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Abstract
The chemical reduction method was used to prepare silver nanoparticles (AgNPs). The fluorescence spectrum was 
enhanced by mixing silver nanoparticles with rhodamine B (RhB) and polyacrylic acid (PAA). The surface plasmonic 
resonance (SPR) of AgNPs was studied using UV–vis spectroscopy to determine the effect of preparation times. TEM 
measurements confirmed the formation of AgNPs with an average size of 13–19 nm. The Fourier transform infrared 
bands at 1683 cm−1 and 1243 cm−1 of PAA have been changed into PAA blended with AgNPs/RhB, due to the interaction 
between AgNPs and PAA through C = O and C-O functional groups. PAA/(AgNPs/RhB) has high- and low-intensity bands 
in the UV–visible spectrum. X-ray diffraction analysis was performed on PAA blended with RhB/AgNPs to study the crys-
tallization process. Fluorescence measurements of PAA/(RhB/AgNPs) band emit at 587 nm and 440 nm, with 13–19 nm, 
respectively. Its emission wavelength is higher than the exciting wavelength, indicating an electronic transition from 
(SPR) of the nanoparticles and π-π* from RhB to PAA. As a result, adding (AgNPs/RhB) to PAA enhances its fluorescence 
emission spectrum.
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1  Introduction

In recent years, metal nanoparticles have become much 
more popular due to their colorimetric properties [1]. 
Nanoparticles have been used in various areas including 
electronic fields, nanolasers, and optoelectronic devices 
[2]. Optoelectronic devices, such as optical communication 
chemical sensors, biosensors, surface-enhanced Raman 
spectroscopy substrates containing core–shell nanostruc-
tures, luminescent nanoparticles, memory devices, and 
thin film transistors, core–shell nanostructures thin-film 
solar cells, and fluorescing dyes were manufactured [2–4]. 
There is a wide variety of methods available for prepar-
ing metal nanoparticles, including biological [5], physical 

[2], and chemical processes [6]. Several researchers have 
been interested in silver nanoparticles (AgNPs) because of 
their unique physical, chemical, optical, and surface prop-
erties. Chemical reduction methods are commonly used 
to prepare AgNPs because they are easily synthesized in 
solution [7]. Reducing agents, metal precursors, and stabi-
lizing/capping agents are used in chemical reduction [7]. 
Several studies have demonstrated that AgNPs can form 
hexagonal, spherical, fibers, cubic, prisms, shells [8], and 
nanowires [9]. In metal nanoparticles, surface plasmon 
resonance is characterized [6]. In metal nanoparticles, 
light incident on their surfaces generates free conduction 
electrons via surface plasmon resonance (SPR). This phe-
nomenon can only be realized by metal nanoparticles with 
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a dimension smaller than the wavelength of the incident 
light [10, 11]. A metal nanoparticle’s optical properties are 
dependent on its shape and size [12, 13]. By combining sil-
ver nanoparticles with organic or inorganic chromophores, 
light properties can be enhanced compared to other par-
ticles of the same size [1]. Using polymers as stabilizing 
agents or coating agents can prevent nanoparticles from 
aggregating by changing their surface atomic structure 
[14, 15]. The two main types of polymers are semicrystal-
line and amorphous [16]. Researchers have extensively 
studied and applied metal nanoparticles to polymers to 
provide new properties [17]. Scientists are intrigued by the 
study of metal nanoparticles and dyes doped in polymers 
because of their applications in photodetectors, light-
emitting diodes, solar cells, solid-state lasers, and optical 
sensitivity [18, 19]. Rhodamine B (RhB) is an organic dye, 
dissolved in water and ethanol due to electron donor and 
electron acceptor groups [20, 21]. Additionally, it emits 
fluorescence in the ultraviolet and visible ranges of the 
electromagnetic spectrum [22]. A fluorescent molecule 
produces light with a wavelength longer than that of 
excited light [10]. This work aims to improve the emission 
spectra of RhB/AgNPs doped polyacrylic acid by adding 
different sizes and shapes of silver nanoparticles. A variety 
of silver nanoparticles (shapes and sizes) can be prepared 
using chemical reduction methods, including spheres and 
nanorods with different aspect ratios. Based on the results, 
it can determine which sample provides the highest fluo-
rescence intensity for use as an active laser.

2 � Materials and methods

2.1 � Materials

The purity rating of silver nitrate (AgNO3) is > 99.0%, the 
purity rating for sodium borohydride (NaBH4) is 99.99%, 
the purity of trisodium citrate (C6H5Na3O7.2H2O) is 99.8%, 
and the molecular weight of polyacrylic acid is 450,000 g/
mol [C3H4O2]. All these materials were purchased from 
Sigma-Aldrich (USA). Rhodamine B (C28H31ClN2O3) was 
purchased from ACROS (USA) for approximately 95% of 
the dye. A pale green to very dark green color is typical of 
the dye, while a bright pink color is characteristic of the 
soluble form.

2.2 � Preparation of AgNPs

For the preparation of silver nanoparticles, 0.10185 g of 
AgNO3 was dissolved in 600 ml of deionized water (D.W) at 
a concentration of 1 mM and heated at 80 °C with magnetic 
stirring. Trisodium citrate at a concentration of (3.4 × 10−4 M) 
was added to the solution as a capping agent, followed by 

5 µL of NaBH4 at a concentration of 1 M as a reducing agent. 
The mixture turned yellow as Ag nanoparticles grew. The 
sample was removed from the hot plate as soon as the color 
changed and allowed to cool at room temperature. To pre-
pare samples (S1—S6), 100 ml was taken from the mixture 
at different times (t = 0.5, 1.0, 3.0, 7.0, 11, 25 min).

2.3 � Fabrication of PAA doped by (RhB/AgNPs) thin 
films

For the preparation of 4% concentration of PAA (450,000 g/
mol), eight grams were added to 200 ml of distilled water. 
A 5 ml PAA solution was heated until completely dissolved, 
then poured onto a 9 cm petri dish to form a thin film. 
0.74901 g of RhB was dissolved in 100 ml of distilled water 
under magnetic stirring at room temperature to obtain a 
solution of (1 × 10–3 M) of RhB. Dye-doped PAA films were 
prepared by mixing various amounts of RhB (5 M) with 
AgNPs in 5 ml of pure PAA. A thin film of the mixture was 
formed at room temperature by pouring it into a 9 cm petri 
dish.

2.4 � Samples characterization

The absorbance spectrum of AgNPs colloidal was measured 
using a UV–VIS-NIR spectrophotometer (Thermo-scientific 
Evolution 220) with a resolution of 2 nm. Fourier Transform 
Infrared Spectrometer (FTIR) Jasco Model 300E was used to 
measure vibrational spectra. A transmission electron micro-
scope (TEM) was used to analyze morphology samples and 
calculate particle sizes. On carbon-coated copper grids with 
200 mesh, the sample solution was placed and allowed to 
air dry. On the samples, TEM was performed using a JEOL 
JEM-1100 microscope (JEOL Ltd., Tokyo, Japan) equipped 
with a 100-kV tungsten thermionic gun. CCD camera was 
used to acquire TEM images. The X-ray diffraction pattern 
was measured by CuKα radiation at 40 kV and 40 mA, and λ 
of 1.5406 Å. Scanning speeds of 0.02°/s were achieved from 
30° to 90°. The nanoparticle crystal size was calculated using 
Scherrer’s formula. Morphological characterization was per-
formed using a scanning electron microscope (SEM) (JSM-
6380 LA). Fluorescence spectra were measured using a Jasco 
FP-777 spectrofluorometer. In this case, the light source is a 
150-W Xenon arc lamp.

3 � Results and discussions

3.1 � An investigation of the Uv–Vis properties 
of silver nanoparticles

A UV–visible spectrum for Ag nanoparticles is shown in 
Fig. 1. All samples (S1-S6) exhibited an absorption peak at 
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408 ± 3 nm. This phenomenon is called surface plasmon 
resonance (SPR) and indicates the formation of AgNPs. 
Based on Krasovskii et al. and Kudelski et al. [23, 24], SPR 
mechanism relies on the resonance between the collective 
oscillations of electrons in AgNPs and external electromag-
netic waves. There is no change in Plasmon band position-
ing with heating time. This may be due to the combination 
of trisodium citrate and AgNPs, which stabilizes AgNPs 
through electronegativity. The adsorption intensity of the 
bands increased with increasing heating time as AgNPs 
in the solution increased. The half-bandwidth decreased 
over time, dropping from 101 nm to 92.6 nm between 0.5 
and 15 min. The decrease with time indicates a decrease 
in aggregation between the nanoparticles in the solution 
and an increase in interparticle spacing.

3.1.1 � The UV–visible spectrum of PAA doped with RhB/
AgNPs

Figure 2a shows the absorption spectra of PAA doped with 
RhB/AgNPs (13 nm). A polyacrylic acid (PAA) film is trans-
parent and does not exhibit an absorption band at visible 
wavelengths, whereas RhB exhibits an absorption band 
at 552 nm, as shown inset Fig. 2a. As a result of the addi-
tion of both AgNPs and RhB, a strong band at 560 nm and 
a low-intensity band at 408 nm. The first band is due to 
RhB, while the second band owing to AgNPs. This may be 
caused by surface plasmon bands of silver nanoparticles 
with the RhB interfering with each other to see the band 
at (552 nm). RhB molecules interact with AgNPs, causing 
an electrostatic distribution around RhB to change, PAA to 
shrink, and the distances between AgNPs to decrease. In 
response to the increased aggregation of RhB molecules, 

red shifts were observed [25]. Additionally, the PAA-doped 
film has a higher color intensity, so the intensity of the 
absorbance band at 560 nm increases with increasing 
AgNPs and RhB molar concentrations. In contrast, the half-
bandwidth decreased because PAA stabilized AgNPs with 
RhB. Because of the fewer AgNPs, the absorption band 
PAA-doped by RhB and AgNPs (19 nm) in Fig. 2b began 
to weaken.

3.1.2 � Analysis of PAA and PAA containing RhB/AgNPs 
by FTIR

FTIR spectra of PAA and PAA doped with RhB/AgNPs 
(13 nm and 19 nm) are shown in Fig. 3(a, b). PAA showed 
two absorbance bands at 3424–3349 cm−1 corresponding 
to O–H and –CO(OH) stretching vibrations. These bands 
changed to 3438 cm−1 and 3338 cm−1 in the spectra of 
PAA doped by RhB/AgNPs As a result of the interaction 
between the –CO (OH) groups and AgNPs. PAA doped with 

Fig. 1   The absorbance spectra of silver nanoparticles were synthe-
sized at (80 °C) and at different times

Fig. 2   a, b Ultraviolet–visible spectra of PAA films doped with RhB/
AgNPs (13) and RhB/AgNPs (19 nm) at different mole ratios
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RhB/AgNPs recorded an unchanged band at 2944 cm−1, 
which was interpreted as the CH2 stretching vibration. In 
addition, the overtone and combination of C-O and C-H 
groups at 2645  cm−1 remained unchanged. It is possi-
ble to observe two bands at 1712 cm−1 and 1689 cm−1, 
which corresponded to C = O stretching vibration in PAA. 
As the second band disappears in the PAA demonstrates 
the interaction between AgNPs and the C = O group. By 
embedding AgNPs/RhB into PAA, the bending vibration 
band at 1436 cm−1 which is assigned to C-O-H has been 
widened. The absorbance band appeared 1243  cm−1 
which is characteristic of the OH bending vibration in 
PVA, and appeared in PAA-doped systems, also. The band 
observed at 1197  cm−1 in PAA, associated with C-O-H 
groups became 1199 cm−1 in the doped PAA. The band 
at 802 cm−1 attributed to C-COOH stretching vibrations 
was unchanged in the doped PAA. Figure 3 (a, b) shows 

no appreciable difference between PAA doped with RhB 
and AgNPs at two different sizes (13 and 19 nm) except for 
differences in intensity. AgNPs with two sizes were chemi-
cally or electrostatically attached to PAA through the C = O 
group.

3.2 � The TEM image of silver nanoparticles

Figure 4 (a) shows AgNPs prepared at 80 °C for one minute. 
AgNPs are usually spherical or prism-shaped and appear 
as dark spots. According to the relationship between 
repeated particles of the same size (frequency%) and 
those of different sizes in Fig. 4 (b), the average particle 
size is 13 nm. In TEM images of AgNPs prepared at 80 °C 
for 3 min, hexagonal, cylindrical, and spherical shapes can 
be seen in the prepared sample. The average particle size 
of 19 nm is shown in Fig. 4 (d).

3.3 � X‑Ray diffraction of PAA doped with RhB/AgNPs

Figure 5(a, b) depicted the x-ray diffraction pattern inten-
sity of PAA doped with RhB/AgNPs (13 nm) and RhB/AgNPs 
(19 nm). Diffraction pattern peaks at 37.41°, 43.67°, 63.94°, 
77°, and 81.23° have varying intensities and correspond to 
the planes (111), (200), (220), (311), and (222), respectively.

The results were similar to those obtained from (Inter-
national Center for Diffraction Data, JCDS 4–0783) [26]. It 
was found that the diffraction pattern and the Braggs 
reflection of the silver nanoparticle were similar. The 
results indicate that AgNPs possess a face-centered cubic 
(fcc) structure, which is consistent with the findings of Mol-
lick et al. [27]. The crystal sizes at each peak were estimated 
using Scherrer’s formula D =

0.9λ

βcosθ
,[28]. The formula con-

sists of, D being the crystal size, θ o is the Bragg angle, β is 
the half-bandwidth broadening of the X-ray peak, and � is 
the X-ray wavelength (1.540562 Ao). The (Intensity peak/
maximum intensity) was multiplied by the crystal sizes of 
each peak. The crystal sizes were estimated at 48 nm, 
30 nm, 38 nm, 32 nm, and 57 nm for (37.41°, 43.67°, 63.94°, 
77°, and 81.23°) peaks as well as 48 nm, 42 nm, 43 nm, 
31 nm, and 28 nm for the peak position at (37.38°, 43.63°, 
63.95°, 77.01°, and 81.21° in PAA doped by RhB/AgNPs 
(13 nm) and RhB/AgNPs (19 nm), respectively. Therefore, 
the average peak size calculated for the two samples was 
41  nm and 42  nm, respectively. There is a difference 
between the average estimate of crystal size and the value 
of each peak because each peak has a different intensity. 
X-ray peak half-bandwidth broadening was inversely 
related to AgNPs crystal size. As a result of attributable 
particle sizes, PAA doped with AgNPs (13 nm) has a lower 
peak intensity than AgNPs (19 nm). Particle sizes calcu-
lated from TEM are smaller than those calculated from 

Fig. 3   a, b Infrared spectra of PAA films doped with RhB/AgNPs (13) 
and RhB/AgNPs (19 nm) with varying molar ratios
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X-rays. The reason for this may be that several AgNPs were 
collected during the preparation of the PAA doped with 
AgNPs/RhB. It also observed that Bragg peaks appeared 
near fundamental peaks. According to Karthik et al. [29], 
these peaks may be caused by capping agents around 
AgNPs, as noted by Karthik et al. [29], or by impurities on 
RhB crystals and an amorphous organic phase seen in the 
results as reported by Jain and Mehata [30].

3.4 � SEM analysis of PAA doped with RhB/AgNPs

A scanning electron microscope (SEM) image of PAA film 
doped with RhB/AgNPs (13 nm) and RhB/AgNPs (19 nm) 
is shown in Fig. 6 (a, b). In Fig. 6 (a), AgNPs of sizes (13 nm) 
appeared as white spots with various (spherical, popcorn, 
and cylinder). Additionally, particles were distributed ran-
domly throughout the whole image. As shown in Fig. 6 
(b), AgNPs (19 nm) aggregate into large white particles 
when added to RhB and embedded in PAA, they aggregate 
into large white particles with various shapes, as shown in 
Fig. 6 (b). Based on the SEM images, it is apparent that the 

particles in the TEM images (13 nm and 19 nm), are smaller 
than those in the post-doped images when measured 
against their PAA-doped counterparts. It is possible that 
some agglomeration occurred during the preparation of 
RhB/AgNP-doped PAA. It is possible that some agglomera-
tion occurred during the preparation of RhB/AgNP-doped 
PAA.

3.5 � Fluorescence of PAA doped by RhB/AgNPs

Figure 7(a, b) shows the fluorescence spectra of a trans-
parent (PAA) doped with two equivalent amounts of 
RhB/AgNPs (13  nm) and RhB/AgNPs (19  nm) between 
(380 nm–680 nm). To release fluorescent light, samples 
were excited at 408 nm (the surface plasmon band of 
AgNPs discussed in UV–Vis results). In Fig. 7 (a), the fluo-
rescence bands of PAA doped by RhB/AgNPs at 440 nm, 
443 nm, 439 nm, 439 nm, and 440 nm represent the emis-
sion from silver nanoparticles (13 nm) mixed with RhB, 
where (AgNPs: RhB) is (1.0: 1.0), (1.5: 1.5), (2.0: 2.0), (2.5: 2.5), 
and (3.0: 3.0). The bands at 588 nm, 591.5 nm, 585.5 nm, 

Fig. 4   a-d Transmission electron microscopy images of (a) silver nanoparticles prepared at 80 °C for 1 min, (b) frequency % as a function of 
particle sizes, (c) silver nanoparticles prepared at 80 °C and time 3 min, (d) frequency % as a function based on particle size
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585.5 nm, and 585 nm of RhB/AgNPs (13 nm) with the 
ratios above refer to emissions from RhB. The intensity of 
emissions spectra increased in response to increases in 
the concentrations of RhB/AgNPs (13 nm). The emission 
of fluorescence at longer wavelengths was lower than 
at shorter wavelengths. Because of the surface plasmon 
band of AgNPs, the exciting wavelength of 408 nm weak-
ens the effect on RhB fluorescence. In spite of this, the fluo-
rescence of AgNPs is substantially affected. Regardless of 
the emission bands, the intensity of emissions can change 
with strange behavior the molar ratio of AgNPs/RhB (color 
groups) was not directly affected. Observed behaviors are 
similar to those observed in previous studies by Jana et al. 
[10] and B. Paul et al. [31]. As a result of (2:2 ml) molar ratios 
of AgNPs/ RhB, maximum intensities were observed at 
440–590 nm. The ratios indicate that AgNPs/RhB exhibit 
an increased electric transition between color-bearing 
groups. Silver nanoparticles saturated the PAA film at 
that point (3.0 mL: 3.0 mL), decreasing the fluorescence 

intensity [32]. Based on our observations, RhB has assem-
bled on AgNPs surfaces. As a result, the fluorescence 
intensity of AgNPs decreases. An important characteris-
tic of PAA-doped films is the Stokes shift formula, which 
describes the difference in dipole moments between the 
ground state (S0) and the first excited state (S1).

where �f  and �a represent the wavelengths of fluorescence 
and maximum absorbance, respectively. Table 1 shows the 
Stokes shift values.

By changing the molar ratio of AgNPs/RhB in Table 1, the 
Stokes shift was changed, indicating that AgNPs and RhB 
molecules show different fluorescence self-absorption. 

(1)∇� = �f − �a

Fig. 5   The X-ray diffraction pattern of PAA film doped with two 
equivalent amounts of RhB/AgNPs (a) AgNPs (13 nm) and (b) AgNPs 
(19 nm)

Fig. 6   a, b Scanning electron microscope (SEM) images of PAA 
film doped with two equivalent amounts of RhB/AgNPs (a) AgNPs 
(13 nm) and (b) AgNPs (19 nm)
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The fluorescence emission of AgNPs at 438 nm in PAA-
doped by RhB/AgNPs (19 nm) is shown in Fig. 7b. In PAA 
doped with RhB/AgNPs (19 nm), the RhB emission bands 
appeared at 587  nm, 586.5  nm, 587  nm, 587  nm, and 
583 nm, respectively. These values were obtained with 
molar ratios of (1.0: 1.0), (1.5: 1.5), (2.0: 2.0), (2.5: 2.5), and 
(3.0: 3.0). There is no relationship between fluorescence 
intensity and the molar ratio of AgNPs/RhB doped in PAA 
[31]. There was no apparent shift in the emission bands. 
Fluorescence spectra of AgNPs/RhB have decreased in 
intensity due to more nanoparticle aggregation, which 
has caused an accumulation of RhB, thereby decreasing 
fluorescence intensity. The maximum absorbance inten-
sity was found at (3.0: 3.0) molar ratio of AgNPs/RhB. The 
electric transition between AgNPs and RhB molecules con-
tributes to the color-bearing groups in RhB molecules [32]. 
Table 1 shows that the Stokes shift increases as AgNPs/RhB 
molar ratio increases, resulting in a steady rate of fluores-
cence spectrum absorption by AgNPs (19 nm) and RhB 
molecules. Because AgNPs and RhB are close to each other, 
the difference in fluorescence between PAA doped (RhB/
AgNPs (13 nm) and PAA doped (RhB/AgNPs (19 nm) can be 
explained by the strong interaction between AgNPs/RhB.

4 � Conclusion

Silver nanoparticles (AgNPs) were prepared in a variety of 
forms and sizes. UV–visible spectra of PAA doped by RhB/
AgNPs showed two bands at 560 nm and 408 nm. Accord-
ing to FTIR spectra, the bands at 1683 cm−1 and 1243 cm−1 
attributed to both C = O and C-O of PAA have been shifted 
due to electrostatic interactions between AgNPs and PAA 
through C = O and C-O functional groups. The formation of 

Fig. 7   a, b Fluorescence spectra of PAA films doped with RhB and 
AgNPs (13 and 19 nm) at different molar ratios

Table 1   Photophysical properties of PAA films containing RhB and AgNPs at equivalent molar ratios (13 and 19 nm)

Polymer Molar ratio RhB: AgNPs 
(13 nm)

Absorption wavelength ( λa) Fluorescence wavelength ( λf) ∇λ = λf − λa

PAA 0.5: 0.5 408 nm 440 nm 32 nm
1.5: 1.5 408 nm 439 nm 31 nm
2.0: 2.0 408 nm 439 nm 31 nm
2.5: 2.5 408 nm 443 nm 35 nm
3.0: 3.0 408 nm 440 nm 32 nm

Polymer Molar ratio RhB: AgNPs 
(19 nm)

Absorption wavelength ( λa) Fluorescence wavelength ( λf) ∇λ = λf − λa

PAA 1.0:1.0 408 nm 7 30 nm
1.5: 1.5 408 nm 438 nm 30 nm
2.0: 2.0 408 nm 438 nm 30 nm
2.5: 2.5 408 nm 438 nm 30 nm
3.0: 3.0 408 nm 438 nm 30 nm
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spherical AgNPs with two different sizes at 13–19 nm was 
confirmed by TEM analysis. X-ray diffraction study of RhB/
AgNPs doped PAA revealed a crystalline structure, and 
crystal sizes were determined using Scherrer equations 
at 41–42 nm. Particle sizes calculated from SEM images 
and X-ray diffraction are higher than those calculated from 
TEM images due to nanoparticle aggregation during the 
incorporation of AgNPs into PAA. Fluorescence spectra of 
PAA doped with RhB/AgNPs (13–19 nm) at various molar 
ratios revealed that RhB and AgNPs emit emission bands 
at 587 nm and 440 nm, respectively. Higher bands are 
explained by electronic transitions from surface plasmon 
resonances of AgNPs and π-π* of RhB to PAA. Therefore, 
AgNPs/RhB doped in PAA film enhanced the fluorescence 
spectra, meaning these samples could be used for laser 
dye enhancement.
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