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Properties of functional DNA:PEDOT layers
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We report investigations of functionalized DNA:PEDT-PSS films. The electrical con-
ductivity of the samples material at the room temperature was about (1-5)-10710 O~ lem™.
The IV curves of the samples were linear and symmetrical in the region from the room
temperature down to the liquid Nitrogen temperature. The thermal activation energy of
the conductivity near the room temperature was about 0.033 eV independently on the
applied bias. The weak carrier trapping was identified by the Thermally Stimulated
Current method, proving the fast recombination of light-generated carriers. Notably, by
constant light excitation a "bistable” photoconduction below the room temperature was
evidenced. I.e., upon excitation by white light a remarkable increase the photocurrent
could be observed below 145-155 K by cooling the samples. Meanwhile by heating the
photosensitivity increased up to 235—-245 K. Such phenomenon could presumably be attrib-
uted to light-induced morphology changes of the sample material.

Onucanbl uccnenoBanusi pyHrumoHanmsupoBanHerx wieHOK DNA:PEDT-PSS. DnexrporpoBox-
HOCTBb 00pasLioB MaTepyaa Py KOMHATHON TeMmeparype cocrapisia okoso (1-5)-10710 Omlem L.
Kpusrie BAX 06pasmnoB ObLIM JUHEHHBIMM W CUMMETPUYHLIMU B OOJIACTU TEMIIEPATYP OT
KOMHATHOM [0 a30THOM. DHEePTUA TePMOAKTUBAIIUY IIPOBOAMMOCTH IIPU TeMIepaTypax, 0Jus-
KUX K KOMHATHOM, cocraBiana okoyo 0,033 5B HesaBuCMMO OT HAUPSAKEHUS CMEIIEHUA.
MeTozOoM TepMOCTHMYJUPOBAHHOTO TOKa OOHAPY:KEH cJalbIii 3axBaT Hocureleil, CBUAETeJb-
CTByIOIIUIT 0 OBICTPOil peKoMOmMHANuU (HPOTOBO3OYKAEHHBIX HocuTeseil. B uacTHocTH, TIp;
MIOCTOSTHHOM (DOTOBO3OYMACHUN OOHAPYKeHa OUCTAOUIbHAS (POTOMPOBOJUMOCTHL MIPU TEM-
nmepatrypax HuUKe KoMmHaTHoii. T.e. mpu Bo30y:KJeHUU OeJBLIM CBETOM MOJKHO HabJI0AATH
3HAUUTEJNbHOE yBeJaudeHue (JoTOTOKA IpU TeMIeparypax HuKe 145-155 K mpu oxjamaeHun
o0pasmoB. B To :Xe BpeMaA Ipu HarpeBaHUU (POTOUYBCTBUTEJIHHOCTH OCTABAJIACH ITOBBIIIIEHHOI
no 235-245 K. 910 ABJeHUE NIPEIIIONOKUTENLHO 00BiAcHAETCA (POTOMHAYIMPOBAHHLIMU U3-
MeHeHuAMHU Mop(OJIOTUN MaTepuajga od0pasiioB.
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1. Introduction

Nucleic acids and their derivatives at-
tract a great attention of researchers due to
their important biclogical role [1, 2]. At the
same time, deoxyribonucleic acid (DNA),
which exhibits a charge migration, is of in-
terest due to its physical properties, and
particularly to a great potential of applica-
tion in photonics and molecular electronics.
Such applications include: devices based on
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second and third order nonlinear optical
(NLO) effects [3], low loss optical
waveguides [4], holography [5, 6], organic
photovoltaics and organic field effect tran-
sistors (FET) [7]. However, pure DNA is an
electrically inactive material. In order to
render it active, it is necessary to function-
alize it with poly(3,4-ethylenedioxythio-
phene) (PEDOT, PEDT) and poly(styrenesul-
fonate) (PSS) complex. This enables the de-
velopment of its electrical properties.
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Fig. 1. Chemical structure of PEDOT-PSS
polymer complex.

Nevertheless, to assure the controllable pur-
poseful modification of these properties, ex-
tensive investigations are still required. In
this work, we report investigations of opti-
cal and electrical properties of DNA:PEDT-
PSS thin films. Their electrical conductiv-
ity dependence on temperature and excita-
tion with light was analysed.

2. Samples and experiment

An aqueous dispersion of the poly(3,4-
ethylenedioxythiophene) / poly(styrenesulfon-
ate) intrinsically conductive PEDT-PSS poly-
mer (Fig. 1) being commercialized under the
trade mark BAYTRONE PH 500 is espe-
cially homogenized to achieve small size
particles. The weight ratio of PEDT to PSS
was about 1:2.5. This aqueous dispersion is
ready to use and can be deposited by spin-
coating with viscosity max. 30 mPa-s [8]. It
is tailored to a high conductivity and forms
conductive coatings. This kind of polymer
forms highly-conductive, transparent, col-
ourless to bluish coatings with good resis-
tance to hydrolysis, good photo stability and
good thermal stability, high absorption in
the range of 900 to 2000 nm, with no ab-
sorption maximum in the visible spectrum
up to 800 nm.

DNA sodium salts extracted from salmon
milt and roe were provided by CIST. The
molecular weight measured My, = 106 Dal-
tons (Da). The high molecular weight DNA
rendered inhomogeneous film thickness due
to high solution viscosity. In order to re-
duce the viscosity of the DNA-based solu-
tions, an ultrasonic procedure was used [9].
After sonication of DNA (8 g/L) in 18 MQ cm
deionized water at 20°C, the mix was
stirred overnight using a magnetic stirrer
and then DNA solution was added to PEDT-
PSS aqueous solution at different
DNA:PEDT-PSS volume ratios 1:0.2 and
1:0.5. The solutions of polymers were spin-
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Fig. 2. Absorption spectrum of a DNA-
PEDOT (1:0.5) thin film.

coated at 500 or 1200 rpm on the ITO glass
substrates cleaned in various solvents. The
thin solid film thickness was measured by a
profilometer Tencor, ALFA-Step and was
found to be 0.83-1.5 um. The semi-transpar-
ent aluminium contacts were evaporated
onto the upper surface. Alternatively, some
samples were deposited on gridded interca-
lated electrodes initially evaporated on glass
substrates. The films were characterized by
the UV and visible spectroscopy using a
PERKIN ELMER UV/VIS/NIR Lambda 19
spectrometer. Their Current-Voltage (IV)
and conductivity temperature dependences
were measured by Keithley electrometer-
voltage source Model 6430 in the 77 K-
300 K range depending on the light excita-
tion.

3. Results and discussion

The UV-VIS-NIR absorption spectra of
studied thin films deposited on glass sub-
strates were measured at room temperature.
In Fig. 2, absorption spectrum of a
DNA:PEDT-PSS (1:0.5) thin film is pre-
sented. A strong UV absorption band is seen
below 280 nm. It corresponds to the n—n*
electron transition of the C=C bond in the
DNA bases. Another broad and low absorp-
tion band around 900 nm is associated with
the PEDT-PSS conductive polymer.

The average sample conductivity at room
temperature was about (1-5)-10710 Q~lem™1,
though it could deviate by up to two orders
of magnitude even in the samples produced
on the same substrate, evidencing the sensi-
tivity of their properties to the technologi-
cal conditions. The IV curves were linear
and symmetrical down to 78 K as it is
shown in Fig. 8. The samples had demon-
strated photosensitivity starting from the
room temperature down to 78 K. At room
temperature, the photosensitivity was about
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Fig. 3. IV curves of a sample upon white
light illumination (dashed curves) and in the
dark (solid lines) at 300 K and 78 K (as indi-
cated in the Figure).

10 per cent, and it increased by a factor of
up to two at the low temperature. Its tem-
perature dependence was quite complex as it
will be discussed below.

Characteristically, the sample response
to the applied voltage and light pulses was
different: upon application of a voltage
step, very fast increase of the current was
observed, meanwhile the photocurrent
growth was relatively slow and could be ap-
proximated well by the exponential depend-
ence as it is indicated in Fig. 4 by the solid
line. In the present case, the time constant
of the exponential increase was ~80 s and
tended to shorten with temperature. Never-
theless, this process still has to be investi-
gated in more detail. The current decay
after the light is switched off occurs in a
similar manner. This evidences that differ-
ent carrier transport mechanisms play a
role in both cases. Upon application of the
voltage pulse, fast carrier injection from
contacts takes place that is limited by ohmic
conduction of the sample volume. Mean-
while, a slower light-induced generation of
carriers occurs from their transport and/or
trapping states.

To investigate the temperature depend-
ences of carrier transport and thermal gen-
eration processes, temperature scans of the
dark current, Thermally Stimulated Cur-
rents (TSCs), and photocurrent were meas-
ured. In Fig. 5, the dark current tempera-
ture dependences are presented for two sam-
ples. It can be seen that close to room
temperature, thermal activation energy is
about 0.033-0.035 eV. These values are in-
dependent of the applied bias. Below about
130 K-140 K, a characteristic kink ap-
pears, and the thermal activation energy
drops below 0.014 eV, approaching in some
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Fig. 4. Sample response on applied voltage
pulse and white light pulse (dashed curve) as
indicated in the Figure. The photocurrent in-
crease could be approximated well by exponen-
tial dependence as indicated by the solid curve,
T=78 K, U=0,5 V.
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Fig. 5. Dark current temperature dependences
for two samples measured at 0.5 V bias.

samples zero values. To investigate this pe-
culiar behaviour, Thermally Stimulated
Current (TSC) and temperature dependences
of photocurrent were analysed. The details
of the TSC method are presented in [10-
12]. The TSCs obtained in different samples
are shown in Fig. 6.

Typically, TSCs are low as compared
with both dark current and current after
the light excitation. This indicates that a
relatively small number of carriers becomes
trapped, and most of them recombine after
the light excitation is over. Nevertheless,
nearly the same activation energy values of
about 0.036-0.043 eV were evaluated in a
wider temperature region as compared to
the dark currents. Such low activation en-
ergy values could indicate that the current
increase is related to transport phenomena,
i.e., increased carrier mobility, rather than
to of the carrier density changes due to
their thermal generation. A similar conclu-
sion was made also for disordered P3HT-
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Fig. 6. TSC scans in two samples measured at
0.5 V bias after the white light excitation
(solid curves). Dashed curves indicate linear
fits in Arrhenius scaling.

PCBM bulk-heterojunction organic solar cell
structures [13]. This assumption is realistic
by having in mind a complicated hopping
transport character in disordered organic
materials. Therefore, the evaluated activa-
tion energies could probably reflect the en-
ergy spread in the charge transporting lev-
els resulting in distribution of the density
of transporting states (DOS). Nevertheless,
to confirm this possibility by direct mobility
measurements either by Time-Of-Flight
(TOF) method, Charge Extraction by Line-
arly Increasing Voltage (CELIV) method or
by other methods used for low mobility ma-
terials, special sample preparation and ex-
perimental arrangements are necessary, and
this is our future task. As mentioned above,
a characteristic kink was observed in dark
current measurements that becomes even
more expressed upon light excitation. A
typical behavior is presented in Fig. 7. It is
seen that at lowering temperature, the pho-
tocurrent starts grow at about 145-155 K
and reaches saturation level that is by a
factor of about 2 to 2.5 higher than that in
the minimum. Afterwards, when the tem-
perature is increased, the photocurrent
changes relatively little up to about 235—
245 K, forming a "bistable” loop. This be-
havior does not change with applied bias,
indicating that the effect is light-induced.
Most probably such phenomenon could be
attributed to the light-induced sample mor-
phology changes resulting in a sudden in-
crease of material photosensitivity at low
temperatures. Nevertheless, to reveal its
exact nature, further investigations are nec-
essary.
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Fig. 7. Temperature dependences of photocur-
rent (PC-solid curves), upon the temperature
variation down and up (as indicated by the
arrows) and the dark current (DC-dashed
curves) at 0.2 V bias and without any bias.

4. Summary and conclusions

We report investigations of DNA:PEDT-
PSS thin films. After sonication of DNA in
deionized water, DNA solution was added to
PEDT-PSS aqueous solution at different
DNA:PEDT-PSS ratios 1:0.2 and 1:0.5. The
solutions of polymers were spin-coated on
the ITO glass substrates. The thickness of
the obtained films was 0.3-1.5 um. The
semi-transparent aluminium contacts were
evaporated onto the upper surface. The
films were characterized by the UV and vis-
ible spectroscopy. Their conductivity tem-
perature dependences were measured from
77 K up to 300 K depending on the light
excitation.

The sample conductivity at room temperature
was in average about (1-5)-10710 Q- lemI,
though it could deviate by up to two orders
of magnitude even in the samples produced
on the same glass substrate, thus indicating
sensitivity of their properties to the techno-
logical conditions. The IV curves were lin-
ear and symmetrical down to LN tempera-
ture. The thermal activation energy of the
dark conduction near the room temperature
was about 0.0833 eV independing on the ap-
plied bias.

We have identified weakly expressed car-
rier trapping using the Thermally Stimu-
lated Current method, what proves the fast
recombination and/or retrapping of light-
generated carriers. Though, under constant
light excitation, a "bistable” photoconduc-
tion below the room temperature was evi-
denced. I.e., a notable photocurrent increase
could be observed below 140-160 K at cool-
ing the samples. Meanwhile, under heating,
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the photosensitivity remained increased up
to 230-240 K. Most probably such phe-
nomenon could be attributed to the light-in-
duced morphology changes of the samples.

Acknowledgements. This work was sup-
ported by the Lithuanian Ministry of Educa-
tion and Science and EGIDE Agency
(France) within Gilibert program and by the
Lithuanian State Studies and Science Foun-
dation (Project No V-35/2009).

References

1. X.Dou, T.Takama, Y.Yamaguchi et al., Appl.
Opt., 37, 759 (1998).

2. S.Asayama, A.Maruyama, Ch.-S.Cho et al.,
Bioconjugate Chem., 8, 833 (1997).

3. O.Krupka, A.El-Ghayoury, I.Rau et al., Thin
Solid Films, 516, 8932 (2008).

4

5.

10.

11.

12.

13.

. J.G.Grote, J.A.Hagen, J.S.Zetts et al., J.
Phys.Chem. B, 108, 8584 (2004).

H.-W.Fink, H.Schmid, E.Ermantraut et al., J.
Opt. Soc. Am. A, 14, 2168 (1997).

. R.Czaplicki, O.Krupka, Z.Essaidi et al., Opt.
Express, 15, 15269 (2007).

. B.Singh, N.S.Sariciftci, J.G.Grote et al., J.
Appl. Phys., 100, 024514 (2006).

. Product Data Sheet BAYTRON® PH 500, see:
www.baytron.com.

. E.Heckman, J.Hagen, P.Yaney et al., J.Appl.

Phys. Lett., 87, 211115 (2005).

J.G.Simmons, G.W.Taylor, Phys.Rev.B, 35,
1619 (1977).

G.Kavaliauskiene, V.Kazukauskas et al., Appl.

Phys. A, 69, 415 (1999).

V.Kazukauskas, Semicond. Sci.Technol.,
1373 (2004).

V.Kazukauskas, M.Pranaitis, F.Kajzar et al.,

Mol. Crys. Lig. Crys., 484, 373 (2008).

19,

BaactuBocti ¢ynknmionanxizopanux mapie DNA:PEDOT

B.Kaxyraycrac, A.Apnaycxkac, M.Ilpanaimic,
O.Kpynka, ®.KRaiizap, 3.Eccaidi, B.Capayi

Onwucano gociaimxenusa (gyHkiioHamisoBanux miiBok DNA:PEDT-PSS. ExexkrpomnposizHicTs

8paskiB Marepiany opu KiMHarHIH Temmeparypi cramoBuma Gmusbko (1-5)-10710 Omlem L.

1

Kpusi BAX spaskiB O6yau JiHifiHUMU Ta cuMeTpUUYHUMU B obJyacTi TeMmepatyp Big KimHart-
HOl no asorTHoi. Enepris repmoaxkTuBaliii mpoBifHOCTI mpu Temmeparypax, OJIUSBKUX IO
KimHaTHOI, cramoBuaa npubausno 0,033 eB HesanmexHO Big Hampyru smimieHHs. MeTogom
TEPMOCTUMYJIBOBAHOTO CTPYMY BUABJIEHO cjabKe B3aXOIIEHHA HOCiiB, fSKe CBifUuUTL IIpo
IWIBUAKY PeKoMOiHaiio (orTosdymKeHux HociiB. 3oKpema, mpu mocTiiiHoMy (oTO30ymKeHHI
BUSBJIEHO ' 0icTabWIbHY (DOTOMPOBIAHICTL MPU TeMIlepaTypax HuKue Bix kimuatHoi. TobTO
npu 30yIiKeHHI O0iTMM CBITJIIOM MOJKHa cIlocTepiraTtu 3HauHe 3061iJbIlIeHHS (oTOCTPpyMy IIpuU
TeMnepatypax HuKue Bix 145-155 K mpu oxosomkeHHi 3paskiB. B Toil ke uyac mpu Ha-
rpiBanHi orouyTauBicTh 3asnuanaca migsuiieHoo xo 235-245 K. Ile aBuie mosacHIOETHCA
MOMKJIUBUMU (DOTOIHAYKOBAaHUMU 3MiHamMu Mopdosorii marepiany 3paskis.
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