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Abstract 


A significant area of research is biomedical applications of nanoparticles which involves 
efforts to control the physicochemical properties through simple and scalable processes. Gold 
nanoparticles have received considerable attention due to their unique properties that they 
exhibit based on their morphology. Gold nanospheres (AuNSs) and nanorods (AuNRs) were 
prepared with a seed-mediated method followed of polyethylene glycol (PEG)-coating. The 
seeds were prepared with 0.1 M cetyltrimethyl-ammonium bromide (CTAB), 0.005 M 
chloroauric acid (HAuCl4), and 0.01 M sodium borohydride (NaBH4) solution. Gold 
nanoparticles with spherical morphology was achieved by growth by aggregation at room 
temperature, while to achieve the rod morphology 0.1 M silver nitrate (AgNO3) and 0.1 M 
ascorbic acid solution were added. The gold nanoparticles obtained by the seed-mediated 
synthesis have spherical or rod shapes, depending on the experimental conditions, and a 
uniform particle size. Surface functionalization was developed using polyethylene glycol. 
Morphology, and size distribution of AuNPs were evaluated by Field Emission Scanning 
Electron Microscopy. The average size of AuNSs, and AuNRs was 7.85nm and 7.96 x 31.47nm 
respectively. Fourier transform infrared spectrometry was performed to corroborate the 
presence of PEG in the AuNPs surface. Additionally, suspensions of AuNSs and AuNRs were 
evaluated by UV-Vis spectroscopy. Gold nanoparticles were stored for several days at room 
temperature and it was observed that the colloidal stability increased once gold nanoparticles 
were coated with PEG due to the shield formed in the surface of the NPs and the increase in 
size which were 9.65±1.90 nm of diameter for AuNSs and for AuNRs were 29.03±5.88 and 
8.39±1.02 nm for length and transverse axis, respectively.
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INTRODUCTION 


Gold nanoparticles used in nanomedicine and other fields need to have good 
uniform size, regular morphology, easy surface modification, and colloidal stability. 
Applications of gold nanoparticles in the medical field include drug delivery [1], 
photothermal therapy [2], tissue engineering [3], biosensors [4], and studies of 
endocytosis and exocytosis processes [5]. Therefore, the method for preparing gold 
nanoparticles is still a hot topic in recent years. So far, there have been many different 
synthesis methods for obtaining gold nanoparticles, such as trisodium citrate reduction 
method, which is the most widely used method. However, this method requires near-
boiling temperature conditions [6], [7]. To solve this problem, it is necessary to develop a 
synthesis method that, in addition to having mild synthesis conditions, allows obtaining 
gold nanoparticles with controlled size and morphology, as well as colloidal stability.


Optical, catalytic, and biomedical applications of nano-sized colloidal particles 
are limited by their aggregation and dispersion properties [8]. A decrease in the surface 
energy of metal nanoparticles (NPs) leads to colloidal instability [9] consequently 
deriving a propensity for aggregation [10]. In consequence the production of stable 
colloidal NPs for future in vivo applications continues to pose a challenge in 
nanomedicine. This difficulty is the result of the interaction with the anions and cations 
of the medium which modifies the surface charges of the NPs, reducing the surface 
electric potential, and therefore, their colloidal stability [11]. Although gold nanoparticles 
(AuNPs) are stable colloids, this does not exclude them from the agglomeration 
phenomenon when subjected to a physiological medium, which is why it has been 
suggested to formulate these AuNPs with agents capable of stabilizing them [12]. In the 
same way, the modification of the surface of gold nanoparticles is required to give the 
gold nanoparticles interesting properties that are used in the biomedical field. 
Researchers have used various strategies and molecules to achieve coatings such as 
poly(N-isopropylacrylamide) [13], poly(N-isopropylacrylamide) [14], oleic acid [15], 
among others. Hence, the present study proposed a method for simple preparation, high 
yield, mild conditions, and controllable preparation of polyethylene glycol (PEG)-coated 
gold nanoparticles. PEG coating is widely used in nanomedicine applications [16] 
because provides several advantages such as increased biocompatibility [17], 
bioavailability [18] also improves colloidal dispersion [19]. 


Synthesis of AuNPs 


Gold nanospheres (AuNSs) and nanords (AuNRs) where synthetized using 
nucleation precursors called seeds, which are the first clusters of gold atoms formed in 
the solution [20]. Seeds were prepared with 5 mL of a 0.1 M cetyltrimethyl-ammonium 
bromide (CTAB) solution, mixed with 0.250 mL of 0.005 M HAuCl4. 0.6 mL of a 0.01 
M NaBH4 solution, conditioned at low temperature, were used as a reducing agent for the 
tetra-chloroauric acid. The seeds were left in magnetic stirring at a 25ºC water bath for 5 
min until acquiring a brown coloration. For sphere shape, seeds were storage at room 
temperature for 5 days.


To perform the rod morphology, 10 mL of a 0.1 M CTAB solution and 1 mL of 
0.005 M HAuCl4 were required, subsequently adding 80 μL of 0.1 M AgNO3 solution, 
70 μL of 0.1 M ascorbic acid solution as reducing agent, and finally, 15 μL of seed 
solution (5 min after its preparation), this mixture was kept under magnetic stirring 
during 2 h until it turned to a violet color. 
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Functionalization of gold nanoparticles with polyethylene glycol


A 30 mg/mL solution of the polymer was prepared using 45 mg of PEG 3350 
(J.T. Baker®) dissolved in 1.5 mL of deionized water, stirring it slightly manually until 
obtaining a viscous colorless liquid. Surface coating of AuNPs was yield mixing 3 mL of 
purified AuNPs (previous centrifugation at 8000 rpm) with 300 μL of PEG solution, 
immediately thereafter, the pH of the solution was adjusted using 150 μL of 0.1 M 
sodium hydroxide solution (pH range of 9-10). The coated nanoparticles were kept under 
magnetic stirring for 2 h; then, samples were dispersed with an ultrasonic homogenizer, 
ultra-turrax® every 5 min during the first hour, and every 15 min for the second hour. 
Finally, excess of polyethylene glycol not adhered to the surface of the AuNPs was 
removed by centrifugation for 30 min at 8000 rpm. 


Characterization of AuNPs and AuNPs-PEG


The morphology and size of the bared gold nanoparticles as well the PEG-
coated nanoparticles were analyzed by field emission scanning electron microscopy 
technique. Micrographs were obtained with a FE-SEM (JEOL, JSM-7000F). The 
equipment's operating parameters were: secondary electron detector (SEI) in increases of 
100,000x, 200,000x and 300,000x, voltage acceleration of 15.0 kV for AuNPs and 
between 5 and 10 kV for AuNps-PEG; working distance (WD) between 4 and 6 mm. 
Localized surface plasmon resonance (LSPR) spectra characteristic of each morphology 
was identified using an Ultraviolet-Visible range spectrophotometer (Nanodrop 2000 
Thermo scientific HD). The polyethylene glycol coating of the AuNPs was analyzed by a 
Fourier transform infrared spectrophotometer (Thermo Scientific®, mod. Nicolet 6700 
FT-IR).


RESULTS AND DISCUSSION


The zerovalent gold colloids synthesized by seed-growth method are shown in 
Figure 1, (A) SEM micrograph for spherical morphology average size of 7.96 ± 1.66 nm 
in diameter, (B) Gold nanorods average size 7.96 ± 1.66 nm for transverse axis and 
20.033 ± 5.88 nm for longitudinal axis. Among with micrographs, UV-Vis spectrums are 
displayed, where in Figure 1 B a single peak is observed for the maximum absorbance of 
the Surface Plasmon Resonance (SPR) wavelength of the AuNSs at 526 nm, while for 
the AuNRs (Figure 1 D) two are observed, at 542 nm and 698 nm corresponding their 
transverse and longitudinal axes respectively, which are consistent with results reported 
in the literature [21], [22]. This difference relays in the fact that the morphology and 
dimensions of the AuNPs directly influence the localized surface plasmon resonance 
spectrum. Agglomerated nanoparticles can be easily observed in both micrographs which 
also affects the maximum absorbance of the wavelength SPR which increases with the 
diameter of the particles since the distance between the particles decreases due to 
aggregation [23]. 


Fundamentally, the mechanism of synthesis of AuNP is carried out from the 
growth of a gold ion covered with surfactant (CTAB), whose monomers protect the 
network of nanocrystals that is formed as new gold atoms are coupled [24] (Figure 2), 
however, agglomeration can occur due to the collision of zero valence gold atoms with 
other metal ions in the solution, leading to the formation of more seed nuclei which 
consequently increases the size of the nanoparticles. 
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Figure 1. (A) SEM micrograph for gold nanospheres and (C) gold nanorods, (B) and (D) UV-Vis spectrums of AuNSs 
and AuNRs respectively, along with their characteristic plasmon resonance peaks. 


Figure 2. Mechanism of formation and control of gold nanoparticles with rod morphology, created with BioRender.com


Therefore, a basic stabilization method is required. Steric stabilization is 
possible using polymers, long-chain alcohols or surfactants, which supply a shield for 
AuNPs, keeping a distance between them and moreover can control the morphology of 
the nanoparticles [8]. A difference in the morphology of the samples can be observed in 
the micrographs obtained from the PEG-coated AuNPs (Figure 3 A, B, D, and E), while 
the EDS spectra (Figure 3 C, and F) shows the signal of gold in all the cases. The 
spherical morphology nanoparticles are shown immersed in a polymeric matrix. While 
the PEG-coated AuNRs can be seen with the elongated shape. Overall nanoparticles 
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exhibit a better size distribution as a result of the distance between each other even 
though the size increase: PEG-coated AuNSs were 9.65 ± 1.90 nm of diameter and for 
AuNRs were 31.47 ± 8.18 and 10.29 ± 2.12 nm for length and transverse axis, 
respectively. Since the addition of PEG was carried out after the seed-mediated 
synthesis, the effect on the structure of the nanoparticles was reflected in the size, with 
no changes in the morphology. Size differences can be observed in the histograms shown 
in Figure 4. 


Figure 3. (A), (B), (D), (E) SEM micrographs of PEG coated gold nanospheres and nanorods. EDS analysis for PEG-
AuNPs (C) sphere morphology (F) rod morphology. 


Figure 4. Size distribution histograms for (A) AuNSs; (B) PEG-coated AuNSs; (C) AuNRs; (D) PEG-coated AuNRs 
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FTIR spectroscopy was useful to characterize the PEG coating in AuNSs and 
AuNRs, FT-IR spectrum is shown in Figure 5 where band at 1078 cm-1 is attributed to 
the C-O stretching, while bands at 1355-1472 cm-1 and 2126 cm-1 are assigned to C-H 
bending and CH stretching vibrations of PEG, respectively. The PEG spectrum was 
included to corroborate the position of the bands


Figure 5. FT-IR spectrum of PEG and PEG coated nanospheres and nanorods.


CONCLUSION 


In this study, the effect of seed mediated synthesis of gold nanoparticles was 
investigated. We developed a synthesis method to obtain spherical and rod morphology 
gold nanoparticles with narrow size distribution following with the PEG-coating 
procedure. As observed, the average size demonstrated that the PEG caused an increase 
in size in both, spherical and rod morphology gold nanoparticles. Thereby, depending on 
the reaction conditions, the final shape of the nanoparticles can be turned. Further studies 
need to be performed to demonstrate the colloidal stability, to evaluate the interaction 
with biomolecules such as serum proteins, and to determine their biodistribution. The 
gold nanoparticles obtained with this seed mediated method are expected to be well 
applied to the preparation of nanomedicines.
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