N\

Determining Optical Properties of Gold-Embedded

Electrosprayed Materials GET UP
Matthew Murphy; Dr. Jonathan P. Singer °

Department of Mechanical and Aerospace Engineering
} O O

b9

-
Modpranit ¥

Department of Mechanical and Aerospace Engineering, Rutgers, The State University of New Jersey, [ ey g s sppo:
: al d
Piscataway, NJ 08854 USA e ooy ioreae

A Brief Overview of ESD (a) Syringe pump (b) COMSOL Opt|CaI Simulations Gold Nanoparticle Power Absorption vs. Wavelength
.. : | -One Watt of Power g sl
Electrospray deposition (ESD) Is a Figures 3b and 3c were then uploaded into COMSOL to perform optical was applied to each _ B =y
micro/nano - manufacturing process, in which : ‘ J overtEvportor simulations. Gold nanospheres (radius = 100 nm) were added within COMSOL. model i = Feterence
extremely thin and uniform coatings can be 0.0 ' s
4 . Js €9 OOOO -Two gold nanospheres -Both the nanoshell 5
created through the electrical atomization of a gl ~ and nanowire 2
solution. [1] 000 A were embedded within the \NOWI - =
. 6%80%90“530 4 coulambic e nanowire model formations absorbed ‘§
I . e 0y 0 oboo . ] o S T S e L
Advantages of ESP Include: | fllsaase, & _One nanosphere was significantly more  oms__oo-oooocoooos
-Smaller and more uniform droplet size A g s embedded in the nanoshell (16 power than their I e o e e et
-Self-repulsion prevents coagulation of droplets sz model due to mesh respective reference
: : . i models. e
-Size of droplets and Iayer thickness can be - Deposition co.mplexllty. Fig VII. Gold Nanoparticle Power Absorption vs. Wavelength for Nanoshell,
manipulated through parameters such as flow -Simulations were run to Nanowire, and their Respective Reference Models
rate and input Voltage [1] calculate total power Total Power Absorption by Gold Nanoparticles vs. Nanowire Radius
ot ML Fig |. Standard ESD Experimental Set-Up absorbehd by the‘th -Simulations were also run to biies
utgers nanospheres, wi determine the effects of
- - - - - Fig IV. COMSOL Renderings of Nanowire (left) and Nanoshell eiermine the enects o 0.100
At Rutge_rs University, Dr. Singer anq his team have further enhanced the wavelengths varying (right) Solidworks Models. with Embedded Gold Nanospheres nanowire thickness on total
understanding of ESD technology, leading to the development of “SLED”, or Self- from 450 — 800 nm. (Radius = 100 nm) 0075

L . power absorption.
Limiting Electrospray Deposition.

0.050

0.025

Total Power Absorption by Gold Nanoparticles [W]

-Prevents charg_e from dissipating, allowing for even thinner coating of more -Keeping the gold nanosphere at -
complex materials [2] a radius of 100 nm, it was |
Continued Importance observed that both too thick and .

Embedding gold and silver nanoparticles into solar g Il Prewiiel
Statue (right) and

cells has been found to increase the overall absorption | attice Structure

and efficiency. [3] CoatSed Using
LED

150 160 170 180 190 200

too thin of a nanowire limited

EIeCtrIC Fleld Renderlngs Nanowire Radius [nm]

Fig VIII. Gold Nanoparticle Power Absorption vs. Nanowire
Radius

Computer-generated electric fields were analyzed to determine interactions power absorption.

occurring around nanospheres.
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-Particularly appealing for organic solar cells
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SOLIDWORKS Modeling

Simplified models of both nanoshell and
nanowire SLED formations were created
using Solidworks modeling software.

Fig lll. (a) Large-Scale Solidworks Model of
Nanoshell Formation with Embedded Gold
Nanoparticles.

Total Power Absorption

The total power absorbed by the gold nanospheres was calculated for each Transition Between Electrospray and Electrospinning,” 2020, doi:
10.26434/chemrxiv.11954910.v2.

respective wavelength.
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