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Plasmonic Enhancement of Solar-thermal Water Desalination in a Functionalized Au-SiO2 

Shell-core Nanoparticle-loaded Graphene-Oxide Wick 

 

The goal of this project was to combine the surface functionalization of gold nanoparticles with 

the heat focusing properties of a porous substrate in order to develop a relatively low-cost, 

efficient and practical solar desalination technology. It has previously been shown that gold 

nanoparticles suspended in water can generate steam at the surface of the particles with exposure 

to solar radiation due to the extremely high temperatures generated at the surface of these 

nanoparticles caused by the unique thermal properties of the particles themselves [1]. It has also 

been shown that steam can be generated through heat localization in the small pores of a 

functionalized graphene oxide matrix loaded onto a hydrophilic, insulated wicking structure 

which has the characteristic of being highly absorbent of solar radiation [2]. In this experiment 

these two methods for enhancing the evaporation of water were combined, and, additionally, the 

use of self-assembling thiol monolayers was investigated to seek to improve the heat transfer 

characteristics of gold nanoparticles.  

 

In order to do this, first a technique was developed to functionalize and characterize thiol 

functionalized Au-SiO2 shell-core nanoparticles using repeated centrifuging and sonication. The 

first step of this process was to repeatedly centrifuge and sonicate the particles moving them 

from water to ethanol which is necessary for the reactions need functionalize gold nanoparticles 

with thiol molecules of varying hydrophobicity. Self-assembling monolayers consisting of 

COOH (hydrophilic) and CH3 (hydrophobic) thiols were formed in this process. Once the 

molecules were thiolated, the particles went through the same centrifuging and sonicating 

process to suspend the particles in water once more. It was hypothesized that thiolation of the 

nanoparticles would improve interfacial heat transfer through hydrogen bonding. FTIR 

spectroscopy was performed to determine the stoichiometric makeup of the solutions.    

 

The thiol functionalized nanoparticles were then loaded into a functionalized graphene oxide 

matrix which was floated on a surface of water. A hydrophobic Millipore paper was used to wick 

water into the graphene, and a foam ring was used to float the structure, as shown in Figure 1. In 

order for the particles to have their proper effect, it was theorized that they needed to be near the 

surface of the graphene matrix to be exposed to direct sunlight. To force the particles onto the 

matrix surface, the hydrophilic particles were loaded into graphene which was pretreated with 

ethanol, and hydrophobic particles were loaded onto graphene which was pretreated with water. 

The graphene and gold nanoparticle disks were exposed to solar radiation of 1 kW/m2 from a 

solar simulator and the change in the mass of water over time was monitored. From Figure 2, it is 

apparent that the evaporation rate for the functionalized graphene oxide matrix with no 

nanoparticles is actually higher than with nanoparticles. The particular thiol functionalization and 

its resulting hydrophobicity also have a negligible effect on the evaporation rate. It is theorized 

that the light intensity reaching the nanoparticles is not high enough under normal solar 

conditions for the temperatures needed at the nanoparticles to generate steam. It is also possible 

that the particles were instead functioning as heat sinks, raising the temperature in localized areas 

while reducing the overall bulk fluid temperature, which is the mechanism by which the 

graphene oxide matrix enhances evaporation. 

 

 



 

 
 

 

Figure 1: Graphene oxide matrix floated on with hydrophilic wick 

 

 
Figure 2: Water mass loss as a function of time for varying graphene oxide matrices 
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