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Infrared spectroscopic study of vibrational modes 
across the orthorhombic-tetragonal phase transition in 
methylammonium lead halide single crystals

FTIR investigations [1] indicate that in the orthorhombic 
phase (T < 161 K) the iodide is more strongly influenced 
by hydrogen bonding than the chloride.

Chen et al. [2] suggested that for quasi-elastic neutron 
scattering (QENS) of MAPbI3, in the tetragonal (161 K to 
327 K) phase, the CH3NH3

+ ions exhibit four-fold rotational 
symmetry of the C–N axis (C4) along with three-fold jump 
rotation around the C–N axis (C3) (rotational jump model 
C4⊗C3). The C4⊗C3 model includes one elastic component 
A⊗A and five quasi-elastic components (each with quasi-
elastic structure factors QISF), convolution products (⊗) of 
the C3 and C4 models components: A⊗E, B⊗A, B⊗E, E⊗A, 
and E⊗E (corresponding to five Lorentzian functions). 

In the orthorhombic phase (T < 161 K) only C3 jump rotation 
is present (rotational jump model C3). 
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Influence of chloride substitution on the rotational dynamics 
of methylammonium in MAPbI3-xClx perovskites
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In the tetragonal phase the C3 component of the 
MA molecule jump rotation are faster in MAPbI3  
than in MAPbCl3  

Orthorhombic phase at 70 K                           Tetragonal phase at 190 K
Influence of chlorine on hydrogen bridge bonding 
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𝜏𝜏𝐶𝐶𝐶[𝑝𝑝𝑝𝑝] . 

 
Chlorine substitution in the orthorhombic phase 
leads to a weakening of the hydrogen bridge bonds. 

Influence of chlorine on hydrogen bridge bonding 

3 

-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5
0.1

1

10

100

1000

= 15 µeV

= 4.0 µeV

= 1.2 µeV

Relaxation Times:
MAPbCl3

C3≈ 135 ps
MAPbI2.94Cl0.06 
C3≈ 485 ps
MAPbI3  
C3 ≈ 1635 ps

S
(Q

,
) [

a.
u.

]

Energy transfer [meV]

IN5 
4.8 Å
70K

Schuck. G., et. al., submitted to J. Phys. Chem. C, 2018  

Relaxation time τC3 : 
 
ΓC3 [meV]  = 3ħ

𝜏𝜏𝐶𝐶𝐶[𝑝𝑝𝑝𝑝] =  3∗0.6583
𝜏𝜏𝐶𝐶𝐶[𝑝𝑝𝑝𝑝] . 

 
Chlorine substitution in the orthorhombic phase 
leads to a weakening of the hydrogen bridge bonds. 

Influence of chlorine on hydrogen bridge bonding 

3 

-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5
0.1

1

10

100

1000

= 15 µeV

= 4.0 µeV

= 1.2 µeV

Relaxation Times:
MAPbCl3

C3≈ 135 ps
MAPbI2.94Cl0.06 
C3≈ 485 ps
MAPbI3  
C3 ≈ 1635 ps

S
(Q

,
) [

a.
u.

]

Energy transfer [meV]

IN5 
4.8 Å
70K

Schuck. G., et. al., submitted to J. Phys. Chem. C, 2018  

Relaxation time τC3 : 
 
ΓC3 [meV]  = 3ħ

𝜏𝜏𝐶𝐶𝐶[𝑝𝑝𝑝𝑝] =  3∗0.6583
𝜏𝜏𝐶𝐶𝐶[𝑝𝑝𝑝𝑝] . 

 
Chlorine substitution in the orthorhombic phase 
leads to a weakening of the hydrogen bridge bonds. 

Influence of chlorine on hydrogen bridge bonding 

3 

-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5
0.1

1

10

100

1000

= 15 µeV

= 4.0 µeV

= 1.2 µeV

Relaxation Times:
MAPbCl3

C3≈ 135 ps
MAPbI2.94Cl0.06 
C3≈ 485 ps
MAPbI3  
C3 ≈ 1635 ps

S
(Q

,
) [

a.
u.

]

Energy transfer [meV]

IN5 
4.8 Å
70K

Schuck. G., et. al., submitted to J. Phys. Chem. C, 2018  

Relaxation time τC3 : 
 
ΓC3 [meV]  = 3ħ

𝜏𝜏𝐶𝐶𝐶[𝑝𝑝𝑝𝑝] =  3∗0.6583
𝜏𝜏𝐶𝐶𝐶[𝑝𝑝𝑝𝑝] . 

 
Chlorine substitution in the orthorhombic phase 
leads to a weakening of the hydrogen bridge bonds. 

Influence of chlorine on hydrogen bridge bonding 

3 

-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5
0.1

1

10

100

1000

= 15 µeV

= 4.0 µeV

= 1.2 µeV

Relaxation Times:
MAPbCl3

C3≈ 135 ps
MAPbI2.94Cl0.06 
C3≈ 485 ps
MAPbI3  
C3 ≈ 1635 ps

S
(Q

,
) [

a.
u.

]

Energy transfer [meV]

IN5 
4.8 Å
70K

Schuck. G., et. al., submitted to J. Phys. Chem. C, 2018  

Relaxation time τC3 : 
 
ΓC3 [meV]  = 3ħ

𝜏𝜏𝐶𝐶𝐶[𝑝𝑝𝑝𝑝] =  3∗0.6583
𝜏𝜏𝐶𝐶𝐶[𝑝𝑝𝑝𝑝] . 

 
Chlorine substitution in the orthorhombic phase 
leads to a weakening of the hydrogen bridge bonds. 

Our results [3] show that chlorine substitution in the orthorhombic phase 
leads to a weakening of the hydrogen bridge bonds since the characteristic 
relaxation times of C3 rotation at 70 K in MAPbCl3 (135 ps) and MAPbI2.94Cl0.06 
(485 ps) are much shorter than in MAPbI3 (1635 ps).

In the tetragonal phase the C3 component of the MA molecule jump rotation 
is faster in MAPbI3 than in MAPbCl3. This would mean that the influence of the 
hydrogen bonds in the disordered tetragonal phase of MAPbI3 is weaker than in 
MAPbCl3. 

From the temperature-dependent behavior of the experimentally determined 
HWHM ΓC3, the activation energies Ea in the orthorhombic phase for the three 
halides can be determined according to the Arrhenius law. First of all, the results 
indicate that the activation energy of Ea = 41(2) meV determined for MAPbI3 is in 
the range of the Ea value reported by Chen et al. (48(3) meV) [2]. The activation 
energies of MAPbI2.94Cl0.06 Ea = 22(2) meV and MAPbCl3 Ea = 17.8(8) meV are 
significantly lower compared to MAPbI3. This shows the direct influence of chlorine 
on the dynamics of the MA jumping rotation. Even small amounts of chlorine 
obviously weaken the hydrogen bond in the orthorhombic phase so that a faster 
MA dynamic is possible. 
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Activation energies EA : 
 
ln(τ) = 𝐸𝐸𝑎𝑎𝑘𝑘𝐵𝐵𝑇𝑇

 – ln(A) 
 
kB: Boltzmann constant 
A: pre-exponential factor 
 
Ea for to MAPbI3 in the range of literature 
data (Chen et. al. 2015) 
 
Ea significantly lower for MAPbI2.94Cl0.06 
and MAPbCl3 compared to MAPbI3 
 
Ea also indicates that chlorine substitution 
leads to a weakening of the hydrogen 
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