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Early Industrial Use of Carbon e DASE

1 Graphite was used to line the moulds before

iron was poured in

1 Graphite used as an additive on the outside
of cannon balls
1 High heat stability ensured higher accuracy

when fired
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Coal is an Important Energy Source e DASE

Coal burning for energy

Global Energy Consumption by Source, 2012

Non-hydro
Nuclear renewable
Hydroelectric 4% r 2%

7%

Gasification

'b

Natural Gas
24%

O Fischer-Tropsch process (1925) Coal is still an important player in the
H, + CO — C,Hpn + Hy0 energy landscape

1 Coal to Liquid: Creating Synthetic Fuel
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Carbon... the origin of chemistry SEBASE

The range of products created by chemical reactions
are all derived from carbon feedstock

Agricultural Products

Dyes and Foodstuffs
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New Carbon Materials: Carbon Fibers E'BASF

Market share of industry leaders
) Thomas Edison used

carbon fibers made s6L.(0)
from cotton or bamboo 5%
in early light bulbs

y others
W 12%

Hexcel (US) Toray/(JP)
: a ' 32%
2 Low tensile strength 7%

but high heat tolerance Cytek (US)
7%

Toho (JP)
Zoltek (US) MR(P)  1g9
g0 11%

] Production methods improved with

polyacrylonitrile as a starting material 0 2010 36.000 t/a

(AIST Japan)

J First attempt at integrating carbon fiber 1,3bn USD
into an engine by Rolls Royce in the -l 2015: fest 60,000 va
1960s e

1 Increased use of carbon fiber
reinforced polymers / composites
(CFRPs)
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Carbon fibers 0-BASF

Description Applications
Organic materials pretreated at a high temperature Aerospace & Aeronautic
Thin strand of material (5-10 um) which contains 92% e wings, flaps, stabilizers

Feedstocks:

to > 99% Carbon w

Polyacrylonitrile (PAN)

Pitch (coal or petroleum tar)

Use as reinforcement in Plastics (CFRP) rackets

Automotive
body panels, hoods (premium
sport cars)

Properties

"~

/_\

Ed \
_— 0
RN

Light weight

7.\ B
08

Good fatigue resistance

High strength and stiffness
Good conductivity (thermal and electric) Wind energy
Chemical inertness (e.g. towards corrosion) turbine blades

Low thermal expansion




Carbon fibers
Manufacturing of Carbon fibers 0-BASF

Processes from Pitch and PAN

I f
Pitch preparation b) O@‘O‘ 09?00
) xR

Fiber spinning (wet)

Fiber spinning (melt)

o o
12 0, ¢ ¢
e oo (10r0e) 1 H
0 0 Stabilization oo BB OB BB e
CH 2 . . o HSCF SCF NCF SCF ~CF ¢
"0 =% (oxidative, 200-260°C) L [ 1 ]
5 HC§N/C\N/C\N/C\N/C\N/C
320 LN
QO™ s o
"o \C/N\jéN\‘ié"\I/N\c/
|
Carbonization /é\lc/ﬁ\lc/ ﬁ\li./ u\“:/ A
(inert, to 1500°C) \Cu/é\g/é\g/c\g/c\g/g
| |
PN J\\ /lxN/c%N/C\

Graphititzation
(inert, to 2500°C)

source: K. Lafdi, M. Wright, Handbook of composites (1998)
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Carbon fibers
Value chain O-BASF

The Chemical Company

sl
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Raw Material  Precursor  Carbon Fiber Fabrics Prepregs Preforms CFRP* End-user
Continuous . .
N (Small tow, Multi-axial Pre- Manual lay-up  car chassis,
Acrylonitrile . ¢ Unidirectional . Resin Transfer rotor blades,
: Pitch Large Tow) impregnated Preformed .
Pitch Woven Molding (RTM)  plane
Chopped & , Compounded ) .
. ) Braided Pultrusion wings....
milled Fibers
* CRFP = carbon fiber reinforced plastic
Toray, Mitsubishi Rayon, Hexcel
Boeing
INEOS Zoltek EADS
Asahi Kasei BMW
Petrochina Lenzing AG Toho Tenax, SGL, Cytec .
Daimler
DSM
Gurit Vestas
sources: Carbotech

Lux Research, Inc., SGL website
03.05.2012



We Create Chemistry for
Sustainable Mobility e DASE

.i‘ﬁ-r",l .i'l.rl-l

v Chemistry enables...

Transportatio ‘ fi@_ w\ Good
Batteries for at Enzvmes
mobility management y

Lightweight
composites

Heat
management

e
—

 Hee ! 7 ergy &
~ Nutrition™ ;b Res
- Organic Plant
Functional Rare Earth
Crop Care Metals Recycl.

6 _/‘»
p T
£

wind Energy

Water Solutions

Raw Material Change
Materials Systems & Nanotechnology

White Biotechnology
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Growing Demand for Carbon Fiber
Composite Technology O -BASF

The Chemical Company

BASF and SGL Group on the Way to Reactive
Polyamide-Carbon Fiber Composites

2012-10-04
P-12-442

Joint press release from
Disseldorf

DE /EN
HOME COMPANY PRODUCTS PRODUCTION CAREER CONTACT

SGL

AUTOMOTIVE CARBON FIBERS

SGL Group:  Hall 8b, st
BASF: Hall &b st

Ludwigshafen/Wiesbadd

0=520 0N 4

joint
venture on carbon
fibers for composites

We are setting new standards with our sustainable and cost-effective production and positioning the BMW Group to | More information on the '
= s

We stand for lightweight construction.

SGL Automotive Carbon Fibers (ACF), the joint venture between the §
20089 for the exclusive supply of carbon fiber materials to the BMW Gi

CARBON FIBRE DEMAND BY REGION BY WEIGHT (2006, 2011 & 2016)

CAGR %
Llnats: "000 townes 2006 11 2016 2006-11 2011-2016
Europe 19 45 99 15% 17%
Morth America 0.0 15 37 - 7%
Asia 0.0 11 af 133% 39%
ROW 0.0 04 13 - 28%
Total 19 7.7 226 3200 24%

05/09/2014 11



Cost of Composite Automotive Parts Need to Be
Reduced Along the Value Chain

800
Relative comparison !

_ _ ub
for parts with same function

-30%
CFRP '

560
guasi-isotropic 124 /

-40%

matrix

relative _ aluminum
part cost high strength

steel
€ steel

steel CFRP CFRP

<:EEEEB?’ 2020 today
relative
weight

100

05/09/2014 Source: RolandBerger, VDMA, 2012, ,Serienproduktion von hochfesten Faserverbundteilen®

0 -BASF

The Chemical Company

—

process costs
(labor + tools)

material costs
(raw materials
+ auxiliaries)
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Diverse Markets for Carbon
in Energy Storage S BASE

The commodity carbon market is dominated The carbon market for energy storage is
by purification/filtration applications which a specialty market, requiring high surface
require high surface area area and/or electrical conductivity

Asia/Pacific

Activated Carbon Demand 39%

(1.2 Mio metric tons, 2011) Lithium-ion battery
- _ anodes (graphite,

carbon black)

North America
N 28%

Supercapacitor
electrodes
(activated carbon)

Westem Europe
15%

Fuel cell catalyst -5 18
support (graphite) - {
< (. 13 g

Source: Freedonia
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Activated Carbon World Market -

AC Consumption | oo | [kya] | 2011-2016

® 40% water treatment,
Global 1.180 1.930 10.3% ® 40% air & gas purification
® 10% food processing

® 10% chemical, pharma & others

Calgon Carbon Norit
15.7% 13:7% Relevant Markets for BASF

MeadW estvaco
6.3%

® Supercapacitors

Oth

Market ADA-CS 5.0% ® Catalyst Supports

Leaders Jecobi Carbons ® Batteries & Electrodes

: .070
- Kuraray 3.6% ® Solvent Vapor Recovery
Osaka Gas 3.4% o CH4 St(_)l’age
s ® Protective

48.6%

Source: The Freedonia Group, Inc. 2012
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Structure of Activated Carbon 0-BASF

“Steel wool” structure model

Stacking | A Leeseen,,
. Cluster Unit | “ " s .
entangled single carbon layers ﬁ \
‘ Micro-Domain

enclosed voids form porosity & surface \ ; =

5

SiteCompE&sSubNo=

Html&action

http://www.powercarbon.co.kr/index.php?module

Source: Power Carbon Technology

05/09/2014
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0 -BASF

Requirements for Supercapacitors i Cony

Major Requirements on AC
High surface area (BET > 2000 m?/g)
Defined pore size distribution
Micropore volume (d,,e < 2 nm)
Mesopore volume (d,,e > 2 M)
Low impurity content (< 1000 ppm)
No chemical and electrical activity
Good wettability for electrolyte
Uniform particle size distribution (~ 5 pum)
High packing density

Low electrical resistance

lons
Mesopores

Accessible
Micropores

Inaccessible
Micropores

Carbon Electrode Material
with Electrolyte

16



The Emergence of Nano Carbons e BASE

Named after Buckmister Fuller,
designer of the geodesic dome

@ The Nobel Prize in Chemistry 1996
. Robert F. Curl Jr., Sir Harold Kroto, Richard E. Smalley

1 The discovery of fullerenes
paved the way toward tailored

- syntheses of complex carbon
The Nobel Prize in Chemistry 1996 was awarded jointly to Robert F. Curl Jr., materials

Sir Harold W. Kroto and Richard E. Smalley “for their discovery of _ _ o
Aillaranas® J With electronic characteristics

that expanded the use of organic
Photos: Copyright © The Nobel Foundation molecules into electronics

] Very good n-dopant material for
organic photovoltaics

05/09/2014 17
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Dyes and Organic Electronics e DASE

) The chemistry and physics of conducting
molecules and polymers developed into the
field of organic electronics

Ever increasing adoption of organic
electronics into systems

From the building blocks:
OOO Synthesis of new dyes for

.w B DSSCs, with several
‘ OOO contributions from Prof. Mllen
Anthracene . " &

‘
Q O

Fluorene

O

Organic PV in
smart4vision

05/09/2014 18
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http://www.engadget.com/2011/09/02/daimler-smart-forvision-a-solar-powered-roof-with-plastic-wheel/

Carbon Nanotubes
Enhancement of Mechanical and Electrical Properties | The Ghemical Company

CNT Application Milestones
A

24 : 5 Publications

—fi— CNT
— Graphene

1000)

Issued patents

- CNT
e (Graphene

CNT production
capacity

Estimated
Confirmed

il e ﬂé_/:——-— i

(reakjuoyopy) Ayoedea uononpoid

———
A

Annual publications or patents (
! I
N

L]
2004 2005 2006 2007 2008 2009 2010 2011

Winning Tour de France
bicycle uses CNT
composite

Shlp hull coated with Printed CNT transistors Juno Spacécraft uses

antifouling CNT paint on polymer film CNT ESD shield
05/09/2014

19



Carbon Nanotubes e
1-Dimensionality The Ghamical Gompany

ARKEeMA

The world is our inspiration

1 Production of CNTs undertaken by several |
companies na@y

1 Most notable is the divestiture of CNT business
by BayerMaterialScience in 2013

] Key to success is system enhancement and

integration rather than large scale production of 1 BASEF product: Ultraform®
CNTs N2320 C for fuel filter
housing

J MWCNT filler

1 Launched in 2009, used
by Bosch in Audi A4 and
A5

05/09/2014 20
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Graphene Is a fascinating nanomaterial

: : : 0 - BASF
. .In One dlmenSIOn The Chemical Company

Lateral Dimensions = Micrometer

Thickness = strong
Nanometer
flexible
light
B High electron mobility B High transparency
® High thermal conductivity B High mechanical strength

05/09/2014 21



Promising Properties of Graphene

Property

Mobility (cm?/Ves)

Transparency (%)

Resistivity (uQcm)

Surface area (m?/g)

Thermal
conductivity
(W/meK)

Ultimate strength
(GPa)

05/09/2014

Graphene — 200k
Si — 1400
GaAs - 8500

Graphene — 97.7

Graphene - 10

Doped graphene — 4.02
Cu-1.68

Pt-10.6

Graphene - 2630
Activated C - 500
Silica - 800

Graphene - 5300
Silicon — 149
Diamond - 2320

Graphene — 130
C-fiber — 4
Steel - 1

Transistors

Photovoltaic

Interconnect

Energy storage

Heat management

Composites

0 -BASF

The Chemical Company

Longer time
to market

Uniform thin
films, higher
application
complexity

Moderate time
to market

Powder/flakes,
lower
application
complexity

23




The Carbon Materials Innovation Center
at BASF O-BASF

Joint research laboratory leveraging knowledge of BASF and MPI-P

1 Facts & Figures:

1 First co-location lab on BASF site

1 8 Postdocs, 4 BASF employees

Max-Planck-Institut fiir Polymerforschung

Max Planck Institute for Polymer Research

] Total investment over 3 years: €10 million

1 Among the Focus Fields:

1 Energy Storage Materials
] Catalysis

) Transparent Conductive Layers

1 Carbon Semiconductors

05/09/2014
23



“Graphene Is Not Graphene”

The Importance of Defining the Material 0-BASF

The Chemical Company

G . [[Micromecharica Graphene via Exfoliation of Graphite
\
| Chemical Treatment | -
. 2 - —>
\ A
Intercalation Graphite
E Compounds Oxide ) ) . . .
o L 1 Oxidation or Graphite Oxide Reduced Graphene Oxide
2 v Intercalation Intercalated Graphite Exfoliated Graphene
E | Exfoliation & Reduction |
* Schniepp, H. C. et al.; J. Phys. Chem. B 2006, 110, 8535 -8539
WS Source: Ahmed Abdala
GRAPHENE L
MATERIALS o losn S o
Iy B Graphene’s Competitors
| o
= . .
Chemical Gas Phase Epitaxial c | Carbon BIaCk, Graph|te, ACt'Vated Carbon
Synthesis Growth Growth o
B Large-volume commodities
W Typical price range 1 — 10 $/kg
05/09/2014
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Recent Research Highlights from BASF

. ADVANCED
MJ«*‘B ANERSTs
View'S advenergmatde

www MaterialsViews.com

Screen-Printable Thin Film Supercapacitor Device Utilizing
Graphene/Polyaniline Inks

Yanfei Xu,* Matthias Georg Schwab, Andrew James Strudwick, Ingolf Hennig,
Xinliang Feng, Zhongshuai Wu, and Klaus Miillen*

1 Printable energy storage devices

] Increased printing speed of 0.1 sec/electrode

0 -BASF

The Chemical Company

I Plastic Sheet I

+
-

| Plastic Sheet I

Y. Xu, M. G. Schwab, A. J. Strudwick, I. Hennig, X. Feng, Z. Wu, K. Mullen Adv. Energy Mater. 3, 1035-1040 (2013)
Y. Xu, I. Hennig, D. Freyberg, A. J. Strudwick, M. G. Schwab, T. Weitz, K. C. Cha J. Power Sources 248, 483 (2014)

05/09/2014
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Various Approaches of Making Si Anode
Materials Employing Carbon & Graphene | & i

The Chemical Company

Si coatlng of C

Si-Graphene
multilayer coating Core / Shell
@ Si ’ ' Si '

Porous Si-C

10 pm

——

Si & (fdr Graphene
mixing by milling or pyrolysis

05/09/2014 26



The Future Role of Carbon

- - - BASF

Solving New Technical Challenges The Ghemnical Gompany

Today’s Trend: Synergies with combinations of Future Trends: Creating Hybrid Materials
new and established materials (Contribution by Prof. K. Mllen)

Carbon for efficient water and

: e L. Energy Storage and Mobile Technologies
air purification membranes

Lightweight New supercapacitor
composites technologies with
hybrid structures

» /
- -

hAdsorptionand A | | L ’ s

assembly of CTAB /il'lvasopofe e

e ' .«f , Pore wan?

ii) TEOS Hydrolysis < — =

iii) CTAB removal ( ' Graphene
3D Macroporous Graphene Aerogels 3D Macro-/Meso-porous Graphene Frameworks

DOI:10.1021/ja308676h ’

Photoluminescent

DOI: 101021/]a204953k graphene guantum dots
(D =60 nm)
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Prof. Mullen in the Academic Space e DASE

Graphenes 3s polentlal matertal Tor electronics | Alomically precise boRom-up fabrication of graphene ARarobons | Large single-molecule fludresc ence enf@ncements produced by a bowlle nanoanienna | MRrogen-Doped Ordered Mesoparous Sraphiic Aays with
High Elecirocatalyiic Acihty for Ouygen Reduclion | Transparent caron fims a5 elediodes In organikc solar cells | Faoricalion of Graphene-Encapsulated Oxkde Nanop@micles: Towarnds High-Peror mance Anade Malerils for LRhlum Storage | Two-dimensional
graphen: ranariobors | Composies of Graphene wil Large Aromatic Molkecules | Fleld-eTedt transkstars besed on 3 benzailadlzzok-cpelopemadiniophen: copalymer | Dispersion of Graphene Sneets in Onganic Salent Supported by lani Interaciions | URranign
Mobliky In Palymer Fleld-Efect Translstors by Deskgn | Palyphen ylene-B ased Materials for Organkc Photovalales | Towands high crange-carrier mablifles by ratloral deslign of e shape and periphery of discolics | The Influence of Mamphalogy on High-Perfamance
Palymer Fleld-EMect Transkstons | Graphene-Based Carbon Mirikde Manosheets 35 EMclent Metal-Free Electrocat alysts for Oxygen Reduction Reaciions | Ladder-type pentaphenylenss and Melr polymers: EMclent blue-light emiliers and eleciron-accepiing materizls
via 3 cammon inlermediate | Pyrene-Based Materials for Organk Elecironkcs | Graphene-Based Nanosheets wilh 3 Sandwich Stnucture | Pallemed Graphene Elecirodes from Solullon-Protessed Graphie Oxide Fllms for Organic Flek-ENed Transistors | 30
KRroegen-Doped GrRAphene AeroagelSupparted Fe 304 Nanoparicles 35 EMclent Elelrocatalysts for be Oxpgen Redudlion Readlion | Graphene 35 Transparent Elecinode Matertal for Organikc Elecironics | Nanagraphene-Constnucied Hallow Carbon Spheres and
Thelr Faworadle Electroaciiily wil Respect o LRAum Sorage | imtramalecular change-fransier g of perylenss. Speciroscople featunes and performance i DyesensRized salar cells | Dkeno[2, 332 °3 -0 Jeerza[l. Hn 450 Jmilahene (DTEOT) a8
Semiconductor for High-Permmance, Solkflon-Processed Organkc Fleld-Effed Transkstars | Sandwich-Like, GrapheneBased Thanls Manosheets wil High Surface Area for Fast LRhlum Slorage | A boSom-up approach from malecular ranographenss fo
uncomentionsl carbon materials | High Mermal staolity and righd rod of novel onganos aluble palyimides and polyamides m@sed on ulky and moncoplanar raphtiElene-olphenyldimine | The Rylene Cokarant Famiy-Talkored NanoemRers for Phofonles Research
and Apgplications | Synlesls and sel- l:-r,a'ulz.arll:-'n of :b:-r&em'r:lezl perylene '.E’m,ar'.n:-xdllmldas Wit branched alkyl substRuents | =N:-rl:us raphenes wo-dimensknal palymer syrthests wih Somic precksion | Ligukd Crystaline Ordering and Charge Trarsport In
Semiconducting Malerials | An imorowed Perylene Sensiizer for Solar Cell Agplicafions | Ssf-assembly of periodic Dicomg Il.:r:m'ﬁ | Epfaxlal composie layers of electron donors and acceptors from very lange poljcyclc aromatic hydrocanans |
Manographenes 25 acive components of shgle-molesule elotronles and how 3 scamalng uAReling micfoscope g g stnuctureProperty R elstionships In DRRlencsliok-B enzothitadiazale Donor-Accentor Copolymers | Blusgreen up-
comverskor Noncaherent exciation by MIR light | A one-siep approach towands camon-encapsul aed hollow il In IFlum baferies | Palyphenylenedype emisshe materials: Paolypara-phenylensls, polyfluorenes, and ladder
palymers | Rewaling competfive Forster-iype resonance enengy-iransier pahways in singke olehromaphorks Bl on oridged phenylenss s electronks materizls | Catalyst-iree Preparation of Melamine-Based Microporous
Palymer Nefwarks Tiraugh Schiff Base Chemistry | Probing intramolecular Forster resonance enengy ansi il mide- based dendrimer by ensemble and single-malecule luorescence specinscopy | Improving palymer
transisiar parfarmance via marphaokagy contral | Malecular Clesters In two-dimenskonal surisse-carfined na g dymiamics | A Sermanium-Carbon Nanotomposhe Matertal for Linlum Batteries | Probing comormational
dymamies In single donor-accepior synfetlc malecules by means of photalnduced reversiok ele*'r-:"n pr/metal and carbon'metal axde nanotomposies | Three-Dimenslonal Mirogen and Baron Co-doped
Graphene for High-Performance Al-Solid-E3ae Supencapachons | Ladder-type pentaphenylens dyes pd LV Phofone ductlon of Graphene-Palyoxometalsie Composke Flims for Elecronlcs | From industrial
calarants 1o single photon sources and blokbels: The T2scination and Tundtlon of rylene dyes | Rels iRy of oranched alkyl hexs-perHnexabenzocoronenss | A new phatostabke terrdene dimide dye for
Fplicatians In single molecule sldies and memarane Ebeling | EMclent Synhesls of Helenatom ( Porous Sllkca Sheeds Tor Ok ygen Reduction Resdions | Bolom-Up Fabrication of Pofoluminescent
Graphene Quanium Dots wikh Uniarm Marphology | Mest yloaron-suostRuied [adder-iype pantanha J properiles | Twre&:-l'newah'sal Graphene-Based Macr- and Mesoporous Framewarks for High-
Parfarmance Electrozhemicl Capaciie Enengy Storage | Direct Accsss o Metal ar Metal Oxde E for Electrozhemizal Enengy Storage | PhatovoRals charge generation visusimed tthe namoscsle
A proofof principle | Synthests and applications of core-enlarged perylen e dyes | A nexa-perbne;al electronics | Tramsparent, Thermally Stabke and Mechankeally Robust Supernydrophaoble Surfaces
Made from Porous Sllica Capsules | Surbce-assisted oyclo dehydrogenation provides 3 syninetic ng nes | Tunlng Me Columnar Organtzation of Discotl: Polyeyolic Anmatle Hpdroc amons | Elcronic
excialion energy irAnsker between Mwo single malecules embedaded In a palymer host | Two-Dime recursor MobliRy and Reacivity | Large polyeyell: aromatic hydrocarons: Syiheslks and discolls
arganization | Graphens Nanoriobans by Chemists: Nanometer-5ired, Soluale, and Defect-Free | ducior 3 surfaces Long-range mass trans part forming gilant Tuncional fibers | Exchon fsskon and
fusion In bisfetracens) mokecules wil difierent covalent linker stroctures | Enengy and electron trang ten armerElr to zigzag peripheries In nanographenes | Controlle d Sef-Assamoly of C-3-Symmetric
Hiex a-perH 2@ be rzoconon en es Wit ARemating Hydrophillc and Hydrophoble Sussiuents in Sold Dmatic hydrocaroons | Poroes Graphens 35 an Atmospherkc Manofiler | From M3 '-:r"mme-ue and
Graphene Nanario bors 1o Graphene §heets Chemicl Synthesls | Change-Carrer Transporting Sra fin Higrily Ordered Single Palymer Flbers | Rational Oplimization of Benzo[2, 1400340 }clmll:- pnene-
Contalning Palymers Tor Crgankc FleldEMedt Tramslstars | Deskgn sirglegles for ongankc semico nphene Dendrimers wilh 3 HexaperHhexabenzocoronene Care-Symests, Characertzation and
Performance In Bulk Helengjunciion Solar Cells | Saf-Assembly of @ Donar-Accepior Dyad Across Elecironics | Sef-assembly of posiiely charged discofic PAHS. From nanafioers W nanolubes |
Palyoxcmetslsts assisted photoreduction of graphene axide and Bs nanocomposie formation | Rein i mydrogen bonds: From microescople aggregates to macroscanle fluarescent angamogels | Pyreme 38
chromonhone and ekecrophane Encapsulation in 3 righd polyphenylene shell | Blue-emiBing camon- =18 Visuzlizing and contralling vibratioral wave packets of sihgle molecules | Waler-salubke monofunciional
perylene and terrylene dyes: Powerful Bbels for single-enzyme racking | A conjugated palyearazole ring moping In Single Mokecular Jundions by Measuring Lengih and Temperature Dependence | Comtrolinle
Srowih and Fleld-Eniect Propery of Monala yer o MuRlayer Microstiripes of an Onganic Semiconducior | Expl with ulr 3stabie perylens dyes | Difusion of orenled single molecules with s wRchatile motliiy in networks
af lang unidimenslonal nanochannels | Vapor samilon and ekecncal resporse of Au-nanapanicle-dendrimer o fecalke Archifecture and Funcilon In P hotowl 3l MuRkchromophonic Arrays 25 Visallz ed by Kelin Praoe Force
Milercescony | Bermof1.2-40 - 4,50 uls[p]nermothlophane 35 solublon prosessibke arganic s emiconductar for feid-d Bojunciion photovoRzles besed on alkyl substRuted discofics | The Efect of Solvent AddRlves an Marpholagy and
Excled-Siate Dynamics in PCPOTET:PCEM PhotovoRzle Blends | Solufion Processalble Fluoren yl Hes-perHne ;a0 eis 'ect Transkstons and Salar Cells | Synthests of Microporaes Carmon Nanofibers and Manotubes from Canjugated
Palymer Metwark and Evaluation In Electrochemical Capachar | Polypyrene Dendrimers | Anlemine-subsifuted oligofiadd BREr Ylen 2)s- Electronic communication Detween bridged redox cenfers | Nowel core-expanded ryleneols(dicarmoximloe) dyes
bearing peniacene wnlks: Faclle synihesks and pholophyskal properiles | From ambl- o wlpolar beraviar in discolic dye field-efect iansksiors | Poliriphenylens Dendrimers: A Unlgue Cesign for Blue-Light-Emling Materials | One-dimenslonal porous
carmonplainum composhes for nanoscake eledtrodes | SynMesks of conjugated polymer namopanicles I non-agueous emulsins | Vines-lke Panicles Templaied by DNA Micelies: A General Memod for Loading Vines Nanocarriers | Polyphenylene-pyridyl)
dendrimers: Synthesis and femplating of metal renopanicles | Hellcal packing of discofic hexaphenyl hexa-perbne;abenTaooronenes Thean and experiment | A Divergent Synthests of Vary Lange Palyphenylens Dendrimers Wil iridiom{in Cores: Malecular Skze
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