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Abstract
In this work, four kinds of solvents (Acetone, ethanol, methanol, 
and Water) were used for studying their effect of the spectral 
properties of the Eosin-y dye. One concentration used for all 
solvents which was (1*10-5 m/l). The results show that the Flu-
orescence and Quantum Efficiency decreased with increasing 
the solvents polarity where the highest value was found in Ac-
etone. Florescence Life-Time, Radiation Life-Time, and stokes 
shift measured for all solvents. The absorption spectrum shows 
shifting toward (long) red wavelengths with increasing the vis-
cosity of the solvents. Florescence spectrum showed that the 
highest value found Acetone and the lowest value found for 
water where the intensity decreases as the polarity of the sol-
vent increases. All samples can be used as a laser medium for 
lasers used in the medical field, and the best sample is dissolved 
in acetone. 
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Introduction
 Laser dyes are important because of their contri-

butions to the fields of science and technology and its 
applications in the fields of optics, electronics, chem-

ical dyes, communication networks as well as sen-
sors[1]. Xanthine dyes are considered one of the most 
important types of dyes, due to their distinction in the 
accumulated phenomena and the difference in their 
spectrum. Eosin-Y is one of these dyes that utilized as 
“active media” for “tunable lasers” in the visible area 
of the light spectrum[2]. The influence of solvents on 
the absorption spectrum and on the effect iveness of 
organic dyes was studied since the last century. As is 
known, the “photo-physical” behavior of a solved dye 
depends on the kind of its environment such as (in-
tensity, shape). The highest wavelength of the dye ab-
sorption band is affected by the nature of the solvent 
and “solvent- solute interactions”. This influence is 
exceedingly related to the kind and degree of interac-
tions between dye and solvent[3]. Therefore, Eosin-y 
are sensitive to the conditions in which preparations 
are made and the nature of solutions used, whether 
acidic or alkaline[4].

There are many previous studies of solvent polari-
ty, including in 1995, the effects of solvents on the rate 
constant and activation parameters of many intermo-
lecular electron transfer interactions were studied by 
researcher Carlos M. previtali [5], and the effects of 
solvent polarity and solvent viscosity on fluorescence 
properties were studied Molecular Rotors and Related 
Sensors by Debabrata Seth et al. in 2007 [6] and M A 
Haidekker et al. in 2008 [7]. Organic dyes dissolved 
in appropriate solvents have been widely used as la-
ser media for many years. Which have contributed to 
a wide coverage of wavelength and the ability in ad-
dition to the important fluorescence yield , but their 
applications have been limited (because of the toxici-
ty, evaporation, inflammability, etc.) of some solvents, 
and some restrictions have been put on their use and 
make them in specific applications[8]. The spectro-
scopic properties of dyes with moieties electron donor 
and acceptor have received great attention due to sal-
ability of fluorescence probes. Fluid mixing in aque-
ous solution can be quantified by used fluorescent 
dyes .Two fluorescent dyes can be separated optically 
using a general technique including fluorescence ra-
tioning[9].

Fluorescent dyes are used in dyeing flat materials, 
especially textiles, because they increase the brightness 
of the colors and thus increase the clarity and visibility 
of the dyed materials. From this it is concluded that 
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the fluorescent dyes absorb radiation and emit it in the 
light of the visible spectral range, causing fluorescence. 
As a result, these dyes are defined as a group of organic 
dyes that, if placed on a textile material, will cause flu-
orescence under ultraviolet rays in daylight [10].

Theoretical Consideration
 The relative fluorescence intensity at wave number 

(ύ) can be obtained from the molecular fluorescence 
spectrum F (ύ) which is related to the quantum effi-
ciency according to the following relation[11].
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In order for the absolute quantum efficiency to be ac-
curately evaluated, both radiative and non-radiative pro-
cesses that occur in the medium must be considered, so:
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The radiation life time can be calculated using re-
lation as follow

 9 2 2
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where:
v : is the wave number at mid band of the absorp-

tion coefficient 
n: is the refractive index of the solvent and thin 

film.

  d)( : is the area under the curve of the mo-
lar absorption coefficient (ε), it is a function for the 
wave number ( v )[12].

EXPERIMENTAL PART

Materials and Chemicals
This work was carried out using dyes of xanthine 

derivative, Eosin-Y chloride with molecular formula 
C20H8Br4O5, which has a molar mass of 647.89 g/mol.

Fig 1. Chemical formula of Eosin-Y

Spectroscopic Measurement
A spectrophotometer (Metertech, SP8001, UV/VIS 

spectrophotometer) was used to measure the absorp-
tion spectrum for each of the studied samples, and 
(Spectrofluorometer-model SL174, Elico) was used 
to measure the emission spectrum for each sample, 
and the refractive index was measured using Refrac-
tometer (Bellingham and Stanley Ltd, Tunbridgewells, 
ABBE60, England).

Preparation of dyes
Eosin-Y dye powder was weighed using an analyt-

ical balance (Denver Instrument, TP-214, Germany) 
with high accuracy, and concentration solutions (1*10-

5M) were prepared in four solvents, chloroform, ace-
tone, and ethanol.

By dissolving the dye solution an appropriate 
amount of dye powder in the enhanced volume of the 
solvent used, the dye solution with different concen-
tration can be obtained, and as shown in the following 
relation:

 
1000
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Where,
W: Weight of the dissolved dye (gm),
Mw: Molecular weight of the dye (gm/mol),
V: The volume of the solvent (ml),
C: The dye concentration (mol/l)[13].

Results and Discussion
It is clear from the result obtained as shown in ta-

ble (1) that the peak of absorption and fluorescence 
wavelength shows a (Red shift) with Salvation refers to 
the reorientation of solvent molecules around a solute 
molecule an effect which does not take place in rigid 
medium [14]. Increasing the viscosity of the solvent 
can reduce the freedom of internal motions in the dye 
molecule and increase the quantum efficiency. Solvent 
can also cause displacement of the absorption and flu-
orescence spectra [15]. Displacement of both absorp-
tion and fluorescence spectra imply an interaction of 
the solvent in both the ground state and the excited 
state of the molecule on the other hand when the fluo-
rescence emission spectrum

The absorption and fluorescence spectral for eosin 
in solvents (water, ethanol, methanol, and acetone) are 
shown in Figure (2), (3), (4), (5), (6), (7) and (8) re-
spectively. 



Issue 25. December 2022 | Cardiometry | 1465
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Fig 2. Absorption and Fluorescence spectrum for Eosin in Ac-
etone (1*10-5M)

Eosin in Methanol
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Fig 3. Absorption and Fluorescence spectrum for Eosin in Meth-
anol (1*10-5M).

Eosin in Ethanol
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Fig 4. Absorption and Fluorescence spectrum for Eosin in Eth-
anol (1*10-5M).

Eosin in Water
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Fig 5. Absorption and Fluorescence spectrum for Eosin in Water 
(1*10-5M).

Fig 6. Absorption spectrum for Eosin in Water, Ethanol, Metha-
nol and Acetone (1*10-5M).
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Fig 7. Fluorescence spectrum for Eosin in Water, Ethanol, Meth-
anol and Acetone (1*10-5M).
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Fig 8. The relationship between quantum efficiency and dielec-
tric constant of Eosin-Y dye dissolved in different solutions at 
concentration [1*10-5M].

It can be seen from table (2) that an increase in the 
polarity of the solvent, even if it is small, results in an 
increase in the spectral shift. High values of displace-
ment indicate the geometrical change of the excited 
state from the ground state. The energy difference 
between the two states, which is a property of the re-
fractive index and the dielectric constant ε affects the 
alignment between the solvent and solute molecules. 
The behaviour of the Stock displacement with a func-
tion of the polarity of the solvent indicates the effects 
of the solvent as a function of the refractive index and 
the dielectric constant.

Depending on the polarity of the solvent, there is an 
effect on the absorption spectrum and the fluorescence 
spectrum, and as a result of the exchange of influence 

between both the solvent and the solute in both the 
ground and excited states, the displacement will occur 
in both the absorption and fluorescence spectrums. Ac-
cordingly, the mutual effect between the molecules of 
the polar solvent and the solute will lead to shifting the 
fluorescence spectrum towards longer wavelengths or 
the so-called (redshift) whenever the value of the dipole 
moment of the solute molecule in the exciting level is 
greater than it is in the ground level[16].

 Conclusions
During the study of Eosin-Y dissolved in (acetone, 

ethanol, methanol and water) at a concentration of 
[1*10-5M], a decrease in the quantum efficiency val-
ue was observed and the redshift of fluorescence in-
creased with an increase with the polarity of the sol-
vent, and a decrease in the quantum efficiency was 
also observed with the increase in the value of the di-
electric constant (ε).
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