
difference in the lobe rotations, implying different topological prop-
erties. The BIC; and BIC, vortex laser lobes rotate in the same and
opposite directions with respect to the polarizer, respectively, while at
the same rate as that of the polarizer. This indicates that BIC; and BIC,
polariton condensates carry topological charges of +1 and -1,
respectively®. The polarization-dependent laser beam profiles further
reveal the polarization vector fields of polariton condensates
(Fig. 3h-j), which is in excellent agreement with the calculated polar-
ization vortices with different topological charges (Supplementary
Fig. 19). Taken together, we realized the imprinting of tunable topo-
logical charges to polariton lasers by exploiting tailorable BICs.

Organic materials feature high compatibility and flexibility, offering
a possibility to further explore dynamically reconfigurable BIC polariton
lasers. Here, we introduce an in-situ molecular photoisomerization
strategy to tune the BIC polariton condensates in real time. A typical
photoisomerizable spiropyran derivative, 1,3’-dihydro-1’,3’,3’-trimethyl-
6-nitrospiro[2H-1-benzopyran-2,2’-(2H)-indole] (Fig. 4a), is introduced
into the PMMA layer. The BIPS doped PMMA pattern exhibits a well-
defined, regular square array of circular holes (Supplementary Fig. 26),
ensuring the following fabrication of the high-quality organic semi-
conductor metasurface. Upon UV light irradiation, the spiropyran
molecule transforms into a merocyanine derivative with a higher
refractive index, which can be reversed upon exposure to visible (Vis)
light. Therefore, the molecular photoisomerization changes the refrac-
tive index contrast and optical resonances in the organic metasurface
(Supplementary Figs. 27 and 28). Indeed, as shown in Fig. 4b, c the BIC
polariton laser wavelength gradually shifts from 493 to 450 nm upon
continuous UV exposure, which returns to its initial value once exposed
to Vis light.

Besides the real-time tunable laser wavelengths, the molecular
photoisomerization promises to endow the polariton lasers with
dynamically switchable topological charges. The photoisomerization-
induced change in the refractive index contrast would alter the band
structure of the metasurface®®®’ towards topologically reconfigurable
polariton lasers. As shown in Fig. 4c, the laser wavelength undergoes a
sudden decrease from 486 to 483 nm upon UV exposure, suggesting a
phase change of polariton condensates between the two different
BICs. Measured dispersion curves demonstrate that the polaritons
initially condensate at the lower BIC, (=486 nm) and then switch to the
upper BIC; (<483 nm) (Fig. 4d, f). The dynamic switching of polariton
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lasing from BIC, to BIC; is attributed to the expanded energy gap that
reduces the energy leakage from the BIC; to the lossy mode O. Far-field
laser beam profiles further confirm the polarization vortex nature and
different topological charges of the two kinds of BIC polariton con-
densates (Fig. 4e-g and Supplementary Fig. 29). The polariton lasers
exhibit excellent reversibility and repeatability in both wavelengths
and topological charges (Supplementary Fig. 30). Overall, we realized
in-situ dynamic topological engineering of polariton lasers by manip-
ulating the BICs in a reconfigurable manner.

In summary, we established that organic metasurfaces make it
possible to realize ultralow-threshold room-temperature non-
equilibrium polariton condensation at BICs and control the topologi-
cal properties of BIC polariton condensates. We synthesized all-
organic metasurfaces supporting ultralow-threshold polariton lasing
at room temperature by integrating the advantages of organic Frenkel
excitons and photonic BICs. Furthermore, both static and dynamic
topological reconfiguring of BIC polariton lasers were realized by tai-
loring the band structures of the organic metasurfaces with materials
engineering strategies. The high Q factors and long lifetimes of BICs
provide a possibility for exploring quasi-equilibrium polariton con-
densation by suppressing the dissipation of exciton polaritons. This
work offers striking advances in the application of organic material
systems as a diverse platform for exploring novel photonic and
polaritonic BICs.

Methods

Materials

Poly(methyl methacrylate) (PMMA, M.W. 350,000) and poly(vinyl
alcohol) (PVA, M.W. 20000) were purchased from Sigma-Aldrich. 2,7-
bis(4-(9H-carbazol-9-yl)phenyl)-9,9’-spirobifluorene (CzPVSBF) was
purchased from Shanghai Daran Chemical Co., Ltd. 1’,3’-dihydro-
1/,3’,3-trimethyl-6-nitrospiro[2H-1-benzopyran-2,2’-(2H)-indole] (BIPS)
was purchased from TCI (Shanghai). Organic solvents, including iso-
propanol (IPA, 99.9%), methyl isobutyl ketone (MIBK, 99.9%), acetone
(99.9%), and chlorobenzene (99.9%), were acquired from Beijing
Chemical Reagent Co., Ltd. All these materials were used as received
without further treatment.

Sample fabrication
The organic metasurfaces were prepared by a standard lithographic
method (Supplementary Fig,. 1).

Morphology and structural characterizations

The morphology of the metasurface was characterized by a scanning
electron microscope (SEM, FEI Nova NanoSEM 450) and an atomic
force microscope (AFM, Bruker Multimode 8).

Optical characterization

Absorption spectra and fluorescence spectra were measured on a
UV-visible spectrophotometer (Hitachi UH4150) and a fluorescence
spectrometer (Hitachi F-7000), respectively. Fluorescence microscopy
images were taken using an inverted fluorescence microscope (Nikon
Ti-U) with a mercury lamp (Nikon). Refractive indices were measured
on a spectroscopic ellipsometer (Sentech SES850 DUV). A portable UV
(365nm) lamp was used to induce molecular photoisomerization.
Angle-resolved photoluminescence spectra (AR p-PL) were measured
based on Fourier optics (Supplementary Fig. 8). Spatial and temporal
coherence were characterized by a Michelson interferometer.

Numerical simulations

Photonic band structures, electric field profiles, quality factors, and
polarization vector distributions of the organic metasurface were
calculated with a finite-element method using COMSOL Multiphysics
(Supplementary Fig. 7). Polariton dispersion curves were calculated
through the coupled oscillator model (Supplementary Note 1).

Data availability

The authors declare that all data to evaluate the conclusions are
available within the article and its Supplementary Information
files. Source data are provided with this paper.

Code availability
The codes used in this work are available from the corresponding
authors upon request.
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