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Presentation Topics

*Intro to core-shell nanoparticles (NPs)
*Studying NPs using AUC
*Comparing NP analysis methods
*Simulated datasets
*Experimental datasets
e Zinc Oxide (ZnO) NPs
e Copper Indium Sulphide (CulnS;) QDs
*Conclusions
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What are core-shell nanoparticles (NPs)?
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Figure 1. Schematic diagram of a core-shell nanoparticle [3]
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Why study core-shell NPs?
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Figure 2. Diagram showing some biomedical
applications of core-shell NPs [4]

BCHMS5000: HYDRODYNAMIC METHODS

University of

Lethbridge

iy (o

25/3/24




University of

Lethbridge

Why study NPs using AUC?
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Figure 3. Pseudo-3D distribution of effective partial specific volume

and sedimentation coefficient with increasing NP core diameter [1]
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Approach to studying NPs using AUC
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Figure 4. General Workflow for collecting, analyzing and reporting data on polydisperse PSDs
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Effects of NP core diameter R
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Figure 5. Schematic diagram of the dependence of the effective partial

specific volume on increasing sedimentation coefficient [1].

REECE MARTIN BCHM5000: HYDRODYNAMIC METHODS 25/3/24




REECE MARTIN

What is effective partial specific volume?
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Core-shell NP properties determination workflow =
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Figure 6. Workflow for describing the core-shell NP properties of a polydisperse PSD [6].
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2DSA-CG vs PCSA Analysis Methods
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Figure 8. Dependence of effective partial specific
volume on sedimentation coefficient [1].
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2nd Order Power Law Parametrization e
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Figure 9. 2" order power law parametrization workflow for s and Upefr [11.
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Examples of the 2" power law parametrization
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Figure 10. Example curves produced by the 2" order

power law parametrization [1].
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Figure 11. Simulated NP datasets for each model number. Only datasets simulated

at 20 krpm and 0.5% random noise were presented for ease of comparison [1].
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c(s) Analysis of Simulated NP Datasets
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Figure 12. 1D c(s) analysis of the simulated datasets
for model #1 (narrow monomodal PSD) [1].
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Figure 13. 1D c(s) analysis of the simulated datasets
for model #3 (multimodal polydisperse PSD) [1].
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c(s,D) Analysis of Simulated NP Datasets
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Figure 14. 2D c(s,D) analysis of a simulated dataset
for model #1 (narrow monomodal PSD) [1].
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2DSA-CG-MC Analysis of Simulated NP Datasets
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Figure 15. 2DSA-CG-MC analysis of the simulated Figure 16. 2DSA-CG-MC analysis of the simulated
datasets for model #1 (narrow monomodal PSD) datasets for model #3 (multimodal polydisperse
at 40 krpm and 2% random noise [1]. PSD) at 20 krpm and 0.5% random noise [1].
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2DSA-CG-MC vs PCSA-TR for Simulated NP Datasets
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PCSA-TR for Simulated NP Datasets
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Figure 17. PCSA-TR analysis of the simulated Figure 18. PCSA-TR analysis of the simulated
datasets for model #1 (narrow monomodal PSD) datasets for model #3 (multimodal polydisperse
at 40 krpm and 2% random noise [1]. PSD) at 20 krpm and 0.5% random noise [1].
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PCSA-TR for Simulated NP Datasets
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Figure 20. Relationship between shell thickness and core
diameter for the simulated data and results of PCS-TR [1].

Figure 19. Dependence of Uy, ¢ on s in model #3
(multimodal polydisperse PSD), and best fit parametrizations
at various rotor speeds and noise levels [1].
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Experimental NP Dataset Collection 2
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Figure 21. Custom UV/Visible multiwavelength Figure 22. TEM imaée of nanoparticles similar
(MWL) detector in a similar setup to the one to those used in this experiment [11].

used by the authors [10].
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Zinc Oxide (ZnO) NPs

Figure 23. Computer illustration of Zinc oxide (ZnO) NPs [7]
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/N0 NPs Experimental Data
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Figure 24. 2DSA-CG-MC (blue-purple-red) and PCSA-TR (green- Figure 25. 2DSA-CG-MC (blue-purple-red) and PCSA-TR (green-
blue-red) analyses of the ZnO NPs after 3 hr ripening [1]. blue-red) analyses of the ZnO NPs after 4 hr ripening [1].
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Copper Indium Sulphide (CulnS;) QDs
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Figure 26. Image of CuInS, quantum dots with an EM radiation Figure 27. 2DSA-CG-MC (blue-purple-red) and PCSA-TR (green-
emission peak at about 590nm, which appears orange [8]. blue-red) analyses of the ZnO NPs after 4 hr ripening [1].

REECE MARTIN BCHM5000: HYDRODYNAMIC METHODS 25/3/24




University of
Lethbridge

Conclusions R

1D and 2D analysis methods fail to properly characterize
the core-shell properties of polydisperse PSDs due to their
improper treatment of U, . ¢+

* The new 2" order power law PCSA properly characterizes
the core-shell properties of polydisperse PSDs both from
simulated and experimental data.

* More work needs to be done to accurately characterize
PSDs with varying shell thickness.
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