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ABSTRACT

We investigate the influence of polymer molecular weight on the properties of silver-
methylcellulose (Ag-MC) nanocomposite films synthesized by the irradiation of a CO: laser.
Although the reduction power of MC with a smaller molecular weight turns out to be stronger
than that with a larger molecular weight in the solution phase, we do not see such a clear
difference when MC is in the matrix phase. For the 30 sec irradiation at the laser power of 0.8
W, the size of Ag nanoparticles (NPs) in the two types of MC matrix is similar, and it is about
30 nm. However, for the longer irradiation time at the same laser power, aggregation of Ag
NPs set in, and it is more serious for the Ag-MC film with MC of larger molecular weight. We
also carry out the antibacterial test with the Ag-MC films, and find that the Ag-MC film
synthesized at the lower laser power and shorter irradiation time generally exhibits a stronger

antibacterial effect.
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Introduction

In recent years metal-polymer nanocomposites have continuously drawn lots of attention due
to their potential applications in various fields [1-3]. The role of the metallic component as a
filler is to improve the property of the polymer matrix or add new functions to them. In many
cases synthetic polymers are used for the matrix because they already have nice properties,
while noble metal nanoparticles (NPs) are used for the filler because they have good
mechanical, electrical, optical, and catalytic properties.

There are many reports on the synthesis of metal-polymer nanocomposites, and the
developed synthesis methods can be classified into the two categories, i.e., ex-situ [4] and in-
situ methods. In the ex-situ methods the separately prepared metal NPs are dispersed into the
polymer solution, and the mixed solution is spin-coated or cast on a substrate to make
nanocomposite films. Although this is a very straightforward method, obtaining nanocomposite
films with a high number density of metal NPs is difficult, because aggregation can take place.
In the in-situ methods metal NPs are produced in the polymer matrix in various ways such as
chemical reduction [5, 6], photoreduction [7-10], microwave reduction [11], thermal reduction
[12], etc. The typical photoreduction method employs a UV lamp [7, 9] or UV laser [8, 10] to
induce radicals of additives, and those radicals promote reduction in the polymer matrix. The
thermal reduction is carried out in an electric furnace [12] at the temperature of 80~120 °C. As
a new alternative, we have recently demonstrated the rapid in-situ synthesis of polymer-metal
nanocomposite films using a CO> laser [13], where the role of the CO: laser is to heat the glass
substrate through which the temperature of the polymer film also increases, and this promotes
the reduction of metallic ions in the polymer matrix. In this sense our method is somehow

similar to thermal reduction.

Cellulose is one of the polysaccharides, and the most abundant natural polymer on earth.
Moreover, it is biodegradable, biocompatible, renewable, and nontoxic. Although these
properties imply that cellulose can be an ideal material as a matrix of nanocomposites [14-16],
there still remains a difficulty that cellulose is insoluble in water and most of the organic
solvents, because the reactive hydroxyl groups in a cellulose molecular chain form the
hydrogen bonds with the adjacent cellulose molecular chains and becomes practically inert. As
a result, cellulose is often used in the forms of bundles such as cellulose nanocrystals or
cellulose nanofibers [17-24]. However, the derivatives of cellulose such as methylcellulose
(MC), carboxymethyl cellulose (CMC), and aminocellulose (AMC) exhibit good solubility in



water while acetylcellulose (AC) is soluble in acetone, and they can be conveniently used for
the matrices of metal-polymer nanocomposites, as reported with MC [25-33], CMC [34-37],
AMC [38], and AC [39].

Knowing that most of the polymer-based nanocomposites in the literature deal with the
polymers with certain single average molecular weights, we address the question: “How are
the properties of polymer-metal nanocomposites influenced by the molecular weight of
employed polymers?” Related to this question we are aware that the synthesis of Ag NPs using
the solutions of polyethylene glycol (PEG) with different molecular weights has been studied
to clarify the influence of molecular weight of employed PEG on the properties of Ag NPs [40].
Since there is a growing interest for the use of cellulose derivatives as environmentally friendly
materials the influence of its molecular weight on the properties of synthesized nanocomposites
has to be clarified.

The aim of this work is to investigate the influence of polymer molecular weight of MC on
the properties of Ag-MC nanocomposite films synthesized by the irradiation of a CO> laser
[13] . Through the synthesis and characterization of Ag-MC films using MC with different
molecular weights (which are often labeled in terms of viscosity, cP), we find that the choice
of MC with different molecular weights results in the different optical and morphological, and
antibacterial properties of the synthesized films even if the same laser power and irradiation

time are employed.

Materials and Methods
Materials

We purchase two kinds of MC (viscosities of 2% solution at 20 °C are 15 cP and 400 cP with
average molecular weights of 14,000 and 41,000, respectively, while the methoxy substitution
and the degree of substitution are 29.5+2 % and 1.7+0.2, respectively, for both MCs, as all
those data supplied by the manufacturer), polystyrene (PS) (molecular weight of 350,000),
silver nitrate (AgNO3z, 99.999%), and silver acetate (AgCHsCOO, 99.999%) from Sigma-
Aldrich, and toluene from Wako Pure Chemical industries Ltd. All reagents are analytical grade
and used as received without further purification. The glass substrates used in our study are
borosilicate microscope cover glass (18 mmx18 mmx0.15 mm, Matsunami Co.). Hereafter we
will call MC (15 cP) and MC (400 cP) as MC15 and MC400, respectively. Escherichia coli (E.

coli) DH5a competent cells are obtained from TaKaRa Bio Inc.



Laser

For the in-situ synthesis of Ag-MC films we employ a CO; laser at 10.6 um (AL30P, Access
Laser Co., maximum peak power 60 W, pulse duration 100-400 pus depending on the laser
power, repetition rate 2.5 kHz). Although its output is in the pulsed mode, the irradiation may
be considered to be in the quasi-CW mode, since the pulse duration is comparable to the pulse
interval, which is 400 us at the 2.5 kHz repetition rate. The CO> laser power is measured with
a power meter (Pronto-250, Gentec-EO Co.) at the position of the polymer film. The laser beam
diameter is ~8 mm (FWHM) with a Gaussian spatial profile at the position of the film. As a
result the irradiated laser power on the film is different at the different position, and this
influences the film properties. Although it is technically possible to convert the Gaussian beam
profile to the flat-top one using a commercial beam shaper we do not use it in this work, and

perform all the analysis at the center of the irradiated area on the film.

Synthesis of Ag-MC films

We mix 0.125 g of MC15 in 2.5 mL of highly purified water at 80 °C for 1 hour with continuous
stirring, and then, gradually cool it down to the room temperature (20 °C). After that we store
the solution in a refrigerator (-20 °C) overnight to obtain the MC15 solution. Then, we take out
the MC15 solution from the refrigerator, and mix it with a separately prepared 0.47 M AgNO3
solution which contains 0.08 g of AgNOs and 1.0 mL of water to obtain the AgNO3-MC15
solution. The 500 pL of AgNO3-MC15 solution is spin coated on a glass substrate at 500 rpm
for 5 sec and then at 1000 rpm for 30 sec. The spin-coated AgNOs-MC15 film is dried in a
dark place in air at room temperature for 24 hours. AgNO3-MC400 films are prepared in a
similar way with the same wt% of MC in the solution. The only difference is that the employed
speed of spin coating for the AgNO3-MC400 films is 500 rpm for 5 sec and then 2000 rpm for
30 sec, otherwise the AgNOs-MC400 films come out to be much thicker than the AgNOs-
MC15 films. This is because the viscosity of the MC400 solution is much higher than that of
the MC15 solution at the same wt% concentration of MC. To check the film thicknesses we
employ the atomic force microscope (VN-8010, Keyence), and find that they are 440 and 820
nm, respectively, for the AgNO3-MC15 and AgNO3-MC400 films. After the thickness check
we irradiate the AgNO3-MC films with the CO; laser (beam diameter ~10 mm at the film
position) at the laser power of 0.8 or 1 W for 30, 60, or 90 sec to synthesize Ag-MC films.

Upon laser irradiation the film temperature rapidly increases, and within 60 sec irradiation the



film temperature (measured by a thermocouple with a 1 mm diameter head) reaches 130 and

150 °C at the laser power of 0.8 and 1 W, respectively.

Characterization

To obtain the optical properties of the samples in the UV~visible range, we employ a compact
CCD spectrometer (USB2000+, Ocean Optics). The film samples (i.e., Ag-MC15 and Ag-
MC400 films) are directly placed in front of the spectrometer, while the solution samples (i.e.,
AgNO3-MC15 or AgNO3-MC400 solutions) are put in an acrylic cell (12.5 mm x 12.5 mm x
45 mm, optical path=10 mm) as shown in Fig. 1(a), and placed in front of the spectrometer for
the UV-vis measurements. To characterize the film morphologies we employ a scanning
electron microscope (SEM) (JSM-6500FE, JEOL) at 5 kV. Since the pure MC15 and MC400
films without AgNOs show the structureless SEM images even after laser irradiation, we can
confidently say that any surface structure we can see on the Ag-MC films by SEM essentially
reflect the shapes and sizes of in-situ synthesized Ag NPs at the film surface. To investigate
the possible modification of the vibrational modes of MC matrix as a result of the formation of
Ag NPs we employ Fourier Transform Infrared Spectroscopy (FTIR) (FT/IR-6200, JASCO).
However, the borosilicate cover glass substrates are completely opaque for the mid-IR
wavelength of 1000-4000 cm™, and we cannot use them as substrates for the FTIR
measurement. Therefore, only for the FTIR measurements we introduce a sacrificial PS layer
between the cover glass substrate and Ag-NOs film, irradiate the CO: laser, peel off the
synthesized Ag-MC+PS film from the substrate, and dissolve the PS layer in toluene to obtain
the free-standing Ag-MC film, which is mounted in the sample holder for the FTIR

measurement.

Antibacterial test

To investigate the antibacterial properties of the Ag-MC films we perform the agar diffusion
test against E. coli [41]. Briefly, fully grown E. coli is diluted with a Luria-Bertani (LB)
medium and grown again until the optical density of 1.2 at 600 nm is reached. Then, the
bacterial suspension is applied on the surface of a nutrient agar plate. The Ag-MC films on the
glass substrates are cut into the size of 4 mm x 4 mm around the irradiation center to ensure
the homogeneity of the synthesized films, and placed upside down on the agar plate. Finally,
the agar plates are incubated at 37 °C for 24 hours. The antibacterial properties of the Ag-MC
films synthesized under the different laser powers and irradiation times are evaluated from the

inhibited area around the 4 mm x 4 mm Ag-MC films.



Results and Discussions
Reduction power of methylcellulose

To start with, we test the reduction power of MC itself. For this purpose we prepare the two

sets of AgNO3-MC15 and AgNO3z-MC400 solutions as described in 2.3, and place them in
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Figure 1 (a) Comparison of the reduction power of MC15 and MC400. A and B (C and
D) represent the photos of the AgNO,-MC15 (AgNO3-MC400) solutions stored in

bright and dark places for 24 hours, respectively. (b) UV-vis spectra of the
corresponding solutions shown in (a). (c) Photos of the Ag-MC15 and Ag-MC400 films
prepared by spin-coating the 24 hour-stored AgNO3;-MC15 and AgNO3;-MC400
solutions on the substrates. (d) UV-vis spectra of the corresponding films shown in (c).

bright and dark places at room temperature for 24 hours. The photos of the solutions after 24

hours are shown in Fig. 1a. As the reduction of Ag" ions proceeds the initially colorless



(transparent) AgNO3z-MC solution gradually changes to yellow and then to darker yellow. This
color change is fastest for the AgNOs-MC15 solution (Fig. 1a) stored in the bright place, and
slowest for the AgNO3z-MC400 solution stored in the dark place. From the UV-vis spectra
shown in Fig. 1b we confirm that the origin of the yellow color is due to the presence of the
peaks at around 420 nm, which is a surface plasmon resonance (SPR) of Ag NPs. It is clear
that the reduction, although very slow, proceeds even in the dark place, and the reduction power
of MC15 is stronger than that of MC400. Now, those solutions are spin-coated on the glass
substrates, and then dried in a dark place for another 24 hours. As shown in Fig. 1c the prepared
films are practically transparent to the naked eye, since the film thickness is no more than a
few hundred nm. Indeed, the UV-vis spectra of those films hardly show the SPR (Fig. 1d).

UV-vis spectra

In Figs. 2a and 2b we show the UV-vis spectra of Ag-MC15 films after the laser irradiation
times of 0, 30, 60, and 90 sec at the laser powers of 0.8 and 1 W, respectively. From Fig. 2a
we notice that the SPR of Ag NPs appears at around 400 nm [4, 5, 12] after the 30 sec irradiation,
and it is far stronger than that we have seen in Fig. 1d. This means that the Ag-MC15 film with
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Figure 2 UV-vis spectra of the Ag-MC15 films synthesized at the different laser
powers and irradiation times. Employed laser powers are (a) 0.8 W and (b) 1 W,
respectively.

a tremendous number of Ag NPs has been in-situ synthesized through the reduction of Ag*
ions in the MC15 matrix. After the 60 sec irradiation the height of SPR grows, but the
difference of the shape and height of SPR after the 60 and 90 sec irradiations are very small.

This implies that practically all Ag* ions in the MC15 matrix have been reduced to Ag NP



during the 60 sec irradiation at 0.8 W, and thereafter very little change occurs until the CO>
laser is turned off at 90 sec. However, when the laser power is increased to 1 W the behavior
of the UV-vis spectra turns out to be different, as shown in Fig. 2b. At the laser power of 1 W
the 30 sec irradiation turns out to be sufficient to reduce practically all Ag* ions in the MC15
matrix, since the UV-vis spectrum after the 30 sec irradiation at 1 W (Fig. 2b) is almost the
same with those after the 60 and 90 sec irradiations at 0.8 W (Fig. 2a). Further irradiation (60
sec) at 1 W broadens the SPR and the peak shifts to the longer wavelength side. These
observations imply that the size of Ag NPs becomes more polydisperse with the larger average
size of Ag NPs. After the 90 sec irradiation at 1 W the tail of the SPR at the long wavelength
side lifts up from the baseline, suggesting that the significant aggregation of Ag NPs has taken
place. Note that these changes do not happen at the laser power of 0.8 W (Fig. 2a), since, due
to the lower film temperature at 0.8 W, the mobility of the reduced Ag NPs in the MC15 matrix
is not sufficient to meet another Ag NPs in the neighborhood to aggregate. At the laser power
of 1 W, however, the Ag NPs which have been reduced in the MC15 matrix at the earlier time
during the laser irradiation can meet another Ag NPs to aggregate and become larger NPs, since,
due to the higher film temperature at 1 W, the reduced Ag NPs can move more distance in the
softer MC15 matrix.

Similar results are shown in Figs. 3a and 3b for the Ag-MC400 films. Although the
reduction power of MC400 solution is somehow weaker than that of MC15 solution (Fig. 1a),
the MC400 matrix under the laser irradiation at 0.8 W can sufficiently reduce Ag* ions.
Presumably, this is because more water molecules remains in the MC400 matrix even after the
24 hour dry, and accordingly the mobility of Ag atoms/clusters/NPs during the CO> laser
irradiation is higher in the MC400 matrix with, which promotes the reduction. In other words
the lower reduction power of MC400 itself is compensated by the presence of residual water
molecules in the MC400 matrix to improve the reduction power to be comparable with that of
MC15. However, the SPR’s in Fig. 3a are all slightly broader than those in Fig. 2a, because the
size of Ag NPs in the Ag-MC400 films after the irradiation at 0.8 W is larger as a result of
aggregation. This interpretation is confirmed by the longer tails and broader widths of SPR’s
shown in Fig. 3a compared with those shown in Fig. 2a. At the laser power of 1 W (Fig. 3b)
the distortion of SPR for the Ag-MC400 films is more eminent than that for the Ag-MC15
films (Fig. 2b), because the MC400 matrix is more viscous than the MC15 matrix at the same

film temperature (i.e., same laser power), and accordingly the rapidly synthesized NPs at 1 W
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Figure 3 Similar to Fig. 2 but for the Ag-MC400 films.

cannot so much diffuse. As a result aggregation of Ag NPs is more likely to occur in the MC400

matrix.

Surface morphology

Now, to have a better picture for the in-situ formation of Ag NPs in the MC matrix we study
the morphology of Ag-MC films. Under the laser power of 0.8 W the morphologies of Ag-
MC15 (Ag-MC400) films are similar for both 30 and 90 sec irradiations (not shown here), and
the average sizes of Ag NPs are 29.4 and 29.4 nm (30.4 and 31.5 nm), respectively, while their
size distributions are all similar to that shown in Fig. 4a. Figs. 4a and 4b show the SEM images
of the Ag-MC15 films synthesized by the 30 and 90 sec irradiations at 1 W, respectively. We
notice that many Ag NPs are exposed out of the film surface. To obtain the size distributions
of Ag NPs we employ the ImageJ software to analyze the SEM images, and the results are
shown in Figs. 4c and 4d. The average size of Ag NPs after the 30 sec irradiation is 30.6 nm,
while it becomes 37.6 nm after the 90 sec irradiation. Moreover, we notice that the size
distribution of Ag NPs after the 90 sec irradiation (Fig. 4d) is broader than that after the 30 sec
irradiation (Fig. 4c). This is consistent with the change we observe in the UV-vis spectra (Fig.
2b): The UV-vis spectrum after the 90 sec irradiation is broader than that after the 30 sec
irradiation, and the former has a long tail in the long wavelength side, indicating that the size
distribution is broader and the aggregation of Ag NPs takes place during the 90 sec irradiation
at1Ww.
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Figure 4 SEM images for the Ag-MCI15 films synthesized by the (a) 30 sec and (b) 90
sec irradiations at 1 W. Size distributions of Ag NPs shown in (a) and (b) are presented
by the histograms in (c) and (d), respectively. The scale bars in (a) and (b) represent 500
nm.

Similar results for the Ag-MC400 films are shown in Fig. 5. From the comparison of Fig.
5a with Fig. 4a we notice that, after the 30 sec irradiation at 1 W, the average size of Ag NPs
in the Ag-MC400 film (29.8 nm) is similar to that (30.6 nm) in the Ag-MC15 film, and the size
distributions are also similar, as we see in Figs. 5¢ and 4c. Interestingly, after the 90 sec
irradiation at 1 W, notable aggregation of Ag NPs is observed in the Ag-MC400 film (Fig. 5b),
and consistently the size distribution of Ag NPs is very broad (Fig. 5d). Note that the results
are very different for the Ag-MC15 films (Figs. 4b and 4d). As already mentioned above, this
is presumably because the viscosity of MC400 matrix is higher than that of the MC15 matrix
at the same film temperature, which results in the more chance for the in-situ growing NPs to
meet the adjacent NPs to aggregate. Although the Ag NPs after the 90 sec irradiation at 1 W is
strongly distorted and far from the spherical shape, we dare to make a rough estimation of the
average sizes of Ag NPs using ImageJ, and they are 29.8 and 165 nm after the irradiation times
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Figure 5 Similar to Fig. 4 but for the Ag-MC400 films.

of 30 and 90 sec, respectively. These findings are qualitatively consistent with what we have

already inferred from the UV-vis spectra shown in Fig. 3.

FTIR spectra

Now, we take the FTIR spectra to gain some insights about the interaction in the Ag-MC films.
The results are summarized in Fig. 6. The peaks at about 3469 cm™, 2921 cm™, and 1081 cm*
are characteristic for the MC molecules, and they are the O-H stretching mode, asymmetric C-
H stretching mode of pyranoid ring, and C-O-C stretching mode from gluocosidic units,
respectively [42]. Those modes appear in all the FTIR spectra of pure MC15, Ag-MC15, pure
MC400, and Ag-MC400 films (Figs. 6a-6d) with some slight difference in shape and energy,

which indicates the presence of interactions between the Ag NPs and MC matrix. More
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Figure 6 FTIR spectra of the free-standing (a) pure MC15 film, (b) Ag-MC15 film
synthesized by 90 sec laser irradiation at 1W, (c¢) pure MC400 film, and (d) Ag-MC400
film synthesized by 90 sec laser irradiation at 1 W. Graphs (e) and (f), respectively,
represent the FTIR spectra of the free-standing Ag-MC15 films using silver nitrate and
silver acetate with the same but much lower concentration employed for (b) and (d).
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interestingly, an additional peak appears at 1318 cm™ (circled in Figs. 6b and 6d) only in the
Ag-MC15 and Ag-MC400 films. To find the origin of this peak we additionally synthesize the
Ag-MC15 film using silver acetate instead of silver nitrate as a precursor of Ag NPs. Solubility
of silver acetate to water is much lower (1 g/100 mL at 20 °C) than that of silver nitrate (219
9/100 mL at 20 °C), and for a fair comparison we synthesize the two Ag-MC15 films using the
same wt% of silver nitrate and silver acetate. The FTIR spectra of those films are shown in
Figs. 6e and 6f, respectively. To compare Figs. 6e and 6f with Fig. 6b, we must bear in mind
that the wt% of silver nitrate and silver acetate with respect to MC15 we employ to synthesize
the Ag-MC15 films for Figs. 6e and 6f is much lower than that of the Ag-MC15 film we employ
for Fig. 6b. The additional peak at 1318 cm™ we observe in the Ag-MC15 films synthesized
using silver nitrate (Figs. 6e and 6b) does not appear in the Ag-MC15 film synthesized using
silver acetate (Fig. 6f). This implies that the peak at 1318 cm™ must be associated with a certain
vibrational mode associated with nitrate or nitrogen, and it is most likely the N-O stretching
mode of NOz™ [43].

Antibacterial test

12



We investigate the antibacterial property of the Ag-MC films using the agar diffusion test
against E. coli. The photos of the antibacterial tests with the Ag-MC15 and Ag-MC400 films
under the different laser irradiation conditions are shown in Fig. 7a. Of course there is no
inhibited zone for the pure MC15 and MC400 films, as shown in films E and J of Fig. 7a. To
be more quantitative, we present the histograms of the inhibited areas [41], and the results with
the Ag-MC15 films are shown in Figs. 7b. Interestingly, Fig. 7b shows that, (1) for the given
laser power the film prepared by the shorter irradiation time has a stronger antibacterial
property, while (2) for the given irradiation time the film prepared by the lower laser power

13



has a stronger antibacterial property. To understand these results, we note that there are two
factors that determine the antibacterial property of the films. The first one is the number of
remaining Ag* ions left in the film after the CO; laser irradiation. The fact that film A (30 sec
irradiation at 0.8 W) has a stronger antibacterial property than film B (90 sec irradiation at 0.8

W) implies that the remaining Ag* ions rather than the synthesized Ag NPs in the film does a

better job to kill the bacteria. The second one is the number and size of Ag NPs in the film.
Since most of the Ag* ions in the MC15 film have been reduced to Ag NPs after the laser
irradiation of 30 sec at 1 W as we have explained in section 3.2, we may assume that there are
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Figure 7 (a) Photos for the antibacterial test with the 4 mm X 4 mm Ag-MC15 and Ag-
MC400 films synthesized under the different laser irradiation conditions. The inhibited
areas around the Ag-MC15 and Ag-MC400 films are shown in (b) and (c) with the
results of control samples, MC15 and MC400 films. All scale bars in (a) represent 5
mm.
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very few Ag" ions left in both films C and D. But the results in Fig. 7a show that film C has a
stronger antibacterial property than film D. This is because the total surface area of Ag NPs in
film C (with average NPs size of 30.6 nm) is larger than that in film D (with average NP size
of 37.6 nm), as we can infer from Figs. 4a and 4b, and accordingly more Ag atoms at the surface
of Ag NPs in film C can presumably release electrons to become Ag* ions. Similar results are
presented in Fig. 7c with the Ag-MC400 films. Interestingly, a comparison of Figs. 7b and 7c
suggest that the antibacterial property of the Ag-MC400 films (30 sec irradiation at 0.8 W, 90
sec irradiation at 0.8 W, and 30 sec irradiation at 1 W) is more or less similar to that of the Ag-
MC15 film under the corresponding laser irradiation conditions. To find a reason for this we
note that the peak values of absorbance of the Ag-MC15 (90 sec irradiation at 0.8 W and 30
sec irradiation at 1 W) films are all about 2.3 (Fig. 2) while those of Ag-MC400 films (30 sec
irradiation at 0.8 W, 90 sec irradiation at 0.8 W, and 30 sec irradiation at 1 W) are about 2.4,
2.6, and 2.7 (Fig. 3). This means that the number of Ag NPs in the Ag-MC400 films is about a
factor of two more than that in the Ag-MC15 films, i.e., 1023/1026~2. We also recall that the
thicknesses of Ag-MC15 and Ag-MC400 films are 440 and 820 nm, respectively, and hence
the thickness of the latter is about 1.86 times more than that of the former. By combining those
facts we can conclude that the number density of Ag NPs in the Ag-MC400 films are seemingly
slightly more than those in the Ag-MC15 films, which may result in slightly more Ag* ions. It
IS not easy, however, to pinpoint the reason, since the thicknesses of Ag-MC15 and Ag-MC
400 films are different. The only thing we can surely say for the results with the Ag-MC400
films is that the antibacterial property of film I (90 sec irradiation at 1 W) is significantly
weaker than the others, because the size of Ag NPs are far larger than the others (Fig. 5b), and
accordingly the total surface area of Ag NPs in film I is far less than the others, which means
that a far smaller number of Ag* ions can be released from the Ag NPs in film I.

Conclusions

In conclusion we have studied the influence of the polymer molecular weight on the properties
of in-situ synthesized silver-methylcellulose nanocomposite films using a CO laser. Although
the reduction power of methylcellulose with a larger molecular weight has been found to be
weaker than that with a smaller molecular weight in the solution phase, it is not so weak when
it is in the matrix phase, presumably because the residual water molecules in the former film

helps Ag* ions to have better mobility in the polymer matrix to promote the reduction. From

15



the UV-vis spectra and SEM images of the synthesized films we have found that the silver
nanoparticles synthesized in the methylcellulose matrix with a larger molecular weight tends
to aggregate to form larger nanoparticles, since the nanoparticles cannot move so much in the
more viscous methylcellulose matrix. Moreover, we have found that the additional peak in the
FTIR spectra of the nanocomposite films is associated with the nitrate group, and it is most
likely the N-O stretching mode of NOs", since the silver-methylcellulose film prepared with
silver acetate instead of silver nitrate does not show such a peak. We have also carried out the
antibacterial test of the nanocomposite films synthesized under the different laser powers and
irradiation times. The difference of antibacterial property is roughly and qualitatively explained
by the number of remaining Ag™ ions and the effective surface area of silver nanoparticles. Our
results suggest that the choice of the molecular weight of the matrix polymer influences the
various properties of the synthesized silver-methylcellulose nanocomposite films, and the

similar must be true for any polymer-based nanocomposites.
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