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Abstract

Gold nanoparticles (AuNPs) were synthesized in situ on cotton, one of the most popular cellulose materials, to achieve functionalization. The localized 
surface plasmon resonance of the AuNPs imparted the cotton fabric with colors, showing good colorfastness to washing and rubbing. Characterization 
of the surface morphology and chemical composition of the modified cotton fabric confirmed synthesis and coating of the AuNPs on cotton fibers. The 
relationship between the morphology of the AuNPs and the optical properties of the cotton fabric was analyzed. Acid condition enabled in situ synthesis 
of AuNPs on cotton. Cotton with AuNPs exhibited significant catalytic activity for reduction of 4-nitrophenol by sodium borohydride, and could be 
reused in this reaction. Treatment with AuNPs substantially improved the ultraviolet (UV)-blocking ability of the fabric and resulted in cotton with 
remarkable antibacterial activity. Traditional reactive dyes were applied to the cotton with AuNPs to enhance its color features. The catalytic properties 
of the AuNPs on the fabric were not influenced by dyeing with traditional dyes. AuNP-treated cotton fabric used as a flexible active substrate showed 
improved Raman signals of dyes on the fabric. 
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Introduction

Modification of cellulose fibers, in particular cotton products, 
using functional nanomaterials has attracted extensive attention, 
with the aim of imparting properties such as antibacterial, flame 
retardancy, and hydrophobic properties [1-7]. Many strategies 
have been developed to obtain such combinations of fabric and 
nanoparticles, including plasma treatment, electrostatic assembly, 
chelation by active groups, and in situ synthesis [8-12]. Anisotropic 
silver nanoparticles (AgNPs) have been assembled on cotton fabric 
via electrostatic interaction between nanoparticles and cotton fibers, 
endowing the textile with bright colors due to their unique optical 
property, i.e., localized surface plasmon resonance (LSPR) [13]. 
Cotton fabric with AgNPs was also modified, followed by treatment 
with fluorinated decyl polyhedral oligomeric silsesquioxane (FPOSS), 
to fabricate colored fabric with durable antibacterial and self-healing 
superhydrophobic properties. AgNPs have been combined with cotton 
under the binding effect of branched poly(ethylenimine) (PEI) [13]. 
Poly-butylacrylategrafted carbon nanotubes has been applied to cotton 
fabric using a common dipping–drying–curing finishing procedure 
[14]. The modified cotton showed various functions, such as enhanced 
mechanical properties and extraordinary flame retardancy. Core–
shell-structured silica dioxide@zinc oxide (SiO2@ZnO) nanoparticles 
have been prepared and adhered to cotton fabric with the assistance 
of (3-Aminopropyl)triethoxysilane (APTES) or vinyltriethoxysilane 
(VTES) [15], resulting in textiles with antibacterial activity, 
UVprotection properties, and high durability. Titanium dioxide 

(TiO2) nanoparticles have also been used for functionalization of 
cotton to obtain fabric with selfcleaning and UV-blocking properties 
[16,17]. Among functional nanoparticles, gold nanoparticles (AuNPs) 
have received considerable attention from researchers, owing to their 
promising optical, electronic, magnetic, catalytic, and biomedical 
applications [18,19]. As the most stable metal nanoparticles, AuNPs 
can be prepared using straightforward routes and are resistant to 
oxidation, facilitating diverse applications. AuNPs present significant 
catalytic activity in various reaction systems. They exhibit unique 
optoelectronic features and possess excellent biocompatibility with 
appropriate ligands as well as high surface-to-volume ratio. The 
properties of AuNPs including the LSPR optical effect can be readily 
tuned by controlling their size, shape, and surroundings. Moreover, 
AuNPs have been widely used as effective active substrate materials 
for surface-enhanced Raman scattering (SERS) analysis. The Raman 
signals of molecules adsorbed on AuNPs can be extremely enhanced. 
Modification of textile materials with AuNPs can transfer some of 
these important properties to the resulting textile products. Cotton is 
the most widely used natural fibrous material for textile and clothing 
production. Modification of cotton is driven by growing consumer 
demand for enhanced functions of conventional textile products. In 
situ synthesis of nanoparticles on fabric/fibers is a simple and effective 
route to achieve functional modification of textile materials; For 
example, A hydrophobic hierarchical structure has been fabricated 
on cotton fabric by in situ growth of silica nanoparticles [20,21]. 
AgNPshas been synthesized in situ on cotton fabric by adjusting the 
pH value at room temperature. The as-synthesized AgNPs imparted 



Nanotechnol Adv Mater Sci, Volume 6(3): 2–7, 2023 

Gokarneshan N (2023) Synthesis of Nano-Gold Particles for Multi-functional Finishing of Cotton Fabrics

vivid colors and strong antibacterial properties to the treated fabric. 
TiO2 nanoparticles have been synthesized with anatase structure 
using ultrasonic irradiation at low temperature and loaded them 
onto cotton fabric [22]. The TiO2-loaded cotton fabric exhibited UV-
protection and self-cleaning features. ZnO nanoparticles have been 
synthesized in situ in the cellulosic pores of cotton fabric by reacting 
zinc nitrate and sodium hydroxide to obtain fabric with antibacterial 
and UV-protection properties [23]. In the previous research, AuNPs 
were synthesized in situ on silk fabric by heat treatment [24]. This 
silk fabric treated with AuNPs showed not only vivid colors but 
also enhanced Raman signals for use as an active SERS substrate for 
detection of trace analytes [25]. These results inspired us to develop 
cotton functionalized with AuNPs by in situ synthesis. In this study, 
cotton fabric was modified by AuNPs synthesized in situ through 
heat treatment. The optical properties of the resulting colorful fabric 
treated with AuNPs were analyzed based on color strength (K/S) 
curves and ultraviolet–visible (UV–Vis) diffuse reflectance absorption 
spectroscopy. The surface morphology of the cotton fabric before and 
after modification with AuNPs was investigated by scanning electron 
microscopy (SEM). The influence of pH on the in situ synthesis of 
the AuNPs was investigated. The catalytic activity and antibacterial 
features of the AuNP-treated cotton fabric were evaluated. Complex 
coloration of cotton fabric using both AuNPs and traditional dyes was 
also explored. Furthermore, cotton fabric with AuNPs was used as a 
flexible active substrate to enhance the Raman signals of dyes on the 
fabric.

Technical Details

The following chemicals were used

Tetrachloroauric(III) acid trihydrate, acetic acid, sodium 
hydroxide, 4-nitrophenol, and sodium borohydride, Cellulose powder, 
CI Reactive Red 3 and CI Reactive Red 195

The textile material used was Knitted cotton fabric

The instruments used for measurement are as follows

SEM

Plasma atomic emission spectrometer

Raman microscope system

Color i7 spectrophotometer

Liquor to fabric ratio was 50: 1

The following have been followed

Colorfastness to washing

Colorfastness to rubbing

Catalytic activity

Antibacterial testing against Gram negative bacterium (Figure 1)

Preparation and Characterization of Gold Nano-particles

Figure 2 shows a photograph of the treated cotton fabric samples. 
The cotton fabric treated in 0.025 mM HAuCl4 solution (Cot-Au-1) 
was light red, implying presence of AuNPs on the cotton fibers. The 
color of the cotton fabric with AuNPs changed from light red to red 
to dark red as the initial concentration of HAuCl4 was increased from 
0.025 mM to 0.125 mM. Based on ICP-AES, the gold content of the 
cotton fabric with AuNPs was measured to be 0.386, 0.725, 0.921, 
1.638, and 1.849 mg g-1 for Cot-Au-1, Cot-Au-2, Cot-Au-3, Cot-Au-4, 
and Cot-Au-5, respectively. 

The gold content of the samples increased as the concentration 
of HAuCl4 was increased. K/S curves were obtained to analyze the 
color changes. The peak of the K/ S curves for the treated cotton 
fabric remained unchanged, being located at 540 nm, with increasing 

Figure 1: Modification of cellulose fibers.

Figure 2: Treated cotton fabrics.
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gold content. However, the maximum value of the treated cotton 
fabric increased as the gold content was increased, consistent with its 
deepening color. UV– Vis diffuse reflectance absorption spectra of 
cotton fabric treated with AuNPs were measured. As shown in Figure 
1c, a single absorption band located at 534 nm appeared in the UV–
Vis absorption spectrum of CotAu-1, assigned to the characteristic 
LSPR mode of AuNPs. The LSPR band of cotton fabric treated with 
AuNPs red-shifted from 534 nm to 547 nm as the initial concentration 
of HAuCl4 was increased from 0.025 mM to 0.125 mM, along with an 
increase in the absorption band intensity. These changes in the color 
and LSPR property of the AuNP-treated cotton fabric may be related 
to the gold content, and the morphology and density of AuNPs on the 
cotton. SEM was employed to observe the surface morphology of the 
treated cotton fabric (Figure 3).

A number of nanoparticles were seen over the surface of fibers 
(Figure 2), demonstrating that AuNPs were synthesized in situ on the 
cotton. The size of the AuNPs on cotton was measured to be 8.7 ± 1.2, 
8.6 ± 1.3, 14.1 ± 3.0, 17.4 ± 3.0, and 20.5 ± 3.8 nm for Cot-Au-1 to 
CotAu-5, respectively. Although the sizes for Cot-Au-1 and Cot-Au-2 
were similar, Cot-Au-2 with higher LSPR intensity had higher density 
of AuNPs on fiber surfaces in comparison with Cot-Au-1. The size of 
AuNPs increased as the gold content of the samples increased as the 
Au ion concentration was changed from 0.05 mM to 0.125 mM. It 
was found that nearly all the nanoparticles on the cotton fibers were 
spherical for low gold content (Cot-Au-1, Cot-Au-2, and CotAu-3), 
whereas a few anisotropic AuNPs, such as triangular nanoplates, 
appeared when the gold content was increased to high level (Cot-Au-4 
and Cot-Au-5). The anisotropy of the AuNPs led to the red-shift of 
the LSPR band observed in the UV– Vis diffuse reflectance absorption 
spectra of the AuNPtreated cotton fabric. As seen from the SEM 
images, the density of AuNPs reduced when the Au ion concentration 
was changed from 0.075 to 0.10 and 0.125 mM, due to generation of 

larger and anisotropic AuNPs. All these effects on the morphology 
(shape and size) and density of the AuNPs on cotton led to the 
changes in the LSPR property of the different samples. XPS was used 
to analyze the cotton fabric treated with AuNPs. XPS peaks assigned 
to O 1s and C 1s as the normal components of cellulose were seen in 
the XPS spectrum of Pri-Cot fabric. XPS peaks ascribed to Au element 
appeared in the XPS spectra after the cotton fabric was treated. The 
XPS spectrum for Cot-Au-4 displayed two principal bands at 82.2 and 
85.8 eV, attributed to binding energies of 4f7/2 and 4f5/2 of metallic 
Au, respectively [26]. These XPS results indicate that AuNPs were 
successfully synthesized on the cotton fabric.

Influence of pH Value

We investigated the influence of the pH value on the in situ 
synthesis of AuNPs on the cotton fabric. The original pH value of the 
HAuCl4 aqueous solutions at 0.025–0.125 mM was around 4. The pH 
value of the reaction systems was adjusted by addition of acetic acid or 
NaOH aqueous solutions. The K/S curves and UV–Vis diffuse 
reflectance absorption spectra of cotton fabric treated has been 
obtained with 0.10 mM HAuCl4 solution at different pH values (3–6). 
As can be seen, the cotton fabric treated at pH 3 showed the highest 
K/S value of 1.71 among the different cotton samples. The K/S value of 
the AuNP-treated cotton fabric decreased as the pH value of the 
reaction system was increased. The maximum K/S decreased to 0.28 
when the pH value was increased to 6. Vivid cotton fabric was obtained 
when using 0.10 mM HAuCl4 in the pH range of 3–6, although the 
cotton fabric changed slightly in color after heat treatment in HAuCl4 
solution (0.10 mM) at pH 7 or above, implying that nearly no AuNPs 
were produced. The UV–Vis diffuse reflectance absorption bands of 
the cotton fabric treated with AuNPs at different pH values were 
centeredaround 540 nm. The intensity of the absorption bands 
decreased with increase in the pH value, consistent with the change 
trend of the K/S values. It can be inferred that acid condition facilitated 

Figure 3: SEM images of a Cot-Au-1, b Cot-Au-2, c Cot-Au-3, d Cot-Au-4, and e Cot-Au-5.
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in situ synthesis of AuNPs on cotton fabric, similar to the case of in 
situ preparation of AuNPs on ramie fibers [27]. It is well documented 
in literature that the pH value of the reaction system plays a vital role 
in formation of AuNPs through reduction of HAuCl4 [28-33]. Au ion 
complexes with chloride and/or hydroxide as ligands were suggested 
to be AuCl4 - (pH 3.3), AuCl3(OH)- (pH 6.2), AuCl2(OH)2 - (pH 
7.1), AuCl(OH)3 - (pH 8.1), and Au(OH)4 - (pH 12.9) ions, 
corresponding to different ranges of pH [34,35]. The reduction 
potential of Au ion complexes depends remarkably on the pH value, 
with decreased reactivity as the pH is increased, in the order AuCl4 
-[AuCl3(OH)-[AuCl2(OH)2 -[AuCl(OH)3 - [Au(OH)4 -. In the 
present study, AuNPs were synthesized in presence of cotton under 
acid condition, whereas Au ions were not reduced to form AuNPs in 
neutral or basic solution. The present results are consistent with 
previous analyses of the influence of pH on the formation of AuNPs. 
Mechanism of in situ synthesis of AuNPs It is well known that cellulose 
is the dominant component of cotton, consisting of long chains of 
Dglucose units [36]. In situ synthesis of AuNPs on cotton fabric in this 
study could result from reduction of Au ions by cellulose. Pure 
cellulose powder has been employed to reduce Au ions according to 
the same experimental procedure with cotton fabric. As shown in 
Figure S3, purplish red and grayish purple cellulose powders were 
produced after heat treatment in HAuCl4 solution, implying synthesis 
of AuNPs by cellulose. This result indicates that the reducing effect of 
cellulose in cotton led to in situ formation of AuNPs. Cellulose 
materials have been reported to act as reducing agents to synthesize 
AuNPs and AgNPs, owing to their abundant hydroxyl groups [37,38]. 
It is suggested that hydroxyl groups of cellulose play a pivotal role in 
the in situ formation of metal nanoparticles. The primary hydroxyl 
groups with higher reactivity in cellulose could be oxidized by Au ions 
during in situ synthesis of AuNPs. The reducing ends of cellulose in 
cotton could also contribute to reduction of Au ions to form AuNPs 
[39]. As proposed in previous research, oxygen-containing groups on 
the surface of cotton, including carboxylate and hydroxyl groups, can 
serve as active sites that might combine with AuNPs through 
complexing or electrostatic interaction [40]. Zeta potential 
measurements in our previous work indicated that cotton powder 
carries negative charge. It is suggested that a complexing or electrostatic 
interaction could lead to effective combination of synthesized AuNPs 
with cotton fabric in the present study. Cotton acted as a reducing 
agent and a stabilizing agent to prepare AuNPs on the fiber surface. 
Assessment of colorfastness is one of the important parameters to 
assess the properties and performance of textile products. The 
colorfastness to washing of the cotton fabric treated with AuNPs was 
tested by washing in presence of ECE reference detergent at 50oC for 
45 min in each washing cycle. The DE values of the treated fabric 
before and after washing have been determined. After the first washing 
cycle, the DE values were measured to be 0.7 and 2.6 for Cot-Au-4 and 
Cot Au-5, respectively, revealing that color fading occurred for the 
cotton fabric treated with AuNPs during washing. However, the DE of 
the treated fabric increased slightly after the third washing cycle. These 
results demonstrate that the cotton fabric colored with AuNPs 
exhibited reasonably good colorfastness to washing. In addition, the 
colorfastness to rubbing of the treated cotton fabric was tested. The 
gray scale rating for the DE values of Cot-Au-2, Cot-Au-4, and Cot-

Au-5 under dry and wet rubbing conditions was assessed. The dry 
rubbing colorfastness was rated as 5, 4–5, and 4–5 for Cot-Au-2, Cot-
Au-4, and Cot-Au-5, respectively. The rating of the wet colorfastness 
of Cot-Au-2, Cot-Au-4, and Cot-Au-5 was estimated to be 4–5, 4, and 
4, respectively. These results show that the cotton fabric treated with 
AuNPs exhibited good colorfastness to dry or wet rubbing. 
Investigation of catalytic activity AuNPs have been widely used as 
catalysts for various reactions [41-43]. In the present research, AuNPs 
were bound to cotton fibers after in situ synthesis. As the cotton fabric 
acts as a support for the nanoparticles (Scheme 1), they can be readily 
separated from the reaction system, enabling reuse of the catalyst. 
Reduction of 4-NP has been commonly used as a model catalytic 
reaction to evaluate the catalytic activity of metal nanoparticles [44]. 
The catalytic activity of the cotton fabric treated with AuNPs was 
assessed by monitoring the UV–Vis absorption spectra of aqueous 
solution during reduction of 4-NP using NaBH4. The color of the 
4-NP solution changed from light yellow to green–yellow after 
addition of NaBH4. Nitro compounds are inert to NaBH4 in absence 
of catalyst, whereas metal nanoparticles can act as an electronic relay 
agent for electron transfer from NaBH4 to nitro compounds to 
accelerate the reduction reaction [45]. A new UV–Vis absorption peak 
for 4-NP solution appeared at 400 nm after NaBH4 was added, due to 
formation of 4-nitrophenolate ions. The evolution of the UV–Vis 
absorption spectra of 4-NP solution after mixture with NaBH4 in 
presence of pristine cotton fabric was recorded. The intensity of the 
absorption peak at 400 nm for 4-NP decreased only slightly, revealing 
that pristine cotton fabric showed no catalytic activity. Time-resolved 
UV–Vis absorption spectra of 4-NP solution with NaBH4 in presence 
of AuNP-treated cotton fabric have been obtained (Cot-Au-1 to Cot-
Au-5). The absorption peak at 400 nm of 4-NP solution decreased 
distinctly in intensity after addition of NaBH4 in presence of all the 
fabric samples treated with AuNPs. Meanwhile, a new absorption 
peak arose at 300 nm due to the reduction process of 4-NP, implying 
formation of 4-AP [46,47]. The intensity of the absorption peak at 400 
nm was plotted as a function of time to determine the reduction rate 
of 4-NP. The rapid intensity decrease of the peak at 400 nm indicates 
that the cotton fabric treated with AuNPs exhibited notable catalytic 
activity. It was found that the reduction system with Cot-Au-4 
exhibited the highest reaction rate among the AuNPtreated cotton 
fabric samples. Reduction of 4-NP is generally considered to be a 
pseudo-first-order kinetic reaction on account of excess NaBH4 
[48,49]. Plots of ln(At/A0) versus time have been obtained, where At 
and A0 denote the absorption intensity at 400 nm at time t and the 
initial stage, respectively. The linear correlation between ln(At/A0) 
and time confirms this pseudo-first-order hypothesis. The apparent 
rate constant (Kapp) of the catalytic reaction can be estimated from 
the linear slope of ln(At/A0) versus time. The Kapp value of the 
reduction reaction was found to be 1.89 9 10-2, 1.76 9 10-2, 2.29 9 10-
2, 4.32 9 10-2, and 2.55 9 10-2 min-1 with Cot-Au-1, Cot-Au-2, 
CotAu-3, Cot-Au-4, and Cot-Au-5, respectively. The Kapp values 
obtained in this study are comparable to related literature results for 
AuNPs [50,51]. Comparing these Kapp values for the AuNP cotton 
fabric samples, CotAu-4 with the largest Kapp value showed the 
highest catalytic activity, although the gold content of CotAu-4 was 
lower than that of Cot-Au-5. The catalytic properties of the treated 
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cotton fabric depend on the AuNPs on the surface of cotton fibers. It 
is believed that the catalytic activity is related to the shape, size, and 
density of AuNPs on the fabric. To evaluate the reusability of the 
catalyst, treated cotton fabric (CotAu-4) was separated from the 
reaction system and reused in repeated reduction reactions of 4-NP. 
The peak intensity at 400 nm versus reaction time for each complete 
conversion is plotted in Figure 6h. The treated fabric still exhibited 
strong catalytic activity even after seven cycles, indicating that the 
treated cotton fabric exhibited durable catalytic effect. UV-protection 
and antibacterial properties Treatment with AuNPs endowed the 
cotton fabric with additional functions. The UV transmittance and 
UV protection factor (UPF) values of the different fabric samples have 
been determined. Coating with AuNPs reduced the average 
transmittance values of the cotton fabric. Transmittance values in both 
the UVA (315–400 nm) and UVB (280–315 nm) regions showed a 
decreasing trend with increasing gold content on the cotton fabric. 
The UPF value of pristine cotton fabric was measured to be 65.1, while 
in situ synthesis of AuNPs on the cotton fabric increased the UPF 
value to 109.3, suggesting that the AuNPs improved the UV-blocking 
ability of the cotton fabric. The antibacterial properties of AuNPs have 
attracted great interest, and various potential antibacterial applications 
have been explored [52-54]. The antibacterial activity of cotton fabric 
treated with AuNPs was evaluated against Gram-negative bacterium 
E. Coli. The bacteria on the pristine cotton fabric and treated cotton 
fabric have been studied (CotAu-4). A full lawn of bacteria was seen 
on the plates corresponding to the pristine cotton fabric, whereas no 
bacteria colonies were found on the agar medium of the AuNP-treated 
cotton fabric, revealing that presence of AuNPs on the fabric inhibited 
growth of bacteria. These results demonstrate that the cotton fabric 
with AuNPs possessed significant antibacterial activity. Dyeing of 
AuNP-treated cotton fabric with traditional dyes to improve the color 
range and saturation of the fabric, traditional dyes including R3 and 
R195 were used to dye the AuNP-treated cotton fabric. Dyeing with 
traditional dyes imparted deeper color to the cotton fabric than that 
achieved based on the LSPR optical effect of the AuNPs. The K/S 
values of the cotton fabric observably increased after dyeing with R3 
and R195. Due to the light color of AuNPs at low gold content (0.386 
mg g-1), the K/ S curves of Cot-R3 were almost the same as for 
CotAu-R3-1. The K/S curves of Cot-R195 and Cot-Au-R195-1 were 
also the same. However, coating with more AuNPs gave rise to higher 
K/S values for the cotton fabric colored with AuNPs and traditional 
dyes (R3 and R195). The AuNPs and dyes played a combined role in 
the color of the cotton fabric, even though the traditional dyes 
dominated the optical properties of the colored cotton fabric. 
Coloration using traditional dyes did not influence the catalytic 
properties of the cotton fabric with AuNPs. The UV–Vis adsorption 
spectra of 4-NP solution with Cot-R195 changed very little after 
addition of NaBH4, demonstrating no evident catalytic activity of 
Cot-R195, consistent with the case of PriCot. The intensity of the UV–
Vis absorption band at 400 nm of 4-NP solution in presence of Cot-
Au-R195-4 decreased sharply after NaBH4 addition, revealing that the 
cotton fabric after complex coloration with AuNPs and traditional 
dyes retained strong catalytic activity. Moreover, the cotton fabric with 
AuNPs and R195 could be reused in the catalytic reaction, showing 
significant catalytic activity after seven cycles. These results attest that 

the catalytic properties of AuNPs on cotton fabric are retained after 
coloration with traditional dyes. SERS enhancement by AuNP-treated 
cotton fabric AuNPs have been widely used as active substrates for 
enhancing Raman signals due to their LSPR effect. Raman scattering 
spectra were obtained to investigate the SERS enhancement effect of 
the AuNP-treated cotton fabric. No distinct bands were seen in the 
Raman scattering spectrum of pristine cotton fabric. However, visible 
bands were found in the Raman scattering spectra after AuNPs were 
coated on the cotton fabric. Evident vibrational bands were seen at 
1604, 1378, 1121, 1096, 519, 457, 435, 380, and 257 cm-1 in the Raman 
scattering spectra of the AuNP-treated cotton fabric, being 
characteristic Raman bands of cotton fibers [55,56]. Some of these 
bands are assigned to vibrations of b-1,4-glycosidic ring linkages 
between D-glucose units in cellulose. It was found that CotAu-5 
exhibited the strongest Raman signal of cellulose among the AuNP-
treated cotton fabric samples, which may be due to the optimal 
morphology and corresponding LSPR effect of the nanoparticles. 
Noble-metal nanoparticles on textiles can enhance the Raman signals 
of dyes used for coloration of fibers, leading to promising applications 
of SERS in the field of identification of cultural heritage, forensic 
analysis, and textile dyeing [57-61]. In the present study, we 
investigated the SERS enhancement of R3 on the AuNP-treated cotton 
fabric. The cotton fabric dyed with R3 without AuNPs showed unclear 
Raman bands from cellulose units and dye on the fabric. However, 
enhanced Raman bands were obtained from R3-dyed cotton fabric 
treated with AuNPs. The R3-dyed cotton fabric with higher gold 
content (Cot-Au-R3-4 and Cot-Au-R3-5) showed unambiguous 
enhanced Raman bands. The Raman scattering spectrum of pure R3 
powder has been determined. Compared with the normal Raman 
scattering spectrum of R3, the SERS bands from Cot-Au-R3-4 and 
Cot-Au-R3-5 at 284, 385, 478, 1000, 1032, 1123, 1274, 1473, and 1589 
cm-1 can be ascribed to R3 dye on the AuNP-treated cotton fabric, 
although tiny wavenumber shifts occurred due to interactions of the 
dye and cotton fibers as well as AuNPs. The AuNPs on the fabric 
enhanced the Raman signal of the dye on the fibers, facilitating 
nondestructive analysis of dyes on textiles and providing insights into 
the dyeing mechanism of fibers. 

Conclusions

Cotton fabric was functionalized by AuNPs synthesized in situ by a 
heating method. The fabric was colored by the AuNPs by virtue of their 
LSPR optical effect. The intensity of the LSPR band of AuNPtreated 
fabric increased with increasing gold content in the cotton samples. 
The treated fabric showed good colorfastness to washing and rubbing. 
SEM and XPS investigations confirmed the synthesis and combination 
of AuNPs on cotton. The mechanism for in situ synthesis of AuNPs 
on cotton was investigated. The fabric with AuNPs exhibited notable 
catalytic activity, as shown by monitoring reduction of 4-NP to 4-AP. 
The cotton fabric with AuNPs showed improved UVprotection and 
excellent antibacterial properties. Traditional dyes were combined 
with the AuNP-treated cotton, revealing improved color properties. 
The fabric with such complex coloration still exhibited prominent 
catalytic activity. Cotton fabric with AuNPs can also act as a SERS 
substrate for analysis of dyes on the fabric.
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