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1. CuS, a natural hyperbolic material in the visible spectral range
and anisotropic plasmonic material in the infrared.

2. CuS Nanocrystals(NCs) manifest LSPR in the near-infrared.
3. The plasmonic resonances of CuS NCs can be tuned via the

control of the geometrical parameters (shape and size) in the
800−1600 nm spectral range.

4. This ideally places CuS as an alternative plasmonic material
between conventional metals and transition metal nitrides
operating in visible and conducting oxides operating above 1500
nm wavelength.

• Transient Reflection dynamics in bulk CuS and nanocrystals thin film was
measured and compared

• For both systems, a faster relaxation rate was observed (time constant =
200 fs).

• ultrafast transient optical response of p-type plasmonic, bulk and
mesoscopic copper monosulfide shows much faster carrier relaxation
dynamics than in traditional plasmonic materials, governed by low free-
carrier concentration.

• Both nonequilibrium hot-carrier and lattice dynamics are modified in CuS
nanocrystals with reduced dimensions, showing faster thermalization rate
due to the reduced Coulomb screening and twice the number of fully
symmetric coherent optical phonon modes, compared to the bulk crystal.

(a,b) - Experimental vs Calculated absorption spectra of CuS
nanocrystals for different average size. (c) Calculated near-field
intensity maps for the hexagonal NCs surrounded by the medium
with a refractive index of 1.505 for various lateral sizes and a 5
nm thickness at the LSP resonant conditions.

1. Electrophoresis
• Transport of dispersed particles in a fluid under a uniform
electric field.

• Particle drift depends on interplay of Electrostatic, frictional
and electrophoretic forces.

2. Chemical Functionalization
Substrates are chemically treated to attached functional groups
( NH2, -SH) which bind to the the nanocrystal surface.

Ø Thin Film Fabrication and Measurements Linear Optical Measurements Effective Medium Permittivity Surface Plasmon Measurements

Ø Pump Probe measurements on bulk CuS crystal and Nanocrystal thin films

Ø Carrier density tuning in CuS nanoparticles by Zinc
doping
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(a) Electron band structure of covellite CuS calculated in the QSGW
approximation. Fermi level is set to 0. Colors depict the orbital character: red,
green and blue indicate projections onto Cu s + S s, Cu d, and S p states,
respectively. All other orbitals are black. (b) CuS crystal structure in the
reciprocal space. (c) Permittivity tensor of CuS.

AFM amplitude profiles for CuS
nanocrystal films deposited using
Electrophoresis
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Extinction measurements with (a) TE and
(b)TM polarized light for thin CuS NCs film Calculated permittivity for thin CuS NC film (Top) ATR measurements for thin (25 nm) CuS NCs film

deposited on 10nm gold film on thick glass substrate,
showing SPR. (Bottom) Simulated ATR measurements for
same structure.
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TEM, HAADF scans showing presence of Zinc in CuS nanocrystals Calculated carrier density for CuS: ZnS NCs vs square of LSPR frequency

Absorption spectra of CuS: ZnS NCs synthesized at different temperatures
showing LSPR peaks redshifted with increasing temperatures
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• We demonstrate that the free-carrier density in CuS, which is an order of magnitude lower than in traditional
plasmonic metals, can be further tuned by chemical doping.

• Using ion exchange to replace Cu with an increasing content of Zn in the nanoparticles, the free-hole density
can be lowered, resulting in a long-wavelength shift of the localised plasmon resonances in the range from 1250
nm to 1750 nm.

• The proposed approach provides new opportunities for tuning the plasmonic response of covellite nanocrystals
as well the carrier relaxation time which decreases for lower free-carrier densities.


