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Abstract

Gold nanoparticles (AuNPs) were prepared by green synthesis using the gum extracted from Amburana cearensis 
(GAmb) exudate. The influence of polysaccharide concentration, precursor salt (HAuCl4), temperature, pH, and reaction 
time on the final properties of the AuNPs-GAmb was evaluated. The UV-VIS spectrum of the AuNPs-GAmb showed an 
absorption band in the region of 524 nm, characteristic of spherical nanostructures, and the synthesis conditions strongly 
influenced the average diameter of these nanoparticles. The optimized AuNPs-GAmb presented a high colloidal stability 
and spherical shape with an average diameter of 13.22 ± 1.86 nm (when measured by Atomic Force Microscopy -AFM). 
Later, the catalytic activity of AuNPs-GAmb was evaluated in the degradation of toxic dyes such as toluidine blue (TB), 
methylene blue (MB), and methyl orange (MO), which were degraded in less than 11 minutes. Thus, the AuNPs-GAmb 
obtained in this work are eco-friendly and have a high potential for applications in biotechnology.
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1. Introduction

Growing environmental awareness has directed efforts 
toward the search for an approach called “green chemistry” 
or “sustainable chemistry,” which aims to eliminate harmful 
reagents in the development of new products[1].

Gold nanoparticles (AuNPs) are among the most studied 
nanomaterials due to their excellent properties: high stability, 
low toxicity, and biocompatibility. Different strategies have 
been proposed for the synthesis of AuNPs, from the most 
conventional ones (using reducing agents) to strategies such 
as photochemical and radiolytic synthesis, among others. 
However, the green synthesis approach stands out due to 
the use of natural molecules such as enzymes, amino acids, 
proteins, and polysaccharides[2].

Considering that gum or polysaccharides extracted 
from plant species, such as Karaya gum (Sterculia urens) 
and Acacia gum (Acacia seyal), have been used as reducing 
and stabilizing agents in the synthesis of AuNPs, the gum 
extracted from the trunk exudate of the Amburana cearensis 
AC Smith (GAmb), emerges as a new alternative in the 
synthesis of these nanoparticles. A. cearensis is a tree that 

occurs naturally in Brazil’s northeast, southeast, and central-
west states. It can also be found in other South American 
countries, such as Argentina, Paraguay, and Bolivia[3].

Among the applications proposed for AuNPs, their 
function as a catalyst agent during reducing toxic dyes 
stands out. Thus, green products such as the AuNPs-GAmb 
proposed in this work may deactivate dyes such as methyl 
orange, toluidine blue, and methylene blue.

The methyl orange or MO (C14H14N3NaO3S) is an 
example of a highly toxic, mutagenic, non-biodegradable, 
and carcinogenic, widely used in various industrial sectors[4]. 
Another well-known dye is toluidine blue or TB (C15H16N3SCl), 
which is commonly used in the textile industry. TB has been 
reported to be mutagenic and may irritate animals’ skin or 
affect their genomes[5]. Methylene blue or MB (C16H18ClN3S) 
is a non-biodegradable cationic dye used for decades in 
paper, rubber, and plastic industries[6].

Although sodium borohydride (NaBH4) is considered a 
potent reducing agent, including used in the synthesis of Pt, 
Ag, and Au nanoparticles, it does not favor the degradation 
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of these dyes. On the other hand, recent approaches that 
have been tested include the addition of catalysts, such as 
metal nanoparticles, preferably from green synthesis routes, 
to enhance the degradation[7].

Thus, this study aimed to synthesize gold nanoparticles 
using A. cearensis polysaccharide (AuNPs-GAmb) as a 
reducing and stabilizing agent for subsequent application 
in degrading toxic dyes, such as methyl orange, toluidine 
blue, and methylene blue.

2. Materials and Methods

2.1 Isolation and Purification of A. cearensis gum (GAmb)

The methodology used to isolate and purify the 
polysaccharide from A. cearensis followed that of Farias et al.[8].

2.2 Synthesis of gold nanoparticles (AuNPs-GAmb)

The methodology selected for synthesizing AuNPs-GAmb 
was adapted from the study by Melo et al.[9]. In an Erlenmeyer 
flask, 10.0 mL of GAmb solution was added, which was heated 
and stirred (300 rpm). After, 10.0 mL of tetrachloroauric (III) 
acid trihydrate (HAuCl4 3.H2O) (Sigma-Aldrich) solution 
was added. During synthesis, the following parameters were 
optimized: the concentrations of GAmb variated between 
0.1, 0.2, or 0.3% (w/v), and HAuCl4 3.H2O variated between 
0.1, 0.2, or 0.3 mM. A volume of 10 mL was maintained for 
GAmb and HAuCl4 3.H2O in all experiments (total volume 
= 20 mL). The influence of temperature (varying between 
80, 90, or 100 ºC), pH (ranging between 2.5, 3.0, and 3.5), 
and synthesis time (30, 60, and 120 min) were also evaluated. 
Table 1 summarizes the synthesis parameters.

2.3 Characterizations of AuNPs-GAmb

Before characterization, the AuNPs-GAmb were subjected 
to four centrifugation processes at 4,000 rpm for 20 min, 
based on the study by Silva[10].

UV-Vis analyses were performed using a Shimadzu UV 
mini 1240 spectrophotometer in the 400-800 nm wavelength 

range, using a quartz cuvette containing 1.0 mL of AuNPs-
GAmb. Infrared spectroscopy (FTIR) measurements were 
performed on a Shimadzu IRAffinity-1 spectrophotometer in 
the 400-4000 cm-1 range. DLS (Dynamic Light Scattering) 
measurements were performed on a Malvern Zetasizer 
Nano ZS90. AFM analyses were performed in TT-AFM 
equipment (AFM Workshop, USA), in intermittent contact 
(vibratory) mode (with a resolution of 512 × 512 pixels), 
using TAP300-G silicon probes (Ted Pella, USA) and a 
resonance frequency of approximately 240 kHz. The images 
obtained were analyzed in the Gwyddion 2.61 software.

2.4 Catalytic activity

After optimizing the synthesis parameters, a study was 
conducted to investigate the catalytic effect of AuNPs-GAmb 
on the degradation of methylene blue (MB), toluidine blue 
(TB), and methyl orange (MO) dyes[11-13]. The effectiveness 
of the NaBH4 + AuNPs-GAmb system in degrading the 
dyes (MB, TB, and MO) was estimated using Equation 1:

( ){ }%   0  / 0  1 00degradation A At A= − × 	 (1)

Where:
A0 and At are the absorbance at 0 and t minutes, respectively.

2.5 ABTS radical scavenging assay

The antioxidant activity of AuNPs-GAmb was determined 
by the ABTS method ((2,2′ -Azino-bis-(3-ethylbenzothiazoline-
6-sulfonic acid), diammonium salt, from the study adapted 
from Gião et al.[14].

3. Results and Discussions

3.1 Gold nanoparticles reduced and stabilized with GAmb

3.1.1 Synthesis mechanism

The synthesis of AuNPs-GAmb starts from an aqueous 
solution of gold and a reducing and stabilizer agent (GAmb) 
solution. The structure of GAmb and the synthesis mechanism 

Table 1. AuNPs-GAmb obtained under different synthesis conditions.

GAmb 
conc. (%)

HAuCl4 
conc (mM)

Temp. 
(ºC) pH Synthesis 

time (min)
Polydispersity 

index (PDI)

Diameter (nm) 
measured by 

DLS

Zeta potential 
(mV)

Study of GAmb 
Conc. (%)

0.10 0.20 100 3.50 30 0.53 ± 0.02 45.93 ± 1.60 -22.00 ± 0.64
0.20 0.20 100 3.50 30 0.47 ± 0.05 53.86 ± 1.11 -25.13 ± 1.15
0.30 0.20 100 3.50 30 0.72 ± 0.03 94.82 ± 1.19 -29.16 ± 2.56

Study of HAuCl4 
Conc. (mM)

0.20 0.10 100 3.50 30 0.59 ± 0.05 116.7 ± 8.20 -22.73 ± 0.26
0.20 0.20 100 3.50 30 0.47 ± 0.05 82.82 ± 4.79 -25.13 ± 1.15
0.20 0.30 100 3.50 30 0.61 ± 0.01 52.55 ± 2.17 -21.73 ± 0.59

S t u d y  o f 
Te m p e r a t u re 
Variation

0.20 0.30 80 3.50 30 0.96 ± 0.03 19.94 ± 1.07 -17.23 ± 1.12
0.20 0.30 90 3.50 30 0.62 ± 0.02 32.44 ± 0.84 -19.50 ± 0.48
0.20 0.30 100 3.50 30 0.61 ± 0.01 52.55 ± 2.17 -21.73 ± 0.59

S tudy  o f  pH 
Variation

0.20 0.30 100 2.50 30 0.42 ± 0.03 126.30 ± 4.1 -5.570 ± 0.81
0.20 0.30 100 3.00 30 0.41 ± 0.05 99.47 ± 3.69 -8.250 ± 0.81
0.20 0.30 100 3.50 30 0.61 ± 0.01 52.55 ± 2.17 -21.73 ± 0.59

I n f l u e n c e  o f 
Synthesis Time

0.20 0.30 100 3.50 30 0.61 ± 0.01 52.55 ± 2.17 -21.73 ± 0.59
0.20 0.30 100 3.50 60 0.65 ± 0.11 32.39 ± 0.80 -20.40 ± 0.71
0.20 0.30 100 3.50 120 0.66 ± 0.03 26.50 ± 0.78 -18.80 ± 0.63
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of AuNPs-GAmb are shown in Figure  1. GAmb is a 
polyhydroxylated biopolymer consisting of a β-D-Galactopyran 
backbone linked by glycosidic bonds (1→3). At the same 
time, the side chains exhibit β-Galactopyranose (1→6) 
and α-L-Arabinofuranoside (1→3,6) monomers[15]. Many 
hydroxyl groups and the reducing ends of GAmb act as active 
reaction centers to facilitate the reduction of Au3+ to Au0. 
The synthesis process goes through the steps of reduction, 
nucleation, and stabilization, giving rise to AuNPs-GAmb.

3.1.2 Optimization of synthesis parameters

In all syntheses performed, the formation of AuNPs-
GAmb was evidenced by the change in color of the reaction 
medium, from pale yellow (characteristic of the HAuCl4 
- gold salt solution) to red, resulting from the excitation of 
the surface plasmon resonance (SPR) of AuNPs-GAmb. 
Thus, during this study stage, the synthesis was optimized to 
search for AuNPs-GAmb that exhibited the best properties. 
Therefore, the synthesis parameters (precursor concentration, 
temperature, pH, and reaction time) were monitored by 
UV-visible (UV-VIS) spectroscopy and DLS techniques.

Figure 2A shows the UV-VIS spectra obtained in the 
synthesis of AuNPs-GAmb in which the polysaccharide 
concentrations were varied at 0.1, 0.2, and 0.3% (w/v). Here, 
all syntheses were performed in triplicates, maintaining 
the pH of the reaction medium at 3.5, the concentration 
of HAuCl4 at 0.2 mM, the reaction temperature at 100 °C, 
and the synthesis time at 30 minutes. Figure 2B shows the 
spectra obtained from the average of these measurements.

From the spectra obtained, it can be observed that 
with the increase in the concentration of GAmb in the 
reaction medium, the SPR band moved to a region of 
shorter wavelength with an increase in the absorbance 
intensity. This behavior shows a tendency of growth in the 
average diameter of these nanoparticles, corroborating the 
data obtained by DLS presented in Table 1. This can be 
explained by an aggregation of nanoparticles, mainly when 
using 0.3% GAmb. Thus, using GAmb at 0.1, 0.2, or 0.3% 
made it possible to obtain nanoparticles with diameters 
varying respectively between 45.93, 53.86, and 94.82 nm. 

When GAmb was used at 0.3%, the PDI was 0.726, which 
characterizes a polydisperse system[16].

The AuNPs-GAmb obtained at 0.2% of the polysaccharide 
presented a slightly lower PDI (0.477 ± 0.05) than that 
obtained for the AuNPs at 0.1% of GAmb (0.530 ± 0.02), 
Table  1. In addition, the concentration of 0.2%, when 
compared to 0.1% of GAmb, ensures greater availability of 
reducing groups such as carbonyl and hydroxyl present in 
the polysaccharide, which can favor synthesis. According 
to Chopra et  al.[17], the increase in the concentrations of 
reducers results in a more significant formation of AuNPs. 
Therefore, the concentration at 0.2% of GAmb was considered 
the most suitable and kept constant in the following steps 
of optimization of the synthesis parameters.

A study with locust bean gum (Ceratonia siliqua) 
demonstrated that the efficiency of AuNPs formation 
increased with the increase of gum concentration (keeping 
the HAuCl4 concentration constant). On the other hand, this 
correlation was not observed when sodium citrate was used 
as a reduction agent instead of gum during these AuNPs 
synthesis[18,19].

Subsequently, the influence of the HAuCl4 concentration 
(0.1, 0.2, or 0.3 mM) on the synthesis of AuNPs-GAmb 
was evaluated.

Figure 2C and 2D show the spectra absorption obtained 
in triplicates and its respective averages for AuNPs-GAmb 
obtained under different concentrations of HAuCl4. The 
syntheses with HAuCl4 at 0.2 mM recorded the lowest 
absorbance values at 530 nm, indicating the lowest 
concentration of nanoparticles in the colloidal suspension. 
On the other hand, the highest absorbance values were 
presented in the synthesis using 0.3 mM HAuCl4, indicating 
more nanoparticles were obtained.

Another important observation is that the increase 
in the concentration of HAuCl4 promoted a decrease in 
AuNPs-GAmb diameter, which was 116.7 nm for HAuCl4 
at 0.1 mM, 82.8 nm for HAuCl4 at 0.2 mM, and 52.6 nm 
for HAuCl4 at 0.3 mM (Table 1).

Figure 1. Mechanism for the formation of AuNPs-GAmb.
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According to the literature[20], this occurs due to an 
increase in the concentration of the anion [AuCl4]

- a species 
that provides Au0, which is necessary for the nucleation 
and formation of nanoparticles (Equation 2). Therefore, 
the higher the concentration of [AuCl4]

- the more nuclei 
can be provided, contributing to a more significant number 
of nanoparticles[21]. Therefore, it is concluded that the 
most suitable concentration of HAuCl4 in AuNPs-GAmb 
synthesis is 0.3 mM.

( )4 2(
0

)3  3   4  3  [ ] 3red oxiCit AuCl Cit Au Cl CO H− − ++ → + + + + 	 (2)

Once the best concentrations of GAmb (0.2%) and HAuCl4 
(0.3 mM), the influence of temperature and pH were studied. 
Figure 3A and 3B show the triplicates and averages of the 
absorption spectra recorded for the AuNPs-GAmb synthesized 
at temperatures of 80, 90, or 100 ºC. The results showed that 
increasing the temperature increased the nanoparticle formation 
rate, evidenced by the increasing absorbance values. A slight 
shift from 542 to 530 nm in the SPR band of the AuNPs-GAmb 
was obtained when the temperature varied from 80 to 90 or 
100 ºC. This displacement may be related to an increase in 
the diameter of these nanoparticles since higher temperatures 

favor the formation of larger particles due to the increased 
supply of Au monomers[22].

Studies using Acacia and Xanthan gums showed that 
increasing the temperature in the reaction medium promoted 
an increase in the rate of AuNPs formation and improved the 
size distribution of the nanoparticles obtained. In the present 
study, GAmb was associated with the temperature of 100 °C 
and favored the more excellent formation of nanoparticles; 
the AuNPs-GAmb obtained at 100 °C presented the lowest 
polydispersity index (approximately 0.618), Table 1. Given 
the advantages observed when using the temperature of 100 
°C, this was considered the optimal synthesis temperature.

The literature reports stated that pH between 2.8 and 
4.0 is the most suitable for synthesizing gold nanoparticles, 
using HAuCl4 as a precursor[23]. According to these studies, 
the initial amount of the AuCl4

− species available for forming 
AuNPs is directly related to the pH of the reaction medium.

The pH after the 0.2% GAmb and 0.3 mM HAuCl4 
mixture was 3.5. From small aliquots of 0.1 mol L-1 HCl, 
the pH value was adjusted to 3.0 and 2.5 to evaluate the 
effect of this parameter on AuNPs-GAmb properties. The 
UV-Vis spectra obtained in the syntheses of AuNPs-GAmb 
at these pHs are shown in Figure 3C and 3D, where it is 

Figure 2. UV-Vis spectra (A) were obtained in triplicates while studying the influence of the GAmb concentration (0.1, 0.2, or 0.3%) and 
(B) on the average of these triplicates. (C) UV-Vis spectra obtained in triplicates during the study of the influence of HAuCl4 concentration 
(0.1, 0.2, and 0.3 mM) and (D) average of these triplicates. Constant parameters: pH = 3.5, temperature =100 °C and synthesis time = 30 min.
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possible to observe that pH 3.5 promoted the formation of 
a more significant number of AuNPs-GAmb, in addition 
to the fact that at this pH the nanoparticles with smaller 
diameters (52.55 nm) and a higher zeta potential (-21.73 
mV), suggesting better colloidal stability, Table 1. The results 
achieved in our study agree with previous studies, such as 
in the case of the synthesis of AuNPs using oats (Avena 
sativa) as a reducing and stabilizing agent, in which the 
pH of 3.5 was also considered an optimized condition[24]. 
Wuithschick et al.[25] affirmed that 2.8 is the minimum pH 
value adequate for synthesizing AuNPs from HAuCl4 as a 
precursor salt.

The last optimized synthesis parameter was the reaction 
time. Thus, syntheses were performed at 30, 60, and 
120 min, and the UV-Vis spectra obtained are shown in 
Figure 4A and 4B. After only 30 min of synthesis, it was 
already possible to observe a well-defined SPR band at 
around 530 nm for the AuNPs-GAmb. As the reaction time 
increased, there was an increase in the intensity of this band, 
indicating that the synthesis time promotes an increase in 

the formation of AuNPs-GAmb. The rise in synthesis time 
also influenced the size of the nanostructures formed, being 
52.55 nm for 30 min, 32.39 nm for 60 min, and 26.50 nm 
for 120 min, Table 1. However, the increase in synthesis 
time promoted a decrease in the zeta potential value, being 
-21.73 mV for 30 min, -20.40 mV for 60 min, and -18.80 
mV for 120 min. Thus, aiming for the practicality of the 
synthesis, 60 minutes was chosen as the optimal time for 
synthesizing AuNPs-GAmb.

The AuNPs-GAmb obtained under optimized conditions 
(0.2% Gamb, 0.3 mM HAuCl4, temperature of 100 °C, pH 
3.5, and time of 60 min) were very stable colloidal systems. 
After synthesizing the AuNPs-GAmb, they were stored, 
protected from light, and in a refrigerator for six months. 
They maintained their spectroscopic profile practically 
identical to that obtained approximately one hour after the 
synthesis (Figure 4C). The use of GAmb may explain the 
high stability of these nanostructures, as GAmb generates 
a steric barrier around these AuNPs and prevents them 
from aggregating.

Figure 3. UV-Vis spectra (A) obtained in triplicate during the study of the temperature influence varied at 80, 90, or 100 ºC and (B) 
average of these triplicates. (C) UV-Vis obtained in triplicate during the pH study, and D) average of these triplicates. Constant parameters: 
GAmb concentration = 0.2%, HAuCl4 concentration = 0.3 mM, and synthesis time = 30 min.
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3.3 Characterization by FTIR

Figure 5 shows the FTIR spectra recorded for GAmb and 
AuNPs-GAmb, with the leading bands at 3423, 2922, 1730, 
1640, 1152, 1002, and 782 cm-1. The broad band observed 
at 3423 cm-1 is attributed to the stretching vibrations of the 
–OH groups in GAmb. The band at 2922 cm-1 corresponds 
to the asymmetric stretching vibration of the methylene, 
methyl, and methoxy groups. The band at 1730 cm-1 can be 
attributed to carbonyl (C=O) stretching vibrations present in 
ketones, aldehydes, and carboxylic acids, which is the case 
of GAmb. The band observed at 1640 cm-1 corresponds to 
the asymmetric stretching of the carboxylate group (COO-), 
while the C–O stretching vibration of the ether and alcohol 
groups is confirmed at 1152 cm-1. The intense band at 1002 
cm-1 corresponds to the asymmetric stretching (C-O) bond 
present in esters and in the glycosidic bond of carbohydrates, 
as is the case of polysaccharides. The band at 782 cm-1 is 
associated with the stretching of the glycosidic bond present 
in carbohydrates[26].

In general, the FTIR spectrum of AuNPs-GAmb also 
showed the main characteristic peaks of GAmb, Figure 4. 
A change in intensity in the peaks of the FTIR spectrum of 

AuNPs-GAmb was observed at 1152 and 1002 cm-1, suggesting 
an interaction of AuNPs with carboxylate, acetyl and C-O 
groups of the ethers and alcohols present in the GAmb 
structure. Thus, FTIR studies suggest that the carbonyl and 

Figure 4. UV-Vis spectra (A) obtained in triplicate during the synthesis time study (30, 60 or 120 minutes) performed in triplicates and 
(B) average of these spectra. (C) Spectra obtained during the stability test of AuNPs-GAmb obtained one day, one month, and six months 
after synthesis. Constant parameters: GAmb concentration = 0.2%, HAuCl4 concentration = 0.3 mM, pH = 3.5, and temperature = 100 °C.

Figure 5. FTIR spectra of GAmb and AuNPs-GAmb.
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Figure 6. AFM images of AuNPs-GAmb. Amplitude (A), phase (B), 2D topography (C), 3D topography (D), and nanoparticle profile 
image (E). The profile was extracted along the white dotted line (in panel C). All images have 512 pixels resolution.

the DLS technique (32.39 ± 0.801 nm). This disagreement 
was expected since the DLS technique measures the 
hydrodynamic diameter of the material; that is, in this 
measurement, both the metallic portion (AuNPs) and its 
polymeric shell (GAmb) are considered, thus providing 
information on the dimensions of the entire conjugate[28]. 
After optimizing the synthesis parameters, the nanoparticles 
presented a Zeta potential of –20.8 mV, indicating that 
GAmb, which has negatively charged groups, helps to 
stabilize the nanoparticle. In Figure 6C, both the metallic 

hydroxyl groups have a greater affinity to bind to the metal[27], 
favoring the formation of a coating on the nanoparticles and 
increasing stabilization against accumulation.

3.4 Morphological characterization by AFM

AFM was used to characterize the size and shape of the 
AuNPs-GAmb (Figure 6A-E). In general, when measured 
by AFM, AuNPs-GAmb showed a spherical shape and an 
average diameter of 13.22 ± 1.86 nm. This diameter value 
has differed from that found for these nanostructures using 
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and polymeric portions that constitute the AuNPs-GAmb 
can be observed in detail.

3.5 AuNPs-GAmb in the catalytic degradation of dyes

Due to their minimal size and high surface area to 
volume ratio, metal nanoparticles can act as excellent 
catalysts in organic synthesis, reduction of pollutants such as 
4-nitrophenol, and degradation of organic dyes[29]. Thus, we 
sought to evaluate the catalytic potential of AuNPs-GAmb 
against the reduction of methylene blue (MB), toluidine blue 
(TB), and methyl orange (MO). For comparative purposes, 
0.03 M sodium borohydride (NaBH4), a potent reducing 
agent, was used as a control during these experiments.

The pure aqueous solution of MB has a characteristic blue 
coloration with a maximum absorbance of 662 nm. When 
using 1.0 mL of NaBH4 (0.03 mol L-1) in the reduction of 
MB, only minor variations in its absorbance were observed, 
even after 120 minutes of the addition of NaBH4, indicating 
that the reduction of MB with this compound is extremely 
slow, Figure  7A. On the other hand, after the addition 
of 100 μL of AuNPs-GAmb to the reaction medium, the 
characteristic absorption peak of MB disappeared in only 
7 minutes, and the MB solution, previously an intense 

blue, became colorless, Figure 7B. The action of AuNPs-
GAmb promoted the efficient catalysis of MB reduction 
to leucomethylene blue (LB), which is colorless and less 
toxic[30]. The correlations of the kinetics of this reaction are 
shown in Figure 7C.

Toluidine blue (TB) also has an intense blue coloration 
and a maximum absorption peak at 631 nm. Like MB, 
NaBH4 promoted a slow reduction of TB, even after 120 
minutes of action, Figure 7D. However, after adding 100 μL 
of the AuNPs-GAmb suspension, almost 100% of the dye 
degradation was observed 8 minutes later, Figure 6E. The 
correlations of the kinetics of this reaction are shown in Figure 
07F. These results corroborate with the literature[31], which 
reported a time of 09 minutes for the catalytic degradation of 
MB using AuNPs reduced with the polysaccharide extracted 
from Sargassum serratifolium.

Methyl orange (MO) has an azo group (R-N = N-R’) 
that acts as a chromophore, which gives the dye its orange 
color and absorbs in the 464 nm region. Figure 7G shows 
the UV-Vis absorption spectra for MO in the presence of 
NaBH4 as a function of the action time. As was reported for 
the previous dyes, minor variations resulting from a slow 
degradation of MO by NaBH4 were observed. On the other 

Figure 7. UV-Vis spectra showing the action of AuNPs-GAmb in the degradation of organic dyes. (A) MB + NaBH4, (B) MB + NaBH4 
+ AuNPs-GAmb, (C) Variation of MB absorbance vs. nanoparticles action time; (D) TB + NaBH4, E) TB + NaBH4 + AuNPs-GAmb, 
(F) Variation of TB absorbance vs. nanoparticles action time; (G) MO + NaBH4, H) MO + NaBH4 + AuNPs-GAmb, (I) Variation of MO 
absorbance vs. nanoparticles action time.
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hand, after only 11 minutes of adding 100 μL of AuNPs-
GAmb to the medium containing the dye, the absorption 
band at 464 nm reduces considerably, suggesting a rapid 
degradation promoted by the presence of AuNPs-GAmb, 
Figure 7H. The MO degradation using AuNPs-GAmb as a 
catalyst was better than in other studies[32], which achieved 
a 20-minute degradation time with AuNPs reduced by 
Persea americana seeds.

Since the concentration of NaBH4 used as a reductant 
in this study largely exceeds that of the dyes, the reaction 
rate is assumed to depend only on dye concentration. For 
this reason, the rate is assumed to be pseudo-first-order 
kinetics and can be denoted as:

0 /    ln C C kt=−      	 (3)

Where:
[C] is the dye concentration at time t,
[C0] is the initial concentration value.

Since absorbance is proportional to the solution concentration, 
the absorbance at time t (A) and time 0 (A0) is comparable to the 
concentration at time t (C) and time 0 (C0). The linear graphs 
of ln(A/A0) versus time in both reactions confirmed that the 
reactions are by pseudo-first-order kinetics (Figure 7C, F, and I). 
The rate constant of each reaction calculated from the slope of 
the linear graph of ln(A/A0) versus reaction time is detailed in 
Table 2. This table also shows the degradation efficiency of the 
dyes by the catalytic action of AuNPs-GAmb by calculating 
the % degradation.

In all degradation reactions, AuNPs-GAmb assumed 
the role of electron transfer mediators between the dye and 
NaBH4, and the catalytic reduction proceeds by an electron 
relay effect[33]. As soon as the reagents are adsorbed on the 
surface of AuNPs-GAmb, the catalytic reaction occurs by 
electron transmission from BH4- to the dyes, where the 
nanoparticles assist in the reduction reactions by decreasing 
the activation energy of these reactions, thus playing the 
role of an efficient catalyst.

3.6 ABTS radical scavenging activity

Antioxidants such as metallic nanoparticles inhibit 
oxidation, preventing the formation of free radicals or 
even eliminating and decomposing these species. Thus, the 
antioxidant activity of AuNPs-GAmb was evaluated by the 
ABTS•+ radical scavenging method. The stabilization of the 
ABTS•+ radical occurs through the oxidation reaction between 
the potassium persulfate salt (K2SO5) and the aqueous solution 
of ABTS•+. Thus, the antioxidant activity of AuNPs-GAmb 
is evaluated by discoloration of the ABTS•+ radical solution, 
with the data denoted as the percentage of inhibition of this 
radical, Figure 8. This study found that AuNPs-GAmb were 
responsible for inhibiting the ABTS•+ radical in a concentration-

dependent manner. The IC50 obtained for AuNPs-GAmb 
was 0.63 ± 0.11 mg mL-1. These results are close to those 
obtained in other studies involving the antioxidant activity 
of AuNPs stabilized with natural polymers[34].

4. Conclusions

In this study, a route for the green synthesis of gold 
nanoparticles reduced and stabilized with Amburana cearensis 
gum (AuNPs-GAmb) was proposed for the first time. Under 
the optimized conditions, spherical AuNPs-GAmb with a 
diameter of 13.22 ± 1.86 nm were obtained. AuNPs-GAmb 
played an efficient role as catalysts in the degradation of 
harmful dyes, inactivating dyes such as toluidine blue, 
methylene blue, and methyl orange in less than 11 minutes. 
In addition, AuNPs-GAmb also showed antioxidant activity 
against ABTS•+ radical, with IC50 of 0.63 ± 0.11 mg mL-1. 
Thus, AuNPs-GAmb are promising, low-cost, and practical 
green materials for biotechnological applications.
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