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Gold nanoparticles (GNPs) are small clusters of gold, ranging from 
100-1000 atoms. GNPs exhibit fluorescence in the visible spectrum upon 
exposure to UV light, and the fluorescence emission can vary based on 
the number of atoms within the GNP. For example, GNPs with more 
atoms fluoresce red, and those with fewer atoms fluoresce blue (West et 
al., 2014). 

An undesirable characteristic of GNPs is aggregation, which 
suppresses fluorescence and limits their applications, such as sensing 
and imaging. Therefore, biomolecule capping agents are used to control 
the sizes and reduce aggregation of GNPs to preserve the photophysical 
fluorescence properties.

In this study, seven different biomolecule capping agents were 
compared: five peptides, and two amino acids. The peptides were Arg-
Gly-Asp (AGA), Cys-Gly (CG), Hexaglycine, Polyglycine, and V5. The 
amino acids were Lysine and Tryptophan. Each capping agent was used 
for one group of GNPs each.

A previous study (Courrol & de Matos, 2016) compared 21 different 
amino acids as capping agents by evaluating the size of GNPs 
photocatalytically synthesized by using them individually. The study 
concluded that the capping agent did affect the size of the GNP. This 
information leads to the hypothesis that there will be a statistically 
significant difference in the diameter of the GNP based on its capping 
agent.

The purpose of this project was to synthesize and compare 
biomolecule-capped GNPs in order to discover if different biomolecule 
capping agents have different effects on the size of GNPs.

GNPs are made by mixing aqueous solutions of chloroauric acid, 
biomolecules, and sodium hydroxide. In these solutions, the 
concentration of the biomolecules and chloroauric acid stayed at a 
constant 10 millimolar (mM) throughout the project, while the sodium 
hydroxide (NaOH) stayed at a constant 1 molar (M) throughout the 
project. Once the amounts of gold and biomolecules had been 
determined, the respective amount of each biomolecule was weighed and 
added to 10 mL of water. This solution was then mixed with a vortex 
mixer for two minutes, then left to rest. 

The chloroauric acid solution was then prepared by adding 0.4 mg of 
chloroauric acid was added to 10 mL of water, and that solution was 
then mixed for two minutes using a vortex mixer. From there, 5 mL of 
the chloroauric acid solution was added to 5 mL of the biomolecule 
solution and this new biomolecule-chloroauric acid solution was mixed 
for two minutes with a vortex mixer. 

Next, 0.5 mL of a 1 M solution of NaOH was added to the gold-
biomolecule solution and mixed with a vortex mixer for two minutes. 
Depending on the capping agent, each GNP group had a slightly 
different color, as sample colors indicate GNP formation—darker colors 
indicated that GNPs were formed. The samples were wrapped in 
aluminum foil as an incubation method and left to rest for 72 hours.

Following the incubation, a transmission electron microscope (TEM) 
was used to evaluate GNP diameters. The GNP samples were diluted, 
placed on the sample sheet, and inserted into the TEM. Multiple images 
were taken for each sample in order to ensure that there were sufficient 
images with enough GNPs. GNPs in the TEM images were then 
analyzed in Kinovea to find the diameters of each GNP based on the 
scale that is present in every TEM image. From there, 15 different GNPs 
were measured from each image. A TEM image of Tryptophan-capped 
GNPs can be seen with a scale in the bottom-left corner (Figure 2).

The goal of this study was to investigate the effect of capping agents 
on the size and photophysical properties of biomolecule-stabilized 
GNPs. The results, based on Graph 1, show that each biomolecule 
capping agent did have a significant impact on the sizes of the GNPs, 
with V5 and Tryptophan being the most effective capping agents.

V5 was the most effective capping agent, as it capped the smallest-
size GNPs. To contrast this, Lysine and Polyglycine were the weakest 
capping agents, as the diameters of the GNPs they stabilized were the 
largest. Additionally, among the GNPs synthesized with different agents 
investigated, only those synthesized by V5 exhibited fluorescence when 
excited with UV light. This is most likely because V5-capped GNPs 
were the only ones small enough to fluoresce.

With the acquired results, this information could prove useful in 
treatments such as photodynamic therapy, which hinges upon GNPs in 
order to be effective. The fluorescent GNPs synthesized in this study 
could be developed to eventually produce heat in the presence of UV 
light, allowing them to burn tumors they contact in humans and other 
mammals and in biomedical imaging.
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Figure 2 (left): A TEM image of Tryptophan-
capped GNPs. The scale in the bottom-left 
corner was used to measure each of the 
diameters of the nanoparticles. Based on these 
TEM images, Tryptophan is one of the better 
capping agents as it kept the gold nanoparticles 
smaller compared to the other capping agents.

A One-way ANOVA test with a significance level of p < .05 was run 
to compare GNP groups (n = 15). There were statistically significant 
difference in the diameters of the GNP groups [F(1,6) = 52.08, p < .001]. 
The post-hoc test Hsu’s MCB was conducted to discover which capping 
agent was the most effective. The test concluded that V5 was the most 
effective capping agent, with a 95% Cl [0.059, 5.806]. Additionally, 
higher standard deviations often indicate more aggregation within GNPs. 
Lysine-capped GNPs had the highest standard deviations out of all GNP 
groups, while Polyglycine-capped GNPs had the highest diameters.

Figure 1 (right): From left to right, these 
GNPs were synthesized with AGA, CG, 
Polyglycine, Hexaglycine, V5, Lysine, and 
Tryptophan. The four samples on the right 
end were synthesized with proteins and 
were not analyzed in this project.

Results (continued)

Graph 1 (above): These side-by-side boxplots display the sizes of each group of GNPs. 
V5-capped GNPs had the smallest diameters and smallest standard deviations, Lysine-
capped GNPs had the largest diameters and Polyglycine-capped GNPs had the largest 
standard deviations.
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