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ABSTRACT 
 

This work involves in-situ preparation of silver 

nanoparticles on nonwoven fibers in baby wipes (a mixture 

of synthetic fiber and cellulose fiber) by impregnating Ag+ 

ions. The Ag+ ions bind to the hydroxyl groups in the 

cellulose fibers and subsequently reduced to silver 

nanoparticles (AgNPs) with ascorbic acid. The hydroxyl 

groups in the cellulose fibers provided the affinity for the 

immobilization of Ag+ ions first and then nanoparticles 

after reduction. The structure and properties of the 

composite wipes were verified by scanning electron 

microscopy (SEM), energy dispersive X-ray analysis 

(EDX), and Fourier transformed infrared spectroscopy 

(FTIR). We have tested this AgNP@wipe composite for 

catalytic activity, surface enhanced Raman scattering 

(SERS) and antimicrobial activity. The composite exhibited 

a very good catalytic activity for the reduction of 4-

nitrophenol to 4-aminophenol in presence of sodium 

borohydride, significant SERS activity for Raman active 

analyte molecules. 
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1 INTRODUCTION 
 

Silver nanoparticles (AgNPs) uniquely respond to 

incident light’s electromagnetic field due to the presence 

and collective oscillation of the free conduction band 

electrons [1]. Such interaction give rise to localized surface 

plasmon resonance (LSPR) [1]. The LSPR in AgNPs 

induces light absorption and near-field enhancement of 

incident electromagnetic fields by several order of 

magnitude [2]. These properties are primarily dependent on 

the size and shape of AgNPs [3] and this draws special 

attention to AgNPs as size and shape dictate applications in 

catalysis [4], SERS [5], sensors [6] and antimicrobial 

applications [7]. Silver is highly active metal for SERS 

applications compared to gold. However, silver gets 

oxidized under ambient conditions and colloidal stability of 

AgNPs is not satisfactory, it is not ideal to develop solution 

dispersed substrates with silver [8]. In order to minimize 

these drawbacks efforts have been made to fabricate AgNPs 

in to various composite materials by coating with titania [9] 

and silica [10]. However, for SERS application sample 

preparation is still a challenge with these AgNPs containing 

composite materials. Similarly, AgNPs has been gaining 

enormous interest in heterogeneous catalysis [11]. 

However, such catalysts, where solution dispersed AgNPs 

are used, have been facing some real challenges as there is 

no way to separate the products and catalyst from the 

reaction mixture using traditional methods [12]. This 

reduces the reusability of the catalyst. Among some of the 

recently adopted strategies is the immobilization of metal 

nanoparticles on to solid supports, such as polymer [13] or 

inorganic microspheres [12]. The type of support or 

substrate and immobilization of AgNPs play critical role in 

determining the efficiency as heterogeneous catalyst [14] 

and SERS substrates.  

In the current study we have immobilized AgNPs on 

cellulose based fibers by in-situ synthesis. We tested the 

SERS activity of AgNP@wipe composite utilizing a Raman 

active food contaminant, melamine and tested for the 

catalytic activity and recyclability with the reduction 

reaction of 4-nitrophenol to 4-aminophenol in presence of 

sodium borohydride. AgNP@wipe composites were 

characterized by FTIR, SEM, and EDX line analysis and 

tested for SERS activity with Raman spectroscopy and 

catalytic activity with UV-visible spectroscopy. It was also 

found that the fibers dipped in higher concentration of 

precursor AgNO3 solution would show higher activity in 

SERS detection of analyte. The AgNP@wipe conjugates 

show very promising recyclability in the catalytic reaction. 

 

2 EXPERIMENTAL 
2.1 Materials  

AgNO3. (99%) and sodium borohydride (99%) were 

purchased from Sigma-Aldrich; ascorbic acid (98%), 4-

nitrophenol (98%) and melamine (98.0%) were purchased 

from Across Organic. All chemicals and solvents were used 

without further purification. Kroger brand baby wipes are 

used as a source of nonwoven fiber. The DI water in all 

experiments was Milli-Q water (18 MΩ cm, Millipore). 

 

2.2 In-situ Synthesis of AgNPs on Nonwoven Fibers 
Dried baby wipes were used as source of cellulose based 

nonwoven fiber. As shown in Scheme 1, such wipes were 

first thoroughly washed with ethanol in order to get rid of 

hydrophobic chemicals (in baby wipes) and then dried in 

the oven at 60oC. These were further pre-treated with 10% 

HCl followed by 10% NaOH and then dried after rinsing 

with excess water. Such nonwoven fibers contain hydroxyl 

groups and that allow the Ag+ ions to bind to the fiber [15]. 

Sixteen pieces of dry pre-treated wipes (3.5 cm by 3.5 cm) 
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were immersed in 50 mL of AgNO3 solutions with AgNO3 

concentration of 10 mM or 25 mM or 50 mM for 12 hours. 

Silver ions were impregnated into the cellulose fibers 

through the hydroxyl groups. Then the wipes were rinsed 

with ethanol to remove un-bound Ag+ ions. After reduction 

in aqueous ascorbic acid (40 mM) solution for 15 min and 

rinsing with DI water, the original colorless wipe turned 

dark yellow (shown in Scheme 1) 

 

2.3 UV-visible and FTIR Studies of AgNPs 

The absorption spectra of 4-nitrophenol reduction were 

recorded using a Cary 50 UV-visible spectrophotometer 

equipped with a dip probe. FTIR spectroscopy was 

performed using Perkin-Elmer FTIR Spectra 100 

spectrometer fitted with diamond ATR. The spectra were 

further processed and plotted with Origin 8.0 software. 

 

2.4 Raman Spectroscopic Measurement 
One piece of dried AgNP@wipe composite was immersed 

in 1.0 mM aqueous solution of melamine for 30 min to 

form an adsorbed layer on the metal substrate. After rinsing 

off the un-adsorbed melamine molecules with water SERS 

spectra was measured. The analyte adsorbed AgNP@wipe 

composite was stuffed in a glass sample vials for the SERS 

measurement. Raman spectroscopic measurements are 

carried out on a DeltaNu Advantage 200A Raman 

spectrometer equipped with a HeNe laser set at 632.8 nm 

with an integration time of 5.0 s. 

 

2.5 SEM and EDX analysis 
A SEM was used for the analysis of empty wipe and 

AgNP@wipe composite. The SEM was equipped with an 

EDX spectrometer. The SEM/EDX system was operated in 

low-vacuum mode at 20.0 kV, back-scattered detector was 

used for imaging at a working distance of 10-12 mm. The 

EDX has software with a database of reference spectra for 

elemental analysis, compositional nanoanalysis, and 

mapping. A small piece of AgNP@wipe composite or 

empty wipe was fixed on a aluminum stage and introduced 

into the chamber. For both measurements a Hitachi HD 

2000 Scanning Transmission Electron Microscope (STEM) 

was used with Field Emission source of resolution 0.24 nm 

at 200 kV.  

 

3 RESULTS AND DISCUSSION 
 

In this study we report in-situ synthesis of AgNPs on baby 

wipes. In a typical synthesis pre-treated baby wipes (source 

of nonwoven fiber) were socked in an aqueous solution of 

silver nitrate of known concentration. Later wipes were 

rinsed with ethanol to wash off the unbound Ag+ ions 

followed by reduction of the bound Ag+ ions into AgNPs 

with ascorbic acids. The color of the wipes turned 

yellowish-brown form white after formation of the AgNPs. 

AgNP@wipe composite formation route is shown in 

Scheme 1.   

 
Scheme 1: Schematic representation of in-situ synthesis of 

AgNPs on nonwoven fiber. Digital photograph of empty 

wipe and AgNP@wipe composites are also shown. 

 

3.1 Characterization of the AgNP@wipe composites by 

FTIR Spectroscopy  

FTIR spectroscopic data suggests the presence of AgNPs 

bound to the nonwoven fibers. We plot the FTIR spectra of 

empty wipe, AgNP@wipe-1, AgNP@wipe-2 and 

AgNP@wipe-3. For the later three precursor AgNO3 

concentrations were 10.0 mM, 25.0 mM and 50.0 mM, 

respectively, during the synthesis. All the spectra were 

shown in Figure 1. The empty wipe gives signals at 3304, 

2917/2848, 1466 and 1012 cm-1 that are assigned to O-H 

stretch, C-H stretch, asymmetric C-H bending and O-H 

bending. Similar signals in AgNP@wipe-1, AgNP@wipe-2 

and AgNP@wipe-3 are assigned at 3320, 2917/2848, 1466 

and 1020 cm-1. Clearly the C-H stretch and bend are not 

affected by AgNPs immobilization on the wipe. However, 

the signals for both O-H stretch and bend are shifted 16 and 

8 cm-1, respectively due to direct interaction of the O-H 

group with silver metal. The characteristic weak signals at 

1315-1375 cm-1 were associated with -CH2- symmetric 

bonding and wagging vibrations and signals at 1160-1204 

cm-1 were associated with C-O-C bond stretching.   

   

 
Figure 1: FTIR spectra of empty wipe (black line), 

AgNP@wipe-1 (red line), AgNP@wipe-2 (blue line) and 

AgNP@wipe-3 (green line). 

 

3.2 SEM and EDX Analysis of AgNP@wipe Composites 
Typical SEM images and digital photographs of wipes 

fabricated with different amount of silver are presented in 

Figure 2. It shows that the nonwoven fibers exhibited a 

porous microfibrous structure with a smooth surface 
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regardless of the AgNO3 concentrations, similar to that of 

the empty wipe’s microfibers. From both digital 

photographs and SEM images it is clear that the in-situ 

synthesis of AgNPs was successful and AgNPs 

immobilized onto the surface of fibrous material (Figure 2). 

The elemental silver signals in the EDX spectra (Figure 3) 

demonstrated that AgNPs were immobilized onto cellulose 

microfibers. The presence of oxygen and carbon in the 

EDX spectra was attributed to cellulose. The absorption 

peak of 3.0 keV in AgNP@wipe samples clearly indicate 

that AgNPs were indeed deposited on the wipe.   

 
Figure 2: Digital photographs of empty wipe (a), 

AgNP@wipe-1 (b), AgNP@wipe-2 (c) and AgNP@wipe-3 

(d) are shown. Corresponding SEM images of empty wipe 

(a-1), AgNP@wipe-1 (b-1), AgNP@wipe-2 (c-1) and 

AgNP@wipe-3 (d-1) are also shown (scale bar 200 µm). 

Images were taken with a Hitachi HD-2000 STEM at an 

operating voltage of 15-20 kV. 

 

 
Figure 3: The EDX spectra of empty wipe (a), 

AgNP@wipe-1 (b), AgNP@wipe-2 (c) and AgNP@wipe-3 

(d) are shown in here and confirms the presence of silver in 

the AgNP@wipe. Analysis was done using a Hitachi HD-

2000 STEM at an operating voltage of 20 kV. 
 

 

 

3.3 AgNPs@wipe as SERS Substrate 

We studied the Raman spectrum of solid melamine and 

SERS spectra of melamine adsorbed in empty wipe and  

AgNP@wipe composites from a 1.0 mM stock solution.  

Figure 4 shows the Raman spectrum of solid melamine and 

melamine spectra while adsorbed on wipes. Melamine has 

two characteristic trigonal ring breathing modes at 678 cm-1 

(>C-NH2) and 985 cm-1 (>C-N=C<). Melamine upon 

adsorbed on empty wipe do not show any signal in the 

Raman spectrum. Whereas, when adsorbed on to the wipes 

containing immobilized AgNPs a significantly enhanced 

signal appear at 687 cm-1. The signal intensity of the peak at 

687 cm-1 increases in the following order AgNP@wipe-1 < 

AgNP@wipe-2 < AgNP@wipe-3. Clearly, wipes with 

higher AgNPs concentration, AgNP@wipe-3 was the one 

has highest intensity.  It is also noticeable that in the SERS 

spectra only one of the two signals is showing up which is 

due to only >C-NH2 ring breathing. The convincing 

explanation could be because the melamine molecules most 

probably bind the surface of the AgNPs present in wipe via 

the lone pair present in –NH2 groups. This is also indicative 

of the fact that the peak position has been shifted by 9 cm-1 

going from solid melamine to AgNP@wipe composite. 

 
Figure 4: Raman spectra of solid melamine (a’) and 1 mM 

melamine adsorbed in empty wipe (a) and SERS spectra of 

1 mM melamine adsorbed in AgNP@wipe-1 (b), 1 mM 

melamine adsorbed in AgNP@wipe-2 (c) and 1 mM 

melamine adsorbed in AgNP@wipe-3 (d). 

 

3.4 Catalytic Reduction of 4-Nitrophenol to 4-

Aminophenol with AgNP@wipe 

In the current study we report the reduction of 4-

nitrophenol to 4-aminophenol as a model system [16] in 

order to evaluate the catalytic activity of AgNP@wipe 

composites. The reduction of 4-nitrophenol (E0
(4-NP/4-AP) = 

−0.76 V) by sodium borohydride (NaBH4) (E0
(H3BO3/BH4

–
) = 

−1.33 V) is thermodynamically feasible but kinetically 

restricted in the absence of a catalyst. Addition of NaBH4 to 

a 4-nitrophenol solution changes the light yellow color of 

the solution to intense yellow due to formation of the 4-

nitrophenolate ion due to the basic pH [16]. The catalytic 

reduction was monitored by UV–visible spectroscopy, as 
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depicted in Figure 5A. In the presence of AgNP@wipe-3 

and NaBH4 the 4-nitrophenol was reduced, and the intensity 

of the absorption peak at 400 nm gradually decreased with 

time and after 7 min it disappeared completely (Figure 5A). 

In the meantime, a new absorption peak appeared at 298 nm 

and progressively increased in intensity (Figure 5A). This 

new peak is attributed to the typical absorption of 4-

aminophenol. The UV–visible spectra in Figure 5A showed 

two isosbestic points at 279 and 314 nm. This result 

suggests that the catalytic reduction of 4-nitrophenol 

exclusively yielded 4-aminophenol, without any other side 

products [17].  

In the reduction reaction, NaBH4 concentration is 

significantly higher than that of 4-nitrophenol. Hence, the 

pseudo-first-order kinetics was applied in order to 

determine the rate constant, k. The absorbance of 4-

nitrophenol is proportional to its concentration in solution; 

the absorbance at time t (At) and time t = 0 (A0) are 

equivalent to the concentration at time t (Ct) and time t = 0 

(C0). The rate constant (k) was determined from the linear 

plot of ln(At/A0) versus reduction time in seconds, and the 

constant was estimated to be 8.63 × 10–3 s–1 (Figure 5B).  

  

 
Figure 5: (A) Plot of 0.12 mM 4-nitrophenol with 12 mM 

NaBH4 in the presence of AgNP@wipe-3 as catalyst and 

(B) plot of ln(At/A0) against the reaction time for pseudo-

first-order reduction kinetics of 4-nitrophenol in the 

presence of excess NaBH4 in aqueous solutions. 

 

4 CONCLUSIONS 
 

In summary, in-situ synthesis of AgNPs have been reported 

in presence of nonwoven fibers present in baby wipes. 

Three different concentrations of silver nitrate (AgNO3) 

was used as a source of silver ions and that leaded to three 

different AgNP@wipe composites. Comparison of SEM 

images of empty wipe and AgNP@wipe composites 

indicate absence and presence of AgNPs, respectively. 

EDX line analysis support the presence of Ag in 

AgNP@wipe composites. This report also shows that 

AgNP@wipe significantly enhances the Raman signal of 

melamine when adsorbed on the AgNP@wipe composites 

compared to the neat melamine. The catalytic activity of 

AgNP@wipe composites was studied for the reduction 

reaction of 4-nitrophenol to 4-aminophenol in presence of 

NaBH4. The pseudo-first order rate constant for 

AgNP@wipe-3 was 8.63 x 10-3 s-1.  Further, antimicrobial 

studies of AgNP@wipe composites are currently in 

progress. 
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