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ARTICLE INFO ABSTRACT 

Received:  26/09/2023 In recent times, the scientific community has become interested in gold 

nanoparticles, namely in the anisotropic class. Based on their shapes, they 

fall into three categories: one-, two-, and three-dimensional. The synthesis 

and properties of three different anisotropic gold nanoparticle preparations 

- gold nanobipyramids (one-dimension, 1D), gold nanoprisms (two-

dimension, 2D), and gold stars (three-dimension, 3D) - are shown in this 

research. Here, our group describes a chemical reduction method mediated 

by seeds. X-ray powder diffraction, transmission electron microscopy, 

scanning electron microscopy, and ultraviolet-visible spectroscopy were 

used to analyze the anisotropic gold nanoparticles. The average dimensions 

of the nanobipyramids were 64.27 ± 7.31 nm for length and 25.87 ± 2.56 

nm for diameter, according to the data; the average dimensions of the gold 

nanoprisms and goldstars were 43.54 ± 5.61 nm and 31.35 ± 7.01 nm, 

respectively. Furthermore, following centrifugation purification, the yields 

of triangle and bipyramidal particles rose from 40% to over 60% and from 

60% to 90%, respectively. It was established what the ideal parameter 

concentration was to create anisotropic gold nanoparticles in three 

dimensions: one, two, and three. 
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1. Introduction 

Noble metal nanoparticles, especially gold nanoparticles (AuNPs), show special physical and 

chemical properties that are different from those of their bulk materials [1]. Depending on their shape 

and properties, gold nanoparticles are classified into two main groups: isotropic and anisotropic. 

Therein, anisotropic AuNPs have the attracted interest of the scientific community in the last two 

decades  [2]. Because of their advanced unique chemical, physical, and optical properties [3], anisotropic 

AuNPs have very important and advanced applications in fields including optical and biosensors, 

biomedicine, and chemical catalysis [4], [5]. 

Localized surface plasmon is a vibration of free and easily polarizable electrons in noble metals under 

an exciting electromagnetic wave. Consequently, noble metallic particles with a suitable nanosize will 

resonate and amplify the frequency of a suitable electromagnetic field. This resonance phenomenon is 

defined as localized surface plasmon (SPR) [6]. The SPR of isotropic AuNPs, or nanospheres, ranges 

from 520 to 550 nm. However, depending on the size and shape of the particles, these anisotropic AuNPs 

show more than two SPR bands, with one absorption at 520 nm to 550 nm and others spanning from 

600 nm to over 1200 nm [7]. Transverse surface plasmon resonance (TSPR) is the peak in the blue shift 

(520-550 nm), and longitudinal surface plasmon resonance (LSPR) is the absorbances in the near-

infrared region [8]. 

Although there are many techniques to synthesize anisotropic AuNPs, such as chemical reduction, 

electrochemistry, irradiation, sonochemistry, solvothermal, photochemistry, and laser ablation methods 

[9], seed-mediated growth is still the main process to prepare anisotropic AuNPs [10]. Chemical 

reduction is a rapid and simple method for anisotropic AuNPs; however, a few types, such as multi-
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branched or plate nanoparticles, are formed, obtaining a small and polydisperse size. Electrochemistry 

is a different way of synthesizing anisotropic AuNPs. The advantage of this method is its high purity. 

However, this technique is involuntary, as only nanorods can be obtained. Other procedures are 

photochemistry and sonochemistry. These methods are “green chemistry," so they have attracted 

attention in recent years. But low yields and complicated equipment are their disadvantages. Among 

methods for the preparation of anisotropic AuNPs, seed-mediation is one of the most effective 

procedures. This technique includes two stages: seed formation and anisotropic growth. Besides, the 

morphology and size of anisotropic AuNPs can be controlled by adjusting shaped-directing and reduced 

agents. 

In this work, we report the preparations of three anisotropic AuNPs classified as 1D gold 

nanobipyramids (NBPs), 2D gold nanoprimes (AuNPrs), and 3D gold nanostars (GNS) by a seed-

mediated growth process in high yield. Moreover, the effects of ascorbic acid, AgNO3, surfactant 

concentration, and pH on the morphology and size of their shaped-directing agents (surfactants and 

AgNO3), reduced agents, and pH on morphology and size were characterized using ultraviolet-visible 

spectroscopy (UV-Vis), scanning electron microscopy (SEM), transmission electron microscopy 

(TEM), and X-ray powder diffraction (XRD). Finally, the average particle sizes were calculated by 

Image-J software based on TEM micrographs. 

2. Materials and Methods 

2.1. Materials  

Tetrachloroauric (III) acid (HAuCl4.xH2O, 52%), triton X-100, cetyltrimethylammonium chloride 

(CTAC, solution 25%), cetyltrimethylammonium bromide (CTAB, 99%), sodium borohydride (NaBH4, 

99%), silver nitrate (AgNO3, 99%), and sodium hydroxide (NaOH, 98%) were purchased from Sigma-

Aldrich. Ascorbic acid and sulfuric acid (H2SO4, 99%) were obtained from VWR Chemicals. Potassium 

iodide (KI, 99%) was supplied by Guangdong Guanghua Sci-Tech. De-ionic water was used throughout 

the experiments. All chemical materials were GR-grade. 

2.2. Methods  

2.2.1. Synthesis of the seed solutions 

As per a prior publication [10], the process of preparing CTAB-stabilized gold nanoparticles (seeds) 

was altered. First, at room temperature, 50 µl of 0.01M HAuCl4 was combined with 1 ml of 0.2M CTAB 

solution and 950 µl DI water while stirring. Next, 200 µl of a cold (4 oC) freshly prepared 0.1M NaBH4 

solution was added immediately to this mixture. The solution changed from orange to brownish yellow, 

indicating seed particle formation. This solution was kept at room temperature for at least 24 hours for 

the next experiments. 

2.2.2. Preparation of anisotropic AuNPs 

Preparation and purification of gold nanobipyramids (NBPs): The procedure for the synthesis of 

NBPs was shown as follows: 250 µl of aqueous 0.01M HAuCl4 was added to 2.5 ml of 0.2M CTAB 

solution and 2.25 ml DI water under stirring. The mixture turned brownish-yellow. Besides, 37.5 µl of 

ascorbic acid (AA) 0.1M was added to the brownish-yellow solution above. This mixture immediately 

changed from brownish-yellow to colorless. After that, 50 µl of aqueous 0.01M AgNO3 solution was 

dissolved in the mixture solution and the pH was adjusted to about 3 using H2SO4 at 20%. Next, this 

solution was dissolved in 17.5 µl of the seed solutions at room temperature for at least 5 hours. The 

solution changed from no color to ruby red, indicating NBPs formation. 

Preparation and purification of gold nanoprisms (AuNPrs): The mixture contained 250 µl of 0.01M 

HAuCl4, 2.5 ml of aqueous 0.1M CTAC solution, 42.5 µl of 0.1M KI, and 2.25 ml of DI water. Then, 

70 µl of AA 0.1M was added to the mixture above. This mixture immediately changed from a slight 

yellow to colorless. Next, a NaOH 0.1M solution was used to adjust the pH to about 3. Finally, 57.5 µl 

of the seed solution was dissolved in this mixture at room temperature for at least 5 hours. The mixture 

changed from colorless to blue, indicating AuNPrs formation. 
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Preparation and purification of gold nanostars (GNS): 250 µl of aqueous 0.01M HAuCl4 and 1.0 ml 

of 0.2M Triton X-1-00 were added to 3.75 ml of DI water. Next, 30.0 µl of 0.01M AgNO3 was added 

to this mixture. Additionally, 250.0 µl of AA 0.1M was mixed in this solution. This solution immediately 

changed to colorless. Finally, 75.0 µl of seed solution was dissolved in the solution above at room 

temperature for about 5 hours. The solution changed from colorless to cobalt, indicating GNS formation. 

2.2.3. Purification of anisotropic AuNPs  

Using centrifugation, the generated anisotropic AuNPs were refined to eliminate any remaining 

CTAB and gold nanospheres. The following procedure was followed in order to purify the anisotropic 

AuNPs that were produced: NBPs, GNS, and AuNPrs anisotropic AuNPs were each subjected to a 5-

minute centrifugation at 2000 rpm. To be used again, the precipitants were redispersed in DI water. 

2.2.4. Characterization of anisotropic AuNPs  

The spectroscopic behaviors for anisotropic AuNPs were recorded using a UV-Vis 

spectrophotometer (Jasco V-730). The micrographs of anisotropic AuNPs were carried out by scanning 

electron microscopy (SEM, Hitachi S-4800) and transmission electron microscopy (JEM1010-JEOL). 

X-ray diffraction (XRD, Bruker D5005 diffractometer) was employed to characterize the structure of 

anisotropic AuNPs. 

3. Results and Discussion 

3.1. Effect of surfactants on formation of anisotropic AuNPs 

An absorption spectrometer and SEM were used to examine the impact of surfactant on the creation 

of NBPs (Figure 1). Figure 1a. displays the absorption spectrum of NBPs in this instance. The two peaks 

at 540 nm (TSPR) and 793 nm (LSPR) could clearly be seen. In addition, the LSPR to TSPR ratio at a 

0.05M CTAB concentration was 1.9. At 0.1M CTAB, the TSPR peak was at 531 nm, and the LSPR 

peak had moved to 752 nm. The maximum SPR decreased, while the LSPR to TSPR ratio reached the 

highest value 3.6. While the ratio of LSPR to TSPR steadily decreased in response to rising CTAB 

concentrations at 0.15M, the LSPR shifted into the NIR region. SEM micrographs of NBPs produced at 

0.1M CTAB are displayed in Figure 1b. The produced NBPs had a high degree of shape homogeneity 

and were clearly less polluted. Thus, the best concentration to create uniformly bipyramidal gold 

nanoparticles might be 0.1M CTAB. 

  

(a) (b) 

Figure 1. (a) UV-Vis spectra and (b) SEM micrograph of NBPs synthesized at different CTAB concentrations 

CTAC is the surfactant for the preparation of AuNPrs. The characterization of AuNPrs synthesized 

at various CATC concentrations is shown in Figure 2. It was clear that the absorption spectra of AuNPrs 

synthesized at 0.02M CTAC exhibited only one peak at 542 nm, indicating that only spheres were 

produced. Kept on increasing to 0.03M CTAC and 0.04M CTAC, the UV-Vis spectrum resulted in two 

absorbances, including one band at 559 nm (TSPR) and 620 nm (LSPR). It was noticeable that the ratios 

of LSPR to TSPR were trivial. The UV-Vis absorption of AuNPrs synthesized at 0.05M CTAC 
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illustrated two clear TSPR peaks at 537 nm and LSPR at 627 nm. Moreover, the ratio of LSPR to TSPR 

was intense. However, the absorbance showed only one wide band ranging from 522 nm to 617 nm 

when increasing CTAC concentration to 0.06M (Figure 2a). Furthermore, based on the SEM 

micrographs displayed in Figure 2b, AuNPrs produced at 0.05M obtained a homogenous shape and 

average size. It could be determined that 0.05M CTAC was the best concentration to create AuNPrs. 

  

(a) (b) 

Figure 2. (a) UV-Vis spectra and (b) SEM micrograph of AuNPrs synthesized at different CTAC concentrations 

Triton X-100 was used as a surfactant for the synthesis of GNS. The investigated effect of Triton X-

100 on GNS formation is shown in Figure 3. The UV-Vis results in Figure 3a illustrate the wide 

broadbands ranging from 600 nm to 950 nm corresponding to the SPR of GNS’s tips. The intensity of 

SPR rose and reached its highest value at 0.02M Triton X-100. In contrast, the SPR’s intensity declined 

when increasing Triton X-100 concentrations. At 0.04M Triton X-100, homogeneous multi-branched 

gold nanoparticles were visible in the micrograph shown in Figure 3b. 

  

(a) (b) 

Figure 3. (a) UV-Vis spectra and (b) SEM micrograph of GNS synthesized at different Triton X-100 

concentrations 

3.2. Effect of shaped-directing agents on formation of anisotropic AuNPs 

The role of AgNO3 in the preparation of NBPs or GNS is as a shape-directing agent [11], [12]. Figure 

4 shows UV-Vis results and an SEM micrograph of NBPs produced in different 0.01M AgNO3 volumes. 

It was noticeable that only spherical gold nanoparticles formed in the absence of 0.01M AgNO3, 

according to the absorption spectra. In the presence of 0.01M AgNO3, the UV-Vis results exhibited 

TSPR’s peaks at 550 nm and LSPR peaks in the NIR region. The LSPR was located at 825 nm, and the 

ratio of LSPR to TSPR was 2.1 at 25 µl of 0.01M AgNO3, followed by an increase of the ratio to 2.8 at 

50 µl of 0.01M AgNO3. The ratio reached its highest value at 75 µl of 0.01M AgNO3, and LSPR was 

located at 805 nm. Both the ratio and location of maximum SPR declined by 2.5 and 787 nm, 
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respectively, when continuously increasing the volume of 0.01M AgNO3 to 100 µl (Figure 4a). Besides, 

SEM micrographs of NBPs prepared at 75 µl of 0.01M AgNO3 showed homogeneity and high yield 

(Figure 4b). 

  
(a) (b) 

Figure 4. (a) UV-Vis spectra and (b) SEM micrograph of NBPs synthesized at different 0.01M AgNO3 volumes 

In the synthesis of AuNPrs, KI plays a role as a shape-directing agent. The maximum SPR of 

prepared AuNPrs shifted from 606 nm to 611 nm while the intensity increased in 40.0 µl of 0.01M KI, 

but both absorption location and intensity declined as the volume of 0.01M KI increased to 45 µl (Figure 

5a). Moreover, the SEM micrograph in Figure 5b indicated uniform shapes of AuNPrs synthesized at 

40.0 µl of 0.01M KI. These could be determined with 40.0 µl of 0.01M KI suitably to prepare AuNPrs. 

Like NBPs, AgNO3 plays a role as a shape-directing agent to form multi-branches. The UV-Vis and 

SEM investigations of prepared GNS in various 0.01M AgNO3 volumes are shown in Figure 6. Herein, 

the absorption spectrum results in Figure 6a showed wide, broad bands ranging from 550 nm to 950 nm, 

corresponding to the SPR of GNS’s tips. The intensity of SPR increased and reached its highest value 

at 30 µl of 0.01M AgNO3. However, the SPR’s intensity decreased when kept at increasing volumes of 

0.01M AgNO3. Furthermore, the SEM micrograph in Figure 6b illustrates GNS with long multi-

branches at 30 µl of 0.01M AgNO3 volume. 

  

(a) (b) 

Figure 5. (a) UV-Vis spectra and (b) SEM micrograph of AuNPrs synthesized at different 0.01M KI volumes 

The role of Ag+ as a shape-directing agent in the preparation of NBPs and GNS could be explained 

according to previous reports [12], [13]. The Au seeds are penta-twinned crystals. Silver is indeed not 

reducible in an acidic solution for the synthesis of NBPs. However, a monolayer or sub-monolayer of 

Ag can be formed onto Au (110) and Au (100) because of the underpotential deposition (UPD) 

phenomenon. These sub-monolayers protect the facet from further growth. The ratio of growth rates 

between Au{100} < Au{110} < Au{111} leads to the unique shape of the bipyramid. In the case of 

GNS preparation, a monolayer of silver atoms stabilizes the underlying gold atoms on the side wall of 
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the spiked Au seed particles in the presence of Ag+ ions. This leads to Au+ ions interacting on the tips 

of spikes, which prolongs the length of spikes. 

  

(a) (b) 

Figure 6. (a) UV-Vis spectra and (b) SEM micrograph of GNS synthesized at different 0.01M AgNO3 volumes 

The role of the shape-directing agent I- for the preparation of AuNPrs is similar to that of Ag+ ions. 

An iodide adlayer binding strongly to Au{100} > Au{110} > Au{111} leads to restricting growth in 

{100} facets and prior growth in {111} facets [14]. 

  

(a) (b) 

Figure 7. (a) UV-Vis spectra and (b) SEM micrograph of NBPs synthesized at different 0.1M AA volumes 

3.3. Effect of AA on formation of anisotropic AuNPs 

  
(a) (b) 

Figure 8. (a) UV-Vis spectra and (b) SEM micrograph of AuNPrs synthesized at different 0.1M AA volumes 
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AA plays an important role in the formation of anisotropic AuNPs. Figure 7 shows the results of  

UV-Vis and SEM investigations of NBPs synthesized in different 0.1M AA. It was clear that there was 

an absorption peak in the absence of AA, indicating that the formation of AuNPs did not happen. The 

LSPR shifted from 798 nm to 818 nm, while the ratio of LSPR to TSPR increased from 1.77 to 2.17 

when increasing the volume of 0.1M AA from 12.5 µl to 37.5 µl. Nevertheless, both LSPR absorbance 

and ratio dropped to 804 nm and 0.65 at 50 µl volume of 0.1M AA (Figure 7a). It can be explained that 

in the absence of AA, Au3+ ions were not reduced to Au0 atoms. However, Au3+ ions can be reduced 

rapidly to spherical gold nanoparticles if the AA concentration is too high [15]. The SEM micrograph 

in Figure 7b illustrates that NBPs, which were produced at 37.5 µl of 0.1M AA, obtained a high uniform 

shape and size. 

Figure 8 shows the absorption result and SEM micrograph of AuNPrs produced in various 0.1M AA. 

The SPR shifted from 614 nm to 620 nm, while the intensity of the SPR significantly increased to the 

highest value when increasing the volume of 0.1M AA from 50 to 60 µl. In contrast, the SPR moved to 

blueshift at 611 nm, while intensity declined when increasing the volume of 0.1M AA to 70 µl (Figure 

8a). Moreover, the SEM micrograph in Figure 8b exhibited a homogeneous triangle shape of AuNPrs 

synthesized in 70 µl of 0.1M AA. 

  
(a) (b) 

Figure 9. (a) UV-Vis spectra and (b) SEM micrograph of GNS synthesized at different 0.1M AA volumes 

Figure 9a illustrates the UV-Vis results of GNS prepared in different volumes of 0.1M. It was 

noticeable that the intensity of maximum SPR located at 903 nm significantly rose when increasing the 

volume of 0.1M AA from 0.2 ml to 0.6 ml. However, the intensity of max SPR decreased rapidly at a 

higher volume of 0.1M AA. Figure 9b shows the SEM micrograph of the GNS prepared at 0.6 ml of 

AA, with length, uniformity, and multi-branches on the whole surface of the AuNPs.  

3.4. Purification of anisotropic AuNPs 

The characterized results of produced and purified anisotropic AuNPs are exhibited in Figure 10. 

The UV-NIR absorption spectrum in Figure 10a illustrated the decrease of the full width at half 

maximum (FWHM) of purified NBPs, indicating that purified NBPs were more homogeneous than 

produced NBPs [16]. SEM micrographs of produced NBPs and purified NBPs are shown in Figure 10b 

and 10c, respectively. It was clear that there were many contaminating particles, such as spheres or rods, 

in the produced NBPs, while contaminating particles were removed in the purified NBPs. Consequently, 

the yield of bipyramidal particles was increasing from 60% to over 90%, based on SEM micrographs. 

Besides, the UV-Vis showed that the FWHM of purified AuNPr was narrower than that of produced 

AuNPrs (Figure 10d). The micrographs in Figure 10e and 10f also indicated that the yield of triangle 

particles increased from 40% to 60%. 

The average size of anisotropic AuNPs were measured using ImageJ software based on TEM 

micrographs (Figure 11) [17]. According to the results, the average size of NBPs was 64.27 ± 7.31 nm 

in length and 25.87 ± 2.56 nm in diameter. Moreover, the average size of AuNPrs and GNS were  

43.54 ± 5.61 and 31.35 ± 7.01 nm, respectively. 

mailto:jte@hcmute.edu.vn


 

ISSN: 2615-9740 

JOURNAL OF TECHNICAL EDUCATION SCIENCE 
Ho Chi Minh City University of Technology and Education 

Website: https://jte.edu.vn 
Email: jte@hcmute.edu.vn 

 

 

 

JTE, Volume 19, Special Issue 03, 2024 20 
 

 
(a) 

 

 

(b) 

 

 

(c) 

 
(d) 

 

 

(e) 

 

 

(f) 

Figure 10. (a) UV-Vis spectra of purified NBPs; (b) SEM micrograph of produced NBPs; (c) SEM micrograph 

of purified NBPs; (d) UV-Vis spectra of purified AuNPrs; (e) SEM micrograph of produced AuNPrs; and (f) 

SEM micrograph of purified AuNPrs 

Figure 12 shows the mapping energy-dispersive X-ray spectroscopy (EDX) of NBPs, AuNPrs, and 

GNS spectra. All results revealed a strong peak at 2 keV, indicating the presence of gold elements 

(except the Cu element of copper grids and the Al element of SEM stub). 

 

(a) 

 

(b) 

 

(c) 

Figure 11. TEM micrographs of (a) NBPS; (b) AuNPrs and (c) GNS 

Figure 13 shows the XRD diffraction patterns of anisotropic AuNPs. The patterns exhibited peaks 

located at 38.2°, 44.3°, 64.2°, and 78.6°, which correspond to the (111), (200), (220), and (311) planes 

of the gold face-centered-cubic (fcc) crystalline structure, respectively [18]. According to ICDD card 

No. 03-065-2870 as the standard reference for the AuNPs [19], the intense peak is located at 38.2, 

indexing to the (111) plane. Moreover, the (220) plane exhibits a stronger peak at 64.2°, while the (200) 

plane has a smaller peak at 44.3°. Lastly, the 311 plane is connected to a delicate peak at 78.6°. It was 

observed that the peak associated with the (111) plane of NBPs (Figure 11a) was the strongest, whilst 

the peak associated with the (111) plane of AuNPrs was moderately intense and the peak associated with 

GNS was the weakest (Figures 11b and 11c). 
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Figure 12. EDX spectrum of (A) NBPs; (B) AuNPrs and (C) GNS 

This can be explained by the fact that NBPs have ten {111} facets with a penta-twinned crystalline 

structure [20], [21], whereas AuNPrs just have two {111} facets [22], [23]. Additionally, the peak 

corresponds to the {111} facets of GNS, which are the result of spots on tips diffraction covering the 

entire particle surface [24]. The intensity of the peak matched the (111) plane of NBPs, which was the 

most intense, due to the highest density of {111} facets.     

 

Figure 13. XRD patterns of (a) NBPS; (b) AuPrs and (c) GNS 

4. Conclusions 

This article describes the use of a seed-mediated technique to generate 1D, 2D, and 3D anisotropic 

AuNPs, such as NBPs, AuNPrs, and GNS. The impact of factors on the size and morphology of 

anisotropic AuNPs were examined using characterisation techniques such electron microscopy, XRD, 

and absorption spectra. There, GNS is made using Triton X-100 surfactant, and NBPs and AuNPrs are 

synthesized using CTAB. Additionally, AgNO3 directs the form of NBPs and GNS synthesis, while KI 

is involved in the synthesis of AuNPr. Each type of anisotropic AuNP was found to be uniform in size 
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and shape based on the data obtained from SEM and TEM micrographs. Consequently, the best synthesis 

parameters for AuNPrs, GNS, and NBPs were identified. Furthermore, NBPs with a high density of 

{111} facets can serve as antibacterial materials in place of antibiotics. Additionally, AuNPrs and GNS, 

which show NIR surface plasmon resonance absorbances, may find use in optical sensors.  
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