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Abstract—This article presents the latest results of rhodamine B and
fluorescein solution emissions at different weight concentrations. The
shift of an emitted central peak wavelength is observed to change in
weight concentrations of active material in samples. By using only two
active materials photoluminescence at a desired wavelength from the
range 524÷660nm can be achieved. All samples were excited
sequentially by a laser source and two blue light-emitting diodes without
significant changes in the emitted spectra.

Photoluminescence is a type of radiatio n wh ich is o f
non-thermal origin. It is energy emission of preceding
higher energy absorption. Absorbed electromagnetic
radiation may come from the visible spectrum, ultraviolet,
or even infrared region. The emitted light has energy
lower than that of a light exciter, and thus a greater
wavelength. As a result of photon absorption, molecu les
or atoms are excited to higher electronic states. To ret u rn
to the basic state they must return this energy in the f o rm
of radiation.
Photoluminescence can be divided into one of two types:
fluorescence and phosphorescence. The main dif ference
between them is the time that must pass between en ergy
absorption and emission. This division depends on the
nature of the excitation state (see Fig. 1).
Fluorescence occurs for singlet states. The electron in th e
excited state is paired with an electron in the ground stat e
with the opposite spin. The consequence of this is a v ery
quick return of the electron to the ground state and photon
emission, which takes nearly 10 nanoseconds.
Phosphorescence, on the other hand, is t h e em issio n o f
light from the excited triplet state. In that case, the
electrons in the excited and fundamental states h ave t h e
same spins. Direct transition to the ground state is
prohibited, and emission is slower than for fluorescence –
typically, an order of milliseconds. Phosphorescence
lifetimes of several minutes are even possible [1].
Substances showing singlet-triplet mixed states are
possible to obtain. The processes of absorption and
emission of radiation are presented in the Jabłoński
diagram and shown in Fig. 1.
The emitted spectrum of a fluorescent sample depends on
a variety of factors such as concentration, pH, a bsorb ed
wavelength and others [2]. The fluorescence spectrum
profile can be described by the Gauss function which
main parameter is the concentration of an active material
(AM) [3]. Amplitude, peak wavelength, half width of t h e
emitted spectrum and decay time can be in f luenced n ot
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only by the concentration of AM but also by temperature,
solvent, or impurities [3‒9]. These properties allow the
construction of photonic devices and the most promisin g
is ability to control the peak wavelength by using a
designed optofluidic system [10]. Fluorescent mat erials
have the potential for being integrated into op tical f ib er
technology [11‒12].

Fig. 1. One form of Jabłoński diagram: S ‒ singlet state, T ‒ triplet state.
[1].

In our research two substances showing fluorescent
properties, rhodamine B and fluorescein, were used as a n
AM. As the liquids hosts, in which AM were dissolved,
water and 1-Propanol were used. Sample mixt ures were
prepared to have a wide range of weight concent ratio ns
from 6‰ down to 0.01‰ (Fig. 2).
The measurement setup consisted of a light source,
mixture container, optical and analysing system . The
setup was upgraded with additional custo made elements
by 3D printing methods. The prepared samples were
illuminated by a laser with a wavelength of 405nm a nd a
half-width of 5.23nm or one of two light-emitting dio d es
with wavelengths of 405nm and 455nm, and half-wid th s
of 12.59nm and 17.71nm, respectively. Contain ers wit h
mixtures were placed in the designed element and the AM
emission was inducted. The optical response of the
sample was measured by a USB4000 spectrometer.
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Fig. 2. Selected samples illuminated by a 405nm laser.

Fig. 5. Emission spectrum change as a concentration function of
rhodamine B with a water sample.

A significant influence of solutions weight
concentration on the emitted central wavelength was
observed. The emitted central wavelength increases wit h
an increase in samples weight concentration. The figu re s
below (Figures 3÷6) show the obtained results of the
emission of four mixtures: rhodamine B with water,
rhodamine B with propanol, fluorescein wit h wa ter a nd
fluorescein with propanol exited by a laser light source.
Fig. 6. Emission spectrum change as a concentration function of
rhodamine B with a propanol sample.

The characteristics of the central wavelength o f emit ted
light were analysed. The following relationship was
determined:
𝜆c = 𝐴 ∗ 𝑒𝑥𝑝(𝐵 ∗ 𝜌),
where: λc – the central wavelength; ρ – the weight
concentration; A, B – the material and base liquid
dependent parameters.
Fig. 3. Emission spectrum change as a concentration function of
fluoresceine with water sample.

Table 1. Parameters depending on the mixtures after laser illumination.

Par. A [nm]

Par. B [1/‰]

526.3484(25)
535.0001(96)

1.0259(12)
1.0114(31)

Rhodamine B with water

605.635(16)

1.0225(79)

Rhodamine B with alcohol

599.1968(15)

1.0310(18)

Mixture
Fluorescein with water
Fluorescein with alcohol

Fig. 4. Emission spectrum change as a concentration function of
fluoresceine with a propanol sample.

Fig. 7. Central wavelength change as a concentration function.
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Emissions induced by light-emitting diodes (40 5nm a nd
455nm) did not make any significant changes in the
emissions spectra of stimulated samples co mpared t o a
laser light source (Figures 8÷9).

Fig. 8. Emission spectrum change as a concentration function of
fluoresceine with a water sample (LED 405nm).

48

References
[1]

J. R. Lakowicz, Principles of Fluorescence Spectroscopy (Springer
Science & Business Media, 2013).
[2] R. Sjöback, J. Nygren, M. Kubista, Spectrochimica Acta Part A:
Molecular Spectroscopy 51, L7 (1995).
[3] M.F. Al-Kadhemy, I.F. Alsharuee, A.A.D. Al-Zuky, J. Phys. Science
22(2), 77 (2011).
[4] F.M. Zehentbauer et al., Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy 121, 147 (2014);
https://doi.org/10.1016/j.saa.2013.10.062
[5] M.F.H. Al-Kadhemy, A.A.D. Al-Zuky, H.F. Daear, Internation. Lett.
Chemistry, Physics and Astronomy 19, (2014).
[6] A.H. Al-Hamdani, S.M. Jasim, E.M. Abbas, D.A. Hassan, M.M. Jaber,
Baghdad Science J. 16(3 Supplement), 764 (2019);
http://dx.doi.org/10.21123/bsj.2019.16.3(Suppl.).0764
[7] Mengwei Liu, et al., "Instrument response standard in time-resolved
fluorescence spectroscopy at visible wavelength: quenched fluorescein
sodium", Applied spectroscopy, 68.5: 577-583, (2014).
[8] C. Bojarski, G. Żurkowska, J. Tyrzyk, Zeitschrift für Naturforschung A
37(1), 74 (1982); https://doi.org/10.1515/zna-1982-0116
[9] M.F. Al-Kadhemy, A. Al-Zuky, I.F. Al-Sharuee, Internat. J. Materials
Phys. 2, 75 (2011).
[10] D.V. Vezenov, B.T. Mayers, D.B. Wolfe, G.M. Whitesides, Appl.
Phys. Lett. 86, 041104 (2005); https://doi.org/10.1063/1.1850610
[11] V.P. Vladev, T.A. Eftimov, W.J. Bock, Phot. Lett. Poland 7(2), 41
(2015); https://doi.org/10.4302/photon. lett.pl.v7i2.564
[12] J. Żmojda, P. Miluski, M. Kochanowicz, J. Dorosz, A. Baranowska,
M. Leśniak, D. Dorosz, Phot. Lett. Poland 11(2), 50 (2019);
https://doi.org/10.4302/plp.v11i2.908

Fig. 9.Emission spectrum change as a concentration function of
fluoresceine with water sample (LED 455nm).

Summarizing, samples based on fluorescein and
rhodamine B were prepared a nd emissions sp ect ra were
measured for different concentrations. The result s sh o w
an increase in the wavelength of emitted radiation with an
increase in the weight concentration of the solution. Th is
change can be described using an exponential f u nctio n.
No significant change was observed in the emission
spectra between the samples with the same active material
and different liquid hosts.
For a sample of fluorescein with water, in the
concentration range from ~0,02‰ to 5‰, a shift of
emitted central wavelength was obtained of nearly 8 5 nm
and for rhodamine B with water the shift is 75nm.
Parameters were determined for this solution dependence
of the emitted wavelength on concentrat io n. Th anks t o
this, it is possible to obtain the source with a selected
wavelength.
The main advantage of these substances is a f in e-t u ned
secondary light source which is also easy and quick to
prepare. This indicates that there could be practical
implementation of the experiment.
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