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Group -V Semiconducting Nanocrystals For Hybrid Display Materials
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As the current workhorsa CdSe quantum dols have heen well developed Jor display
related applications. CdSe 15 envimnmentally restricted ard has little uture in Industry.
Group 1=V semiconductars are allractive as Ihiey are less toxic than the =i analogues
and show comparable Iuminescence praperties with VI semiconductors, Among =y
semicenductors, InP has attracted much interest as a direcl aap material with a band
9ap ol 1.27 eV, which is suttabls lor getting visible emission in the quanium confinement
fegime. Chemical synihesis of P28 corefshell semiconducting nanocrystals or
fquanium daots (QDs) are well known, (n his work we are describing the synthesis ol
InP/Zn3 core/shell type NCs in various emlssian range in combinalion with various
techniques 1o Ircrease their quanium yield.
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Preparation and Synthesis of novel acceptor-donor—acceptor type conjugated
molecules for organic solar cells
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Solution—-processed Grganic photavollaic (OPV) devices oifer a cost—eflective approach
10 luture renewable energy technology. However, ihere are slill obstacles 1o accomplish
figh pewer conversion elficlencies (PCE) in oPVs because of the mismatch betwean
e solar spectrum and fhe Specira of Ihe organic materials used N aclive layer. To
evercome (his absorption limstation, syrthesizing new low band gap malerials Is essential
1o Improve PCE of ‘organic solar celis, To this aim, three low band Bap moletules consist
oD {electmnﬂcnaling unit) and A lelectron—accepting unit) alternative structute ware
newly designed and synihesized, Ir this wark, we have prepared A-D-A type small
maiecules with low bandgap, and their optical and electrachemical properties alang
with their application 1o actual OPV devices were investigated.
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Effect of Side Alky! Chain on Molecular Crystallinity in Small Molecule OTFTs and OPVs
B2 A+’ gaassay

We:synihesized a series of acceptor-danor—acceptor type small-molecules named
SITDPP-EE and SNTDPP-EE-CE. Si1TDPP-EE consist of dithienosilce (Si) a8 doror
& diketopyrralopyrroie (DPP) ae acceplor to have both optimal energy levels lor excilon
s2paralion and planarity for close molecular packing and high carmer transport. In
SHTOPP-EE-CB, we introduced (2-hexyl)ihiophena at the each ent of SITDPP—EE
for coystaliinily increase SITTDPP-EE and SHUTDPP-EE-CB exhibited electrochemical
tend gaps of 161 &V and 167 eV in 2D~GIXD, SiTTDPP—EE—CH showed nigher crysialline
trdering than SITTDRP—EE. We lound Ihis increase of crystallinity affecled (He arganic
fhin fikm transistor slanificantly. But this fact affect OPV pgerformance adversely. This
esull demonsirates thal 3 side alkyl chains induce crystallinity increass, while in
molecules PCaxEM blends molecules can't have nano-scale phase separated channel,

IPS-269 HGA!

Fabtication and Characterization of Fluorinated Polynorbornenes Transparent
Substrate for Organic Light Emitling Devices (OLED)
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Qur polymer substrates were synihesized and polymerized via ring opening metathesis
wiymerization (ROMP), These palymer subsirates were transparent with high thermally
ind mecharical stabilify, Palynarbornena Ralymer were synthesized with various amine
oy monoliuaromathlyphany| group ang dif!ucromethfyphenyl group and phenyl group.
The ring opening metathess polymerization (ROME) of norbornene dicarboximide
Getivatives(MPMBERND), DMFPRNDI and PRNDI) bearing phenyl groups was carried out
Wik well-defined vinylidene ruthenium eatalyst. This catalyst is highly active for the
palymerization ol nerbornene dicarbioximide derivatives. All of the prepared polymers
fee high average—transmittance from 400 to 800 nm Their gdlass transition temperatures
were detected at temperatures over 200 °C.The another properties of polymers were
ivestigated by GPC, TGA, WXRD, AFM, UV-Vis, FT-IR, AFM, etc.
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fpontanecus Phase Separation of Zine Oxide (Zn0) Interfacial Layer in Bulk
teterojunction Polymer Solar Cells

825 S22 o3y, 459 Bauepay

Tre interfacial layers in Polymer solar cefls (PSCs) are necessary for high performance
| tesise (| is useful to match the energy level belwsen electrade ang aclive layer,
s the multiple Structures of PSCs @18 required, however, these structures are nat
Bormble 10 roli-ta—roll processes and need additional cost of production. In this study,
he gefive layer and electron Iransport layer (ETL) were simullanecusly deposited with
wical phase separation. The zing axide (Zn0) was selecied as ETL. The zint acelate
#itions were mived in blended aclive solution of poly{3—hexylthiaphena (P2HT) and
MIWnyl—cﬁ-—nurwic acid methyl ester (PCEM). To analyze the phase separation,
nic lorce measuremeni, secondary lon mass spectroscopy and contact angle were
=zured. These resulls showed that Ihe zing atoms wera verlically phase—separated
& 10 dlference of surlace energy and density. These devices had similar perfarmanca
wmpare 1o the device made by cohventional method.
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e T-gxtended isoindigo-based low bandgap polymer for high—performance
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polymer solar cells
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Recently, low bandgap Conjugated polymers have atiracted considerable attention for
polymer solar cells (PSCs). The desirable design directions for the polymers are that
inose should have deep HOMO energy levels, broad absorption and balanced crystallinity.
Isaindigo, (E}—1H.T'H—{3.3‘]tn1ndor~_.rh'dene—2.2'—dione. which is one of the indigoid
natural organic dyes s 3 symmetrical molecule containing two indolin-2—one units.
These contribute towards sirong e{ecrron—withdrawing characteristic and planar 1
—Cconjugaled structure of |he malecule, Furthermore, isoindigo—based organic materials
have broad absarplion spacira, high extinction coefficients, and very deep HOMO energy
levels which are clusely related to opén ciroull voltage for PSCs. In this work, we present
highly m—extended 1s0indigo—hased alternafing conjugated copolymer with 6.5% PCE.
To the best of our knowledge, its photovaltaic performance is the best value reported
lo date for PSCs using isoindigo-based polymers.

3PS-272 &2
Semi-grystalline Random Conjugated Copolymers with Panchromatic Absorption
for Highly Efficient Polymer Solar Cells

BUE 8" Mgsn

Extension of light absorption of the conjugated polymer is one of the most important
factors for enhancemar of power conversion efficiency of polymer solar cells (PSCs)
because the [imiteg absorption of most conjugated polymers leads to lower current
density. An effective approach 16 extend light absorption 1s synthesis of copolymers
composed of at leas! two different chromophiores with complementary absorption range.
To broaden light absorplion range and fhus ennance the efficiency of PSCs, we synthesized
fangom copolymers consisting of DPP and 1soindigo as co—electron deficient units in
04 type copolymer. The randem tapelymers exhibited both broad light absorption
and low=lylng HOMD levels. Furthermare, predominant face-on orientation of random
copolymers on substrate js beneticial tor charge transport in device. Combination of
excellent optoelectrical properties and favorable molecular orientation renders the random
copolymer a promising candidate for active layer material in PSCs.
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Diketopyrrolopyrrole (DPP)~Based Low—Band Gap Polymers for OTFTs and OPVs
FR2, 287, Aoy, wup YMS, Zehs' srdoperm; SRARE AT is
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Recently diketopyrrolopyrrole (DPP)-based conjugated polymers have exlremely
fascinated as semiconducting materizls for arganic lighl emitting dintes (OLEDs}), organic
thin film transistors (OTFTs), and organic photovaltaics (OFvs), The DPP-based polymers
have been shown to exhibit efficient luminescence, good field—effect charge ranspari.
and small band gaps due to DPP core's &ieclron deficient nature. Hare we present
the synthesis and detailed characterization of new low band—gap copalymers derived
from DPP units containing 3,5—di—tert—bury.'benzyl groups. The polymer has shown
~1% of power conversion efficiency (PCE) with ambipolar characteristics. Therr thermal,
optical, and electrochemical properties are also described.
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Highly directionai alternate direct n ang p—channel for organic field—effect
transistors and complementary ambipolar inverter
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High performance ambipolar OFET and an Mverter were fabricated by successive
depositions  of 6.73~bishr|fsupmpyrm[ylethynyl,"pentacene (TIPS—pentacene) and
cupperhexadecaﬂucmphihalacyanine (FsCuPs). Ordered crystalline microwires of
TIPS-penlacens were grown using solution processed capillary ube method and FeCufc
layer by using thermal evaporation method, We report a unique device architecture,

achieved for the device consisting thick microwtres and 140nm F16CuPc as active layer’s
materials. The device exfiibited ambipolar mobifities with 3.38x10™° cm?/Vsec for hole
and 1.35x10™ em?/\Vsec for electron, respectively. Further, air stable ambipolar inverters
comprising two ambipalar OTFTs with a gain up to 8.0 is also demonstrated.
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Organic Thin Film Transistor with Photo—polymerizable Liquid Crystaliine
Oligothiophene Semiconductor

IS, 0188 225, M. Hesney, 2713 8o PR & AT,
'Imperial College London, UK.
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m-Conjugated polyelectrolytes as an interfacial layer for polymer solar cells;
conformation of polyelectrolytes
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Introduction

“ Approaches for Pancrhomatic Light
Absorption of Polymer Solar Cells

¥ Tandem-stacked s

olar cells v Use of ternary-blend active layer

Objectives

< DPP and Isoindigo: promising building blocks for
high-performance semiconducting polymers

< To synthesize and characterize the
random copolymers in which DPP
and isoindigo are used as co-
electron acceptors in donor
-acceptor (D-A) type copolymer.

« Highly fused conjugated structure
* High molar absorptivity
+ High electron deficient nature

« High planarity and crystallinity

: ‘saindio < To investigate the effect of the
| 158 BIA ) random copolymer composition on
s SREe L e, it of epesting i properties of random copolymers
— Difficult to fabricate tandem device and difficult to control .‘,37 R AR Effective charge transport for photovoltaics.

optimum morphology of ternary-blend active layer.

|

Results

“ Synthesis of Random Copolymers

* Molecular Properties of Random Copolymers < Optical Characteristics of Random Copolymers
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[T 4 Broad and strong absorption of random copolymers

< Photovoitaic Characteristics of Random copolymers

- Nearly equal absorption

range of random copolymer to the sum of
absorption of corr ding h by

P POty

T F [ Polymers = Jse FF PCE
. o N ; (ratio to PC;;BM) (4] (mA/cm?) (%)
=
Z J PIT (1:1) 0.81 7.06 0.60 3.43
E
P £
H bt PRL (1:2) 0.78 7.84 0.57 3.49
2 T s b
E o ¥ F oo p'R1 8 PR2 (1:2) 077 13.52 058 604
& locsbysgsss®® f o ere }
R e i —e- PR3 3 3 PR3 (1:2) 0.69 12.35 0,57 4.86
14 [foteefaRad ~ PDPP3T |
07 02 04 06 o8 15 0 e oo PDPP3T (1:2) 0.63 11.67 0.63 456
Solar Cell Device Structure
Bias (V) Wavelength (nm}

«* Molecular Orientation of Random Copolymer

* Grazing Incident Wide Angle X-ray Scattering Study

—— PR2 (annealed)
— PR2 (as spun})

—~ PR2 (annaaied)
— PR2 (as spun)

—

vl

[ * Semicrystalline nature

*active layer of solar cell device was spin coated from chlorobenzene/2 5 vol% DIO solution

< Active Layer Morphology of Polymer Solar Cells
* Resonant Soft X-Ray Scattering
2v/q{nm)

* Transmission Electron Microscopy

= (010 == P
; 1 |I ; *Predominant face-on orientation st
Z’ !\ »’\_,\/ A g H‘\ *Enhanced crystallinity of random g ! ‘
2\ €V iti q T £ %
\J \\- L copolymer after DIO addition i <L ' \
N * - i : m—— - PR2PC,,BM :
« Fibrillar structure with nanosclae domain size. | P S
T B vy Tos 18 s 78 * Ideal BHJ morphology formed from CB/DIO solution o
PR (&%)
) - Conclusions
— PR2PC,BM (CBJD|O)| | — PR2/PC, BM (CB/DIO)
~— PRPC, BM (CB) T PRYPC, BM {CB)
~ - > Random conjugated D-A type copolymers with two accepting units,
sl Fe.am @10 s Pt DPP and isoindigo, were synthesized.
z | P | =z A
g\ \ 5 > By varying the ratio of the two units in copolymers, the optical and
£ \\_/"\ 5 N electrochemical properties of random copolymers were optimized.
' |\\\-'" eftatiom capdiimmer on » Under optimized condition, PR2-based PSC exhibits promising PCE of
ALt i 36 m ot 18 is 3 6.04%, which is superior to the two homopolymers.
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