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Figure S1. ABN/a-RuCl; device fabrication. (A) Diagram of two steps for ABN/a-RuCls
device assembly. In the first step, a PC-coated glass slide is used to pick up an exfoliated crystal
of 22-nm-thick thick ABN on an Si0,/Si substrate. In the second step, the #ABN is deposited onto
an exfoliated flake of few-layer a-RuCls. The final structure was constructed such that part of the
hBN is directly on SiO; and part is on top of the a-RuCls. (B) Optical image of ABN/a-RuCl3
device with the #ABN outlined in orange and the a.-RuCls outlined in green. The red and blue
arrows indicate the position of nano-optical imaging of PhPs on and off the a-RuCls,
respectively.
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Figure S2. Frequency-dependent line profiles of PhP fringes. (A) Area-averaged line profiles
of the near-field amplitude for ZBN/SiO; showing PhP fringes collected at the indicated
frequencies. A 0.4 offset is added between consecutive curves for clarity. The PhP wavelength
clearly disperses with frequency. (B) The same as (A) but for PhPs propagating in ABN/a.-
RuCl3/Si0s. Each curve in (A) and (B) was truncated at the first minimum next to the #ABN edge,
and fit to the ansatz from refs. 1,2 to extract the complex wavevector ¢. The ansatz is Sy +

A ;—:I; +B H(()l)(qu), where S is the bulk near-field amplitude, R is the approximate tip
radius (25 nm), Hél) is the first Hankel function of order zero, 4 and B are sample angle- and tip-
dependent scaling factors, respectively, and a is a geometric factor =0.1. (C) The experimentally
extracted PhP dispersion for ZBN on bare SiO; (solid blue circles) and on a layer of a-RuCl3
(solid red circles). The expected PhP dispersions (i.e., maxima in Im [rp]) for both regions are
plotted with solid blue and solid red lines, respectively. The dashed red line shows the expected
PhP dispersion when a-RuCls is modelled with emergent interfacial losses (Model 2 in Fig. 3 of
the main text), with the shaded red region highlighting the change in the dispersion.
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Figure S3. Model #BN PhP dispersion and Q for different thickness of a-RuCls. (A) The
model dispersion for PhPs propagating in a 22-nm-thick #BN crystal on a thick slab of SiO;
(blue curve), on a 2.4-nm-thick flake of a-RuCls on a thick slab of SiO» (red curve), and on a
thick slab of a-RuCl; (green curve). The dispersion is derived from maxima in the imaginary
component of the p-polarized reflection coefficient, Im [rp]. The ABN PhPs become more
confined with thicker layers of underlying a-RuCls. (B) The frequency-dependent Q factor for
PhPs propagating in a 22-nm-thick #BN crystal on a thick slab of SiO: (blue curve), on a 2.4-
nm-thick flake of a-RuCls on a thick slab of SiO> (red curve), and on a thick slab of a.-RuCl3
(green curve). The frequency-dependent Q is plotted for several intermediate thicknesses of .-
RuCl; as indicated by the colored labels. While stacks with thinner a-RuCls; show a marginally
lower value of O compared to those directly on SiO», those with thicker a-RuCls eventually

show larger values of Q. The Q factor is calculated as outlined in the methods and supplementary
discussion.
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Figure S4. Near-field spectroscopy of #ZBN/a-RuCl; heterostructures. (A) Near-field S3
amplitude at @ = 1530 cm™! of a heterostructure with ABN/a-RuCls/SiO,, ABN/SiOz, a-
RuCl3/Si02, and SiO; regions labelled. (B) The corresponding @3 phase simultaneously collected
in the same region as (A). (C) Plot of the frequency-dependence of the near-field contrast (solid
green and orange circles are S3®/ S3® — Tand 3 — ®;®), respectively) and the ratio Os / Or
(solid black squares). Here, S3® and S;® are the S3 amplitudes averaged on ABN/SiO, and
hBN/a-RuCls/SiO,, respectively, and @3 and ®@;® are the @3 phases averaged on A/BN/SiO;
and #BN/a-RuCls/SiOg, respectively. The ratio between PhP QO-factors off and on a-RuCls (QOs /
Or) increases with frequency in a manner that scales similarly to the near-field contrast.
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Figure S5. Comparison of band structures for free-standing and heterostructured #ZBN and
a-RuCls. (A) Fermi energy-aligned free-standing band structures for monolayer #BN, (B)
monolayer a-RuCls, and (C) monolayer-on-monolayer #BN/a-RuCls. (D-E) The same band
structures plotted in (A-C) aligned relative to the vacuum energy. In their free-standing states,
the #ABN valence band (VB) is aligned energetically with the a-RuCls conduction band (CB).
The work function difference leads to the formation of an interfacial dipole in ABN/a-RuCls that
induces a small energy gap between the ZBN VB and the a-RuCl3; CB when heterostructured.
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Supplementary Methods

Material Growth

a-RuCl; crystals were grown by the sublimation of RuCls powder sealed in a quartz tube under
vacuum. About 1 g of powder was loaded in a quartz tube of 19 mm in outer diameter, 1.5 mm
thick, and 10 cm long. The growth was performed in a box furnace. After dwelling at 1060 °C
for 6 h, the furnace was cooled to 800 °C at a rate of 4 °C/h. Magnetic and specific heat
measurements confirmed that the as-grown pristine crystal orders antiferromagnetically around 7
K. For more information, see ref. 3.

Device Fabrication

The #ABN/o-RuCls heterostructures were assembled using standard dry-stacking with the hot
pick-up method.** Specifically, we use a polycarbonate (PC) film on a polydimethylsiloxane
(PDMS) stamp to pick up #ZBN exfoliated on a SiO»/Si substrate at a temperature of 90 °C. The
hBN is then brought in contact with the target a-RuCl; crystal, also on SiO2/Si, at a temperature
of ~150 °C. By using a higher temperature and a slow contact approach (~1 pm/min), we are able
to push out most interfacial contamination, leaving us with a clean ZBN/a-RuCls interface.
Finally, the PC film is dissolved in chloroform.

Scanning Near-field Optical Microscopy:

The s-SNOM measurements in this study were conducted using a commercial Neaspec system
under ambient conditions using commercial Arrow™ AFM probes with a nominal resonant
frequency of f= 75 kHz. Tunable continuous wave quantum cascade lasers produced by Daylight
Solutions were used spanning wavelengths from 6 to 8 um. The detected signal was demodulated
at the fourth or fifth harmonic of the tip tapping frequency in order to reduce background far-
field contributions to the scattered light. The n'" harmonic of the near-field scattering amplitude
(Sn) and phase (®,) were collected simultaneously using a pseudoheterodyne interferometry
technique.

Ab-initio Calculations of #ZBN/a-RuCl; Heterostructures:

The ab initio calculations were performed within the Vienna Ab initio Simulation Package
(VASP)® using a projector-augmented wave (PAW) pseudopotential in conjunction with the
Perdew—Burke—Ernzerhof (PBE)’ functionals and plane-wave basis set with energy cutoff at 400
eV. For the heterostructures formed by #BN on top of a monolayer of a-RuCls, we used a fixed
hexagonal supercell containing 170 atoms (composed of 3 x 3 a-RuCl; and 7 x 7 ABN). The
resulting strain imposed on the heterostructure is ~2.1%. This strain doesn’t modify the
formation of the large interfacial dipole discussed in the present work. The surface Brillouin
zone was sampled by a 3 x 3 x 1 Monkhorst—Pack k-mesh. A vacuum region of 15 A was
applied to avoid artificial interaction between the periodic images along the z direction. Due to
the absence of strong chemical bonding between layers, we incorporate van der Waals
interactions for structural optimization via the opt88 density functional introduced in ref. 8. All
heterostructures for the above supercell size were fully relaxed until the force on each atom was
less than 0.01 eV A~!. Spin-orbital couplings are included in the electronic calculations.

As shown in previous work (ref. 1) standard DFT functionals do not cope with the electronic
structure of a-RuCls as it requires accounting for on-site correlations via a Hubbard U for Ru and
Cl atoms. The Hubbard U terms are computed by employing the generalized Kohn—Sham
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equations within density functional theory including mean-field interactions, as provided by the
Octopus package,”!? using the ACBNO'!!2 functional together with the local density
approximation (LDA) functional describing the DFT part. We compute ab initio the Hubbard U
and Hund’s J for the 4d orbitals of Ruthenium and 3p orbital of Chlorine. We employ norm-
conserving HGH pseudopotentials to get converged effective Hubbard U values of 1.96 eV for
Ru 4d orbitals and 5.31 eV for Cl 3p orbitals, with spin-orbital couplings.
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Supplementary Discussion

Calculating polariton dispersions and quality factors
Polariton dispersions g; (w) and quality factors Q (w) in the main text are computed from the
poles of the p-polarized reflection coefficient r;,. A condition for poles of 7;, in a single finite
hBN slab geometry corresponding to the fundamental polariton mode dispersion can be written
in the following form:

2k,d + 6gyp + Osyp = 0

e
1-i—J

where €%/ ~ — "= and k, ~ /— L g2 in the near-field limit.'> g, and &, are the in- and out-
14i——) €1
JelEz
of-plane dielectric functions of ZBN, respectively,'* and q(w) = g, (w) + iq,(w) is the in-plane
momentum of light. &5,, = 1 and &gy, is the dielectric function of the substrate.

For two slabs (e.g., nIBN/a-RuCls/SiO; model), we solve an equivalent problem numerically. We
first compute the 2x2 transfer matrix M for the system and note that ,, = My, /M. The
formalism in Reference 15 was used to compute the transfer matrix. Nota bene: in the case of
uniaxial media like #BN, one should use ¢ (not €,) in Equation 10 of Reference 15. One should
also ensure that the proper branches of k, in all slabs are used such that Im k, > 0.!° The
complex in-plane propagation constant q(w) is obtained from minimizing |M;| using
scipy.optimize methods. We verified that the real part g; (w) corresponds to the maxima of

— q1(w)

T qz2(w)
Dielectric functions of SiO2 and a-RuCls (assuming isotropic) are obtained from References 17
and 18, respectively.

Im 7,,(q, ) and the residual [M;,|*~10~7 for all w. Finally, we compute Q(w)

Nano-infrared point spectra of ZBN/SiOz normalized to ABN/a-RuCls/Si02 were fit by
optimizing the parameters of a Lorentzian oscillator dielectric function for a-RuCl; within the
lightning rod model'® framework:

f2

wi — w? —iyw

The best-fit oscillator strength, resonance frequency, scattering rate, and background permittivity
were f =1992cm™, wy = 1543 cm™1, y = 30.5 cm™?, and &,, = 2.01, respectively. These
parameters were used to compute another set of complex g(w) that we compared with the
dispersions and quality factors obtained when using the bare a-RuCls dielectric function
extracted from far-field spectroscopy in Reference 18. We note that these oscillator parameters
differ significantly from those associated with nearby phonons in ZBN or electronic transitions in
a-RuCls, suggesting that this phenomenological Lorentzian oscillator cannot be trivially
reproduced through rigid shifts and/or broadening of the intrinsic optical spectrum of either
heterostructure constituent.

E=Ex T+
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