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Deoxyribonucleic acid (DNA) is commonly viewed as a genetic information carrier. However,
now it is recognized as a nanomaterial, rather than as a biological material, in the research field
of nanotechnology. Here, we show that using pure DNA, doped with rhodamine 6G, we are able
to observe amplified spontaneous emission (ASE) phenomenon. Moderate ASE threshold,
photodegradation, and reasonable gain coefficient observed in this natural host gives some
perspectives for practical applications of this system in biophotonics. Obtained results open the
way and will be leading to construction of truly bio-lasers using nature made luminophores, such
as anthocyanins. © 2012 American Institute of Physics. [http://dx.doi.org/10.1063/1.4764535]

The search of materials for luminescence, amplified spon-
taneous emission (ASE), and lasing is one of the important
subjects of modern photonics. Such materials for photonics
devices should show several properties, like photosensitivity,
excellent optical quality, ease of processing, to be environmen-
tally- and bio-friendly. Dye-doped organic systems find many
applications in photonics. Interest in these systems is focused
not only on investigations of their fundamental physicochemi-
cal properties (spectroscopic measurements—absorption, fluo-
rescence excitation) but also in chemical sensing, optical
switching, and in medicine (biomedical imaging techniques—
blood pressure control during surgery, etc.). Unfortunately,
these materials show still some limitations for applications in
commercial devices and are usually characterized by a short
lifetime. Bioderived and bioinspired materials are of current in-
terest because they can provide attractive physical properties
while being produced by “green” technologies and being also
biodegradable. Deoxyribonucleic acid (DNA) holds a very
special position in this context. It can be used as a matrix for
incorporating active functional molecules enabling fabrication
of some photonic devices. It can lead also to future applica-
tions in molecular photonics, e.g., in technologies where single
molecules are used for storage and processing of information
or for microlasing. DNA is also an extraordinarily exciting sys-
tem for biolasing applications mostly due to the exceptional
capability of DNA double helix strand structure to interact
with various molecules (nonbinding, groove binding, and
semi-intercalation) and modify their properties. It was shown
also that DNA is an interesting matrix for luminophores. A
large up to 17 times stronger photoluminescence from thin
films of sulphorhodamine in DNA-surfactant matrix, as com-
pared to polymethyl methacrylate (PMMA) matrix, was
observed by Yu er al.' DNA, and particularly, the complex
DNA-surfactant (where as surfactant cetyltrimethyl or benzyl-
trimethyl ammonium chloride can be used) are known to be
excellent matrices for lasing molecules.” However, despite the
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large number of papers reporting observation of ASE from
DNA -surfactant-luminophore complexes,l’3_9 there were no
reports on amplified spontaneous emission in a pure DNA
without surfactant and doped with lasing dye.

In this study, we focused out our attention on a system,
which contain pure DNA doped with the well known lasing
molecule rthodamine 6 G (DNA-Rh6G). The used in this study
DNA biopolymer, extracted from water solution salmon roe,
was supplied by Ogata from Chitose Institute of Science and
Technology. Its initial molecular mass was reduced by sonica-
tion to ca. 5 x 10 daltons. The solutions used for thin film fab-
rication were prepared according to the following procedure.
The concentration of Rh6G in water solution (1ml) was
10~*mol/dm>, and properly the mass of this dye constituted 1%
weight with respect to DNA weight. At first, the compounds
were weighted and dissolved in distilled water (every in 1 ml of
distilled water). After that, both solutions were carefully mixed
and put into the refrigerator for one day. For the thin film prepa-
ration on glass substrate, we have used procedure described by
Samoc er al.'® with the use of the drop-casting method. Films
were dried in air at 21-25°C and about 50% relative humidity
for about a day and stored in ambient air for several days.

The thickness of the layer was around d ~ 3um. First, the
excitation, emissive, and absorptive properties of DNA-Rh6G
thin film were determined at room temperature. Spectral
measurements were carried out using a Hitachi F-4500 fluo-
rescence spectrophotometer (range of study 350-700 nm). The
spectral resolution was maintained at 1 nm both for excitation
and emission spectra. The normalized excitation and fluores-
cence emission spectra of DNA-Rh6G are displayed in Fig. 1.
The full width at half maximum (FWHM) of fluorescence
emission band is about 39 nm. For measurements of amplified
spontaneous emission, we assembled a typical experimental
set-up, which is schematically shown in Fig. 2, where a line-
arly polarized light beam with wavelength A =532 nm, com-
ing from the frequency doubled neodymium doped yttrium
aluminum garnet (Nd:YAG) laser (pulse duration 8ns and
11 Hz repetition rate), after passing through a diaphragm, was

© 2012 American Institute of Physics


http://dx.doi.org/10.1063/1.4764535
http://dx.doi.org/10.1063/1.4764535
http://dx.doi.org/10.1063/1.4764535
mailto:jaroslaw.mysliwiec@pwr.wroc.pl

171113-2 Rau et al.

1.2 T T T
2 10} .
2 ASE
2 o8} FWHM=16.2nm ]
__g Excitation /fvmax=587nm
o 06} T
N
© Luminescence
g 04} FWHM= 39.5nm
<23 0 /max=571nm

0.0

400 500 600 700 800

Wavelength/nm

FIG. 1. Fluorescence excitation, emission, and ASE spectra of DNA-Rh6G
sample at room temperature. Excitation wavelength 2=2532nm and ASE
excitation energy density p = 56.3 mJ/cm>.

used to excite the sample. The amplified spontaneous emis-
sion, emerging from the edge of the sample, was collected by
a lens and fed to optical fiber and analyzed with a fiber spec-
trometer (Ocean Optics), coupled to a computer. Configura-
tion of the experiment and directionality of the emitted ASE
light at suitable excitation energy let us register clear ASE
signal with a little fluorescence background. For the determi-
nation of the exponential gain coefficient y, we modified the
light excitation geometry in order to get an extended stripe of
the light instead of a laser spot. For that purpose, we used a
converging cylindrical lens giving L =15mm long and nar-
row stripe of light that allowed us to apply Shank method''
for evaluation of 7.

The results of amplified spontaneous emission measure-
ments, together with excitation and emission spectra, are pre-
sented in Fig. 1. One can clearly see a characteristic narrowing
of the fluorescence line width above the ASE threshold. For
the reported DNA-Rh6G system, we observe variation of the
luminescence bandwidth from AApwimv =~ 39 nm for the lower
excitation energy density presented in Fig. 1 and measured
with a conventional spectrometer, up to Adgwyy = 16 nm for
ASE light emitted from the sample and collected by the fiber
spectrometer.

As one can see in Fig. 3, where the results of FWHM
parameter measurements and intensity of luminescence (ASE
as inset) in function of the excitation energy density are pre-
sented, the threshold of ASE appearance for DNA-RhOG is
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FIG. 2. Experimental set-up for ASE and gain coefficient measurements.
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FIG. 3. Dependence of FWHM parameter (intensity of luminescence and
ASE as inset) on the energy density of pumping beam for DNA-Rh6G system.
pu—energy density threshold for appearance of the amplified spontaneous
emission.

pm=4.5mJ/cm®. An important parameter of the systems
showing ASE phenomenon and determining its practical
applicability is the level of photodegradation. The experimen-
tal results of temporal stability of ASE signal are presented in
Fig. 4. As it follows from Fig. 4, a 50% initial value reduction
of the ASE intensity occurs after around 20 s, what is equiva-
lent to 200 excitation light pulses. Such value is typical for
most of organic dye-doped luminescent systems, what shows
important role of this matrix,*'?"'* where DNA prevents the
aggregation of dye molecules and traps the dye molecules in
the helical structures."

The exponential gain coefficient y can be determined,
according to Shank method, by measuring the ASE signals at
the sample edge for full length L and half-length L/2 of the
light stripe. From the obtained ASE intensities Iy and I , for
these two cases, one derives the y coefficient according to

the equation
2 I
y:—ln(—L—1>. (1)
L \Ip

Conditions of the experimental set-up like polarization state
and energy density of the excitation beam where correctly
selected to get the optimal ASE signal. Experimental results
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FIG. 4. Dependence of ASE intensity on number of laser pulses for DNA-Rh6G.
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and calculations based on the Eq. (1) show that average
value of the exponential gain coefficient y in the DNA-Rh6G
sample is y=6.5cm ™.

In conclusion, the amplified spontaneous emission in a
pure deoxyribonucleic acid loaded with a fluorescent dye
Rhodamine 6G system was observed and characterized. The
reported ASE threshold and gain coefficient y ~ 6.5cm ™' is
similar to that presented for this molecule in other organic
matrices.®'?~'* Such properties gives some perspectives for
practical applications of this system in biophotonics and
medicine. The next step will be using nature made lumino-
phores, such as anthocyanins,'® leading to truly biolasers.
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