
181
 مجـلـة الـدراســات الـتـربــويــة والـعـلمـيــة - كــليـــة التـربـيــة - الـجـامـعـة الـعـراقـيــة 
الـعـدد الـثــانــي والـعشـرون - الـمجـلد الـثـانــي - علـــوم الـفـيـزيــاء - أيـلـول  2023 م

Fluorescence Quenching in Laser Dye Doped Nanoparticles
Hayder G. Fahad1*                               N. K. Hassan2

1* Department of Physics, College of Education, Al-Iraqia University, Baghdad, Iraq
2 Department of Physics, College of Education for Pure Sciences, Tikrit University, Tikrit, Iraq

* Email: haydar8626@gmail.com

Abstract:
We report the study of fluorescence quenching from Rhodamine B and SiO2 

nanoparticles. Spectral properties of Rhodamine B laser dye were studied on 
different conditions, such as varied excitation wavelengths, SiO2 nanoparticles 
amounts. We found that when increasing amount of SiO2 nanoparticles led to 
enhancement in absorbance intensity of laser dye. Also fluorescence emission is 
increased up to 0.010g, but more of amount these particles led to decreasing in 
fluorescence intensity i.e., fluorescence quenching. Finally fluorescence intensity 
dependent on excitation wavelengths. 
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مستخلص :

أوضحنــا في هــذه الدراســة تثبيــط الفلــورة مــن خــال صبغــة الرودامــن B الليزريــة وجســيمات 
ثنائــي اوكســيد الســيليكون النانويــة، درســت الخــواص الطيفيــة لصبغــة الرودامــن B الليزريــة 
ــي أوكســيد  ــات مختلفــة مــن ثنائ ــة كمي ــج، اضاف ــر طــول موجــة التهي ــل: تغي في ظــروف مختلفــة مث
زيــادة شــدة  الى  يــؤدي  النانويــة  زيــادة كميــة الجســيمات  بــأن  الصبغــة. وجــد  الى  الســيليكون 
ــة 0.010 غــم،  ــزداد وصــولاً الى الكمي ــة. كذلــك انبعــاث الفلــورة ي الامتصــاص للصبغــة الليزري
ولكــن زيــادة كميــة الجســيمات النانويــة يــؤدي الى نقصــان شــدة الفلــورة )تثبيــط الفلــورة(، وأخــراً 

ــج.  ــورة تعتمــد عــى طــول موجــة التهي شــدة الفل
الكلمات المفتاحية: الجسيمات النانوية، صبغة الرودامين B، تثبيط الفلورة.
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Introduction
Laser dyes, in general, have attract-

ed considerable attention recently be-
cause of their connection with possible 
applications such as organic light emit-
ting diodes and solar energy concen-
trators. The photophysical and photo-
chemical processes are determined by 
the polarity of the solvent. Generally, 
the emission of the dye is a result of 
intramolecular charge transfer between 
electron-donating and electron-accept-
ing units. The emission intensity of a 
dye dissolved in a solvent depends 
on factors such as the absorption and 
emission cross section, the fluores-
cence lifetime, and the quantum yield 
[1].

The most important property of 
dyes is the possibility of changing the 
wavelength to a range of approximate-
ly 60nm, which is known as (tuning). 

The visible radiation emitted by 
most organic dyes has helped to be 
used as an effective medium in dye la-
ser. These fluorescent dyes contain a 
high concentration of active atoms of 
the volume unit when compared to the 
invasive medium [2]

Rhodamine dyes, belonging to the 

family of xanthenes, are extensive-
ly employed [3,4]. And it occupy an 
important position because their use-
ful photophysical and photochemical 
properties among different dyes [5]. 
Due to their higher absorption coef-
ficient and broad fluorescence in the 
visible region of electromagnetic spec-
trum, high fluorescence quantum yield 
and photo stability, they have been 
widely applied as the active medium of 
tunable laser radiation in the visible re-
gion [4,6]. Rhodamine dyes have high 
sensitivity to the temperature change 
[7].

As the most used Rhodamines, 
Rhodamine B (RB) is a well-known 
water soluble fluorophore, and pres-
ents an interesting behavior with pH 
and solvent polarity [4,8]. 

Rhodamine B in solutions have been 
found successful in lasing [9]. The las-
ing emission of RB dye is dependent 
on the type of solvent used for dissolv-
ing this dye to solution form. For ex-
ample the wavelength of lasing when 
changing the solvent from ethanol to 
ethylene is increased by about 43 nm 
[10].

Using high dye concentration may 
cause the dye molecules to form di-
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mers which increase the absorption 
losses; this can be overcomed by using 
polymer solution as a host to the organ-
ic dye. For the liquid sample, this prob-
lem can be eliminated by using diluted 
concentrations [11].

Experimental
The Rhodamine B (RB) laser dye 

solution was prepared by dissolving 
the required amount of the dye in the 
solvents (water). This amount of the 
dye (W) was weighed using a precise 
digital balance of 10-3g sensitivity and 
can be calculated using the following 
equation:

       

Where MW is the molecular weight 
of the dye (g/mol), V is the volume 
of the solvent (ml) and C is the molar 
concentration (mol/liter).

Then, different amounts of SiO2 
nanoparticles was dispersed in 10 
m1 of ethanol containing 10-5M of 
Rhodamine B dye.  

The spectroscopic characteristics 
(absorption spectra) of the dye solu-
tion were measured by a UV-visible 
spectrophotometer (K-MAC Spectra 
Academy SV-2100) in the range 200-

900 nm with an optical resolution of 
about 0.2 nm, while the fluorescence 
was measured by a fluorescence spec-
trophotometer (F96 instrument from 
Shanghai LengGuang Tech.) in the 
emission wavelength range of 250-900 
nm with a xenon CW lamp as an exci-
tation source.

Results and Discussion
The absorption spectrum of the 

Rhodamine B dye with, 5x10-3M con-
centration dissolved in water, was re-
corded in the spectral range 200-900 
nm, as shown in Fig. (1). The spectro-
scopic measurements to introduce the 
effect of adding SiO2 nanoparticles to 
the dye solution sample was carried 
out using this concentration. 



Fig. (2) Shows the absorption spec-
tra of 5x10-3 M Rhodamine B dye solu-
tion with different amounts of SiO2 
nanoparticles (0.002, 0.004, 0.006, 

0.008, 0.010, 0.012 and 0.014 g). The 
highest absorbance was measured 
when 14 mg of SiO2 nanoparticles add-
ed to the dye solution.

Fig. (1) The absorption spectrum 
of the Rhodamine B dye with, 5x10-3M concentration dissolved in water.

Fig. (2) The absorption spectra 
of 5x10-3 M Rhodamine B dye solution with different amounts of SiO2 nanoparticles
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Theoretically, increasing the amount 
of nanoparticles would lead to increase 
the absorbance; however, the effect of 
saturation makes a limitation on the 
amount of nanoparticles that can be 
added to the dye solution.

Figure (3) shown the transmission 
spectra of the samples prepared at dif-
ferent concentrations of Rhodamine 
B dye dissolved in water with amount 
of SiO2 nanoparticles, where the trans-
mission decreased with increasing for 
amount of SiO2 nanoparticles.

Figure (4) shown effect of excitation 
wavelength on fluorescence spectra at 
different Rhodamine dye concentra-
tions dissolved in water. Where from 
this figure, it is clear that decreasing 
the wavelength excitation led to de-
creasing the fluorescence intensity.

Generally, Kasha’s rule indicates 
that fluorescence normally occurs on 
the lowest vibrational level of the first 

excited electronic state, so fluorescence 
emission of molecules should be inde-
pendent of the excitation wavelength. 
When the excitation wavelength was 
gradually changed from 350 nm to 380 
nm, the emission maxima of RB solu-
tion showed a concomitant red shift. 
The maximum wavelength of emission 
spectrum, which depended on the exci-
tation wavelength.

Fig. (3) The transmission spectra at different concentrations 
of Rhodamine B dye dissolved in water with amount of SiO2 nanoparticles.



The assessment of nanoparticles 
in dye solution can be determined by 
measuring the fluorescence spectra as 
the contributions of nanoparticles is 
observed by further increase in fluores-
cence intensity when compared to the 

fluorescence of laser dye. Figure (5) 
shown that the fluorescence intensity 
increases with increasing the amount 
of SiO2 nanoparticles added to the RB 
dye solution.

Fig. (4) Effect of excitation wavelength 
on fluorescence spectra at 5x10-3M concentration dissolved in water

Fig. (5) The fluorescence intensity with amount of SiO2 nanoparticles
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The behavior of fluorescence en-
hancement of SiO2 nanoparticles with 
Rhodamine B dye can be explained 
by high Rayleigh scattering effect of 
electromagnetic field by dielectric 
nanoparticles. 

The behavior of SiO2 nanoparticles 
quenching with Rhodamine B dye also 
can be explained by effect of non-radi-
ative energy transfer. Figure (6) shown 
that.

Conclusion
       In this work, we investigated the 

impact of colloidal SiO2 nanoparticles 
with variable amounts on the quench-
ing of the dye fluorescence. And can be 
concluded that fluorescence quenching 
of Rhodamine B by SiO2 nanoparticles 
is due to dynamic quenching.
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