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Abstract  Color change is a desirable response when designing user-friendly chemical sensors. However, when 
preparing colored nanocomposites sensors, it can be challenging to transfer the color from solution into films. This 
work demonstrates that films of various colors can be prepared by blending premade nanoparticles with poly(vinyl 
alcohol) (PVA); however, the color in solution differed from the color in film. While, this color discrepancy and the 
appearance of the films depended on how the optical properties of nanoparticles were tuned, UV-visible 
spectroscopy and Transmission Electron Microscopy (TEM) showed that changes in nanoparticle’s morphology was 
not the cause of the color discrepancy. Reflecting the polydispersity of nanoparticles in solution, more homogeneous 
colored films were obtained by controlling the size of nanoparticles rather than their shape. This work shows how to 
readily prepare silver-PVA nanocomposite films of various colors, which may facilitate the design of 
nanocomposites intended for chemical sensing based on the optical properties of silver nanoparticles. 
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1. Introduction 

Polymeric films containing nanoparticles are 
nanocomposite materials with novel optical properties that 
can be controlled by modifying the composition of both 
polymer and metal nanoparticles [1,2]. While the initial 
integration of nanoparticles and polymers sought to 
improve the properties of polymers, current works focus 
on exploiting and even discovering new properties of 
those known for nanoparticles in liquid phase. Confining 
nanoparticles in films has gone beyond preventing the 
unwanted aggregation that nanoparticles experience in 
solution, and new nanocomposites have been engineered 
to control the interaction of nanoparticles [1]. However, 
preserving the properties and controlling the distribution 
of nanoparticles in films can be challenging, in most cases 
requiring modifications of the nanoparticles to secure its 
compatibility with the polymer. Silver nanoparticles are 
advantageous to study such compatibility because their 
light extinction falls in the visible spectra and changes  
in color offer information about the interaction  
between nanoparticle and polymer. Films made of silver 
nanoparticles embedded in poly (vinylalcohol) (PVA) are 
of interest because the transparency, solubility, and 
permeability of PVA makes this matrix attractive for 
sensors that use Localized Surface Plasmon Resonance 
(LSPR) [3,4,5] and Surface-Enhanced Raman Spectroscopy 
(SERS) [6,7].  

The simple judgement of color is powerful in exploring 
the properties of nanomaterials. Tuning the morphology  
of silver nanoparticles to obtain different colors  
has been vastly studied in solution phase [8,9]. Similar 
morphology-controlled tuning has scarcely been done for 
films, and films of different colors have been prepared by 
controlling the refractive index of the nanocomposite, 
metal composition of nanoparticles, and surface 
modification of the nanoparticles [10,11,12]. Alternatively, 
the color of a given film can be changed by applying an 
external stimulus (electrical, optical, mechanical, thermal, 
etc.) to the nanocomposite to alter the morphology or 
coupling of nanoparticles [13,14,15,16]. While, these 
complex modifications have produced colored films, the 
simple embedding of silver nanoparticles in films 
generally produces a single color, yellow [17-23]. 

There are two main approaches to prepare PVA films 
with embedded silver nanoparticles. In the in-situ 
approach, silver ions are mixed with the polymer, and then 
nanoparticles are synthesized in the matrix of the polymer 
during or after the formation of the film using heat, 
radiation or chemical reagents [21,24,25]. The ability to 
create patterns in the film is a major advantage of the  
in-situ approach [26], but only yellow films have been 
obtained by tuning the size of silver nanoparticles [27]. In 
the ex-situ or blending approach, premade nanoparticles 
are added to the polymer before, during or after the 
formation of the film [1,2]. A major advantage of the 
blending approach is that nanoparticles with particular 
properties can be premade. However, transferring these 
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properties to a film can be challenging [12,28], and an 
external stimulus is required to tune such properties. This 
manipulation can bring unwanted changes to the film itself.  

To gain insight on how to control the color of silver-
PVA nanocomposite films, shape-tuned and size-tuned 
nanoparticles were compared in their feasibility to 
produce homogeneously colored films by contrasting the 
physical appearance of films, monitoring the stability of 
the color during the synthesis, and analyzing the 
morphology of nanoparticles in solutions and films. This 
work shows how to tune the optical properties of 
plasmonic nanocomposites without external stimulus 
using the blending approach. 

2. Materials and Methods 

2.1. Materials 
Silver nitrate and sodium borohydride were obtained 

from ACROS. Trisodium citrate dihydrate, ascorbic acid, 
and hydrogen peroxide (30 wt %) were obtained  
from Fisher Scientific. PVA (Poly (vinyl alcohol)  
85,000 - 124,000 molecular weight), and PVP (Poly  
(vinyl pyrrolidone) 40,000 average molecular weight) 
were obtained from Sigma-Aldrich. Ultrapure water  
(18 MΩ·cm) was obtained using a NanoPure system from 
Barnstead. All glassware was washed with concentrated 
nitric acid and ultrapure water before use. 

2.2. Synthesis of Silver Nanoparticle Solutions 
Colored solutions of silver nanoparticles were prepared 

using two methods. The first was the vastly studied 
reduction of silver ion in the presence of citrate, where the 
shape of nanoparticles is controlled by varying the amount 
of borohydride [29,30]. The second was the more recent 
Simultaneous Multiple Asymmetric Technique (SMART), 
where the size of nanodisks is controlled by varying the 
amount of ascorbic acid [31]. 

In a typical synthesis of shape-tuned nanoparticles, a 
15.0 mL mixture of 0.10 mM silver nitrate, 1.5 mM 
trisodium citrate, and 0.030 mM PVP was vigorously 
stirred. A volume of 0.036 mL of 30% hydrogen peroxide 
was added just before adding 0.060 mL or 0.10 mL of 
0.10 M sodium borohydride to obtain red or blue solutions, 
respectively. To prepare yellow solutions the hydrogen 
peroxide was omitted and 0.080 mL of fresh 0.10 M 
sodium borohydride was added. The mixture was stirred 
until the final color developed, approximately 30 minutes. 
Solutions were aged in the dark without stirring for 2 hours. 

In a typical synthesis of size-tuned silver nanoparticles, 
a solution of 0.18 mM silver nitrate and 0.145 mM PVP 
was prepared in a volumetric flask. Aliquots of 100 mL 
were placed in 500 mL Erlenmeyer flasks. Working very 
quickly, a volume of 0.10 M ascorbic acid was added  
to the silver solution, the mixture was swirled, and  
0.15 mL of 1.0 mM sodium borohydride was added to 
instantaneously develop the color. The colored solution 
was swirled for 10 more seconds and aged in the dark for 
3 hours. Yellow, red, or blue solutions were obtained by 
adding 2.0 mL, 0.50 mL or 0.10 mL of ascorbic acid, 
respectively.  

All solutions were washed and concentrated 10 fold by 
centrifuging 10 mL of solution at 14,000 rpm for 30 min 
in a Labnet microcentrifuge. The supernatant was 
decanted and the pellets were dispersed by sonication. 
Water was added to achieve a final volume of 1 mL.  

2.3. Preparation of Colored Films 
Colored films were prepared by entrapping nanoparticles 

in PVA [23]. In a typical preparation, a nanoparticle 
solution was mixed in a 1:1 volume ratio with 10% 
aqueous PVA solution, vortexed for 30 seconds, and let 
stand for 10 minutes. Approximately 1 mL of the colored 
PVA was dropped on an acrylic sheet and left to dry 
overnight at room temperature. 

2.4. Instrumentation 
Light extinction of solutions and films was measured 

using an Ocean Optics UV-Vis spectrophotometer with a 
1-cm cuvette and a reflectance probe, respectively. Shapes 
and sizes of nanoparticles were measured using a  
Zeiss Libra 120 Transmission Electron Microscope.  
For solution-phase nanoparticles, approximately 5 µL of 
nanoparticle solution was dropped onto a 400-mesh 
copper grid coated with carbon/Formvar (from TedPella) 
and allowed to dry. For nanoparticles embedded in film, 
Ultramicrotomy was used to section the colored films [23]. 
In a typical preparation, colored film was embedded in 
Spurr Low Viscosity Embedding Media (from Electron 
Microscopy Sciences), and the embedded film was cut 
into 80 µm thick sections using a Leika Ultracut E 
Ultramicrotome with a glass knife and boat filled with 
water. Sections floating on the surface of the water were 
collected onto a TEM copper grid and allowed to dry. 

3. Results and Discussion 

3.1. Appearance of PVA Films Embedded 
with Silver Nanoparticles 

Nanoparticles were synthesized using two methods that 
controlled either the shape or size of nanoparticles to tune 
the color of the solution. PVA films colored by embedded 
silver nanoparticles were produced in a three-step 
procedure, as summarized in Figure 1. First, silver 
nanoparticles were cleaned and concentrated via 
centrifugation. Second, concentrated nanoparticles were 
diluted in a solution of aqueous PVA. Finally, colored 
films were obtained by solvent evaporation. Since the 
focus of this work was to examine the transferability of 
the color in a simple approach, the thickness of the films 
was not explicitly controlled. 

 

Figure 1. Experimental strategy for the preparation of PVA films 
colored by shape-tuned or size-tuned silver nanoparticles 
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Figure 2. Optical characteristics of solutions and films of silver nanoparticles tuned by shape. Top are the photographs of (a) yellow, (b) red, and (c) 
blue solutions and films. The bottom are the normalized extinction spectra of (dashed black line) solutions and (solid red line) different colored zones in 
the films. The zones in the films are labeled to match the spectra as i, ii, and iii for yellow, purple and blue zones, respectively 

 

Figure 3. Optical characteristics of solutions and films of silver nanoparticles prepared with ascorbic acid. Top are the photographs of solution and film 
of (a) yellow, (b) red, and (c) blue colors. The bottom are the extinction spectra of (broken black) solutions and (solid red) films 

Shape-tuned and size-tuned syntheses were similar in 
that both produced solutions of primary colors: yellow, 
red and blue (Figure 2 and Figure 3). In general, all 
solutions produced transparent films of a different color 
from the color of the mother solution. Also, all films 
showed the well-known coffee-ring effect, where  
non-volatile solutes concentrate at the edge of a drop  
that dries on a surface, thus the color is more intense  
at the edge of the film. In contrast, shape-tuned and  
size-tuned syntheses were different in the appearances 
(shade, homogeneity and color) of the films made.  
Shape-tuned nanoparticles produced darker (a color that 
looks more black), less intense, and less homogeneous 
films than size-tuned nanoparticles. Furthermore, the  
blue solution from shape-tuned nanoparticles produced a 
film with distinctive yellow, purple, and blue zones 
(Figure 2c).  

These results demonstrate that films of various colors, 
and not just yellow, can be prepared by blending premade 
nanoparticles in a PVA matrix. There are two major 
observations from these syntheses. The first one is that the 
color discrepancy between solution and film was similar 
for both shape-tuned and size-tuned syntheses. The second 
is that the appearance of films depended on the physical 
property, size or shape, used to tune the color of the 
solution. It is well known that the Localized Surface 
Plasmon Resonance (LSPR) of silver nanoparticles 
depends on the shape and size of nanoparticles [32-35],  
as well as, on the environment that surrounds the 
nanoparticle [36]. Since the color observed from 
nanoparticles is the combination of the light that is not 
absorbed by the nanoparticle's LSPR, color changes may 
indicate morphological changes of the nanoparticle during 
the production of the film or just environmental changes. 

Table 1. Summary of optical characteristics of solutions and films. The LSPR is the average of at least three trials, and the size is the average of 
at least 50 particles 

  Solution  Film 
  Color LSPR (nm) Size (nm)  Color LSPR (nm) Size (nm) 

Sh
ap

e-
tu

ne
d 

 Yellow 405 ± 2 2.4 ± 0.5  Yellow 430 ± 8 5.9 ± 1.2 
 Red 491 ± 8 29 ± 11  Red 510 ± 20 25 ± 11 
 

Blue 620 ± 40 
5.2 ± 1.2 

19 ± 5 
35 ± 10 

 Yellow zone 449 ± 5 19 ± 7 
  Purple zone 539 ± 9 20 ± 4 
  Blue zone 680 ± 70 59 ± 15 

32 ± 13   

Si
ze

-
tu

ne
d  Yellow 456 ± 10 16 ± 6  Red 490 ± 20 18 ± 5 

 Red 516 ± 8 26 ± 7  Purple 556 ± 11 26 ± 9 
 Blue 629 ± 6 29 ± 10  Turquoise 715 ± 10 29 ± 11 

 

a cb i

ii

iii

iiiiii
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As summarized in Table 1, the LSPR of all 
nanoparticles shifted towards longer wavelengths when 
nanoparticles were embedded in the PVA film. Yellow 
solution from shape-tuned nanoparticles (Figure 2a) and 
corresponding film had LSPRs in the violet region of the 
spectra (380 to 450 nm), thus both solution and films 
appeared yellow. In contrast, the LSPR of the yellow 
solution from size-tuned nanoparticles was in the violet 
region, but the LSPR of the corresponding films was in 
the cyan region (490 to 520 nm); since the LSPR of the 
film absorbed a different color, the film appeared red 
(Figure 3a). Red solutions from both syntheses had 
absorbances in the cyan region. Shape-tuned nanoparticles 
produced a red-purple film from a red solution (Figure 2b) 
because the absorbance of the film remained in the cyan 
region. On the contrary, size-tuned nanoparticle produced 
a purple film from a red solution (Figure 3b) because the 
absorbance of the film felt in the green region (520 to 560 
nm). Nanoparticles in both of the blue solutions had 
LSPRs in the red region of the spectra (620 to 750 nm) 
and produced films with LSPR in the red region, but size-
tuned nanoparticles produced a film with LSPR closer to 
the upper edge of the spectra that appeared turquoise in 
color (Figure 3c). The magnitude of the shifts was larger 
for LSPRs closer to the infrared; for instance, size-tuned 
nanoparticles had shift of +34 nm for the yellow solution 
but +86 nm for the blue solution. This behavior of the 
LSPR has been predicted as a response to changes in the 
refractive index of the media surrounding the nanoparticle 
[37]. Changes in refractive index is a plausible explanation 
for the color discrepancy between solution and film. 
Morphological changes of the nanoparticles is another 
possibility that can contribute to both the color 
discrepancy from solution to film and the difference in 
appearance between the films made by tuning either the 
size or shape of nanoparticles.  

3.2. Optical Stability during Preparation of 
Films 

During the preparation of the films, the change of color 
depended on the method used to prepare the nanoparticles. 
Figure 4 contrasts the LSPR of the mother solution (initial 
LSPR) to the LSPR after each of the three steps: 
centrifugation, dilution in PVA, and solvent evaporation. 
Each point in the graphs (Figure 4a, 4b, and 4c) represents 
a single experiment. These values are replicas of the same 
condition to obtain yellow, red, and blue solutions as 
described in the Methods section or variations of these 
conditions to obtain solutions of other colors such as 
orange or purple. A diagonal line was added to each graph 
to aid in identifying the direction of the color change. For 
instance, points that fall above the diagonal line mean that 
the step caused the LSPR to shift towards longer wavelengths.  

Centrifugation and dispersion of nanoparticles in  
water did not significantly shift the LSPR for size-tuned 
nanoparticles (Figure 4a). Centrifugation both reduces the 
volume of solvent and facilitates the interaction of 
nanoparticles [38]. For nanoparticles that are in contact or 
very close proximity, the coupling of their LSPRs results 
in a large LSPR shift towards long wavelengths [39]. The 
lack of such large LSPR shift suggests that the presence of 

PVP prevented nanoparticles from aggregating. In contrast, 
the LSPR for shape-tuned nanoparticles shifted towards 
shorter wavelengths upon centrifugation and dispersion in 
water (Figure 4a). Similar shifts observed in previous 
research were attributed to direct and indirect effects of 
centrifugation on shape-tuned nanoparticles. A direct 
effect of centrifugation was the removal of reagents before 
complete growth of nanoparticles [40]. An indirect effect 
of centrifugation was introducing oxygen when pellets 
were dispersed in water causing nanoparticles to reshape 
into more isotropic structures [41].  

Dilution in PVA shifted the LSPR of both shape-tuned 
and size-tuned nanoparticles only very slightly (~ 5 nm) 
towards longer wavelengths (Figure 4b). By introducing 
PVA in solution, the refractive index surrounding the 
nanoparticles increased causing the LSPR to shift towards 
longer wavelengths [36]. The small magnitude of the shift 
towards longer wavelengths does not indicate aggregation 
of nanoparticles as shifts caused by aggregation are 
expected on a larger magnitude [39]. For shape-tuned 
nanoparticles, dissolution in PVA did not counterbalance 
the shift caused by centrifugation; thus the LSPR of 
nanoparticles in the film remained at shorter wavelengths 
than the LSPR of nanoparticles in the mother solution 
(Figure 4b). It was previously reported that in order to 
entrap colored nanoparticles in PVA polymer, solid PVA 
was dissolved at 80 ºC in a yellow solution of silver 
nanoparticles for several hours [20]. However, heating 
resulted in loss of color as PVP does not provide 
protection from thermal reshaping of nanoparticles [41]. 
In this work, rather than dissolving solid PVA in the 
nanoparticle solution, concentrated PVA was diluted with 
silver nanoparticles and mixed. Dilution preserved the 
color of the solution and decreased synthesis time.  

For size-tuned nanoparticles, evaporation of water caused 
a LSPR shift towards longer wavelengths (Figure 4c). As 
shown in equation (1), the magnitude of the shift increases 
as the LSPR moves towards longer wavelengths. 

  1.4film

solution

LSPR
LSPR
∆ 

=  ∆ 
 (1) 

It has been calculated that increasing the refractive 
index of the media causes larger LSPR shift for 
nanoparticles with light extinction closer to the infrared 
[37]. In this work, nanoparticles experience an increase of 
refractive index from water (1.33) to PVA (1.52) [42]. 
Aggregation of nanoparticles could also cause a large 
LSPR shift [39]; however, aggregates were not observed 
in the TEM images (vide infra) for any of the 
nanoparticles. Shape-tuned nanoparticles also had a larger 
LSPR shift towards longer wavelengths upon water 
evaporation than upon dilution in PVA. However, because 
films prepared from shape-tuned nanoparticles showed 
different colored zones (Figure 2b and 2c), several values 
of LSPR were found at shorter and longer wavelengths 
than the LSPR in the mother solution; thus, a correlation 
of shifts, as in equation 1, cannot be made for shape-tuned 
nanoparticles. The segregation of colors in the films from 
shape-tuned nanoparticles, but not from size-tuned 
nanoparticles, suggests that the shape of the nanoparticle 
played a determining role in the distribution of particles 
during the evaporation of the solvent. 
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Figure 4. Changes in LSPR of (x) shape-tuned and (•) size-tuned nanoparticles during (a) centrifugation, (b) dilution in PVA, and (c) solvent 
evaporation 

It is known that a larger LSPR sensitivity can be 
achieved by modifying the shape of nanoparticles in 
solutions rather than their size. This morphology effect 
does not seem to be as advantageous on films. Different 
size-tuned nanoparticles had similar changes during the 
preparation of the films. On the contrary, changes from 
shape-tuned nanoparticles are scattered and their 
magnitudes do not correlate to the LSPR of nanoparticles 
in solution. All these results suggest that shape-tuned 
nanoparticles are less resistant to environmental changes 
and have a greater influence on the color distribution of 
the film than size-tuned nanoparticles. 

3.3 Correlation between Appearance of the Films and 
Nanoparticle's Morphology 

Since the appearance of the films depends on the 
method used to synthesize the nanoparticles, TEM was 
used to investigate the morphology of the nanoparticles in 
solutions and films prepared from shape-tuned (Figure 5) 
and size-tuned nanoparticles (Figures 6). The sizes, 
diameters for nanosphere and nanodisk or side length for 
nanoprims, are summarized in Table 1.  

Shape-tuned nanoparticles became less isotropic as the 
LSPR moved toward longer wavelengths. Similar to 
previous reports using citrate and borohydride to tune the 
shape of silver nanoparticles [8,30], spheres, disks, and 
prisms were observed in yellow (Figure 5a), red  
(Figure 5b), and blue (Figure 5c) solutions, respectively. 

Although, the blue solution contained a variety of 
nanoparticles of different shapes and sizes, the prevailing 
color was blue; this observation agrees with previous 
studies showing that the extinction coefficient of 
nanoparticles increases as the LSPR moves towards larger 
wavelengths [43] and decreases for isotopic nanoparticles 
[44]. Films obtained from shape-tuned nanoparticles had 
nanoparticles of similar sizes and shapes than their mother 
solution. Since the film from the blue solution had 
different colored zones (Figure 2c), micrographs were 
taken from each zone of the blue film. Figures 5f to 5h 
show that the yellow and purple zones had small disks. 
While, the blue zone had nanodisks (diameter = 32 mn) 
and larger nanoprims (length = 59 nm) with rounded tips 
than the nanoprims in the mother solution (length = 35 
nm). Since increasing the isotropy of nanoparticles should 
result in LSPR shifting towards shorter wavelength [35], it 
is possible that the rounding of the tips of nanoprims 
occurred during the centrifugation step (Figure 4a). Tang 
and coworkers reported similar rounding of the tips of 
nanoprims upon centrifugation and dispersion in water 
[41]. They also reported that reshaping nanodisks back into 
nanoprims produced nanoprims of larger sizes. Increasing 
the size of nanoprims should result in a LSPR shifted 
towards longer wavelengths. As summarized in Table 1, the 
blue film from shape-tuned nanoparticles had LSPRs at both 
shorter (449 and 539 nm) and longer (680 nm) wavelengths 
than the LSPR of the mother solution (620 nm).  

 

Figure 5. TEM of (top) solutions and (bottom) films from shape-tuned nanoparticles. (a, d) Yellow and (b, e) red films and solutions. (c) Blue solution, 
and (f) yellow, (g) purple, and (h) blue zones, respectively, of film produced from blue solution. Scale bar = 100 nm and applies for all micrographs 
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Figure 6. TEM of (a to c) solutions and (d to f) films prepared with ascorbic acid. (a, d) Yellow, (b, e) red, and (c, f) blue. Scale bar = 100 nm and 
applies for all micrographs 

Figure 6 shows that solutions from size-tuned 
nanoparticles had mostly nanodisks, and the diameter of 
the nanodisks increased as the color moved from yellow 
(Figure 6a) to red (Figure 6b) to blue (Figure 6c). Some 
triangles were also found in the blue solution. The 
corresponding films exhibited a similar trend in size 
(Figure 6d to 6f). These findings agree with Mahmoud’s 
work, in which nanodisk of fixed thicknesses and increasing 
diameters were prepared by decreasing the amount of 
ascorbic acid [31]. The red solution from shape-tuned 
nanoparticles (LSPR = 491 nm) and the blue solution from 
size-tuned nanoparticles (LSPR = 629 nm) had nanodisks 
of the same diameter, 29 nm. The fact that these nanoparticles 
had very different LSPRs suggests that these nanodisks 
had different thicknesses. Given that thinner nanodisks 
have LSPR at longer wavelengths than thicker nanodisks 
with the same diameter [31], it is likely that the size-tuned 
synthesis produced blue solutions with thinner nanodisks 
than the nanodisks in the red solution prepared by controlling 
the shape of nanoparticles. Table 1 shows that the sizes of 
nanoparticles in solution and corresponding film were 
within one standard deviation, except for the smaller 
nanoparticles (2.4 nm and 5 nm). This last discrepancy 
was attributed to the intrinsic uncertainty associated with 
the preparation of the films. For instance, ultramicrotomed 
sections from the same film may have different distribution 
of nanoparticles at different depths [45], and the embedding 
media causes micrographs of nanoparticles in films to be 
less clear than the micrographs of nanoparticles in solution. 
This uncertainty favors the measurement of large nanoparticles. 
In spite of these uncertainties, TEM images confirmed that 
only the most anisotropic nanoparticles (prims) showed a 
slight difference between solution and film.  

All solutions that produced films of a single color had a 
single composition of nanoparticle in both solution and 
film. On the contrary, the blue solution from shape-tuned 
nanoparticles had a heterogeneous composition of 
nanoparticles (Figure 5c) and therefore produced a film 
with various colored zones (Figure 2c). The micrographs 
(Figure 5f, 5g, and 5h) shows that these zones contained 
nanoparticles of different shapes and sizes. Such 
segregation has been previously observed for bidispersed 
systems, where nanoparticles of different sizes segregate 

into zones with particles of a single size and zones with 
particles of mixed sizes [46]. Moreover, it has been predicted 
that shape of nanoparticle plays a larger role in the 
segregation of particles in films due to difference in attractive 
depletion, especially for nanoparticles with flat faces [45]. 

4. Conclusions 

Tuning the optical properties of silver nanoparticles in 
solution has been widely attempted by tuning the shape, 
rather than the size of nanoparticles, because shape control 
result in more sensitive LSPRs than size control. On the 
contrary, it is more appropriate to use size-tuned 
nanoparticles than shape-tuned nanoparticles when tuning 
the color of films. Phenomena intrinsic to the formation of 
films, like the coffee-ring effect and particle segregation, 
and the homogeneity of the nanoparticles in solution 
become relevant; consequently, size-tuned nanoparticles 
produce more homogeneous and intensely colored films. 
This work presents a simple approach to prepare colored 
nanocomposite films that preserved the morphologies of 
silver nanoparticles. This approach can potentially be used 
to study bidispersed systems and to effectively tune the 
optical properties of nanocomposite films, thus aiding in 
the design of chemical sensors. 
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