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Photothermal applications, such as therapy, imaging, and catalysis,
necessitate heat sources capable of generating high temperatures under
mid-infrared (mid-IR) illumination. However, commonly used metal
nanostructures suffer from low efficiency due to their high carrier
concentrations, resulting in shallow surface heating and optical range
restrictions. To overcome these limitations, this work proposes a novel
approach employing materials that support phonon polaritons (PhPs) as a
promising paradigm for light-controllable heat sources. The theoretical
demonstration reveals that hexagonal boron nitride (hBN) nanorods can
produce up to 46 times more heat compared to plasmonic gold counterparts
under resonant monochromatic light. This superior heating capability stems
from the unique properties of PhPs, which enable stronger field confinement
and deeper penetration within the nanostructure, leading to higher efficiency
by circumventing the electrostatic shielding effect associated with plasmonic
heating. Furthermore, this work demonstrates that the heating performance
of hBN antennas can be optimized by manipulating their size, geometry, and
material loss. Notably, the use of isotopically pure hBN can triple the heat
power. These findings highlight the tremendous potential of hBN antennas as
light-controllable heat sources, opening up new possibilities for IR
photothermal applications by harnessing materials that support PhPs.

1. Introduction

Light-controllable heat sources at the nanoscale, particularly
those powered by infrared (IR) light, hold immense promise
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in various fields including photothermal
therapy, imaging, and catalysis.[1–5] Mid-IR
light offers the advantages of deeper tissue
penetration and the ability to resonantly
excite molecular vibrations compared to
visible light.[1,6–8] However, conventional
metal nanostructures, which generate heat
through the damping of localized surface
plasmons (LSPs) in a phenomenon known
as thermoplasmonics,[9–13] exhibit low
photothermal conversion efficiency in the
mid-IR range. This inefficiency arises from
their high carrier concentrations and thin
skin depth (approximately 20 nm for gold),
which restrict their light absorption and
electric field enhancement to the optical
range and superficial surface layers.[14–16]

To achieve optimal plasmonic heating,
metal nanostructures need to be small or
thin (typically 10–100 nm) and densely
packed.[17,18] Yet, these requirements pose
challenges including easy aggregation,
costly fabrication, and poor stability, as
observed in plasmonic colloidal solu-
tions or patterned metamaterials.[11,19–21]

Consequently, there is a growing de-
mand for alternative materials that can

overcome these limitations and provide effective light-
controllable heat sources operating under mid-IR illumination.

Polar dielectrics have demonstrated superior light trapping
capabilities in the IR range compared to metals by leveraging
phonon polaritons (PhPs).[22,23] PhPs are quasiparticles formed
through the strong coupling of incident photons with optical
phonons in these materials. Unlike LSPs in metal nanostruc-
tures, PhPs in polar dielectrics exhibit significantly lower ma-
terial loss due to the longer lifetime of phonons relative to
free electrons.[24] This is reflected by the small imaginary part
of the permittivity (Im(𝜖)) of polar dielectrics and has been
evidenced by the large quality factors of sub-diffraction pho-
tonic nanostructures.[25,26] Consequently, PhPs have emerged as
low-loss alternatives to LSPs, particularly in the realm of IR
nanophotonics.[27] In this context, previous studies have often as-
sumed that the heat generation from PhP decay is negligible.[27]

However, we note that low material losses do not necessarily
imply low photoinduced heating.[28] To be more precise, the
photoinduced heat power depends on both the material losses
and the detailed field distribution inside the nanostructure, i.e.
Qh ∝ Im(𝜀)∭ |E|2dV Qh ∝ Im(𝜀)∭ |E|2dV . Hence, the strong
enhancement and deep penetration of the electric field could po-
tentially lead to higher heat generation, even in the presence of
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low material losses.[29] For instance, silicon nanospheres with
Mie resonances have shown to be four times better at photother-
mal conversion than Au plasmonic counterparts.[30] Therefore,
we anticipate that the strong field confinement of PhPs and deep
field penetration into nanostructures could also cause signifi-
cant heat generation. This aspect has been largely ignored so
far, which could affect the performance of highly miniaturized
nanophotonic devices relying on strong field confinement.

In this study, we explore the potential of polar dielectrics,
specifically hexagonal boron nitride (hBN) antennas, as light-
controllable heat sources in the mid-IR range. hBN, a polar crys-
tal with low material loss and high thermal stability, is an ex-
cellent candidate for high-temperature IR nanophotonics.[31–33]

The unique feature of hBN antennas lies in that they support a
range of hyperbolic PhP (HPhPs) modes when exposed to mid-IR
light. These HPhPs propagate with strong field confinement in-
side the antenna structure. Using finite element simulations, we
demonstrate that an hBN nanorod can generate approximately
46 times more heat than a plasmonic Au counterpart of sim-
ilar subwavelength dimensions (𝜆/L ≅ 5). This significant im-
provement in heating performance is primarily attributed to the
higher absorption efficiency and larger sizes of hBN nanorods.
The dominant contribution comes from volume-confined HPhP
modes, which outperform plasmonic heating by circumventing
the electrostatic shielding effects, allowing for stronger field con-
finement and deeper field penetration. Additionally, we show that
the heating performance of hBN antennas can be customized by
adjusting various parameters such as incident light, hBN geom-
etry, and material loss. By utilizing isotopically pure hBN with
reduced material loss, a threefold increase in heat power can be
achieved. These findings offer valuable insights into the mech-
anisms of photoinduced heating and open up new opportuni-
ties for designing efficient light-controllable heat sources utiliz-
ing materials that support PhPs.

2. Experimental Section

2.1. Calculation Method of the Heat Generation Power

When a photonic nanoparticle (NP) is illuminated, a portion of
the incident light energy is scattered to the surrounding envi-
ronment, while the remaining energy is absorbed by the NP
and eventually dissipates as heat. The efficiency of these two
processes is quantified by the scattering and absorption cross-
sections, denoted as Csca and Cabs, respectively. The heat genera-
tion power within the NP can be calculated as[28,34]

Qh = CabsI0 =
n2

s 𝜔

2 ∫
V

Im {𝜀(r,𝜔)} ||E(r)||2dr (1)

where I0 = ns𝜖0 c|E0|2/2 is the intensity of the incident light, E0 is
the amplitude of the incident plane wave, 𝜖0 is the vacuum per-
mittivity, ns is the refractive index of the surrounding medium,
𝜖(r, 𝜔) is the complex relative permittivity of the NP at the posi-
tion r and light frequency 𝜔, E(r) is the electric field distributed
inside the NP, and the integration is conducted for the heat power
density (qh) over the NP’s volume (V). In this work, the electric

field distribution E(r) is numerically computed using a finite ele-
ment method.

The heat generation power (Qh), as depicted in Equation (1), is
determined by three crucial factors: the inherent material losses
(Im(𝜖)), the electric field confinement (|E(r)|2), and the field dis-
tribution throughout the entire volume of the NP (V). It is worth
noting that these factors are interconnected and should be care-
fully considered. For instance, a larger value of Im(𝜖), indicating
higher material loss, does not necessarily result in a higher heat
power. This is because an increase in Im(𝜖) simultaneously re-
duces the field intensity |E(r)|2 within the NP. Therefore, achiev-
ing a delicate balance among these three factors becomes imper-
ative when striving to optimize photoinduced heat sources. By
thoughtfully selecting materials and designing antennas to strike
the right equilibrium, it is possible to maximize the photothermal
efficiency of the heat source.

In the absence of phase transitions, the steady-state tempera-
ture distribution around the optically illuminated NPs is achieved
through heat transfer with the surrounding environment. A gen-
eral model describing the heating of a spherical NP from any pho-
tonic material by continuous wave illumination, coupled with a
thermal diffusion equation, has been developed elsewhere.[10,35]

In particular, the solution of the thermal diffusion equation in a
steady-state regime provides a concise expression for the temper-
ature rise at the NP[17,36]

ΔTNP =
Qh

4𝜋𝜅0re
(2)

where 𝜅0 is the thermal conductivity of the surrounding medium,
which is much smaller than that of the NP; and re is the effective
radius of the NP.

2.2. Permitivity of hBN

hBN is a promising polar dielectric for nanophotonic applica-
tions due to its unique properties, including low material loss,
high thermal stability, and excellent electrical insulation.[32] As a
representative of 2D van der Waals crystals, hBN has strong co-
valent bonds within each layer and weak van der Waals bonds
between layers, resulting in a significant optical anisotropy. This
anisotropy is characterized by opposite signs of permittivity along
two perpendicular crystal axes, rendering hBN a natural hyper-
bolic material. In particular, hBN supports two types of zs within
distinct frequency bands defined by the transverse-optical (TO)
and longitudinal-optical (LO) phonon modes. These HPhPs arise
due to the different signs in the permittivity components in hBN:
Type I: 𝜖⊥ > 0, 𝜖∥ < 0; and Type II: 𝜖⊥ < 0, 𝜖∥ > 0) in the Rest-
strahlen bands (RBs). The in-plane and out-of-plane permittivity
of hBN can be well described by the Lorentz model with the fol-
lowing expression[37]

𝜀hBN,m = 𝜀∞,m

[
1 +

(
𝜔LO,m

)2 −
(
𝜔TO,m

)2(
𝜔TO,m

)2 − 𝜔2 − i𝜔𝛾m

]
(3)

where the subscript m = ⊥ or ∥, denotes the in-plane and out-of-
plane components corresponding to the perpendicular or paral-
lel direction to the optical axis of the hBN crystal, respectively;
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Figure 1. a) Illustration of a suspended hexagonal boron nitride (hBN) antenna exposed to the incident light with its electric field polarized parallel to
the antenna’s axis. b) Heat generation mediated by hyperbolic phonon polaritons (HPhPs) and the subsequent heat conduction in the hBN antenna. c)
Frequency-dependent permittivity for naturally abundant hBN crystals, with the pink shaded area denoting the upper Reststrahlen band (RB) for in-plane
permittivity.

𝜖∞,m is the high-frequency permittivity; 𝜔LO,m and 𝜔TO,m are the
LO and TO phonon frequencies, respectively; and 𝛾m is the damp-
ing rate. The fitting parameters for hBN are given as 𝜖∥,∞ = 2.95,
𝜔LO,∥ = 830 cm−1, 𝜔TO,∥ = 780 cm−1, and 𝛾∥ = 4 cm−1 for the
out-of-plane direction, while 𝜖⊥,∞ = 4.87, 𝜔LO,⊥ = 1610 cm−1,
𝜔TO,⊥ = 1370 cm−1, and 𝛾⊥ = 5 cm−1 for the in-plane
direction.[38,39]

The thermophysical properties of hBN have been extensively
reported in previous literature.[40] One notable aspect is the
highly anisotropic thermal conductivity of hBN, with a rela-
tively high value along the in-plane direction (approximately 300–
400 W (m K)−1) and a significantly lower value along the out-of-
plane direction (approximately 2–30 W (m K) −1). For the hBN
antenna depicted in Figure 1a, this work assumes axial and ra-
dial thermal conductivity values of 400 and 20 W (m K) −1,
respectively.[41] Note that both the permittivity and the thermo-
physical properties of hBN are considered to be temperature in-
dependent in the subsequent calculations.

2.3. Model Validation

Here, a 3D numerical model that couples the electromagnetism
and heat transfer module had been built by using the commer-
cial software COMSOL Multiphysics. The finite element method
(FEM) was employed to solve the governing equations. To en-
sure the accuracy and reliability of the model, it was first val-
idated against analytical solutions for a 20 nm-diameter gold
nanosphere in water. The simulation results, including optical
responses (e.g., absorption cross-section) and the resulting tem-
perature rise, showed good agreement with the analytical solu-
tions (Figure S1, Supporting Information). This rigorous valida-
tion process establishes a solid foundation for employing the nu-
merical model in the investigation of hBN antennas and their
performance analysis.

3. Results and Discussions

3.1. Phonon Polariton Modes and Subsequent Heating Effects in
hBN Nanorods

We begin by studying the optical and thermal behaviors of an
hBN nanorod (hBNNR) when subjected to far-field CW IR light.
The electric field of the incident light is polarized along the
nanorod axis (Figure 1a). Our main focus is to analyze its re-
sponse to light frequencies ranging from 1300 and 1600 cm−1,
which corresponds to the upper RB of hBN. Unless specified oth-
erwise, the intensity of the incident light is set to 5 × 107 W m−2.
Further simulation details can be found in the Supporting Infor-
mation.

Figure 2 shows the optical and thermal responses of a sus-
pended hBNNR with a length of 720 nm and a diameter of
100 nm in air. The heat power spectrum exhibits multiple sharp
peaks that decrease as the light frequency increases (Figure 2a).
The insets (Figure 2a i-iii) visually depict the normalized elec-
tric field intensity, i.e., the field enhancement (|E/E0|2), on a mid-
Z cross-section for each peak. They display characteristic sinu-
soidal patterns inside the nanorod and exponential decay outside,
indicating the presence of volume-confined HPhPs within the
hBNNR. Along the nanorod axis, the field amplitude experiences
strong oscillations, with an increased number of maxima and
minima at higher frequencies, and a reduced distance between
them (Figure S2, Supporting Information). This behavior signi-
fies a frequency-dependent standing-wave pattern known as lon-
gitudinal Fabry–Pérot (FP) cavity modes within the hBNNR.[25]

These FP modes have different orders based on how many times
HPhPs travel along the axis and reflect from the ends.[42] Similar
interference patterns have been experimentally observed in other
structures, including hBN nanorods,[25] hBN nanotubes,[42] and
carbon nanotubes,[43] using IR scattering-type scanning near-
field optical microscopy. However, it is important to note that
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Figure 2. Optical and thermal responses of an hexagonal boron nitride nanorod (hBNNR) with L = 720 nm and d = 100 nm, surrounded by air. a) The
absorption/heat generation power spectrum of the hBNNR, with insets showing the distribution of near-field electric field (|E|) at peak frequencies of
i) 1400 cm−1, ii) 1487 cm−1, and iii) 1530 cm−1, corresponding to the dipolar, quadrupolar, and hexapolar modes, respectively. b) Distributions of i)
local electric field, ii) current density, iii) heat power density, and iv) steady-state temperature for the 2D-cut cross-section at mid-Z plane at the dipolar
resonant frequency of 1400 cm−1. c) Corresponding field distributions on the nanorod surface.

the patterns resulting from tip-launched polaritons differ from
those depicted in Figure 2a, as they are influenced by the posi-
tion of the tip. The first-order dipolar FP mode of HPhPs, oc-
curring at around 1400 cm−1, exhibits the highest absorption,
resulting in a peak heat power of approximately 29.8 μW. This
enhanced absorption is attributed to the strong confinement of
the local field by HPhPs within the hBNNR. The insets reveal
that the field enhancement reaches values of about 3638, 161,
and 64 for these three FP modes, resulting in a reduction in
heat power from approximately 29.8 to 1.2 μW, and even to as
low as 0.2 μW, respectively. This result highlights the strong de-
pendence of HPhP-mediated heating on the frequency of the in-
cident light, enabling flexible control of heating by simply ad-
justing the light frequency. Furthermore, the narrow linewidth
of these HPhP-mediated peaks makes the hBNNR a promising
candidate for light-driven thermal switches by manipulating the
light frequency.

To gain a deeper understanding of the physical mechanisms
underlying the photoinduced heating in the hBNNR, the distri-
butions of the local electric field, current density, and heat power
density for the dipolar FP mode are examined in Figure 2b,c.
Notably, the similarity in the distributions between the current
density and heat power density (Figure 2b ii-iii) indicates that the
heat generation arises from the electric current driven by the elec-
tric field confined within the hBNNR. In contrast, the surface-
confined electric field, despite being much stronger, has a neg-
ligible impact on the distribution of heat power intensity. This
behavior is reminiscent of plasmonic heating observed in metal
nanostructures, where the field enhancement and resultant heat-
ing mediated by LSPs are mainly restricted to shallow surface
areas.[14,17,35,44] This distinction highlights the fact that the HPhP

modes in hBNNR differ significantly from LSPs in metals, as
they possess a volume-confined electric field extending beyond
the surface. Consequently, HPhPs have the potential to generate
heat much more efficiently than LSPs. The subsequent section
will explore this distinction further when investigating how ge-
ometry influences this heating effect.

After the excitation of HPhP modes, the concentrated photonic
energy within the hBNNR undergoes rapid decay and is con-
verted into heat through scattering between optical and acoustic
phonons. Subsequently, the generated heat in the hBNNR dissi-
pates quickly, causing the temperature of the hBNNR to change
over time until it reaches a thermal equilibrium with its sur-
roundings. For the specific hBNNR presented in Figure 2, the
steady-state temperature can reach up to about 940 K (Figure 2b
iv,c iv). These findings suggest that the hBNNR serves as an effi-
cient heat source that can be remotely controlled using IR light
and exhibits a high degree of tunability. Similar optical and ther-
mal responses mediated by HPhPs for the hBNNR suspended in
water can be found in Figure S3 (Supporting Information).

3.2. Geometry-Dependent Responses and Comparison with
Plasmonic Heating

In this section, we explore the impact of hBN antenna geome-
try on the HPhP-mediated heating under IR light excitation. We
consider two scenarios: (1) adjusting the length of hBNNRs while
maintaining a fixed diameter of 100 nm, and (2) varying the wall
thickness of hollow hBN nanotubes with a fixed length of 720 nm
and outer diameter of 100 nm.
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Figure 3. a,b) Geometry-dependent heating mediated by hyperbolic phonon polaritons (HPhPs): heat generation power of hexagonal boron nitride
(hBN) antennas with varying a) lengths of hBN nanorods (hBNNRs) and b) wall thicknesses of hBN nanotubes, with insets showing the corresponding
distributions of heat power density qh for their dipolar resonant modes (mid-Z plane). c) Plasmonic heating for a 114 nm long Au NR, with insets
showing related field distributions at its resonant wavelength of 590 nm (𝜆/L = 5). d) Comparison of maximized temperature rise ΔTmax for the 1440 nm
long hBNNR and 114 nm long Au NR as a function of incident light intensity.

By modifying the length of hBNNRs, we can tailor their optical
and thermal responses. Figure 3a illustrates that increasing the
length of hBNNRs leads to a redshift in the resonant peaks of the
dipolar FP modes and an increase in heat generation power. This
behavior arises from the hBNNRs functioning as longitudinal-
FP cavity resonators for HPhPs, which bounce back and forth
between the two terminals of the nanorods. The longitudinal FP
modes can be described by equation[45] 2kpL + 2 ∅R = 2𝜋l, where
kp = 2𝜋/𝜆p is the wavevector, ∅R is the reflection phase shift,
and l is the resonance order. With an increase in length, the res-
onance frequency decreases, causing a redshift of the resonant
peaks for a given mode number. Moreover, longer nanorods fa-
cilitate the propagation of HPhPs along extended paths, resulting
in increased heat generation as the energy carried by HPhPs dis-
sipates. The longest nanorod, with a length of 1440 nm, exhibits a
heat power of approximately 70.84 μW, which is 20 times higher
than the 180 nm long nanorod with a heat power of ≈3.43 μW
(Figure 3a).

The wall thickness of hollow hBN nanotubes (hBNNTs) also
plays a crucial role in their photothermal conversion perfor-
mance. Figure 3b demonstrates that reducing the wall thick-
ness of hBNNTs from 50 nm (nanorod) to 10 nm (nanotube)
leads to a redshift of the resonant peaks of the dipolar HPhP
modes. This redshift can be attributed to the effective permit-
tivity change caused by introducing a hollow air channel within

the hBN antenna that modifies its dielectric environment.[46] Ad-
ditionally, the reduction in wall thickness also results in a de-
crease in the heat power at the dipolar HPhP mode peaks, due
to the reduced amount of hBN volume available for heating in
nanotubes with thinner walls. The insets of qh field distributions
in Figure 3a,b provide visual evidence that the maximum heat
power density originates from the electric field locally confined
inside the hBNNRs, rather than outside. This confirms the dom-
inant contribution of volume-confined HPhP modes to heat gen-
eration. Furthermore, it is worth noting that hBNNRs exhibit
a higher concentration of confined HPhP modes compared to
hollow BNNTs, with a deeper field penetration into the nanos-
tructures (Figure S5, Supporting Information). This unique char-
acteristic makes hBNNR a more efficient light-controllable heat
source compared to hBNNTs.

In addition, we compare the heating performance of hBN an-
tennas mediated by volume-confined HPhPs with that of metal
nanostructures mediated by LSPs (Figure 3c,d). Specifically, we
compare a 114 nm long Au nanorod (AuNR) and a 1440 nm
long hBNNR, both having a length relative to their wavelength
(𝜆/L) of about 5 under resonant illuminations. The absorption
efficiency of the AuNR (≈2.7) is approximately 1/4 of that of the
hBNNR (≈9.8) (Figure S3, Supporting Information). The insets
show that the heat generated in the AuNR is primarily concen-
trated in a shallow surface area where the electric field is strong.
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Figure 4. Effects of inherent material losses on the hyperbolic phonon polaritons (HPhP) modes mediated heating in the 720 nm long hexagonal boron
nitride nanorod (hBNNR). a) Heat power spectra under damping rate of 1, 5, and 10 cm−1. b) Heat power generated as a function of damping rate (𝛾)
of the in-plane permittivity for hBN.

This characteristic makes it more challenging to heat thicker and
larger nanostructures due to static electric shielding.[17] In metal
nanostructures, the electric field enhancement is limited to the
skin depth, resulting from their high free carrier concentrations.
In contrast, the hBN antennas exhibit heating throughout their
volume (Figure 3a,b), because they support HPhPs that tightly
confine the electric field inside them (Figure S5, Supporting In-
formation). As a result, the hBNNR produces a heat power of
70.84 μW, which is approximately 46 times higher than that of
the AuNR (1.55 μW), as shown in Figure 3a,c. This significant
difference is attributed to both the higher absorption efficiency
and the larger size of the hBNN. Consequently, the hBNNR
reaches a much higher steady-state temperature than the AuNR
(Figure 3d), implying that it can achieve the same temperature
using less light and thus save more energy. The key point is that
to make hBN antennas more efficient heat sources, it is crucial
to optimize the electric field inside them (Equation 1) mediated
by volume-confined HPhPs, rather than outside.

We would like to stress that other dielectric materials exhibit-
ing robust PhPs and low material losses, such as SiC, SiO2, 𝛼-
MoO3, and many others, are also promising candidates for effi-
cient light-controllable heat sources. To further support this no-
tion, we conducted additional comparisons of the optical heat-
ing performance among hBN, Au, and SiO2 nanorods. These
nanorods have an identical length of 720 nm and similar res-
onant frequencies in the mid-IR range. The corresponding re-
sults are illustrated in Figure S6 (Supporting Information). These
comparisons further confirm the superiority of PhPs over plas-
mons for light-controllable heat sources and demonstrate that the
presence of hyperbolic dispersion in specific materials enables
further improvement in heat generation by facilitating the vol-
umetric confinement of polaritons. These results highlight the
potential of exploiting PhPs and their hyperbolic dispersion for
efficient IR photothermal applications.

3.3. Optimized PhP-Mediated Heating by Loss Engineering

In this section, we explore the impact of dissipative losses in pho-
tonic materials on the HPhPs-mediated heating performance.

Previous efforts to mitigate these losses have involved employing
isotopically pure materials[24,47] and operating under cryogenic
conditions[26] to improve the performances of PhPs, such as ex-
tending their lifetimes and propagation distances. However, our
findings reveal an intriguing observation: these loss reduction
techniques can also lead to increased photoinduced heat genera-
tion. For instance, Figure 4a shows that at 𝛾 = 1 cm−1, typical for
isotopically pure hBN, the peak heat power is approximately 85
μW.[24] This represents a threefold increase in heat power com-
pared to the initial scenario (Figure 2a) with a higher loss rate
(𝛾 = 5 cm−1) for naturally abundant hBN. This finding suggests
that reducing material losses may not always be advantageous for
nanophotonic devices, particularly when considering the accom-
panying heat generation.

We also conduct calculations to determine the heat power of
an hBNNR with varying dissipative losses when exposed to light
at its dipolar resonant frequency. In Figure 4b, we observe that as
the damping rate 𝛾 decreases from 10 to 0.001 cm−1, the heat
power initially increases, but then sharply drops off as it ap-
proaches zero. The optimal heat power, approximately 117 μW,
is attained at a relatively small loss of 𝛾 = 0.17 cm−1. This trend
highlights the trade-off between material loss and field confine-
ment inside the photonic antenna (Equation 1). The optimal bal-
ance between these two factors is achieved by avoiding two limit
cases: Im(𝜖)→0 or Im(𝜖)→∞ (|E(r)| → 0). In the former scenario,
HPhP modes propagate indefinitely with no loss, resulting in
no energy dissipation and, therefore, no heat generation. Con-
versely, in the latter scenario, minimal electric field confinement
exists inside the antenna, leading to a lack of energy concentra-
tion that can be dissipated as heat. These findings provide valu-
able insights for the design of novel optimized nanostructures
using dielectrics for both nanophotonic and photothermal appli-
cations.

4. Conclusions

In summary, our study highlights the potential of dielectric an-
tennas as efficient light-controlled heat sources when illumi-
nated by monochromatic light at their resonant frequencies. This
unique functionality arises from the excitation and damping of
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PhPs, which effectively concentrate and dissipate incident pho-
tonic energy within the antenna, resulting in heat generation
through intrinsic loss mechanisms. Notably, our investigations
reveal that hBNNRs outperform gold counterparts, exhibiting
a significant 46-fold increase in heat power, owing to their en-
hanced absorption capacity and larger size. This PhP-mediated
heating offers distinct advantages over plasmonic heating, in-
cluding volumetric heating capability and high efficiency, by cir-
cumventing limitations imposed by the electrostatic shielding ef-
fect in plamonic materials. Moreover, the heating performance
of hBN antennas can be further optimized by tailoring their size,
geometry, and material loss characteristics. Overall, our findings
provide valuable insights into PhP-mediated heating and open
exciting avenues for designing light-controlled heat sources uti-
lizing materials that support PhPs, holding great promise for ef-
ficient IR photothermal applications.
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Supporting Information is available from the Wiley Online Library or from
the author.
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