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NANO IMPACT

This study presents for the first time the use of environment-friendly Poly (amic) acid (PAA) to
synthesize polymer-supported gold (AuNPs) and silver nanoparticles (AgNPs). PAA shows great
potential as both reductant and stabilizer of AuNPs and AgNPs, with the resultant nanoparticles
retaining their catalytic and antimicrobial activity. This environment-friendly approach utilizing
the tunable properties of PAA opens a new frontier for nanomaterials that can be used for

catalysis, filtration, sensors and other applications.
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ABSTRACT

We hereby report a rapid, simple, and one pot synthesis of silver nanoparticles (AgNPs) and gold
nanoparticles (AuNPs) using conductive, electroactive and biodegradable. Poly (amic)acid
(PAA) polymer as both the reductant and stabilizer. The synthesized AgNPs and AuNPs were
characterized using transmission electron microscopy (TEM), High resolution HRTEM, energy
dispersive spectroscopy (EDS), X-ray diffraction (XRD) and ultra-violet visible spectroscopy
(UV-Vis). UV-VIS spectra exhibit major peaks at 440nm and 535nm for AgNPs and AuNPs
respectively. The XRD patterns revealed four diffraction peaks at 38.12° 44.07°, 64.27°, and
77.22° that can be indexed to the (111), (200), (220), and (311) planes of face-centered cubic
(fce) silver crystallites respectively. The size of the crystallites along the [111] direction was
estimated to be 4.24+0.5nm, which is in agreement with the TEM result. The effect of temperature
on the formation of AgNPs in the presence of PAA was investigated and found to be significant
at 100 C, resulting in silver-polyamic acid nanocomposite without altering the fcc crystal pattern.
The prepared AuNPs and AgNPs were found to exhibit catalytic activity towards 4-nitrophenol
and methylene blue with a rate constant of 5.2 x10~ S™ and 1.09x10 S respectively. Finally,
the synthesized AgNPs exhibit excellent antibacterial activity against Gram negative (£ coli DH5
Alpha, E.coli 25922, Aeromonas hydrophilia & Pseudomonas aeruginosa) and gram positive
(Listeria monocytogenes strains F2365 and HCC7 and S. epidermidis) bacteria in addition to

modest cytotoxicity against non-cancerous immortalized IEC-6 and cancerous Caco-2 cell lines.

1.0 INTRODUCTION

Gold and silver nanoparticles have attracted considerable surge in research interest due to their
various inherent advantages such as the ease of synthesis, high chemical stability and size-
dependent optical, electronic, and catalytic properties. This has led to diverse applications
including chemical/biological sensing, surface-enhanced Raman scattering, (nano) electronics,
catalysis, drug delivery, sensors, and antibacterial serum'”’. However due to their specific surface
energy, they tend to agglomerate easily resulting in the loss of nano-particular characteristics.
One strategy to prevent aggregation of the nanoparticles is to utilize appropriate stabilizers. An
excellent stabilizer must not mask the properties of the nanoparticles. It has been shown that the

presence of a densely packed capping layer on metal nanoparticle surface may compromise the
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catalytic activity as surface active sites become inaccessible and compact layer introduces steric
hindrance for the inward diffusion of reactants to nanoparticle surface and outward diffusion of

- 8-10
reaction products

Moreover, there has been a recent surge in interest in the synthesis and applications of
Intrinsically conducting polymers (ICPs) with incorporated metal nanoparticles'" '2. Several

13, 14, polypyrrole15 have been used as

Intrinsically conducting polymers such as polyaniline
reductants and stabilizers of gold and silver nanoparticles. However, application of polyaniline '°
is limited due to its low processability, insolubility in a wide range of solvents and its non-
biodegradability. Notably metal nanoparticles supported by PANI alone are not stable; forming
aggregates in solution even after standing for a few minutes'’. Similarly, polypyrrole is insoluble

in a wide range of solvents.

Intrinsically conducting polymer molecules containing active groups and a considerable level of
steric hindrance are believed to be more advantageous as stabilizers of metal nanoparticles. PAA,

18, 19 18,20 21,22

an electroactive ™, conductive and biodegradable polymer contains numerous amounts

of amide and carboxyl functional groups. Also, PAA has a high cation-complexing abilities'” **

**implying that polymeric metal complexes can easily be generated by in-situ reactions
between PAA and labile salts of noble metals. Unlike other ICPs such as polyaniline and
polypyrrole, PAA has excellent biodegradable characteristics hence will not introduce any
environmental toxicity. In this work, we used n-conjugated, biodegradable PAA as support and
reducing agent to prepare AuNPs and AgNPs. The resulting nanoparticles exhibit excellent
dispersibility and stability. Most importantly, the resulting AuNPs demonstrate apparent catalytic

activity for the reduction of 4-nitrophenol to 4-aminophenol while the AgNPs demonstrate

excellent antimicrobial and catalytic activity.
2.0 MATERIALS AND METHODS
2.1 Reagents

Silver nitrate (AgNOs), gold(Ill)iodide(Auls), pyromellitic dianhydride (PMDA), 4’4
oxydianiline, dimethyformamide (DMF), 4-nitrophenol, methylene blue, dimethyl acetamide
(DMAC), Muller Hinton Broth, Alamar Blue and sodium borohydride (NaBH,4) were purchased
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from Sigma Aldrich St. Louis MO, USA. All reagents were analytical grade and used without

further purification.
2.2 Synthesis of Poly (amic) acid-PAA

210.25mg of 4’4-oxydianline was added into a vial followed by 3.5 to 4 mL of DMF dispensed
using a syringe. This mixture was stirred until complete dissolution of ODA was observed. This
was followed by the addition of 229.02 mg PMDA and 1 mL of DMAC. The vial was then
covered with either a box container or aluminum foil after capping and stirred for 12 hours. The

resulting PAA was a yellow viscous solution.
2.3 Preparation of Gold nanoparticles (AuNPs)

2.88mg of Aul; was dissolved in 5 ml DMF and PAA solution was added. The reaction mixture
was observed at room temperature with a solution of Aul; in DMF used as control. The setup
was monitored over time and UV-VIS spectroscopy used to characterize the formation of

AuNPs.

2.4 Preparation of Silver nanoparticles (AgNPs)

The following set ups were used for the synthesis of silver nanoparticles:

A-5mg of AgNO; + 5ml DMF +PAA (0.21M) was monitored at room temperature for 5 days.
B-5mg of AgNO; + 5 ml DMF+ PAA (0.21M) was monitored at 70 °C for 150 minutes
C-5mg of AgNO;3 + 5Sml DMF+ PAA (0.21M) was monitored at 100 °C for 200 minutes

2.5 Characterization

UV-VIS spectra of the synthesized nanoparticles were measured at different aging times using
Hewlett Packard 8453 UV-VIS spectrophotometer from 200nm to 700nm. TEM measurements
were conducted using a JEOL 2100F operating at an acceleration voltage of 200 kV. The TEM
samples were prepared by dropping few drops of final products on a SiO, coated copper grid
(TedPella) and drying under a dryer for 5 minutes. The XRD patterns were obtained using a
Bruker D8 Discover XRD system operating at 40 kV and 40 mA. The diffraction patterns were

recorded in 620 symmetry scanning mode within the range of 30° to 90°. Test samples were

Kariuki et al. Page 4
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prepared by dropping about 10mL silver or gold colloids on quartz plates and allowing them to

dry.

2.6 Reduction of 4-nitrophenol catalyzed by PAA-synthesized AuNPs

A typical mixture for the reduction consists of a 300pL PAA-Au solution (5x10°M in water),
850uL of 4-nitrophenol (0.2mM aqueous solution) and 500 puL of freshly prepared NaBHy4
(25mM aqueous solution) in a SmL glass vial. The mixture was quickly transferred to a cuvette
for UV-Vis absorption measurements. Nanopure water was used as the reference. All

experiments proceeded under ambient conditions.
2.7 Reduction of methylene blue catalyzed by PAA-synthesized AgNPs

The catalytic properties of PAA synthesized AgNPs was evaluated using a standard methylene
blue reduction reaction. Two reaction setups were employed and monitoring was achieved using
UV-Visible spectrophotometer in the range of 400nm-800nm. In first set up, Iml of Methylene
Blue (1x10*M) was mixed with excess of 32mM NaBH, and the mixture was monitored for 30
minutes. In the second setup, 1ml of Methylene Blue was mixed with excess of 32mM NaBH4 in
the presence of 400ul PAA synthesized AgNPs (5x10™ M) and reaction was monitored for 3

minutes.

2.8 Evaluation of antimicrobial, antifungal and cytotoxic characteristic of PAA-stabilized

AgNPs

Antibacterial and antifungal activity of PAA-synthesized silver nanoparticles were tested to
examine how they alter the growth dynamics of gram positive and gram negative bacteria. The
gram negative bacteria examined include Escherichia coli ATCC® 25922™, E.coli DH5alpha,
Aeromonas hydrophilia, and Pseudomonas aeruginosa. The gram positive bacteria tested were
Staphylococcus epidermidis ATCC® 12228™ with Listeria monocytogenes strains F2365 and
HCCT respectively. Antifungal activity was tested using the addition of Trichaotum biforme into
a freshly prepared 10 pg/mL silver-nanoparticle containing Mueller Hinton Broth. While E.coli
25922 and S.epidermidis were grown in Mueller Hinton Agar, virulent type strain L.

monocytogenes were grown in a rich medium such as brain heart infusion while Lysogeny broth
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(LB), a nutritionally rich medium agar was used for the maintenance of the tested E. coli

DH5alpha, Aeromonas hydrophilia and Pseudomonas aeruginosa.

The effect of PAA-synthesized silver nanoparticles on microbial growth was tested using two
approaches: (i) bacteria were incubated in liquid phase (broth) and (ii) solid phase respectively.
The concentrations of AgNPs used for antimicrobial activity varied for the type of bacteria
within the range of 1-20 pg/mL. Turbidity test was performed by dissolving the resulting
colonies in 50:50 phosphate buffer saline (PBS) buffer: Muller Hinton Broth. The absorbance of
the Mueller Hinton Broth mixture was used to calculate the bacterial concentration using

standard curve.

Cytotoxicity of silver nanoparticles was tested on passage 31-35 IEC-6 [DMEM medium with
0.1pg/mL Bovine insulin, 10% FBS and 1% penicillin & streptomycin mixture] and passage 83-
90 Caco-2 cell lines [DMEM medium with 10% FBS and 1% penicillin & streptomycin
mixture]. While 10 pg/mL AgNPs was used for Caco-2 cells, the nanoparticles were used at 5,
10, 15 and 30pug/mL for IEC-6 cells. Toxicity was evaluated with presto blue® dye and
comparison of final confluence of control and silver nanoparticle treated wells were carried out.

The details are described in the supplementary information S10.
3.0 RESULTS AND DISCUSSION
3.1 Reaction Mechanism for the Formation of Nanoparticles

Polymers such as polypyrrole and polyaniline are readily transformed to their respective oxidized

32526 In this study, we used

forms using in-situ reduction of metal ions such as Pd*" and Au
PAAs which possess electron donating properties™ to reduce Au’" to Au’ and Ag” to Ag” The
oxidized polymer also protects and stabilizes the AuNPs and AgNPs in accordance with the

following reactions:
AU +3PAAY gy —  Au’+3PAA" (1)
Ag +PAA’, —>Ag’+ PAA" )

The use of PAA results in the effective reduction of gold and silver salts while also stabilizing

the nanoparticles, thus providing excellent robustness against agglomeration (Figure 1)*’. PAAs
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possess lone pairs of electrons on the nitrogen species capable of adsorbing onto the

nanoparticles surface and stabilizing them via steric hindrance (Figure 1)**.

- NMW ) N (o]
oM 0 —y ‘ ;
Polyamic acid + Auly

Oxidized PAA

Figure 1: Stabilization mechanism of AuNPs by PAA
3.2 Optical Characterization

It is well known that nanoparticles exhibit distinct color in aqueous solution due to excitation of

surface plasmon vibrations (SPR)*

Figure S1A shows the pictograph for the mixture of gold and PAA with color changing from
yellow to purple. A similar setup without the PAA remained yellow throughout the experiment.
These results indicate the formation of AuNPs. Similarly, the formation of AgNPs was
accompanied by color changes over time; with color changing from pale yellow of the PAA
matrix to bright yellow, to light reddish brown and finally to deep reddish brown (Figure S1B, C
& S2). This was observed in all the setups at different temperatures (room temperature, 70 ° C

and 100°C).

The solutions presented a favorable homogeneity without precipitation indicating that the
nanoparticles were stable and well-dispersed in the PAA medium. The origin of the color
changes is derived from the different states of the SPR of the nanoparticles at their characteristic

wavelengths which was registered by the UV-Vis absorption spectra™’.
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3.3 UV-Vis Characterization

As evident in Figure 2A, AuNPs absorption band appeared at 535nm. It can be concluded that
the band is due to the SPR of the gold nanoparticles at 510-525nm in aqueous system’'. It is
evident that the absorption band of PAA protected gold nanoparticles was shifted compared with
the calculated value. Gold nanoparticles of 5-50 nm show a sharp absorption band in the 520—
530 nm region’’. The size deduced from UV-VIS data agrees with TEM and XRD
characterization. In the case of AgNPs, reduction occurred slowly at room temperature and up to
5 days was needed to observe any noticeable color change (Fig S1C). At 70° C, it took 15
minutes (Fig S2) to record any color change while only 5 minutes was needed to observe any
visible color change at 100 °C (Fig S1B). This trend implies that higher temperature speeds the

formation of nanoparticles.

The colloids formed were stable over two months with no precipitation. The characteristic brown
color of silver solutions provided a noticeable spectroscopic signature to indicate their
formation®®. The color of the silver colloid is attributed to the collective oscillation of free
conduction electrons induced by an interacting electromagnetic field>*. SPR bands were centered
at 440 nm. The bands were broad and intensity increased with time indicating increase in
production of nanoparticles with temperature. At 70 °C (Fig S3), the plasmon intensity of the
reaction at 65 minutes was near to that at 90 minutes. Similarly at 100 °C (Fig 2B), the SPR at
45 minutes was near that at 55 minutes. This signifies the completion of the reaction. It is
possible to determine the efficiency as a function of time using normalized UV/VIS spectra.
Figure 2C shows the time-dependent conversion of Ag" to AgNPs at 100°C. After 35 minutes,

the reaction levelled off at 89% efficiency.
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Figure 2: Time evolution of UV-vis absorption spectra of reaction mixture A-AuNPs at room

temperature, B- AgNPs at 100°C C-Progress of reaction for AgNPs formation at 100°C
3.4 Morphological Investigation
3.4.1 Gold Nanoparticles

Figure 3A is the TEM micrographs of AuNPs synthesized using PAA. This revealed that the
particles are much dispersed with elliptical shapes (dark contrast objects) confirming that PAA
act as both stabilizer and reducing agent. Statistical analysis based on over one hundred

nanoparticles shows that the majority of the gold nanoparticles were approximately 10nm in

Kariuki et al. Page 9



Environmental Science: Nano

diameter. This is manifested by core size histogram shown in Figure 3B. Furthermore, from the
high-resolution TEM image shown in Figure 3C, one can see the clearly defined lattice fringes
with a spacing of 0.24 nm, which are consistent with the (111) crystallographic planes of face-
centered cubic (fcc) gold, indicating the highly crystalline nature of the gold nanoparticles
synthesized. The EDS spectra confirmed that AuNPs were formed. The Cu in the EDX spectrum
is from the TEM grids.

Figure 3E shows the XRD studies of the PAA stabilized nanoparticles which displayed four
diffraction peaks at 38.12° 43.07°, 64.47°, and 77.22° that can be indexed to the (111), (200),
(220), and (311) planes of fcc gold crystallites, respectively. The size of the crystallites along the
[111] direction was estimated to be 9.7+0.5 nm based on the calculation using the Scherrer

equation. The XRD data are in good agreement with the TEM result in Figure 3A.
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Figure 3:TEM micrographs(A),High resolution TEM micrograph(C) ,Particle size histogram(B) EDX
spectrum(D) and XRD patterns(E) of PAA-Stabilized AuNP.

3.4.2 Silver Nanoparticles

TEM micrographs of silver nanoparticles at room temperature showed very well dispersed
AgNPS (Figure 4A) synthesized using PAA as stabilizer and reductant. The analysis of particle
size distribution revealed that majority of the particles are ~3.8nm in diameter (Figure 4B).
HRTEM images showed 5 fold symmetry twinned nanoparticles. The XRD patterns revealed
four diffraction peaks at 38.12° 44.07 °, 64.27 °and 77.22 ° that can be indexed to the (111),
(200), (220), and (311) planes of fcc silver crystallites, respectively. The size of the crystallites
along the [111] direction was estimated to be 4.2 = 0.5 nm based on the calculation using the

Scherer equation; also in good agreement with the TEM result in Figure 4A.

Kariuki et al. Page 11



Environmental Science: Nano Page 14 of 23

300

250

200

150

Abundance

100

50

0
0-3.8 3.9-9 10-15 16-20 21-3031-1000
Diameter(nm)
L
(K X D
(uK

W e S e ke¥

111

Intensity

30 40 50 60 70 80
20(%)

Figure 4: TEM micrographs (A), size distribution histogram (B) High Resolution TEM

micrograph(C), EDS Spectra (D) and XRD pattern (E) of PAA stabilized AgNPs at room
temperature

At 70° C there was no significant change in the size distribution (Figure S4) as AgNPs of 4nm
size were formed. Particles were also highly crystalline as seen in the XRD having FCC patterns

with diffraction peaks (Figure S4) that were indexed to (111), (200), (220) and (311).
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At 100° C, PAA-AgNPs composites were formed with dispersed AgNPs trapped within the
polymer matrix as shown in Figures 5 A and B. High resolution TEM micrograph (Figure 5C)

revealed highly crystalline overlapping particles with an fcc pattern as confirmed by XRD
pattern (Figure S5E).
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Figure 5: TEM micrograph (A and B), High Resolution TEM micrograph(C), EDS spectra (D)
XRD patterns (E) of PAA stabilized AgNPs at 100°C

3.5 Catalytic activity of PAA stabilized AuNPs

As stated earlier, an effective way to prevent aggregation is to utilize appropriate stabilizers.
However, it has been shown that the presence of densely packed capping layer on the metal
nanoparticle surface may compromise the catalytic activity since surface active sites become
inaccessible® % -3 Therefore, it was necessary to confirm whether the AuNPs stabilized with
PAA retained their catalytic activity. The reduction of 4-nitrophenol into 4-aminophenol in the
presence of excessive NaBH4 was chosen as a model to test the catalytic activity of the PAA
stabilized AuNPs. This reaction has been used extensively as a benchmark to quantify the
catalytic activity of various metallic nanoparticles since the reaction dynamics can be easily

monitored using UV-Vis absorption spectroscopy'” *®

. Upon the addition of excessive NaBHy
into a 4-nitrophenol solution, the color of the solution changed quickly from light yellow to

green yellow.

Figure 6a depicts the UV-Vis absorption spectra of 4-nitrophenol solution in the presence of
PAA stabilized. AuNPs collected at different reaction intervals. At the beginning of the reaction,
the solution exhibited a major absorption peak at 400nm and another band at 300nm. This is due
to formation of 4-nitrophenolate anions under basic conditions. The intensity of the peak at
400nm decreased quickly with time and at same time, the intensity of the peak at 300nm
increased. The rate of reduction is monitored by the disappearance of this peak. The UV-Vis
spectra shows an isosbestic point (around 320nm) suggesting that the catalytic reduction of 4-
nitrophenol gives 4-aminophenol only, without byproduct. The reaction appeared to complete
within 500s. The accompanying color change is shown in Figure SS. The absorption peak at
300nm is characteristic of 4-aminophenol’®*”. The graph clearly indicates the effective reduction

of 4-nitrophenol into 4-aminophenol in the presence of PAA synthesized AuNPs.

Kariuki et al. Page 14



Page 17 of 23 Environmental Science: Nano

20 s interval
1.5
=
ey
3 .
g T
g 21.0
=]
= <
S -
et
o) o
2 S
% <05

00 1 | 1
250 300 350 400 450 500 300 400 500

Wavelength(nm) Wavelength(nm)

75 150 225 300
Time (s)
Figure 6: (A) Time dependent UV-vis absorption spectra of the reduction of 4-nitrophenol by
NaBHj; in the presence of PAA-stabilized AuNPs. (B) Time dependent UV-vis absorption
spectra of the reduction of 4-nitrophenol by NaBHj, in the absence of PAA-stabilized AuNPs (C)
Plot of In (A¢/Ay) as a function of time for the reaction catalyzed by PAA-stabilized AuNps.

Since this reaction was conducted under a large excess of NaBH4, the reaction rate was nearly
independent of the NaBH4 concentration and consequently the kinetics can be modeled by a
quasi-first order process with respect to the concentration of 4-nitrophenol. Therefore the rate
constant for the reduction process was determined by measuring the change in absorbance at
400nm as a function of time. Figure 6C depicts the plot of In (Ay/Ay) as a function of reaction
time (t), where A and A, are absorption intensities at time t and 0O respectively. The kinetic rate

constant (k) of 5.2 X10™ S was derived from the linear regression of the experimental data.
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An additional control experiment was setup by adding only NaBH,4 to 4-nitrophenol but without
PAA stabilized gold nanoparticles. The UV-Vis absorption profiles remained unchanged for up
to 60 minutes, indicating that no reduction of 4-nitrophenol into 4-aminophenol occurred in the

absence of PAA stabilized gold nanoparticles (Figure 6B).
3.6 Catalytic activity of PAA-synthesized AgNPs

The reduction of methylene blue (MB) has been used extensively as a benchmark to quantify the
catalytic activity of various metallic nanoparticles since the reaction dynamics can be easily
monitored using UV-Vis absorption®® *. Addition of PAA synthesized AgNPs and excess of
32mM NaBH, into MB solution at room temperature produced a color change from blue to
colorless. MB exhibits a peak maxima at 658nm which corresponds to n-n* transition and a
shoulder at 614nm*” *'. In presence of NaBHy, the reaction barely takes place as shown by the
constant intensity of the absorption band at 664nm (Figure S7A). However in presence of
AgNPs, MB undergoes a faster reduction to form leucomethylene blue (Figure S6 and S7B),
and methylene blue absorption peak at 664nm decreases rapidly within 3 minutes. This confirms
the catalytic activity of the PAA-synthesized AgNPs. The first order kinetics modeling reveals a

rate constant of 1.09 x 107 S™.
3.7 Antimicrobial Activity and Cytotoxicity of PAA-stabilized Silver Nanoparticles

As detailed in Figure 7, AgNPs showed antibacterial activity on Escherichia coli DHS5 Alpha
(gram negative), and Listeria monocytogenes strains F2365 and HCC7 (gram positive) as well as
on E.coli 25922 and S.epidermidis (results are shown in Supplementary Figure S9) and
Aeromonas hydrophilia (gram negative) and Pseudomonas aeruginosa (gram negative) (results
are shown in Supplementary Figure S11). Unlike the response of E.coli 25922 (gram negative)
and S.epidermidis (gram positive) to silver nanoparticles, Escherichia coli DHS5 Alpha, and
Listeria monocytogenes (strains F2365 and HCC7) showed different responses to AgNPs
toxicity. The treatment decreased the E.coli DH5 colonies count by 75% in comparison to the
control while the treatment Listeria monocytogenes (F2365 and HCC7) colonies with AgNPs

decreased their sizes by over 35%.
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However, in all cases AgNPs exhibited antibacterial activity against these gram (+) and gram (-)
bacteria. The difference of how AgNPs showed their anti-bacterial activities can be explained in
three ways, (i) type of bacteria, (i) medium differences and/or (iii) age and concentration of
microbial inoculums. However, it should be mentioned that the age of silver nanoparticles also
made a difference in addition to these three reasons. One week old silver nanoparticles were
tested for E.coli 25922 and S. epidermidis, and it was observed that the antibacterial activity
decreased by about 10 percent within 3 months (data not shown); the results presented here are
from 3-months old nanoparticles. Different concentrations of silver nanoparticles did not show
dramatic changes because autoclaving AgNPs caused agglomeration, which was not seen before
autoclave. The AgNPs did not show even distribution after 1pg/mL concentration, which was

shown in Supplementary S12.

In summary, the results clearly showed that the synthesized silver nanoparticles exhibit strong
antibacterial activity through either decreasing the colony number or reducing the size of
formed-colonies for bacteria [detailed in Figure S9] and slight inhibitory effects on fungi
(Figure S8).

| 84 Colonies >~ 21 Colonies

Treatment with
. E. coll control nanoparticle

PG AR
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b nanoparticle added BHI plate

L. monocytogenes with non

treatment BHI plate \ | L. monocytogenes strain Hcco7 |
\ P nanoparticle added BHI plat

Figure 7: Growth of E. coli upon treatment with 10 pg/ml of silver-nanoparticle agar [B], and

control non-treated LB plate [A]. Antibacterial activity recorded for L. monocytogenes strain
F2365 upon treatment with 10 pg/ml of nanoparticle agar: [d] and [c] control LB plate, and L.
monocytogenes strain HCC07 [f] and control non-treated plate [e]. For more details on this set

up, refer to S11.

All cytotoxicity results are displayed in supporting information (S10). Fig S10 A and B depict a
change in growth pattern of Caco-2 cells in response to AgNPs treatment while IEC-6 cells
showed a 5% decrease in confluence. Fig S10E shows a fluorescence based viability study:
AgNPs concentration above 5ug/ml resulted in over 25% decrease in viability. This shows that

the AgNPs exhibited mild cytotoxicity against non-cancerous IEC-6 cells.
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4.0 CONCLUSION

We have herein reported a one-step method for the synthesis of well-dispersed AuNPs and
AgNPs using PAA as both the reductant and stabilizer. The as-prepared nanoparticles were
stable for over 3 months at room temperature. The nanoparticles formed had a narrow size
distribution (~10nm for AuNPs and~ 5nm for AgNPs). Further temperature dependence on the
formation of AgNPs revealed that PAA-AgNPs nano composites can be synthesized at 100°C
without altering the fcc crystal pattern. The utilization of biodegradable polymer eliminates the
use of toxic volatile organics during the synthetic process. We have also shown that the as-
prepared PAA stabilized AuNPs and AgNPs retained their catalytic activity towards 4-
nitrophenol and methylene blue with a rate constant of 5.2 10~ S™ and 1.09x107 S™
respectively. Finally, this work has also demonstrated that the AgNPs exhibited robust
antimicrobial activity against Escherichia coli, Staphylococcus epidermidis, Aeromonas
hydrophilia, Pseudomonas aeruginosa, Listeria monocytogenes, S.epidermidis and modest

cytotoxicity against non-cancerous immortalized IEC-6 and cancerous Caco-2 cell lines.
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