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Selectivity of fluorescence 

Fluorescence spectroscopy is
a sensitive analytical tech-
nique characterized by

extremely low detection limits
for solids or analytes in solution.
Fluorescence detection is consid-
erably more sensitive than stan-
dard UV-VIS spectroscopy detec-
tion. The application discussed
below illustrates how fluores-
cence spectroscopy can be used
for selective detection.

Fluorescence spectroscopy
methodology

Fluorescence is a spectroscopic
variation of luminescence phe-
nomena. Fluorescence occurs
when an energy-rich light source
excites a compound and causes it
to emit radiation (Figure 1).
Fluorescence is a stray light phe-
nomenon and is not detectable in
the direct radiation path but is

Explanation of selectivity in
fluorescence spectroscopy

Compounds exhibiting fluores-
cence possess in most cases 
π-electron systems. These are
complex molecular structures
prone to take up the energy emit-
ted by, for example, the light
emitted by a xenon lamp under
so-called hard or energy-rich
radiation in the UV range. The
free π-electrons are subsequently
excited. Based on the specific
molecular structure of the ana-
lyte, this energy uptake is very
specific for a particular molecule.
Individual analytes therefore
exhibit their own specific charac-
teristic fluorescence spectrum.
Fluorescence is highly selective
and can be applied to mixtures of
compounds. 

The π-electrons react selectively,
excitation occurs at a single ana-
lytical wavelength and only one
particular type of analyte present
in the mixture will react. This
characteristic is exploited in fluo-
rescence spectroscopy for quali-
tative/selective analysis.

detected at a 90-degree angle 
with respect to the excitation
radiation.

In order to emit fluorescence, an
analyte molecule must have an
electronic structure that is
excitable by an energy source.
Electrons are excited from a low-
energy ground state to a higher
kinetic energy potential. Under
emission of energy – fluorescence
– these electrons revert to the
ground state. This excited state is
also known as the excited singlet
state. In a simplified description
of fluorescence exactly one elec-
tron is present in the excited 
state. 

The phenomenon of excitation
and emission of energy proceeds
along a certain time frame, which
can be used to observe fluores-
cence via dispersive spectroscopy.
The emission spectrum can be
measured. A distinctive feature of
these types of spectra is that fluo-
rescence always occurs at a cer-
tain time interval after excitation.
This is clearly shown in Figures 5
and 7.

Figure 1: View of the sample compartment of the RF-5301PC, which is 

equipped with a solid sample holder and contains a fluorescence emitting 

Rhodamine B polymer

Figure 2, below: Anthracene (C14H10)

Figure 3, right: Naphthalene (C10H8)

Both compounds contain aromatic ring structures and belong to the π-electronic 

systems. Each of these compounds exhibits its own specific fluorescence excitation

wavelength.

demonstrated on a pre-defined mixture of anthracene and
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Instrumentation

Shimadzu’s RF-5301PC with
PanoramaRF software was used
for the analysis. The instrument
can support the resolution of
closely neighboring signals via
narrow slits (up to 1.5 nm) and is
therefore especially suitable for
selective detection. In the sample
chamber the standard 10 x 10 mm
cell cuvette holder was used for
the reference material. The solid
sample holder can also be used
for this purpose (see Figure 1).

Description of the 
sample material

For this application, a standard
block was used [1] containing a
mixture of the compounds
anthracene and naphthalene in a
PMMA (polymethylmethacry-
late) matrix. The block is rectan-
gular and fits into the standard
cell holder. All six surfaces of the
polymer block are polished opti-
cally. The concentration of the
compounds is 10-5 M (Mol con-
centration) anthracene and 6 x 
10-5 M naphthalene whereby
anthracene is the minor compo-
nent in the mixture.

Analytical results

In order to demonstrate the
selectivity of fluorescence spec-
troscopy, "excitation increment"
measurements were performed
with the aim of finding the ana-
lytical wavelengths of both com-
pounds in the sample mixture.
Excitation was carried out step-
wise in 1 nm increments in a
wavelength range from 250 - 400
nm. The results of these types of

measurement are displayed in a
3D-view (Figure 4). The view
presented below consists of 150
individual measurements. A sig-
nal with its maximum at 330 nm
is clearly dominant and can be
unambiguously assigned to naph-
thalene. Using spectral extraction,
detailed information can be
obtained from the 3D-range. The
spectrum of naphthalene can be
extracted at an excitation wave-
length of 290 nm. Figure 5 shows
the spectrum measured at a reso-
lution of 1.5 nm. The emission
wavelength is fixed at 330 nm, an
average value of a characteristic
signal doublet. 

The 3D-view contains additional
ranges requiring further explana-
tion. A chain of signals recogniz-
able from 310 nm and extending
up to the last measurement, rep-
resents the excitation wavelength
applied. Increasing the wave-
length range to 325 - 400 nm
reveals an additional pattern of
excitation wavelengths (Figure 6).
When the spectrum is isolated
from this wavelength range, the
anthracene spectrum is obtained
with an excitation wavelength at
360 and an emission wavelength
at 402 nm. The signals are smaller
when compared to those of naph-
thalene because anthracene is a
minor component in the mixture.

Fig. 7 shows sharp signals of the
excitation wavelength at 360 nm
and, with a shift in wavelength,
the fluorescence spectrum of
anthracene with its typical triplet
signal structure. For characteriza-
tion, the middle band at 402 nm
is fixed as the emission value. D

Figure 5: Fluorescence spectrum of component 1, the main component 

naphthalene, EX 290 nm and EM 330 nm for naphthalene, where EX = excitation

and EM = emission (fluorescence)

Figure 4: 3D-view of an incremental measurement generated through the change 

in excitation wavelength from 250 - 400 nm in increments of 1 nm

naphthalened
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The spectra shown here are
uncorrected spectra, meaning that
the instrument characteristics
must be taken into account when
interpreting the spectra.

Discussion

Using the 3D-view, unknown
samples can be analyzed and their
analytical wavelengths can be

determined. Time consuming
searching of discrete wavelengths
is no longer necessary. The 3D-
view clearly reveals the formation
and disappearance of signals. This
serves to visualize the selectivity
accompanying fluorescence. The
samples discussed in this example
display fluorescence signals that
can be clearly separated. Further-
more, stray light phenomena are

easily recognized in the 3D-view,
as these, in contrast with real 
fluorescence, do not remain fixed
but drift instead with the excita-
tion wavelength. In addition, 3D-
views also support the identifica-
tion of compound specific char-
acteristics whenever a compound
exhibits more than one excitation
wavelength.

Reference:

[1] Starna, Reference Materials 

for molecular Fluorescence 

Spectroscopy
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Figure 6: Zoom of the 3D-view from 325 up to 400 nm with reference to the 

excitation wavelength

Figure 7: Fluorescence spectrum of component 2, minor component anthracene, 

EX 360 nm and EM 402 nm
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Panoramic view New fluorescence software

Shimadzu has recently expanded its
fluorescence product range with the
addition of the new PanoramaRF
software. Designed for the high-end
RF-5301 fluorescence spectropho-
tometer, this software package
offers simple solutions for spectral
as well as time-curve acquisition,
data processing and evaluation.

Fluorescence spectroscopy is a
selective analytical technique reach-
ing detection limits down to the
trace concentration range. In order
to take advantage of the high selec-

tivity the instruments have to offer,
the PanoramaRF software incre-
ments the excitation as well as the
emission wavelengths. The resulting
3D-views support the search for
specific analytical wavelengths of
unknown compounds. Freely rotat-
able 3D-objects simplify the work-
flow. From these objects, the pro-
cessed analytical spectra can be
isolated easily.

PanoramaRF also optimizes time-
dependent representation of spec-
tra. In addition to simple 2D-time-

curves, spectra can be acquired at
predetermined time intervals. The
measurements are also offered in
3D-views, in order to study kinetic
processes.

The software platform features drag-
and-drop functionalities where spec-
tra can be compared visually or sort-
ed in project folders. Other data
evaluation routines are also avail-
able such as arithmetic or qualitative
functionalities.

PanoramaRF software, the new 

generation fluorescence software for

the RF-5301PC




