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We present the generation of exciton-polaritons in CdSe nanoplatelets (NPLs) at room temperature in a metal-dielectric
hybrid cavity. The optical cavity is packed with NPLs devoid of any spacer, allowing a larger population of emitters
to couple to the cavity. The NPL-filled cavity system shows a Rabi splitting of 74.5 meV compared to the previously
obtained 41.5 meV Rabi splitting with an NPL-in-PMMA cavity at room temperature. Angle-resolved reflectance and
photoluminescence measurements are performed to explore the polariton photophysics by varying the cavity-exciton
detuning and temperature. The role of dark states as a reservoir in redistributing polariton populations is also inves-
tigated. Mixed quantum-classical dynamics calculations are performed to model the polariton system wherein the
theoretical simulations agree with the experimental observations, providing a fundamental understanding of the polari-
ton dynamics within the NPL-cavity hybrid system. These room-temperature exciton-polaritons have the potential to
unlock new chemical reaction pathways as well as pave the way for developing cutting-edge quantum technologies.

I. INTRODUCTION

Exciton-polaritons, generated from the strong coupling be-
tween electronic states of molecules and photons confined
within an optical cavity, have drawn significant interest in po-
lariton chemistry, cavity quantum-electrodynamics, and novel
quantum applications1,2. These light-matter quasiparticles
offer a powerful basis for quantum nonlinear interactions,
which are critical for the implementation of complex two-
qubit quantum gates and photonic quantum simulations3–6.
For a practical quantum computer, employing photonic qubit
systems offers distinct advantages including preservation of
the quantum states of photons due to very weak environmental
interaction, maintenance of coherence at room temperature,
and compatibility with quantum communication protocols3,7.
To enable quantum manipulation, quantum information stor-
age and processing, and the creation of ultrafast single-photon
switches, it becomes imperative to achieve substantial strong
coupling effects in a robust solid-state system that can be ac-
tively controlled at room temperature1,8–10.

The epitaxial growth-based cavity fabrication technique for
creating polaritons is not very useful for quantum applications
due to being expensive and incompatible with large-scale sil-
icon manufacturing processes as well as detrimental to in-
tegrated photonic applications3. The prospect of employing
colloidal-based exciton-polariton systems for quantum sim-
ulation lies in the ability to perform low-cost material syn-
thesis and the potential for room-temperature operation3,11,12.
Although exciton-polaritons from planar microcavities have
shown various intriguing phenomena, such systems are lim-
ited by small exciton binding energies and low-temperature

operations. Polaritons based on transition metal dichalco-
genides (TMDs) have been heavily studied as well due to the
strong nonlinear interactions and low effective mass proper-
ties from their constituent exciton and photon components.
However, the observation of Rabi splitting from such a sys-
tem also requires cryogenic temperature and the use of so-
phisticated measurement techniques13. Accordingly, there has
been an increasing interest in investigating novel systems ca-
pable of functioning at room temperature over the last two
decades2. The observations of Bose-Einstein condensates11

and strong nonlinearity14 for colloidal exciton-polaritons at
room temperature show the potential of future polariton de-
vices as well as quantum simulators and set a pathway for
delving into captivating physics phenomena such as superflu-
idity and solitons3.

Exciton-polaritons possess great promise for manipulating
various chemical processes15,16. The capacity to control the
rates of electron transfer processes and chemical reactions in
a reversible fashion through light-matter interactions at room
temperature holds promise as a means of precisely direct-
ing the reactivity of excited states17. Strong coupling has
been shown to achieve cavity-modified intramolecular elec-
tron transfer between different electronic manifolds i.e., sin-
glet fission18–20, and change chemical reactivity21,22 as well
as reaction-energy landscapes23. Electron transfer rates start
to become significant when the Rabi splitting from a strongly
coupled system reaches around 100 meV24.

One key challenge in realizing strongly coupled semi-
conductor systems in ambient conditions is the small bind-
ing energy of excitons along with disorder-induced local-
ization effects13,25. While incorporating colloidal quantum
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FIG. 1. Absorption and PL spectra of synthesized 4.5 ML CdSe NPL
in solution. A TEM image of these NPLs is shown in the inset.

dots (QDs) into the exciton-polariton platform can be chal-
lenging due to their broader linewidth, solution-processed
nanoplatelets (NPLs) emerge as promising contenders ow-
ing to their well-defined thickness minimizing the impact of
inhomogeneous size distributions along with high quantum
yield and substantial exciton-binding energy3,26–31. Much
like 2D semiconductor quantum wells, NPLs possess bulk-
like attributes in the transverse dimension, while demonstrat-
ing quantum confinement in the longitudinal, i.e., thickness
direction32. As such, these semiconductor NPLs are promis-
ing candidates for achieving strong light-matter coupling31

because of their exceptionally narrow absorption and fluo-
rescence linewidths30, in-plane transition dipole moment33

and exceptionally large oscillator strength34. To employ a
room-temperature based exciton-polariton system, Rabi split-
ting must exceed the thermal energy of the system35, a condi-
tion which is well-satisfied with CdSe NPLs due to their huge
oscillator strength. Incorporating colloidal NPLs into optical
cavities poses challenges including complex sample prepara-
tion methods28,36, utilization of plasmonic structures29,37 with
high intrinsic loss and low cooperativity13 and the use of poly-
mer matrix31 which limits the number of NPL emitters inside
the cavity.

In this work, we introduce a method for integrating con-
centrated CdSe NPLs into metal-dielectric planar microcav-
ities. This is in contrast to encapsulating the NPLs in a
PMMA host matrix that has been done previously to report
strong coupling of NPLs in Fabry–Pérot cavities at cryogenic
temperature31. We use Fourier-space, i.e., angle-resolved
optical spectroscopy technique to study the polariton pho-
tophysics where the angle information in the far-field pro-
jection provides direct insight into the polariton dispersion
characteristics2. The NPL-cavity system is shown to be in
the strong coupling regime with a room-temperature Rabi
splitting of 74.5 meV at resonance, confirmed by the angle-
resolved reflectance and photoluminescence measurements.
The experimental results agree with the quantum dynam-
ics simulations performed to investigate the polariton photo-
physics in a model Hamiltonian that accounts for cavity loss
and phonon-assisted non-adiabatic transitions31. Our results

show the formation of room-temperature exciton-polaritons
in an NPL-filled cavity and pave the way for realizing such
a strongly coupled system for polariton chemistry as well as
novel quantum applications.

II. SAMPLE FABRICATION

The synthesis of CdSe nanoplatelets (NPLs) was adapted
from recently developed procedures26,38. The absorption and
photoluminescence (PL) spectra of the NPLs are presented in
Fig. 1. These NPLs exhibit two well-defined peaks in absorp-
tion at 512 nm (2.422 eV) and 481 nm (2.578 eV), correspond-
ing to the heavy-hole and light-hole transitions whereas the
emission maximum is at 513 nm (2.417 eV) with a full-width
half-maximum (FWHM) of 9.5 nm (≈ 45 meV), resulting in a
very small (≈ 5 meV) Stokes shift. The average lateral dimen-
sion of the NPLs is estimated from the transmission electron
microscope (TEM) image as 38.8 ± 3.7 nm by 7 ± 1.1 nm
with thickness ≈ 1.2 nm, corresponding to a thickness of 4.5
monolayers (MLs).

The cavity is formed by embedding a layer of concentrated
4.5 ML CdSe NPLs in between two highly reflective mirrors.
The bottom mirror for this NPL-filled cavity is a distributed
Bragg reflector (DBR) and the top mirror is a 40 nm thick
metal Ag layer. The NPL film is prepared by drop casting
concentrated NPL solutions on top of the DBR substrate, as
illustrated in Fig. 2a (more details on fabrication can be found
in Appendix B). The fabricated NPL films are very smooth,
as shown in Fig. 2b. A schematic of the entire cavity structure
is shown in 2c. The quality factor, Q, of the cavity is esti-
mated as h̄ωc/γc where h̄ωc is the energy of the dummy cavity
mode calculated from the central linecut of angle-resolved re-
flectance of a highly red-detuned cavity with mostly photonic
character, the linewidth of which is the cavity decay rate γc,
leading to a Q≈ 60.

III. FORMATION OF EXCITON-POLARITONS

For our planar cavity structure, the cavity-photon field is
confined in the z-direction and the energy-momentum rela-
tionship of the photon can be expressed as Eph(θ) =

h̄c
ne

k =

h̄c
ne

√
k2
⊥+ k2

‖ where k‖=
√

k2
x + k2

y represents the in-plane wave
vector, k⊥ represents the out-of-plane wavevector in the di-
rection of confined field, c is the speed of the light and ne is
the effective reflective index of the cavity. The relationship
between the in-plane and out-of-plane wavevector can be ex-
pressed as tanθ = k‖/k⊥ where θ corresponds to the angle
relative to the z-direction. Accordingly, the cavity photon en-
ergy can be expressed as

Eph(θ) =
h̄c
nc
· k⊥
√

1+ tan2 θ , (1)

For small probe angle θ , photon energy can be approxi-
mated as
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FIG. 2. Schematic of NPL cavity fabrication steps. (a) Solid-state film deposition from NPL colloidal solution to fabricate Fabry–Pérot cavity
with a bottom-up approach. (b) Uniform NPL films where the top image corresponds to the deposited film on 10 mm × 10 mm DBR substrate
under UV illumination captured with a phone camera and the bottom panel is an optical microscope image on a 900 µm by 900 µm scale,
captured with a Filmetrics F20 system. (c) Schematic of the DBR-Metal hybrid cavity structure. The DBR consists of 15.5 pairs of alternating
layers of SiNx and SiO2, among which only 2.5 pairs are shown in the schematic. The direction of wave propagation, i.e., out-of-plane
wavevector is also shown. The interaction between NPL excitonic oscillations and the electromagnetic field of the cavity photons is illustrated
in the inset.

Eph(θ)≈
h̄c
nc
· k⊥(1+

1
2

tan2
θ) (2)

Eq.( 2) shows the parabolic dispersion of the cavity photon
mode for a small angular range.

In order to model this quantum light-matter system, we con-
sider the Holstein-Tavis-Cummings (HTC) Hamiltonian39–43

Ĥ = ĤNPL + Ĥph + ĤI + ĤL, (3)

where ĤNPL represents N independent NPLs, Ĥph is the
Hamiltonian for the cavity mode, ĤI corresponds to the
emitter-photon interactions (between ĤNPL and Ĥph), and ĤL
describes the interaction between a classical continuous-wave
(CW) laser and the NPLs31.

ĤNPL is modeled as a sum of N identical, non-interacting
NPLs where each NPL is modeled as a three-level system,i.e.,
(i) the ground state |gi〉 with the reference electronic energy
Eg = 0, (ii) the heavy-hole exciton state |xi〉 with the energy
Ex, and (iii) the high-lying exciton state |x̃i〉 with the energy
Ex̃ which is in resonance with the pump CW laser driving the
NPLs and represents all the high-lying energy states manifold
from where the NPLs non-radiatively decay to the heavy-hole
exciton state31. The model excludes the consideration of the
light-hole exciton state due to its decoupling from the initially
occupied higher-energy exciton manifold. This decoupling
phenomeonon is supported by the absence of PL emission for
these light-hole exciton states, as shown in Fig. 1.

The matter-cavity interaction term ĤI describes the light-
matter interaction within the rotating wave approximation
(RWA) as

ĤI = ∑
i

gc

(
â†

θ
|G〉〈Xi|+ âθ |Xi〉〈G|

)
, (4)

where â†
θ

and âθ are the photonic creation and annihi-
lation operators associated with the frequency h̄c

nc
· k⊥(1 +

1
2 tan2 θ), |G〉 ≡ |g1,g2, ..gN〉 represents the ground state of
N nanoplatelets with the reference electronic energy EG = 0,
|Xi〉 ≡ |g1,g2, ...xi, ...gN〉 is the single excited state of the
NPLs (where the ith NPL is excited) with energy Ex and

gc =
√

h̄ωc
2εV µ̂i · ê is the matter-cavity coupling strength where

µ̂i is the transition dipole operator for the ith NPL, ε as the
effective permittivity inside the cavity, V as the quantization
volume for the cavity photon field, and ê is the polarization
direction vector.

In the strong exciton-photon coupling regime, characterized
by a coherent energy exchange rate between light and mat-
ter that surpasses their decay rate, a phenomenon known as
vacuum Rabi splitting occurs, resulting in the creation of two
hybrid modes with energies distinct from the original, inde-
pendent eigenstates13,44. Strong coupling is thus character-
ized by an avoided crossing between the coupled modes and
the emergence of two equal-intensity transition peaks at res-
onance separated by this Rabi splitting45. These new eigen-
modes resulting from the quantum superposition of excitons
and cavity photons, known as the upper polariton (UP) and
lower polariton (LP) branches, exhibit a complete admixture
of excitonic and photonic properties in the strong coupling
regime46,47. The energies corresponding to the LP and UP
branches can be expressed as

E±(θ) =
1
2
[
E0

x + h̄ωc(1+
1
2

tan2
θ)
]

(5)

± 1
2

√[
h̄ωc(1+

1
2

tan2 θ)−E0
x
]2
+4Ng2

c ,

where ωc = ck⊥/nc is the frequency of photon in z-
direction and E0

X = EX +λ is the vertical Franck-Condon ex-
citon energy. The light-matter detuning is defined as

∆E(θ) = h̄ωc(1+
1
2

tan2
θ)−E0

x . (6)

For a specific incident angle (θ0), resonance occurs where
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FIG. 3. Angle-resolved measurements of the NPL-cavity hybrid system at T = 295 K. (a) Angle-resolved white light reflectance spectrum
(inverted image) showing both the UP and the LP branches. The dashed lines show the exciton, cavity and polariton dispersions fitted using
a coupled harmonic oscillator model. (b) Angle-resolved PL spectrum showing only the LP emission where the LP branch flattens at higher
angles. (c) Corresponding linecuts of angle-resolved white light reflectance and PL spectra at normal incidence.

the light-matter detuning ∆E(θ0) becomes zero. At reso-
nance. the energy difference between E+(θ0) and E−(θ0) be-
comes

h̄ΩR = E+(θ0)−E−(θ0) = 2
√

Ngc, (7)

This energy difference between the upper and the lower po-
laritons at resonance is commonly referred to as the vacuum
Rabi splitting. It is obvious that the Rabi splitting is propor-
tional to

√
N, i.e., the more NPLs effectively couple to the

cavity, the larger ΩR becomes, which is the motivation of this
work. To fulfill the strong coupling criterion, Rabi splitting
ΩR needs to be larger than the combined decay rates of pho-
ton (γc) and exciton (γx).

In general, the energy difference between the two polariton
branches can be written as

h̄Ωeff =
√[

∆E(θ)]2 +4Ng2
c (8)

where h̄Ωeff is the effective Rabi splitting which increases
with detuning.

IV. EXPERIMENTAL RESULTS

The polaritons formed by the strong coupling of NPLs
to the optical cavity are characterized by measuring angle-
resolved reflectance and photoluminescence spectra. This
measurement is performed using a Fourier space spectroscopy
system wherein the back focal plane of the microscope objec-
tive is relayed to the entrance slit of the spectrometer through a
tube lens, thus transferring the angular information to the spa-
tial coordinates and effectively mapping incident angles into
spatial positions. The range of collection angle is calculated
to be ± 20o from Snell’s law. Further information on the ex-
perimental setup is available in Appendix C.

Fig. 3a presents the angle-resolved reflectance spectrum for
an NPL-filled cavity where the sample is probed by a broad-
band white light source. It shows two separated branches cor-
responding to the upper and the lower polariton. As the collec-
tion angle increases, the LP branch starts to deviate from the
cavity photon dispersion and tends to follow the exciton dis-
persion characteristics at higher angles, and vice-versa for the
UP branch. The two polariton branches can be fitted to E+(θ)
and E−(θ) as expressed in Eq. 5. The fitting parameters are
the vertical Franck-Condon exciton energy E0

x = Ex +λ , the
photon energy at zero incident angle Eph = h̄ωc and the effec-
tive coupling strength

√
Ngc. The collective coupling strength

is estimated to be
√

Ngc = 37.25 meV, corresponding to a
room temperature Rabi splitting, h̄ΩR = 74.5 meV at reso-
nance, i.e. when cavity-exciton detuning, ∆E(θ) = 0. The
Rabi splitting extracted from our NPL-filled cavity system sat-
isfies the strong coupling criterion as

h̄ΩR >
√

γ2
c + γ2

x = 54.1meV (9)

where γx is the exciton decay rate, calculated to be 38.2
meV from the FWHM linewidth of single NPL PL spectrum
whereas γc is the decay rate of cavity photons, calculated to be
38.33 meV from the FWHM linewidth of the central linecut of
the reflection spectrum obtained from a dummy red-detuned
cavity.

For this particular cavity, the energy of the cavity mode is
slightly higher than the exciton mode at normal incidence i.e.,
at θ = 0o, resulting in a positively detuned cavity where the
UP branch dominates the reflection spectrum across the whole
range of collection angle whereas the LP branch loses inten-
sity at higher angles. This zero-angle cavity-exciton detun-
ing is estimated to be ∆E = 5.9 meV. As the collection angle
increases, cavity-exciton detuning approaches zero, i.e., the
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FIG. 4. Angle-resolved measurements for three different cavities with varied detunings at T = 295 K. The left panels of each figure correspond
to angle-resolved reflectance spectra whereas the right panels correspond to the PL spectra. The cavity-exciton detunings at normal incidence
are (a) ∆E = 5.9 meV, (b) ∆E = − 36.3 meV and (c) ∆E = − 79.8 meV. All the three cavities have similar Rabi splitting, h̄ΩR≈ 70-75 meV.

two modes approach resonance48 and two symmetric equal-
intensity reflectivity dips are observed (Fig. 8).

Fig. 3b shows the angle-resolved photoluminescence (PL)
measurements at T = 295 K. In this setup, the sample is
pumped off-resonantly using a 405 nm continuous wave (CW)
diode laser, which facilitates coupling between the ground
state and the higher-energy exciton manifold. The PL spec-
trum clearly demonstrates that polariton emission predomi-
nantly occurs within the LP branch. Notably, emission from
the UP branch is not observed due to the fast relaxation of
the exciton population into the lower-energy states49. Fig. 3c
complements this by showing corresponding linecuts of the
angle-resolved reflectance and PL spectra at normal inci-
dence. The reflectance spectrum reveals two distinct eigen-
modes, marked by the presence of two distinguishable dips,
while the PL spectrum exhibits a single peak corresponding
to only the LP branch.

Fig. 4 shows angle-resolved reflectance and PL measure-
ments for three different cavities with varied detunings at T =
295 K. The value of Rabi splitting doesn’t seem to be affected
by the variation in detuning since the number of emitters as
well as the cavity mode volume hardly changes with a slight
change in detuning. However, as detuning increases, i.e., the
system deviates from the resonance condition, the phase re-
lationship between the exciton and the cavity mode’s oscilla-
tions starts to become less favorable for coherent interaction.
Nevertheless, the effective Rabi splitting increases with de-
tuning according to Eq. 8. As the cavity mode becomes more
and more negatively detuned from the exciton mode, the LP
branch tends to have more curvature as it follows the photon
dispersion characteristics at small angles, at which, the inten-
sity of the UP branch diminishes in the reflectance spectrum.
The width of the LP PL spectrum is larger (almost double)
than that of the reflectance spectrum, calculated from the cor-
responding central linecuts. This arises from vibrational re-
laxation pathways leading to a broader range of emission ener-
gies and defect-induced inhomogeneous broadening. There is

also a notable difference between the shape of the reflectance
and the emission spectrum for each cavity. The LP emis-
sion tends to blue shift compared to the absorption where the
broadened PL spectrum overlaps with the uncoupled, i.e., dark
exciton emission band.

This blue-shifting phenomenon can be explained by the
role of dark states in polariton photophysics. When there is
no intermolecular interactions, the polaritons remain decou-
pled from the exciton modes that do not couple to the cavity,
known as the so-called "dark states". However, due to the
inherent interactions among molecules, polaritons, which par-
tially encompass molecular degrees of freedom, can interact
with these dark states. This interaction between polaritons and
dark modes may introduce an additional route for dephasing
of polaritons. The rate at which polaritons undergo dephas-
ing is governed by three critical factors: (i) intensity of inter-
molecular interactions, (ii) molecular weight of the polaritons,
and (iii) degree of spectral overlap between the polariton and
the dark modes50.

The dark states, when present in significant numbers, can
significantly modify the polariton dispersion characteristics
since they have the capacity to draw upon oscillator strength
from the bright exciton, resulting from the vibronic coupling
and static energy disorder via higher-order processes17,51.
This happens in the presence of local inhomogeneities, and
these intracavity dark states can also borrow photonic char-
acter from a bright polariton state owing to coherent lo-
cal influences17. Various sources of inhomogeneity, such
as energy disorder, Rabi disorder, and intramolecular vi-
bronic coupling, can lead to interactions between the com-
pletely symmetric polariton states and non-symmetric ma-
terial excitations17,52–54. In our NPL-filled cavity system,
featuring a significant population of dark exciton states, the
observation of blue-shifting of the LP emission is primar-
ily attributed to the redistribution of population away from
a symmetric polariton manifold toward the reservoir of dark
states17,49,55. This occurs as a result of local dissipative
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FIG. 5. Temperature-dependent angle-resolved measurements for
cavities with similar detuning. The top panel shows the angle-
resolved reflection spectrum and the bottom panel represents the
angle-resolved PL spectrum. The left and right panels show room
temperature (295 K) and low-temperature (5 K) spectra, respectively.
(a-b) = − 36.3 meV, h̄ΩR≈ 71.58 meV. (c-d) ∆E = − 31.8 meV,
h̄ΩR≈ 74.65 meV.

mechanisms, including non-radiative relaxation and dephas-
ing. These processes ultimately lead to both a blue shift and a
broadening of the emission spectrum.

With the increase in detuning, the LP PL intensity also
tends to become stronger at higher angles, corresponding to
higher in-plane momenta. The observed phenomenon is re-
ferred to as the "bottleneck effect", characterized by the ac-
cumulation of polaritons within a bottleneck-like region, and
reflects a decrease in the exciton-phonon scattering rate at low
angles as the lower polaritons descend along their dispersion
curve. This reduction in scattering arises from diminished ex-
citonic character, lower density of states resulting from the
decrease of polariton effective mass, and increased radiative
rates attributable to enhanced photonic character56. The com-
bination of these phenomena results in the depletion of the
polariton population in the region of lower in-plane momenta
with mostly photon-like characteristics57.

The temperature-dependent characteristics of polariton dis-
persion have also been examined by measuring angle-resolved
spectra of the NPL-cavity system at both room temperature
(295 K) and cryogenic temperature (5 K) while maintaining a
consistent detuning. It’s worth mentioning that spectral mea-
surement obtained from the same spot at different tempera-
tures is not ideal for studying temperature dependence since
changes in temperature alter the cavity-exciton detuning. This
happens because the absorbance and the PL spectra of these
NPLs exhibit a blue-shift at lower temperatures58. Addition-
ally, the cavity undergoes a slight reduction in thickness due

to the shrinking of the active layer as the temperature goes
down. However, the dominant phenomenon influencing the
cavity-exciton detuning as temperature decreases is the exci-
ton blue-shift, which tends to create a more negatively detuned
cavity at lower temperatures.

Upon fitting the dispersion data, the Rabi splitting is found
to be similar during temperature variations, with only a slight
increase of approximately 3 meV as the temperature decreases
from 295 K to 5 K. This is consistent with the recent observa-
tion for 4.5 ML CdSe NPLs that the oscillator strength of their
heavy hole excitonic transition is almost constant in the tem-
perature range of 3K – 300 K34. Since the oscillator strength
does not change, Rabi splitting is not affected by temperature
variations as long as the coupling strength exceeds the exciton
and photon decay rates. Such a relatively stable Rabi splitting
across a range of temperatures removes the need for extreme
temperature control and holds significant promise for devel-
oping high-performance solid-state devices.

V. CONCLUSION

To summarize, our study demonstrates the achievement of a
substantial Rabi splitting in ambient conditions by employing
an NPL-filled optical microcavity. The resulting polaritonic
hybrid states exhibit a Rabi splitting of 74.5 meV at room
temperature. Both the UP and the LP branches can be re-
solved in the reflectance spectrum whereas the PL spectrum
only shows emission from the LP branch due to the fast de-
pletion of the UP state owing to phonon-mediated popula-
tion relaxation. Rabi splitting, defined as the energy differ-
ence between exciton and photon modes at resonance, does
not change when detuning is varied, although the change in
detuning affects the shape of the polariton dispersion curves.
Local disorders and dephasing can significantly alter the pop-
ulation dynamics of the polaritons which can be manifested
as a blue-shift of the emission spectrum. The polariton bot-
tleneck effect is also observed with the increase in detuning
corresponding to the shift of the cavity mode toward lower
energies. The NPL-filled cavity system is found to be temper-
ature robust indicated by a consistent Rabi splitting across a
range of temperatures, eliminating the need for sophisticated
temperature control. Room-temperature operation of such a
polaritonic system offers the feasibility to manipulate chemi-
cal reactions and realize real-world quantum applications.
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Appendix A: Synthesis

1. Chemicals

Cadmium acetate dihydrate (Cd(OAc)2.2H2O) (98%), cad-
mium nitrate tetrahydrate (98%), sodium myristate (≥99%),
selenium powder (≥99.5%), technical grade 1-octadecene
(ODE), and technical grade oleic acid (OA) are purchased
from Sigma-Aldrich. N-hexane and methanol are purchased
from Fisher Chemical.

2. Preparation of Cadmium Myristate

3 grams of cadmium nitrate tetrahydrate is first dissolved in
200 mL methanol. In a separate beaker, 5 grams of sodium
myristate is dissolved in 500 mL of methanol using vigor-
ous stirring. The solution containing the cadmium nitrate
tetrahydrate is then added dropwise to the sodium myristate
and stirred for 2 hours. The cloudy white suspension is vac-
uum filtered to obtain the cadmium myristate powder which is
washed with excess methanol. The obtained powder is dried
under vacuum overnight and stored in a glovebox for future
use.

3. Synthesis of 4.5 ML CdSe NPLs?

4.5 monolayer thick CdSe nanoplatelets are prepared by
combining 180 mg of dried cadmium myristate and 30 mg
of selenium powder in 15 mL of ODE within a 100 mL three-
necked round-bottom flask. The solution is degassed under
vacuum at 1200 for 1 hour. The mixture is returned to nitro-
gen flow and the temperature was set to 2400. At 2100, 100
mg of cadmium acetate dihydrate is immediately added into
the reaction mixture. Once at 2400, the temperature is held
constant for 8 minutes and then immediately cooled to 1700

using an air gun and placed in a water bath. At 1600, 2 mL
of OA is injected and the temperature is allowed to decrease
to room temperature. Once the mixture reaches room temper-
ature, 15 mL of hexane is injected, and centrifuged at 3000
rpm for 10 minutes. The supernatant containing the ODE and
quantum dots is discarded and the pellet containing the NPLs
is redispersed in 12 mL of hexane and allowed to sit for at least
one hour before centrifuging at 6000 rpm for 10 minutes. The
supernatant containing the NPLs is kept and stored in the dark
under ambient conditions for further use.

FIG. 6. TEM Images of synthesized 4.5 ML CdSe NPL.

FIG. 7. Microscope images of NPL films with various deposition
methods. (a) Drop-casted NPL film without the removal of excess
ligands, indicating a wet film with phase separation between the sol-
vent and the ligand. (b) Spin-coated NPL film without the removal
of excess ligands, showing a rough and wet film. (c) Spin-coated
NPL film from NPL-PMMA mixture, resulting in aggregates. The
dimension of all the images is 900 µm by 900 µm.

Appendix B: Sample Preparation

1. Removal of Excess Ligands

To remove excess oleic acid ligands from the as-
synthesized NPL solutions, ethanol is added to the stock so-
lution until turbid (≈1:1, EtOH:NPL) and then centrifuged at
6000 rpm for 15 minutes. The pellet containing the NPLs
is then resuspended in hexane and washed once more with
ethanol followed by the resuspension in hexane to produce an
orangish solution of washed 4.5 ML NPLs.

2. NPL Film and Cavity Fabrication

The DBR, forming the bottom mirror of the cavity, is fab-
ricated through plasma-enhanced chemical vapor deposition
of 31 alternating layers of SiNx (SiH4/NH3/N2 gas) and SiO2
(SiH4/N2O gas) on top of a silicon substrate. The DBR sub-
strates are cleaned using acetone, isopropyl alcohol and deion-
ized water before depositing the NPLs on top of them. The
NPL film is prepared by drop casting 16 µL of purified and
concentrated NPL solutions (150–200 mg/mL) on top of the
DBR and covered with a beaker to slow down the evapora-
tion of the solvent. After a couple of minutes, a solid film of
NPL is obtained on the DBR substrate. A 40 nm thick silver
(Ag) layer is then grown on top of it through physical vapor
deposition (PVD) to complete the cavity fabrication.
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FIG. 8. Vertical linecuts of angle-resolved reflectance spectrum shown in Fig. 3(a). The linecut shows two symmetric modes corresponding
to the LP and the UP branches when the exciton mode is in resonance with the cavity mode (b). As the cavity moves away from resonance,
the modes become asymmetric where either the LP branch (a) or the UP branch (c) possesses higher intensity, characterized by the reflectance
dips.

FIG. 9. Absorbance spectra of CdSe NPL Films at two different
temperatures.

Appendix C: Optical Characterization

1. Absorption and Emission Measurements of NPL Colloidal
Solutions

Absorption and emission measurements are performed with
a quartz cuvette that has a path length of 1 cm. Ab-
sorbance spectra are collected using a PerkinElmer Lambda
950 UV/Vis/NIR spectrophotometer, while photolumines-
cence (PL) characterization is conducted using a modular flu-
orometer system (Acton Research) equipped with a photomul-
tiplier tube (PMT) detector.

2. TEM Measurements

TEM samples are spotted on lacey carbon grids with 300
mesh copper support. TEM micrographs are recorded using
a FEI Tecnai F20 field emission microscope with a 200 kV
accelerating voltage. The NPL dimensions are determined by
measuring 12 individual NPLs on the TEM images.

3. Thin Film Measurements

The Filmetrics F20 system is used to analyze the film qual-
ity and measure the thickness of the NPL films. For this mea-
surement, the sample is illuminated with a tungsten-halogen
white light source with an operating range from 400 nm to
3000 nm where the reflected light is captured and fed back to
the spectrometer input port via another fiber optic cable.

4. Angle-Resolved Measurements

Angle-resolved reflection and PL measurements are per-
formed at room temperature (295 K) and low temperature
(5 K) by placing the sample within a compressed-He cooled
cryostation (Montana Instruments) with a 0.5 mm thick fused
SiO2 optical window and equipped with an XYZ-piezo trans-
lator (Attocube). A Fourier-space spectroscopy system with a
two-dimensional (2D) charge-coupled device (CCD) detector
(Teledyne Princeton Instruments PyLon, 1340 × 1300 pixels)
is used to resolve the collected light by angle of reflection or
emission along one axis of the detector (the axis parallel to the
spectrometer’s entry slit) while simultaneously resolving the
collected light by wavelength along the axis perpendicular to
the entrance slit. Light reflected or emitted from the sample
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is collected by an infinity-corrected objective (Nikon S Plan
Flour, 60X, 0.7 NA, correction collar set to 0.5 mm), giving a
±440 collection angle range in free space (with 00 correspond-
ing to light emitted or reflected along the surface normal). The
Fourier image plane of the sample, located at the back focal
plane of the objective, is directed toward the entrance slit of a
spectrometer (Teledyne Princeton Instruments SP2750i). This
is achieved by employing a tube lens to create a Fourier image
plane in free space, which is then relayed onto the entrance slit
using two additional relay lenses.

Reflection spectra are measured using a white LED (Thor-
labs) source where the reflected light from the sample is cou-
pled into an optical fiber and imaged into the spectrometer.
To remove the spectrum of the light source from the measured
sample spectra, the raw angle-resolved reflection spectra from
the sample are divided by the “flat field” spectrum, i.e., the
angle-resolved reflection spectrum of a silver film (200 nm of
Ag deposited by electron beam evaporation onto a 2 nm Ge
wetting layer on a Si chip, coated with 15 nm SiO2 to prevent
corrosion). The same collection path is used for PL measure-
ments where a 405 nm CW diode laser non-resonantly excites
the system with 500 µW power incident on the back of the
microscope objective. For both PL and WL reflection spectra
measurements, a 450 nm long-pass filter is used in the collec-
tion path to remove the reflected light from the source and an
exposure time of 60 s is used for all measurements.
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