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Preparation of Gold Nanoparticles with the Plant Secondary Metabolite

Catechin

Department of Chemistry Zach Gilbert*, Sarah Mitchell*, Murielle Watzky

and Biochemistry Department of Chemistry and Biochemistry, University of Northern Colorado, Greeley, CO 80639

INTRODUCTION RESULTS AND DISCUSSION, con’t

The role of biocompatible nanoparticles is an emerging concept with a promising future. Biocompatible nanoparticles are small in size and can be utilized as vehicles for drug
delivery, catalysis, optical sensing, and many other novel applications. The preparation of these nanoparticles often involves toxic chemicals, but the use of a plant secondary UV Spectra of 1 mM NaOH Solution Over Time
metabolite such as catechin as stabilizing and reducing agent reacting with a gold(I11) solution (HAuUCI,) creates an environmentally friendly bottom-up synthesis that can be made
to be reproducible and efficient. In solution, catechin reduces gold(I1l) ions to gold atoms and stabilizes the nanoparticles by coating the surface to prevent agglomeration.

Figure 3 corresponds to a synthesis performed under “1 mM NaOH ”

UV Spectra of 2mM NaOH Solution Over Time conditions. The large peak around 540 nm indicates the production of gold
nanoparticles, while an increase In its absorbance over time represents an
Increase in the amount of nanoparticles produced, until the reaction has
mostly completed at the one hour mark.
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O //// UV Spectra of 1 mM NaOH Solution Retest UV spectra of 1 mM NaOH Replicates Figure 5 shows UV-vis spectra for a sample prepared under “1 mM
— ? 4y - — W | NaOH” conditions, then re-tested after two weeks. The sample was stored
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A4 N //// In an airtight container in the refrigerator, then brought to room
temperature prior to taking the spectrum. The two spectra almost
completely overlap each other, showing a good stability of the
nanoparticles prepared under “1 mM NaOH” conditions.
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Diagram of a bottom-up synthesis
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® Synthesis: Jan 26

In order to observe the formation of gold nanoparticles in solution, the surface plasmon resonance (SPR) properties of gold nanoparticles were used, which can give
Insight into the shape and size of the nanoparticles produced. Modifying the reaction pH conditions with the addition of sodium hydroxide (NaOH) resulted in a decrease of
the size of the nanoparticles produced, and a shorter reaction time.
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Figure 6 shows UV-vis spectra collected at the end of the reaction (one-

: hour) for replicates of the synthesis under “1 mM NaOH” conditions. The
o0 o0 a0 S0 S0 60 6 first replicate (dark blue) was carried out using an older HAuCl, stock

Wavelength (nm) Wavelength (nm) solution. Overall, these spectra show good reproducibility between

syntheses performed under “1 mM NaOH” conditions.
E X P E R I M E N TA L Figure 5: UV spectra for one sample of 1 mM NaOH solution tested and then retested after two Figure 6: UV-vis spectra for replicate syntheses of 1 mM NaOH solution.
weeks.

Stock solutions used in this project, which were prepared in nanopure water, include 1ImM HAuCI,, 2mM catechin extract, 10mM and
20mM sodium hydroxide. Reactions in this project consisted of two main standard methods, in which 2.5 mL of 1mM catechin were added to SEMIEDX

10 mL of 0.5mM HAUCI4' The addition was performed asa Smgle purge (a dropW|se addition gave similar reSUItS)' In the first standard method SEM and EDX techniques were used to view the gold nanoparticles and confirm their composition. SEM imaging was easier to perform on the larger nanoparticles prepared under “standard pH” conditions as seen in

(“standard pH”), the stock solutions were diluted i nanopure water prior to addition. In the second standard method (1 mM NaOH”), the Figure 7. EDX results confirm the presence of gold in “standard pH” solution as seen in Figure 8. SEM imaging of “1 mM NaOH” solution depicts evidence nanoparticle formation in Figure 9, though it is more
catechin stock solution was diluted in 10mM NaOH (or ImM NaOH in the final reaction mixture). In a modification of this standard method, difficult to observe. EDX results confirm the presence of gold in “I mM NaOH” solution as seen in Figure 10.

the catechin stock solution was diluted in 20mM NaOH (or 2ZmM NaOH in the final reaction mixture). The reaction was run at room
temperature with stirring over one hour.

UV-vis spectra were measured at the end of each reaction. Aliguots were also collected during the reaction (at 5, 10, 20 and 60 minute
Intervals) to follow the reaction progress. To take UV-vis spectra, a 0.750mL aliquot of the reaction mixture was diluted with 1.5mL of
nanopure water and placed in a 1cm cuvette. (One trial required further dilution of the reaction mixture for the UV-vis spectra, to a 1:3 dilution
ratio. The absorbance results were then corrected to account for the increased dilution ratio.)

To prepare scanning electron microscopy (SEM) samples, 1.5mL aliquots of reaction mixture were placed in centrifuge tubes then
centrifuged until solid pellets could be observed at the bottom of the tubes. The aqueous supernatant was removed from the tubes and the
leftover solid was then redispersed with nanopure water. A few drops of the redispersed solution were placed onto double-sided carbon tape on e g o Jute = ,
aluminum supports. These were left to drying in open air for a few days prior to SEM and energy dispersive x-ray (EDX) data collection. Full Scale 1080 cts Cursor: 0.000 L Full Scale 268 cts Cursor: 0,000

For dynamic light scattering (DLS) data, the reaction mixture solutions were used without further dilution or filtration. Nanoparticle average rigure 72 SENimage of "stamdardpii” solution rigure S EDX of standard pil” solution Figure 8: SEM image of *1 mM NaOH” sofution rioure 10 EDX of Tl mM NaOIT solution
dynamic size (which includes the metal core and stabilizer layer) and surface zeta potential (an indicator of nanoparticle stability) were
measured.
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Standard pH solution 1 mM NaOH solution

DLS

DLS results showed a larger hydrodynamic size for nanoparticles prepared under “standard pH” conditions (average, 97 nm) compared to nanoparticles prepared under “1 mM NaOH” conditions (average, 42.5 nm).
The zeta-potential values indicate moderate stability for the nanoparticles.
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Figure 1 corresponds to a synthesis performed under “standard pH” “Standard pH” conditions | 97.2 -35.2

conditions. The large peak around 560 nm indicates the production of
R gold nanoparticles, while an increase in its absorbance over time
* 10 minutes represents an increase in the amount of nanoparticles produced, until
o the reaction has mostly completed at the one hour mark. | Size (dnm)
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Figure 1: UV-vis spectra for synthesis of standard pH solution over one hour.
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Figure 2 shows UV-vis spectra for a sample prepared under
“standard pH” conditions, then re-tested after two weeks. The
sample was stored Iin an airtight container in the refrigerator,
o Sample 2 then brought to room temperature prior to taking the spectrum.
= The decrease in peak absorbance over two weeks points to REFERENCES

some instability of nanoparticles prepared under “standard
pH” conditions. Chot, Y., Choi, MJ., Cha, SH. et al. Catechin-capped gold nanoparticles: green synthesis, characterization,
and catalytic activity toward 4-nitrophenol reduction. Nanoscale Res Lett 9, 103 (2014).
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Figure 2: UV spectra of another sample of standard pH solution tested and then retested MOUIton MC1 BraydiCh'StOIIe LK1 NadaQOUda MN, Kunzelman S, Hussain SM, Varma RS. Synthesis,
after two weeks. characterization and biocompatibility of "green" synthesized silver nanoparticles using tea polyphenols. Nanoscale. 2010 May;2(5):763-70. doi: 10.1039/cOnr00046a. Epub 2010 Mar 15. PMID: 20648322.
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