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AMOS @ Berkeley Lab — Chemical Dynamics Group

Photodynamics in Organic Molecules Interfacial Charge Transfer Dynamics
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AMOS @ Berkeley Lab — Chemical Dynamics Group
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Renewable Energy Technologies and Interfacial Chemistry

Charge Transfer at Molecule-Semiconductor Interfaces Charge Migration in Organic Semiconductors
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Femtosecond Atomic-Scale Perspective of Interfacial Charge Transfer
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Transient Electronic Configuration 500 fs after Excitation

I fully oxidized dye
6 interfacial Theory:
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Transient Electronic Configuration 500 fs after Excitation

fully oxidized dye
6 interfacial /LK?(;’Q Theory:
‘ = hmaraju,
—~ LCLS (120 Hz): =4 hours endergast
% European XFEL (=30 kHz): =1 min
~ . LCLS Il (=100 kHz): <20 s
v —
= x 8- d?fference
N o © binned data
2 = Lol
S| B e 'ﬁ% :
= g o -.%.%H_%% % ............ %-5&%@
D é D b"
. e O 4 _% % % (e
Q.
(_; g | % At = 500fs
8
(9 Q. T T T T T T ] |
= 292 290 288 286 284 282 280 278 276
Y
Siefermann et al., JPCL 5,2753 (2014)
O.G. and M. Guhr,Acc. Chem. Res. 49, 138 (2016)
0 >

e — h* separation

Ultrafast X-ray Studies of Chemical and Interfacial Dynamics

European XFEL workshop, DESY, Mar. 25,2019



130 kHz pump / 500 MHz probe
Picosecond Time-Resolved XPS @ ALS
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Charge Transfer Dynamics in Organic Donor-Acceptor Blends
with Wolfgang Eberhardt, Friedrich Roth
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Charge Transfer Dynamics in Donor-Acceptor Blends

TR-2PPE of Ceo (1 ML) on CuPc (25 nm)
638 nm pump + 267 nm probe
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Transient XPS of Electron Dynamics in Planar Heterojunctions

Vis. pump / X-ray probe experiment Picosecond Time-Resolved Cls™' Spectrum
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Transient XPS of Electron Dynamics in Planar Heterojunctions
CuPc Ceo Ceo CuPc

Roth et al., Phys. Rev. B
99, 020303(R) (2019)

delay
115 ps 115 ps
—~~ - X2
> > M*“vv‘v*"‘vﬁ'
®) O
| - | -
© ©
N N
_.é’ 215 ps 4? 215 ps
w 7))
(- W - X2
O O [
- —
= =
415 ps 415 ps
X2
o \ 4 W

1615 ps 1615 ps
P - X 2
_VW"’*
299 300 301 302 299 30 301 302
kinetic energy (eV) kinetic energy (eV)

Ultrafast X-ray Studies of Chemical and Interfacial Dynamics European XFEL workshop, DESY, Mar. 25,2019



Transient XPS of Electron Dynamics in Donor-Acceptor Bi-Layers

Ceo Peak Shift Dynamics
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Transient XPS of Electron Dynamics in Donor-Acceptor Bi-Layers

Cso Peak Shift Dynamlcs
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Exciton Diffusion Dynamics

Exciton Diffusion: L2=D x T
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Exciton Diffusion Dynamics

Diffusion Length
Lcupc =(8 £3) nm

Literature: ~5 - 70 nm

“Dark” Triplet Exciton Diffusivity
r

DCuPc

L =(4%1) nm

Dcupc = (1.8 £1.2) x 105 cm?/s

Literature (indirect):
DCuPc~1 - 540 X 10'5 Cm2/S
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Acceptor Charge (arb.u.)

Singlet vs Triplet Exciton Charge Generation

visible X-ray
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Transmission

0.5

In situ / operando Studies Enabled by Hard X-rays
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inelastic MFP (nm)

In situ / operando Studies Enabled by Hard X-rays

Electron Inelastic Mean Free Path In Water

20 nm~70 ML
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Summary

Interfacial Charge Transfer in N3/ZnO Bulk and Interfacial Dynamics in CuPc/Ceo
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Fisure of Merit: | cm x 2 cmiSaEE
Information / Photon / Sample Damage Rate

(“photon-hungry” is not always best choice)

e What is to be measured?

—Surface and interfacial electronic & chemical l,:;..,.;;:;zs

dynamics during (photo-)electrochemical
reactions
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e Advanced method, instrument, or approach
—trXPS, trAPPES, trSWAPPS
—Needed: NAP/AP HE-XPS setup w/ DLD detector LGLS (120 Ha) =4 hours
—Existing: MHz setups @ synchrotrons, e.qg. European XPEL (=30 kHz): =1 min .

&, LCLSII(>100 kHz): <20 s
>100kHz laser / 500 MHz X-ray setup @ ALS % jL - difference
—Detector problem solved! 3 4 i SRR
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Current, Former, and Future Chemical Dynamicists...
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