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Outline:  1. THz emission studies 
                2.  Femtosecond electron diffraction results 
                3.  First measurements  at XFEL.  



Materials for photovoltaic/optoelectronic applications 

Dynamics plays a central role in the functionality of materials and devices 

Miyata et al., Sci. Adv. (2017) 

Aron Walsh et al. 
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What are the structural origins of optoelectronic functionality (and degradation) 
in the hybrid perovskites? 



Coupling between optoelectronic properties and ultrafast structural dynamics 

Motta et al. Nat. Commun. 6, 7026 (2015)      
Zhou et al., Nat. Commun. 7, 11193 (2016) 
T. Etienne et al. JPCL (2016)  
Zhu et al., Science, 353, 1409 (2016) 

Leppert et al., JPCL (2016)  



THz emission as a probe of time-dependent currents and associated unit cell 
deformations 

Pellegrini et al., RMP (2016) 



Terahertz emission from the hybrid perovskites (MAPbI3) 

Indicates ultrafast charge separation and associated strong electron-phonon 
coupling processes 

B. Guzelturk et al., Adv. Mater. (2018) 

I-Pb-I angular distortions 

Coupled vibrational modes between 
organic and inorganic atoms 



Carrier-lattice coupling via THz emission spectroscopy 

B. Guzelturk et al. (Adv. Mater. (in press)) 



Femtosecond electron scattering measurements of first 
steps following photon absorption (MAPbI3) 

X. Wu et al. Science Advances (2017) 



Hot carrier – lattice interactions 

E. Mannebach et al., Nano Lett. (2015) 
X. Wu et al., Sci. Adv. (2017) 

MAPbI3 



Pair distribution function analysis 

-Gives interatomic distance distribution e.g. probability of finding atomic pairs a distance r apart 



Choi, Billinge et al., Nano Lett. 14, 127 (2014) 

Static pair distribution function: MAPbI3 



Time-resolved PDF: Dominant response at I-I correlation peak. 

-Large amplitude changes observed in the differential pair correlation function at the I-I 
distance.  Broadening by an amount comparable to its intrinsic width under photo-induced 
temperature jumps of ~10 K.  Effect much larger than predicted for simple T-jump and much 
more anisotropic. 
 
-No change at the Pb-I distance. 
 
-Indicative of a rotationally-disordered octahedral structure; volume-preserving distortions of 
I6 cages. 
 

X. Wu et al. Science Advances (2017) 

Theory 



FXE measurements (September, 2017) 

Bunch pattern: 
(2 x-ray bunches/burst as probe and reference) 

Excitation with fiber laser oscillator only (pump fluence ~1 mJ/cm2) 

Patterns consistent with expectation. Reasonable signal even in single shot.  Sample damage not a 
significant issue under reasonable x-ray excitation conditions. 

CsPbBr3 

EDBE-PbBr4 

MAPbBr3 



Sample data (integration over ROI) 



Possible x-ray-induced effects… 







 

Key takeaways from first round of measurements: 
 
 
 
 a) In grazing incidence geometry, samples survive XFEL beam for periods of hours in a regime which allows for clean 
measurements of diffraction patterns. 
  
 
b) Signal to noise in scattering geometry at the 1% level achievable. 
 
 
c) Analysis ongoing.  Followup beamtime scheduled in May. 
 
 
d) With ongoing improvements to FXE beamline,  high sensitivity ultrafast measurements should be possible in low 
excitation limit. 
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