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In this work, the light absorption and emission effects of gold nanoparticles on some optical properties of N719 dye solution 
were studied via transmission electron microscopy, UV-vis absorption, and photoluminescence spectroscopy 
measurements. A facile method to fabricate four gold colloidal solutions with different concentrations containing ~15 nm 
gold nanoparticles was presented through pulsed laser ablation of a gold target immersed in ethanol, followed by a post-
ablated size modification process. As-prepared gold colloids with different concentrations were mixed with certain dye 
solution. The absorption and fluorescence enhancement that resulted from the interaction between the dipole moments of 
the day and the surface plasmon resonance of gold nanoparticles were found to be strongly dependent on the gold colloid 
concentration. Fluorescence was enhanced by around 9-fold, which was achieved for the dye solution with the highest gold 
nanoparticles concentration.  
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1. Introduction 
 

Noble metal nanoparticles such as gold nanoparticles 

(AuNPs) are used as functional materials because of the 

collective oscillation of the conduction electrons of these 

materials, which is also known as localized surface 

plasmon resonance (LSPR) [1, 2]. The sharp-absorption 

peak of the LSPR of AuNPs at the visible region is 

important in modern innovations [3-5]. The interaction of 

surface plasmons in metal nanoparticles with the electric 

field of incident light can significantly change the 

plasmonic mode density localized in the vicinity of metal 

nanoparticles (i.e., localized near-electric fields) [6-8]. 

Enhanced light absorption of molecules adsorbed on metal 

nanoparticles is one of the most interesting features of 

LSPR behavior [9]. LSPR bands of AuNPs are located in 

the visible range of the electromagnetic spectrum. 

Currently intensive studies have been focused to tune and 

match LSPR bands of AuNPs with the absorption and 

emission bands of standard dyes. Such work has many 

technological applications including,  dye-sensitized solar 

cells (DSSCs) [10-12], biological sensing applications [13, 

14], and photocatalysts [15-17].  

Furthermore, the optical cross-section of gold 

nanoparticles (10–50 nm in diameter) offers a fivefold 

absorption or more in magnitude than those of 

conventional dyes [18]. The energy attenuation of 

electromagnetic waves (i.e., total light extinction) after 

passing through a particulate medium results from two 

contributions: absorption and scattering. The extinction 

cross section σext of a single particle is expressed by             

[19,20]: 

 

σext = σabs + σsca   (1) 

 

where σabs and σsca are the absorption and scattering 

cross-sections of a particle, respectively. LSPR 

frequencies strongly depend on the extinction cross-

section of particles, which in turn depend on several 

parameters, such as the particle material, particle size and 

shape, surrounding medium, and number of particles [21-

23]. The performance of nanoparticles is found to depend 

on a careful choice of these parameters.  

Scattering and absorption are competing processes 

that can be predicted based on the optical properties of a 

material. A strong scattering and absorption of incoming 

light occurs when the frequency of light matches the 

natural frequency of LSPR in metal nanoparticles [24]. 

Moreover, the enhancement and quenching of the 

photoluminescence (PL) spectra are attributed to the 

scattering and absorption processes, respectively. The 

emission is quenched because absorption dominates 

scattering; by contrast, emission enhancement emanates 

from scattering dominating over absorption. Generally, 

scattering that results from metal nanoparticles is favored  

in light trapping applications, such as silicon solar cells 

[21, 25], while enhancing light absorption via metal 

nanoparticles has been utilized to improve most DSSC 

devices [26, 27]. Furthermore, strong quenching from the 

AuNPs effects is used to improve the efficiency of 

fluorescence sensor systems [28, 29]. Quenching indicates 
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decreasing the fluorescence intensity and can occur 

through different processes, such as collision, 

nonfluorescent complex formation, fluorescence resonance 

energy transfer (FRET), and a trivial process [30]. FRET 

is predominately an important process that describes the 

nonradiative energy transfer between a fluorephore 

(donor) and a quencher (acceptor) based on dipole–dipole 

coupling in the excited state through an electric field [31]. 

Metal nanoparticles can be used as donors or acceptors 

depending on the enhancement or quenching of emission, 

respectively.  

Despite the popularity of using dye molecules, a 

relatively modest amount of work has been devoted to 

enhance light absorption and improve FRET mechanism in 

dye systems. In this work, we have studied the LSPR 

effects on optical absorption and fluorescence of N719 dye 

solutions in the presence and absence of AuNPs. Hence, 

different concentrations of AuNPs are synthesized through 

pulsed laser ablation of a gold target in ethanol. This 

technique allows the easy preparation of uncontaminated 

size-controlled nanoparticles [32-34]. When all the other 

parameters remain fixed during the experiment, the optical 

properties of the dye solution in the presence of AuNPs 

(i.e., dye@AuNPs solution) strongly depend on the 

concentrations of AuNPs.  

 
2. Experimental setup  
 

2.1 Synthesis of gold nanoparticles 

 

A highly pure Au plate (purity, >99.999%) with a 

thickness of 2 mm and a diameter of 20 mm was employed 

in this research as a target material. After cleaning the Au 

plate ultrasonically in ethanol, the target was rinsed with 

deionized water to eliminate the contaminants. 

Subsequently, this target was maintained at the bottom of a 

pyrex vessel (volume, 15 mL) filled with 70 vol% ethanol 

(i.e., C2H6O:H2O volume ratio). A pulsed Nd:YAG laser 

(fundamental wavelength, 1064 nm; pulse duration, 8 ns; 

repetition rate, 10 Hz) was employed as the irradiation 

source during the ablation. The experiments were 

conducted by operating the laser fluence at 20 J/cm
2 

and 

focusing the beam on the target surface by using a 

converging lens with a 10 cm focal length at different 

ablation times. The ablation times were varied in the range 

of 4, 8, 15, and 20 min. Four Au colloidal solutions were 

produced with different concentrations, of 8 × 10
11

, 1.6 

×10
12

, 4.2 ×10
12

, and 9 ×10
12

 particles/mL. During 

ablation, the Au colloidal solution was continuously stirred 

using a magnetic stirring device at room temperature to 

disperse the produced AuNPs and to remove these 

particles from the laser path.  

Once the ablated process was stopped, the Au target 

was removed from the ablated vessel. Post-ablated 

modification process was immediately performed by 

irradiating the colloidal solution with 1,064 nm laser 

pulses for 5 min. Each laser ablation and post-ablated size 

modification process generated almost similar nanoparticle 

sizes (~15 nm) in all Au colloidal solutions, which then 

labeled as S1, S2, S3, and S4. 

2.2 Synthesis of N719 dye  

 

A sensitizer, [RuL2(NCS)2]: 2TBA (L = 2,2’-

bipyridyl-4,4’-dicarboxylic acid; TBA = tetra-n-

butylammonium), which is also known as N719 dye (Fig. 

1), was purchased from Dyesol. An extra pure (99.7%) 

0.03 mM dye in ethanol was prepared and  labeled as S0 

solution. The optical properties of the dye solution with 

and without adding the different concentrations of AuNPs 

solution were investigated. The dye with AuNPs (i.e., 

dye@AuNPs) was prepared by adding 0.1 mL of as-

prepared Au colloids to 1.5 mL of dye solution. 

 

 
Fig. 1. Chemical structure of the N719 dye. 

 

 
2.3 Instruments 

 

The absorption spectra of all samples S0, S1, S2, S3, 

and S4 were characterized using a UV-vis 

spectrophotometer (Perkin-Elmer, Lambda 25) with a 

quartz cuvette (path length: 0.5 cm). The 

photoluminescence (PL) spectra of these samples were 

recorded using a spectrometer (Perkin-Elmer, 

Luminescence LS55) at an excitation wavelength of 350 

nm with a quartz cuvette (path length: 1 cm). A 

transmission electron microscope (TEM; Philips CM12; 

accelerating voltage: 120 kV) was used to obtain the 

micrographs of AuNPs. Hence, the Au colloidal solution 

was placed in an ultrasonic bath for 20 min. Subsequently, 

a small drop of the sample solution was placed on a 

carbon-coated copper grid and then dried at room 

temperature. The average particle size and size distribution 

of each Au colloidal solution were determined by counting 

more than 250 particles in the TEM image by using the 

ImageJ software. 

 

 
3. Results and discussion 
 

Fig. 2 shows the typical UV-vis absorption spectra of 

the Au colloidal solutions. The solutions were produced 

through the 1,064 nm laser ablation of the Au target in 

ethanol at various ablation times (4, 8, 15, and 20 min) and 

the subsequent treatment via the laser-induced particle 

modification process by irradiating these solutions by 

using 1,064 nm laser pulses for 5 min. The post-ablated 

modification allowed the selection of Au colloidal 

http://en.wikipedia.org/wiki/Fluorescence
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solutions with nearly similar average particle sizes. The 

absorbance of gold colloids demonstrated the 

characteristic features of LSPR. The LSPR peak at around 

521 nm was attributed to surface plasmon transitions, 

which strongly depended on the size and shape of the 

AuNPs [35]. The prominent single peaks indicated that the 

obtained nanoparticles were nearly spherical in the 

colloidal solution. The AuNPs morphologies were also 

verified through the TEM results. The tail part of the 

absorption band toward the UV range was ascribed to the 

interband transitions of AuNPs. The absorption intensity 

caused by the interband transitions at 450 nm did not 

appreciably shift with the particle size, but this intensity 

was proportional to the concentration of Au particles 

(CAu, i.e., number of particles per unit volume) [36, 37]. 

These observations agreed well with our CAu 

experimental data, which were calculated through the 

following equation [38]: 

 

𝑪𝑨𝒖  =
∆𝒎

𝝆×
𝟒

𝟑 
𝛑𝒓𝟑×𝑽

                (2) 

  

where ∆m is the mass loss of the target, which indicated 

the mass of the generated nanoparticles. The mass loss of 

the target was determined according to the weight of the 

target which measured before and after the ablation 

process using a highly sensitive analytical digital balance 

with 0.01 mg readability. The parameters ρ, r, and V are 

the gold density (19.3 g/cm
3
), radius of single AuNPs, and 

volume of the working liquid, respectively. From Equation 

(2), the AuNPs concentrations in the produced colloidal 

solutions of S1, S2, S3, and S4 were computed to be about 

8 × 10
11

, 1.6 ×10
12

, 4.2 ×10
12

, and 9 ×10
12

 particles/mL, 

respectively. The measurements showed that the 

concentrations of AuNPs depended on the ablation time. 

As the ablation time increased, the concentration is also 

increased, as shown in the inset of Figure 2. This finding 

indicates an increase in the plasmon intensity, which 

become the subject of study in this work.    

 
 

Fig 2. UV-vis absorption spectra of the Au colloidal 

solution prepared via laser ablation of a gold target in 

ethanol at  various  ablation  times. The  inset  shows  the  

    produced AuNPs as a function of ablation time. 

a  

b  

c  

d  
Fi.g 3. TEM micrograph and histogram (inset) of the 

gold nanoparticles: (a) S1, (b) S2, (c) S3, and (d) S4, 

produced via laser ablation of the gold target in ethanol 

at different ablation times of 4, 8, 15, and 20 min, 

followed by the size modification and redistribution 

process  of  AuNPs  under  laser-induction  for  5  min for  

                           each ablated solution.  

300 400 500 600 700 800 900
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

A
b

so
r
b

a
n

c
e
 (

a
r
b

. 
u

n
it

)

Wavelength (nm)

 4 min

 8 min

 15 min

 20 min

4 8 12 16 20

0.6

0.9

1.2

1.5

1.8

C
o

n
c
e
n

tr
a

ti
o

n
 (

a
r
b

. 
u

n
it

)

Ablation time (min)



Surface plasmon resonance effects of gold colloids on optical properties of N719 dye in ethanol                      267 

 

Fig. 3a–d show the TEM images of AuNPs prepared 

by the laser-ablated Au target and the consecutive 

irradiation of the Au colloidal solution during laser 

ablation and post-ablated size modification processes, 

respectively. Each TEM image was accompanied by the 

histogram of the particle size distribution. The TEM 

images indicated that majority of the nanoparticles were 

spherical, possessed high electron density, and had 

unapparent aggregation. Based on the histograms, the 

particle size distribution was narrow with an average 

particle size that was closed to ~15 nm and almost similar 

in all the prepared Au colloidal solutions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. UV-vis absorption spectra of the N719 dye 

solutions in the absence and presence of different 

concentrations of 0, 8 × 1011, 1.6 ×1012, 4.2 ×1012, and          

9 ×1012 particles/mL Au colloids for S0, S1, S2, S3, and  

                                  S4, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 5. Photoluminescence spectra of the N719 dye 

solutions with and without different concentrations of 0, 

8 × 1011, 1.6 ×1012, 4.2 ×1012, and 9 ×1012 particles/mL 

Au colloids for S0, S1, S2, S3, and S4, respectively, under 

350 nm excitation. The inset shows the variations in both 

PL  peak  intensity   and   enhancement   factor   with  Au  

colloid concentrations. 

 

 

The UV-vis absorption spectra of N719 dye solution 

with and/or without added various concentrations of Au 

colloids are described in Figure 4. The N719 dye 

molecules in ethanol had one absorption band of the UV 

region at around 311 nm and two other absorption bands 

of the visible region at 386 and 527 nm, respectively. The 

absorption band of the UV region was attributed to an 

electronic transition between the (π-π*) orbitals of the 

intra-ligand, whereas the bands of the visible region are 

caused by the metal-to-ligand charge transfer (MLCT) 

transitions [39, 40]. Generally, the MLCT band of the 

N719 dye solution at 527 nm became predominant in 

many applications. In dye-sensitized solar cells, the light 

absorption in the visible part of the solar spectrum was 

caused by an MLCT transition that generated electrons and 

holes [41]. Figures 2 and 4 show that the maximum 

relative enhancement of dye molecule absorption in the 

solution appeared at 527 nm and was close to the LSPR 

peak of Au colloids around 521 nm instead of the dye 

absorption peak at 386 nm, which suggested that the 

increase in dye absorption largely generated from the 

LSPR of AuNPs. The absorption peak of the dye@AuNP 

solution was found to increase as the concentration of Au 

colloids increases. The increment in dye molecule 

absorption could be attributed to an increase number of 

AuNPs. Thus increasing the total surface for surface 

plasmon resonance, which contributed to the increment in 

total absorption  of the dye. Therefore, the interaction 

between the dye molecular dipole and the electric field of 

the incident light near the nanoparticle surface was 

augmented. The photoluminescence spectra from dye 

solutions in the absence and presence of AuNPs are shown 

in Figure 5. The photoluminescence emissions spectra of 

the prepared samples were measured at room temperature 

with a 350 nm excitation wavelength. An increase in the 

Au colloid concentration, the fluorescence intensities  of 

the dye@AuNP solutions were significantly enhanced. 

The center of the PL band remained almost constant at 706 

nm, and the spectra shape was unchanged in the presence 

of AuNPs. The PL enhancement factor was calculated 

through the ratio of the fluorescence intensity of the dye 

solution in the presence and absence of AuNPs, 

respectively. The dependence of both fluorescence 

intensity and enhancement factor on the concentration of 

AuNPs is shown in the inset of Figure 5. The inset exhibits 

the drastic increase in the enhancement factor and the 

fluorescence intensity of the dye@AuNP solution as the 

AuNPs concentration increases. The highest enhancement 

factor of the dye@AuNP solution at the AuNP 

concentration of the 9 ×10
12

 particles/mL was recorded to 

be 9-fold larger than the bare dye solution. The 

enhancement refers to the increase in the nonradiative 

energy transfer from AuNPs (donors) to the dye molecules 

(acceptors) by the FRET mechanism because of the 

increase in the interaction between the dye molecules and 

AuNPs. The enhancement also indicated that the increase 

in the AuNPs absorption of the incident light excited the 

dye molecules, which can exhibit the enhancement in 

fluorescence intensity. Moreover, the strongest 

fluorescence intensity of the dye@AuNPs solution 
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suggested that scattering was dominant over the absorption 

processes. These results verified that a certain interaction 

existed between the dipole moments of the dye and the 

LSPR of AuNPs that occurred, which meant that the 

dipole moments and the LSPR were within a minimal 

spatial range to transfer the resonance energy between the 

two [42, 43].  

 

 

4. Conclusion 
 

Each pulsed laser ablation technique of a gold bulk 

immersed in ethanol and the post-ablated size modification 

process were exploited to fabricate pure Au colloids at 

different concentrations.  Nearly similar sizes of ~15 nm 

were selected for the prepared AuNPs. The TEM 

micrographs and UV-vis spectrophotometer results 

revealed that the synthesized AuNPs were pure spherical 

particles, homogenous, and possessed high electron 

density. These characteristics facilitated the use of AuNPs 

when studying some optical properties of dye solutions. 

The enhancement of the absorption and fluorescence of the 

dye@AuNP solution also occurred. This finding verified a 

certain interaction that existed between the dipole 

moments of the dye and the LSPR of AuNPs that 

occurred, which meant that these dipole moments and 

LSPR were within a minimal spatial range to transfer the 

resonance energy in between. At a constant size of AuNPs, 

an increase of Au colloid concentrations increased the total 

surface for surface plasmon resonance, which contributed 

to the increased total absorption by the dye. Moreover, the 

nonradiative energy was transferred by FRET mechanism 

from AuNPs to the dye molecules in the dye@AuNP 

solution after exciting the solution under the 350 nm PL 

excitation wavelength. Therefore, the absorbance and 

fluorescence intensities of dye@AuNPs were found to be 

increasingly with the Au colloid concentrations. 

Enhancement fluorescence was observed with the highest 

AuNPs concentration with a maximum enhancement 

factor of about 9-fold. The research results may offer a 

potential application of dye@AuNPs in the technological 

development of DSSC and other photonics fields. 
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