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organicsolar cells (OSC) active materials

advantages donor (polymer) acceptor(small molecule)

absorbanceand photoluminescence
V' mechanically flexible ma o w w7
V  light weight I B g 1 - A efficient absorptionof sunlight by the polymer
low-cost production B R A red shifted absorptionspectraof acceptorcomparedto
non-toxic materials  © , — , . the polymer
pors. | , . y/ . A luminescencejuenchedin presenceof acceptor

challenges A efficient energytransferfrom donorto the acceptor

low efficiencies compared to " \\ /
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investigation of higkefficiency B
materials/ solvent additives ¥ ¥/ e |

scaleup to industrial scale | ' PBDRET-SF —n (TAF
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applications:

A architecture

A dothes ™ . ; A PBDBT-SEIT-4FbasedOSCachievean power conversionefficiency (PCEDf 13% [7] ‘ : 300 400 500 600 700 800 60 65 700 75 80 850 900
A art e . S ™ o photographyof ap”nted OSC wavelength [nm] WﬁVClGl’lgth [nm]

in situgrazingincidencesmall energyconversion
angle X-ray scattering(GISAXS

a. absorption of sun light and generation of excitons
P J J d. charge transport to the electrodes

b. exciton diffusion to the polymer/small molecule interface .
POy e. chargeexctractionat the electrodes

C. exciton dissociation into free chargarriers

meniscus guided slatie coating

main componentsof the printer:
advantagesof printing OSC: A syringepump
A printer head
A motor for movingsample holder
A windowsfor closedatmosphere

V up-scalable adjustableparameters
A concentration

A flow rate

A printing velocity

A height

V low-costproduction

V low concentrationof solution

IN situprinting

In situ printing:

A structure formation duringprinting
important for the PCEBf OSC

A printing anddryingneedsto be
understood

grazingincidencesmall angle X-ray scattering(GISAXS):
V largersamplearea

V inner morphologyis probed

V high statisticalsignificance

V/ suitablefor amorphousmaterials

in situ printing with GISAXS:

measuredat the beamlineP03 atthe DESY,
Hamburg

highbrillance
smallmeasurementimes(0.1s perimage
sampledetector distanceof 3176mm
energy. 12.7keV

il 1N Situ optical microscopy and UV/VIS

_ drying of a thin film of PBDBI-SF:174Fprinted
vertical cut: :
191 "k £ : d . 0t = atroomtemperatureout of chlorobenzene
A reflectedspeculatbeam = i s W i ' | e SRR IR R .
. . i e g ' ; : - 0 1. wetfilm, flat surface
A Yonedaegion(critical angleof PBDBT-SF at ‘ ' E o & ‘ A g fa | & w e 5t .
0.11°for 12.7keV) A horizontalcut 2. slghtlywavysurface
3. distinctwavysurface
4

withdrawl of wet film, dryingfrom edgesof
substrateto the middle
final dryfilm

‘ structure formation from the start of the printing

to the final dry filmcanbe followedin Situ UV/Vis GISAXS

intensity [a.u.]
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‘ significant structure growth alreadyvisible at the | | ;
detectorimages | 101

vertical and horizontal cut:
2Dcolor plot

horizontal cut:

A modelingstructure sizesanddistances |

A effective interfaceapproximationof the
distorted wave Bornapproximation(DWBA)
andlocalmonodisperseapproximation(LMA)

A polymersascylindricaldomains

Frank Condorprinciple energydiagramm

IT-4F in CBolution IT-4Fthin film

N UV/Visspectroscopy 8 [8]
\ excited state A electronictransitionsfrom the electronic [ ]
\\» V=1 groundstate to the excitedstate
\
AN
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intensity [a.u.]

static

—
A " v=1 < . . . . :
0 A vibrationallevelsdeterminedwith Gaussian

ground state fit (of equalwidth)
— A amplitude: probability

//v=0 ! . A width: order/disorderof the system

nuclear distances

in Situ data modeling 0 100 200 300 400 500

GISAXS A 3structuresand 3 correspondinglistances tlme [S]
dataand A 40nm structure size(blue) is mostimportant for OSC
model

0

5 phasesof drying[8]: J

[8] PBDBT-SF in CBolution [8] PBDBT-SRhin film

1
[8)]
on

wet film, no significantgrowth of structures

first structure formation, slowstructure growt IT-4F:Gaussiarfunctions
fastgrowth of strucutres PBDBT-SFGaussiarfunctions A width changeg0.19eVto 0.27 eV)

reductionof distances A width changeq0.25eVto 0.27eV) A probability of transition changes

final dry film,no changeof structure sizesand A probability of transition changes A shift of center positionof Gausgunction:
distances A shift of centerpositionof Gaussian shift of energylevels

functions shift of energylevels A bandgapshift towardslower energy

no bandgapshift duringdrying

A GISAX8ata
- model
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morphologyof the active layer (dry film)

0 50 100 150 2’t[len‘2lEéo [3;3? 350 400 450 500 R T e . PBDBT-SF:I¥4F (1:1) in CBolution PBDBT-SF:IT4F (1:1)hin film
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[8] PBDRBT-SF:IT4F (1:1) in situ UWisspectroscopy [8] [8]
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U structuresgrowduringthe printing anddrying - R R SR R | ‘ IT4F IT-4F IT-4F IT4F PBDB-T-SF PBDB-T-SF PBDB-T-SF PBDB-T-SF
U distancesarereducedat the end of drying <y ®al ~; A O B e : shift of transion 00 01 02 03 0-0 0-1 0-2 0-3
_ _ _ inwetfim 173 1.83 1.92 2.01 2.00 2.14 2.28 2.43
evolution of horizontal cut (blackdots) during scanningelectron microscopy . l Ienerlgy [eV]

' evels

printing and drying and correspondingmodel (red) 450'5(130'550'600 650 700'750'800 850'900 indry flm 164 1.80 2.06 223 1.95 2.15 2.30 2.44
> [eV]

Wavelength [nm] Tablel. electronictransitionsof PBDBT-SF and FAFduring printing anddrying, error =+ 0.01 eV
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