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Abstract:

Perovskites with ABX3 &#8211; structure show a huge possibility on element substitutions on A-, B- and X-site which leads to a broad

variety of physical properties. In recent years the interests become focused on hybrid perovskites as a future optoelectronic material. Our

main field of  interest  is  chloride substituted methyl  ammonium lead triiodide in  which A is  the organic unit  [CH3NH3]+ = MA, B =

Pb2+  and  X  =  I3-xClx  .  The  aim  is  to  get  an  inside  into  the  interrelationship  of  static  and  dynamic  structure  of  MAPbI3-xClx  and

MAPbCl by studying the temperature dependent methyl ammonium dynamics by means of QENS investigations in order to understand

the influence of chloride on the rotational dynamics of the methyl ammonium cation.
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The aim of this experiment was to investigate the influence on the rotational dynamics of CH3NH3 

(abbreviated as MA) molecules when Cl is incorporated into the crystal structure of MAPbI3. This 

report is preliminary since the analysis of the data presented here is still in progress. 

IN5 

Three samples (MAPbI3, MAPbCl3, MAPbI2.94Cl0.06 = 2 % Cl) where measured at 70K, 130K, and 190K 

using a resolution of 2.25 Å and 4.8 Å (Fig. 1). MAPbI3 was additionally measured with a resolution of 

8 Å at 30 K, 70 K, 100 K and 160 K. It was possible to obtain quasi elastic data for all three samples. 

The obtained spectra give the impression, that the samples are not suffering on degrading issues as 

previously reported [1]. The quasi elastic data have proven to be essential for completing and 

obtaining a relaxation map of MAPbI2.94Cl0.06 in the temperature region of the orthorhombic-

tetragonal phase transition.  

 

 

Figure 1: Displays the recorded quasi elastic scattering spectra at 70 K with a medium resolution of    

4.8 Å measured on the IN5 
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• slightly increased quasi-elastic broadening 

• small change in lattice vibrations 

MAPbCl
3
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• increased quasi-elastic broadening 

• lattice vibrations quite different 
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We will give more detail in a final report once we have submitted a paper on these important results. 

Phonon modes at low energy < 20 meV could be measured and show clear differences of spectra 

comparing the different samples (Fig. 1). 

IN4 

In additional experiments at IN4 it was possible to perform a temperature-dependent measurement 

of the inelastic spectra of MAPbI3 between 10 K and 194 K (with temperature step of about 8 K) in an 

energy range up to 25 meV (Fig. 2). It could be observed that the elastic intensity indicates a change 

of the MA dynamics that are in agreement with preliminary results published by D. Djurado [1]. The 

normalised elastic intensity that is shown in Fig. 3, clearly indicates the orthorhombic/tetragonal 

phase transition at 162 K. The MA libration at 11.7 meV showed drastic changes around the 

orthorhombic-tetragonal phase transition (Fig. 4a and b). This discontinuous behaviour is likely to be 

connected to the temperature-dependent frequency behaviour of combinational modes at around 

1680 cm-1 that could be observed recently in IR vibrational spectra of MAPbI3 [2].     

 

 

Figure 2: Displays inelastic scans of MAPbI3 taken on the IN4 

 

Figure 3: Displays the normalized elastic intensity of the elastic peak of MAPbI3 taken on the IN4 
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Figure 4: Displays a) temperature-dependent frequency and b) temperature-dependent integrated 

intensity of MA libration mode of MAPbI3 measured on the IN4  

 

 

[1] ILL Experimental report 7-04-140, 2016 

[2] G. Schuck, D.M. Többens, M. Koch-Müller, I. Efthimiopoulos and S. Schorr, submitted to J. Phys. 

Chem. C  
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