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Recent Progress Achieved in China on the Rational Design for High
Performance OPV Devices

He Tian, Institute of Fine Chemicals, East China University of Science and Technology
Abstract: Focusing on the role of D-A-π-A(*) type dye sensitised solar cells (DSSC) sensitisers
for modulating the energy levels, extending light harvesting wavelengths and greatly improv-
ing PV performances and photo stability in the lab. The π spacer in the D-A-π-A motif is very
crucial to the PV performance because a good π-spacer can not only enhance light harvesting
but also reduce recombination loss. Of course, the D-A-π-A motif can also extend to other
categories of sensitisers such as porphyrin dyes.

http://europepmc.org/abstract/MED/23192709
*The donor-π bridge-acceptor (D-π-A) configuration is mainstream in the design of organic
sensitizers due to its convenient modulation of the intramolecular charge-transfer nature. Re-
cently, it has been found that incorporation of additional electron-withdrawing units (such
as benzothiadiazole, benzotriazole, quinoxaline, phthalimide, diketopyrrolopyrrole, thienopy-
razine, thiazole, triazine, cyanovinyl, cyano- and fluoro-substituted phenyl) into the π bridge
as internal acceptors, termed the D-A-π-A configuration, displays several advantages such as
tuning of the molecular energy levels, red-shift of the charge-transfer absorption band, and dis-
tinct improvement of photovoltaic performance and stability. We apply the D-A-π-A concept
broadly to the organic sensitisers containing additional electron-withdrawing units between
electron donors and acceptors.

Monodispersed Organic Semiconductor for Photonic Applications

Peter Skabara, Strathclyde University, UK
Abstract: Well defined and monodispersed oligomers can be considered to be an intermediate
between small molecules and polymer and can feature the best attributes of both. Precise
HOMO/LUMO energy levels, high thermal stability, good solubility and excellent film forming
properties are common features that can be achieved in such materials. Moreover, the precise
structure of the materials is known (compared to polydispersed systems) and this makes
our understanding of structure property relationships much easier to establish. Focus is on
synthesis and properties of the materials with regards to their application in organic lasers,
sensors, LEDs and LiFi communications.
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Water/Alcohol Soluble Conjugated Polymers for High Performance
Optoelectronic Devices

Fei Huang, South China University of Science and Technology, China
Abstract: In addition to their solubility in water and other polar solvents, which can aid
the reduction of interfacial mixing during fabrication in optoelectronic devices, water/alcohol
soluble conjugated polymers can also dramatically improve charge injection from metallic elec-
trodes into organic layers. Unlike traditional electron transporting materials, these materials
effectively enhance injection from high work function metals (Al, Ag, Au) allowing high effi-
ciency printable PLEDs with Ag-paste as a cathode to be realised. It was found these cathode
interlayers can enhance JSC , VOC and fill factor. Applications in high performance PSCs and
perovskite solar cells.

Notes

• Devices: 4nm PFN-OX

– VOC = 0.74V

– JSC = 17.35 mAcm−2

– FF = 70.3%

– PCE = 9.0%

• Perovskite

– replacing PCBM with their polymer

– traps - using amine groups to passivate surface as they donate lone pair to Pb

– band gap stays the same

• as e− transport layer

– between active layer and ITO

– interlayer must be very thin due to poor charge transporting ability

– electrostatic layer by layer assembly approach
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Cross-linking Strategies Using Small Molecules and Fullerene
Derivatives for Stabilisation of Polymer Bulk Heterojunction Based
OPVs

Carmen Villegas, Universite d’Angers, France
Flash Presentation
Abstract: It is well known that the preparation of efficient bulk heterojunction (BHJ) organic
solar cells (OSCs) require an interpenetrating network of electron donor and acceptor mate-
rials. Unfortunately, these OSCs have shown some evidence of ageing instability due to the
photochemical or thermal degradation resulting in a morphological phase separation of the
polymer:fullerene blend with the formation of fullerene crystals in the films. As a consequence
of this degradation, a significant decrease of the long term solar cell performance is shown.
We had already demonstrated that a versatile stabilisation of the BHJ morphology could be
obtained by the incorporation of a cross linkable additive (small molecule BABP or fullerene
derivative PCB-N3) blended in the polymer fullerene mixture. In this way, stable perfor-
mances of OSCs after days of heating at high temperature were observed. Recent studies have
involved our second generation of cross-linkable materials based on photo and/or electroactive
molecules such as perylene and pentaorgano[60]fullerene derivatives. These cross-linkable ma-
terials have been designed with the aim of integrating a dual functionality with the absorption
of dyes and diminishing the quantity of additive by increasing the number of azido groups.

Notes:
Thermal degradation → using cross linking polymers as additives to stabilise the morphology
of the active layer.
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Synthesis of Conjugated Polymers via Catalyst Transfer and Direct
Arylation Polycondensation

Yanhou Geng, Institute of Applied Chemistry, Chinese Academy of Sciences, China
Abstract: Catalyst transfer polycondensation (CTP) is a novel protocol for the controlled
synthesis of conjugated polymers. We developed a catalyst system ie Ni(acac)2/dppp, with
which poly(9,9-dioctylfluorene)s (PF8s) with number averaged molecular weights (Mns) up
to 62.2 kDa and polydispersities (PDIs) of ∼1.2 have been successfully synthesised via Ku-
mada CTP. The performance of the catalyst was further improved by introducing a methyl
group in the meta position of the phenyl ring in dppp. A N-heterocyclic carbene, ie. bis(2,6-
diisopropylphenyl)imidazolin-2-ylidene (IPr), was used as a ligard for CTP. Ni(IPr)(acac)2 was
found to be a promising catalyst for controlled synthesis of regioregular poly(3-hexylthiophene)s
(P3HTs)with Mns up to 350 kDa via Kumada CTP. With Pd(IPr)(OAc)2) as the catalyst,
PF8s with Mns up to 69.3 kDa could also be synthesised via Suzuki CTP.

Direct arylation of 1,2-bis(3,4-difluorothien-2-yl)ethene is remarkably high, allowing the suc-
cessful synthesis of high molecular weight diketopyrrolopyrole (DPP)-based conjugated poly-
mers via direct arylation polycondensation in toluene. The resulting conjugated polymer
exhibited ambipolar properties with field effect hole and electron mobilities of 3.40 cm2V−1s−1

and 5.86 cm2V−1s−1, respectively.

Notes:
Direct arylation could be a useful way to produce conjugated polymers but very little literature
showing people doing this to produce high performance polymeric semiconductor materials.

PDI quite high - polydispersity

POF P2F P4F P6F
unipolar µB decay very fast rapid relatively slow

p-type Ð→ ambipolar
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Flexible, Foldable and Stretchable Electronics Using Amorphous
Oxide Transistors

Gerwin Gelinck, Holst Centre, The Netherlands
Abstract: OLED devices are already on the market and in the coming years we expect to see
a new era of gadgets with truly flexible displays surrounded by flexible intelligent circuitry.
Creating these applications will require enhanced processes and new materials to improve per-
formance and increase functionality.

Part 1: Amorphous Oxide Transistors on Plastics
With a mobility value above 10 cm2V−1s−1, IGZO offers superior performance to amorphous
silicon and organic semiconductors. We explore the materials and processes required to pro-
duce amorphous oxide transistors on plastic foils, offering advantages in terms of process
simplification and device performance. We focus on the electrical as well as the mechanical
aspects of amorphous oxide semiconductors.

Part 2: Flexible Displays
OLED displays are already available in handheld devices and the technology continues to make
progress towards low cost and large size applications. Simultaneously, research institutes like
the Holst Centre are working to make the displays flexible, thereby creating one of the most
promising consumer markets. We will demonstrate our mot recent prototypes of rollable, fold-
able and stretchable displays highlighting the underlying material and process innovation.

Part 3: Imagers, Circuits and Memories
While much of the activity has been display centric, there is not doubt that as the oxide thin
film transistor (TFT) technology matures the number of applications will continue to increase.
Envisaged applications include curved imagers, flexible RFID and NFC tags, wearable sensor
readouts and many more. As an example we will discuss large area photodetector arrays: by
using a high performance solution-processed organic bulk heterojunction photodiode rather
than an OLED in combination with a oxide TFT backplane we realised a flexible 200 ppi
X-ray detector with high contrast using medical level X-ray doses.

Notes:
ZnO, In2O3, InGaZnO → trendy metal oxide semiconductors - amorphous, already used for
flexible OLED displays
Mechanical strain from flexibility:

• 10 000 rolls → still looking good

• tried rolling to different diameters down to 1 mm (1% strain)

• amorphous Si and LTPS does not show this → more sensitive to strain

• from QM calculations, can see mobility sometimes increasing with strain → physical
motion of atoms thought to be responsible for this

Stretchable displays intended as a method to increase robustness (thin films vulnerable to
piercing).

To allow for flexibility they are using ’meandering’ horse show shaped interconnects that al-
low the substrate to flex and bend without breaking the interconnects as may happen with
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straight, taut interconnects.

Already prototypes integrating into textiles.
(https://www.youtube.com/playlist?list=PLLVCQTZZDgry0hSk2r2nzlcoNCc7vFvy0 )

X-ray imagers - using simple BHJ → EQE ∼40%. Gives portable, droppable detectors very de-
sirable for medical applications (high equipment costs in hospitals due to sensitive instruments
being dropped and bashed - robust instruments are a very good thing . . . )
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Solution Grown Multi-Layers of Single Crystals for Organic
Electronics

Hanying Li, Zhejiang University, China
Abstract: Single crystalline p-n junctions with contacting two single crystals of organic semi-
conductors are expected to show superior charge transport properties as well as exciton gen-
eration/dissociation ability. As a result, these p-n junctions are promising high performance
materials for optoelectronic applications such as solar cells, however, the single srystal p-
junctions ar hard to prepare. Intuitively, crystallisation generally requires relatively clean en-
vironments and crystallisation of ’p’ and ’n’ components tends to interrupt each other. Here,
we describe how to grow, from solutions, organic single crystal p-n junctions in a single step
from a mixed solution of n-type and p-type molecules. One crystal grows first before the other
(with the slower growth rate) nucleates onto it. Subsequently, both crystals grow simultane-
ously into single crystal p-n junctions. These junctions exhibit ambipolar charge transport
characteristics and a significant photovoltaic effect. This work provides a platform to deepen
the fundamental understanding and to fabricate high performance electronic devices of organic
semiconductors.

Notes:

Droplet recedes leaving crystals in radial patterns.

Crystal alignment during crystallisation.

Using heptane, octane, cycloheptane - getting good electron transport. With a solar solvent
there is not electron transport but for ∼50% electron transport returns with heating.

Alternative to BHJ.

2 crystals have different growth rates

→ don’t get in each others way

→ form layers
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Wednesday Morning

New Organic Compounds for PV Devices

Nezario Martin, Universidad Complutense de Madrid, Spain
Abstract:The design of new organic functional molecules able to harvest sunlight and effec-
tively undergo photon to current energy conversion processes is at the forefront of chemical
challenges. In this presentation, the recent advances on fullerene derivatives as n-type mate-
rials as well as on hole transport materials in perovskite solar cells is presented through the
variety of organic compounds synthesised in our research group.

Notes:

Chirality in materials science - not been looked into properly (especially fullerenes)

Most PC71BM is a mixture of two radioisomers → some regioselective control would be useful
- how much does it matter? Packing, electron transport etc?

Biomedical applications - Ebola detection.

Perovskite - fullerene interface needs more work.

Organic Nanophotonic Materials and Devices

Yong Sheng Zhao, Institute of Chemistry, Chinese Academy of Sciences, China
Abstract: Organic materials have advantages in good doping properties, high reaction activ-
ity, good processability, high photoluminescence (PL) efficiency etc. A series of crystalline
nanoscaled organic materials have been synthesised. With these materials we achieved red-
green-blue(RGB) multicolour emission, colour tunable emission and white emission and ap-
plied them as sub-wavelength optical waveguide and miniaturised lasers.

Further Consideration of the Solution Behaviour of
6,3-trialkylsiliethynyl Substituted Pentacene

Stephen Yeates, University of Manchester, UK
Abstract: Although solvent processing of organic electronic materials provides an effective
route to device fabrication, there is still debate over teh solution of 6,13-trialkylsilylethynyl
substituted pentacenes. Understanding of the solution behaviour and photochemical stability
is essential for the further application of solution processing of organic materials and shines
light on the effect of formulation on the thin film crystallisation.
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Printed Flexible Biotronics: Health Monitoring and Diagnosis

Ana Claudia Arias, University of California, Berkeley, USA
Abstract: Biolelectronic interfaces require electrodes that are mechanically flexible and chem-
ically inert. Flexibility allows pristine electrode contact to skin and tissue and chemical in-
ertness prevents electrodes from reacting with biological fluids and living tissue. We have
developed methods to measure pulse rate, blood oxygenation, bio impedance and temperature
using fully printed devices as building blocks for flexible, wearable sensing systems. Our sen-
sors are fabricated on flexible substrates using printed technologies that allow integration of
components maintaining the overall sensor flexibility. Flexible gold electrodes are ideal for for
bioimpedance and biopotential measurements such as bioimpedance tomography, electrocar-
diograpghy (ECG), electroencephalography (EEG) and electromyography (EMG). Utilising
the versatility of printing and plastic electronics processes, electrode arrays consisting of 31
electrodes with electrode to electrode spacing ranging from 2 mm to 7 mm were fabricated and
used for impedance mapping of conformal surfaces at 15kHz. Overall we show the fabrication
process of an inkjet printed gold electrode array that is electrically reproducible, mechanically
robust and suitable for in vivo bioimpedance measurements. We have demonstrated that flex-
ible electrode displays can be used to monitor, non-invasively, pressure induces tissue damage.

Thermistors are inkjet printed using a blend of PEDOT:PSS and nickel oxide nanoparticles.
Printed thermistors provide linear response from 25 ○C to 150 ○C with a controllable β of 500
to 1000. As part of the flexible system we have developed flexible lithium ion batteries based
on graphite (anode) and lithium cobalt oxide (cathode). THe battery operates at 4.2-3.6 V
and has a capacity of ∼ 23 mHh (active area = 10.9 cm2) with capacity retention of 99.2%
after 100 electrochemical cycles. The battery was able to power a commercial oximeter with
20 mA at a 3.6 V requirement.

Notes:
Options for flexible devices

• very thin layers of conventional materials

• process materials at T low enough for flexible substrates

• use materials flexible by nature

Processing methods

Inkjet
viscosity constraints 1-15 cP, limitation on sta-
bility for large scale (nozzles firing reliably)

Dr blade,
slot die

scalable, can’t do 2D

Gravure scalable

Medical Applications

• MRI screens

• measuring skin impedance → can detect when ulcers are coming days before the eye can
detect

• wireless bracelet with sensors for vital signs → remove many wires and machines that
are sources of contamination
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• for some medical applications stability is not so important as would be disposable → less
than 7 days but as devices would probably be printed in air this would be valuable.

C Lochner, Khan, Pierre, Nature Communications, Dec 2014

Bright Deep Blue Iridium Complexes for Solution Processes
Lighting Devices

Adam Henwood, University of St Andrews, UK
Flash Presentation
Abstract: Roll-to-roll printing of plastic electronics from solution promises to revolutionise
the manufacturing of luminaries, offering a cheap and scalable method of fabricating high
efficiency light sources. White light displays are the holy grail of the endeavour requiring
red, green and blue emitters. So farm red and green emitters using iridium based complexes
have been done with aplomb, but efficient and stable blue light emitter design is still a chal-
lenge. To tackle this, we have designed deep blue emitting cationic iridium complexes that
are unprecedentedly bright. A tethering strategy, where the distal components of the ligand
scaffold are rigidly linked together, drastically enhances the brightness of these emitters while
simultaneously invoking a deep blue colour due to the ligand’s strong electron donating ca-
pabilities. We have taken the properties of these complexes one step further by adding bulky
substituents that simultaneously improve their solubility while also further enhancing their
brightness by reducing intermolecular quenching interactions, making these complexes among
the brightest deep blue cationic iridium emitters reported to date. HTese complexes have been
used in solution processed light emitting electrochemical cells (LEECs) and in OLEDs and
have demonstrated promising results.
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What will be the next switch?

Heike Riel, IBM Research, Zurich Research Laboratory, Switzerland
Abstract: The scaling of semiconductor technology (CMOS) has been the driving force for
the success of information technology. However, as device dimensions continue to shrink into
the nanometre scale regime, conventional semiconductor technology is approaching fundamen-
tal limits. For example, the increasing power dissipation on the chip level is one of the key
challenges today. Rising leakage and currents and the increasing difficulty to further reduce
the supply voltage have impacted the passive and active power dissipation limiting the overall
performance.

The dream is to find a new switching element that can replace the conventional resistor prefer-
ably without any change of the existing infrastructure; new materials and fabrication methods
would be tolerated. The goal is to find a switch that can give high performance at low sup-
ply voltage and high integration density that is consistent with the power constraints of the
system. In that respect new strategies, including the use of novel materials and 1D device
concepts including innovative device architectures and device concepts need to be explored
and assessed.

Notes:

Computers: mechanical → nano, what then?
Smaller = faster & cheaper, in general, but this gets less true going down into the sub 20 nm
range.

Template Assisted Selective Epitaxy (TASE)

• enables scaling of diameter

• horizontally or vertically

• good quality nanowire devices

Carbon Nanotubes (CNTs)

• significant improvement on energy efficiency even at high frequency due to superior
transport properties

• devices have been scaled down to 9 nm and still work nicely

• new contact scheme, end → side, better but was difficult to achieve

Device evolution: standard → Fin FET → NWFET
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Recent Advances in Mecho-Responsive Luminescent Materials

Zhenguo Chi, Sun Yat-Sen University, China
Flash Presentation
Abstract: Mechano responsive luminescent materials are a class of ’smart’ materials with
fluorescent properties that change in response ti external force stimuli. These materials are
widely used in sensors, memory chips and security links. Aggregation induced emission(AIE)
materials and thermally activated delayed fluorescence (TADF) materials have exhibited a
number of interesting mechano-responsive luminescent features.

Here, we present several mechano-responsive phenomena such as mechanofluorochromism,
mechanoluminescence and colour mixing based fluorescence/phosphorescence or fluorescence/delayed
fluorescence under mechano-stimuli.

Notes:

stress, strain, friction, force, grind → be aware that materials may respond to this in flexible
devices etc may see effect unwanted

luminescence from grinding → mechanism is unclear

2D antifake

• mechanoluminescence (common feature of AIE compounds) - not excited by UV light

• long afterglow
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CVD Growth of Single Walled Carbon Nanotubes with Controlled
Structures for Nanodevice Applications

Jin Zhang, Peking University, China
Abstract: Single walled carbon nanotube (SWNT) based electronics have been regarded as one
of the most promising candidate technologies to replace or supplement silicon based electron-
ics in the future. These applications require high density, horizontally aligned SWNT arrays.
During the past decade, significant efforts have been directed towards growth of high density
SWNT arrays. However, obtaining SWNT arrays with suitable density and quality still re-
mains a big challenge. Herein, we developed a rational approach to grow SWNT arrays with
ultra-high density by using Trojan catalysts. The density can be as high as 150 SWNTs.µm−1.
Field effect transistors fabricated with our SWNT arrays exhibit a record drive current density
of -467.09 µA.µm−1 and an on-conductance of 233.55 µS.µm−1. These results confirm our high
density SWNT arrays are strong candidates for applications in electronics.

Notes:
Controlling orientation of CNTs on substrate

• surface directed growth, oxygen on surface etc

• lattice arrangement on surface

Dislocation theory → ’kinked’ grows faster

Image from http ∶ //www.owlnet.rice.edu/ biy/Selected%20papers/09PNASNTgrowth.pdf

For high density SWNT arrays

• in situ growth

• post treatment

SWCNT Cloning - using CNT open ended to grow more onto it (break open a bucky ball) →
good for controlling chirality but quite inefficient method
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Materials and Process Development of Solution Deposited Organic
Photodetectors

Andromachi Malandraki, Merck Ltd, UK ⌣̈
Flash Presentation
Abstract: Materials with the ability to convert light into energy are being developed as a
greener alternative to energy production (OPV). The application spectrum of such materi-
als can be widened to include light detection (OPD) addressing applications such as x-ray
detectors, blood oximetry and touchless interaction where they offer unique benefits over cur-
rent solutions. Despite the different requirements for materials for OPV and OPD, the trend
in both cases has been to develop materials and processes compatible with plastic substrates
(lightweight and flexible) and large area coating or printing without compromising performance
or manufacturing speed. Here, we present organic photodetectors using Merck’s Lisicon PV-D
materials that demonstrate good electrical performance, stability and compatibility with both
R-2-R and S-2-S manufacturing processes.

Notes:

All measurements taken from devices made in air to check compatibility with manufacturing
processes - all solution processable materials.

Processing methods - spin coating, inkjet, gravure, flexo, Dr Blade and slot die.

First presentation from Merck specifically on OPD research - growing field.

Previous presentation from Merck on materials/OTFT/OPD.
https://connect.innovateuk.org/documents/3158891/10665096/Merck
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Wednesday Afternoon

Temperature Dependant Aggregation Enables Multiple Cases of
Polymer Solar Cells with Efficiencies up to 11.5%

He Yan, The Hong Kong University of Science and Technology, China
Abstract: Polymer solar cells (PSC) technology has attracted much attention due to its
promise as low cost conversion of solar energy. Despite recent progress, several limitations
are holding back PSC development. For instance, current high efficiency (¿9.0%) PSCs (Liao,
2013) are restricted to material combinations that are based on limited donor polymers and
only one specific fullerene acceptor, PC71BM. Furthermore, best efficiency PSCs are mostly
based on relatively thin (100 nm) active layers. Thick film PSCs generally exhibit lower fill
factors and efficiencies compared to the best thin film PSCs. Here, we report multiple cases
of high performance thick film (300 nm) PSCs (efficiencies up to 10.8%, fill factors up to 77%)
based on conventional PCBM and many non-PCBM fullerenes. Our simple aggregation con-
trol and materials design rules allowed us to develop, within a short time, three new polymer
donor systems, six fullerenes (including C60-based fullerenes) and over ten polymer:fullerene
combinations, all of the three higher efficiencies than previous state of the art devices (∼9.5%).
The common structural feature of the three new polymer donor polymers, the 2-octyldodecyl
(2OD) alkyl chains sitting on quaterthiophene, causes a temperature dependant aggregation
behaviour that allows for the processing of the polymer solutions at moderately elevated
temperature, and more importantly, controlled aggregation and strong crystallisation of the
polymer during the film cooling and drying process. This results in a well controlled and near
ideal polymer:fullerene morphology (containing highly crystalline, preferably orientated, yet
small polymer domains) that is controlled by polymer aggregation during warm casting and
thus insensitive to the choice of fullerenes. Following this strategy, a new record PSC efficiency
of 11.5% (certified by Newport) was recently achieved by our group, which has been included
as a major milestone for OSC in the ’best research efficiency chart’ by NREL.

Notes:

2 problems for morphological control

• encourage nanofibre assembly → very good charge transport with small domains

• high VOC loss → replacing fullerene with small molecule

85 ○C 25 ○C

disaggregated aggregated
→ twisted → planar → easier to crystallise

Challenges for small molecule acceptor

• look for 3D structure and

• tend to aggregate strongly

→ use small molecule with 3D structure to imitate fullerene

→ highly twisted structure

→ can use this property to control morphology of small molecule film

Polymer crystallisation depends on extent of polymer → used different spin speeds to to give
different lengths of time to dry.
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Perovskite Solar Cells

Henry Snaith, Oxford University, UK

Notes:

ABX3, use metal halide for PV applications.
Understanding hysteresis: effect of different ion distributions the add effect of ion traps

→ require mobile ions and ion traps to explain hysteresis

→ get rid of one to get rid of hysteresis

→ traps affect performance so go for them

Hysteresis - if stay at one value will usually stabilise at higher value.

Perovskite:polymer interface probably better than perovskite:TiO2 due to their being less de-
fects as surface as more amorphous surface with polymer than polar TiO2 → less traps.

During spinning crash ions out by toluene drenching then heat to recrystallise.
”It is now ’inevitable’ that PV will become the cheapest form of generating electricity.”

hybrid
tandem

perovskite
TiO2

↗ ↖ ↙ ↘

Si wafer ↑
perovskite
planar
junction

← perovskite
Al2O3

↗ ↖
thin film

organic
BHJ
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Control of Morphology via Varied Solvent Engineering Techniques
for Highly Efficient Perovskite Solar Cells

Eric Diau, National Chiao Tung University, Taiwan
Abstract: The development of all solid-state thin film solar cells has reached a new milestone
when the devices made of organometallic lead halide perovskite materials were reported with
power conversion efficiency (PCE) exceeding, 20%. Control of morphology and crystallinity
is a key to fabricate high-performance perovskite solar cells (PSC). In this lecture, various
single-step spin-coating methods will be presented. First, we used a simple synthetic ap-
proach to grow uniform perovskite (CH3NH3PbI3) nanocrystals free of pinholes via varied
portions of silver iodide (AgI) added to the perovskite precursor solution. We found that
the Agl additive can distort the lattice structure of perovskite involving varied contraction
and expansion motions so that close-packed polycrystalline perovskite with large grains and
improved crystallinity were produced. When the Agl-assisted perovskite films were fabri-
cated into a p-type planar device, the photovoltaic performance was enhanced by 30 the
standard cell without added AgI. In contrast, when these perovskite films were fabricated
into a n-type planar device, the device performance deteriorated significantly. Second, the
synthetic-approach is applied with solvent engineering according to an anti-solvent (AS) ap-
proach followed by either thermal annealing (TA) or solvent a annealing (SA) for formation
of smooth and close-packed perovskite nanocrystals for both n-type and p-type thin-film solar
cells. The photovoltaic performance of a p-type planar PSC can be improved by 30% without
any hysteresis using AS+SA method. In contrast, the performance of a n-type mesoscopic de-
vice can be optimised using the AS+TA method with certain effect of hysteresis. The effect of
hysteresis in an n-type device can be significantly reduced when a prior-overnight oxidation of
the hole-transport-material (spiro-OMeTAD),is conducted, e est-performing device exhibited
a remarkable power conversion efficiency attaining 16.5 “/3. The ounce ton kinetic control
of crystal formation of perovskite is illustrated with separation of the processes of nucleation
and crystal growth according to our AS and SA approaches.

Notes:

Solvent Assisted Crystallisation
Agnew Chem. Int. Ed. 2014, 53, 9898-9903

Carrier Relaxation Dynamics
Science, 2013, 342, 344-347
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The crucial role of macromolecular additives versus small additive
processing in controlled nanoscale morphology of BHJ solar cells
for enhanced performance.

Tanya Kumari, Ulsan National Institute of Science and Technology, South Korea
Flash Presentation
Abstract: Unlike the deep study about the role of solvent additives (like DlO) in increas-
ing the device performance of small donor molecule based OPVs by controlling the nanoscale
phase separation, macromolcular additives had been rarely investigated. We introduced a new
macromolecular additive, PMMA (Poly (methyl methacrylate)) for DTGe(FBTTh2)2, a small
donor molecule based solar cells to enhance the device performance. A systematic study of
its role along with other macromolecular additives (Polystyrene, PDMS) and a solvent addi-
tive (diiodooctane, DlO) in controlling the morphology of bulk heterojunctions (BHJs) has
been done. With the help of UV-Vis spectroscopy, Grazing incidence wide angle spectroscopy
(GlWAXS), Atomic force microscopy (AFM) and High resolution transmission electron mi-
croscopy (HR-TEM) techniques, we investigated the change in thin film morphology and crys-
tallinity of the donor molecule upon addition of macromolecular and solvent additives in the
BHJs with different acceptor units (PC60BM and PC70BM). Single-junction BHJ OSCs perfor-
mances were evaluated with the regular structure of ITO/PEDOT:PSS/DTGe(FBTTh2)2:PCBM
derivative/AI upon varying the concentration of macromolecular additives from 0.5 to 3%
(w/w) and DIO from 0.2 to 1% (v/v). The optimised concentration is 1% (w/w) for each
macromolecular additive and 0.2% (v/v) for DIO. Very interestingly, we found that instead of
PC70BM as an electron acceptor, PC60BM gives better result in case of macromolecular addi-
tive for small donor molecule based OPVs. For PC70BM based system, DIO continued to give
better device performance of 7.55% than the macromolecular additives. This is the highest
PCE for DTC3e(FBTTh2)2 based device using DlO as a solvent additive. Our TEM analy-
sis shed some light on this issue by showing up that macromolecular additives for PC70BM
based device could not give better performance as compared to DIO due to their inability in
controlling the formation of suitable crystalline domain (as like DIO case), making them an
unsuitable choice for investigation in different donor based OPVs till now. The crystalline
domain for DTGe(FBTTh2)2: PC60BM based thin films in case of PMMA and BIG as ad-
ditive were similar giving similar device performance of 7.07and 69.3% respectively. With
a combination of device characterization and morphological studies and despite the obvious
differences in morphology as a function of macromolecular additives versus DIO, PMMA has
been demonstrated to be well-suited for BHJ OSCs as a new macromolecular additive and
gives rise to enhanced PCEs. Therefore, PMMA utility may be applicable to other systems,
and new materials with even higher performance may be discovered in the near future.
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Open Shell Singlet Diradicals: Potential Materials for Organic
Electronics and Spintronics

Jishan Wu, National University of Singapore, Singapore
Abstract: So far, most reported π-conjugated systems in neutral state have a closed shell
ground state. However, recent research disclosed that certain types of π-systems could have
an open shell singlet diradical and even polyradical ground state. In this lecture, I will dis-
cuss two types of open shell polycyclic hydrocarbons developed in our group: zetherenes and
extended p-quinodimethanes. The discussion will mainly include their challenging synthesis,
characterisations of the ground state and their unique optical, electronic and magnetic proper-
ties. These fundamental studies now allow us to do rational design of stable open shell systems
with tunable physical properties and exploit their applications in molecular electronics, spin-
tronics and photonics.

Notes:

• unique absorption spectrum

• middle section not findable in NMR until low T

• singlet ground state

• singlet ground state

• stable in air

• tunable ground state & physical properties
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Carbon Electrode-Molecule Junctions: A Reliable Platform for
Molecular Electronics

Xuefeng Guo, Department of Chemistry and Molecular Engineering, Peking University, Bei-
jing 100871, China
Abstract: Universal lithographic methodologies for creating single-molecule devices based on
single-walled carbon nanotubes or graphene as point contacts has been developed. These con-
tacts are formed by electron beam lithography and precise oxygen plasma etching. Through
robust amide linkages, functional molecular bridges with amino groups are covalently wired
into carboxylic acid-functionalised nanogaps to afford carbon-molecule junctions with desired
functionalities.
In this talk, I will detail our rational bioassay techniques by using single-molecule devices capa-
ble of subsequent V biocompatible assembly through the combination of programmed chemical
reactivity and directed self-assembly. We bridge a nanogap with a molecule that can react
with a biochemical probe molecule. The probe then binds my to a complementary molecule
to form a non-covalent assembly. We electrically monitor each step of the process 9 at the
single event level and in real time. We have tested this approach in chemical and/or biological
systems, including molecular photoswitching, DNA hybridization, DNA-protein interaction,
and biotin/streptavidin binding. E L; These works have positioned carbon electrode-molecule
junctions as a new-generation test bed for molecular electronics.

Notes:

Single molecule connected to tow carbon nanowires.

Advantages

• robust covalent bonds between molecule and electrode ⇒ stability ↑
• can go down to single molecule

Single molecules

• optoelectronics

• bioelectronics

Molecular bridge - 1st choice was DNA

Label free, real time, direct detecting of molecules.
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High-efficiency polymer LEDs with fast response time fabricated
with a careful choice of conjugated polyelectrolyte backbone
structures

Minwon Sun, Imperial College London, UK
Abstract: Conjugated polyelectrolytes (CPEs) are a class of conjugated polymers which pos-
sess ionic side groups, offering good solubility in alcohol/water-based polar solvents. Due
to its charged nature, CPEs are known as versatile materials that can effectively lower en-
ergy barrier at organic/metal interface and enable better charge injection in a wide range
of organic electronics.” However, the presence of mobile counter-ions in CPEs is believed
to be one of the major drawbacks causing delayed response behaviour in the device current
and luminance in the order of few seconds. Here, we report imidazolium ionic side-group-
containing fluorene-based CPEs with different π-conjugated structures, poly[(9,9-bis(8’-(3”-
methyl-1”-imidazolium)octyl)-2,7-fluorene)-alt-2,7-(9,9-dioctylfluorene)] dibromide (F8im-Br)
and poly[(9,9-bis(8’-(3”-methyI-1”-imidazolium)octyl)-2,7-fluorene)-aIt-(benzo(2,1 ,3)thiadiazol-
4,8-diyl) dibromide (F8imBT-Br) and their application as an electron injection layer (EIL) in
green-emitting F8BT polymer light-emitting diodes (PLEDs) (Figure 1). Both CPE EILs sig-
nificantly improve PLED device efficiencies (sin17.9 CdA−1 at 3.8 V and ∼16.6 ImW−1 at 3.0
V for F8imBT-Br and 11 .1 CdA−1 at 4.2 V and 9.1 ImW−1 at 3.4 V for F8im-Br) compared
to conventional cathode devices (7.2 CdA−1 at 3.6 V and 7.0 ImW−1 at 3.0 V for CalAl).
ln particular, if F8imBT-Br CPE shows a fast transient electroluminescence response in the
microsecond time scale (less than 10 µs) even with the presence of bromide mobile ions.

Notes:

Maintain optical and electronic properties of polymer but chemical, thermal and physical
properties changed eg, solubility.
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Aggregation Induced Emission

Ben Zhong Tang, The Hong Kong University of Science and Technology, China
Abstract: Aggregation generally quenches the light emissions of chromophoric molecules, This
notorious photophysical effect is practically inadequate, as luminophores are commonly used
for real world applications in solid state or aqueous media, where chromophores tend to form
aggregates. In this talk, we will give an account on how we observed an opposite phenomenon
termed aggregation-induced emission (AIE) and identified the restriction of intramolecular
rotation as a main cause for the AIE effect. Based on the mechanistic understanding, we have
developed a series of new fluorescent and phosphorescent AIE systems with emission colours
covering the entire visible spectral region and luminescence quantum yields up to unity. We
have also explored high-tech applications of the AIE luminogens as, for example, fluorescence
sensors, biological probes, immunoassay markers, PAGE visualization agents, polarized light
emitters, monitors for layer-by-Iayer assembly, reporters for micelle formation multistimuli-
responsive nanomaterials and active layers in the fabrication of organic light-emitting diodes.

Notes:

Nature Materials, 2015, 14, 453 (Editorial)

Fluorescent bioimaging - watch things previously invisible

A molecule quenches its own fluorescence at high concentration mainly due to high aggrega-
tion concentration.

Crystallisation prevents rotation and encourages molecule to dissipate its energy emissively
rather that via molecular rotations.

Non-Conventional AIE Molecules
non-aromatic compound - solution not emissive but crystals are cluster chromophores (e− rich
molecules
⇒ organic QDs???

luminescence colour tunable by cluster size - bigger cluster ⇒ redder emission
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grinding
yellow emission ⇐⇒ red emission

heating

Chemical probes for environmental probes

- specific and sensitive detection of toxic heavy metals

- detection and quantitation of CO2

AIE bioprobes - strong resistance to photo bleaching
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Thursday Morning

Charge and Spin Transport Physics of High Mobility Organic
Semiconductors

Henning Sirringhaus, University of Cambridge, UK
Abstract: Over recent years there has been tremendous progress in developing low-temperature,
solution-processable organic semiconductors that provide high charge carrier mobilities for
both n-type and p-type device operation, good operational stability and other functionalities
such as efficient electroluminescene. sensing or memory functions for a variety of applica-
tions. Here we are interested in understanding the charge transport physics of high mobility
conjugated polymers and molecular semiconductors and the relationship between molecular
structure, polymer microstructure and charge transport. Many of the recently discovered
high mobility polymers, in particular donor-acceptor copolymers, are characterised by a puz-
zling lack of pronounced crystalline order. In this presentation we will present our current
understanding of the transport physics of these materials and of the reasons why these ma-
terials exhibit such high carrier mobilities. We will also present new approaches to study the
transport of spin currents through these materials.
Notes:

Can have lots of grains but as long as molecular weight high enough, chains are connected
enough to allow high mobility.

Checking crystalline, disordered and amorphous states for change in density of states.

In high mobility polymers like 1D TBT approaches disordered transport regime.

1D TBT

• low energetic disorder

• high carrier mobility

- due to backbone mechanism stays very linear or with very defined torsion angles.

Investigating dichotic ratios (along both directions of polymer)

• from low degree of disorder in backbone e−1 can move freely

→ high degree of efficient charge transport (importance of tie chains)

• band like T dependance for µ for I flow

Investigating Hall effect as well as Pauli and Curie susceptibility.

Conducting polymers with highly ordered microstructures and coherent scattering.
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Efficient exciplex emitters for thermally activated
delayed-fluorescence organic light-emitting diodes

Xiao-Hong Zhang, Technical Institute of Physics and Chemistry, Chinese Academy of Sci-
ences, China
Abstract: Three exciplex emitters have been designed by half-and-half mixing three hole-
transporting aryleamines with a high triplet energy bipolar host. These three exciplex emitters
show broad and notably red-shifted emissions relative to those of the constituting molecules.
Specially, TAPC:DPTPCz shows a high fluorescence quantum yield of 0.68 and small singlet-
triplet energy splitting of 47 meV, affording intrinsically efficient fluorescence radiation and
high reverse intersystem crossing (RISC) efficiency. The TAPC:DPTPCz based device achieves
a high external quantum efficiency of 15.4%, which is the highest performance exciplex OLED
up to date. Besides, the exciplex energies estimated from fluorescence measurements are con-
sistent with the calculated values from electrochemical experiments, indicating that exciplex
system and its resulting photon energy can be predicted by using the solution redox potentials
of constituting molecules. After all, high-triplet-energy constituting molecules are shown to be
preferable for designing exciplex emitters with high fluorescence quantum yields, because the
high triplet energy of the constituting molecules prevent energy leakages and enable efficient
RISC.

Notes:

Both singlets and triplets harvested ⇒ 100%.

Blue - good stability and higher colour purity.

Environmentally friendly molecules (no heavy/rare metals).

Max efficiency 25% → 100%
standard fluorescent OLED → exiplex
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Nuclear Tunnelling Based Hopping Transport in Organic
Semiconductors

Dago de Leeuw, Max Planck Institute for Polymer Research, Ackermannweg, Mainz, Ger-
many
Abstract: Charge transport in conjugated polymers has been under intense research, both
from an experimental and theoretical point of view. Due to the presence of disorder in real
devices, the highly conjugated path is segmented in spatially and energetically distributed
sites, As a consequence, electrical conduction in disordered conjugated polymers occurs by
hopping. The transport then depends on the hopping rate and on the explicit shape of the
DOS.
At high charge carrier density the disorder is effectively suppressed. in recent experiments
at high carrier densities using chemically highly doped in-plane diodes and ferroelectric field-
effect transistors it was demonstrated that at low temperatures there is a finite conductivity
This is in strong contrast with the semi classical approaches, where the conductivity is ex-
pected to vanish when the temperature approaches absolute zero. The finite conductivity at
low temperatures originates from nuclear tunnelling, which takes into account the existence
of absolute-zero ground-state oscillations that drive the tunnelling of me carrier between the
initial and final state. Based on this quantum mechanical tunnelling process an analytical
expression for the current density in the absence of disorder could be derived.
Her, we show that the charge transport, also at low carrier density can be described by
nuclear tunnelling. To that end, we use hole only diodes based on poly(2-methoxy, 5-(2’ethyl-
hexyloxy)-p-phenylene vinylene) (MEH-PPV) measured at a wide temperature and field range.
We perform master equation calculations to obtain the dependence of charge carrier mobility
on the electric field, temperature, carrier density and Kondo parameter. These results are
then included in a numerical drift-diffusion model, in order to fit the experimental data. We
demonstrate that nuclear tunnelling, unlike other semi-classical models such as those based
on Miller-Abrahams or Marcus hopping rates, provides a consistent description of the charge
transport for an unprecedented large bias, temperature adn carrier density range.

Notes:

Want to know driving force for charge transport (CT)
disorder (distribution of localised states - vary in energy and position) - CT by hopping →
model numerically

• high carrier density, disorder suppressed, CT by nuclear tunnelling, driving force is zero
point energy

• low charge density

Miller-Abrahams Marcus
- thermally activated - nuclear rearrangement

- still thermally activated
but still finite conductivity at 0K (zero

point energy - lots of energy in stretching vibrations driving hopping ⇒ not allowed classi-
cally, QM effect)

more info: http ∶ //scitation.aip.org/content/aip/journal/apl/97/4/10.1063/1.3474618
Go to very high carrier density to get identical hops (unlike varying hops in normal system)
⇒ get analytical solution
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Quantum Dots and its Applications

Jong Min Kim, University of Oxford, UK
Abstract: Quantum dots have recently received considerable attention for the development
of next-generation displays and lightings based on light-emitting diodes because quantum dot
Iuminophores demonstrate high quantum yields, extremely narrow emission, spectral tunabil-
ity and high stability, among other beneficial characteristics. Here we present new concept
of display devices with the electro luminescence mode and photoluminscent mode. Also, we
show its expandability to a large-area, full-colour quantum dot display/lightings, including in
flexible form, using optimized quantum dot films, and with control of the nano-interfaces and
carrier behaviour.
Printed quantum dot films exhibit excellent morphology, well-ordered quantum dot struc-
ture and clearly defined interfaces. These characteristics are achieved through the solvent-free
transfer of quantum dot films and the compact structure of the quantum dot networks. Signifi-
cant enhancements in charge transport/balance in the quantum dot layer improve electrolumi-
nescent performance. These findings suggest routes towards creating large-scale optoelectronic
devices in displays, solid-state lighting, photovoltaics and image sensor application. This pa-
per will cover the more details of scientific and technological challenge in the areas of the above
applications.

Notes:
Cd based dots mainly.

Liquid Crystals for High Performance Thin Film Transistors

Jun-ichi Hanna, Imaging Science and Engineering Laboratory, Tokyo Institute of Technology,
Yokohama, Japan
Abstract: Discovery of electronic conduction in liquid crystals 1990s let us recognize that liquid
crystals are a new type of organic semiconductors exhibiting self-organization into molecularly
oriented films. Since then, various device applications of liquid crystals has been proposed,
which include photosensors, light emitting diodes, solar cells, and field effect transistors. How-
ever, no liquid crystalline device competitive to the those fabricated with conventional ma-
terials systems have been fabricated in spite of unique properties of liquid crystals including
high mobility up to ∼ 0.5 cm2V−1s−1, which is two to three orders of magnitudes higher than
those of amorphous material.
Here, we propose a new application of liquid crystals in the form of polycrystalline thin films
to field effect transistors, in which we can utilize the liquid crystallinity in film fabrication
processes and for improvement of thermal durability of the films. A liquid crystal exhibit-
ing smectic E phase designed specially for solution processed organic transistors, 2-decyl-7-
phenyI-[1]benzothieno[3,2-b][1] benzothiophene (Ph-BTBT-10), exhibits mobility up to 14.7
cm2V−1s−1 (average mobility as high as 11.7 cm2V−1s−1 for 49 transistors) and thermal dura-
bility up to 200 ○C in bottom-gate and bottom-contact field effect transistors fabricated with
its polycrystalline thin films from a precursor of smectic E thin films.
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Polymer gate dielectrics for high performance solution-based hybrid
metal-oxide-semiconductor thin-film transistors

Vincenzo Pecunia, Cavendish Laboratory, University of Cambridge, Cambridge, UK
Abstract: Widely employed by the organic transistor community. polymer gate dielectrics
can be tailored to give optimal active interfaces in combination with organic semiconductors.
Their suitability for other classes of semiconductors has remained largely unexplored, how-
ever. Most notably, amorphous-metal-oxide semiconductors, at the heart of another emerging
transistor technology, have been traditionally used in conjunction with inorganic dielectrics,
on the basis of their electronic and thermo-mechanical compatibility. Given their ease of pro-
cessing via low-temperature solution-based methods, the adoption of polymer dielectrics in
metal-oxide-semiconductor transistors is, in fact, of great technological interest. Additionally.
the resulting transistors give access to the electronic properties of such hybrid interfaces, the
understanding of which is still limited.

The present work demonstrates the general applicability of polymer insulators as gate di-
electrics for metal-oxide- semiconductor transistors, and gives insight into the electronic prop-
erties of their active interfaces. A range of polymer dielectrics with different functional groups
are employed in combination with solution-processed indium-zinc oxide, all giving hysteresis-
free transistor operation. An energy-band alignment suitable for charge confinement can be
inferred from the extremely low gate-leakage currents, below 10 nAcm2 at electric fields in the
MVcm−1 range.

The extracted mobility varies approximately linearly with charge density, with values consis-
tently in the range of 2-6 cm2V−1s−1. in particular, the mobility exhibits a very weak depen-
dence on the permittivity of the polymer dielectric, giving an indication of the delocalised
nature of the charge carriers in the metal-oxide semiconductor. The extracted subthresh-
old slope of all transistors corresponds to an effective trap density comparable to the values
reported in the literature for fully-inorganic metal-oxide transistors, demonstrating the excel-
lent interfacial properties allowed by polymer dielectrics. Among all dielectrics, a fluorinated
relaxor-ferroelectric polymer enables low-voltage operation and achieves the lowest trap den-
sity. Finally, the hybrid transistors exhibit excellent stability under bias stress. The negligible
threshold voltage shift observed under constant current is compatible with charge trapping in
combination with most of the polymer dielectrics. All polymer dielectrics employed in this
study are solution-processed and low-temperature. Given then remarkable performance pa-
rameters and stability of the resulting hybrid transistors, we thus believe that the combination
of polymer dielectrics and precursor-based metal-oxide semiconductors have the potential to
meet the challenges of large-area electronics.

28



Structural Control Over Supramolecular p-n Heterojunction
Nanostructures

Subi J. George, Supramolecular Chemistry Lab, New Chemistry Unit, Jawaharlal Nehru Cen-
tre for Advanced Scientific Research, Bangalore
Abstract: Supramolecular organization of Tr-conjugated systems is the topic of meticulous
research, as this provides efficient bottom up approach for the design of organic nanowires for
applications in nanosized electronics. Since the advent of metallic properties in charge-transfer
(CT) crystals, formed between electron-rich and electron- deficient aromatic molecules, several
works have been carried out for the design of various macromolecular CT ensembles with high
conductivity and better processability suitable for organic electronics. Segregated (orthogonal;
p-p-p... and n-n-n...) and mixed stack (alternate; p-n-p...) are the two types of organisations
possible to form a p-n hetero junction. Both these organisation are shown to have interesting
charge transport properties, in particular, former strategy is more suitable for photovoltaics.
Although, mixed stack p-n junctions having interesting charge carrier mobilities are widely
investigated in crystalline and liquid crystalline phases, their self-assembled organic nanowires
is not well explored, as it requires better molecular design. Recently we have shown that high
aspect ratio, CT nanowires having mixed stack p-n junctions can be made through a non-
covalent amphiphilic design, which showed excellent transport features on a FET device. We
have further extended this non-covalent strategy to make 1D nanostructures having segregated
p-n junction organisation of various donor and acceptor molecules, such as phenylenevinylenes
and viologens. With appropriate structural modification of these molecules, we could achieve
control over the formation of segregated and mixed stack p-n hetero junctions with well-defined
interface structure. Photoconductivity measurements revealed high charge carrier mobility for
segregated p-n hetero junctions than the mixed stack organisation. We have also shown re-
cently a novel chirality driven self-sorting approach to control the supramolecular organisation
in donor-acceptor nanostructures.
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