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Green chemistry approach for the synthesis of gold nanoparticles
with gum kondagogu: characterization, catalytic and antibacterial
activity
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Abstract Gold nanoparticles (AuNPs) were prepared

from HAuCl4 using gum kondagogu, by adopting green

synthesis, which is a simple, low cost and ecofriendly

technique. The gum kondagogu (Cochlospermum gossy-

pium) serves as both reducing agent and stabilizer. The

formation of the AuNPs was identified through the change

in the color of the solution from yellow to red. The syn-

thesized AuNPs were characterized by various techniques.

The green synthesized AuNPs were found to be stable

in the pH range pH 2–12 and up to the concentration

of 5 M NaCl. The stabilized AuNPs demonstrated the

excellent catalytic activity in reducing p-nitrophenol to

p-aminophenol in the presence of a reducing agent, NaBH4.

The effects of catalyst dose and temperature were studied.

The synthesized, new gum-based catalyst was very effi-

cient, easy to prepare, stable, cost-effective and

ecofriendly. The synthesized AuNPs showed good an-

tibacterial activity.
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Introduction

In recent years, nanomaterials play a substantial role

in science and technology due to their unique shape,

size, peculiar properties and wide range of potential

applications. Metal nanoparticles possessing considerable

electronic, chemical and optical [1, 2] properties, are dif-

ferent from the bulk materials. Among the several metal

nanoparticles, AuNPs have attracted the attention of sci-

entists due to their numerous applications in catalysis,

sensing, imaging, and diagnostics [3–6]. ‘AuNPs’ is the

area of research interest due to their unique properties such

as tunable surface plasmon resonance (SPR), surface-en-

hanced Raman scattering, electrical, magnetic, thermal

conductivity, antibacterial activity, chemical and biosta-

bility [7–13]. Besides this, the use of AuNPs as potential

materials in the field of drug delivery and DNA delivery

systems is noteworthy [14, 15]. Most of the available

methods for the synthesis of AuNPs involve photochemical

reduction, chemical reduction, and electrochemical reduc-

tion [16–18]. The reagents used in these methods are

NaBH4, hydrazine, ascorbic acid and amino acids which

are capable of being oxidized. However, the uses of such

chemical reagents that are toxic and ecologically injurious

are to be avoided in the synthesis of AuNPs [19, 20].

Hence, the above-mentioned chemical methods are non-

ecofriendly in nature and have inherent drawbacks. The

replacement of non-ecofriendly synthesis methods with

clean, non-toxic and globally acceptable green chemistry

methods [21] is the current need in the synthesis of AuNPs.

Several biological systems such as bacteria, fungi, fruit

extract and plants can actively reduce metal ions to form

metal nanoparticles in an ecofriendly manner [22–24].

Among these, gums obtained from plants such as gum

gellan, chitosan and katira gum, (natural polymers), etc.,

act as reducing agents and stabilizing agents [25–27]. They

are also known to be the best and suitable for large-scale

green synthesis.

Gum kondagogu is a naturally available polysaccharide

component. This gum is basically cheap, easily available,

and non-toxic and has a potential application as a food
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additive [28]. It is extracted from the bark of

Cochlospermum gossypium (Bixaceae family) and is

largely collected by tribes. The primary structure of gum

kondagogu is made up of sugars such as galactose, arabi-

nose, mannose, glucose, gluconic acid, rhamnose and

galacturonic acid with sugar linkage of (1 ? 2) b-D-Gal p,
(1 ? 4) b-D-Glc p, (1 ? 6) b-D-Gal p, 4-O-Me-a-D-Glc p,
(1 ? 2) a-L-Rha [29]. Gum kondagogu is an acidic gum

and carboxylic acid, acetyl, hydroxyl and carbonyl groups

are identified as major functional groups in the gum. There

were some reports on the synthesis of silver nanoparticles

using gum kondagogu as a reducing and stabilizing agent

[30].

Gold as a bulk material has usually been regarded to be

inactive as a catalyst. But gold in the form of nanoparticles

shows excellent catalytic activity towards the reduction of

ferrocyanate(III), deoxygenation of epoxides into alkenes,

reduction of nitroarenes and cyanosilylation of aldehydes

by TMSCNf [31, 32]. The p-nitrophenol (4-NP), as with

other nitrophenols and derivatives, is a common by-product

from the production of herbicides, pesticides, and synthetic

dyes [33]. Nitrophenols (NP) are environmental poisons

due to their toxicity and are inhibitory in nature [34]. In

addition, nitrophenols have high solubility and stability in

water. These NPs tend to get accumulated in deep soil and

stay indefinitely. 4-NP poses a hazard to living beings due

to their carcinogenic and recalcitrant properties [35]. Due

to this reason, the reduction of 4-NP into p-amino phenol

(4-AP) is prominent. Sodium borohydride (NaBH4) is a

strong reducing agent. However, it has no ability to reduce

the nitrophenol. Hence, NaBH4 is not effective in this re-

action except provided with some catalyst to reduce the

kinetic barrier of the reaction. A variety of catalysts were

used in the past and recently, Pt, Ag [36, 37] nanoparticles

have been used for the same purpose. Antimicrobial agents

are important weapons in fighting bacterial infections and

have significantly benefited the health-related quality of

human life [38]. Organic compounds used as disinfectants

have some disadvantages, including toxicity to the human

body. For that reason, the interest in inorganic disinfectants

such as metal nanoparticles (NPs) is increasing. In addi-

tion, AuNPs with smaller particle size have been reported

to show good antimicrobial activity [39].

The present study reports the green synthesis of AuNPs

using the gum kondagogu as an essential material. This

gum serves as both reducing and stabilizing agent. The

characterization of AuNPs was carried out by UV–Visible

spectrophotometer, FTIR spectroscopy, XRD analysis and

TEM. The AuNPs were explored with respect to their

prospective catalytic applications. The antibacterial ac-

tivity of AuNPs was tested against Gram-positive and

Gram-negative strains of bacteria.

Results and discussion

UV–Vis

UV–Visible spectroscopy is a useful technique to deter-

mine the size and stability of nanoparticles [40]. Formation

of AuNPs was primarily observed by UV–Visible spec-

troscopy. The color change is attributed to the SPR phe-

nomenon. The UV–Visible absorption spectra recorded,

showed a maximum peak in the wavelength range of

around 515–560 nm as evident from Fig. 1, which is

ascribed to the SPR band for AuNPs. The role of gum

concentration on the synthesis of nanoparticles was studied

by autoclaving different concentrations (0.1–0.5 %) of gum

solutions containing 1 mM of HAuCl4 for 5 min as shown

in Fig. 1. From this it is clear that with an increase in gum

concentration there is an enhancement in the formation of

nanoparticles [37]. The synthesis of nanoparticles was also

examined by changing the concentration of HAuCl4 and

the reaction was studied with 0.5 % gum (Fig. 2). It reveals

that the amount of nanoparticles synthesized, increases

with the increase in concentration of HAuCl4.

FTIR

Figure 3a and b indicate the FTIR spectra of pure gum

kondagogu and gum kondagogu capped AuNPs, respec-

tively. The major stretching frequencies in the spectrum of

gum kondagogu are observed at 3418, 2943, 1722, 1606,

1422, 1367, 1252, 1149 and 1067 cm-1 [curve (a) of

Fig. 3], while the gum kondagogu capped AuNPs showed

characteristic stretching frequencies at 3445, 2939, 1723,

1598, 1432, 1368, 1254, 1140, 1031 cm-1 [curve (b) of

Fig. 1 The UV–Vis absorption spectra of Au nanoparticles synthe-

sized by autoclaving different concentrations of gum kondagogu

solution with 1 mM HAuCl4
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Fig. 3]. The bands observed at 3445 cm-1 suggest the –OH

group, at 2943 cm-1 the asymmetric C–H stretch, at

1722 cm-1 the carbonyl stretching vibration, at 1606 cm-1

the asymmetric stretch of carboxylate, at 1367 cm-1

symmetrical stretch of carboxylate, at 1252 cm-1 the

presence of acetyl group, at 1149 and 1067 cm-1 the C–O

stretching vibration of ether and alcohol groups. A shift in

the peaks of the FTIR spectrum of gum kondagogu capped

AuNPs was observed from 3418 to 3445 cm-1, 1606 to

1598 cm-1 and the remaining peaks are unchanged sug-

gesting the binding of AuNPs with hydroxyl and car-

boxylate groups. Based on the band shift in the hydroxyl

and carboxyl group, it can be inferred that both hydroxyl

and carbonyl groups of gum are involved in the synthesis

and stabilization of AuNPs.

XRD

The XRD technique was used to determine and confirm the

crystal structure of AuNPs. For XRD analysis, the prepared

sample was lyophilized and the precipitate obtained was

kept under vacuum and used for the analysis. The intense

diffraction peaks observed at 38.10�, 44.16�, 64.37�, and
77.51� were indexed as (111), (200), (220), and (311),

Fig. 2 The UV–Vis absorption spectra of Au nanoparticles synthe-

sized by autoclaving different concentrations of HAuCl4 with 0.5 %

gum kondagogu solution

Fig. 3 FTIR spectra of a gum kondagogu, b AuNPs stabilized in gum

kondagogu

Fig. 4 XRD pattern of gold nanoparticles stabilized in gum

kondagogu. Conditions: 0.5 % (w/v) of gum solution, 1 mM of

HAuCl4 and autoclaved for 15 min at 15 psi

Fig. 5 TEM image of gold nanoparticles synthesized with 1 % (w/v)

gum kondagogu and 1 mM HAuCl4, autoclaved for 15 min at 15 psi

and histogram showing the particle size distribution
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respectively, as evident from the (Fig. 4). These are the

Bragg’s reflections of FCC (face centered cubic) structure

of crystalline metallic gold (JCPDS No. 04-0784). This fact

reveals that the synthesized AuNPs are of pure crystalline

AuNPs. The strongest reflection was obtained from (111)

inferring that (111) is the predominant orientation and the

prepared AuNPs are crystalline in nature. The absence of

any further crystallographic impurities and peak broaden-

ing in XRD spectrum indicates the high purity of

nanocrystalline AuNPs. The XRD pattern, thus, clearly

shows that the synthesized AuNPs were essentially crys-

talline. Crystallite size of AuNPs was calculated using the

Scherer’s formula from the XRD pattern and was found to

be around 13.1 nm. The observations from the XRD ana-

lysis are in good agreement with the TEM analysis

(12 ± 2 nm).

TEM

The size and shape of the synthesized AuNPs were con-

firmed by TEM analysis. Figure 5 shows that AuNPs

synthesized, were mainly spherical along with a few

irregular shapes. It is obvious that the resultant AuNPs

were discrete completely, revealing that the gum could

protect Au nanoparticles from aggregation effectively.

Histogram constructed by considering 155 nanoparticles

suggests that the average size distribution is 12 ± 2 nm.

Stability of gold nanoparticles against pH and NaCl

The synthesized, gum-kondagogu-stabilized AuNPs were

studied for their stability under different pH and elec-

trolytic conditions. The effect of pH on SPR peak was

studied by varying pH 2–12 (Fig. 6a). Variation of pH did

not affect the stability of gum-kondagogu-stabilized

AuNPs; there is no shift in the SPR peak and the peak

intensity was decreased due to dilution. In the second

scenario the influence of salt effect on the stability of the

gold particles is shown in Fig. 6b. The synthesized AuNPs

exhibited very high stability on the addition of varying

concentrations (1–5 M) of sodium chloride (NaCl). This is

attributed to the fact that the resultant AuNPs were found to

be quite stable even in the presence of NaCl, owing to the

protection of gum kondagogu on the nanoparticle surface.

Catalytic property

A potential application of metal nanoparticles is the cata-

lysis of certain reactions, which would not otherwise occur.

In the present study, we have taken a model reduction

reaction of 4-NP to 4-AP by NaBH4. The substrates and

products of this reaction are detected by spectroscopic

methods and there is no appreciable formation of

byproducts. The reaction took place after mixing 1.7 mL of

0.2 mM 4NP with 1 mL of 15 mM NaBH4 in the quartz

cell leading to the change of color from light yellow to

deep yellow color. 4-NP solution exhibits a strong

absorption peak at 317 nm. After the addition of NaBH4,

the reaction mixture showed a strong absorption peak at

400 nm which is due to the formation of p-nitrophenolate

ion [34]. It is also observed that the pH of the solution has

changed from acidic to highly basic nature.

The reduction of 4-NP to 4-AP using aqueous NaBH4 is

thermodynamically favorable (E� for 4-NP/4-AP =

-0.76 V and H3BO3/BH
�
4 = -1.33 V vs. NHE). The pres-

ence of the kinetic barrier due to the large potential differ-

ence between donor and acceptor molecules decreases the

feasibility of this reaction. No reaction was observedwithout

the addition of Au-based catalyst. There was no change of

the peak at 400 nm. This indicates that NaBH4 itself was not

able to reduce p-nitrophenolate ion directly. AuNPs were

added to phenolate ion mixture and were placed in

UV–Visible spectrophotometer. The reaction was followed

for every 1-min time interval in the range of 200–650 nm. A

decrease in the intensity of the absorption peak at 400 nm

was observed, while there is a concomitant appearance of a

new peak at 298 nm, indicating the formation of reduced

product 4-AP (Fig. 7). A small peak at 530 nm indicate that

there was no significant change observed in the SPR of

AuNPs during catalytic reduction of 4-NP. This observation

suggested no agglomeration and instability of AuNPs during

the catalytic reaction, even in the presence of a higher

concentration of reducing agent NaBH4. From this, it is in-

ferred that the catalytic activity of AuNPs was a surface

reaction phenomenon.

The rate constant of the reaction is of pseudo first order

with respect to 4-NP. The concentration of NaBH4 greatly

exceeds that of 4-NP and the reaction rate can be assumed

Fig. 6 Effect of pH (a) and salt concentration (b) on the stability of

gum kondagogu capped AuNP
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to be independent of NaBH4 concentration. The rate con-

stant (k) was determined from the linear plot of ln (A0/At)

versus reduction time in minutes (Fig. 8). The rate of re-

duction was influenced by parameters such as concentra-

tion of catalyst and temperature. The concentration of BH�
4

remains constant during the reaction as the concentration of

NaBH4 is very much higher than that of 4-NP.

The effect of the concentration of synthesized AuNPs on

the reduction of 4-NP to 4-AP was studied using AuNPs

from 50 to 150 lL keeping the other parameters such as

concentration of NaBH4, temperature and concentration of

4-NP constant. The rate constants for 50, 100, 150 lL
catalyst are 0.038, 0.0516, 0.0761 min-1, respectively. The

rate constant values are plotted against varying amount of

catalyst as shown in the Fig. 9. As anticipated, the rate

constant was enhanced with an increase in the amount of

AuNPs and is evident from Fig. 9. This is due to an in-

crease in the number of reaction sites.

The temperature dependent studies were carried out from

30 to 65 �C for the reduction of 4-NP to 4-AP. The acti-

vation energy (Ea) of the reaction was obtained from the

Arrhenius equation k ¼ A
�Ea= RTð Þ
e , where k is rate constant

of the reaction at temperature T (in Kelvin), A is a constant

and R is the universal gas constant. The catalytic reduction

of 4-NP was studied at five different temperatures (30, 35,

45, 55 and 65 �C) using green synthesized AuNPs as cat-

alyst. The rate constant of the reaction was calculated for

the five different temperatures. A plot of ln k versus 1/T,

shown in Fig. 10, is a linear curve for 4-NP reduction using

AuNPs. The Table 1 shows the dependence of the rate

constant on temperature. It was observed that the increase in

temperature helps the rate of reaction to increase. The ac-

tivation energy was calculated from the slope (-Ea/R) of

the straight line and was found to be 30.12 ± 1.34 kJ/mol.

Antibacterial activity

AuNPs are proved to be highly potent towards antimicro-

bial activity. The antimicrobial efficiency of AuNPs in-

creases because of their larger total surface area per unit

volume [41]. This enhances its biological activity by in-

creasing the contact area of a metal with a microorganism.

The antimicrobial activity of green synthesized AuNPs was

carried out by disc diffusion method against different

pathogenic bacteria of Gram-negative strains of bacteria

(E. coli) and Gram-positive strains of bacteria (B. subtilis).

The diameter of inhibition values for the above-mentioned

samples was recorded. The bacterial inhibition zones of

Fig. 7 UV–Visible spectra recorded during the reduction of 4-NP

with NaBH4 catalyzed by AuNPs i 4-NP, ii reduction of nitrophe-

nolate ion with time interval of 1 min, iii 4-AP

Fig. 8 The plot of ln (A0/At) versus time for the reduction of

nitrophenol to aminophenol

Fig. 9 Plot of rate constant (k) versus amount of AuNPs for the

reduction reaction of 4-NP by NaBH4 in the presence of AuNPs as

catalyst. Conditions: [4-NP] = 0.2 mM; [NaBH4] = 15 mM; differ-

ent amounts of gold nanoparticles obtained from 1 mM of chloroauric

acid and 0.5 % of gum kondagogu
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Bacillus subtilis and Escherichia coli were observed

around the disc, as shown in Fig. 11, while no zone of

inhibition was observed for the gum alone. These results

revealed that AuNPs synthesized from gum kondagogu

demonstrated effective antibacterial activity in Gram-

negative than in Gram-positive bacteria. The present results

agree well with the work of other researchers [42]. It can be

suggested that Gram-negative strains of bacteria (E. coli)

with thin cell wall is more susceptible to cell wall damage

compared to Gram-positive strain bacteria (B. subtilis) with

a thick cell wall. The mechanism of the antimicrobial effect

of AuNPs is still not well understood. Based on this ob-

servation, it can however be concluded that the synthesized

AuNPs showed significant antibacterial action on both the

Gram classes of bacteria.

Conclusion

Gum kondagogu is an efficient source for the synthesis of

AuNPs. The gum kondagogu acts both as a reductant and

as a stabilizer. The synthesized AuNPs were characterized

by various techniques. The XRD pattern showed that the

synthesized AuNPs were essentially crystalline. It is found

that both hydroxyl and carbonyl groups of gum kondagogu

are involved in the synthesis and stabilization of AuNPs.

The morphology by TEM showed that the synthesized

AuNPs were spherical in shape and crystalline in nature

with the average size distribution of 12 ± 2 nm. The cat-

alytic activity of green synthesized AuNPs was examined

by the hydrogenation of 4-NP reaction. The detailed kinetic

aspects for catalytic hydrogenation were evaluated by

changing the process parameters. It is as well observed that

with an increase in AuNPs concentration and temperature,

the total reaction time decreased and the rate of the reaction

has increased. The synthesized AuNPs showed significant

antibacterial action on both the gram classes of bacteria

(E. coli and B. subtilis).

Methods

Materials

The starting materials for the synthesis of AuNPs were

gum kondagogu (obtained from Girijan Co-operative

Corporation Limited, Hyderabad), tetrachloroauric(III)

acid trihydrate—HAuCl4 3H2O (99.9 %, Aldrich), sodium

borohydride—NaBH4 (98 %, S-D Fine Chemicals), nitric

acid—HNO3(S-D Fine Chemicals), hydrochloric acid—

HCl (S-D Fine Chemicals) and p-nitrophenol (S-D Fine

chemicals).

Fig. 10 Plot of rate constant against 1/T for the reduction of 4-NP by

NaBH4 in the presence of AuNPs as catalyst at different temperatures.

Conditions: [4-NP] = 0.2 mM; [NaBH4] = 15 mM; 100 lL solution

of gold nanoparticles obtained from 1 mM of chloroauric acid and

0.5 % of gum kondagogu

Table 1 Rate constants at different temperatures for AuNPs-cat-

alyzed reduction of 4-NP by NaBH4

Temperature (K) Rate constant (min-1)

303 0.0761 ± 0.01

308 0.0984 ± 0.013

318 0.1343 ± 0.014

328 0.2107 ± 0.018

338 0.3358 ± 0.012

Fig. 11 Antibacterial activity of AuNPs against B. subtilis and E. coli

after 24 h of incubation. 1 lL of pure gum kondagogu solution, 2

5 lL of AuNPs, 3 10 lL of AuNPs, 4 5 lL of ampicillin. AuNPs

obtained from 1 mM of chloroauric acid and 0.5 % of gum

kondagogu
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Synthesis of AuNPs

All the solutions were prepared in Milli-Q water. 0.5 %(w/

v) of homogeneous gum stock solution was prepared by

adding a calculated quantity of gum kondagogu powder

into the reagent bottle containing milli-q water and stirring

the same for 1 h at room temperature. 1 mL of 1 mM

chloroauric acid solution and 3 mL of gum kondagogu

solution were mixed in a boiling tube. This mixture was

kept in an autoclave at 15 psi pressure and 120 �C for

10 min. The resulting solution was red colored, indicating

the formation of AuNPs. The solution of synthesized gold

nanoparticles was centrifuged at high speed. The pellet and

supernatant liquid were separated. The pellet was again

dispersed in double-distilled water.

Characterization

UV–Vis

In order to confirm the formation of AuNPs, the UV–

Visible absorption spectra of the prepared colloidal solu-

tion was recorded using a UV–Vis–NIR spectrophotometer

(UV-3600, Shimadzu) having a scanning range of

200–700 nm against blank autoclaved gum.

FTIR

FTIR analysis was carried out in order to determine the

possible functional groups of gum kondagogu, which helps

in the reduction and stabilization agent of synthesized

nanoparticles. The colloidal solution of AuNPs was first

lyophilized and the sample was used for FTIR analysis in the

form of a thin transparent pellet with KBr. A pure KBr pellet

was used as a background and this was subtracted from the

FTIR spectra of the gum kondagogu and AuNPs sample.

FTIR spectra were recorded with an instrument IR Affinity-

1 (Shimadzu) in the scanning range of 650–4000 cm-1.

XRD

The crystallinity of the AuNPs was studied by XRD

(Rigaku, Miniflex) method with Cuka radiation.

TEM

The morphology and size of synthesized AuNPs was ex-

amined by TEM. The sample gird for TEM measurement

was prepared by placing a drop of aqueous AuNPs dis-

persion on the carbon-coated copper grid and subsequently

evaporating the water naturally overnight at ambient

conditions. The measurements were done on JEOL 2000

FX-II TEM.

Catalytic reduction of p-nitrophenol

As a sample reaction, the reduction of p-nitrophenol to p-

aminophenol by sodium borohydride has been selected.

The reduction took place in aqueous solution in a stan-

dard quartz cell with 1 cm path length. In the reaction

process, 1.7 mL of 0.2 mM p-nitrophenol was mixed

with 1.0 mL of 0.015 M NaBH4 in the cell for UV–

visible measurements. Immediately, the color changed

from light yellow to deep yellow. Varying concentrations

of (50–150 lL) of AuNPs solution was added to the

above mixture. The UV–visible absorption spectra were

recorded with a time interval of 1 min, in a scanning

range of 200–650 nm.

Antibacterial property of AuNPs

Antibacterial properties of the synthesized AuNPs were

carried out using the disc diffusion method. Gram-positive

and Gram-negative bacteria, Bacillus subtilis and Escher-

ichia coli, respectively, were used as model test strains.

Luria–Bertani (LB) agar medium was prepared and trans-

ferred to sterilized petri dishes. The medium was allowed

to solidify and then the petri plates were spread with

Bacillus subtilis and Escherichia coli separately in a

laminar air flow hood. Using micropipette, 5 and 10 lL of

the AuNPs solution and 5 lL of gum kondagogu solutions

added to each well on both plates. The discs were air dried

in laminar hood and incubated at 37 �C for 24 h. Then,

zone of inhibition of bacteria was measured. The assays

were performed in triplicate.
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