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Abstract Oxidative polymerization of aniline was

carried out in ethanol using chloroauric acid (HAuCl4)

as the oxidant. Simultaneous reduction of HAuCl4 and

formation of gold nanoparticles (AuNPs) and polyani-

line (PANI) composite nanospheres (AuNPs@PANI

nanospheres) were achieved without using any tem-

plates or structure-directing agents. The composite

nanospheres are uniformly distributed with an average

diameter of about 400 nm, in which the ultrafine

AuNPs with size of about 2–4 nm were evenly

embedded in the PANI matrix which acted as the

dispersing agent and stabilizer of AuNPs. In addition,

the catalytic performance of these composite nano-

spheres towards the reduction of 4-nitrophenol in the

presence of NaBH4 was studied. Furthermore, the

possible formation mechanism and catalytic mecha-

nism of the self-assembled AuNPs@PANI nano-

spheres were also discussed.

Keywords Polyaniline � Nanospheres � Gold
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Introduction

Gold nanoparticles (AuNPs) have attracted consider-

able attention in the fields of nanotechnology and

material science owing to their unique catalytic,

optical, biological, medical, magnetic and electronic

properties which make them suitable for potential

applications in catalysis (Yu et al. 2016; Chen et al.

2016; Wang et al. 2016), sensors (Rana et al. 2016;

Schlicke et al. 2016; Maji et al. 2016), biomedicine

(Liu et al. 2015; Dreaden et al. 2012; Joseph et al.

2014), fluorescence imaging (Zhang et al. 2015),

surface-enhanced Raman scattering (Li et al. 2016;

Xie et al. 2014; Xiang et al. 2016; Schürmann and Bald

2016), electronics and photonics (Luechinger et al.

2008). In particular, since Haruta’s discovery of high

catalytic activity of AuNPs for low-temperature

oxidation of CO (Haruta et al. 1987), the exploration

of gold nanocatalysts for a variety of catalytic

reactions has been a hot research topic. However,

free-standing AuNPs tend to aggregate, drop or

dissolve during catalytic reactions so that their original

catalytic activities will gradually reduce or disappear

after several cycles of catalysis. To overcome these

disadvantages, much effort has been paid to anchor
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AuNPs on or into various solid supports including

polymers (Percebom et al. 2016; Quan et al. 2016;

Zyuzin et al. 2016), metal oxides (Korotcenkov et al.

2016; Wang et al. 2014; Ishida et al. 2015; Padbury

et al. 2015; Zhao et al. 2015), silica (Laveille et al.

2016), carbon materials (Carabineiroa et al. 2013;

Lozano-Martı́n et al. 2015; Simenyuk et al. 2015;

Nakashima et al. 2013) and biomaterials (Wei and Lu

2012; Lam et al. 2012).

Among these candidates for catalyst supports,

polyaniline (PANI), as one of the most remarkable

conducting polymers, has been recently recognized as

a new class of supports for stabilizing AuNPs due to

the facile and effective fabrication routes and potential

applications in many areas. Up to now, various PANI/

Au nanocomposite materials have been prepared.

Yang and Kaner et al. have demonstrated the electrical

bistability and memory effect of AuNPs-decorated

PANI nanofibres by reduction of HAuCl4 on PANI

nanofibres as reducing agent (Tseng et al. 2005; Baker

et al. 2011). Recently, AuNPs-decorated PANI nanofi-

bres, nanotubes and nanospheres were achieved and

the catalytic activity of these composites was studied

(Qiao et al. 2015; Zhang et al. 2016; Dutt et al. 2015).

Furthermore, through a chemical redox reaction

between HAuCl4 and 2-aminothiophenol, Guo et al.

also synthesized poly(2-aminothiophenol) and AuNPs

composites which can be used as efficient catalysts for

Suzuki–Miyaura crosscoupling reaction and the

reduction of 4-nitrophenol in the presence of sodium

borohydride (NaBH4) (Han et al. 2009, 2011). In

addition, raspberry-like, sphere-like and rod-like

PANI/Au nanocomposites were successfully obtained

with the help of different surfactants (Xu et al. 2012;

Huang et al. 2006, 2012).

Although a variety of PANI/Au nanocomposite

materials were successfully synthesized, it was seldom

reported that many AuNPs were embedded uniformly

in PANI matrix (denoted as AuNPs@PANI nanocom-

posites) rather than attached on the surface of PANI.

AuNPs deposited on the surface of PANI tend to drop

and deactivate upon long-term exposure in the reac-

tion solution. Therefore, the design and synthesis of

encapsulating many fine AuNPs into PANI matrix to

form AuNPs@PANI nanocomposites with good cat-

alytic activity and high stability is still a great

challenge. Herein, we report a facile, rapid and one-

step synthesis of uniformly distributed and monodis-

perse AuNPs@PANI composite nanospheres via

oxidative polymerization of aniline by using HAuCl4
as oxidant in ethanol without the aid of any templates

and additives. The ultrafine AuNPs were embedded

evenly in the PANI matrix which acted as the

dispersing agent and stabilizer of AuNPs. In addition,

the catalytic performance of these composite nano-

spheres was evaluated towards the reduction of

4-nitrophenol in the presence of NaBH4. Furthermore,

the possible formation mechanism and catalytic

mechanism of the self-assembled AuNPs@PANI

nanospheres were also discussed.

Experimental details

Materials

Aniline monomer (500 mL, purchased from Sigma-

Aldrich) was distilled under reduced pressure before

use. The middle white distillate was collected between

85 and 110 �C. Chloroauric acid tetrahydrate

(HAuCl4�4H2O) was purchased from Sigma-Aldrich.

All other reagents were purchased from Aladdin

Reagent Co. Ltd. and used without further purification.

Preparation of AuNPs@PANI composite

nanospheres

In a typical synthesis, 0.2 mmol aniline and

0.067 mmol HAuCl4�4H2O were dissolved in 20 mL

of ethanol, respectively. Then, the two solutions were

mixed rapidly. The reaction was carried out at room

temperature without any disturbance for 24 h. The

resulting precipitates were centrifuged at 10,000 rpm

using a TG16-WS Centrifuge and washed with water

and ethanol several times. Finally, the products were

dried under vacuum (DZF-6020 vacuum oven) at

50 �C for 24 h. Some control experiments were also

carried out by varying the molar ratio and concentra-

tion of oxidant and monomer.

Preparation of hollow PANI nanospheres

with nanocavities

The as-prepared AuNPs@PANI composite nano-

spheres were dried under vacuum at 50 �C for 24 h.

The dried products were then soaked in saturated I2/KI

solution with shaking on a HY-4 table concentrator for

12 h. Finally, the products were centrifuged and
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washed successively with KI aqueous solution and

distilled water several times. The final products were

dried under vacuum at 50 �C for 24 h.

Catalytic reduction of 4-nitrophenol to 4-

aminophenol by AuNPs@PANI composite

nanospheres

Catalytic properties of the synthesized AuNPs@PANI

nanospheres were investigated via the reduction of

4-nitrophenol (4-NP) to 4-aminophenol (4-AP) with

NaBH4 as reducing agent. Typically, 1.0 mL of 4-NP

aqueous solution (0.25 mM) and 2.0 mL of freshly

prepared NaBH4 (10 mM) aqueous solution were

mixed to form a homogeneous reaction solution in a

quartz cuvette. Then, 0.15 mL of the as-prepared

AuNPs@PANI composite nanosphere suspensions

was added to the above mixture with gentle shaking.

The progress of the conversion of 4-NP to 4-AP was

quickly monitored via UV–Vis spectroscopy by

recording the time-dependent adsorption spectra of

the reaction mixture at ambient temperature. In the

recycling study, after the reduction was completed in

several minutes, the catalyst was separated by cen-

trifugation, washed with water, and reused in the next

reaction run.

Characterization and instrumentation

The scanning electron microscope (SEM) images of

samples were taken with a JEOL JSM-6701F field

emission SEM and transmission electron microscope

(TEM) observations were performed on a JEOL

JEM2011 at 200 kV equipped with selective area

electron diffraction (SAED). The chemical and elec-

tronic structures of samples were studied using a

Fourier transform infrared spectrometer (FTIR, AVA-

TAR360) and UV–Visible spectrophotometer (UV–

Vis, U-4100). X-ray diffraction (XRD) patterns were

acquired by a Bruker AXS D5005 X-ray powder

diffractometer with Cu Ka radiation. Thermogravi-

metric analysis (TGA) was carried out at a heating rate

of 20 �C/min on an EXSTAR 6000 TGA in air.

Results and discussion

The oxidation polymerization of aniline was carried

out using HAuCl4 in ethanol as the oxidant by

simultaneous reduction of HAuCl4 to gold nanostruc-

tures at room temperature. At the theoretical HAuCl4/

aniline molar ratio of 1:3 and monomer concentration

of 5.0 mM, SEM images shown in Fig. 1a clearly

reveal that the obtained products are monodisperse

and regular nanospheres. At a higher magnification as

shown in Fig. 1b, these nanospheres are uniformly

distributed with an average diameter of about 400 nm.

The structure of the synthesized nanospheres was

further observed by TEM, as shown in Fig. 1c, which

proved that the spheres are solid with smooth surface.

An electron diffraction (ED) pattern (Fig. 1c inset) of

this area showed the characteristic ring corresponding

to the amorphous PANI spheres and the diffraction

spots due to nanoscale gold. Where is the gold? High-

resolution TEM was used to further observe the edge

part of a nanosphere, as shown in Fig. 1d, the highly

dispersed black dots with size of about 2–4 nm are

evenly embedded in the nanosphere, which is different

from the AuNPs-decorated PANI nanocomposites by

a two-step method where AuNPs are always deposited

on outer surfaces of PANI matrix (Tseng et al. 2005;

Baker et al. 2011; Han et al. 2010). These black dots

with different crystalline structures should be ascribed

to AuNPs that come from reduction of HAuCl4. So the

as-prepared nanospheres can be called AuNPs@PANI

composite nanospheres. The XRD patterns of the

resulting nanospheres are shown in the supporting

information (Fig. S1). The broad peak centred at

2h = 29� is ascribed to PANI. There are four main

peaks at 38, 44, 65 and 78� in the XRD patterns of the

resulting products, which correspond to (111), (200),

(220) and (311) Bragg reflections of nano-sized gold,

respectively, further confirming the coexistence of

gold and PANI nanospheres.

In order to explore the distribution of AuNPs in the

composite spheres, the as-prepared AuNPs@PANI

composite nanospheres were immersed in saturated I2/

KI solution to remove the AuNPs embedded in

polymer matrix. The morphology and inner structure

of the final powder after removal of AuNPs can be

observed in the SEM and TEM images shown in

Fig. S2. The hollow PANI spheres retain the spherical

structures within continuous or continuous nanocav-

ities, which prove the uniform distribution of AuNPs

in the nanospheres. To further determine the gold

content in the as-prepared AuNPs@PANI composites,

PANI was removed by calcination in a TGA instru-

ment. Figure S3 presents the mass loss curve of the
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sample upon heating in air. There were mainly two

weight-loss stages when the sample was heated from

room temperature to 700 �C. The weight loss before

*560 �C should be attributed to the loss of PANI with

different molecular weights. The residual sample mass

fraction representing the gold content was about 33 %.

The chemical and electronic structures of the as-

prepared AuNPs@PANI spheres and hollow PANI

spheres were studied by UV–Vis and FTIR spectro-

scopies, respectively. As shown in Fig. 2a, AuNP-

s@PANI nanospheres had two obvious UV–Vis

absorption peaks located at 320 and 530 nm, respec-

tively. The absorption peak at 320 nm corresponded to

p–p* electron transition of the benzenoid rings. The

wide absorption peak at 530 nm was the synergetic

effect between surface plasmon resonance of AuNPs

and n–p* electron transition associated with a ben-

zenoid-to-quinoid excitonic transition (Shi et al. 2013;

Shiigi et al. 2006; Neoh et al. 1993). After the removal

of AuNPs, the p–p* electron transition band of

benzenoid rings shifts from 320 to 285 nm and the

n–p* absorbance between 480 and 560 nm appears

without AuNPs synergy. The FTIR spectra of PANI

nanospheres before and after dissolving AuNPs are

presented in Fig. 2b for comparison. The characteris-

tic PANI peaks located at 1596 and 1498 cm-1

correspond to the C=C stretching deformation of

quinoid and benzenoid rings, respectively (Shi et al.

2013; Li et al. 2001; Stejskal et al. 2008). The peaks at

1384, 1308 and 1242 cm-1 belong to C–N stretching

vibration (Kang et al. 1998). The peak at 825 cm-1 is

assigned to the presence of para-disubstituted rings,

while the two peaks at 696 and 755 cm-1 are

attributed to the corresponding C–H out-of-plane

bending vibrations of the monosubstituted benzene

ring, indicating that the PANI nanospheres are aniline

oligomers (Kang et al. 1998).

In order to explore the formation mechanism of

AuNPs@PANI nanospheres, we investigated the

effect of molar ratio and concentration of oxidant

Fig. 1 SEM and TEM images of the as-prepared products. a, b SEM image of AuNPs@PANI nanospheres at a different magnification;

c TEM image of complete AuNPs@PANI nanospheres; d TEM image of an edge part of AuNPs@PANI nanospheres
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and monomer on the morphology and size of resulting

PANI/Au nanocomposites. When the amount of

aniline was kept at 5.0 mM and the molar ratio of

HAuCl4/aniline was adjusted from 1:3 to 1:2 and 1:5,

it was found that the morphology and size of prepared

products changed accordingly. At HAuCl4/aniline

ratio of 1:2, as shown in Fig. 3a, b, c, the spherical

morphology of PANI/Au composite remained; never-

theless, the average size of spheres increased to micro-

level. The high-resolution TEM image proved that fine

AuNPs with 2–4 nm were also incorporated in PANI

microspheres. When the molar ratio of HAuCl4/

aniline decreased to 1:5, nanoparticles with average

diameter of *200 nm were obtained (Fig. 3d, e).

These nanoparticles should be Au@PANI core–shell

nanoparticles which are AuNPs capped with a thin

layer of PANI with thicknesses of about 10 nm. This

was confirmed by HR-TEM shown in Fig. 3f.

At the fixed HAuCl4/aniline ratio of 1:3, Fig. 4

shows the effect of monomer concentration on the

morphology and size of products. When aniline

concentration was 3.0 and 50 mM, respectively, the

spherical morphologies of the as-prepared samples

were still yielded. With increasing the concentration

of aniline from 3.0 to 5.0 and 50 mM, compared with

Fig. 1, the average diameters of the spheres increased

from around 200–400 nm and 1 lm accordingly.

High-resolution TEM further proved that the spherical

products were all AuNPs@PANI composites with fine

AuNPs incorporated into PANI spheres (Fig. S4). At

the given oxidant/aniline ratio of 1:3, lower concen-

tration of monomer favours the AuNPs@PANI

spheres with smaller size. At higher monomer con-

centration, however, a large amount of aniline will

induce fast reaction and form larger spheres with

various sizes.

Therefore, the proposed formation mechanism of

AuNPs@PANI nanospheres is shown in Fig. 5.

HAuCl4 and aniline dissolved in ethanol to form a

homogenous solution. Due to the weak oxidizability of

HAuCl4 in acidic ethanol solution, aniline oligomer

and small-sized gold nuclei would be inclined to be

generated during the oxidation–reduction reaction.

The formed gold nuclei and aniline oligomer can be

well dispersed in ethanol. In addition, due to the strong

interaction between Au atom and aniline oligomer

containing a lot of p–p conjugate amino groups,

aniline oligomers could act as the dispersing agent and

stabilizer to adsorb on gold nuclei and protect gold

nuclei from aggregation (Han et al. 2012). When the

molar ratio of HAuCl4/aniline is greater than or equal

to 1:3, an adequate amount of HAuCl4 will induce

relatively fast redox reaction to generate more gold

nuclei and aniline oligomer. Further, because of the

good solubility of aniline oligomers in ethanol and a

strong interaction between the aniline oligomers

(Shiigi et al. 2006), aniline oligomers protecting gold

nuclei tend to aggregate together to form spherical

AuNPs@PANI composite which possesses a mini-

mum surface tension. However, at the fixed aniline

concentration, the amount of HAuCl4 decreased

significantly when the molar ratio of HAuCl4/aniline

decreased from 1:3 to 1:5, which resulted in lower

reaction rate to form less gold nuclei and aniline

oligomer. Therefore, the resulting gold nuclei will

Fig. 2 FTIR (a) and UV–Vis absorption spectra (b) of

AuNPs@PANI nanospheres and hollow PANI nanospheres
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have enough time to recrystallize into large-sized

Au@PANI core–shell nanoparticles by Ostwald ripen-

ing. In this reaction, ethanol played a vital role in

preparing AuNPs@PANI nanospheres as it reduced

the oxidizability of oxidant and dispersed the product

promptly at different reaction stages.

Gold had long been considered an inert metal until

Haruta et al. (1987) found that nano-sized gold

deposited on ferric oxide or titanium dioxide showed

high catalytic performance for carbon monoxide low-

temperature oxidation. It is generally believed that

AuNPs with size less than 10 nm have high catalytic

performance (Haruta 1997). Until now, many catalytic

applications of AuNPs have been reported, such as the

oxidation of carbon monoxide (Haruta et al. 1987;

Peng et al. 2008), ethanol (Feng et al. 2012;

Fig. 3 SEM and TEM of PANI/Au powder synthesized at other molar ratios of HAuCl4/aniline: (a, b, c) 1:2; (d, e, f) 1:5. Other
reaction conditions: [aniline] = 5.0 mM, 25 �C, t = 24 h

Fig. 4 SEM of AuNPs@PANI powder synthesized at different monomer concentrations: a 3.0 mM; b 50 mM. Other reaction

conditions: the molar ratio of HAuCl4/aniline is 1:3, 25 �C, t = 24 h
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Tsunoyama et al. 2009), glucose (Tokonami et al.

2010) and the reduction of rhodamine B (RhB) dye

(Zhang et al. 2012), 4-nitrophenol (Han et al. 2010;

Jiang et al. 2011; Liu et al. 2011; Shin and Huh 2012;

Wu et al. 2012), etc. Here, the reduction of 4-NP to

4-AP with NaBH4 as the reductant in aqueous solution

was chosen as a model system to evaluate the catalytic

performance of the as-prepared AuNPs@PANI com-

posite nanospheres. UV–Vis absorption spectra and

the colour change of the reaction solution were used to

monitor the catalytic process of oxidation–reduction

reaction. As shown in Fig. 6a, the initial aqueous 4-NP

solution exhibited two absorption peaks at 226 and

317 nm. Upon the addition of freshly prepared NaBH4

aqueous solution, the absorption peak at 226 nm

disappeared and the absorption maximum at 317 nm

shifted to 400 nm due to the formation of 4-nitrophe-

nolate ion under the alkaline conditions, which

resulted in a colour change of the solution from light

yellow to yellow-green (Fig. 6b). In fact, the absorp-

tion intensity at 400 nm was almost unchanged even

after 6 h, indicating that it was difficult for the

reduction reaction to proceed without a catalyst.

However, after the addition of a trace amount of

AuNPs@PANI nanospheres, the absorption peak at

400 nm disappeared and a new absorption peak at

300 nm appeared, indicating the successful transfor-

mation of 4-NP to 4-AP (Fig. 6a). This reduction

reaction is also visualized by the decolorization of the

characteristic yellow-green colour of the solution

(Fig. 6b). The Au@PANI core–shell nanoparticles

and hollow PANI nanospheres were also tested as a

control, and they showed no catalytic performance.

The UV–Vis absorption spectra were used to

monitor the detailed change of absorption intensity

at 400 nm during the catalytic reaction of 4-NP.

Figure 7 displays a typical time-dependent evolution

Fig. 5 Schematic

illustration of the formation

of AuNPs@PANI

composite nanospheres

Fig. 6 UV–Vis absorption spectra (a) and images (b) of

4-nitrophenol, 4-nitrophenol added NaBH4 and 4-aminophenol
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of UV–Vis absorption spectra of 4-NP to 4-AP by

NaBH4 in the presence of AuNPs@PANI nanospheres

as catalysts for the first time. The absorption peak at

400 nm gradually decreased in intensity and disap-

peared completely after 20 min along with the

increase of a new absorption peak at 300 nm attributed

to 4-AP.

Because of the much higher concentration of the

NaBH4 than 4-NP in the reaction system, this

reaction can be considered as a pseudo-first-order

reaction with regard to 4-NP. Therefore, the reaction

kinetics can be described as ln(Ct/C0) = -kt, where

k is the first-order rate constant (s-1), t is the

reaction time, Ct and C0 are the concentrations of

4-NP at time t and 0, respectively. Figure 8a shows

lnCt/C0 versus the reaction time t in the reduction of

4-NP by AuNPs@PANI nanospheres used for the

different cycles. It was found that there was an

initial delay before the onset of rapid catalytic

reaction. This delay can be caused by the diffusion

of the reactants to the surface of AuNPs by way of

PANI coating. Discarding the initial delay, the plot

follows first-order reaction kinetics very well. The

rate constant k can be obtained from the slope of a

linear plot of ln(Ct/C0) versus reduction time. The

linear relation also confirmed the pseudo-first-order

kinetics. The rate constant k for the first time

obtained directly from the slope of the straight line

was found to be 3.09 9 10-3 s-1 for AuNPs@PANI

nanosphere catalyst. It should be noted that a slight

decrease in the rate constant was observed when the

catalyst was reused for six cycles (Fig. 8a). The

slow and gradual decline in catalytic performance

during the recycling process was probably caused by

the partial loss of AuNPs@PANI nanospheres

during the centrifugal separation process.

Stability and recyclability are of great importance

for practical application of catalyst. In our catalytic

system, the solid catalyst was easily recovered from

the reaction mixture by centrifugation. Then the

AuNPs@PANI nanosphere catalyst was reused under

the same reaction conditions for subsequent cycles to

evaluate the recyclability. As shown in Fig. 8b, the

AuNPs@PANI nanosphere catalyst can be success-

fully recycled and reused for six successive cycles of

reaction with a conversion efficiency of around 100 %

within 30 min, indicating the excellent stabilization

ability and recoverable catalytic activity of the

AuNPs@PANI nanospheres.

Fig. 7 Successive UV–Vis absorption spectra of the catalytic

reduction of 4-nitrophenol to 4-aminophenol by NaBH4 in the

presence of AuNPs@PANI nanospheres as catalysts for the first

time

Fig. 8 a Plot of ln(Ct/C0)

versus time for the reduction

of 4-nitrophenol in six

successive cycles of

reduction; b conversion of

4-nitrophenol to

4-aminophenol within

30 min in six successive

cycles of reduction by

AuNPs@PANI nanospheres

as catalysts
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The possible mechanism of catalytic reduction of

4-NP by AuNPs@PANI nanospheres was proposed as

follow. The activity of the Au atoms on the surface of

AuNPs is very strong because the surface Au atoms are

unsaturated and easy to coordinate with the S, N, O and

B atoms containing lone pair electrons. The smaller the

AuNPs size is, the higher the catalytic activity is.

Embedding within PANI matrix evenly, AuNPs with

the size of about 2–4 nm can coordinate well with B

andN atoms and act as electron-transfer channel in this

catalytic reaction (Lin and Doong 2011; Huang et al.

2009). Although AuNPs were coated with a thin layer

of PANI, BH4
- and 4-NP could diffuse from aqueous

solution to the surface of AuNPs via PANI and then the

electrons of BH4
- could be transferred to 4-NP by

mediating of AuNPs in AuNPs@PANI nanospheres.

So it is reasonable to explain that there is an induction

period before the beginning of the catalytic reaction. In

this regard, the resulting reduction product 4-AP is

easy to adsorb onto the surface of AuNPs in the

AuNPs@PANI nanospheres, which can hinder the

reactant 4-NP from reaching the AuNPs surface, thus

causing a longer reduction period in catalytic activity

after the first use of catalyst.

Normally, AuNPs lose their catalytic activities

quickly because of the agglomeration between AuNPs

(Choudhary and Goodman 2002). However, for the as-

prepared AuNPs@PANI nanospheres, we do not need

to worry about the agglomeration as AuNPs are

embedded evenly in the PANI matrix which can act as

the dispersing agent and stabilizer of AuNPs. In

general, the AuNPs@PANI nanospheres prepared by

one-step method can be used as catalyst with good

catalytic activity and high stability.

Conclusion

In summary, monodisperse AuNPs@PANI composite

nanospheres were successfully achieved in ethanol by

a simple one-step synthesis method. The AuNPs of

size 2–4 nm are evenly encapsulated in monodisperse

PANI nanospheres. The formation of AuNPs@PANI

nanospheres is deeply dependent on the reaction

solvent ethanol which reduced the oxidizability of

oxidant HAuCl4 and dispersed the product promptly at

different reaction stages. In addition, the as-prepared

AuNPs@PANI nanospheres exhibited a good catalytic

activity and high reusability towards the reduction of

4-NP to 4-AP in the presence of NaBH4 because the

resultant ultrafine AuNPs do not agglomerate in the

polymer matrix. We believe that our results would

enrich the preparation method of PANI/Au nanocom-

posites and contribute to the potential applications of

PANI/Au nanocomposites in catalytic, electrical,

biological and optical fields.
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