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Manipulating NCs Electronic Structure
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Semiconductor & Hybrid Nanocrystals Research Towards Applications
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Photocatalysis by HNPs

Ben-Shahar Y., Waiskopf N., Banin, U. (2018), Advanced Materials , in press



Photocatalytic Water Splitting —
Renewable Energy Source towards Hydrogen Production

Solar energy harvesting in the form of
chemical energy stored in a hydrogen fuel:

e Synthetic and non-toxic.

* Produced from renewable energy sources.
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 Compatible for most applications where
fossil fuels are used.




Photocatalytic Hydrogen Production
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CdS-Au Hybrid Size Controlled Synthesis
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Step 1. Spontaneous Growth
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Step 2. Light-Induced Growth
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Surface Coating Effects

Tuning the Emission of CdSe QDs by
Controlled Trap Enhancement
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Tuning Energetic Levels in
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Phase Transfer

And more:




Surface Coating Effect on Photocatalytic Hydrogen Production
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Surface Coating Effect on PL and Lifetime of CdSe@CdS Nanorods
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CdS-Au HNPs— Charge Transfer Dynamics
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Fastest charge transfer dynamics is seen in the case of the PEl coated HNPs,
slower with GSH, and the slowest with MUA passivated HNPs

Ben-ShaharY. et al. Small, 11 (4), 462-471, (2015).



Mechanism — Energy Band Alignment
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Improved surface passivation of the particle surface, leads to decrease in the available hole
trapping sites. Trapping of holes leads also to slower electron transfer due to the electron -
trapped hole coulomb interactions. To avoid this loss route through surface trapping, surface
defects must be passivated.




Metal Co-Catalyst Size Effect on Photocatalysis with Hybrid
Nanoparticles
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is attributed to a metal to non-metal
transition.

30 4

Population (%) ) Band gap (V)

0.0 2.0 4.0 6.0 8.0 10.0
Cluster Diameter (nm)

Valden, M., Lai, X. & Goodman, D.W. Science 281, 1647-1650 (1998).



Metal Domain Size Effect on Photocatalytic Hydrogen Production
‘Actual vs. Normalized Production Rate
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Cd* ion concentrations of the different HNPs samples obtained by ICP-MS
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Avg. Cd 196.9 251.9 177.9 94.2 50.4
[ppb] (073%) (1.21%) (0.81%) (1.18%) (1.06%)
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CdS-Au HNPs Different Metal Sizes— Charge Transfer Dynamics
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Charge Transfer Dynamics - Experimental vs. Model
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Electron transfer dynamics —
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The electron charge transfer is strongly dependent on the density of states (R3) and weakly on the
work-function negative shifts due to decreased metal sizes (/¢ (R)).
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Water Reduction — Electrochemical Kinetics
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Water reduction surface reaction can be derived from the cathodic rate in the
Butler-Volmer equation
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metal sizes.



CdS-Au HNPs Size Effect— Combined Kinetic Model
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CdS-Au HNPs Size Effect— Kinetic Model; Energy Band Alignment
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Non-monotonic behavior is seen due to competitive decay
routes of the photo-excited electron, in the water reduction
process.
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Surface coating effect:

Polymer coating advantageous over
thiolated alkyl-ligand exchange due to
enhanced surface passivation.

Co-catalyst metal domain size effect:
Optimal metal domain size for efficient
photocatalytic water reduction reaction,
attributed to competing processes, charge
transfer and catalytic reduction.
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