l ‘ ( : ' ‘ ] “Café com Fisica”
Sdo Carlos, 07t" of August/2013
Importance of Structural Modification and

Molecular Dynamics on the Electrical Properties of
Organic Electronic Devices
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Motivation: Why Organic Electronics?

Synthesis and optical properties of a novel polytluorene dervative

C. Vijila®!, H.-K. Kyyronen®, M. Westerling?, R. Osterbacka®*,
T. Adritalo®, J. Kankare®, H. Stubb?

Semiconducting polytluorenes as materials for solid-state

polymer lasers across the visible spectrum™
Ruidong Xia, George Heliotis, Donal D.C. Bradley*
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Motivation: Why Organic Electronics?

Organic Functional Materials & Nano Devices
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Light-Powered Electrical Switch Based on Cargo-Lifting Azohenzene
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Paolo Sameri,* Marcel Mayor,* and Maria Anita Rampi*
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Motivation: Why Organic Electronics?

. . . nature ey
Organlc Bioelectronics: phOtOnlCS

A polymer optoelectronic interface restores light

sensitivity in blind rat retinas
Nature Photonics 7, 400-406 (2013) | doi:10.1038/nphoton.2013.34
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Diego Ghezzi, Maria Rosa Antognazza, Rita Maccarone, Sebastiano Bellani, Erica Lanzarini, Tailoring single photon

GRAPHENE PLASMONICS

Nicola Martino, Maurizio Mete, Grazia Pertile, Silvia Bisti, Guglielmo Lanzani & Fabio Damgiog mechanism revealed

. QUANTUI\Q KEYdDIdS‘I‘RéBUTIONd
Benfenati

Polymer restores retinas

a 0] pth Nerve b Control retina Degenerate retina
Ganglion Ganglion cell Light stimulus
cell layer

Amacrine cell
Bipolar cell

nuclear () Horizontal cell
e Cone
Quter
Rod
nuclear
layer

Replace Retina by P3HT/PCBM



Motivation: Why Organic Electronics?

Organic Functional Materials & Nano Devices

Organic
Electronics

plastic substrates, which means you can
use a very low-cost . . . substrate,” he says.
Addmona“\ organics are good for large-
area needs. For e\ample if you need a
piece of silicon for a fingerprint recogni-

Synthe5|s
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Plastic Energy

Picture a system that automatically tracks
and records each item selected as a shopper
moves through a market, beaming that
information to a checkout stand terminal so

Molecular
Robotics

throw it onward. The molecule in the
polymer goes through the same sort of
deformation when a charge hits it. The
goal is to minimize what's called “trapping
time, |1ke having the ball Just bounce from




Motivation: Organic versus Inorganic?

(" Safer, Cheaper, Lighter
@ @ Schen says organic electronics involves a

much smaller set of hazardous compounds
and materials than more traditional tech-
nologies. Gone are the arsenic (used in

7)
Safer: Highly toxic organic solvents for solution and synthesis ;
Possibility of usage of heteroatom: Se, S, P....

Acids are used during synthesis... alaselely
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Oxygenated functional groups in Graphene: ° © PreBSe

Usage of KMnO,/H,SO, /K /%



Motivation: Organic versus Inorganic?

(" Safer, Cheaper, Lighter

@ @ Schen says organic electronics involves a

much smaller set of hazardous compounds
and materials than more traditional tech-
nologies. Gone are the arsenic (used in

7)
Cheaper : It is not the price!l! But it initially was...
2009: Average price for silicon photovoltaic: 450 €/kg!
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Motivation: Organic versus Inorganic?

(" Safer, Cheaper, Lighter

@ @ Schen says organic electronics involves a

much smaller set of hazardous compounds
and materials than more traditional tech-
nologies. Gone are the arsenic (used in

-

7)

Cheaper : It is not the price!!! But it initially was...

2012 - China dropped the price to 20 €/kg....
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Organics: Where is the advantages?

Yes, OE still presenting great advantages...

1) Solution processing: Ease and priceless deposition methods.
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Organics: Where is the advantages?

Yes, OE still presenting great advantages...

1) Solution processing: Ease and priceless deposition methods.
2) Flexible Application: Deposition on flexible substrates.
3) Large area devices: lllumination panel/Large area photovoltaic.

4) Transparent materials: Windows-lighting application.

Yes, OE deserves attention!



Principles of Semiconducting Conjugated Molecules

Origin of bonding and anti-bonding orbital:
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Principles of Semiconducting Conjugated Molecules

Conjugated systems mmssssm) sp? Hybridization
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Examples of Conjugated Polymers




What can be done with those molecules?

Overview of recent results obtained at
Bernhard Gross Polymer Group

el olimeros




Memory with Graphene Oxide (GO)

Al thermal evaporation

(70 nm, under vacuum)

Exfoliation by modified Hummer’s method:
/' 4 I
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New approach for WLED

How to get white emission?

1) Blending polymer emitting at different colors: ﬁﬁ
O ¢ o ¢ o ¢
Drawback: Right amount of each/Learning by doing. T S _' o,
Phase separation... |
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New approach for WLED

How to get white emission?

1) Blending polymer emitting at different colors: _-lf
o ® ° o ® o
Drawback: Right amount of each/Learning by doing. 7 S : o'
Phase separation...

2) Using single device stack with multicolor emitting
layers:

Drawback: Previously deposited layers are dissolved by
subsequent ones!

3) Synthetizing single molecules that exhibits white

Drawback: Extremely challenging!




New approach for WLED

a) Blue-Green Emitter (90 nm)
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New approach for WLED

a)
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Mobility Measurement: Photo-CELIV

e How does CELIV work?

v

Jj(0) = (ee0A)/d
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W= -
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3412 | 1+0.36—
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Dispersiveness Parameter:

ratio ty /o /tmax



Mobility Measurement: Photo-CELIV

Gerador de fungoes arbitrarias
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Mobility Measurement: Photo-CELIV

Full Photo-CELIV response: B Extracted Current (Aj):
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12.3 1

Mobility (10> cm?V/s)

1.67 7

Mobility Measurement: Photo-CELIV

Temperature (K)

315 220 180 160 140
| | |

4.54 7

—» A W= expl-(T /T)7

T = (205 + 10) K

1o 20 30 40
(1000/T)? (K)2

50

Temperature (K)

(1000/T)? (K)2

Mobility vs. Temperature: Kinks and modulations...

s it real? — Move to standard techniques...
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Mobility Measurement: Current-Voltage

50K
— 340K
—360K
— 370K
— 380K
—390K
—400K
—— 1O
—420K

Modeling

J=p(x)emy E(x)]E(x),

€ dE(x)

e dx

=p(x),

u(E) = ﬂoeyﬁ

5 10

15

5

Voltage (V)

25 30

Electric-field and temperature dependence of the hole mobility in poly(p-phenylene vinylene)

P. W. M. Blom, M. J. M. de Jong, and M. G. van Munster
hilips Research Laboratories, Prof. Holstlaan 4, 5656 A4 Eindhoven, The Netherlands



Mobility: Photo-CELIV vs IxV

Remarkable similarity

Temperature (K)

315 220 180 160 140
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el T = 178K
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Mobility vs. Temperature: Kinks and modulations...

Why??



O Polymer Materials has mobile segments: — Rich and Unstable
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Molecular Characterization

Static 'H NMR Experiment — Line Shape Analysis
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High Resolution ss-NMR Techniques

v’ DIPSHIFT
v' Exchange Methods

F8BT: Molecular Relaxation Overview

Glass Transition: ~ 380 K

BN
ELSEVIER Progress in Nuclear Magnetic Resonance Spectroscopy 47 (2003) 137-164

S
7 X
N N

Molecular dynamics in solid polymers

com/locate/pnmrs
) N
Eduardo Ribeiro deAzevedo®, Tito José Bonagamba®, Detlef Reichert™* , \
“Instituto de Fisica de Sao Carlos, USP, Cai stal 369, CEP: 13560-970, Sao Carlos, SP, Brazil
“Department of Physics, Halle Universit edemann-Bach-Platz 6, 06108 Halle, Germany ' ' ' '
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Interpretation

How is this?

- ELT
o U
E 4 2

T<TB
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“Trap Controlled” Hopping

Hopping is impeded by deep traps

Mobility (10> cm?V/s)

12.3

4.54

1.67

Temperature (K)
315 20 180 160 140

T_= (205 + 10) KT

T =178K
0 10 20 30 40 50
(1000/T)? (K)?



Interpretation

How is this?

— |+
i

“Trap Controlled” Hopping

Structural/Motional Detrapping (regime)

Mobility (10> cm?V/s)

12.3

4.54 7

1.67

Shallower traps.

Temperature (K)
315 220 180 160 140

/

T = (205 + 10) KT

T,=178K

0 10 20 30 40 50
(1000/T)?% (K)?



Interpretation

How is this?

— |+
i

Hopping occurs free of traps.

Structural/Motional detrapping (regime)

Mobility (10> cm?V/s)

12.3 7

4.54

1.67

Temperature (K)
315 20 180 160 140

R - W= expl-(T/T)]
T =257K By |
T.=(205 + 10) K
T =178K
0 10 20 30 40 50

(1000/T)? (K)



v' Two main relaxation processes: ~ 210 K (B-relaxation) and ~370 K
(glass transition);

v’ B-relaxation: Side Chain Relaxation/ Glass transition: Main Chain
Relaxation

v'Electrical Measurements: strongly influenced by relaxations and
crystallization.

v" Interpretation: trapping and detrapping mechanism together with
molecular dynamics - structural/motional detrapping.
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Dielectric Relaxation

Molecular Relaxation detected electrically!!

1E9

0.56 Hz . 00
o O Relaxation ,e538s,

Eo.X

0.31 Hz ot
0.24 Hz s <
0.18 Hz o THoxene e
= 0.13Hz 000 9%00e) ¢
0.1 HZ ..‘..,q; pEpnE = V%
1E7 oSSmM“‘33302&”2#,2‘»«,. =

00m0 00 Ak ak kXA g 00 T Ohqya OB
0055@302**:3 2300000 qyaqst
um_ o9, % 09, P dyaen

C 8 B
PN ) 0305344008 o /WS
1E6 :*‘.*0'0:>::<«««’:«“vv‘o a
| ’:::l‘vx......... oo %"
N Xt;.-""'--ﬂ.-'
u
[m]

1E5 <<;4x§.x§‘

##"  g Relaxation
50 100 150 200 250 300 350 400 450 500 550
I(t) = Iy - sin(wt + ) Temperature (K)

1E8

e % 00 ¢

NP
N7ANY,

\(P‘

Real Impedance (Ohms)
vVAd4dDPODR

U(t) = Uy - sin(wt) 1E4

B — Relaxation: ~ 210 Kelvins o — Relaxation: ~ 380 Kelvins



Motivation/Goals

a Also, it is very common into the literature:

The transition from nondispersive to dispersive charge transport in

Behavior of the drift mobility in the glass transition region of some hole- vapor deposited films of 1-phenyl-3-p-diethylamino-styryl-3-p-
transporting amorphous organic films diethylphenylpyrazoline (DEASP)
M. Abkowitz, M. Stolka, and M. Morgan
Xerox Corporation, Webster Research Center, Webster, New York 14580 H Bisslcr o . _ o o
Fachb Physikalische Chemie und fiir Materialwissenschaften der Philipps-Universitdt,
|0‘3 I | | I T I I I D-35032 Marburg, Germany
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0 Decided to analyze such futures with more details.



Material and Samples

d Poly(9,9'-dioctylfluorene-co-benzothiadiazole) — F8BT
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Time of Flight Measurements
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Time of Flight Measurements

O Excitation: 9 ns pulsed laser - A =470 nm;
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Mobility (10 cm?/Vs)

Time of Flight Measurements
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Dielectric Spectroscopy

O Are those characteristics due to molecular relaxation/structural

N e
NVANY,

\cp‘

transition?
10 ‘E » | . I y | | | | | | y |
; s
< 0.24 Hz O<eeg"
1 = O<eoen -
¢ 0.35 Hz 9:::.
o 0.56 Hz Q9‘;’:;-
= 1.00H 1
w 0.1 ? L
OFen"
i 9" T=(440 £ 20) K
001 - T=(170 + 40) K 25: |
| dmseetang., b
’ L 2 —
0.001- @52'1 T=(360 + 20) K
5 o° :
50 100 150 200 250 300 350 400 450 50

Temperature (K)

U(t) = Up - sin(wt)
[(t) = Ip - sin(wt + @)



Wide Angle X-ray Diffraction vs DSC

Nice correlations with DSC results:

Normal Incidence
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How to interpret the Electrical Data?
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Current vs Voltage Characteristics
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Modeled Current vs Voltage
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Modeled Current vs Voltage
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Modeled Current vs Voltage
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Thin vs Thick films
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Thin vs Thick films

Thick Film
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B - Relaxation ~ 210 K

v - Relaxation ~ 120 K
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