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Metal Sulfide Nanoparticles:
Nanoparticles are particles with radii measured in nanometers.
The surface of a free nanoparticle contains no points or edges and
this pseudo-curved surface adopts a patchwork structure with
respect to atomic arrangement. This disorder can extend into the
body of a nanoparticle. The metal sulfide nanoparticles under
observation were created using the CdXZn1-xS alloy formula.
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Electrochemistry of Metal Sulfide Nanoparticles:

Metal sulfide alloy nanoparticles were synthesized with varying ratios of
cadmium sulfide and zinc sulfide to probe the composition dependence
of the near-surface localization phenomenon using cyclic voltammetry.
Voltammetry was utilized to measure the lowest potential reduction
peak and the highest potential oxidation peak to find a difference
between them, called the electrochemical band gap energy. For
comparison, the spectroscopic band gap energy was calculated by
applying the quantum mechanical particle-in-a-box model to the
measured absorption onset wavelength. These experimental band gap
energies will be reconciled with a theoretical model for the
nanoparticles’ near-surface localization phenomenon.

Figure 1: DFT-method computational model of 264-atom metal sulfide
nanoparticle showing reconstruction or relaxation of nanoparticle structure
which gives rise to Anderson-like localization phenomena in compound
semiconductor nanoparticles.1

Results and Future Experiments:
•Improved signal in cyclic voltammetry by switching solvent from

water to dimethylformamide (DMF) and improving suspension of
the nanoparticles in DMF
•Peak broadening might be contributing to apparent loss of peaks
in some instances; might need to narrow the size range; could do
this by exploiting the LaMer model of colloid formation, trying to
limit nucleation (new particle formation requires critical
concentration)
•Varying the amount of cysteine and sodium hexametaphosphate
(SHMP) stabilizers in solution yielded good size control of the
product; can be further probed to determine the relationship of
stabilizer and nanoparticle size
•Switch to Methylthiadiazolethiol (MTDT) stabilizer presents a
possible way to control nanoparticle size while increasing the
nanoparticle solubility in a DMF solution
•Verify reproducibility of oxidation and reduction peak formation in
MTDT-stabilized DMF system

Metal sulfide nanoparticles are used for biological labels, light
emitting devices, photovoltaic devices, and catalysts. In this
experiment, the nanoparticles were used as models for any curved
surfaces in compound semiconductor based electronics. The
patchwork structure of the nanoparticle surface is an example of
Anderson localization.2 Localization is the introduction of disorder
into an ordered system which results in sub-division of the system,
and it interferes with electron mobility in the nanoparticle.
Nanoparticles are held together with a set of metal-sulfur bonds
that correspond to bonding and antibonding molecular orbitals.
The energy between the HOMO and LUMO determines properties
like light absorption and electrical conductivity. Anderson
localization phenomenon results in new molecular orbitals in the
band gap which are both less bonding and less antibonding than
the native orbitals.

Figure 2: Extreme magnification of semiconductor pathways inside a
microchip.3 Notice that these pathways have bends. At these bends
compound semiconductors will exhibit structure—and localization
phenomena—similar to compound semiconductor nanoparticles.

Electrochemical Band Gap Measurement:

Cyclic voltammetry is a potentiodynamic electrochemical
measurement technique. Three different electrodes are utilized;
working, reference, and counter. Working electrode is where the
electrochemical phenomena being tested are taking place. The
reference electrode has a constant potential so it can be taken as
a reference standard against the potentials of other electrodes.
The counter electrode serves as the sink for electrons so the
current can pass from an external source through the cell.

Band Gap Reconciliation:

Figure 6: Electronic structure model as function of nanoparticle
composition for CdxZn1-xS.5 The red lines correlate to Anderson localization
energy, and the black lines correlate to the HOMO and LUMO energies.

Figure 3: Three-electrode setup. The white electrode is the reference
electrode, the green is the working electrode, and the red counter
electrode.

Spectroscopic Band Gap Measurement:

Figure 4: Voltammogram. Band gap energy is equal to the energy difference between
[oxidation and reduction peaks, which correlate to the HOMO and LUMO energies.
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Figure 5: UV-visible spectrum. Band gap energy is equal to energy of photon absorbed
at onset feature.

Band gap energy is the energy difference between bonding
molecular orbitals and antibonding molecular
orbitals. Experimentally, this can be measured either
electrochemically or spectroscopically. BUT it has previously been
observed that the electrochemical and spectroscopic band gap
measurements for metal sulfide nanoparticles do not match.4 Our
research aims to reconcile this observation with a model of
nanoparticle electronic structure that includes localization
phenomenon.
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