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A ‘molecular’ description of current flow
Avik W. Ghosh, Kamaram Munira and Mikiyas Tsegaye
School of Electrical and Computer Engineering, University of Virginia, Charlottesville 22904, USA

Abstract— We present a unified formalis m for describing current flow through any small 'mo lecule'. The formalis m can be
translated into 'first princip les' simulat ions towards predictive properties with no adjustable parameters. Three case studies are
presented – electron spectroscopy in buckyballs on silicon, spin currents and torques in an Fe-MgO-Fe tunnel junction, and
thermal currents in graphene nanoribbons. In each case, a ‘molecular’ description is crit ical to the underlying physics.
Modern day electronics is rapidly reaching nanometer
dimensions where atomistic, quantum and many-body effects
dominate. The non-equilibriu m Green’s function (NEGF)
approach provides a systematic way to handle these effects.
The channel bands are described by a Hamiltonian H and
potential U, while the contact thermal reservoirs are described
by self-energy matrices 1,2 (Fig. 1). Dephasing is described
by additional self-energies s. By solving the resulting
Schrodinger equation with open non-equilibriu m boundary
conditions set by the contact Fermi functions (with unequal
electrochemical potentials 1,2 ), we can arrive at a rigorous
theory for current flow through any nano-device. The
predictive power thereafter depends on the degree of
sophistication of the input matrices.

understanding of spintronics is critical to the suitable design of
an STTRAM. An atomistic theory shows that the critical
switching current can be lowered by selectively filtering the
Fe majority spins by the complex 1 tunneling bands in MgO.

Fig.3. (Left) Computed spin torques, and (right) precession
dynamics of free layer in an Fe-MgO-Fe sandwich.

Fig.1. A schematic description of current flow in NEGF

Fig.4. (Left) Computed thermal ‘hot spots’ in a graphene Ujunction, and (right) the bulk graphene thermal conductivity.

Fig. 2. NEGF-DFT treatment of C60 spectra on Si reproduces
experimental variations attributed to alterations in bonding
geometry at the interface (adapted from [1]).
Fig. 2 shows the computed current through fullerene adsorbed
on a silicon surface. Similar theories can be invoked to
describe current flow through other molecules, nanowires,
nanotubes, graphene, and quantum dots. The challenge is to
engineer the bonds for optimal barrier heights forin jection, and
maximal charge conjugation for adequate current.
Fig. 3 shows the computed characteristics in an Fe-MgO-Fe
spin transfer torque random access memory (STTRAM). We
can use our NEGF equations to compute the device
characteristics. The injected electrons are polarized by the first
(fixed) Fe layer and tunnel across the MgO to the second
(free) Fe layer. The spin angular mo mentu m co mponents
perpendicular to the free layer get completely absorbed,
making the latter magnetization precess until the torque is
sufficient to overcome the restorative damping forces and go
beyond the equatorial plane (right). A ‘molecular’
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The final example co mes fro m thermal flow. Fig. 4 (left)
shows the computed thermal current in a graphene U-junction,
showing the location of thermal ‘hot spots’. This requires a
mo lecular description of defect states (such as edges and
bends). Furthermore, the computed bulk conductivity in a
graphene sheet is also shown (right). The room temperature
values agree favorably with e xperiments in the literature. The
NEGF formalism allows us to interpolate between Fourier’s
law (Fig. 4), and the ballistic limit where the entire thermal
conductance is quantized. Once again, a molecular level
model incorporating the proper graphene chemistry helps
understand the underlying processes in complicated
nanoribbons fabricated out of the graphene templates.
In summary, by combining a molecular description of bonding
and charge delocalization with the non-equilibriu m quantum
flow of electrons, we can co mpute the flow of ‘anything
through anything’, that is critical to the development of novel
applications for logic, memory and co mmunication beyond the
limits of today’s silicon-based CMOS technology.
*Corresponding author: ag7rq@virginia.edu
[1] G-C. Liang and A. W. Ghosh, Phys. Rev. Lett. 95, 076403 (2005).
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:LWK WKHLU IDVFLQDWLQJ SK\VLFRFKHPLFDO SURSHUWLHV
QDQRVWUXFWXUHG PDWHULDOV DUH KROGLQJ HQRUPRXV SURVSHFWV LQ
PDQ\ ILHOGV RI VFLHQFH DQG WHFKQRORJ\ +RZHYHU WKH WZR
PDMRUERWWOHQHFNVLQDSSOLFDWLRQVRIQDQRVWUXFWXUHGPDWHULDOV
WKHLU XQLIRUP V\QWKHVLV DQG DVVHPEO\ LQWR WDUJHWHG VWUXFWXUHV
DWVXUIDFHVDQGLQWHUIDFHVVWLOOUHPDLQWKHPDMRUFKDOOHQJH>@
$OWKRXJK WKHUH DUH VRPH DGYDQFHV KDYH DOUHDG\ PDGH WR
RYHUFRPHVRPHRIWKHGLIILFXOWLHVLWVHHPVWKDWWKHFKDOOHQJHV
ZLOOUHPDLQXQWLODFRPSUHKHQVLYHXQGHUVWDQGLQJRIWKHIRUFHV
LQIOXHQFLQJ WKH EHKDYLRU RI QDQRVWUXFWXUHV RU EHLQJ DEOH WR
FRQWUROWKHPE\OHDUQLQJWKHXVHRIDOUHDG\NQRZIRUFHV
7KHUH DUH FXUUHQWO\ D QXPEHU RI ZD\V WKDW FDQ EH
SXUVXHG IRU WKH GLUHFWLQJ WKH QDQRVWUXFWXUHV LQWR WKH GHVLUHG
SDWWHUQV$OOOLWKRJUDSKLFWHFKQLTXHVXVHVDWHPSODWHJHQHUDWHG
HLWKHU XVLQJ D PRXOG OLJKW RU HOHFWURQ EHDP >@ $OWKRXJK D
FHUWDLQ OHYHO RI VXFFHVV FDQ EH HDVLO\ DFKLHYHG XVLQJ WKH
OLWKRJUDSKLFWHFKQLTXHVWKH\DUHUDWKHUFUXGHDQGDUHFXUUHQWO\
IDUIURPWKHSUHFLVHDOLJQPHQWVRIWKHQDQRVWUXFWXUHV
$QRWKHU DSSURDFK LV WR XVH WKH PROHFXODU IRUFHV WR
EULQJWKHQDQRVWUXFWXUHVLQWRGHVLUHGRULHQWDWLRQV,QWKLVJURXS
RIDSSURDFKHVDPROHFXOHWKDWLVZHOONQRZQIRULWVPROHFXODU
EHKDYLRULVFKHPLFDOO\DWWDFKHGWKHQDQRVWUXFWXUH'XHWRWKH
H[FUHWHG PROHFXODU IRUFH RQ WKH QDQRVWUXFWXUH LW LV IRUFHG WR
EDODQFHWKHH[FUHWHGIRUFHE\ORFDWLQJLWVHOILQWRWKHSDWWHUQHG
VWUXFWXUH 7KLV DSSURDFK FDQ EH FRQVLGHUHG DV D XWLOLW\ RI WKH
PROHFXODUDVVHPEO\IRUWKHDVVHPEO\RIWKHQDQRVWUXFWXUHV,Q
RXUVWXGLHV ZH XWLOL]HELRPDFURPROHFXODUVWUXFWXUHV QRWRQO\
WRXQGHUVWDQGWKHPROHFXODUIRUFHVLQIOXHQFLQJWKHEHKDYLRURI
QDQRWUXFWXUHVDWLQWHUIDFHVEXWDOVRXVHWKHZHOOGHILQHGIRUFHV
VXFK DV '1$ K\EULGL]DWLRQ WR FRQVWUXFW KLJKHU VWUXFWXUHV
XVLQJQDQRVWUXFXUHVDVEXLOGLQJEORFNV>@
,Q WKLV SUHVHQWDWLRQ RXU ILQGLQJV RQ WKH FRQWURO RI WKH
QDQRSDUWLFOHV IURP D GU\LQJ GURSOHW DQG WKH LQIOXHQFH RI WKH
VXUIDFH SURSHUWLHV RI QDQRSDUWLFOHV ZKLFK ZDV V\VWHPDWLFDOO\
DOWHUHG ZLWK SHSWLGHV FDUERK\GUDWHV OLSLGV DW OLTXLGVROLG
LQWHUIDFH DUH SUHVHQWHG DORQJ ZLWK WKH GLUHFWHG DVVHPEO\ RI
$X13V XVLQJ '1$ K\EULGL]DWLRQ 7KH PDQLSXODWLRQ RI
QDQRSDUWLFOHV UHVLGLQJ LQ D VXVSHQVLRQ E\ SK\VLFDO PHDQV LV
DOVR SHUXVHG )LJXUH  VKRZV WKH UHYHUVDO RI WKH DVVHPEO\ RI
ODWH[SDUWLFOHVXVLQJDK\GURSKRELFWLSZKLFKZDVORFDWHGRQ
WKHWRSRIWKHGU\LQJGURSOHW)RUH[DPSOHWRXFKLQJRUGLSSLQJ
DK\GURSKLOLFRUK\GURSKRELFWLSRQLQWRDGU\LQJGURSOHWFDQ
DOWHU WKH SDFNLQJ RU DVVHPEO\ RI QDQRSDUWLFOHV LQ WKH GURSOHW
DUHD )LJXUH  $ LV D UHJXODU GURSOHW DQG LQVHW VKRZV WKH
]RRPHGLPDJHVRIWKHPDUNHGDUHDVDQG)LJXUH%VKRZVWKH
DUHDRIDGURSOHWWRXFKHGE\DK\GURSKRELFWLSIURPWKHWRSRI
WKH GURSOHW ,W LV FOHDUO\ VHHQ WKDW WKH ODWH[ QDQRSDUWLFOHV DUH
XQLIRUPO\DVVHPEOHGLQWKHGURSOHWDUHDRIWKHWRXFKHGGURSOHW
ZKLOHDUELWUDU\DJJUHJDWHVDUHREVHUYHGLQWKHFDVHRIQRUPDOO\
GU\LQJGURSOHW
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SDFNLQJ LV GLVFXVVHG  7KH PDQLSXODWLRQ RI WKH EHKDYLRU RI
QDQRVWUXFWXUHV LQ D GURSOHW E\ RWKHU SK\VLFDO PHDQV LV DOVR
GHPRQVWUDWHG
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'RSDQW DWRPV DUH HVVHQWLDO FRPSRQHQWV LQ VHPLFRQGXFWRUV
QRW RQO\ EHFDXVH WKH\ SURYLGH H[WULQVLF FKDUJHV RU PDJQHWLF
PRPHQWVEXWEHFDXVHVLQJOHGRSDQWVRIIHUWKHSRWHQWLDOWREH
XVHG DV WKH IXQFWLRQDO SDUWV RI QDQRVFDOH RU TXDQWXP
LQIRUPDWLRQGHYLFHV,QRUGHUWRXWLOL]HVLQJOHGRSDQWVLQVXFK
GHYLFHV WKHLU HOHFWURQLF DQG PDJQHWLF SURSHUWLHV KDYH WR EH
XQGHUVWRRGLQGHWDLO
,Q WKH SDVW GHFDGH PDQ\ JURXSV KDYH VFUXWLQL]HG DW WKH
DWRPLF VFDOH WKH HOHFWURQLF DQG VSHFWURVFRSLF GHWDLOV RI
LQGLYLGXDOLPSXULWLHVVXFKDV6L=QDQG0QHPEHGGHGLQWKH
WRSPRVW OD\HUV RI D FOHDYHG VHPLFRQGXFWRU FU\VWDO OLNH *D$V
RU ,Q$V >@ $ FRUUHFW LQWHUSUHWDWLRQ RI WKHVH DWRPLVWLF
SURSHUWLHV LV HVVHQWLDO IRU D SURSHU XQGHUVWDQGLQJ RI WKH
PDFURVFRSLF SURSHUWLHV RI GRSHG PDWHULDOV )RU H[DPSOH
SUHVHQW PRGHOV RI LPSXULW\ EDQG IRUPDWLRQ DQG
IHUURPDJQHWLVPLQ*D0Q$VUHTXLUHDSURSHUGHVFULSWLRQRIWKH
DWRPLF VFDOH SURSHUWLHV RI LQGLYLGXDO 0Q DFFHSWRUV 7KH
VXUIDFH KRZHYHU LV NQRZQ WR VWURQJO\ LQIOXHQFH WKH
SURSHUWLHV RI DQ LPSXULW\ FORVH WR WKH VXUIDFH DQG WKXV D
FHQWUDO TXHVWLRQ IRU DOO VXFK VXUIDFH PHDVXUHPHQWV YLD
6FDQQLQJ 7XQQHOLQJ 0LFURVFRS\ 670  LV KRZ FORVHO\ WKH
ORFDOGHQVLW\RIVWDWHV /'26 LVUHODWHGWRWKHSURSHUWLHVRIDQ
LPSXULW\LQWKHEXON
,Q 670 PHDVXUHPHQWV GRQRUV OLNH 6L LQ *D$V DSSHDU DV
KLJKO\V\PPHWULFLVRWURSLFURXQGSURWUXVLRQV>@7KLVSLFWXUH
RI GRQRUV LV LQ DQDORJ\ ZLWK WKH K\GURJHQLF LPSXULW\ PRGHO
8QOLNH GRQRUV VKDOORZ DFFHSWRUV OLNH =Q LQ *D$V DQG GHHS
DFFHSWRUV OLNH 0Q LQ *D$V DSSHDU DV KLJKO\ DQLVRWURSLF
WULDQJXODU RU FURVVOLNH FRQWUDVW LQ 670 PHDVXUHPHQWV
UHVSHFWLYHO\>@
+HUHZHUHSRUWPHDVXUHPHQWVDQGFDOFXODWLRQVIRUWKH/'26
RI0QDFFHSWRUVLQ*D$VDVDIXQFWLRQRIWKHLUGLVWDQFHEHORZ
WKHUHFRQVWUXFWHGVXUIDFH:HVKRZWKDWWKH670FRQWUDVWFDQ
EH IXOO\ XQGHUVWRRG IURP WKH ZDYH IXQFWLRQ RI WKH LPSXULW\
VWDWHLWVHOI7KHVKDSHRIWKH KROHGLVWULEXWLRQDURXQGWKH 0Q
DFFHSWRU IRU GLIIHUHQW GRSDQW GHSWKV XQGHU WKH VXUIDFH LV
DQDO\]HG DW WKH DWRPLF VFDOH E\ XVLQJ 670 )LJXUH   :H
IRXQGWKDWWKHDFFHSWRUVORFDWHGZLWKLQWKHILUVWWHQVXEVXUIDFH
OD\HUV RI WKH VHPLFRQGXFWRU VKRZ D ORZHU V\PPHWU\ WKDQ
H[SHFWHG IURP WKHRUHWLFDO SUHGLFWLRQV RI WKH EXON DFFHSWRU
ZDYH IXQFWLRQ >@ 7KH\ H[KLELW D VWURQJ   PLUURU
DV\PPHWU\ LQ 670 PHDVXUHPHQWV 7KH GHJUHH RI DFFHSWRU
ZDYH IXQFWLRQ DV\PPHWU\ ZDV IRXQG WR GHSHQG RQ WKH GHSWK
RI WKH DFFHSWRU DWRP EHORZ WKH VXUIDFH 7KH H[SHULPHQWDOO\
REVHUYHG GHSWK GHSHQGHQW FKDQJH RI WKH DFFHSWRU ZDYH
IXQFWLRQ V\PPHWU\ ZDV FKDUDFWHUL]HG TXDQWLWDWLYHO\ DQG
LQWHUSUHWHG VXFFHVVIXOO\ E\ WLJKWELQGLQJ 7%  WKHRUHWLFDO
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Charge Separation in Ruthenium Dyes Adsorbed on Nanoporous TiO 2 Layers
1

Cigdem Sahin 1,2 , Thomas Dittrich 3 , Canan Varlikli1 *, Siddik Icli1

Solar Energy Institute, Ege University, 35100 – Bornova, Izmir, TURKEY
2
Chemistry Department, Art & Science Faculty, Pamukkale University, Denizli, TURKEY
3
Helmholtz Centre Berlin for Materials and Energy, Glienicker Str. 100, 14109 Berlin, GERMANY
Abstract-The charge separation and electron back transfer process of some synthesized ruthenium dyes adsorbed on TiO 2 have been investigated
by surface photovoltage spectroscopy under steady state and chopped illumination of Kelvin probe and capacitor arrangement, respectively.
Differences in chelating behaviour of bpy-py and bpy-bpy complexes has found to have an effect on the electron back transfer proces

For the past two decades, polypyridyl ruthenium (II)
complexes have been widely studied in dye sensitized solar
cell (DSSC) [1]. These structures provide an attractive
approach in controlling the charge separation, and
recomb ination dynamics at the molecu le/nanocrystal interfaces
[2]. The understanding of the charge transport, charge
separation, and recombination in the nanostructured materials
is important for the development of an efficient dye sensitized
solar cell.
The surface photovoltage spectroscopy is a contactless,
non-destructive and sensitive technique for inorganic and
organic semiconductor characterization [3]. This metod can
provide information about surface and interface band bending,
band gap, life time, carrier d iffusion length, charge separation
in bulk materials and thin films [3, 4].
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probe. The contact potential decreases starting at photon
energies larger than 1.5 eV due to electron injection fro m dye
mo lecules into the TiO 2 .
The data obtained on electron back transfer process of
ruthenium comp lexes that contain bpy-py and bpy-bpy ligands
by the use of SPV has been reported in our previous study [5].
Here we report the data gained fro m Kelv in probe arrangement
measurements and compare with the results obtained through
SPV. Both of the technique used show that electron back
transfer was practically not affected by branching or nonbranching side groups in the bpy-bpy complexes. In contrast,
electron back transfer was much less for bpy-py complexes in
comparison to bpy-bpy complexes. This is attributed to
chelating effect. Further, th is result is supported with
electrochemical properties of the ruthenium (II) co mplexes.
These dyes are good alternative for nc-DSSC applications.
We acknowledge the project support funds of Ege
University and Helmholt z Center Berlin (HZB) for Materials
and Energy, the State Planning Organization of Turkey (DPT).
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Energy M aterials & Solar Cells 92 (2008) 1047–1053.
[2] N. Hirata, J.J. Lagref, E.J. Palomares, J.R. Durrant, M .K.
Nazeeruddin, M . Gratzel, D.D. Censo, Chem. Eur. J. 10 (2004) 595602.
[3] L. Kronik, Y. Shapira, Surface photovoltage phenomena: theory,
experiment and applications, Surface Science Reports 37 (1999) 1206.
[4] M . Eschle, E. M oons, M . Gratzel, Optical M aterials, 9 (1998)
138-144.
[5] C. Sahin, Th.Dittrich, C.Varlikli, S.Icli, M .Ch.Lux-Steiner, Solar
EnergyM aterials&SolarCells, 94 (2010) 686–690.

[CS28]

Figure 1. Structures of ruthenium (II) complexes [5].

In this work, ruthenium (II) co mplexes containing pyridine
and bipyridine ligands (Figure 1) were synthesized according
to literature [5]. Chelating effect in Ru dye mo lecules
containing pyridine and bipyridine ligands adsorbed on ultrathin nanoporous TiO 2 layers on charge separation and electron
back transfer has been investigated by surface photovoltage
spectroscopy (SPS) in argon atmosphere. The surface
photovoltage were analyzed
under steady state and chopped illu mination of Kelvin probe
and capacitor arrangement, respectively.
We investigated contact potential differences (CPD) in Ru
dye molecules adsorbed on nanoporous TiO 2 layers by Kelvin
6th Nanoscience and Nanotechnology Conference, zmir, 2010
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Polypyrrole Grafting onto the Surface of Pyrrole Modified Silica Nanoparticles Prepared by One-step
Synthesis

Abstract— The grafting of polypyrrole onto the surface of modified silica nanoparticles has been investigated. These silica
nanoparticles were modified with pyrrole moieties prepared by Stober method in one-step starting from TEOS and a pyrrolebearing trialkoxysilane compound. The effects of various reaction conditions, including reaction time, solvent, and molar ratio
of water to alkoxy groups, have been investigated in order to obtain pyrrole-modified silica nanoparticles with the optimal
coreshell structure and the smallest possible particle size. The grafting was carried out in aqueous FeCl3 solution containing
the modified silica nanoparticles, with pyrrole monomers. Several analytical tools have been employed to characterize the
particles and to assess the degree of grafting, namely TEM, SEM, TGA, FTIR, and XPS. The final polypyrrole-grafted silica
nanoparticles obtained had a mean diameter of about 220 nm and 50 wt.% of grafted polypyrrole with respect to the total
weight of polypyrrole formed around the surface of the cores.

Polypyrrole (PPy) has been one of the most studied
conductive polymers over several decades due to its
outstanding properties, including environmental stability, anticorrosion properties, redox properties, relatively high
electrical conductivity, as well as ease of synthesis. However,
similar to other kinds of substantially conductive polymers, its
application has been limited due to unprocessability in terms
of insolubility in common solvents and infusibility. Many
attempts have been made to overcome the problem, including
synthesis in emulsion or reverse emulsion systems using
surface-active anions to increase the solubility [1, 2], blending
with other polymers [38], and even preparation of PPy/clay
embedded composite materials [9]. One of the employed
approaches has been to reduce the size of the PPy particles to
the micro- or nanoscale by polymerizing pyrrole in the
presence of nanostructured materials, such as silica
nanoparticles. Previously, we have described the preparation
of PPy-coated silica nanoparticles by in situ polymerization of
pyrrole in the presence of vinyl-modified silica nanoparticles
[10]. The latter had been synthesized by a one-step method
starting
from
tetraethoxysilane
(TEOS)
and
vinyltriethoxysilane (VTEOS) [11]. The most important
outcome of the work [10] was to obtain PPysilica
nanoparticles with a coreshell structure having a smooth and
solid PPy shell of thickness a7 nm, in contrast to the
raspberry-like morphology observed by other investigators
[12].
In the present work, in order to synthesize Py-modified
silica nanoparticles, N-(3-(trimethoxysilyl)propyl)pyrrole
(TMSPP) was added to the reaction vessel as an alkoxysilane
modifier bearing a pyrolle ring at one end, during the course
of the reaction with TEOS. The reaction conditions were tuned
so as to obtain the desired Py-modified silica nanoparticles in
terms of size and shell structure. PPy grafting was then
achieved by in situ polymerization of pyrrole in the presence
of Py-modified silica nanoparticles in an aqueous solution of
FeCl3. The resulting coreshell particles were characterized by
TEM, SEM, FTIR, TGA, and XPS.
We have examined different reaction parameters
including solvent (EtOH or MeOH), reaction time,
water/alkoxide molar ratio, in order to obtain the possible
smallest particle with well defined shell structure of the

pyrrole moiety on the surface of the silica nanoparticles and
PPy shell on the final PPy-grafted nanoparticles. Narrowly
distributed particles with average size about 200 nm with 26
nm thick shell of Py moiety can be obtained using methanol as
the solvent, a reaction time of 90 min, and a water/alkoxide
group molar ratio of 20:1. In situ PPy grafting was
accomplished using the Py-modified silica nanoparticles in the
presence of excess pyrrole monomer, afforded PPy grafted
silica nanoparticles with with raspberry like morphology, as
evidenced by TEM and XPS results. A directly grafted PPy
fraction of about 50% of the overall PPy was estimated using
TGA studies. Figure 1 presents TEM images for the Py
modified silica nanoparticles obtained in different reaction
time of the one-step method in EtOH and Figure 2 shows
TEM images for the final PPy-grafted silica nanoparticles
after optimization of the reaction parameters.

Figure 1: TEM images showing the particles obtained in EtOH at 40
qC in different magnification levels; (a) and (b): after 30 min of
reaction, (c) and (d): after 90 min. Inset figures are ‘find edge’
processed images to revel the differences in surface of the particles
upon reaction time.

Figure 2: TEM images of PPy-grafted silica nanoparticles on a) Py
silica nanoparticles prepared after 30 min and b) after 90 min of
reaction.

* Corresponding author: pourabas@sut.ac.ir
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Boron-Dipyrrins as Photosensitizers for Dye-Sensitized Solar Cells
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Abstract-We initiated a synthesis program aiming long wavelength absorbing sensitizers for DSSC. These Boron-dipyrrin based sensitizers had
the largest conversion efficiencies beyond 750 nm.

Dye-sensitized solar cells [1] (DSSCs) are pro mising
alternatives to more expensive solar cell technologies.
However, stringent optimization of every component in a
DSSC assembly is clearly needed. The sensitizer dye is of
course an important co mponent of the system. Optimal dye,
requires an understanding of myriad of processes. Rational
design of solution phase behavior is an attainable goal.
However, in condensed phases, films, or on surfaces, the
“rational design” of properties encounters formidable
challenges. Our research group has been involved in the
chemistry and applications of Boron-dipyrrin (a.k.a.,
BODIPY, BDP, boradiazaindacene, etc.) class of dyes for the
last decade. As a class of chromophores, Boron-dipyrrin dyes
are highly attractive because of their high quantum yield, large
extinction coefficients, good photostability and rich chemistry.
We realized that Boron-dipyrrin structure should lead to
significant electronic charge reorganization following
excitation, and by proper functionalization, this charge
separation could be exploited.

Encouraged by the theoretical insight, we synthesized a
series of long wavelength absorbing Boron-dipyrrin dyes
targeting especially the red and near-IR region of the solar
spectrum. Most of the compounds we synthesized showed a
plateau of efficiency between 400-800 n m. While the overall
conversion efficiency (Ș) is around 2 %, these dyes were very
effective in the red to near-IR region, better than widely
known Ruthenium co mp lexes.

Figure 2. ICPE vs. wavelength data for the series of dyes investigated
as a part of this work.

TiO 2 sensitized device (with liquid electrolyte) construction
and all efficiency calculations were obtained in a collaborative
work with Pro f. Dr. M. Grat zel and Dr. S. M. Zakeeruddin in
EPFL, Switzerland.
Our recent progress will be discussed highlighting the
structure activity-correlations, or lack thereof.
*Corresponding author: eua@fen.bilkent.edu.tr

Figure 1. Frontier orbitals, showing
following a HOM O-LUMO transition.
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DFT calculat ions for the dye 2, at the B3PW91/631+G(d,p)//B3LYP/ 6-31G(d ) level of the theory, support
directional movement of charge on excitation.[3] The HOMO
LV SULPDULO\  FRPS ULVHG RI ʌ IUDPHZRUN RI WKH %2',3< DQG
WKH VW\U\O JURXSV ZLWK VLJQLILFDQW FRQWULEXWLRQV IURP ʌ
electrons of the diphenylamino substituent; whereas the
/802LVYHU\FOHDUO\FRQILQHGWRWKHʌ-system of the anchor
group. This overall picture, found at all levels considered,
VKRZVDYHU\FOHDUHOHFWURQGHQVLW\VKLIWIUR PWKHʌIUDPHZRUN
of BODIPY core and the styryl substituents to the pendant
FDUER[\SKHQ\O PRLHW\XSRQDYHUWLFDOH[FLWDW LRQRIWKHʌ- ʌ 
type.
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Abstract-In this study, an overview of our recent results on the performance of the organic solar cells employing thiophene and anthracene
based polymers and also, the effect of addition of liquid crystals into the performance of organic solar cells using poly(3-hexylthiophene) (P3HT)
and a fullerene derivative (1-(3-methoxycarbonyl) propyl-1-phenyl[6,6]C 61 ) (PCBM) will be presented. The routes for possible nanostructural
improvement will be discussed.

A solar cell converts sunlight into electricity. Global
warming, limited fossil fuel resources and growing world
energy demand encourages researchers to investigate new
routes for viable renewable energy sources. Solar energy is
clean, abundant and is for free. Inorganic solar cell device
technology exhibited power conversion efficiencies over 20 %
[1]. A lthough they reached high efficiencies, these
technologies are too expensive to be competitive on a global
scale. Therefore, recently researchers focus on new, cheap
alternatives for conventional inorganic solar cells. The
organic, polymer based photovoltaic elements have introduced
the potential of obtaining a cheap and easy method to produce
energy from light [2]. The material properties of organic
semiconducting materials (conjugated polymers) can be
chemically man ipulated with a variety of easy and cheap
processing techniques [3].
The optimu m overall performance of a polymer solar cell
can be achieved via balancing the various requirements on
light absorption, photogeneration, transport and extract ion of
charge carriers [4]. Recently, the power conversion
efficiencies over 6 % have been reported for organic solar
cells [5,6]. Ho wever, this value has to be improved to be
competitive with the conventional solar cells. On the other
hand, there is a considerable progress in the evolution of
organic solar cells fro m pure scientific research to a possible
industrial applicat ion. Recent efforts are devoted to the
investigation of operating mechanisms, new synthesis routes,
new device arch itectures, stability of the organic materials, life
time and encapsulation.
Among the various schemes of device structure, bulk
heterojunction (BHJ) has been the most widely employed for
polymer solar cells. The interpenetrating network of blended
electron donor and acceptor materials provides a large
interface between the two materials, allowing significant
exciton separation and carrier transport to the respective
electrodes [7].
In this study, an overview of our recent results on the
organic solar cells employing thiophene and anthracene based
polymers and also, the effect of addition of liquid crystals into
the performance of organic solar cells using poly(3hexy lthiophene) (P3HT) and a fullerene derivative (1-(3metho xycarbonyl) propyl-1-phenyl[6,6]C61 ) (PCBM) will be
presented. The routes for possible nanostructural improvement
will be d iscussed. We achieved efficiencies up to 1.8 % for
organic solar cells comprising of thiophene based conjugated
polymers and PCBM [8]. We also achieved efficiencies up to
1Tusing
chiral
(S)-5-octylo xy -2-[{4-(22.6
%
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methylbuthoxy)-phenylimino}-methyl]-phenol
liquid
crystalline co mpound as additive into polymer solar cells [9].
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Photo-responsive n-channel organic field effect transistor based on naphthalene bis-benzimidazole
with divinyltetramethyl disiloxane-bis (benzo-cyclobutene) gate insulator
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Abstract— A n-channel photoresponsive organic field effect transistor (photOFET) based on naphthalene bis-benzimidazole
(NBBI) with improvement responsitivity by employing a transparent divinyltetramethyl disiloxane-bi (BCB) as dielectric is
presented. The NBBI based organic field effect transistor exhibited saturated electron mobility of 6×10-3 cm2/V.s with
threshold voltage of 7.2 V. The photosensitivity and photoresponsivity of device are found to be 93.4 and 14.3 mA/W,
respectively at off-state of device under white light at A.M 1.5 condition.

The derivatives of naphthalene tetracarboxylic organic
semiconductors are planar, chemically robust and redox-active
compounds. Three-terminal phototransistor is a key
component for light detection and photoswitching in an
optoelectronic circuit [1]. Several groups have reported
photoresponsive organic field effect transistor (photo-OFET)
based on polymer or organic semiconductors, such as poly(3octylthiophene)
[2],
pentacene
[3].
Naphthalene
tetracarboxylic dianhyride (NTCDA) and naphthalene
tetracarboxylic dimide (NTCDI) derivatives with electronwithdrawing groups, such as ﬂuoroalkyl, ﬂuorinated phenyl,
cyano etc. have been developed to improve air stability and
mobility of thin film transistor [4].
We have prepared naphthalene bis benzimidazole (NBBI)
thin-film transistor with top contact/bottom gate geometry in
order to sense visible light as shown in Fig.1. The soluble
dielectric that is divinyltetramethyl disiloxane-bis (benzocyclobutene) (BCB) was used to obtain high transparency of
dielectric on indium tin oxide (ITO) to penetrate light through
the device. The photosensing characteristics of NBBI based
field effect transistor are investigated under different
illumination intensities of visible light. UV-Vis spectra of
NBBI semiconductor for solution phase and solid phase ws
investigated. The absorption of naphthalene bis-benzimidazole
shifts the visible region in the range of 350–600 nm according
to solution phase. Fig. 2 (a) shows output characteristics of
NBBI field effect transistor fabricated on top of the BCB gateinsulator with Al top drain-source contacts in dark. The drain
current Ids increases almost linearly with Vds implies that good
establishment of ohmic contact between NBBI semiconductor
and Al contacts. This suggests that electron accumulation
mode is achieved in the channel that is formed at the
dielectric-active layer interface under different positive gate
voltages, Vgs, applied to ITO glass substrate.

Figure 1. Cross section of device and chemical structure of NBBI.
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(a)
(b)
Figure 2. The output characteristics of NBBI based photOFET in
dark (a) and under illumination at Vgs = 0V (b).

A photo-induced charge carrier generation is clearly
observed with increase of the drain-source current depend on
illumination intensity without gate induced. This indicates that
light behaves forth terminal that optically switches on/off
device in addition to conventional source, drain and gate
terminals as seen clearly in Fig. 2 (b). The NBBI
semiconductor shows good photo-responsive field effect
transistor characteristics with respect to white light.
The photosensitivity is defined as ratio photocurrent to
dark current (Iph/Idark). The photosensitivity of device was
found to be 1.82 in turn-on state (Vgs = 80V) and 93.4 (Vgs =
0V) in turn-off state, respectively at the illumination intensity
of 90 mW/cm2 in accumulation regime. When the device in
depletion mode i.e. turn-off state (Vgs<Vth), the photocurrent is
the directly proportional to incident light power (Pinc).
Therefore photo-generated charge carriers increase channel
conductivity and the drain-source current that leads to the high
photosensitivity at turn-off state of device [5]. The
photosensitivity of the studied transistor based on NBBI
semiconductor is competitive with pentacene thin film
transistors fabricated on poly-4-vinylphenol gate dielectrics
and MEH-PPV (poly(2-methoxy-5-(2'-ethyl-hexyloxy)-1,4phenylenevinylene)) fabricated on SiO2 [6-7].
*Corresponding author: s_icli@yahoo.com
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Effect of the SAM layer on the Electrical Characteristics and Interface Properties of the
ITO/SAM/TPD/Al Schottky Diode
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Abstract-The electrical characteristics of the ITO/TPD/Al and ITO/SAM (THIBSi)/TPD/Al Schottky diodes have been investigated by current–
voltage (I–V) characteristics. We used new SAM molecules to construct ITO/SAM /TPD/Al Schottky devices, and studied the influence on
charge tunneling. An ideality factor higher than unity can result from the interface state. The ideality factor n and EDUULHUKHLJKWɮ b values of the
ITO/TPD/Al and ITO/SAM (THIBSi)/TPD/Al diode were found to be 1.24 and 0.85 eV, 1.28 and 0.40 eV, respectively. The barrier height of the
diode was determined from I–V characteristics.
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Schottky diode was prepared with self-assembly monolayer
(SAM) technique. We prepared 1mM THIBSi SAM solutions
with chloro form. ITO were kept in the solutions for two days
to be formed the SAM film, and then rinsed and dried. After
that TPD was evaporated to constitute 50 n m thin film.
Finally 200 n m Al was formed as a top contact.

10

where n is the ideality factor, A is the contact area, T is the
temperature, A* is the Richardson constant, q is the electronic
charge, k is Bo ltzmann constant, DQGɮ b is the barrier height.

1

Figure 1. Synthesis of SAM molecule and Structure of Schottky
diode
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Electronic parameters such as ideality factor, barrier height of
ITO/SAM (THIBSi)/TPD/Al Schottky junction have been
investigated by relation;
(1)
§ q) b ·
§ qV ·º
§ qV · ª
* 2

H(I)

The device performance of a Schottky diode depends on
electrical and electronic characteristics of the metal/organic
Semiconductor junction [1]. Therefore, the understanding of
electronic properties of the interface between metal and
organic semiconductors is important for organometalic device
applications [2, 3]. The electron ic parameters and interface
properties of the ITO/TPD/Al and ITO/SAM (THIBSi)/TPD/Al
Schottky diodes have been investigated by current-voltage
characteristics.
In this study, Schottky energy barrier was constituted
between metal and organic material. Schottky contact exhibits
a reproducible rectifying behavior and the I–V characteristics
are well exp lained by the conventional Schottky-barrier
junction model. The electronic parameters of the diode such as
ideality factor and barrier height are co mpared with ITO/Al,
ITO/TPD/Al and ITO /SAM (THIBSi)/TPD/Al. We have
synthesized (4'-iodobifenil-4-il) trih idroksisilan (THIBSi) for
organic semiconductors as SAM layer. Fig.1 shows the
structure of the SAM molecule and Schottky diode.

6

Voltage (V)
Figure 2. The I- V characteristic of the ITO/Al Schottky diode.

The I– V characteristics of the ITO/SAM (THIBSi)/TPD/Al
Schottky contact are shown in Fig. 2. It shows that the SAM
layer enhances the charge tunneling in ITO/SAM
(THIBSi)/TPD/Al with respect to ITO/TPD/Al d iode.
6th Nanoscience and Nanotechnology Conference, zmir, 2010

Figure 3. The plots of dV/dln (I) - I and H (I) - I of the ITO/Al
Schottky diode

The series resistance can be evaluated using a method
developed by Cheung [4] to determine the barrier height,
ideality factor, and series resistance. Cheung’s functions are
defined as,
dV
kT
(2)
dlnI
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H (I ) V  n
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The plots of dV/dln (I) - I and H (I) - I are shown in Fig. 3.
The diode shows a nonideal current-voltage behavior due to
higher than unity. The n values were obtained from the
intercept of d V/dln (I) - I p lot for ITO/TPD/Al and ITO/SAM
(THIBSi)/TPD/Al, respectively and were found to be 1.24 and
1.28. 7KHɮ b and Rs values were calculated from the H (I) - I
plot using the obtained were found to be 0.85 eV and 0.40 eV
and 18 k : 37 k : , respectively. This wo rk was supported by
TUBITA K under Grant No. TBA G-108T718.
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Abstract-Here we present a theoretical and experimental study of the structural profiles and electronic properties of pentacene
mu ltilayers on Ag(111) surfaces. We have performed first-princip le total energy calculat ions based on the projector-augmented
wave method within the density functional theory (DFT) framework to investigate the initial growth patterns of pentacene on flat
and stepped Ag(111) surfaces. In addition structure of pentacene thin films grown by supersonic molecular beam deposition has
been studied as a function of surface step density (by using vicinal and precisely tilted surfaces) and pentacene kinetic energy,
systematically, by means of time of flight and heliu m d iffraction measurements. Both experimental and theoretical results suggest
that step edges can trap the pentacene molecules and act as nucleation sites for the growth of ordered thin films with a crystal
structure similar to that of bulk pentacene. DFT calcu lations show that due to relatively weak interaction of the pentacene
monolayer and the silver surface, upon growth of second and higher layers, the monolayer configuration changes slightly in
agreement with the experimental results where upon desorption of pentacene mult ilayers a new monolayer phase was observed.

Pentacene thin films are the subject of extensive research
efforts due to (a) their uses in organic electronic applications
such as this film t ransistors and (b) being a model system for
studying aromatic molecule – metal surface interactions. The
electronic and crystal structure and growth mechanism of
pentacene thin films on Ag(111) surface is still a matter of
debate. To help resolve the contradictory issues in the
literature we have performed both computational and
experimental studies on this system.
In our experimental studies we have found that an ordered
mu ltilayer pentacene film that resembles the bulk crystal can
be formed at lo w substrate temperatures (200K) by using
supersonic mo lecular beam only on a stepped surface. When
such a mu ltilayer is desorbed by annealing the remain ing
pentacene monolayer shows a different crystal structure then
that of the initially grown monolayer phase. This is shown in
the helium d iffraction spectra given below where the different
peak intensities and positions for these two cases can clearly
be seen.

the experimentally determined pentacene geometry. In
addition on the terrace there is an almost flat potential energy
surface with weak pentacene adsorption energy (0.230 eV).
These findings suggest that due to weak pentacene-surface
interactions growth of multilayers may induce changes in the
monolayer structure and the step edges can trap pentacene
mo lecules in a tilted geometry which in turn may init iate the
growth of a tilted mult ilayer structure as observed
experimentally.

Figure 2. Energetical behaviour of pentacene molecule on Ag(233)
surface.

Figure 1. Diffraction scans of pentacene monolayers along <11-2>
direction: Black curve shows the diffraction pattern immediately after
one monolayer pentacene deposition on a stepped Ag(111) surface at
200 K substrate temperature by supersonic molecular beam
deposition. The red curve shows the diffraction pattern obtained after
annealing of pentacene multilayers, deposited at the same conditions
as above, at 400 K. At this temperature multilayer desorbs and a new
monolayer phase appears as indicated by the change in the diffraction
pattern.

In our DFT studies we have found that adsorption energy of
an isolated molecule increases at the step edge (0.615eV) and
the min imu m energy configuration is a tilted one resembling
6th Nanoscience and Nanotechnology Conference, zmir, 2010
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Surface Patterning and Functionalisation for Nanotechnological Applications
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Abstract- Topographical and/or chemical patterning of surfaces from the micrometer down to the nanometer length scale is
frontier in a science with significant many attractive nano- and biotechnological applications such as for functionalisation of
surfaces i.e, fundamental cell–surface interaction studies [1], advanced biosensors,[2], fabrication of DNA arrays on solid
surfaces and so on. Surface patterning is a major route to the preparation of surface structures ordered at least in one lateral
direction and mainly used for creation of novel materials and devices. In particular, substrate i.e, cell, protein, DNA–surface
interaction studies it is imperative to control the topography and chemical surface functionality over the mentioned length
scales simultaneously.[3]. Among the currently available approaches to obtain well-defined patterned substrates, one can
differentiate i) massively parallel and ii) serial approaches. The former include conventional photolithography and more
recently introduced technologies, such as microcontact printing (PCP) [4] and nano-imprint lithography (NIL),[5].
It has been demonstrated that microcontact printing (PCP) is becoming increasingly popular in terms of fast, inexpensive,
simple, does neither require clean room instrumentation nor absolutely flat surfaces, plus it offers a way to create complex
patterns particularly preparation of microarrays on surfaces even of sub-micrometer lateral dimensions. The printed arrays
can be functionalized by using of various heterobifunctional structures. Originally, it was used to print self-assembled
monolayers of alkanethiolates on gold or silanes on glass surfaces, then extended to stamp proteins, peptides or colloids on a
variety of different surfaces to produce patterns of cells for different applications. The microcontact printing can be
considered as a new potential technology platform to pattern the molecules on surfaces. The applicability of Microcontact
printing (μCP) for functionalization of surfaces will be demonstrated for nanotechnological applications.
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An electrochromic device studies of a novel spiro-fluorene bridging bicarbazole derivative
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Abstract- A novel electroactive monomer, 2,7-bis(carbazol-9-yl)-9,9’-spiro(cyclododecane-1,9’-fluorene) (SFC) was synthesized and
electropolymerized to give a very stable electrochromic polymer with a high contrast ratio ('T = 58% at 800 nm). An electrochromic device,
assembled in the sandwich configuration (ITO-coated glass/anodically coloring polymer (poly-SFC)//gel electrolyte//cathodically coloring
polymer (PEDOT)/ITO-coated glass), exhibited a short response time (about 1s), a high redox stability, and a high coloration efficiency (1377
cm2 C-1).

Electrochro mic conducting polymers have several
advantages owing to a fast response time arising fro m their
high conductivity and easy color tuning by controlling the
HIIHFWLYH ʌ-conjugation length [1]. Spiro-functionalization at
the bridge position of fluorene (C-9) having a specific steric
configuration has been attracting attention as organic
functional material in terms of its specific physical properties
and
their
high
photoluminescence
(PL)
and
electrolu minescence (EL) efficiencies and high thermal
stabilities [2]. Besides, explo iting their intrinsic photophysical
and redox properties, carbazole based compounds are studied
in many applications such as electrochromic devices, organic
light-emitting diodes, organic field-effect transistors and
photovoltaic cells [3].
In this study, a novel electroactive mono mer, S FC (2,7bis(carbazol-9-yl)-9,9’-spiro(cyclododecane-1,9’-fluorene)),
was synthesized in four steps. The chemical structure of SFC
was elucidated from its FT-IR, 1H&13 C-NM R, and MALDIToF data. (Figure 1).
THF
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During the scanning process, the peak at 448 n m in itially
intensified (<+1.2V) and then dramatically diminished at
higher potentials (>+1.2V). Furthermore, first and second
broad bands intensified at 972 (0.0–+1.4V) and 800 nm (+1.4–
2.0V) indicated the formation of polarons and bipolarons on
poly-SFC film, respectively (Fig. 2). During the oxidation
process, the transparent film with CIE color parameters
(Luminance L = 91, hue a = -8, and saturation b = 5) turned
into yellowish green (L: 87; a:-59; b: 83), green (L:45; a:-46;
b:42) and then dark green (L:16; a:-21; b:11), respectively
(Figure 3). Furthermo re, the optical contrast ('T%) measured
as the difference between neutral and oxidized states were
found to be 58% at 800 n m.
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Figure 3. Spectro-electrochemical measurements and color changes
of poly-SFC film between 0.0-2.0V.
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Figure 1. Synthetic route to SFC.

The electroactive polymer obtained by repetitive cycling at a
potential between 0.0V and +1.6V (potentiodynamic method),
exhibited two reversible waves at 1.14-1.25 and 1.35-1.46V
(Figure 2).

The electrochro mic device (ECD) was assembled in a
sandwich cell configuration: ITO coated glass/anodically
coloring polymer (poly-SFC)//gel electrolyte//cathodically
coloring polymer (PEDOT)/ITO coated glass. The device has
a low response time (about 1 s), a h igh redo x stability
(retained performance by 96.4% even after 1000 cycles), and a
high coloration efficiency (1377 cm2 C-1 ). The neutral and
oxidized state photos of the ECD are presented in Figure 4.

Figure 4. Neutral and
electrochromic device

oxidized state photos of SFC based
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Figure 2. Repeated potential scanning of SFC monomer
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In Vitro Bioavailability of Coenzyme Q10 in Meats and Enriched Yog urts with Emulsified CoQ10,
Ȗ-cyclodextrin CoQ10 Complex and Nanoparticle Coenzyme Q10 Preparations
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Abstract-In this study, coenzyme Q10 bioavailabilities of samples (beef meat, beef liver, beef heart, yoghurt, yoghurt containing emulsified
coenzyme Q10, yoghurt containing Ȗ-cyclodextrin coenzyme Q10 complex and yoghurt containing nanop article coenzyme Q10) were
compared. The highest coenzyme Q10 bioavailability was found in yoghurt containing nanoparticle coenzyme Q10.

Coenzy me Q10 (CoQ10) is a fat soluble, vitamin like
benzoquinone compound and also an important antioxidant
[1]. Coenzy me Q10 plays roles in memb rane stability, energy
transformation and ATP production [2, 3]. CoQ10 is supplied
fro m two sources; endogenous synthesis and exogenous
sources (foods and supplements) [4]. CoQ10 amounts in
human decrease with age and some diseases. Therefore,
informat ion on exogenous sources of coenzyme Q10 is
important. Bioavailab ility is the degree to which a substance
becomes available to the target tissue after administration [5].
Coenzy me Q10 has a relatively high molecular weight (863
Da) and its solubility in lipids is also limited so it is very
poorly absorbed in the gastrointestinal tract [5, 6]. Crane
(2001) reported that to increase the concentration significantly
requires in a day at least 100 mg coenzy me Q10 wh ich can
increase the level in blood to around 2 ȝg/mL or more. Even
with large amounts of beef heart in the diet, it would be
difficult to supply 100 mg/day [7]. The need for more
informat ion on the bioavailability of coenzy me Q10 is
strongly stressed. This study were conducted in two parts, the
aim o f first part was to determine content CoQ10 in beef meat,
beef liver, beef heart which are rich in CoQ10 and effect of
some thermal processes on the bioavailabilities of CoQ10. In
the second part, three CoQ10 preparations were produced with
the reference CoQ10 standard. Emulsified coenzy me Q10, Ȗcyclodextrin coenzy me Q10 comp lex and nanoparticle
coenzyme Q10 were used enrich ment of yoghurt samples.
Also bioavailabilities of CoQ10 preparat ions were studied and
compared.
Results from the present study indicated that meat
samples especially beef liver and beef heart were found as
important sources of coenzyme Q10. However, coenzy me Q10
contents of meat samp les are not enough to supply 100
mg/day. Coenzy me Q10 contents were found as 109.97 ± 3.77
ȝJJ LQ beef heart    ȝJJ in beef liver and
 ȝJJ LQ beef. The highest loss in coenzyme Q10
content was found as 30.58±1.37 % (p<0.01) in beef heart
after frying processing. Coenzyme Q10 losses were also found
as 23.62± 2.18 % and 22.81±2.66 % after fry ing of beef liver
and boiling of beef meat, respectively. Bioavailabilit ies of
coenzyme Q10 in beef heart (65.84±2.06 %) and beef liver
(68.17±1.47 %) were higher than the bioavailability of
coenzyme Q10 in beef (60.16±1.30 %) significantly (p<0.01).
One serving size of yoghurt (250 g) was enriched with
100 mg coenzy me Q10. In this study, in order to increase daily
intake of coenzyme Q10 and the bioavailability emu lsified
coenzyme Q10, Ȗ-cyclodextrin coenzy me Q10, nanoparticle
coenzyme Q10 were prepared with the reference coenzyme
Q10 standard which was purchased in the commercial form.
The 15% coenzy me Q10 loaded poly DL-lactide-co -glycolide
(PLGA ) nanoparticles prepared by emulsion-diffusionevaporation method was obtained as in spherical shape with
6th Nanoscience and Nanotechnology Conference, zmir, 2010

176.00±50.62 n m diameter. These coenzy me Q10 preparat ions
were added into skim milk and used in the production of
enriched yoghurts. The yoghurt containing nanoparticle
coenzyme Q10 had the highest coenzyme Q10 bioavailability
(73.81±1.61 %) among the samples (p<0.01). Coenzy me Q10
bioavailabilities were also found as 50.59±1.88 % in control
yoghurt,
63.75±0.91 % in yoghurt samples containing
emu lsified CoQ10, and 46.83±1.27 % containing Ȗcyclodextrin Co Q10 co mplex (Figure). A new product
approach which had a high nutritional value was formed with
the enriched yoghurts containing different coenzyme Q10
preparations. At the end of the comparison of bioavailabilities
of enriched yoghurts with different coenzy me Q10
preparations, it was seen that the highest bioavailability
reached with decreasing the particle size of coenzy me Q10 to
nano size (p<0.01). These enriched yoghurts can increase the
daily intake of coenzy me Q10 and it can be suitable for
humans have some problems with endogenous synthesis.
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Control yoghurt
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Beef meat
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40
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emulsified coenzyme Q10
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Figure 1. Coenzyme Q10 bioavailabilities of all samples.
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Computational Insight into the Acceptor-Donor Type of Conducting Polymers Containing Pendant
Fullerene Groups
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Abstract— In this study, it is proposed that solvent is an important parameter in the design of the low-band gap acceptor-donor
type of conducting polymers containing integrated fullerene groups. The results of the extensive DFT and TDFT calculations
are presented to support this proposal. This is the first computational study in the literature on that type of fullerene containing
oligomers and on the solvent effect for conducting polymers in general.

Conducting polymers [1] have been extensively studied
over the past three decades theoretically, synthetically and in
terms of applications, ever since the discovery of the increase
in the electrical conductivity of poly-acetylene when it was
doped with iodine or other acceptors [2]. These polymers have
large application areas in light-emitting diodes (LED), fieldeffective transistors (FET), solar cells, sensors, electrochromic transistors, non-linear optics due to their highconductivity and environmental stability properties. On the
other hand, due to the processing problems encountered with
doped conducting polymers, the ultimate goal has been the
design of polymers featuring intrinsic conductivity properties.
One successful approach has been the cooperation of electron
donor and electron acceptor moieties in an alternating manner
throughout the polymer backbone [1, 3-5]. It was found that
band gap decreases drastically by the use of fullerene as the
acceptor group and this was considered as an important step
forward towards the design of zero band-gap polymers [6].
The aim of the present computational study is to
determine the band-gap of the acceptor-donor type conducting
polymer whose monomer is shown in Figure 1 and to examine
the effect of the solvent on the band-gap of that type of
structures where it is expected to observe a solvatochromic
shift depending on the polarity of the solvent. Furthermore, the
extent and effect of homoconjugation has also been
investigated.

Figure 1: Monomer of the fullerene containing acceptor-donor type
of conducting polymers

To accomplish this task, geometry optimizations were
performed using density functional theory (DFT) as the
computational method. The calculations were performed at the
B3LYP/6-31G(d) and MPW1B95/6-31G(d) levels of theory.
Excitation energies used in the calculation of the band gaps
have been calculated by both the HOMO-LUMO difference of
DFT optimized geometries and the vertical excitation energies
by time-dependent DFT (TDDFT) [7] method at the same
level. Semi-empirical ZINDO calculations were also
performed on the DFT optimized geometries. Values
calculated at the monomer, dimer and trimer levels are
6th Nanoscience and Nanotechnology Conference, zmir, 2010

extrapolated to estimate the polymeric values [8]. Implicit
solvent optimizations with o-dichloro benzene were performed
using the polarized continuum model (PCM) of the selfconsistent reaction field theory (SCRF) [9]. Explicit solvent
optimizations were employed to understand the specific
solute-solvent interactions and their effect on the band gap.
In the absence of the solvent (neither implicit nor
explicit), the highest and lowest band gap values were
obtained by MPW1B95 (1.71 eV) and TD-B3LYP
calculations (1.01 eV), respectively. Since the lowest value is
still a little bit higher than the experimental results, the solvent
effect was thought to be more effective in determination of the
band gap. Implicit solvent calculations using the PCM
optimizations did not alter the HOMO-LUMO energy
difference (for example, using the method MPW1B95,
monomer HOMO-LUMO energy differences are 2.56 and
2.52 eV with and without solvent field, respectively).
However, introduction of the explicit solvent molecules
lowered the band gap (2.35 eV for the monomer with three
solvent molecules at the MPW1B95 level). This value reduces
to 1.80 eV when monomer vertical excitation energy is
calculated by TDDFT/MPW1B95 method with explicit
solvent molecules. This value is a good indicator or starting
point for a small band-gap value after extrapolation with
higher degree of oligomerization.
Homoconjugation was investigated using atoms-inmolecules (AIM) theory. No bond critical points were
obtained as a proof of through-space conjugation. On the other
hand, HOMO and LUMO molecular orbital diagrams show
some electron delocalization between the fullerene ring and
the thieno pyrazine group.
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Carrier transport and efficiency retention in InGaN light emitting diodes at high injection levels
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Abstract—InGaN light emitting diodes (LEDs) are destined to become a key component of the lighting technology as light
sources of blue, violet, and green as well as white light emitters when used in conjunction with fluorescent dyes. However, the
external quantum efficiency of InGaN LEDs reaches a maximum at current densities as low as 50 A/cm2, followed by a
monotonic decrease with increased injection, which, unless rectified, would be detrimental for their insertion into the general
lighting market. The commonly proposed physical origins for this loss of efficiency are Auger recombination, electron
overflow (spillover), current crowding, asymmetric injection of electrons and holes, and poor transport of holes through the
active region. While the Auger recombination received the early limelight, increasing body of data seem to be inconsistent
with this mechanism but appear to support the electron overflow model. We have investigated LEDs with different active
region structures and polar c-plane and nonpolar m-plane orientations, to shed the much needed light on the carrier injection
and transport in InGaN LEDs. The experimental results together with carrier transport simulations strongly suggest that
electron overflow, which can be mitigated with careful design of the LED active region and by using m-plane orientation that
supports higher hole concentrations and larger optical matrix elements compared to c-plane, is responsible for the loss of
efficiency in InGaN LEDs at high injection levels. In this presentation, details of both the electroluminescence and all optical
measurements forming the basis for the data sets and the transport model developed will be discussed.
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