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Figure S1: Schematics of LSP particle design. The inert silica seed reduces the amount of copper 
necessary to maintain antimicrobial efficacy, which is boosted by incorporated nanoclusters of 
copper in the shell. A second antibacterial agent, Quat, is also bound to the shell to increase the 
modes of action and efficacy against bacterial diseases.
 

Figure S2: Hydrodynamic size distribution of silica seeds (seed#1, seed#2, seed#3) and resulting 
LSP particles after adding the shell with 2 actives (LSP-50nm, LSP-180nm, LSP-600nm) 
determined by DLS.



Figure S3: Solution of LSP-50nm (left), control with Cu-active only LSP-Cu-50nm (center) and 
control with Quat only LSP-Quat-50nm (right).



 
 

Figure S4: Leaf surface wetting measurements (contact angle) on young citrus leaf surface (top 
panel) and tomato leaves (bottom panel) for water, Kocide 3000, LSP-50nm, LSP-180nm, LSP-
600nm, LSP-Cu-50nm, LSP-Cu-180nm, LSP-Cu-600nm, LSP-Quat-50nm, LSP-Quat-180nm, 
and LSP-Quat-600nm. Qualitative improvements of surface wetting could be observed for LSP 
particles and LSP-Quat compared to LSP- Cu, DI water, and Kocide 3000. Contact angle values 
could not be determined accurately due to the variability from leaf to leaf together with high 
roughness, and fragility of the tomato leaves. 



Figure S5: Electron microscopy images of silica seeds. (a) TEM image of seed #1, particle size 
30 - 45 nm, (b) and (c) are SEM images of seed #2 and seed # 3, particle sizes 120 to 150 nm and 
550 to 600 nm, respectively.

(a) (b) (c)

Figure S6: SEM images of LSP particles. Size of particles were found to (a) LS-50nm, particles 
between 40 to 60 nm, (b) LSP-180nm, particles between 140 to 190 nm. (c) LSP-600nm particles, 
particles between 570 to 650 nm.

Figure S7: Raman spectral analysis of LSP chemical components. i. CuSO4, ii. LSP-Cu-50nm, iii. 
LSP-Quat-50nm, iv. Inert silica core-shell NPs (seed#1), v. LSP-50nm. 



Figure S8: Large view of the TEM FFT of Cu Cluster in Fig.1(f) with markers for the d-
spacing indicated in Table S1.

Table S1: d-spacing values calculated for Cu NPs shown above in the LSP particle shell,  
compared to  copper hydroxide crystal (JCPDS: #13-0420)

[h k l] Calculated d-spacing values 
for Cu nanoclusters in LSP 

shell
(Å)

d-spacing values for
Cu hydroxide 

(JCPDS # 13-0420)
(Å)

[1 1 1] 2.501 2.500
[1 3 0] 2.265 2.263
[1 3 1] 2.090 2.078
[1 1 2] 1.932 1.929
[0 6 0] 1.780 1.767



Figure S9: Zeta potential of the particles in LSP formulations and control solutions. Kocide 
3000 and LSP-Cu formulations all present negative Zeta potentials. The presence of Quat in the 
formulation leads to an increase in Zeta potentials, to nearly zero or slightly average positive 
values.

Figure S10: Elemental analysis of LSP-50nm performed using Noran system 7 energy-
dispersive x-ray fluorescence spectroscope (EDS) using a 15 kV and a working distance of 15 mm. 


