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Localized surface plasmon resonance effect :

 Surface plasmon resonance (SPR) is the resonant,

collective oscillation of charge carriers in a solid,

stimulated by incident light of a frequency matching a

resonance of the solid.

 SPR in discrete nanometer-sized structures is called

localized surface plasmon resonance.

 Localized surface plasmon resonances (LSPRs)

typically arise in nanostructures of noble metals

resulting in enhanced and geometrically tunable

absorption and scattering of light.

Colloidal Nanocrystals (NCs) exhibit unique physical 

and chemical properties and are of interest for solution-

processed electronics, optoelectronics, water 

purification, catalysis and biomedical applications

Our Motivation

 Materials: colloidal NCs based on earth-abundant and 

non-toxic elements

 Optical properties: develop new types of NCs with 

NIR plasmonic absorbance

 Electrochemical properties: apply p-doped copper 

chalcogenides as electrocatalysts

Size-tunable colloidal Cu(In)S NCs 

Localized surface plasmon resonance (LSPR) frequency dependence on free carrier density 

and doping constraints. Reproduced from Luther et al., Nature Materials 10, 361–366 (2011)

Precursor ratio, composition ratio and size

Elemental composition of NCs

XRD phase evolution

Optical properties 

Plasmonic tunable colloidal Cu2-xS nanoplates

Elemental composition and crystal phase 

Cu2-xS nanoplates on carbon black and rGO

Electrochemical measurements
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Stoichiometry

CuxInyS

Cu In S

1.31/0.19 7:1 58.7 ND 41.3 Cu1.42S

1.20/0.30 4:1 54.6 3.2 42.3 Cu1.29In0.08S

1.00/0.50 2:1 47.7 8.7 43.6 Cu1.09In0.20S

0.75/0.75 1:1 38.4 16.9 44.7 Cu0.86In0.38S

0.50/1.00 1:2 28.0 24.9 47.1 Cu0.59In0.53S

0.30/1.20 1:4 21.1 30.4 48.5 Cu0.44In0.63S

Conclusions

 We demonstrated a facile method of preparing colloidal CIS

NCs with tunable size, composition and optical properties.

 Indium content is a key factor determining the size and

crystal phase of NCs.

 LSPR and band gap energies were tuned by varying the

Cu:In ratio, suggesting great potential for use in photovoltaics

and other devices.

 We showed that Cu-deficient Cu2-xS nanoplates can serve as

active electrocatalysts for the ORR in alkaline electrolyte.

 This research may open up a new route to alternative

nonprecious metal catalysts based upon free-hole-rich Cu-

deficient sulfides.


